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HEAT SHRINKABLE MULTILAYER FILM QR TUBE
THAT EXHIBITS SHRINK STABRITY AFTER ORIENTATION
FIELD OF THE INVENTION
This invention relates to heatshrinkable laminated films that are

particulardy usehd in packaging applications.
BACKGROUND OF THE INVENTION
Biaxially oriented filo laminales are used conynercially on a large scale

in shrink packaging of food items. For example, biaxially oriented
polvinylidene chioride (PVDC) laminates have been used exdensively in
manufacture of packaged meat and cheese products, in part because these
laminates exhibit excellent stink characteristics.  Although the physical
propertias of PVYDC are well suited to packaging applications, a number of
processability deficiencies are associated with its use. In particular, PVDC is
thermally unstable, necessitating the use of specialized equipment to handle
PVDC film. Moreaver, PVYDC is prone {o development of gels and carbonized
padicies on exposure 10 hugh temperature for exdended periods. Therefore,
special care must be taken during PVDC film manufacture in order to produce
high guality product having minimal levels of black specks, PVDC is also
known to discolor during slectron beam irradiation. It addition, shrinkbags
that are formed from multifayer films of PVDC and ethylene vinyl acetate
(EVA]} are deficient in toughness. To address this problem, patches are often
placed on the bags to provide additional protection for the packaged products,
for example in packaging of bone-in meat. The palches are unsightly and
placemant requires additional processing steps.

A number of nylon-based compositions adapted for use in shrinkbags
have been developed as a means o overcome the vanous shortcornings of
PVDC bags. For example, U.S. Patent 5,053,259 desaribes an oriented
muitilayer film comprising a blend of amorphous nylon copolymerand a
copolyamide having a melting point of at least 145°C. The first cuter layer
comprises a polyalefin, ionomer, PVRC, EVA or sthylane vinyl alcohal
{(EVOH) copolymer or mixdures thereol. The compositions of the examples
axhibit shrinkage values a1 90°C of 15% to §1%. European Patlent
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98710381 describes a multitayer film that is biaxially orlented at & stretch
ratio of greater or equal to 31 in the machine direction and 6:1 in the
transverse direction. The film has an outer heat sealing layer comprising a
polyolefin, including copolymers of ethylene and polar comonomers and
5 another layer of arystalline or partially crystaliine copolyamide, oplionally
conmtaining EVOH. The film has a free shrnk in each direchon of at least 10%
at 120°C and composilions are disclosed that exhibit free shrink of up to 58%
at 120°C.
Although shrinkbags that are composed of nylon have desirable
W propedies, they also exhibit certain property imitations. For example, such

b

bags tend to be stiff compared to PVDC-based shrinkbags and may be less
compatible with many packaging operations that are suitable for the soffer
PVDC bags. Also, nylon shrinkbags cannot achieve shrink levels after
orientation that are as high as those of PVIC shrinkbags. This is due to post-

I3 crysiglizaton of the nylon-containing film that ocours at room temperature
after the extrusion and orientation processes are complets. In consequence,
variable and unprediciable degrees of shrinkage occur depending on storage
conditions. Post-crystallization occurs to the greatest extent within the first
two {o three weeks after manufacture of the oriented film. Rt is common for

20 commercially produced PVDC bags o altain 58 o 80% shrink at 95°C, both
off-line and afler storage or aging at room lemperature for several weeks. In
contrast, nylon-containing shrinkbags rarely exhibit greater than 40% shrink at
95°C after sforage or aging. In general, shrinkages of between 20% and 40%

after aging are typical for nylon-containing films. Shrinkage at temperatures

v
LA

below B5°C is even less. Bag manufacturers are forced to compensate for
this deficiency by manufacturing lay-fiat bags in a larger size to accommodate
this phenomenon. In addiion, this necessitates mamntaining inventories of
various sized bags, which is inefficient.

Shrink films and shrinkbags having barier layers comprising EVOH are
3 also known. Forexample, Ewropean Patent 021725281 describes a film
comprising an outer polymer layer and an inner heat sealing layer, optionally
having an EVOH oxygen barder layer between the inner and outer layers.
The heat-sealing layer comprises a linear copolymer of ethylene and an o~

olefin, The heat seakng layer may further comprise of a polymer which is

2
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compatible with the ethylenafa-olefin copolymer and is selected from the
group consisting of linear low density polyethylene, linear high density
polvethyviene, low density polyethviene, EVA, acid-modified BEVA,
polypropylens, sthylene/propylene copolymers, ionomers and sthyleng/alky
% acrylate copolymers. The polymer of the outer layer may be selected from
copotymers of ethylene and an g-olefin, EVA, polyamide, and ionomeric
resing and the barrier layer can be PVDC pr EVOH.
European Patent 044798881 discloses a heal-shrinkable multilayer
thermogplastic film having (a) a thermosesling layer, {b} 3 gas barrer layer
1 selected from copolymers of vinylidene chionide, EVOH copolymers,

b

polyanides or copolyamides and blends of these polymers; {¢) at least one
polymeric structural layer formed of a polymer selected from ethylens
copolymers of very low density polvethylene, high density polyethylene, linear
low denasity polyethylene, ethylene copolymers with vinyl or acrylic

13 comonomers, ionomers, olefinic polymers and copolymers modified with
functional groups, polyamides, polyesters, copolyesters, and blends of these
polvmers, and {d) oplionally at least one adhesive layer.

Ca-pending U.S. Patent Application Serial No. 11/644976 discloses a

heat shrinkable multilayer film wherein a first layer comprises a polymer

20 selected from the group consisting of EVOH, polyamides and mixtures
thereof, & second igyer comprises a polymer selacted from the group
consisting of polvethylene homopaolymers, athylene copolymesrs,
polypropylens homopolymers, propyiene copolymers, polyasters, polyamides,
polyvinyt chionde, polycarbonates, cyclic ofefin polymers and mixtures thereof

v
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and a third adhesive layer is present, positioned between and in contact with
the first and second fayers. The third {ayer consists essentially of a blend of 8
two ethylensg copolymers, one of which is a functionalized ethylene
copolymer, and a tackifier resin,

European Patent 0571260 discloses a film comprising two exterior
3 layers, the layvers composed of at least a thermoplastic ionomer resin; an
internal barrier layer comprising a thermoplastic ethylene viny aleohol
copolymer with 8 semi-crystalling structure; and preferably adhesive layers
situated between the bamer layer and each of the outer layers. The adhesive
layers are preferably ethylene vinyl acetate copolymers.
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European Patent 1563880 discloses a mulli-layer, blaxially oriented
and biaxially heat-shrinkable, gas barnser, thermoplastic film composed of a
first outer layer comprising ethylene homo- or copolymers; a cors gas barrier
layer such as EVOH; a second outer thenmoplastic layer; and an inner layer
comprising terpolymers of propylene, ethylene and Ce-Cs alpha-clefins.

U.8. Patent 4,838,040 discloses a streichable muitilayer film with gas
permeability below 50 om® O/24 hrim®fatm., comprising a barier layer
preparad from, for example, EVOH containing 1 to 20 weight % of a stiffness
modifier; and stretchable layer(s) preferably selected from capolymers of
athylene with vinyl acetate, methyl acrylate or butyl acrylate; optionally further
comprising at least ane outer thermosealing laver prepared from, among
others, ionomearic resing or EVA

U.8. patent 8,148,726 provides a heat-shrinkable multilayer Him
comprising an outermost iayer, & gas bamer layer as a core layer and a
sealing layer as the innenmost layer, where the sealing layer is formed of a
material comprising a lingar ethylene-1-ociene copalymer obtained by using a
consirained geometry catalyst. An intermediate layer between the outermost
layer and the core layer is formed of at least one resin selected from the
group consisting of polyamide resing, thermoplastic polyester resing and
ethylene copolymer resins. The gas barmer {ayer can be EVOH. The
outermost fayer is formed of at least one polyethylene terephthalate
copolyesier resin.

U.5. Patent 5,387 470 discloses a multidayer film compnising a first core
layer comprising very low density polyethyiene or linear low density
polyethylene and two outer layers each comprising an ionomer. The film may
also include additional core layers andfor an oxygen barrer layer such as
EVOH and may be oriented {o provide a heat shrinkable film.

