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(57) Film <¢tirable themmoplastique multicouche
contenant au moins quatre couches polymeres et
compose d’une premiere couche autocollante extérieure
(10), d’une deuxieme couche autocollante extérieure
(10), d’au moins une couche polymere interieure (20) et
d’au moins une couche centrale (30). La premicre et la
deuxicme couches presentent une force d’adhérence
I"une a I'une d’au moins 140 grammes/pouce. Ce film
ctirable possede au moins une couche polymere
intérieure situce entre la premicre et la deuxieme
couches. La couche polymere intérieure est composee
d’un polymere a polydispersite basse. Ce dernier possede
une polydispersite entre 1 et 4, un indice de fusion (12)

entre 0,5 et 10 g/10 min. et un rapport de fusion (12 O/12)

de 12 a22. La couche centrale, situ¢e €galement entre les
couches autocollantes extérieures, est composce soit
d’un copolymere aleatoire de propylene et d’¢thylene,
d’'un copolymere heétérophasique de  propylene
presentant des zones dispersees d’¢thylene, d’un
homopolymere de polypropylene, soit de leurs melanges.
Le copolymere al¢€atoire d’cthylene-propylene presente
un rapport de fusion de 2 a 15 et une teneur en ¢thylene
situce dans une plage de 2 a 6 % en poids du copolymere
de propylene. Le copolymere héterophasique preésente un
rapport de fusion de 10 a 18 et une teneur en ¢thylene
situce dans une plage de 12 a 30 % en poids du propylene
heterophasique. L’ homopolymere de polypropylene
presente un rapport de fusion entre 2 et 15. Ce film
ctirable multicouches possede une ¢longation maximum
d’au moins 340 % et une resistance a la rupture dans le
sens machine de (@ 200 % de ’¢longation entre 1400 et
1900 ps1. On peut eventuellement ajouter des couches
supplementaires a ce f1lm ¢tirable.

I*I Industrie Canada  Industry Canada

(57) A multilayer, thermoplastic stretch wrap film
containing at least four polymeric film layers and
comprised of a first outer cling layer (10), a second outer
cling layer (10), at least one mner polymeric layer (20)
and at least one core layer (30). The first and second
layers have a cling force to each other of at least about
140 grams/inch. The stretch wrap film has at least one
inner polymeric layer, located between the first and
second layers. The inner polymeric layer comprises a
low polydispersity polymer. The low polydispersity
polymer has a polydispersity of from about 1 to about 4,
a melt index (12) of from about 0.5 to about 10 g/10 min.,

and a melt flow ratio (I ) of from about 12 to about

20/12
22. The core layer, also located between the outer cling
layers, comprises either a random copolymer of
propylene and ethylene, a heterophasic copolymer of
propylene with domains of ethylene interspersed, a
polypropylene homopolymer, or blends thereof. The
random ethylene-propylene copolymer has a melt flow
ratio of from about 2 to about 15 and an ethylene content
in the range of from about 2 to about 6 wt.% of the
propylene copolymer. The heterophasic copolymer has a
melt flow ratio of about 10 to about 18 and an ethylene
content 1n the range of from about 12 to 30 wt.%
of the heterophasic propylene. The polypropylene
homopolymer has a melt flow ratio of from about 2 to
about 15. The multilayer stretch wrap film has a
maximum stretch of at least 340 % and a machine
direction stress force (@ 200 % elongation of between
about 1400 and about 1900 psi. It 1s contemplated that

additional layers may be added to the present mvention.
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(54) Title: MULTILAYERED METALLOCENE STRETCH WRAP FILMS \

(57) Abstract

A multilayer, thermoplastic stretch wrap film containing at least four polymeric film layers and comprised of a first outer cling layer
(10), a second outer cling layer (10), at least one inner polymeric layer (20) and at least one core layer (30). The first and second layers
have a cling force to each other of at least about 140 grams/inch. The stretch wrap film has at least one inner polymeric layer, located
between the first and second layers. The inner polymeric layer comprises a low polydispersity polymer. The low polydispersity polymer has
a polydispersity of from about 1 to about 4, a melt index (I2) of from about 0.5 to about 10 g/10 min., and a melt flow ratio (I2¢/I2) of from
about 12 to about 22. The core layer, also located between the outer cling layers, comprises either a random copolymer of propylene and
ethylene, a heterophasic copolymer of propylene with domains of ethylene interspersed, a polypropylene homopolymer, or blends thereof.
The random ethylene—propylene copolymer has a melt flow ratio of from about 2 to about 15 and an ethylene content in the range of from
about 2 to about 6 wt.% of the propylene copolymer. The heterophasic copolymer has a melt flow ratio of about 10 to about 18 and an
ethylene content in the range of from about 12 to 30 wt.% of the heterophasic propylene. The polypropylene homopolymer has a melt
flow ratio of from about 2 to about 15. The multilayer stretch wrap film has a maximum stretch of at least 340 % and a machine direction
stress force @ 200 % elongation of between about 1400 and about 1900 psi. It is contemplated that additional layers may be added to the
present invention.
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MULTI LAYERED METALLOCENE STRETCH WRAP FILMS

CROSS REFERENCE TO RELATED APPLICATIONS

This application 1s a continuation-in-part of copending United States
Application Serial No. 08/614,380 filed March 12, 1996 for “Stretch Wrap Films” and
United States Application Serial No. 08/614,310 filed March 12, 1996 for “Stretch

Wrap Films”.

FIELD OF INVENTION
The present invention i1s directed to stretch wrap films and methods for their
use. In particular, the present invention is directed to stretch wrap films having
excellent maximum stretch, moderate holding force, superior puncture resistance, high

total energy dart drop, high cling force and overall strength.

BACKGROUND OF THE INVENTION

The use of thermoplastic stretch wrap films for the overwrap packaging of
goods, and 1n particular, the unitizing of palleted loads is a significant commercially
important application of polymer film, including generically, polyethylene.
Overwrapping a plurality of articles to provide a unitized load can be achieved by a
variety of techniques. In one procedure, the load to be wrapped is positioned on a
platform, or turntable, which is made to rotate and in so doing, to take up stretch wrap
film supplied from a continuous roll. Braking tension is applied to the film roll so that
the film is continuously subjected to a stretching or tensioning force as it wraps
around the rotating load in overlapping layers. Generally, the stretch wrap film is
supplied from a vertically arranged roll positioned adjacent to the rotating pallet load.
Rotational speeds of from about 5 to about 50 revolutions per minute are common.

At the completion of the overwrap operation, the turntable is completely
stopped and the film 1s cut and attached to an underlying layer of film employing tack
sealing, adhesive tape, spray adhesives, etc. Depending upon the width of the stretch
wrap roll, the load being overwrapped can be shrouded in the film while the vertically
arranged film roll remamns in a fixed position. Alternatively, the film roll, for

example, in the case of relatively narrow film widths and relatively wide pallet loads,
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can be made to move in a vertical direction as the load is being overwrapped whereby

a spiral wrapping effect is achieved on the packaged goods.

Another wrapping method finding acceptance in industry today is that of hand
wrapping. In this method, the film is again arranged on a roll, however, it is hand held
by the operator who walks around the goods to be wrapped, applying the film to the
goods. The roll of film so used may be installed on a hand-held wrapping tool for
ease of use by the operator.

Some of the properties desired of a good stretch wrap film are as follows: good
cling or cohesion properties, high puncture resistance, good machine direction tear
resistance, good transparency, low haze, low stress relaxation with time, high
resistance to transverse tear especially when under machine direction tension,
producible in thin gauges, low specific gravity and thus high yield in area per pound,
good tensile toughness, high machine direction ultimate tensile strength, high machine
direction ultimate elongation, and low modulus of elasticity.

