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(57) ABSTRACT

This invention is directed to a thermoformable film com-
prising a composite structure of at least three layers firmly

adhered to one another, a top and bottom layer and an inner
layer; wherein the top and bottom layer of the composite
structure comprise a film layer of an ethylene vinyl acetate
copolymer comprising 1 to 25% by weight, based on the
weight of the copolymer, of a polymerized vinyl acetate and
75 to 99% by weight, based on the weight of the copolymer,
of polymerized ethylene and the inner layer of the composite
structure comprises a film of a polymer blend of the fol-
lowing:

(a) 40 to 95% by weight, based on the weight of the polymer
blend, of an ethylene based copolymer comprises repeat-
ing polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene,

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid; and

(3) up to 40% by weight, based on the weight of the
copolymer, of an alkyl acrylate or an alkyl methacry-
late, wherein the copolymer has 5 to 100% of the
acid groups neutralized with metal ion selected from
the following group: zinc, magnesium, sodium and
lithium; and

(b) 5 to 60% by weight, based on the weight of the polymer
blend, of a metallocene catalyzed polyethylene; other
thermoformable film constructions, such as, a 2 layer
construction and constructions greater than 3 layers, such
as 5 layers, and a mono layer of the film of a blend of the
ethylene based copolymer and the metallocene catalyzed
polyethylene also are part of this invention.
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THERMOFORMABLE PACKAGING FILM

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/280,548, filed Mar. 30, 2001.

BACKGROUND OF THE INVENTION

[0002] This invention is directed to a thermoformable
packaging film and in particular to a multi-layer film that is
used for packaging medical devices in a thermoformed
package.

[0003] Co-extruded film laminates of ethylene-vinyl
acetate copolymers/ethylene-acrylic acid copolymer iono-
mers have been used for packaging applications, in particu-
lar, for thermoformed packages for food stuffs as shown in
Webb, U.S. Pat. No. 4,335,175 issued Jun. 15, 1982.

[0004] A co-extruded multi-layer polymeric film useful
for packaging meat products in which the film has a core
layer that can be a neutralized ethylene acid copolymer, such
as, an ionomer, is shown in Lind, et al., U.S. Pat. No.
5,679,422 issued Oct. 21, 1997.

[0005] Thermoformable films having superior gas barrier
properties, mechanical properties, and good appearance of a
mixture of ethylene-vinyl alcohol copolymers and ethyl-
ene—{(meth)acrylic acid copolymers have been used to
make thermoformed containers for foods, medicines, agri-
cultural products and other products that are deteriorated by
exposure to air, are shown in Hata, et al,, U.S. Pat. No.
5,972,447 issued Oct. 26, 1999.

[0006] These current film products, as illustrated by the
aforementioned patents, do not provide a low cost packaging
film for medical products that only are used one time, such
as, syringes. There is a need for a low cost packaging film
that is thermoformable, preferably has deep thermoform-
ability, is abrasion resistant and puncture resistant. The
multi-layer film of this invention can be formed by conven-
tional processes for forming multilayer film and has these
aforementioned properties.

SUMMARY OF THE INVENTION

[0007] This invention is directed to a thermoformable film
comprising a composite structure of at least three layers
firmly adhered to one another, a top and bottom layer and an
inner layer;

[0008] wherein the top and bottom layer of the composite
structure comprise a film layer of an ethylene-vinyl acetate
copolymer comprising 1 to 25% by weight, based on the
weight of the copolymer, of a polymerized vinyl acetate and
75 10 99% by weight, based on the weight of the copolymer,
of polymerized ethylene and the inner layer of the composite
structure comprises a film of a polymer blend of the fol-
lowing:

[0009] (a) 40 to 95% by weight, based on the weight of
the polymer blend, of an ethylene based copolymer
comprises repeating polymerized units of

[0010] (1) at least 50% by weight, based on the
weight of the copolymer, of ethylene,

[0011] (2) 1 to 30% by weight, based on the weight
of'the copolymer, of acrylic acid or methacrylic acid;
and
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[0012] (3) up to 40% by weight, based on the weight
of the copolymer, of an alkyl acrylate or an alkyl
methacrylate,

[0013] wherein the copolymer has 5 to 100% of the
acid groups neutralized with metal ion selected from
the following group: zinc, magnesium, sodium and
lithium; and

[0014] (b) 5 to 60% by weight, based on the weight of
the polymer blend, of a metallocene catalyzed polyeth-
ylene.