EVOH film faminates of these types have excellent barrier properties.
However, EVOH can be challenging o ortent in multifayer structures. The
difficudty in stretching EVOH has been atiributed in parl to a particular
mechanical characienstic of EVOH. That is, with increasing orientation
temperature, stress-induced orystallization rates increase dramatically. Asa
result, higher levels of crystallinity are found in EVOH that is orjented at
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ternperatures of about 70°C to abouwt 180°C compared o EVOH that is
haated, but not oriented at these temperatures. {(See R. Chou & .M. Lee, The
Behavior of Ethylene Vinyl Alcohol Amorphous Nylon Blends in Solid Phase
Thermotorming, J. Plastic Film & Sheeting, 13, 74-83, 1887). Rupture of the
existing crystal morphology takes place in EVOH laminated films that have
been ariented at these temperatures, leading o necking of the EVOR layer
and creation of breaks in the EVOH, thereby making it difficult to obtain
untform stretching of the laminated film. Anocther aspect related to stretching
of EVOH s the presence of a sharp vield point, as measured in stress-strain
curves, followed by strain-hardening. These deformation phenomena lead to
propagation of necking during orientation. it has been shown thaf when
drawing {akes place at 80°C, deformation is homogensous, bul becomes
rruch more heterogeneous at drawing temperatures of 120°C {(See K. Dipzzar
&t al., "Tensite Drawing of Ethylene/Vinyl Alcohol Polymers: Part 1, Influence
of Draw Temperalure on the Mechanical Behaviour”, Polymer, 38, 3045,
1898). To further compound the difficulty of orienting EVOH, when EVOHM is
coextruded with other polymers in a multilaysr structure the softening
tfemperature range of the polymers in the other layers of the mullilayer film
frequently does not overiap well with the optimal stretching lemperature range
for EVOH, resuling in stretching of the combined structure that is not optimal
{sge T. Okaya & K. lkari, Chapter 8, Ethylene Vinyl Alcohol Copolymers,
Polhyvinyl Alcohol Developments, (C. A. Finch, ed.) John Wilay, New York,
1892, and R. Chou & LH. Lee, supra). Eval Americas Technical Bulltetin No.
180 “Thermotforming of Eval® Resin Containing Structures” describes the an
of thermoforming as being very similar to the process of biaxially orientating
polyolefing. As disclosed therein, during solid phase pressure forming of
polypropylens EVOH sheet, the use of 32 mole'% ethylene EVOH, such as
Eval® F101 is not recommended, as the rapid orystallization rate of EVOH at
the optimum forming temperature range for polypropylena leads to the
formation of cracks.

Various approaches to improving the stretchability of EVOH have been
developed. Most of these approaches have involved blending of other
polymers info EVOH. For example, US Patent 5,126 402 descnbes a blend of

L
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athvlena vinyl alcohol copolymer blended with 3 to 95 weight % of an
amorphous polyamide having fewer than about 0,100 equivalents of carboxyl
end groups per kilogram of polyamide. Such a blend provides improved
thermat and oxidative stability while providing desirable formability. US Patent
s 4,911,979 describes a heat shrinkable laminated film comprising at least two
lavers of a3 mixed resin layer consisting essentially of 65 {o 85 weight %
polyamide resin and 15 to 35 weight % of a saponified ethylene vinyl acetate;
and & layer confaining at least 55 weight % of a saponified ethylens ving
acetate. Such a laminate can be biaxally stretched while heating the
1 laminate {o a temperature of 75°C but not higher than 100°C. US Patent

b

§.288,575 describes a blend of sthylene vinyl alcoho! copolymer blended with
5 to 85 weight % of an amorphous polyamide copolymer having a glass
transition temperature of about 30 to 100°C with improved simultaneous
prientation properties. US Patent 5,037,703 describes a multilayer struclure
15 where the stindene vinyl alcohol copolymer s blended with S to 50 weight %
of a thermoplastic polyester comprising at least 50 mol % of isophthalic acid
hased on the tolal moles of carboxylic acid component and G.1 to 30 mol % of
1.3 bis (beta-hydroxyethoxy)-benzene and/or disthylene glycal, based on the
total moles of diol component. Such a multilayer structure is said to prevent
20 formation of pinhwles or cracks during high-speed heat stretching.

Dther approaches o improving drawability and stretchability include
the use of modified EVOR copolymers and mixtures of EVOH polymers
having different properties. For example, US Patent 4,713,296 describes a
laminate of modified ethylene vinyl aloohol copolymer containing 8.1 ta B
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mol% pyrrofidone ring containing units where the laminate is superior in
drawability, US Patent 8,372 35581 descrbes a multilayer film of
polypropyiene with a resin composition comprising fwo ethylene vinyl alcohol
copolymaers with different and partially overlapping melt temperature ranges.
Such a composition provides high stretchability and excellent gas barmier
3 properties.

it would be desirabie {0 have available multdayer biaxially orientable
shrink films of enhanced properties that incorporate EVOH but that also have
excetlent outer fayer toughness and the stiffness exhibited by PVDG. Further,
it would be useful if the film Jaminates were characterized by high shrink with
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minimal 1oss of shirinkage over ime and could be produced using

conventional shrink film production processes and temperatures, If such films

additionally exhibited high shrink percentages at temperatures at or helow

85°C they could be used advantageously o produce shrinkbags that would

snable more effective preservation of food products,

SUMMARY OF THE INVENTION

in ane aspeagt, the present invention is directed to a multilayer onented

heat shrinkable film comprising:

A)

8)

a structural layer comprising a polymer selected from the group
consisting of copolymers of ethylens and a Cgto Cg o.f-
ethylenically unsaturated carboxylic acid, ionomers of said
copalymers, polyesters, and blends thereof;

a heat sealing layer comprising a polymer selected from the
group congisting of ethylens vimd acetate copolymers, ethylene
alkyl acrylate copolymers, ethylene alkyl methacrylale
copalymers, polysthylens, and blends thereaf, and

a gas barrier layer comprising at least one ethylene vinyl alcohot
copolymer, said ethylene vinyl alcohal copolymer having from
about 2 1o shout 8 mol% 1,2-glveol structural units present in the
polymer chain and said gas barrier layer being positioned
between said structural layer and said heat sealing layer;

charactenzed in that said onented film is capable of shrinking {o a size

that is at least 25% less than its origing! size on initial exposure of said fiim to

a temnperature of 85°C for at least one minute,

The invention is also directed to shrinkbags comprising an oriented

muitilayer film, said orlented fiim comprising:

Al

B}

a structural layer comprising a polymer selected from the group
consisting of copolymers of ethyiene and a Czto Cg u.fi-
sthylenically unsaturated carboxylic acid, ionomers of said
copolymers, polyesters, and blends thereof,

& heat sealing layer comprising a polymer selected from the

group consisting of ethylene vinyl acetate copolymers, sthylens



WO 2009/015126 PCT/US2008/070728

atkyl acrylate copolymers, ethylene alkyl methacrylale
copolymers, polyethylens, and blends thereaf, and

&) a gas bamier layer comprising at ieast one ethylene vinyl alcohot
copolymer, said gas barrier layer being positionad between said

X

structural laver and said heat saealing layer;
characterized w1 that said film is capable of shrinking to a size thatis at
ieast 25% less than its original size on intlal exposure of sawd filmio a

temperature of 85°C for at least one minute.

DETAILED DESCRIPTION OF THE INVENTION

10 The compositions of the invention are orented multilaysr film laminates
that are capable of shrinking {o a substaniial exient when expossed io
temperatures of atleast 85°C. The films are members of the class of films
conventionally known as “shrink ilms” or "shrink wraps™. Such films find utility
iy manufacture of “shrinkbags”. The compositions of the invention are thus

15 multidayer laminated shnnk films and structures made from such films.

Shrink films are oriented films that undergo a stretehing operation
during manufacture. The films are not heat-set during the manufacturing
process. The films are therefore capable of changing dimension Dy shrinking
to close to their unstretched size or dimension on their first, Lo, initial,

20 exposure {o temperatures higher than the temperature of therr ortentation.
Shrinkage of such films does not ocour {o any great extent on subsegquent
gxposures o a temperature above the onentation temperature.

The heat shrinkable films of the invention are generally in the form of

flat sheets or in fubular form. They are oriented multilayer laminated

25 structures of thickness 275 nucrons or less that are capabie of shrnking in
size by an amount of 25% or more from their original oriented dimensions on
initial exposure to a temperature of BSYC for a time of at least one minute .
Preferably the films are capable of shrinking in size by an amount of 35% or
more from their original oriented dimensions when exposed to g temperature

30 of B5°C under such conditions. It is not unusual for applications for shrink
bags to require from about 40% fo about 50% shrinkage from the onginal

dimensions.

o0
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Shrink properties are measursd by placing 101 mm x 101 mm squares
of film, with the machine direction (MD) and transverse dirsction {TD) of the
films marked, info a wataerbath maintained at 85°C for 2 minutes, and then
measuring the dimensions of the freated films. The % shrink is calculated as
the absolule value obtained from the formula [{Ly ~ Lg¥ Lol x 100, where Ly is
the dimension in the machine or transverse directions after shrink, and Lo is
the dimension in the maching or transverse directions of the oniginal film.

The multifayer heat shrinkable filtyy compositions of the invention have
st least three layers: a structural layer, a barrier layer and a heat sealing layer.
The barrier layer is positionad between the structural laver and the heat
sealing layver. Addifional layers may also be present, preferably between the
structural fayer and the barriey layer and/or bebwaen the barrer layer and the
heat sealing layer. In other embodiments, an additional layer or layers may
be presant in a position external to either the structural or heat saal layer,

generally to the structural layer.

The structural layer of the multifayer heat shrinkable films comprises a
polymer selectied from the group consisting of ethylene acid capolymers,
ethylene acid ionomers, polvesters and blends thereof.

Ethylene acid copolymers suitable for use in the struchural fayer of the
migitilayer films of the invention compnse copolymerized units of ethylene,
copotymerized units of a Gy 1o Cg w.f-athylenically unsaturated carboxylic
acid, preferably acrylic acid or methacrvlic acid, and optionally,
copolymerized unils of at least one additional comonomer, preferably
selected from alkyl aorylates and alkyl methaorylates wherain the alkyl
groups have from one to ten, preferably one o four, carbon atoms. Thus, the
ethylene acid copolymers may be dipolymers, terpolymers or higher order
copolymers. Some particularly useful terpolymers are those wherain the
unsaturated acid content is about 2-30 weight %, based on the {olal weight of
the terpolymer. Preferred higher order copolymers include copolymerized
units of additional comonaomers in an amount of up to about 40 weight % of
the copolymer.