Currently, different grades of stretch wrap films are commonly marketed for
different end uses according to overall film properties. For example, certain stretch
wrap films have superior properties for load retention, but these films are
characterized by having poor stretching characteristics. On the other hand, certain
stretch wrap films having superior stretching properties have low load retention
properties, thus limiting their use.

A need exists to develop superior stretch wrap films characterized by having
moderate load retention characteristics and excellent stretching characteristics while
still maintaining other important stretch film properties. Such films could be used in a
wider variety of end applications and, thus, not unduly limit users of stretch wrap

films to selectively choosing a film based on its properties prior to initiating a stretch

wrap application.

SUMMARY OF THE INVENTION

The present invention is a multilayered film which has excellent stretch
properties at a moderate load retention, excellent puncture resistance, total energy dart

drop, high cling force and overall strength. The inventive film comprises outer cling
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layers, at least one inner polymeric layer and at least one core layer. The stretch wrap

films of the present invention are designed for use in cling/cling film applications.

The outer cling layers may be constructed of olefin polymer resins. Thé outer
ching layers are preterably constructed with a copolymer or a terpolymer of ethylene
and a munor amount of at least one alpha olefin of from about 3 to about 12 carbon
atoms. The outer cling layers have a cling force to each other of at least about 140
g/inch.

The inner polymeric layer, located at a position between the first and second
cling layers, comprises a polymer having a low polydispersity. The low polydispersity
polymer has a polydispersity of from about 1 to about 4, a melt index (I,) of from
about 0.5 to about 10 g/10 min., and a melt flow ratio (I,o/I,) of from about 12 to
about 22. 'The inner polymeric layer(s) are preferably produced utilizing metallocene
catalyst polymerization techniques. The inner polymeric layer may comprise a blend
of resins with the low polydispersity polymer.

The core layer 1s also located at a position between the outer cling layers. The
core layer may be comprised of a copolymer of propylene and ethylene having an
ethylene content of from about 2 wt.% to about 6 wt.% and a melt flow ratio (I,o/I5) of
from about 2 to about 15. According to another embodiment, the core layer is
comprised of a heterophasic copolymer of propylene and ethylene having a melt flow
rat1o (I¢/I2) of from about 10 to about 18 and an ethylene content of from about 12 to
about 30 wt.%. According to yet another embodiment, the core layer is comprised of
a polypropylene copolymer having a melt flow ratio of from about 2 to about 15. It is
contemplated that the core layer may be comprised of blends of the above-described
resins.

The film 1s constructed with at least four layers; additional layers are
contemplated. For instance, additional inner polymeric layers may be incorporated
into the film between the outer cling layers, where such layers are constructed with the
same or different metallocene-catalyzed polyethylene resins as the first inner
polymeric layer.

The multilayer film of the present invention will have a maximum stretch of at
least 340%, and a machine direction stress level at 200% elongation of from about

1400 to about 1900 psi.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a four layer film constructed according to one embodiment of the
present invention;

FIG. 2 shows a five layer film constructed according to one embodiment of the
present invention; and

F1G. 3 shows a five layer film constructed according to another embodiment of

the present invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
The multilayer stretch wrap films of the present invention are constructed
with a first and a second outer cling layer, at least one inner polymeric layer and at
least one core layer located at between the outer cling layers. The multilayer stretch
wrap films of the present invention can be prepared as cast films by conventional

coextrusion techniques. The stretch wrap films of the present invention are used in

cling/cling applications.

OUTER CLING LAYERS

The outer cling layers of the stretch wrap films of the present invention may be
constructed of olefin polymer resins. Suitable polyethylene resins are those ethylenic
copolymers that comprise a major proportion by weight of ethylene copolymerized
with a minor proportion by weight of an alpha olefin monomer containing about 3 to
about 12, preferably about 4 to about 10, and more preferably about 4 to about 8,
carbon atoms. These resins have a polydispersity which is preferably in the range of
from about 3 to about 7.

Ethylenic copolymers are those commonly referred to as linear low density
polyethylenes (LLDPE) and very low density polyethylenes (VLDPE). Preferably the
ethylenic copolymers employed are those having from about 1 to about 20, preferably
from about 1 to about 10 weight percent of said higher alpha olefin monomer
copolymerized therein. In addition, the alpha olefin monomer employed in the
ethylenic copolymer is selected from the group consisting of 1-butene, 3-methyl-1-
butene, 3-methyl-1-pentene, 1-hexene, 4-methyl-1-pentene, 3-methyl-1-hexene, 1-
octene and l-decene. Particularly preferred are the 1-hexene alpha olefins. The

LLDPE resins are prepared at relatively low pressures employing coordination-type
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catalysts. Reference may be made to U.S. Pat. Nos. 3,645,992, 4,076,698, 4,011,382,

4,163,831, 4,205,021, 4,302,565, 4,302,566, 4,359,561 and 4,522,987 for more details
of the manufacture and properties of LLDPE resins including those which are
particularly useful herein.

The polyethylene resins that are desired to be used as the outer cling layers in
the films of the present invention are those that are functionally defined as providing a
cling force of at least about 140, preferably at least about 180, more preferably at least
about 220, and 1n some cases at least about 260 grams/inch, as determined by the
ASTM D 5458-94 test method. Generally, the cling force of the outer cling layers will
be 1n the range of from about 140 to about 280 grams/inch.

Common LLDPE resins that may be used to form such an outer cling layer
include those having a relatively high weight percentage of n-hexane extractibles, as
measured by the n-hexane extractibles method of 21 C.F.R. 177.1520. Generally, the
LLDPE used in the outer cling layers herein will contain from about 2 to about 10.
preferably from about 2 to about 8, more preferably from about 2.5 to about 5, weight
percent of n-hexane extractibles.

The LLDPE resins that can be used in the outer cling layers herein have a
density ranging from about 0.890 to about 0.940 g/cm’, more commonly from about
0.90 to about 0.93 g/cm’, and a melt index (I,) of from about 1 to about 10 g/10 min.,
as determined by ASTM DI1238. Particularly preferred are those LLDPE resins
possessing densities within the range from about 0.917 to about 0.920 gm/cm” and a
melt index of from about 2.0 to about 5.0 g/10 min., as determined by ASTM D1238.
Examples of such LLDPE resins include those set forth in U.S. Pat. No. 5,273,809,
which 1s incorporated herein by reference in its entirety.

The VLDPE resins that may be used in the outer cling layers herein have a
density ranging from about 0.880 to about 0.912 g/cm’, more commonly from about
0.89 to about 0.91 g/cm’, and a melt index of from about 0.5 to about 5 g/10 mun.,
preferably from about 1 to about 3 g/10 min.

The LLDPE and VLDPE resins that can be used in the outer cling layers can
be blended with minor amounts, e.g., up to about 40 weight percent total, of one or
more other suitable resins to achieve a desired range of physical/mechanical properties

In the film product. Thus, for example, such resins as ethyl vinyl acetate (EVA)
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copolymer, high pressure low density polyethylene (HPLDPE), and other LLDPE

resins may be used for blending to obtain useful mixtures for forming the outer cling
layers of the films of the present invention.

The LLDPE and VLDPE resins that can be used in the outer cling layers herein
may also contain known and conventional cling additives to augment the cling
property that, at least in the case of the particularity preferred resins, is inherently
exhibited. Examples of useful cling additives include poly-isobutylenes having a
number average molecular weight in the range from about 1,000 to about 3,000,
preferably about 1,200 to about 1,800, as measured by vapor phase osmometry,
amorphous atactic polypropylenes, €.g., those having an average molecular weight of
about 2000, and polyterpenes and ethylene-vinyl acetate copolymers containing from
about 5 to about 15 weight percent copolymerized vinyl acetate. The optional cling
additive can be present in the outer ciing layers in a concentration of from about 0.5 to
about 10 weight percent of the resin. Of course, other conventional film additives
such as antioxidants, UV stabilizers, pigments, dyes, etc., may be present in the usual

amounts.