[0015] Other thermoformable film constructions, such as,
a 2 layer construction and constructions greater than 3
layers, such as 5 layers, and a mono layer of the film of the
blend of the ethylene based copolymer and the metallocene
catalyzed polyethylene also are part of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] The thermoformable film of this invention is a
multi-layer film preferably formed by a conventional blown
film process. Other processes, such as, a film casting process
or a film laminating process also can be used to produce the
thermoformable film. A typical thermoformable film has at
least three layers all firmly adhered to one another, i.e., two
outer layers of film and an inner layer of film. Additional
layers can be incorporated to enhance properties of the film
if required. The two outer layers of the film are of an EVA
(ethylene-vinyl acetate) copolymer and the inner layer is a
blend of an ionomer of an ethylene-acid copolymer at least
partially neutralized and a metallocene catalyzed polyethyl-
ene. The film of this invention can be deeply thermoformed,
has a relatively low cost, has good abrasion resistance and
puncture resistance that makes it particularly suitable for
packaging single use medical supplies, such as, syringes,
that are widely used throughout the world.

[0017] Other film constructions also are part of this inven-
tion, such as a two layered structure of an ethylene-vinyl
acetate copolymer (EVA) and a layer of the blend of an
ethylene-acid copolymer (Ionomer) at least partially neu-
tralized and a metallocene catalyzed polyethylene, such as,
a metallocene catalyzed linear polyethylene (m-LPE). Also,
multi-layer constructions over three layers, such as, a five
layer construction, for example, EVA//Ionomer/-m-LPE//
EVA//Tonomer/-m-LPE/EVA, are advantageous for some
packaging uses.

[0018] A mono layer film of the blend of Tonomer and a
metallocene catalyzed polyethylene, such as, m-LPE, also is
part of this invention. Typically useful films are blends of
Ionomer and metallocene catalyzed linear low density poly-
ethylene (m-LLPDE). Other useful film blends are lonomer/
m-LLPDE/EVA. Typically, 2-15% by weight, based on the
weight of the blend, of EVA can be used.

[0019] The word “copolymer” as used herein embraces a
polymer formed with two or more monomers.

[0020] The term alkyl(meth)acrylate as used herein refers
to alkyl esters of acrylic acid and methacrylic acid.

[0021] The total thickness of a typical 3 layer film con-
struction is 25-500 microns and preferably, 100-300
microns. The inner layer typically is 20-80% of the total
thickness and each outer layer is 10-40% of the total
thickness.
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[0022] The outer layer of the film is an EVA copolymer
containing 1 to 25% by weight of polymerized vinyl acetate
and correspondingly 75 to 99% by weight of polymerized
ethylene. Preferably, the copolymer contains 2 to 15% by
weight of polymerized vinyl acetate and 85 to 98% by
weight of polymerized ethylene.

[0023] These EVA copolymers typically have a melt index
(MI) of 0.1 to 50, preferably, 0.3 to 10 g/10 minutes
determined by ASTM D 1238 using condition E (2190 g,
190° C.).

[0024] The inner layer of the film is a polymer blend of 40
to 95% by weight of an ethylene based copolymer other than
EVA and 5 to 60% by weight of a metallocene catalyzed
polyethylene. Preferably, the polymer blend contains 65 to
85% by weight of the ethylene based copolymer and 15 to
35% of the metallocene catalyzed polyethylene.

[0025] Two groups of metallocene catalyzed polyethylene
can be used to form the polymer blend (i) those having a
melt flow ratio of I,,/I,Z5.63 and a molecular weight
distribution, M /M, =(I,,/1,)-4.63 and (ii) those having a
melt flow ratio of 1,,/1,<6.53 and a molecular weight
distribution of M /M, >(1,,/1,)-4.63; the density of both
groups is 0.85 to 0.97 grams/cubic centimeter.

[0026] 1, is the melt index measured in accordance with
ASTM D1238 (190° C./2.16 kg) and 1, is the melt index
measured in accordance with ASTM D 1238 (190° C./10
kg). Molecular weights, M, and M, are determined by GPC
(gel permeation chromatography.