Ethylens acid copolymers may be prepared by copalymerization of
ethylane and an unsaturated carboxylic acid, for example acrylic acid or
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methacrylic acid. Terpolymers can be prepared from ethylane, an
unsaturated carboxylic acid and a third comonomer such as an atkyl acrylate
or atkyl methacrylate. Examples of preparative methods for suitable ethylens
acid copolymers may be found in U.S. Patents 4,351,931, 4 680,981 and
5,028.674.

fonomers are acid copolymers wherein at least some of the carboxylic

X

acid groups in the copolymer are neutralized fo form the corresponding

carboxylate salts. lonomers can be prepared from the acid copolymers

described above, wherein the carboxylic acid groups present as a resuit of
W copolymerization of the unsaturated acid are at least partially neutralized by

b

atkalt metal ions, transition metal ions, atkaline earth long of combinations of

such cations. Typical methods for preparing ionomers suitable for use in the

compasitions of the invention are disclosed in U.S. Patent 3,264 272
Compounds suitable for neutralizing the aaid copolymer include lonic

15 compounds having altkall metal cations (for example, lithium, sodium or
potassium ions), transition metal cations {for example, zinc ion} or alkaline
garth cations {for example magnesium or calcium iong) and mixiures of
combinations of such cations. lonie compounds that may be used for
neutralizing the ethylene acid copolymers include alkali metal formates,

20 acetgtes, nilrates, carbonates, hydrogen carbonates, oxides, hydroxides or
atkoxides. Other useful ionic compounds include alkaline earth formates,
acetates, nitrates, oxides, hydroxides or glkoxides of alkaline earth metals.
Transibon metal formates, acetates, nitrates, carbonates, hydrogen

carbonates, pxides, hydrokides or alkoxides may also be used. The amount

v
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of compound capable of neutraglizing acidic groups may be provided by adding
the sfoichiometric amount of the compound calcudated to neulralize 3 target
amount of acid moisties in the acid copolymer.

Suitable ethylene gcid copolymers and ionomers that are commercially
available include NUCREL sthylene acid copolymers and SURLYN ionomer

EA Y3
o,

1 resing, both available from E. 1 du Pont de Nemours and Company.
Polyesters useful as componeants of the structural layer include

polymers made by condensgtion polymerization of diols and diaads {or

dedvatives thereof) that are suitable for forming films. Of note are polyesters

comprising aromatic dwarboxylic acids as a diacd monomer. Examples

it
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mclude polyethylene terephthalate, polvietramethylens terephthalate,
polveyclohexans-dimethylene terephthalate and polyethylene-2 .6~
naphthalene dicarboxylate. These polyesters may aiso be copolymers that
comprise copolymerized units of either another alcohol andior another

X

dicarboxylic acid. A portion of the dicarhoxylic acid comonomers may be
isophthalic acid, 2.8-naphthalensdicarboxylic acid, 1.4-
cycichexanedicarboxylic acid, adipic acid, sebacic acid, dimer acid, and
isophthalic acid containing & metal salt of sulfonic acid as & substituent, such
as S-sodium sulfoisophthalate, for example. The diols may include diethylene
W glycol, neapentyl glveol, 1.4-cyclohexane diol, 1,4-cyclohaxanedimethanol,
polyatkytene giyeol, 1,2 propanediol, 1,3 propanediol (imethylene glycal) and
1.4 butanediol, for example. Small amounts of a chain-branching agent such
as pentaerythritol, trimethyiolpropane, timellitic acid, inmesic acid or bonc
acid may also be used as comonomers., Midures of two or more polyesters
13 may compriseg the structural fayer of the films of the invention. The term
"polyester” as used hersin refers gensrically to any or all of the polymers
described above. The polyester blends are preferably blends wherein
polyethyiene terephihalate, polypropylene terephthalate or polybutylene
terephthalale are main components. A particularly preferred polyester is
20 polysthylens terephthalate.
The structural layer may additionally comprise conventional additives
used in guaniities that do not detract from the ability of the multiiayer film of
the invention to styink 25% or more from its original onented dimensions

whaen heated {0 a temperature of 857 C in an initial exposure of at least one

v
LA

minute. Examples of conventional additives used in polymeric materials
include plasticizers, impact maodifiers, stabilizers including viscosity stabilizers
and hydrolvtic stabilizers, anboxidants, ulfraviolet ray absorbers, antistatic
agents, dyes, pigments or other coloring agents, inorganic fillers, fire-
retardants, lubricants, reinforcing agents such as glass fiber and flakes,

EA Y3
o,

1 foaming or blowing agents, processing aids, antiblock agenis, release agents,
and mixtures thereof Qplional additives, when used as components of the

structural fayer, can be present in various quantities, for example, generally in
amounts up to abouwt 20 weight % of the total weight of the composition of the

structural layer.

11
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The oriented multilayer films of the invention also comprise a heat
sealing layer. This layer comprisas a polymer selected from the group
consisting of sthyleng vinyl acetate copolymers, ethyviene alkyl acryate
copolymers, ethylene alkyl methacrviate copolymers, polysthylenes and

$  mixtures thereof. The polymer or mixture of polymers, Le. the sealant, s a
compaosition that can be bonded to itself (sealed) at femperatures substantially
betow the melting temperature of an owtside layer, L.e. a layer that comes into
contact with a sealing means during the sealing process, so that the
appearance of the outside layer will not be affected by the sealing process

1 and the polymer will not stick to the sealing means, for example, the jaws of a

b

sealing bar. In the multilayer structures of the invention, the outer layer may
be g species of the above-described structural lavers or g laver of different
composiiion. The heatl sealing layer is generally the layer that contacts the
comtents of a package comprising the onented mullilayer fitm structure of the
15 invention. The composition of the heat sealing layer is preferably selected o
have minimum effect on taste or color of the contents, o be unaffected by the
product, and to wathstand seshng condiions, such as the presence of liquid
droplets, grease, dust, orthe like,
The hest sealing layer may comprise an ethylene vinyl acelate
20 copolymer, that is, a copolymer of monomers comprising ethylene and viny
acetate. Ethyvlene vinyl acetate (EVA] copolymers are inclusive of EVA
dipolymers, EVA terpolymers and higher order copolymers. The term "EVA
dipolymers” describes copolymers consisting of only copolymerized units of

ethylene and vinyl acetate. The term "EVA {erpolymers” describes

v
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copalymers prapared by copolymerization of ethylene, vinyl acetate and an
additional comonomer. Preferred examples of vinyl acetate copolymers are
those whersin the weight perceniage of copolymerized vinyt acelale units is
from about 5 to about 35 weight % of the EVA copolymer. Copolymers having
about 8 fo about 20 weight % copolymerized vinyl acetale units are more
M preferred. EVA copolymers include those available from E. 1 du Pont
de Nemours and Company under the ELVAX fradename.

For purposes of the present invention the term EVA has its usual
meaning and does not include partially hydrolyzed EVA copolymers. That s,
the EVA polymers contain less than 0.5 wt. % hydroxy! groups.

12
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A mixture of two or more different EVA copolymers may be used in
place of & single copolymer 8o long as the average values for the comonamer
content will be within the range wdicated above. Parlicudardy usefid properiies
may be obtained when two or more properly selected EVA copolymers ame
used.

Other polymers suitable for use in the heat sealing laysr comprise
gthylene alkyl acrylate copolymers or ethylene alkyl methacrylate copolymers.
That i3, the copolymers will comprise copolymerized unils of ethviene and an
atkyt acrylate or an alkyl methacrylate. Preferably, such copolymers are those
wherein the atkyl group cordains from one o six carbon astoms. More
preferably, the alkyl group of the alkyl acrylate or atkyl methacrylate
comonomer has from one o four carbon atoms. Most preferable acrylale
monomers are methyl acrylate, efhyl acrviate, isobutyl acrylate and n-butyl
acrylate.

The weight percentage of copolymerized units of alkyl acrlate or alkyl
methacrylate comonomer present in the sthylene alkyl acrylate or ethylene
atkyl methacrylate copolymer can vary broadly from a few weight % up fo as
high as 40 weight % of the copolymer or even higher. Preferably, the weight
parcentage of copolymerized units of atkyl acrylate comonomer will be from
abowd § to about 35 weight %, more preferably from about 8 1o about
20 weight %, based on the weight of the sthviene allkyl acrylate copalymer.
Similarly, the weight percentage of copolymerized units of alkyl methacrylate
comonomer will preferably be from about 5 {o about 35 weight %, more
preferably from about 8 o about 20 weight %, based on the weight of the
sthyleng alkyl methacrylate copolymer.

Ethyiene atkyl acrylate copolymers include those available from
E. I du Pont de Nemours and Company under the ELVALOY AC fradename.

A mixture of fwo or more different ethylene altkyl acrylate or ethylene
atkyl methacrylate copolymers can be usad in place of a single copolymer so
long as the average values for the comonomer content will be within the range
indicated above. Parliculady useful properiies may be oblained when two or
maore properly selecled ethylene alkyl acrylate or ethylene alkyl methacryiate
copolymers are used in the as components of the heat sealing layerin the
fitrms of the invention.