It 1s preferred to utilize the LLDPE resins that contain relatively high weight
percentages of n-hexane extractables for both the first and second layers due to overall
performance results. However, one or both of the first and second layers may comprise,
for example, a first ethylene monomer and a second monomer that comprises an
acrylate. On example is an ethylene-acrylate (EA) polymer film shown in U.S. Pat. No.
5,049,423, which 1s incorporated herein by reference in its entirety. These EA polymers
generally have an acrylate content between about 2 to about 40%, preferably between
about 10 to about 35%, by weight of the EA polymer. The acrylate useful in these
polymers are those generally known in the art, preferably methyl, ethyl, and n-butyl
acrylate. Other known cling layers are contemplated for the present invention.

Either or both of the outer cling layers of the film can be treated by such
known and conventional post-forming operations as corona discharge, chemical
treatment, flame treatment, etc., to modify the printability or ink receptivity of the

surface(s) or to impart other desirable characteristics thereto.

INNER POLYMERIC LAYER
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The multilayer stretch wrap films of the present invention are constructed with at

least one inner polymeric layer comprising a polymer resin having a low polydispersity
and located between the outer cling layers. The inner polymeric layer comprises a
polymer having a low polydispersity. The low polydispersity polymer may be prepared
from a partially crystalline polyethylene resin that is a polymer prepared with ethylene
and at least one alpha olefin monomer, e.g., a copolymer or terpolymer. The alpha
olefin monomer generally has from about 3 to about 12 carbon atoms, preferably from
about 4 to about 10 carbon atoms, and more preferably from about 6 to about 8 carbon
atoms. The alpha olefin comonomer content is generally below about 30 weight
percent, preferably below about 20 weight percent, and more preferably from about 1 to
about 15 weight percent. Exemplary comonomers include propylene, 1-butene, 1-
pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 1-decene, and 1-
dodecene.

The low polydispersity polymer generally has the characteristics associated with
an LLDPE material, however it has improved properties as explained more fully below.
The low polydispersity polymer defined herein will have a density of from about 0.88 to
about 0.94 g/cm3 , preferably from about 0.88 to about 0.93 g/crn3, and more preferably
from about 0.88 to about 0.925 g/cm’.

The average molecular weight of the copolymer can generally range from about
20,000 to about 500,000, preferably from about 50,000 to about 200,000. The
molecular weight 1s determined by commonly used techniques such as size exclusion
chromatography or gel permeation chromatography. The low polydispersity polymer
should have a molecular weight distribution, or polydispersity, (My/M,, "MWD") within
the range of about 1 to about 4, preferably about 1.5 to about 4, more preferably about 2
to about 4, and even more preferably from about 2 to about 3. The ratio of the third
moment to the second moment, M,/M,,, is generally below about 2.3, preferably below
about 2.0, and more typically in the range of from about 1.6 to about 1.95. The melt
flow ratio (MFR) of these resins, defined as I,o/I, and as determined in accordance to
ASTM D-1238, is generally from about 12 to about 22, preferably from about 14 to
about 20, and more preferably from about 16 to about 18. The melt index (M), defined
as the I, value, should be in the range of from about 0.5 to about 10 g/10 min.,

preferably from about 1 to about 5 g/10 min. If additional resin materials are to be
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incorporated with the low polydispersity polymer, it is preferred to maintain the level of

the low polydispersity polymer to at least about 60 weight percent of the inner polymeric
layer.

Useful low polydispersity polymers are available from, among others, Dow
Chemical Company and Exxon Chemical Company who are producers of single site or
constramned geometry catalyzed polyethylenes. These resins are commercially available
as the AFFINITY and EXXACT polyethylenes (see Plastics World, p.33-36, Jan. 1995),
and also as the ENHANCED POLYETHYLENE and EXCEED line of resins. The
manufacture of such polyethylenes, generally by way of employing a metallocene
catalyst system, 1s set forth in, among others, U.S. Pat. Nos. 5,382,631, 5,380,810,
5,358,792, 5,206,075, 5, 183,867, 5,124,418, 5,084,534, 5,079,205, 5,032,652,
5,026,798, 5,017,655, 5,006,500, 5,001,205, 4,937,301, 4,925,821, 4,871,523,
4,871,705, and 4,808,561, each of which is incorporated herein by reference in its
entirety. These catalyst systems and their use to prepare such copolymer materials are
also set forth in EP 0 600 425 A1l and PCT applications WO 94/25271 and 94/26816.
The low polydispersity polymers thus produced generally have a crystalline content in
excess of at least 10 weight percent, generally in excess of at least 15 weight percent.

The above patents and publications generally report that these catalysts contain
one or more cyclopentadienyl moieties in combination with a transition metal. The
metallocene catalyst may be represented by the general formula C.MA B, wherein C is a
substituted or unsubstituted cyclopentadienyl ring; M is a Group 3-10 metal or
Lanthanide senes element, generally a Group IVB, VB, or VIB metal; A and B are
independently halogen, hydrocarbyl group, or hydrocarboxyl groups having 1-20 carbon
atoms; a = 0-3, b = 0-3, and ¢ = 1-3. The reactions can take place in either gas phase,
high pressure, slurry, or solution polymerization schemes.

At least one of the inner polymeric layers of the present invention is preferably
constructed entirely with a low polydispersity polyethylene polymer, preferably
produced by metallocene catalyst technology. However, the inner polymeric layer
may also comprise a blend of the low polydispersity polymer with a second resin

material. The second material may be an olefin polymer resin. For example, this may

include, but 1s not limited to, LLDPE, LDPE, HPLDPE, VLDPE, propylene resins or

combinations thereof. The second resin material is preferably a LLDPE resin having a
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density of from about 0.89 to about 0.94 g/cm’, a LDPE resin having a density of from

about 0.9 to about 0.935 g/cm®, a VLDPE resin having a density of from about 0.88 to
about 0.91 g/cm’. The comonomer for the second resin material preferably has from
about 4 to about 10, more preferably about 6 to about 8 carbon atoms. If the second
resin material is to be incorporated with the metallocene-catalyzed resin, it is preferred
to maintain the level of the metallocene-catalyzed resin to at least about 60 wt.% of
the inner polymeric layer. The resultant blended polymer resin maintains the desired

properties of the metallocene-catalyzed resin material and may be more economical

for certain applications.

CORE LAYER

The multilayer stretch wrap films of the present invention contains at least one
core layer which is also located between the outer cling layers. The resin utilized in
the core layer contributes to the ability of the multilayer films of the present invention
to strain harden during the use of the film. The strain hardening characteristic can be
generally described as the higher force necessary to further stretch the film beyond its
already stretched state. This characteristic is best illustrated in the machine directional
(MD) stress @ 200%, 250%, 300% and 350% elongation tests.

Resins useful for preparing the core layer include random copolymers of
propylene and ethylene with an ethylene content in the range of from about 2 to about
6 wt.%, preferably from about 2.5 to about 5.0 wt.% and most preferably from about
3.0 to about 4.5 wt.% of the core layer. The random ethylene-propylene copolymers
have a melt flow ratito, defined as I,o/I, and as determined in accordance to ASTM D-
1238, of from about 2 to about 15, preferably from about 3 to about 11, and more
preferably from about 4 to about 7.

Alternatively, the core layer may be prepared with heterophasic copolymers of
propylene and ethylene. These heterophasic copolymers comprise a propylene material
with domains of ethylene interspersed. Useful heterophasic copolymers of propylene
and ethylene are available from, among others, Himont, Inc. The heterophasic
copolymers of propylene and ethylene have a melt flow ratio, defined as I,y/I, and as
determined 1n accordance to ASTM D-1238, of from about 10 to about 18, preferably

from about 11 to about 16 and more preferably from about 12 to about 15. The ethylene
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content 1s 1n a range from about 12 to about 30 wt.%, preferably about 15 to about 26

wt.% and more preferably about 17 to about 24 wt.% of the core layer.