[0027] These metallocene catalyzed polyethylenes are
made using conditions well known in the art for continuous
polymerization. Typically polymerization temperatures of
0-250° C. and pressures from atmospheric to 1000 atmo-
spheres (110 MPa) are used. Suspension, solution, slurry,
gas phase or other polymerization methods can be used. A
support for the catalyst can be used but preferably the
catalysts are used in a homogeneous (soluble) manner.
Suitable process conditions and catalysts that can be used to
form the metallocene catalyzed polyethylenes used in this
invention are disclosed in Lai, et. al., U.S. Pat. No. 5,278,
272, Lia, et al., U.S. Pat. No. 5,272, 236, DeChellis, et al.,
U.S. Pat. No. 5,405,922 and Turner, et al., U.S. Pat. No.
5,198,401 which patents are hereby incorporated by refer-
ence.

[0028] Typical metallocene catalyzed polyethylenes that
can be used are m-LPE (linear polyethylene), LHDPE
(linear high density polyethylene), LLDPE (linear low den-
sity polyethylene), ULLDPE (ultra low linear density poly-
ethylene) each having a density in the range of 0.85 to 0.97.
The metallocene catalyzed linear polyethylenes provide the
best combination of low cost and good physical properties.
However, under some circumstances blends of conventional
polyethylenes be used, such as, HDPE (high density poly-
ethylene), MDPE (medium density polyethylene) and LDPE
(low density polyethylene) and one of the aforementioned
metallocene catalyzed polyethylenes.

[0029] Typical ethylene based copolymers used in the
inner layer of the film of this invention are ethylene/acid
copolymers and ethylene/acid/alkyl(meth)acrylate copoly-
mers containing 1-30% by weight, preferably 7-25% by
weight of polymerized acid monomers such as acrylic acid
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or methacrylic acid. Generally, polymers having an acid
content above 30% by weight are not made.

[0030] These ethylene based copolymers contain at least
50% of polymerized ethylene, 1 to 30% by weight of a
polymerized acid constituent such as acrylic or methacrylic
acid and 0 to 40% by weight of a polymerized alkyl
(meth)acrylate. Particularly useful are ethylene/acid copoly-
mers containing 75-93% by weight ethylene and 7-25% by
weight of acrylic acid or methacrylic acid, such as an
ethylene (88%)/methacrylic acid (12%) copolymer, an eth-
ylene (81% )/methacrylic acid (19%) copolymer, an ethylene
(85%)/methacrylic acid (15%) copolymer and an ethyl-
ene(80%)/acrylic acid (20%) copolymer.

[0031] Other useful copolymers contain at least 50% and
preferably, 65 to 85% by weight polymerized ethylene, 7 to
25% by weight acrylic or methacrylic acid and 1-30% by
weight of an alkyl (meth)acrylate. Typically, such copoly-
mers contain butyl acrylate or butyl methacrylate but other
(meth)acrylates can be used such as methyl, ethyl and propyl
(meth)acrylates. Typical of such copolymers are ethylene/
methacrylic acid/n-butyl acrylate having a weight ratio of
components of 67.5/9/23.5.

[0032] These copolymers are neutralized with a metallic
ion and form ionomers in which 5 to 100%, preferably 30 to
70% of the acid groups are neutralized with a metallic ion
selected from the following group: zinc, magnesium, sodium
and lithium. Zinc and sodium are preferred since copoly-
mers neutralized with these ions have FDA approval.

[0033] These ethylene based copolymers typically have a
melt index (MI) of 0.5 to 200, preferably, 0.7 to 14 g/10
minutes determined by ASTM D 1238 using condition E
(2190 g, 190° C.).

[0034] Typically useful polymer blends that can be used
for the inner film are as follows:

[0035] 80% by weight, based on the weight of the
polymer blend, of an ionomer of a copolymer of 88%
by weight ethylene/12% by weight methacrylic acid
50% neutralized with sodium and 20% by weight,
based on the weight of the polymer blend, of metal-
locene catalyzed LLDPE having a density of 0.917

g/cc.

[0036] 70% by weight, based on the weight of the
polymer blend, of an ionomer of a copolymer of 88%
by weight ethylene/12% by weight methacrylic acid
50% neutralized with sodium and 30% by weight,
based on the weight of the polymer blend, of metal-
locene catalyzed LLDPE having a density of 0.917

g/cc.

[0037] A blend of an ionomer of a copolymer of 90% by
weight ethylene/10% by weight methacrylic acid, 50%
neutralized with sodium and a metallocene catalyzed
LLDPE having a density of 0.917 g/cc blended in the
following weight ratios 90/10, 80/20 and 70/30.