-
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Polyethylenes suitable for use s components of the heat sealing layer
mnclude polyethylene and copolymers of ethylene and alpha-olefins, such as
linear low density polyethylenes, and homopolymears or copolymers of
sthylens and alpha-olefin monomers prepared in the prasence of metallocene
catalysts, single site catalysts and constrained geomelry catalysts (hereinafter
metaliocene polyethylenes, or MPE).

Sultakde ethylene copolymers can be prepared by a variety of methods.
Examples of such processes include, but are not limited to, the well-known
Ziegler-Natta catlalyst polymerization {see for exampie US Patent 4,076 698
and US Patent 3,645,992), metallocene catalyzed polymerization, VERSIPOL
single-site catalyst polymerization and free radical polymerization. As used
herein, the term metallocene catalvzed polymerization includes polymenzation
processes that involve the use of metallocens catalysts as well as those
processes that involve use of constrained geometry and single-site catalysts.
Polymerization can be conducted as a solution-phase process, a gas phase-
process or the like.

Withowt being held to any paricular theory, MPE is of note because of
its substantially linear structure and narrow molecutar weight distribution.
Metallocene technology is capable of making lower density polyethylene with
high flexibility and low orystaliinity. Metallocene technology is described in, for
axample, U.S Patents §272,236, 5278272, 5,507 475; 5,264 403 and
5,240,894,

Lingar polysthylenes can incorporate copolymerized units of alpha-
otefin comonomars such as butene, hexene or octene. For example, a
copolymer useful as the polvolefin component can comprise a major portion
or percentage by weight of copolymerized units of ethylene and a minor
pottion or percentage by weight of copolymerized units of at least one other
alpha-olefin. Suitable alpha-olefing can be selected from the group consisting
of alpha-olsefins having at least three carbon atoms, preferably rom 3 to
20 carbon atoms, These comonomers ars present as copolymerized unifs in
an amount of up to about 20 weight % of the copolymer. Freferred alpha-
olefins include propylens, t-butene, 1-hexene, 4-methyl-1-pentene, 1-octene,

1-decene, 1-telradecens and 1-octadecene. Copolymers can be ablained by
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polymerization of ethylene with two or more alpha-olefing, preferably including
propylene, 1-butene, 1-ociene and 4-methyi-1-pentene,

in some instances blends of polymers, especially blends of ethvlene
copolymers, may be useful as components of the heat sealing layer. As with
the sfructural layer, the heat sealing layer can additionally comprise
conventonal addifives as described herein, used i guantiies that do not
detract from the ability of the laminated film to shnink 25% or greater when
axposed 1o g temperature of 857 C for a period of at least one minute on initial
axposure,

The laminated shrink films of the invention additionally comprise a gas
barier layer. The term “gas barrer layver” as used herein denotes a film layer
that allows transmission through the film of less than 1000 ce of gas, such as
oxygen, per square meter of film per 24 hour perniod at 1 atmosphere and at a
temperature of 73°F {23°C} at 50% relative humidity. Other polymers may be
present as addiional components in the barder layer so long as they do not
raise the permeability of the barner layer sbove the limit defined above. The
gas barrier layer of the mulldayer laminated heat shrinkable films of the
invention comprises ethylene vinyl alcohol polymers {(EVOH) and mixtures
thereof,

EVOH polymers generally have an ethylene content of between about
15 miole percent to about 80 mole percent, more preferably betweean about 20
to about 50 mole percent. The density of commercially available EVOH
generally ranges from between about 1.12 glom’ 1o about 1.20 gmvarn®, the
polymers having a melling temperature ranging from between about 142°C
and 181°C. EVOH polymers can be prepared by welt-known techniques or
can be obtained from commercial sources. EVOH copolymers may be
prepared by saponifying or hydrolyzing ethylene vinyl acetate copolymers.
Thus EVOH may also be known as hydrolyzed efiilene vinyt acetate (HEVA)
copolymer. The degree of hydrolysis is preferably from about 80 o 100 mole
percent, more preferably from about 85 {0 100 mole percent. In addition, the
weight average molecular weight, M, of the EVOH component useful in the
iaminates of the invention, calculated from the degree of polymerization and
the molecular weight of the repeating unit, may be within the range of about
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5,000 Daltons to about 300,000 Daltons with about 50,000 Daltons being
most preferred.
Suitable EVOH polymers may be oblained from Eval Company of
Armerica or Kuraray Company of Japan under the tradename EVAL. EVOH ig
% also available under the tradesname SQARNOL from Noltex LL.C. Examples
of such EVOH resins include EVAL F101, EVAL £105, EVAL J102, and
SOARNOL DT2903, BOARNOL DC3203 and SOARNOL ET3803. Preferably
the EVOH used in the invention is orientable from about 3x3 to sbout 10x10
stretch without loss in barrier properties from pinhaling, necking or breaks in
1 the BEVOH layer.
Of special note are EVOH resins sold under the tradename EVAL SP

b

oblained from Eval Company of America or Kuraray Company of Japan that
may be useful as components in the laminated shrink films of the present
invention. EVAL 8P is a type of EVOH that exhibits enhanced plasticity and
13 thatis suited for use in packaging applications including shrink film,
polyethyiene terephthalate (PET Hype barrier botlles and deep-draw cups and
trays. Exampies of such EVOH resing include EVAL 8P 521, EVAL SP 282
and EVAL 8P 482, The EVAL SP grades of EVOH are easter to orient than
the conventional EVAL resins. These EVOH polymers are a preferred class
20 for use in the multilayer oriented heat shrinkable film compositions and
shrinkbags of the present invention. Without being bound to theory, itis
helieved that the enhanced orientability of the EVAL 8P EVOH resing detives
from their chemical structure, in particutar the level of head o head adjacent
hydroxy! groups in the EVOH polymer chain. By head to head adjacent

v
LA

edroxyl groups is meant 1,2-glycol structural units.

it has been found that EVOH polymers having a relatively high level of
1.2-glyeol units in the EVOH polymer chain are particularly suited for use in
the multilayer oriented haat shrinkable film compositions and shrinkbags of
the present invention. By relatively high is meant from about 2 to about 8
3 mol% 1,2-glveo! structural units are present in the EVOH polymer chain,
Prefarably, about 2.8 {0 about 5.2 moi¥% 1,2-glycal units will be present.

Such polymers can be produced by increasing the amount of adjacent
copolymerized units of vinyl acetate produced during polymenzation of

gthylene and vinyl acetate above the level generally used., When such
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polymers are hydrolyzed 1o form EVOH, an increased amount of head-to-
head vinyl alcoho! adiacency, that is, an increased amount of the 1,2-glyeal
structure result. it has been reported i the case of polyvinyt alcchol that the
presence of the 1,2-glycol structure in polyvinyg gleohol can influence the
degree of crystaliinity obtained in these alcohols and thereby the tensile
strength. See, for example F. L. Maren & C.W. Zvanut, Chapter 2
Manufacture of Polyviny! Acetate for Polyvinyl Alcshal, Polyvinyt Alcohol
Devslopments {C. A. Finch ad.} John Wiley, New York 1082,

The more orientable grades of EVOH will generally have lower yield
strength, lower tensile strength and lower rates of strain hardening than other
EVOH polymers of equivalent ethylene content, as measured by mol%
athylene.

The level of 1,2-glycol units present in the EVOH may be determined
by structural analysis using proton nuclear magnetic resonance (NMR}
according o the following edperimental procedure.

A TH NMR spectrum is obtained using a Bruker Avance [Advance??}
500 MMz spectrometer with a bmm BBlz probe {broad band inverse prabe
with a z gradient, Model number 8N 228). 15 mg of sample is dissolved
DMSOdE, a deuterated dimethyl sulphoxide. The spectrum is obtained using
the following parameters: 90 degree pulse at 8.32 microseconds; recycle
delay at 30 second; acguisition time at 4.68 seconds; spectral widih: 8KHz;
number of scans: 16,

in order to resolve the resonances that correspond {0 the adjacent
hydroxyl groups a nmw spectrum of the sample is oblained at 180°C. The
resonance at 3.3 ppm reprasents methine protons from  ~-CH{OH)OH)CH-
head-to-head segments {1,2-glyeols) The specira are referenced to the
DMS0OdE peak at 2.49 ppm. The 3.3 ppm integrated resonance is divided by
the integrated resonances betwsen 3.1 ppm and 4.6 ppm {the vinylic hydroxyl
{VOH"} resonances) and multiplied by 100% o provide the mol% of 1,.2-
glycot in the ethylene vinyl alcohol polymer.