Lastly, the core layer may be prepared with polypropylene homopolymers.
The polypropylene homopolymers have a melt flow ratio, defined as L/, and as
determined 1n accordance to ASTM D-1238, of from about 2 to about 15, preferably
from about 3 to about 11, and more preferably from about 4 to about 7.

It is contemplated that the core layer can comprise blends of the above-described
resins. For example, a heterophasic copolymer may be blended with various types of
random copolymers of propylene and ethylene in varying amounts. In addition, the core
layers comprised of either heterophasic copolymers, random copolymers of propylene
and ethylene, or polypropylene homopolymers may be blended with olefin polymeric
resins. These resins may include, but are not limited to, LLDPE, LDPE, HPLDPE,
VLDPE, propylene resins or combinations thereof. It is preferable to maintain the
level of the heterophasic copolymers, the random copolymers of propylene and
ethylene, and the polypropylene homopolymers to at least about 50 wt.% of the core
layer.

The stretch wrap films of the present invention can be constructed t.o contain a
plurality of layers 1n various combinations. According to one embodiment, the stretch
wrap film will be of an A\B\C\A construction as depicted in FIG. 1 wherein the film
layers (10) are the outer cling layers (layers A), film layer (20) is the inner polymeric
layer (layer B), and fi1lm layer (30) is the core layer (layer C).

According to other embodiments, the stretch wrap film may be of an
A\B\C\B\A or A\CAB\CA\A construction such as those depicted in FIGs. 2 and 3 where
the film layers (10), (20), (30), are the outer cling, inner polymeric, and core layers,
respectively, as previously described with respect to FIG. 1. Alternatively, stretch

wrap films may be of an AAB\B\C\A or an A\B\C\C\A construction. Other types of

multi-layered constructions are contemplated.

STRETCH WRAP PROPERTIES

The overall properties of the stretch wrap film of the present invention are
such that it has a cling force to 1tself of at least about 140, generally at least about 180,

preferably at least about 200, more preferably at least about 220, and in some cases at



CA 02307183 1999-12-30

WO 99/01279 PCT/US98/12221

10

15

20

25

30

L L aa . a_a___aa _____a o o

1]
least 260 grams/inch as determined by ASTM D5458-94. Generally, the cling force of

the film will be in the range of from about 140 to about 280 grams/inch.

The stretch wrap film of this invention can, if desired, be provided in the non-
stretched, 1.e., unoriented, or at most only modestly stretched state prior to use. The
films of the present invention are capable of being stretched from at least about 340,
preferably at least about 375 and most preferably at least about 400 linear percent.

The overall stretch wrap films have relatively high puncture resistance, as
measured by the F-30 dart drop test procedure (ASTM D1709). It is the experience of
those skilled in the art that the F-50 dart drop test is well correlated to the end use
puncture resistance of stretch wrap films. The F-50 dart drop value of the films is at
least about 150 grams, preferably at least about 200 grams, and more preferably from
at least about 300 grams.

The stretch wrap films of the present invention are preferably constructed so
that the transverse direction tear resistance (TD tear), as determined by ASTM D1922,
1s at least about 500 g/mil, preferably at least about 600 g/mil, more preferably at least
about 700 g/mil. The machine direction tear resistance (MD tear) as determined by
ASTM D1922, of the film is generally at least about 175 g/mil, preferably at least
about 225 g/mil, and more preferably at least about 275 g/mil.

A parameter used to analyze the performance of stretch wrap films is the stress
that results when the film is stretched a desired percentage of its original length. This
stress 1s 1ndicative of the load retention characteristics of the film and is determined in
accordance with ASTM D882. The films of the present invention generally have a
stress level at 200% elongation of from about 1400 psi to about 1900 psi, and more
preferably from about 1600 to about 1800 psi. The films of the present invention
generally have a stress level at 250% elongation of from about 1600 psi to about 2000
psi, and more preferably from about 1700 to about 1900 psi.

The stretch wrap films of the present invention are preferably constructed so
that the stretch force is from about 1.5 to about 2.2 1bs./inch.

The film configurations are constructed according to conventional practices.
Generally, the preferred processing technique is to coextrude and cast the films in a
simultaneous fashion, however in some cases it may be appropriate to first coextrude

at least two film layers and thereafter extrusion coat the remaining film layers. It is

e g . . .
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preferred to employ known and conventional techniques of coextrusion to assemble

the composite structures of the films of this invention. Reference may be made to
U.S. Pat. 3,748,962, the contents of which are incorporated herein by reference for
details of a coextrusion procedure which can be employed in the fabrication of a
multilayer film in accordance with this invention. Generally, the resin materials are
heated to their molten state and their viscosities are coordinated to prepare multilayer
films in a uniform manner. The molten materials are conveyed to a coextrusion
adapter that combines the molten materials to form a multilayer coextruded structure.
The layered polymeric material is transferred through an extrusion die opened to a
predetermined gap commonly in the range of between from 0.05 in. (0.13 cm) to
about 0.012 1n. (0.03 cm). The material is then drawn down to the intended gauge
thickness by means of a primary chill or casting roll maintained at about 60 to about
130°F (15-35°C). Typical draw down ratios range from about 5:1 to about 40:1.

The overall thickness of the stretch wrap film can vary widely according to end
use specifications, but 1s generally in the range of the typical thicknesses for stretch
wrap films. Conventional for such films is a thickness of from about 0.4 to about 3
mils, and is application specific.

In the present invention wherein the multilayer films are of a coextruded
nature, the outer cling layers may comprise from about 10 to about 50, preferably from
about 10 to about 40, and more preferably from about 15 to about 30, weight percent
of the stretch wrap film. The inner polymeric layer(s) may comprise from about 40 to
about 35, preferably from about 40 to about 80, and more preferably from about 60 to
about 75, weight percent of the stretch wrap film. The core layer(s) will account for
the balance of the film, and generally will comprise from about 2 to about 50,
preferably from about 5 to about 25, and more preferably from about S to about 15,
welght percent of the stretch wrap film.

It has been found that the benefits provided from the core layer(s) are
substantially obtamed with up to about 7 weight percent, preferably up to about 12
weight percent, of the stretch wrap film. The incorporation of the core layer at these
levels, in conjunction with the iricorporation of the inner polymeric layer, has led to an
unexpected moderation of holding force while still majntéining excellent stretch.

These properties have been found to be appreciably enhanced surprisingly without a
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significant loss of other important film properties, and as a result the overall film

stretch wrap performance has been enhanced.
The pallet unitizing techniques described in U.S. Pat. Nos. 3,986,611 and
4,050,221 are contemplated herein. The disclosures of these patents are incorporated

s herein by reference 1n their entirety.

Example
A number of tests were done to demonstrate various aspects of the multilayer

films of the present invention. The procedures utilized are set forth in Table 1.

TABLE 1

STRETCH FILM TEST PROCEDURES

Tensile Yield Machine Direction (MD) D882
and Transverse Direction (TD) |
Tensile Ultimate MD & TD D882
Tensile Elongation MD & TD D882

Tensile MD & TD Force @ 200% Stretch
250% Stretch

300% Stretch
350% Stretch

Instron Probe Puncture Energy —

10 The probe energy test was conducted by use of an Instron Universal tester that

records a continuous reading of the force (stress) and penetration (strain) curve. A 6
In. by 6 in. film specimen is securely mounted to a compression load cell to expose a 4
in. by 4 in. area. A hemispherically shaped (1 1n. dia.) stainless steel probe, traveling
at a constant speed of 10 in./min. is lowered into the film. A stress/strain curve is

15 recorded and plotted. Peak force is the maximum force encountered. The machine is
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used to integrate the area under the curve, which is indicative of the energy consumed

during the penetration to rupture testing of the film.