[0038] The thermoformable film of this invention prefer-
ably is made by a conventional blown film process in which
the polymers that form the various layers of the film are
charged into a conventional melt extruder and extruded
through a circular die. For each layer of the film, there is
separate extruder and the polymer for that layer is extruded
through the circular die that has concentric circular openings
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in the die for each layer of polymer. Under circumstances in
which two layers are the same, such as, in this invention
where the two outer layers are EVA, one extruder can be
used and the polymer stream from the extruder is split before
it reaches the circular die. The layers of each of the different
polymers are extruded through the opening in the die for that
polymer into an air ring in which an air stream is forced
through the center of the ring. The air stream expands the
polymer streams that are being simultaneously extruded
from the die and forces them into intimate contact. A
continuous film is formed with the layers of polymer being
adhered to each other. The resulting film is passed through
nip rollers, slit into individual films and each film is wound
onto a roll.

[0039] A typical blown film process that can be used to
form the thermoformable film of this invention is described
in “Film Extrusion Manual”, TAPPI Press, 1992, Thomas 1.
Butler, Earl Veazey, editors.

[0040] The novel film of this invention is primarily used
for packaging in which the package is made by thermoform-
ing. Depending on the type of components used in the film,
shallow draw or deep draw thermoforming can be used. This
is done using conventional thermoforming techniques and
equipment. One primary use of the film is for packaging one
time use medical supplies. The package is thermoformed,
the product inserted and then sealed and usually the package
is sterilized. Sterilization can be accomplished by using a
cover on the package such as Tyvek® spun bonded poly-
olefin that is permeable to a sterilizing gas, such as ethylene
oxide. Tyvek® allows the gas to permeate into the package
but does keep any microbes out of the package. Under some
circumstances, it may be possible to use medical grade paper
in place of Tyvek® to allow for sterilization and to keep
microbes out of the package.

[0041] The following tests were used to evaluate the
physical properties of the thermoformable films of the
following examples:

[0042] Spencer Impact Strength—Described in ASTM
D3420-REV91

[0043] Instron Probe Force—Similar to test described
in ASTM D4830, except a blunt tipped probe of having
a diameter of 1.9 cm and a speed of 5 cm/minute was

used.
[0044] Tensile Strength—ASTM D882 Tensile
[0045] Elongation at Break—ASTM D882 Tensile
[0046] Gloss—ASTM D2457-REV90
[0047] Haze—ASTM D1003-REV92
[0048] Measurement of thermoformed web thickness in

corners after thermoforming—Blown film samples
were thermoformed on a Multivac R5200 machine. The
web cavity was 20.3 cm by 12.7 cm and the draw depth
was 3.2 cm. The forming temperature was 105° C. that
is the optimum for each of the test samples. The film
thickness of each corner was measured with a
micrometer. The reported thickness was an average of
24 measurements (four corners from six formed webs)

[0049] The following examples illustrate the invention.
All parts and percentages are on a weight basis unless
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otherwise indicated. MI (melt index) of the copolymers were
determined as described above.

EXAMPLE 1

[0050] The following five thermoformable films were
formed using conventional film blow molding equipment:

Sample No. Thickness of Layers of Sample

Film No. 1 EVA

(25 Microns)
Film No. 2 EVA

(18.75 Microns)

Tonomer Resin EVA

(50 Microns) (25 microns)
Tonomer Resin/m- EVA

m-LLPE ratio (18.75

80/20 Microns)

(62.5 Microns)

Tonomer Resin/m- EVA

m-LLPE ratio (14.5 Microns)
70/30

(71 Microns)

Film No. 3 EVA
(14.5 Microns)

Film No. 4 EVA Tonomer Resin EVA/m-LLPE
(25 Microns) (50 Microns) ratio 80/20
(25 Microns)
Film No. 5 EVA Tonomer Resin m-LLPE

(25 Microns) (50 Microns) (25 Microns)

[0051] Abbreviations used above:

[0052] EVA-—ethylene-vinyl acetate copolymer having
4.5% by weight vinyl acetate and 95.5% by weight
ethylene and a melt index (MI) of 0.3 g/10 min.

[0053] Tonomer Resin—ethylene/methacrylic acid
copolymer 88/12 weight ratio 50% sodium neutralized
having a melt index (MI) of 1.6 g/10 min.