The EVOH composition may optionally be modified by including
additionat polymeric matenals selected from the group consisting of
polyamides, including amorphous polyamides, ionamers, and ethylene
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polymers and mixtures theraof. These modifying polymers may be presentin
amounts up to 30 weight % of the EVOH composifion.
Polvamides {e.g. nyvlon} suifable for use are generally prepared by

polymerization of lactams or aminoe acids (e.g. nylon 6 or nylon 11), or by

% condensation of diamines such as hexamethylens diamine with dibasic acids
such as succing, adipic, or sebacic aoid. The polvamides may also include
copolymerized units of additional comonomers to form terpolymers or higher
order polymers. The polyamide can include nylon 6, nylon 9, nylon 10, nylon
11, nvlon 12, nylon 6.6, nylon 6,10, nylon 8,12, nylon 61, nylon 6T, nylon 6.9,
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nylon 12,12, copolymers thereof and blends of amorphous and semicrysialline
polyamides. As used hereint the term polvamide also includes polyamide
nano-compaosites such as those available commercially under the tradename
AEGIS polvamides from Honeywell International inc. or IMPERM polyamide
{rnvion MXDE) from Mitsubishi Gas Chemical Company.
15 Preferred polyamides include polyepsiioncaprolactam (nylon 6);
polvhexamethylens adipamide {(nylon 6,8); nylon 11; nvion 12, nylon 12,12
and copolymers and terpolymers such as nylon 6/6.5; nylon 6,10 nylon 8,12,
nyton 6,6/12; nylon 6/6, and nylon 8/67. More preferred polyamides are
polyepsiloncaprolactam (nylon 8), polyhexamethylene adipamide {nylon 6,8},
20 and most preferred is nylon 8. Although these polyamides are preferred
polyamides, other polyamides, such as amorphous polyamides, are also
suitable for use. Amorphous polyamides include amorphous nylon 8l 67
available from E. |, du Pont de Nemours and Company under the tradename
SELAR PA. Other amorphous polyamides include those described in US
Patents 5,053,259, 5,344 687¢ and 5,480,045, Additional useful polyamides
include those describad in US Patents 5,408,000, 4,174 ,358; 3,393,210;
2.512,6006; 2,312,066 and 2,241,322

The polymer compaositions of the harrier layer can addifionally comprise
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conventional additives used in polymeric materigls including those descaribed
3 for use in the structural and heat sealing layers of the multilayer films of the
mnvention,
The heat shrinkable films of the invention may comprise more than one
of the above-described layars. That is, the films may comprise additional
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structural lavers, heat sealing layers or gas barnier lgyers. In addition, any of
the additional layers may comprise conventional additives as descnbed
herein, used in quantities that do not detract from ihe ability of the laminated
film to shrink 25% or greater when exposed {o a temperature of B3 C. for a
pernod of at least one minute  The additives in sach laysr may be the same or
different.

in cerfain embaodiments, the multifayer heat shrinkable films of the
invention may comprise at lsast one adhesive layer, positionsd between any
of the other {ayers, for example between a structural layer and a heat sealing
fayer or betwesn a gas barrier layer and a heat sealing laver. The adhesive
fayer will be compositionally distinct the from the heat sealing layer. By
compositionally distinet is meant that the number of components, the ratio of
componants or the chemical structure {for example, monamer ratio of
polymernic components having the same monomers) of the components
comprising the heat seal layer and the adhesive layer, will differ. For
example, adhesive compositions described in US Patents 5,545,081,
5,217,812, 5,053,457, 6,186,142, 6,210,765 and US Patent Application
MNumiber 11/644876 are useful in this invention.

A preferred adhesive useful in the multilayer film of the invention is a
mutticomponent composition comprising 13 a funclionslized polymer, 2) an
ethylene copolymer, and 3) a tackifier. These adhesive compositions are
particularly suitable for use as an adhesive or tie layer in multitayer laminated
shrink films, especially those that require a high degree of shrink, The
adhesive compositions provide suilable adhesion between the varnious layers
of the laminate film and provide improved adhesion in biaxially ordented films.

The functionalized polymers useful as component 1) of the preferred
multicompanent adhesive composiion comprise anhydnde-modified polymers
and copolymers comprising copalymerized units of ethylene and a
comonomer selected from the group consisting of Ce-Cg unsaturated acids
having at least two carboxylic gaid groups, and cychic anhydrides, monoesters
and diesters of such acids, Midures of these components are aiso useful.
The ethylene copolymers useful as component 2) of the adhesive comprise at
least one ethylene copolymer, chemically distinet from the functionalized
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polymer that is the compaonent 1) polymer composition. By chemically distingt
is meant that 8) the ethylene copolymer of the second component of the
aghesive comprises at least one species of copolymerized monomer that is
not presant as a comonomer iy the functionalized polymer component or by
the functionalized polymer component of the adhesive compnses at least one
spacies of copolymerized monomer that is not present in the sthylene
copolymer of the second component of the adhesive or ¢} the sthylens
copolymer that is the second component of the adhssive is not an anhydride-
grafted or functionalized sthylene copolymer as defined above. Thus, the first
and second polymers are different in chemical structure and are distingt
polymer species.

Anhydride-modified polymers that are suitable for use as functionalized
polymer components of the preferred adhesive composition are anhydnde-
grafted homopolymers or copolymers. These include polymers that have
been grafted with rom 0.1 to 10 weight % of an unsaturated dicarboxyiic aad
anhydrade. Generally, they will be grafted olefin polymers, for example grafled
polvethviene, grafied EVA copolymers, grafied ethyiene atky acrylate
copolymers and grafted ethylene atkyl methacrylate copolymers, Specific
examples of suitable anhydride-modified polymers are disclosed co-pending
U.B. Patent Application 11/644876.

The functionalized polymer may also be an sthylens copolymer
comprising copolymerized units of ethylene and a comonomer selected from
the group consisting of C-Cs unsaturated anhydrides, moncesters of Ce-Cs
unsaturated acids having at least two carboxylic acid groups, diesters of Ca-Cy
unsaturated acids having at least bwo carboxylic acid groups and mixtures of
such copolymers. The ethylens copolymer may comprise from about 3 {o
about 25 weight % of copolymerized units of the comonomer. The copolymer
may be a dipolymer or a higher order copolymer, such as g terpolymer or
tetrapolymer. The copolymers are preferably random copolymers. Examples
of suitable comonomers of the sthylens copolymer indluds unsalurated
anhydndes stich as maleic anhydrde and Haconic anhydride; C-Tas alkyl
maonoesters of butenedinic acids (e.g. maleic aoid, fumaric acid, faconic acid
and cifraconic acid), including methyl hydrogen maleate, ethyl hydrogen
maleate, propyl hydrogen fumarate, and 2-ethythexyl hydrogen fumarate; Oy

pie]
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Cooatkyl diesters of butenadioie acids such as dimethyimaleate,
diethyimaleate, and dibutylcitraconate, dioctyimaleate, and di-2-
ethylhexyifumarate. These funclionalized polymer components of the
adhesive composition are sthylene copolymers obtained by 8 process of high-
5 pressure free radical random copolymerization, rather than graft copolymers.
The monomer units are incorporated into the polymer backbone or chain and
are not incorporataed to an appreciable extent as pendant groups onlo a
previously formed polymer backbone,
The sscond component of the preferred adhssive composition is at
1 least one ethylens copolymer compositionally distinet from the first

b

functionalized polymer component. Ethylene copolymers used as the second
component of the adhesive composition may be copolymers of ethylene and
alpha-olefins, mcluding copolymers with propylene and other aipha-olefins.
Ethviene copolymers suilable for use as the second component include high

15 density polyethyienas, low density polyethylenes, very low density
polvethylenes (VLIDPE), linear low density polyethyienes, and copolymers of
ethylene and alpha-clefin monomers prepared in the presence of metaliocene
catalysts, single site catalysis and constrained geometry catalysts thereinafier
referred to as metalioccene polyethylenes, or MPE) Suitable ethylene

20 copolymers and methods for their preparation are disclosed in co-pending
U.B. Patent Application 11/644878. The ethylene copolymer used as the
second component of the adhesive composition may also comprise
copolymerized unis of sthylene and a polar comonomer selectad from the

group consisting of vinyl acetate, atkyl acrviates, alkyl methacrylates and
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mixtures thereof. The alkyl groups will have from 1 to 10 carbon atoms.
Additional comonomers may be incorporated as copolymerized unils in the
gthylens copolymer. Suitable copolymerizable monomers include carbon
monoxide, methacrviic acid and acrylic actd.  Ethylene alkyl acryiate carbon
monoxide {erpolymers are examples of such compaositions, including ethylens
3 n-butyt acrylate carbon monoxide ferpolymers,

The ethylene copolymer of the second component may also be an
athylene alkyl acrylate or ethylene alkyl methacryiate copolymer. Alkyd
acrylates and alkyl methacrylates may have alkyl groups of 1 to 10 carbon
atoms, for exampls methyl, ethyl or butyl groups. The relative amount of the

21
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alkyl acrylate or alkyl methacrylate comonomer units in the copolymers can
vary broadly from a few weight percent to as much as 45 weight percent,
based on the weight of the copolymer. Mixtures of sthylene alkyl acrylate
andfor alkyl methacrylate copolymers may also be used.