The films were prepared using a commercially available cast film line
machine. The material melt temperatures ranged from about 380 to about S80°F and
were chosen to match melt viscosities of the various resins. The melts were conveyed
to a coextrusion adapter that combines the melt flows into a multilayer coextruded
structure. This layered flow was distributed through a single manifold film extrusion
die to the required width. The die gap opening was nominally 0.025 inches. The
material was drawn down to the final gauge. The material draw down ratio was about
31:1 for the 0.8 mil films. A vacuum box was used to pin the melt exiting the die
opening to a primary chill roll maintained at about 90°F.

The films were tested for performance in a stretch wrapper constructed with
equipment to determine various film properties during the stretching operation. The
testing was conducted at rates similar to those employed by commercial equipment.
The film width was 20 inches for this test machine. The machine direction (MD)
force at 200% stretch and maximum stretch % were determined.

The results of the tests appear in Tables 2 and 3. In Table 2, the comparative
films were films 1-4 and the inventive films were films 5-12. The comparative films
1 and 2 were compared with inventive films 5-10, while comparative films 3 and 4
were compared with inventive films 11 and 12. In Table 3, the comparative films
were 1-2 and the inventive films were films 13-14.

All of the inventive films and the comparative films were coextruded in a five
layer construction of A/B/C/B/A. The outer film layers A (cling layers) of the
inventive films 5-14 were comprised of a linear low density polyethylene (LLDPE)
resin. The LLDPE resin in layers A had a density of 0.917 g/cm® and a melt index (1)
of 3.3 g/10 mun.

The inner polymeric layers B of each inventive film (films 5-14) were
comprised of 100% metallocene-catalyzed linear low density polyethylene or
“mLLDPE”. Film layers B were formed from an alpha olefin comonomer of 1-
hexene. The core layer C of inventive films 5-12 was comprised of a random
copolymer of propylene and ethylene having a varying amount of ethylene and varying

melt flow ratios (see “P/E Copolymer” in Table 2). In the inventive films 5-12 of
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Table 2, the ethylene content ranged from 3.0 to 4.5 wt.% of the core layer, while the

melt flow ratios ranged from 4.5 to 6.5. Referring to Table 3, the core layer C of
inventive films 13-14 was comprised of a heterophasic copolymer of propylene with
domains of ethylene interspersed. The heterophasic copolymer had an ethylene content
of 18 wt.% of the core layer and a melt flow ratio of 12.0 (see “Heterophasic P/E” in
Table 3).

The comparative films (films 1-4) in Tables 2 and 3 were comprised of the
same outer layer resin A and the same inner layer resin B as described above in the
inventive films. The core layer C of the comparative films 1-4 was comprised of a
low density polyethylene resin (LDPE) having a melt index of 2.0 g/10 min. and a
density of 0.918 g/cm’.

All of the comparative films 1-4 and the inventive films 5-14 comprised about
20 wt.% of layers A (outer film layers), about 70 wt.% of layers B (inner layers) and
about 10 wt.% of layer C (core layer). Specifically, each outer film layer of A was
about 10 wt.% and each mner polymeric layer B was about 35 wt.%. However, it is
not necessary for each of the outer film layers A to have equal weight percents.
Simularly, 1t 1s not necessary for each of the inner polymeric layers B to have equal
welght percents.

Referring to Table 2, the inventive films 5-10 generally had approximately
equivalent maximum stretch values than the average of the maximum stretch for
comparative films 1 and 2 (see maximum stretch %). The inventive films 5-10
generally had lower stress values when the film is stretched a desired percentage of its
original length when compared to comparative films 1 and 2 (see MD Stress @ 200%,
250%, 300% and 350%). Inventive films 5-10 had higher F-50 dart drop values and
total energy dart drop values than the average of the comparative films 1 and 2.

Inventive films 11 and 12 had a lower maximum stretch value than
comparative films 3 and 4 (see maximum stretch %). Inventive films 11 and 12 also
had a mgher F-50 dart drop and a total energy dart drop than comparative films 3 and
4. The inventive films 11 and 12 showed a moderate holding force compared to the
comparative films 3 and 4 (see MD Stress @ 200%, 250%, 300% and 350%).

Referring to Table 3, the inventive films 13 and 14 (core layers comprised of a

heterophasic copolymer of propylene and ethylene) had higher maximum stretch
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values than the average of the values for comparative films 1 and 2 (see maximum

stretch %). The inventive films 13 and 14 had lower stress values when the film is
stretched a desired percentage of its original length as compared to comparative films
1 and 2 (see MD Stress @ 200%, 250%, 300% and 350%). Inventive films 13 and 14
had stmilar F-50 dart drop values, but had higher total energy dart drop values than the

comparative films 1 and 2.



02307183 1999-12-30

CA

PCT/US98/12221

WO 99/01279

17

A4 L8t
SE¢e cv'e
L} GO'|

" 66E vip
282 99'g
e A

Ol

04

02
v/e8/0/8N | v/Ia/0/8/Nv
ge
80

"9z¢g
92

80 C

001

34471
INO¢Z

3447w
iINC¢d

3daM
IWE'E
Ol 04
0L 0L
0e 0c
v/a/0/an | va0/anN
T G2C
80 80

e e

1
SuUljt4 SAIUBALY

—

14
swiji4 sAaneiedulo)

St
Aodon 43
HAW 9 P

3dQT W
INC¢C

340
INEE
ot
oL
02
v/8/0/9V
52

80

0SE
95°¢

881

3
Alodo) 473
HIWN 9y

340w
INCC

340
INE'E
0l
0L
02
V/8/0/8/Y
TN
g0

Vi

6

LSE £9€
ELe it'c
9¢¢c 08\

B>
Ajodo) 43
43N Sy

IdQw
iINCC

3da77
INE €

Ol 0t

0L 04

Gc 0c¢
v/ia/0/anN | v/8/0/av

Sc'l g

80 80

L
SWi{I4 9AUBAU|

% USRS wnwixew
(Ui/sq|) 2104 WNUIXBW
{uysal) yaBNS

%002 ® 99304 QN

H31531
dVHM HO1341S

(sqi-ul} (qQ3L

doig peq Abraug ejog
(6) doug veq 0s-4
(sqj-u1) 21njoung aqosy

{l/swelb) jea} i
(puu/swaesd) see ) Qg

(isd} °.05€ ® ssains W
(isd) %.00€ ® ss8ns g
(1sd) %4062 ® SS8)iS O
(1sd) 2,002 ® ssais QW

{2} uoiebuol3
{1sd) sjewin QW

SISATTVYNY 8V

% 1M auajiyly

SUISay 1), idAe

uISoy .g, 1afen

uisay . 1eAen

O\O:O: .wo)mw -

o, Q. J8Ae

o v 18Ae
uonenbyuon) 1ahe
(yous) aauelsiq meu()
(sput) ebnrg ebesoay

00¥ pLE 90b
bye 6y°C 69°¢
9.’} G| k2
T
gL2
L2
b8y
9GE
Gyb'2
$60°'2
Gz28'|
299'1
0SS
G6%'G
2> ze | o0l
Alodod d/3 | Adodd/a § 340 34
HIN SO HANGY | INOZ INOZ
AdaTIW 3¢aTw | 3407w 34Q 1w
WZ2 w2z | wee W 2e
3471 3datvt | 3dam 34QT1
INEE INEE | WEE IWE'E
01 o] | Ol 04
0L 0 | o 0L
02 02 m 02 02
vig/o/an | wigroiany || e | vieroany
G2 szt I sz 52
80 80 § 80 80
g 2 }

¢ °lqe L

suwljl4 sAaesedwon

'ON I1dWVYS

"

P —

SUBSTITUTE SHEET (RULE 26)

el g s setc mmes e

Lol

v e g 4 S A -



CA 02307183 1999-12-30

WO 99/01279 PCT/US98/12221
18
Table 3
| ComparativeFims [ Inventive Films
SAMPLE No. 13 1 e
Average Gauge (mils) 0.8 0.8 0.8 0.8
Draw Distance (inch) 2.5 1.25 2.5 1.25
Layer Configuration A/B/C/IB/IA | A/B/C/B/A A/B/C/B/A A/B/C/B/A