[0054] m-LLPE—metallocene catalyzed linear low
density polyethylene having a density of 0.917 g/cc, a
molecular weight distribution M /M, of 2.3 and melt
flow ratio 1,,/1, of 5.68.

[0055] Each of the above samples was formed using an air
blown film line using standard equipment. The production
condition which were essentially the same for all of the
samples prepared were as follows:

[0056]
[0057]
[0058]
[0059]

Total film gauge—100 microns
Die set temperature—210° C.
Blow up ratio—2:1

Die gap—1.86 mm

[0060] Haul off speed—19.8 m/min.

[0061] Frost Line 31.28 cm (the point at which the
molten film becomes a solid).

[0062] Film No. 1 is illustrative of the prior art. Films 2
and 3 illustrate the invention. Film 4 illustrates a film in
which the same percentage of m-LLPE that is used in Films
2 and 3 is blended with an EVA outer layer rather than the
inner layer containing ionomer resin. Film 5 illustrates a film
in which the m-LLPE forms an outer layer rather than being
blended with the ionomer resin in the inner layer.

[0063] Each of the above prepared Films 1-5 was sub-
jected to the following tests: Spencer Impact Strength,
Instron Probe Force (blunt tip), Tensile Strength, Elongation
at Break (%) and optical properties (haze and gloss). The
results of each of these test are shown in the following table:
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SAMPLES Film Sample

TEST Film 1 Film 2 Film 3 Film 4 Film 5 Film 1 Film 2 Film 3 Film 4 Film 5
Spencer 24.6 JJmm  36.9 /mm 39.1 JJmm 28.7 J/mm 28.3 J/mm Corner 229 25.1 249 23.6 23.6
Impact Thickness
Instron 101 /MM 106 JYmm 108 J/mm 102 J/mm 96.5 J/mm (microns)
Probe 95% confidence 0.61 0.53 0.76 0.76 0.99
(blunt) interval
Tensile MD 26.7 MD 30.0 MD31.2 MD 27.0 MD 274 (microns)
Strength ~ TD 22.7 TD 24.7 TD26.8 TD 22.8 TD 24.2
(MPa)
Elongation MD 429 MD 496 MD 506 MD 429  MD 468 . .
at Break  TD 490 TD 518 TD S50  TD 495  TD 516 [0067] . .Corn.er thickness data showeq 1mpr9ved thermo-
(%) formability with the films of the invention (Films 2 and 3)
20° Gloss 111 109 100 104 83 over the prior art (Film 1). Blending the m-LLDPE in the
E"tal 49 5.6 6.6 33 12 EVA layer (Film 4) gave reduced formability as did replac-

aze

MD—Machine direction
TD—Transverse direction

[0064] The above data shows that there was a significant
improvement in Spencer Impact Strength for Films 2 and 3
that represent the invention wherein the inner layer contains
a blend of ionomer resin and metallocene catalyzed LLPE in
comparison to prior art film (Film 1) that did not contain
metallocene catalyzed LLPE in the inner layer. Also, there
was a noticeable difference in Instron Probe Force, Tensile
Strength and % Elongation at Break. Gloss was slightly less
for Films 2 and 3 in comparison to Film 1 and haze was
slightly more for Films 2 and 3 in comparison to Film 1 but
both gloss and haze are acceptable for commercial purposes.
Film 4 in which the m-LLPE was incorporated into one of
the outer layers instead of the inner layer had significantly
less Spencer Impact Strength in comparison to Films 3 and
4 (the invention) and Instron Probe Force, Tensile Strength
and % Elongation at Break were noticeably less for Film 4
in comparison to Films 2 and 3. Optical properties of gloss
and haze for Film 4 were similar to those of Films 2 and 3
(the invention). Film 5 had one outer layer of m-LLPE in
place of EVA. Spencer Impact Strength was significantly
less in comparison to Films 2 and 3 (the invention) and
Instron Probe Force, Tensile Strength and % FElongation at
Break were noticeably less for Film 5 in comparison to
Films 2 and 3 Also, the optical properties of Film 5, gloss
and haze were substantially poorer in comparison to Films

2 and 3 and would not be considered commercially accept-
able.