X

The adhesive composition may also include a tackifier. The presence
of tackifier facilitates bond adhesion when the film is onented and later
shrunk. The tackifier may be any suitable tackifier known generally in the arl.
For example, the tackifier may include types listed in US Patent 3,484 405,
Suitable tackifiers include a vansty of natural and synthetic resins and rosin
W matlenials. Tackifier resins that can be employed are liquid, semi-solid {o solid,
complex amorphous materials generally in the form of mixtures of organic
compounds having no definite mefting point and no tendency to crystallize.
These include coumarone-indens resins, such as the parg-coumarone-ndene
resins, terpene resing, including styrenaied terpenes, butadiene-styrene

13 resing having molecular weights ranging from about 500 to about 5,000,
polvhutadiens resins having molecular weights ranging from about 500 to
about 5,000, hydrocarbon resins produced by catalytic polymerization of
fractions oblained in the refining of petraleum, having a malecular weight
range of about 500 to about 5,000, polybutenes obtained from the

20 polymerization of isobutylene, hydrogenated hydrocarbon resing, rosin

materials, low molacular weight styrene hard resins or disproportionated

pentaervthrifol esters, aromatic tackifiers, including thermoplastic hydrocarbon

resins derived from styrene, alpha-methylstyrene, andior vinyltoluene, and

polymers, copolymers and terpolymers thereof, terpenes, terpene phenolics,
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modified terpenss, and combinations thereof. These latter materials may be
further hydrogenated in part or in entirety to produce alicyclic tackifiers. A
more comprehensive listing of fackifiers that can be employed in this invention
is provided in TAPP! CA Report #85, Technical Association of the Pulp and
Paper Industry, 1975, pp 1320, which lists over 200 commercially available

1 tackifier rasins,

EA Y3
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The adhesive compositions may additionally include vanous commonly
used additives and fillers such as described above for use in the barier layer

of the laminate. Some particularly useful additives may include antioxidants,

ok
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antistatic additives and antifog additives. The adhesive composition may also
inciude additional polymeric materials.

The multiayer heat shrinkable film may comprise additional {ayers.
Cne or more of these additional layers may be disposed betweaean or external
{0 @ structural layer, barrer layer or heat segl layer. For example, additional
layers may be disposed between the barrier layer and heat seal layer. They
miay also be disposed, for example, adjacent to and in contact with a face of &
structural layer. Similarly, at least one additional layer may be disposed
between & barner layer and a heat seal layer. For example, the multilayer
shrinkable fiim may include one or more addifional layers adhered 1o the ocuter
face of the structural layer, either directly or through intervening adhesive
layers. In some structures, the structural layer may be adjacent fo and in
contact with the barmer layer. In other embodiments, the heat seal layer will
be adjacentto and in contact with the barrier layer. The selection of additionat
intarnal or external tayers will depend upon the strength, sealing and aesthetic
properties desired in the particular embodiment as well as the cost and
compilexity of manufacture.

Any laminate of the invention will include a structural layer, barnisr laver
and heat sealing layer as described herein, In some embodiments, the
muitilayer shrink fims of the invention may have three 1o nine layers,
comprising one or more adhesive, or "ie”, layers. Other structures having a
greater number of layers are also contemplated.

Representative sxamples of multitayer films of the invention include
{hose described below. Where an adhesive layer is present, that layer is
designated as "ie” In the multilayer il structures the symbol °F represents
a boundary between layers. in these structures, outside to inside layers of the
multilaver structure as intended to be used in g package are listed i order
from left to right. The structures below are not meant (o be an exhaustive jist
of the structures of the invention and are for purposes of example. Those
skilled in the art will recognize that other film structures will fall wathin the
scope of the invention. Such struclures may include one or more adhesive

layers. The adhesive may be any adhesive composition, including the above-
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described preferred adhesive compositions. Each embodiment will have
particular advantages depending on the particular packaging application,
Ethylens acrylic acid ionomerEVOH/polvethviene;
Ethyiene acrvlic acid ionomerEVQOHsthylene vinyl acetate;
g Ethylene methacrylic acid ionomeriie/EVOHe/ethylene alkyl acrylate;
Ethylene methacrylic acid ionomer/EVOH/ethylene alkod methacryiate;
Ethylene methacrylic acid icnomerflis/EVOHie/ethylene vinyl acelate
Polyesier/EVOH/polyethylene;
Polvestertie/EVOHe/ethylene vinyl acstate;
1 Polyester/EVOlethylene alkyl acrylate;

b

Polyester/tie/EVOHAie/ethyiene alkyl methacrylate;
Ethylene acrylic acid/EVOH/polysthylense;
Ethylene acrylic acid/EVOH/ethylena vinyl acetate;
Ethylene methacrylic actditisdEVOHtie/ethylene alkyl acrdate;
15 Ethylene methacorylic ackVEVOH/ethviene atkyl methacrylate;
Ethylene acrylic acid ionamer/ethylene acrylic acid ionomss/
fie/EVOHAslethylene vinyl goetale;
Ethylene acrylic acid ionomedathylene acrylic acid/
He/EVOHAIe/ethylene alkyl acrylats;
20 Ethylene acrylic acidisthylene acrylic acd nomer/
tie/EVOHAIe/ethylene vinyl acetate,
Ethylens methacrvlic acid/ethvlens methacrylic acid/
fie/EVOH/tis/ethylene alkyl aorylale;
Polyester/tie/EVOHtIe/ ethylene alkyl methacrylate;

v
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Ethvlena acrvlic acid ionomerftie/ionomerfie/EVOHMtg/polysthylane;
Ethyiene acrylic acid ionomerfie/EVOHs/ethylens vinyl acetate;
Ethylene aorylic acid ionpmerfisfEVOHtis/paolvethylene;

Ethyvlene methacrylic acld Aie/EVOHAs/ethylene vinyl acetate and
Ethylens acrylic acid te/EVORtig/palysthylene.

3 The multifayer heat shrinkable films of the invention are oriented fo
provide shnnkability. The temperature selected for anenting a film can
depend on many factors, including the compositional type and number of film
layers heing onented, the melt indices of the components of the Rim, the

strefching forces applied to the film during the crientation process, the spesd
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of the film production line, andfor the degree of strefching desired. The
nvention s not limited by any example; however many conventional
orientation processeas ¢an be conducted within a range of from about 70°C fo
gbout 125°C. Any individual temperature within this range can be useful in
orienting a film for use in shrink applications, depending on at least some of
the faclors listed herein. Many preferred conventional orientation processes
are carried out within a temperature range of from about 80°C to about 100°C.

The laminats can be manufactured by laminating individust layers,
preferably by extrusion coaling, coextrusion or blow molding. Although the
thickness of the laminate is arbifrary and dependeant on its application, itis
prefarably from gbout 10 {o about 3000 um, and in particylar, from about 20 o
gbout 1000 um, for example.

The laminate may optionally be iradiated by processes known in the
arf. This may be accomplished by irradiation prior, during or subsequent to
orfentation. For example, irradiation dosage may be from about 1 mRad {o
about 10 mRad, or from 2 fo 5 mRad. Stretchability, heat resistance and
mechanical strength can be improved with irradiation.

A muitilayer film can be prepared by coextrusion as follows: granulates
of the various components are malfed i suitable extruders and converted into
a film using 8 converting technique. For coexirusion, the molten polymers are
passed through a die or set of dies 1o form layers of molten polymers that ars
processed as a layered flow and then cooled to form a layered structure. The
film may also be prepared by coextrusion followed by lamination onto one or
more other layers. Suitable converting techniques include blown film
sxtrusion, cast film extrusion, ¢ast sheet extrusion and sextrusion coaling. A
prefarred film is a blown film oblained through blown film extrusion.

The fitm is further oriented beyond the immediate quenching or casting
of the flm. In general ferms the process comprises the steps of coextruding a8
rultilayer flow of molten polymers,; quenching the coextrudate and orienting
the quenched coaxtrudate in at least one direction. The film may be uniaxially
oriented, but is preferably biaxially oriented by drawing i two mutually
parpendiciudar directions in the plane of the film 1o achieve a satisfaciory

combination of mechanical and physical properties.
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Orientation and stretching apparatus to uniaxially or biaxially streteh
fitm are known in the art and may be adapted by those skilled in the art o
produce the films. Exampies of such apparatus and processes include e.g.
thoge disclosed in US Patents 3,278,683, 3,337 .685; 3,456,044 4 580 108;
§ 4,760,118, 4,769 421, 4,797,235 and 4,886,634
Orientation of multilayer films is gensrally carned out on a commercial
scale using tenterframe or double bubble tubular processes conducted at
temperatures below the melting point of at least one of the polymers present
iy the multitaver film. Machine manufacturers employing the double bubble
1 tubular process techoology include Kuhne Anlagenbau, Macro Engineering &

b

Technology, and Plamex Maschinenbau.
in a preferred embodiment, the multifayer film is orlented through a
double bubble exirusion process, wherg simultanepus biaxial onentation may
be aeffected by exiruding a pnimary multilayer film tube which is subsequently
13 guenched, reheated and then expandad by internal gas pressure o induce
transverse origntation, and drawn by differential speed nip or conveying
roflers at a rate which will induce longitudinal orientation. More particularly, a
primary tube is melt extruded from an annular die. This exiruded primary tube
iz cooted quickly to minimize crystallization and then collapsed. i is then
20 again healed {0 its onentation temperature {(e.g. by means of a water bath). In
the origntation zone a secondary tube is formed by inflation, thereby radially
axpanding the film in the transverse direction, and the tubs is pulled or
stretched in the machine direction at a femperature such that expansion

ocours in both directions, preferably simultaneously; the expansion of the

v
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tubing being accompanied by a sharp, sudden reduction of thickness at the
draw point. The tubular film can then again be flattened through nip rolls. Flat
films can be prepared by sphtting the tubular film along its length and opened
up into flat sheets that can be rofled and/or further processed.

Preferably, the film can be processed on the manufacturing machine at
3 aspesd higher than 50 meters pear minule (nvmin), and up to a speed of
200 mymin. The film s therefore compatible with high-speed machines.