20
70

10

3.3 MI
LLDPE

20
70

10

20
70

10

3.3 Mi
LLDPE

20
70

10

3.3 Ml
LLOPE

Layer “‘A"%
Layer “B"%
Layer “C*%
Layer “A” Resin

2.2 M|
mLLOPE

2.2 Ml
mLLDPE

2.2 Ml

Layer “B” Resin
mLLDPE

20MI 12 MFR 12 MFR

Layer “C” Resins

LDPE Heterophasic P/E Heterophasic P/E
Ethylene wt.% 100 18 18
LAB ANALYSIS R R T

MD Ultimate (psi)
MD Elongation (%)

MD Stress @ 200% (psi)
MD Stress @ 250% (psi)
MD Stress @ 300% (psi)
MD Stress @ 350% (psi)

MD Tear {grams/mil)
TD Tear (grams/mil)

Probe - 34" (in-lbs)
F-50 Dart Drop (9)
Total Energy Dart Drop
(TEDD) (in-lbs)

9.1
TESTER -
MD Force @ 200%
Stretch (Ibs/in) 2.12 2.45 1.67 1.63
Maximum Force (lbs/in) 2.69 2.69 2.44 2.22

Maximum Stretch % 406 322 | 409 376
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WHAT IS CLAIMED IS:

1. A multilayer, thermoplastic stretch wrap film containing at least four

polymeric film layers, comprising:
(a) a first outer cling layer;

(b) a second outer cling layer, at least one of said first outer cling layer and
second outer cling layer having sufficient cling resulting from inherent cling alone,

cling additives alone or a combination thereof so as to produce a cling force to the

other outer cling layer of at least about 140 grams/inch;

(c) at least one inner polymeric layer, located between said first and second
outer cling layers, comprising a low polydispersity polymer, said low polydispersity
polymer having a polydispersity of from about 1 to about 4, a melt index (Iz) of from
about 0.5 to about 10 g/10 min., and a melt flow ratio (I,o/I;) of from about 12 to

about 22; and
(d) at least one core layer, also located between said first and second outer

cling layers, comprising a copolymer of propylene and ethylene, said copolymer

having a melt flow ratio (Io/I2) of from about 2 to about 15 and an ethylene content in

the range of from about 2 to about 6 wt.%;

wherein the stretch wrap film has an elongation of at least 340% and a

machine direction stress level at 200% elongation of from about 1400 to about 1900
psi.
2. The stretch wrap film of claim 1 wherein the ethylene content of said

copolymer is in the range of from about 2.5 to about 5.0 wt.%.

3. The stretch wrap film of claim 2 wherein the ethylene content of said

-capolymer is in the range of from about 3.0 to about 4.5 wt.%.

4. The stretch wrap film of claim 1 wherein the melt flow ratio of said

copolymer is in the range of from about 3 to about 11.

5. The stretch wrap film of claim 4 wherein the melt flow ratio of said

copolymer is in the range of from about 4 to about 7.

6. The stretch wrap film of claim 1 wherein said polydispersity of said low

polydispersity polymer is in the range of from about 1.5 to about 4.

19
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7. The stretch wrap film of claim 6 wherein said polydispersity of said low

polydispersity polymer is in the range of from about 2 to about 3.

8. The stretch wrap film of claim 1 whercin the density of said low

polydispersity polymer is in the range of from about 0.88 to about 0.93 g/cm”.

10.  The stretch wrap film of claim 1 wherein the melt index of said low

polydispersity polymer is in the range of from about 0.5 to about 5 g/10 min.

11. The stretch wrap film of claim 10 wherein the melit index of said low

polydispersity polymer is in the range of from about 0.5 to about 2 g/10 min.

12.  The stretch wrap film of claim 1 wherein the melt flow ratio of said low

polydispersity polymer is in the range of from about 14 to about 20.

13.  The stretch wrap film of claim 12 wherein the melt flow ratio of said low

polydispersity polymer is in the range of from about 16 to about 18.

14. The stretch wrap film of claim 1 wherein said low polydispersity
polymer is made with a metallocene catalyst.

15. The stretch wrap film of claim 1 wherein at least one of said first outer
cling layer and said second outer cling layer have a cling force to the other outer cling

layer of at least about 180 grams/inch.

16"  The stretch wrap film of claim 15 wherein at least one of said first outer

cling layer and said second outer film layer have a cling force to the other outer cling

layer of at least about 220 grams/inch.

17.  The stretch wrap film of claim 1 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 500 g/mul.

18.  The stretch wrap film of claim 17 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 550 g/mil.

20
C: 81134(1QLQOL1.DOC)



/.

10

15

20

25

CA 02307183 1999-12-30

19. The stretch wrap film of claim 18 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 600 g/mul.

20.  The stretch wrap film of claim 1 wherein the machine direction tear

resistance of the stretch wrap film is at least about 125 g/mil.

71.  The stretch wrap film of claim 20 wherein the machine direction tear

resistance of the stretch wrap film is at least about 150 g/muil.

72 The stretch wrap film of claim 21 wherein the machine direction tear

resistance of the stretch wrap film is at least about 175 g/mul.

73.  The stretch wrap film of claim 1 wherein at least one of said first outer

cling layer and said second outer cling layer is a polymer comprising two or more
monomers, wherein the first monomer is ethylene, in a major amount by weight, and

the second monomer is an alpha olefin of from about 3 to about 12 carbon atoms, in a

minor amount by weight.

24.  The stretch wrap film of claim 23 wherein the second monomer of at
least one of said first outer cling layer and said second outer cling layer 1s

independently selected from the group consisting of propylene, 1-butene, 1-pentene,

1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, l-decene, and 1-

dodecene.

25.  The stretch wrap film of claim 1 wherein the low polydispersity polymer

compriées a polyethylene copolymer or terpolymer.

26,  The stretch wrap film of claim 1 having a machine direction stress level

at 200% elongation of from about 1600 to about 1800 psi.

27 The stretch wrap film of claim 1 having a machine direction stress level

at 250% elongation of from about 1600 to about 2000 psi.

28.  The stretch wrap film of claim 27 having a machine direction stress level

at 250% elongation of from about 1700 to about 1900 psi.

21
C: 81134(1QLE011.DOC)
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29. The stretch wrap film of claim 1 wherein the film has an elongation of at

least about 375%.

30.  The stretch wrap film of claim 29 wherein the film has an elongation of

at least about 400%.

31.  The stretch wrap film of claim 1 wherein the low polydispersity polymer

is blended with at least one olefin polymeric resin.

32.  The stretch wrap film of claim 1 wherein the copolymer of propyiene

and ethylene is blended with at least one olefin polymeric resin.

33. A multilayer, thermoplastic stretch wrap film containing at least four

polymeric film layers, comprising:
(a) a first outer cling layer;

(b) a second outer cling layer, at least one of said first outer cling layer and
second outer cling layer having sufficient cling reulting from inherent cling alone,
cling additives alone or a combination thereof so as to produce a cling force to the

other outer cling layer of at least about 140 grams/inch;

(c) at least one inner layer, located between the first and second outer cling
layers, comprising a low polydispersity polymer, said low polydispersity polymer
having a polydispersity of from about 1 to about 4, a melt index (I;) of from about 0.5
to about 10 g/10 min., and a melt flow ratio (In¢/I,) of from about: 12 to about 22; and

(d) a core layer, also located between said first and second outer cling layers,
comprising a heterophasic copolymer of propylene and ethylene, said heterophasic
copolymer having a melt flow ratio (I,¢/I;) of from about 10 to about 13 and an

ethylene content in the range of from about 12 to about 30 wt.%;

wherein the stretch wrap film has an elongation of at least 340 % and a

machine direction stress force at 200% elongation of from about 1400 to about 1900
psi.