[0065] Films 1-5 have very similar material costs. All had
the same content of lonomer Resin (50% of the total
volume) and although the films had different levels of EVA
and m-LLDPE, the difference did not cause changes in the
cost of the film since both EVA and m-LLPDE have similar
prices ($/1b.) and densities. The improvements in the film
properties reflect true improvements in cost effectiveness.

[0066] Each of the Films 1-5 were thermoformed using
conventional thermoforming equipment to a depth of about
3.2 cm in a cavity 20.3 cm long by 12.7 cm wide. The
thickness of the corners in the thermoformed films was
measured. The results are as follows, with each value being
an average of 24 measurements (all four corners of six
consecutive formed films were measured):

ing the EVA layer with m-LLDPE (Film 5).

1. A thermoformable film comprising a composite struc-
ture comprising at least three layers firmly adhered to one
another, a top and bottom layer and an inner layer;

wherein the top and bottom layer of the composite struc-
ture comprise a film layer of ethylene-vinyl acetate
copolymer consisting essentially of 1 to 25% by
weight, based on the weight of the copolymer, of a
polymerized vinyl acetate and 75 to 99% by weight,
based on the weight of the copolymer, of polymerized
ethylene and the inner layer of the composite structure
comprises a film of a polymer blend consisting essen-
tially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene,

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid; and

(3)up to 40% by weight, based on the weight of the
copolymer, of an alkyl acrylate or an alkyl meth-
acrylate,

wherein the copolymer has 5 to 100% of the acid
groups neutralized with metal ion selected from the
group consisting of zinc, magnesium, sodium and
lithium; and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.

2. The thermoformable film of claim 1 having a total
thickness of 25-500 microns and wherein the top layer
comprises 10-40% of the total thickness, the inner layer
comprises 20-80% of the total thickness and the bottom
layer comprises 10-40% of the total thickness.

3. The thermoformable film of claim 2 wherein ethylene-
vinyl acetate copolymer of the top and bottom layer consists
essentially of 2 to 15% by weight of polymerized vinyl
acetate and 85 to 98% by weight of polymerized ethylene
and has a melt index of 0.1 to 50 g/10 minutes determined
according to ASTM D 1238 Condition E.

4. The thermoformable film of claim 1 wherein the inner
layer consists essentially of a polymer blend of 65-85% by
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weight, based on the weight of the polymer blend of an
ethylene based copolymer and 15-35% by weight, based on
the weight of the polymer blend, of a metallocene catalyzed
polyethylene.

5. The thermoformable film of claim 4 in which the
metallocene catalyzed polyethylene is selected from the
group consisting of linear high density polyethylene, linear
medium density polyethylene, linear low density polyethyl-
ene and linear ultra low density polyethylene.

6. (canceled)

7. (canceled)

8. A thermoformable film comprising a composite struc-
ture comprising two layers firmly adhered to one another, a
top and bottom layer;

wherein the top layer of the composite structure comprise
a film layer of ethylene-vinyl acetate copolymer con-
sisting essentially of 1 to 25% by weight, based on the
weight of the copolymer, of a polymerized vinyl acetate
and 75 to 99% by weight, based on the weight of the
copolymer, of polymerized ethylene and the bottom
layer of the composite structure comprises a film of a
polymer blend consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene,

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid; and

(3) up to 40% by weight, based on the weight of the
copolymer, of an alkyl acrylate or an alkyl meth-
acrylate,

wherein the copolymer has 5 to 100% of the acid
groups neutralized with metal ion selected from the
group consisting of zinc, magnesium, sodium and
lithium; and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.

9. A thermoformable film comprising a polymer blend

consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1at least 50% by weight, based on the weight of the
copolymer, of ethylene,

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid; and

(3)up to 40% by weight, based on the weight of the
copolymer, of an alkyl acrylate or an alkyl meth-
acrylate,

wherein the copolymer has 5 to 100% of the acid
groups neutralized with metal ion selected from the
group consisting of zinc, magnesium, sodium and
lithium; and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.
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10. The thermoformable film of claim 9 containing 2-15%
by weight, based on the weight of the polymer blend, of
ethylene-vinyl acetate copolymer.

11. A thermoformed package comprising the film of claim
1 thermoformed into a shape structure for holding an object
and having a cover positioned on the thermoformed shaped
structure and firmly adhered to the film.