The tubular film may also be processed into shrink bags by forming
seals {for example, by heat-sealing or radio-frequency welding) across the
tube surface and culting the sealed tube into lengths, thersby providing tubes
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with one closed end and one open end. Materials 1o be packaged can be
mnserted into the twbes through the open end and then sealed to form filled
shrink bags by sealing the open ends of the tubes. In some cases, the
operations of forming the shrink bag, filling and sealing can be carried out
consecutively and/or simultaneously using automated machinery.

The heat shrinkable muitilayer films of the invention are characierized
by the ability to shrink to a size that is at least 25% less than their original
dimension on initial exposure to a temperature of 85°C. Preferable films of
the invention have the ability to shrink 1o a size that is at lsast 30% less than
their original dimension on exposure o 85°C. Some examples of films of the
invention particulardy adapted to food packaging shrink filrmn applications
include films of the following structures

Ethylene methacrylic acid ionomerfis/EVOHtie/Ethylene vinyl acetate

Ethylene methacrylic acid ionomerfieEVOH/metaliocene polyethylene
The multilayver heat shrinkable films of the invention are particularly useful in
packaging applications and may be used as in packaging of for example
primal beef culs, boneless pork loins, marinated pork and beef culs, smoked
cheeses, soft cheeses and hard cheeses. The films may be formed into
shrinkbags or other articles, including shrink lidding, shnink sleeves and shrink
wraps. When the films are formed inlo shrinkbags, the shrink performance of
the bags is excellent and in the same range as PVDC bags. At 85*C, they
shrinkbags of the invention may achieve higher shrink values than FVDO
bags. Shrinkage of bags of the invention is commonty as high as 60%. The
shrink properties are stable after peviods of 32 weeks aging, indicating
continuad high shrink values. These shrink values are very high in
comparison to those of nylon-containing shrinkbags. Shrinkbags of this
invention routinely exhibit fram 45% to 82% shrink at 9570, whereas nylon-
hased shiinkbags range often exhibit only from approximately 20-30% shrink
under similar conditions. In some instances, the 85°C shrink axhibited by
compositions of the invention, is higher than the shrink valuas of nyon-based
bags at the higher shrink temperature of 85°C.

The invention is further llustrated by the specific embodiments
disclosed w the following Examples.
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Examples
Materials
SURLYN 1801, sthyleng/methacrylic acid sodium ionomer, melt fow rate {1.3
o/10 minutes (190°C, 2.18kg. load), melt point 85°C, freeze point 534°C, Vicat
5 softening point 70°C, available from DuPont,
SURLYN 1601 ethvlens/methacrylic acid sodium ionomer, melt flow rale 1.3
g/ 10 minutes {(190°C, 2.16 kg), melt point 88°C, freeze point 68°C, Vieat
softening point 74°C, available from DuPont.
ELVAX 3135X:. Ethylense vinyl acetate dipolymer {12 weight % vinyl acetfate),
W melt flowrate 0.35 g/10 minwdes { 190°C, 2,18 kg load), density 0.83 g/oe,
available from DuPont.

b

EVAL SP 282: Ethylene vinyl alcohol copolymer melt flow rate 4.4 /10
minutes {measured in accordance wath ASTM D-1238, 210°C, 2.16 kg
weight), melt point 191°C, available from Eval Company of America.

15 EVAL SP 521 Ethylene vinyt alcohol copolymer melt flow rate 4.0 ¢/10
minutes {measurad in accordance with ASTM D-1238, 210°C, 2.16 kg
weight), melt point 185°C, available from Eval Company of America.
BYNEL 21E787 Adhesive resin: an ethylene methy! acrylate maleic
anhydride gralt copolymer adhesive composition, density 0.930 g/ce, meit flow

20 rate 1.8g/10 minudes {(190°C, 2.18 kg foad}); melt point 84°C, fresze paint

78°C, Vicat softening point 54°C, available from DuPort.

Test Procedures

Oxygen transmission rate (OTR), ASTM D388S,

Maoisture vapor tranamission rate (MVTR): ASTM F1248.

Secant modulus: ASTM D882

Examples 1-3 and Compargtive Examples

v
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Shrinkhags were formed from five-layer heat shrinkable orfenied films
of the invention on a double bubble extrusion line. The bags were not
nradiated after production. The structures of the multitayer flms are

M summarized in Table 1 where the layers are listed in order from outside {(first)
o inside (ast). The percentage of 1,2-glycol units in the EVOH polymers
utiized in the structures was determined by nmy gnalysis as described herein
and was found to be 4.5 mol% 1.2-glycol units for EVAL 8P 202 and 3.1
moi% 1,2-glycol units for EVAL SP 521,
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TABLE 1
Stucture Layer Composition Thickness {microns}

Example 1 Strictiyal Laysr SURLYN 1801 28
Tie Layer BYNEL 21E787 3

Barrier Layer EVAL 5P 292 2

Tie Layer BYNEL 21E787 5
Heat Seal Layer ELVAX 3138X 18
Total Gauge 57

Exampls 2 Structural Layer SURLYN 1841 28
Tie Layer BYNEL 21E787 3
101 blend of EVAL
Barier Layer 8P 821 and EVAL 3
8P 2027

Tie Layer BYNEL 21E7B7 &

Haat Seal Layer ELVAX 3135X 20

Total Gauge &8

Example 3 Struciural Layer SURLYN 1801 0
Tia Layer BYNEL 21E787 4

Barrer Layer EVAL BF 521 3

Tie Laver BYNEL 21E78T 3

Hoat Seal Layer ELVAX 3138X 17

Five types of commercially available PVDC-containing shrink bags

were obtained. These comparative samples are designated PVDC-1, PVDC-
2, PVDC-3, PVDC-4 and PVYDC-5. Microscopic and infrared analysis of the

comparative samples provided the composition and structure information

shown in Table 2. Also for comparison, three multiHayer conimercially-
available polvamide {nylon)-containing shrinkbags, designated PA-1, PA-2,

and PA-3, ware obtained. Microscopic and infra-red analysis of these bags

provided the composition and strusture information in Table 24,
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TABLE 2
PVDG-1 PVDC-2 PYDG-3
Structurs Layer Thicknass Layer Thickness Laver Trickness
cormpositlon | (migrons) | Composition | (mictong) | composition | (migrons)
Cutside EVA 25 EVA 18 EVA 14
Layer
BVEC 10 PYDC 10 VDO 8
inside EVA 53 BV, 28 EVA 38
Layer
Total B4 58 88
Gauge
PVDIC-4 PYDC-8
Struchure Layer Thinkress Layar Thicknmss
composition {migrong) composition {rcrons)
Cualsicle Laver Eva 14 EVA 21
IS & PYDGC 4
EVA 3z EVA 35
inside Layer PE & BE 8
Total Gauge 55 58
TABLE 2A
FA-T PA-Z PA-3
Structure Layer Thickness Laver Thickness Layer Thickness
COMPORILON | mitrons) | Composition | usrons) | composition | {misrons)
Dustside RE 10 EVA 15 EVA 12
Layer
Tis & Tie & Tia 4
Nylon 25 Nylon 13 Nylon 28
Tig 5 _ Ti B Tie 4
inside Zing 18 EVA 28 EVA 1G
Laver aorner
Total &6 [523 58
Gauge

d
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Properties of the bags from Examples 1-3 and Comparative samples
PVDC- through PYDC-& and PA-1 through PA-3 are summarized in Tables 3
and 4.

Table 3 summatizes the comparison of the shrink properties and
slastic modulus of Examples 1-3 in comparison to the PYDC samples and the
PA- samples. Shrink properiies were measured by placing 101 mmx 101 mm
sguares of film, with the machine direction {(MD} and transverse direction {TD)
of the films marked, into a waterbath mainfained at 85°C or 96°C for
2 minutes, and then measuning the new dimensions. The % shrink i3
calculated as the absolute value oblained from the formuda [{Ly— Lo Lo X
100, where Ly is the dimension in the machine or transverse directions after
shrink, and Lq is the dimension in the machine or fransvearse directions of the
orginal film. in Table 3, "NA” represents “not available™ The ages of the
PVDC samples and the PA samples are unknown, but the time required
between the date the samples were obtained, sent to the test laboratory, and
analyzed would typically be greater than 4 weeks, Therefore, the age of
these samples was, at @ minimum, four waeks after shrink. .