34, The stretch wrap film of claim 33 wherein the melt flow ratio of the

heterophasic copolymer is in the range of from about 11 to about 16.

22
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35.  The stretch wrap film of claim 34 wherein the melt flow ratio of the

heterophasic copolymer is in the range of from about 12 to about 135.

36.  The stretch wrap film of claim 33 wherein the ethylene content of the

heterophasic copolymer is in the range of from about 15 to about 26 wt.%.

37.  The stretch wrap film of claim 36 wherein said ethylene content of the

heterophasic copolymer is in the range of from about 17 to about 24 wt.%.

38.  The stretch wrap film of claim 33 wherein the density of said low
polydispersity polymer is in the range of from about 0.88 to about 0.93 g/cm’.

39.  The stretch wrap film of claim 38 wherein the density of said low

42. The stretch wrap film of claim 33 wherein the melt flow ratio of said low

polydispersity polymer is in the range of from about 14 to about 20.

43. The stretch wrap film of claim 42 wherein the melt flow ratio of said low

polydispersity polymer is in the range of from about 16 to about 18.

44.  The stretch wrap film of claim 33 wherein said low polydispersity

polymer is made with a metallocene catalyst.

45. The stretch wrap film of claim 33 wherein at least one of said first outer

cling layer and said second outer cling layer have a cling force to the other outer cling

layer of at least about 180 grams/inch.

46.  The stretch wrap film of claim 45 wherein at least one of said first outer

cling layer and said second outer film layer have a cling force to the other outer cling

layer of at least about 220 grams/inch.

23
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47.  The stretch wrap film of claim 33 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 500 g/mul.

48. The stretch wrap film of claim 47 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 550 g/mil.

49.  The stretch wrap film of claim 48 wherein the transverse direction tear

resistance of the stretch wrap film is at least about 600 g/mil.

50. The stretch wrap film of claim 33 wherein the machine direction tear

resistance of the stretch wrap film is at least about 125 g/mil.

51.  The stretch wrap film of claim 50 wherein the machine direction tear

resistance of the stretch wrap film is at least about 150 g/mul.

52.  The stretch wrap film of claim 51 wherein the machine direction tear

resistance of the stretch wrap film is at least about 175 g/mil.

53, The stretch wrap film of claim 33 wherein at least one of said first

outer cling layer and said second outer cling layer is a polymer comprising two or
more monomers, wherein the first monomer is ethylene, in a major amount by weight,

and the second monomer is an alpha olefin of from about 3 to about 12 carbon atoms,

in a minor amount by weight.

54. The stretch wrap film of claim 53 wherein the second monomer of at
least one of said first outer cling layer and said second cling outer layer 1s

independently selected from the group consisting of propylene, 1-butene, l-pentene,

1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 1-decene, and 1I-

dodecene.

55. The stretch wrap film of claim 33 wherein the low polydispersity

polymer comprises a polyethylene copolymer or terpolymer.

56. The stretch wrap film of claim 33 having the machine direction stress

level at 200% elongation of from about 1600 to about 1800 psi.
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57 The stretch wrap film of claim 33 having the machine direction stress

level at 250% elongation of from about 1600 psi to about 2000 psu.

58.  The stretch wrap film of claim 57 having the machine direction stress
level at 250% elongation of from about 1700 to about 1900 psi.

59.  The stretch wrap film of claim 33 wherein the film has an elongation of

at least about 375%.

60.  The stretch wrap film of claim 59 wherein the film has an elongation of

at least ibout 400%.

61.  The stretch wrap film of claim 33 wherein the low polydispersity
polymer is blended with at least one olefin polymeric resin.

62. The stretch wrap film of claim 33 wherein the heterophasic copolymer
of propylene and ethylene is blended with at least one olefin polymeric resin.

63. A multilayer, thermoplastic stretch wrap film containing at least four
polymeric film layers, comprising:

(a) a first outer cling layer;

(b) a second outer cling layer, at least one of said first outer cling layer and
second outer cling layer having sufficient cling resulting from inherent cling alone,
cling additives alone or a combination thereof so as to produce a cling force to the

other outer cling layer of at least about 140 grams/inch;

(c) at least one inner polymeric layer, located between said first and second
outer cling+layers, comprising a low polydispersity polymer, said low polydispersity
polymer having a polydispersity of from about 1 to about 4, a melt index (I;) of from
about 0.5 to about 10 g/10 min., and a melt flow ratio (Io/I2) of from about 12 to

about 22; and

(d) at least one core layer, also located between said first and second outer
cling layers, comprising a polypropylene homopolymer having a melt flow ratio

(I,o/1,) of from about 2 to about 15;
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wherein the stretch wrap film has and elongation of at least 340% and a

machine direction stress level at 200% elongation of from about 1400 to about 1900
psi.

64. The stretch wrap film of claim 63 wherein the low polydispersity

polymer is blended with at least one olefin polymeric resin.

65. The stretch wrap film of claim 63 wherein the polypropylene

homopolymer is blended with at least one olefin polymeric resin.

66. A multilayer, thermoplastic stretch wrap film cor taining at least four
polymeric film layers, comprising:

(a) a first outer polymeric layer comprising a polymer of two or more
monomers, wherein a first monomer is ethylene, in a major amount by weight, and a
second monomer is an alpha olefin of from about 3 to about 12 carbon atoms, in a minor
amount by weight;

(b) a second outer polymeric layer comprising a polymer of two or more
monomers. wherein a first monomer is ethylene, in a major amount by weight, and a
second monomer is an alpha olefin of from about 3 to about 12 carbon atoms, in a minor
amount by weight;

(c) at least one inner polymeric layer, located between said first and second
outer polymeric layers, comprising a low polydispersity polymer, and optionally
comprising at least one olefin polymeric resin, said low polydispersity polymer
comprising a polyethylene copolymer or terpolymer, said polyethylene copolymer or
terpolymer having a polydispersity of from about 1 to about 4, a melt index (I) of
from abous0.5 to about 10 g/10 min., and a melt flow ratio (Io¢/I) of from about 12 to
about 22; and

(d) at least one core layer, also located between said first and second outer

cling layers, chosen from at least one of the group consisting of a copolymer of
propylene and ethylene, a heterophasic copolymer of propylene and ethylene, and a
polypropylene homopolymer, and optionally comprising at least one olefin polymeric
resin, said copolymer of propylene and ethylene having a melt flow ratio (Iz/I2) of
from about 2 to about 15 and an ethylene content in the range of from about 2 to about

6 wt.%, said heterophasic copolymer of propylene and ethylene having a melt flow
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ratio (I,o/I,) of from about 10 to about 18 and an ethylene content in the range of from

about 12 to about 30 wt.%, said polypropylene homopolymer having a melt flow ratio

(I,o/1») of from about 2 to about 15;

wherein the stretch wrap film has an elongation of at least 340% and a

machine direction stress level at 200% elongation of from about 1400 to about 1900
psl.

67. A method for wrapping an article, comprising:
wrapping the article with a multilayer, thermoplastic stretch wrap film
containing at least four polymeric film layers, comprising

(a) a first outer cling layer;

(b) a second outer cling layer, at least one of said first outer cling layer and
second outer cling layer having sufficient cling resulting from inherent cling alone,
cling additives alone or a combination thereof so as to produce a cling force to the
other outer cling layer of at least about 140 grams/inch;

(c) at least one inner polymeric layer, located between said first and second
outer cling layers, comprising a low polydispersity polymer, said low polydispersity
polymer having a polydispersity of from about 1 to about 4, a melt index (Iy) of from
about 0.5 to about 10 g/10 min., and a melt flow ratio (Io¢/I;) of from about 12 to

about 22;
(d) at least one core layer, also located between said first and second outer

cling layers, comprising an copolymer of propylene and ethylene having a melt flow

ratio (Io/I;) of from about 2 to about 15 and an ethylene content in the range of from

about 2 to about 6 wt.%;
- wherein the stretch wrap fiim has an elongation of at least 340% and a
machine direction stress level at 200% elongation of from about 1400 to about 1900
psi, and

whereby said multilayer film is stretched during the wrapping step.