12. The thermoformed package of claim 11 in which the
cover is a non-woven polyolefin web.

13. The thermoformable film of claim 1 in which the
metallocene catalyzed linear polyethylene is selected from
the group consisting of linear high density polyethylene,
linear medium density polyethylene, linear low density
polyethylene and linear ultra low density polyethylene.

14. A thermoformable film comprising a composite struc-
ture comprising at least three layers firmly adhered to one
another, a top and bottom layer and an inner layer; wherein
the top and bottom layer of the composite structure comprise
a film layer of ethylene-vinyl acetate copolymer consisting
essentially of 1 to 25% by weight, based on the weight of the
copolymer, of a polymerized vinyl acetate and 75 to 99% by
weight, based on the weight of the copolymer, of polymer-
ized ethylene and the inner layer of the composite structure
comprises a film of a polymer blend consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene; and

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid,

wherein 5 to 100% of the acid groups of the acrylic acid
and/or methacrylic acid are neutralized with metal ion
selected from the group consisting of zinc, magnesium,
sodium and lithium; and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.

15. The thermoformable film of claim 14, wherein the
inner layer consists essentially of a polymer blend of 65 to
95% by weight of the ethylene based copolymer and 5 to
35% by weight of the metallocene catalyzed linear polyeth-
ylene, based on the weight of the polymer blend.

16. A thermoformable film comprising a composite struc-
ture comprising two layers firmly adhered to one another, a
top and bottom layer;

wherein the top layer of the composite structure comprise
a film layer of ethylene-vinyl acetate copolymer con-
sisting essentially of 1 to 25% by weight, based on the
weight of the copolymer, of a polymerized vinyl acetate
and 75 to 99% by weight, based on the weight of the
copolymer, of polymerized ethylene and the bottom
layer of the composite structure comprises a film of a
polymer blend consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene; and
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(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid,

wherein 5 to 100% of the acid groups of the acrylic acid
and/or methacrylic acid are neutralized with metal ion
selected from the group consisting of zinc, magnesium,
sodium and lithium; and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.

17. The thermoformable film of claim 16, wherein the
bottom layer consists essentially of a polymer blend of 65 to
95% by weight of the ethylene based copolymer and 5 to
35% by weight of the metallocene catalyzed linear polyeth-
ylene, based on the weight of the polymer blend.

18. A thermoformable film comprising a polymer blend
consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer con-
sisting essentially of repeating polymerized units of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene; and

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid,

wherein 5 to 100% of the acid groups of the acrylic acid
and/or methacrylic acid are neutralized with metal ion
selected from the group consisting of zinc, magnesium,
sodium and lithium; and

(c) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear poly-
ethylene.

19. The thermoformable film of claim 18, wherein the
polymer blend consists essentially of 65 to 95% by weight
of the ethylene based copolymer and 5 to 35% by weight of
the metallocene catalyzed linear polyethylene, based on the
weight of the polymer blend.

20. A thermoformable film comprising a composite struc-
ture comprising at least five layers firmly adhered to one
another;
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wherein the first, third, and fifth layers of the composite
structure comprise a film of ethylene-vinyl acetate
copolymer consisting essentially of 1 to 25% by
weight, based on the weight of the copolymer, of a
polymerized vinyl acetate and 75 to 99% by weight,
based on the weight of the copolymer, of polymerized
ethylene; and wherein the second and fourth layers of
the composite structure comprise a film of a polymer
blend consisting essentially of

(a) 40 to 95% by weight, based on the weight of the
polymer blend, of an ethylene based copolymer
consisting essentially of repeating polymerized units
of

(1) at least 50% by weight, based on the weight of the
copolymer, of ethylene,

(2) 1 to 30% by weight, based on the weight of the
copolymer, of acrylic acid or methacrylic acid; and

(3) 0 to 40% by weight, based on the weight of the
copolymer, of an alkyl acrylate or an alkyl meth-
acrylate,

wherein the copolymer has 5 to 100% of the acid groups
neutralized with metal ion selected from the group
consisting of zinc, magnesium, sodium and lithium;
and

(b) 5 to 60% by weight, based on the weight of the
polymer blend, of a metallocene catalyzed linear
polyethylene.

21. The thermoformable film of claim 20, wherein the
second and fourth layers consist essentially of a polymer
blend of 65 to 95% by weight of the ethylene based
copolymer and 5 to 35% by weight of the metallocene
catalyzed linear polyethylene, based on the weight of the
polymer blend.