Lk
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TABLE 3
% Shrink
Ay : at85°C g58C Secant Modulus, MPs
Shrink Bag 1D} {weaks) ‘ KD TO MD ™0 MO TO
Example 1 2 33 S48 87+ 3 45 B 212 %15 207 2 21
4 | 38 x5 48+ 2 §8+3 50+8
1G | 43x2 4812 N& MNA
3z 434 48x8 59+ 5 5521
Examiple 2 2 W2 47 £ 7 57 %1% 504 288 £ 20 211 2 34
4 411 | 423 S8 &2 522
kLY | 42 & % 4313 MA N&
32 : w3 51x4 f2x2 5821
Example 3 2 349 37 2 11 5824 B2+8 228514 205 1 20
4 7‘ 4623 4122 BOx2 51x8 ] |
16 | 41 ¢ 1 023 NA NA
32 482 3 5023 589 &4 8 x4
PYDICA >4 ‘ B0 45+ 1 492 1 5321 275 27 30113
PVDC-2 >4 | 32%4 | 37«3 | G021 | 53%3 | 301£74 | 347228
PVDC-3 =4 38zt AR 57T %2 53%1 248 218 257 £17
BVRC-4 =4 ‘ 2611 45 %4 483 3x4 MFe2 137 ¢ B
PYVLC-5 >4 20%1 3441 363 45+ 3 254 1 48 265+ 40
Pa-Y >4 21%0 181 25%2 21+ 4 514 + 97 KA
PA-2 =4 | W2 Wl i e 30£8 24326 22327
PA-3 >4 | 25x 1% W24 | 3TENA L 31sd 758% 110 731+ 55

The secant modudus of the examples of the invention ranged from 207
{0 268 meqaPascals (MPaj, and fall within the range of secant moduli of the

3 PVDO comparative samples of 137 {o 301 MPa. The PA comparative
samples ware extramealy stiff, with a range of 223 to 758 MPa.
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Table 4 summarizes the comparison of the barrier properties of
Examples 1-3 to those the PVDC comparative samples,

TABLE 4
Exampls Barder
| QTR COTR WVYTR
ot -ty atne Oy ol <tay-atw 00, aim ?-;day
23°C, B0% BH | 23°C, 80% RH IF0, 0% RH 23°C, 50% RH
1 28 33 159 20
2 10 26 a0 17
3 10 16 &8 20
PVIDC-1 15 WD ND ND
PyvRC.2 28 ND ND ND
PVDC-3 13 ND NO &
PVDC-S & 8] WD &
PA-1 15 ND ND ND
PA3 15 BD 23 23

Where NI ndicates not determined and RH s relative humidity

Table & summarizes the hot tack sirength and heat seal strength of
Examples 1-3. Heat seal strength was measured on a Sentinel heat sealer
modet # 12A8L with 1/8-inch seal bars for 0.5 seconds dwell at 60 psi. The
average of three heat seals per temperature is reporied. Hot tack tests were
conducted on a Lako Vool Model # SL-10 hot tack machine at 0.5 secaond
dwell, 40 psi with a 0.2 second delay before the seal was pulled. An average

of b samples per lemperature {8 reportad,
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TABLE S
Seal Temperaturs Paak Heat Seal, gm/25mm

3 Exampls Example 2 Example 3

Average LY Average S Average B0
a0 ¥ 0 1307 849
104 1648 502 3477 314 4728 381
118 4038 147 4188 118 4880 47
120 4984 442 4716 1138 4788 515
130 4985 T 502 350 208 802
140 5008 & 5837 461 8271 237

Hot tack, N/25mm

&G 19 0.18 1.0 o410 0.8 D22
80 14 017 18 0.04 0.9 0.08
100 34 o4 3.7 0.10 23 0.2
110 2.2 Q¥ 2.1 0.15 1.8 037
130 1.1 0.15 08 003

Lok
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What is claimed is:
1. A mullifayer oriented heat shrinkable film comprising:

A} & struclural layer comprising a polymer selected from the group
consisting of copolymers of sthylens and 3 C3 to Cg o, B-
gthylenically unsaturated carboxyhic acid, wnomers of said
copolymers, polvesters, and blends thereof;

B} & heat segling laver compriging a polymer selected from the
group consisting of sthylene vinyl acetate copolymers, ethylene
alkyl acrylate copolymers, sthylene alky! methacryiate
copalymers, polyethviene, and blends thereof; and

C) a gas barrier layer comprising af least one sthylene vinyl alcohol
copolymer, said ethylene vinyl alcohol copolymer having from
about 2 to ahowut 8 mol% 1,2 glveol structural units present inthe
polymer chain and said gas barrier layer being positionad
between said structural layer and said heat sealing layer;

characiernized in that said film is capable of shrinking to a size that is at

least 25% less than its oniginal size on initial exposure of said filmto a

temperature of 85°C for at least one minute.

2. A multilayer heat shrinkable film of claim 1 that is blaxially priented.

3. A muliifayer heat shrinkable film of claim 1 wherein said C3 to Cg «.B-

ethylenically unsaturated carboxylic acld is acrylic acid or methacrylic acid.

4. A multifayer heat shrinkable film of claim 1 wherein said copolymer of
athylene and g Cg to Cg w.J-ethylenically unsaturated carboxylic acid

additionally comprizses copolymerized units of at least one other comonomer.

5. A mullilayver heat shrnkable film of claim 1 wherein the structural layer
comprises an onomer of a copolymer of ethylens and a Cz 1o Cg o P~

sthylenically unsaturated carboxylic acid.

1ok
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8. Anmullifayer heat shrinkable film of claim 1 whersin the structurat layer
comprises 8 polysster

7. A multifayer heat shrinkable film of claim 1 wherein the structural layer

X

COMPIISes an ionomer.

& A multilayer heat shrinkable film of claim 1 wherein the heat sealing layer

comprises an ethylene vinyl acelate copolymer.

W 8 Amullitayer heal shrinkable §lm of claim 1 wherein the heat sealing layer
comprises a copolymer selected from the group consisting of ethylene atkyt

aorylate copolymers and ethylene alkyl methacrylate copolymers.

10, A multilayer heat shrinkable film of alaim 1 wherein the heat sealing laver

13 comprises g polyethylens,

11, A mulilayer heat shrinkable film of claim 1 additionally comprising an
atthesive layer wherein said adhesive layer comprises:
1)  at least one functionalized polymer component selected from the
20 group consisting of a) anhydride-modified polymers, b)
capolymers comprising copolymerized units of sthylene and &
comonomer selected from the group consisting of C-Cs
unsaturated anhydndes, monoesters of C;-Cs unsaturated acds

having at least two carboxylic acid groups, diesters of C4-Cy

v
LA

unsaturated acids having at least two carboxylic acid groups and
¢} mixtures thereof,

&y an ethylene copolymer, chemically distinet from said
functionalized polymer component, comprising copolymerized
units of ethvlene and a comonomer selected from the group

EA Y3
o,

g consisting of vinyl acetate, atkyl acrylates, atkyl methacrylates
and mixtures thereof, said alkyl groups having from 1 to
10 carbon atoms; and optionally

3y aackifier resin.

ke
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12, A mullifayer heat shrinkable film of claim 11 that is blaxislly orented.

13, A multifayver heat shrinkable film of claim 1 comprising additional layers.

14. A multifayer heat shrinkable film of claim 11 wherein at least one of said
additional lgyers is a he layer.

158, A mullilayer heat shrinkable film of claim 1 in the form of a tube.

16, Amulblayer heat shinkable Sim of claim 1 wherein said struclural tayer
is adjacent o and in contact with said gas barier layer.

17, A multilayer heat shrinkable film of claim 1 wherein said heat seal layeris
adjacent to and in contact with said gas barrier layer.

18, A shrinkbag comprising an oriented multilayer film, said oriented film
comprising:
A} astructural layer comprising a polymer selected from the group

cansisting of copolymers of ethylens and a Cy to Cg w1 -

athylenically unsaturated carboxylic acid, ionomers of said
copolymers, polyesters, and blends thereof,

B} & hsatl sealing laver comprising & polymer selected from the
group consisting of sthylene vinyl acefate copolymers, ethylene
alkyl acrylate copolymers, ethylene atkyl methacrylate
copolymers, polyethylene, and blends thereof, and

C) agas harrier layer comprising at least one ethylene vinyl alcohol
copolymer, said gas barnier {aver being positioned between said
structural lgyer and said heat sealing layer,

charactenzed in that said film is capable of shrinking fo a size that is at
least 25% less than #s onginal size on initial exposwe of said filmio a

temperature of 85°C for at least one minute.

Lok
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19, A shrinkbag of claim 18 wherein said structural layer comprises a

copolymer of ethylene and a Cq o Cg o, f-ethylenically unsaturated carboxylic

acid wherein said acid is acrylic acid of methacrylic adaid.

20. A shrinkbag of claim 18 wherein said structural layer comprises an
onamer of g copolymer of ethylene and a Ca to Cg o f-ethylenically

unsaturated carboxyhic acid.

21, Ashrinkbag of claim 18 wherein said structural layer comprises g

polyester,

22. A shrinkbag of claim 18 additionally comprising an adhesive layer,
wherein said adhesive layer comprises
1) atleast ons functionalized polymer component selacted from the
group consisting of a) anhydride-modified polymers, b)
copolymers comprising copolymerized units of ethylens and 8
comonomer setacted from the group consisting of Cs-Cs
unsaturated anhydrides, monoeesters of C4-Cs unsaturated acids
having at teast two carboylic acid groups, diesters of Ce-Cs
unsaturated acids having st legst two carboxylic acid groups and
¢} mixtures thereof,
2y an ethylens copolymer, chemically distinct from said
functionalized polymer compaonent, comprising copolymerized
consisting of vinyl acetate, alkyl acrylates, alkyl methacrylates
and mixiures thereof, said atkyl groups having from 1 {o
10 carbon atoms; and oplionally
3} atackifier resin

23. A shrinkbag of claim 18 wherein said ethviene vinyl alcohol polymer
has from about 2 {0 about 8 mol% 1,2 giveol structural units present in the
palymer chain.

Lk
TH:



X

WO 2009/015126 PCT/US2008/070728

24. A shrinkbag of claim 18 wherein said mulfilayer film comprises additionsl
layers.

25, A shiinkbag of Claim 18 wherein said multilayer filnt is a biaxially

oriented film.

28. An article formed from the multdayer film of claim 1.

15d
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