68. A method of wrapping an article, comprising:

wrapping the article with a multilayer, thermoplastic stretch wrap film

containing at least four polymeric film layers, comprising

(a) a first outer cling layer;

27

C: B1134(1QLG011.DOC)

1



CA 02307183 1999-12-30

PCT/US 98/122721
IPEA/US 08 JAN 1333

10

15

20

25

3C

(b) a second outer cling layer, at least one of said first outer cling layer and
second outer cling layer having sufficient cling resulting from inherent cling alone,

cling additives alone or a combination thereof so as to produce a cling force to the

other outer cling layer of at least about 140 grams/inch;

(c) at least one inner layer, located between the first and second outer cling
layers, comprising a low polydispersity polymer, said low polydispersity polymer
having a polydispersity of from about 1 to about 4, a melt index (Iy) of from about 0.5
to about 10 g/10 min., and a melt flow ratio (Io/I2) of from about 12 to about 22; and

(d) a core layer, also located between the first and second outer cling layers,

comprising a heterophasic copolymer of propylene and ethylene having a melt flow

ratio (Io/Iz) of from about 10 to about 18 and an ethylene content in the range of from

about 12 to about 30 wt.%;
wherein the stretch wrap film has an elongation of at least 340 % and a

machine direction stress level at 200% elongation of from about 1400 to about 1900

psi, and
whereby said multilayer film is stretched during the wrapping step.

69. The stretch wrap film of claim 1 wherein said inherent cling is partially

from n-hexane extractibles.

70.  The stretch wrap film of claim 1 wherein said cling force 1s partially

from at least one cling additive.

71.  The stretch wrap film of claim 70 wherein said cling additive is poly-

isobutylene.

72.  The stretch wrap film of claim 1 wherein said first outer cling layer and

said second outer cling layer are made from olefin polymer resins.

73.  The stretch wrap film of claim 72 wherein at least one of said olefin

polymer resins is a copolymer, said copolymer comprising an olefin monomer with a

second monomer.
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74.  The stretch wrap film of claim 73 wherein said olefin polymer resin is
an ethylene-acrylate polymer, said ethylene-acrylate polymer being selected from the

group consisting of methyl acrylate, ethyl acrylate, and n-butyl acrylate.

75.  The stretch wrap film of claim 1 wherein said first outer cling layer and

said second outer cling layer are independently selected from the group consisting of
linear low density polyethylene, very low density polyethylene, high pressure low
density polyethylene, ethylene-acrylate polymers and mixtures thereof.

76.  The stretch wrap film of claim 75 wherein the acrylate of said ethylene-

acrylate polymers is selected from the group consisting of methyl acrylate, ethyl

acrylate and n-butyl acrylate.

77.  The stretch wrap film of claim 33 wherein said inherent cling 1s

partially from n-hexane extractibles.

78.  The stretch wrap film of claim 33 wherein said cling force is partially

from at least one cling additive.

79.  The stretch wrap film of claim 78 wherein said cling additive is poly-

isobutylene.

80.  The stretch wrap film of claim 33 wherein said first outer cling layer

and said second outer cling layer are made from olefin polymer resins.

81.  The stretch wrap film of claim 80 wherein at least one of said olefin

polymer resins is a copolymer, said copolymer comprising an olefin monomer with a

second monomer.

82.  The stretch wrap film of claim'81 wherein said olefin polymer resin is

an ethylene-acrylate polymer, said ethylene-acrylate polymer being selected from the

group consisting of methyl acrylate, ethyl acrylate, and n-butyl acrylate.
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83.  The stretch wrap film of claim 33 wherein said first outer cling layer
and said second outer cling layer are independently selected from the group consisting
of linear low density polyethylene, very low density polyethylene, high pressure low

density polyethylene, ethylene-acrylate polymers and mixtures thereof.

84. The stretch wrap film of claim 83 wherein the acrylate of said ethylene-

acrylate polymers is selected from the group consisting of methyl acrylate, ethyl

acrylate and n-butyl acrylate.

85. The stretch wrap film of claim 63 wherein said inherent cling 1s

partially from n-hexane extractibles.

86. The stretch wrap film of claim 63 wherein said cling force is partially

from at least one cling additive.

87.  The stretch wrap film of claim 86 wherein said cling additive 1s poly-

isobutylene.

88.  The stretch wrap film of claim 63 wherein said first outer cling layer

and said second outer cling layer are made from olefin polymer resins.

80  The stretch wrap film of claim 88 wherein at least one of said olefin

polymer resins is a copolymer, said copolymer comprising an olefin monomer with a

second monbmer.

90. The stretch wrap film of claim 89 wherein said olefin polymer resin 1s
an ethylene-acrylate polymer, said ethylene-acrylate polymer being selected from the

group consisting of methyl acrylate, ethyl acrylate, and n-butyl acrylate.

91.  The stretch wrap film of claim 63 wherein said first outer cling layer

and said second outer cling layer are independently selected from the group consisting
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of linear low density polyethylene, very low density polyethylene, high pressure low

density polyethylene, ethylene-acrylate polymers and mixtures thereof.

92.  The stretch wrap film of claim 91 wherein the acrylate of said ethylene-
acrylate polymers is selected from the group consisting of methyl acrylate, ethyl

acrylate and n-butyl acrylate.

93. A multilayer, thermoplastic stretch wrap film containing at least four
polymeric film layers, comprising:
(a) a first outer polymeric layer comprising a polymer of two or more

monomers., wherein a first monomer is ethylene, in a major amount by weight, and a

second monomer is an alpha olefin of from about 3 to about 12 carbon atoms, in a minor

amount by weight;
(b)  a second outer polymeric layer comprising a polymer of two or
more monomers, wherein a first monomer is ethylene, in a major amount by weight, and

a second monomer is an alpha olefin of from about 3 to about 12 carbon atoms, in a

minor amount by weight, at least one of said first outer polymeric layer and said
second outer polymeric layer having sufficient cling resulting from inherent cling

alone, cling additives alone or a combination thereof so as to produce a cling force to

the other outer polymeric layer of at least about 140 grams/inch;

(c) at least one inner polymeric layer, located between said first
and second outer polymeric layers, comprising a low polydispersity polymer, and
optionaliy comprising at least one olefin polymeric resin, said low polydispersity
polymer prepared from an ethylene and at least one alpha olefin monomer, said alpha

olefin monomer having from about 3 to about 12 carbon atoms, said low

polydispersity polymer having a polydispersity of from about 1 to about 4, a melt

index (I) of from about 0.5 to about 10 g/10 min., and a melt flow ratio (I,o/Iz) of

from about 12 to about 22; and
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(d) at least one core layer, also located between said first and
second outer cling layers, chosen from at least one of the group consisting of a
copolymer of propylene and ethylene, a heterophasic copolvmer of propylene and
ethylene, and a polypropylene homopolymer, and optionally comprising at least one

olefin polymeric resin, said copolymer of propylene and ethylene having a melt flow

ratio (I,o/I,) of from about 2 to about 15 and an ethylene content in the range of from

about 2 to about 6 wt.%, said heterophasic copolymer of propylene and ethylene

having a melt flow ratio (I;¢/Iy) of from about 10 to about 18 and an ethylene content

in the range of from about 12 to about 30 wt.%, said polypropylene homopolymer

having a melt flow ratio (I¢/I2) of from about 2 to about 15;

wherein the stretch wrap film has an elongation of at least 340% and a

machine direction stress level at 200% elongation of from about 1400 to about 1900

psl.
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