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HEAT SEALABLE AND ORIENTED MULTI-LAYER POLYPROPYLENE-
BASED FILMS FOR SHRINK APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
61/176,598, filed May 8, 2009, and fully incorporated herein by reference.

Field of the Invention

The present invention relates to heat-sealable oriented shrink multi-layer film
comprising a first and a second skin layer, each skin layer comprising homopolymer
polypropylene and at least one core layer comprising a propylene-based plastomer or
elastomer (“PBPE”). The films are preferably primarily oriented in either the machine or
the cross direction. These films are ideally suited for use as a shrink label which can be
applied either as a CD shrink sleeve or applied using a continuous roll process. The films
ideally have an overall density of less than 1.0 g/crns, to facilitate recycling efforts using

aqueous floatation separation techniques.

Background and Summary of the Invention

Shrink labels generally fall into two categories: roll-on shrink-on (ROSO) labels,
and sleeve-type labels (sleeve labels). ROSO labels are film sheets that wrap around a
container. Sleeve labels are tubular in configuration and fit around a container by
placement over the container. Application of heat to a shrink label that is around a
container causes the label to shrink and conform to the container.

To conform to a container, each type of label must shrink preferentially (i.e., to a
greater extent in one direction than in another direction) in the direction extending
circumferentially around the container. ROSO films reside on a container with the
machine direction (MD) of the film extending circumferentially around the container.
Hence, ROSO films primarily shrink in the film’s machine direction (MD) due to
preferential machine direction orientation (MDO). In contrast, sleeve labels typically
reside on a container with the label’s transverse direction (TD) (also known as the cross

direction or “CD”) extending circumferentially around the container. Hence, sleeve labels
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shrink primarily in the film’s transverse direction (TD) due to preferential transverse
direction orientation (TDO). Whether the film is MDO, or TDO, it is preferred that the
films exhibit relatively little shrinkage in the cross direction (that is the direction 90°
perpendicular to the direction of preferential orientation).

ROSO labels are particularly desirable over sleeve labels because they entail less
processing and are less costly to produce. ROSO labels are typically in roll form resulting
from printing onto an oriented film in a continuous web process. In contrast, sleeve labels,
while also available in roll form, require printing, cutting and gluing into sleeves prior to
rolling into roll form, complicating the manufacturing process and increasing
manufacturing costs for sleeve labels relative to ROSO labels. Furthermore, orienting
films in the TD for sleeve labels tends to be more expensive due to the relatively higher
cost of the equipment than orienting films in the MD for ROSO labels. Additionally,
ROSO application of ROSO labels to containers is typically a faster process than
application of sleeve labels.

While ROSO labels offer advantages in production speed, sleeve labels historically
have enjoyed an advantage in extent of shrinkage around a container. Sleeve labels
typically shrink up to 70 percent (%) around the circumference of a container. In contrast,
typical ROSO films currently are made predominantly from oriented homopolymer
polypropylene, a polymer with relatively higher crystallinity. These materials demonstrate
only up to about 20% shrinkage around the circumference of a container, unless the film is
heated to a temperature above the homopolymer polypropylene’s crystalline melt
temperature. Sleeve labels further offer the advantage of having either no glue joint or
have a glue joint that is extensively cured prior to application to a container, and so can
tolerate a greater extent of stress during shrinkage. At the higher temperatures needed to
shrink oriented homopolymer polypropylene films more than 20%, the hot melt adhesives,
UV adhesive, or organic solvents typically used to make the seam can fail and the label to
unwrap from around the container. It would be desirable to avoid the use of such sealant
materials altogether.

Additionally, when homopolymer polypropylene is oriented in a single direction,
the film exhibits a propensity to split in the direction of orientation. Therefore, some

amount of biaxial orientation often is applied to achieve a more durable film but this can
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cause undesirable cross-direction shrinkage. Thus it would be desirable to have a durable
film which did not require biaxial orientation.

In contrast to films made with such materials as copolyester, polystyrene and
polyvinyl chloride (PVC), use of polypropylene-based films also facilitates bottle and label
recyclability, as the lower density of the polypropylene materials allows the label to be
more easily separated from the higher density (e.g., polyester) bottles. It would be even
more beneficial for recyclability if the density of the shrink film were less than 1.0 g/cc as
this would allow flotation separation techniques.

Furthermore, lower density films advantageously provide a higher film yield, or
more area/lb. of film. Higher density label stock, such as copolyester or PVC films, do not
provide similar advantages.

It is desirable to have an oriented, multi-layer film that is suitable for ROSO or

shrink sleeve label applications.

Accordingly, in a first aspect, the present invention is an oriented, multi-layer
shrink film comprising a first and a second skin layer, each skin layer comprising a
homopolymer polypropylene, and at least one core layer comprising a propylene-based
plastomer or elastomer. The multi-layer film can be preferentially oriented in the machine
direction, for example using a set of MDO rolls, or in the cross direction, for example
using the tenter frame process. The propylene-based plastomer or elastomer used in the at
least one core layer preferably can be selected to control the shrink tension of the film and
shrinkage of the film depending on the requirements of the intended application.

In another aspect, the present invention is a shrink label comprising a multi-layer

film of the first aspect wherein the film has printing on one or both sides.

DETAILED DESCRIPTION OF THE INVENTION

Oriented, multi-layer shrink films of the present invention comprise a first and a
second skin layer, with each skin layer comprising from 50% to 100% by weight of the
skin layer of homopolymer polypropylene and at least one core layer comprising from 75%
to 100% by weight of the core layer of a propylene-based plastomer or elastomer.

Optionally, the multi-layer films may comprise one or more other layers between

the skin layers and the polyolefin layer.
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A. Skin Layers
Each skin layer comprises from 50% to 100% by weight of the skin layer of
propylene-based polymer having a melting point greater than 125°C. The propylene-based
polymer preferably has a melting point of from about 125° C to about 170° C, more
preferably 130C to 165°C, and most preferably from 135°C to 160°C.

The propylene-based polymer can advantageously be homopolymer polypropylene
or a random propylene-based copolymer (for purposes of this application “copolymer”
includes terpolymers). The preferred homopolymer or random copolymer polypropylene
preferably has a melt flow rate (as measured according to ASTM D1238§, 2.16 kg, 230°C)
of from 1 to 30 g/10 min, more preferably 5 to 10., most preferably greater than, or equal
to, 8 to 10 g/10 min.

The homopolymer polypropylene can be an isotactic polypropylene homopolymer
having an isotacticity of from about 89 to 99%(as measured by °C NMR spectroscopy
using meso pentads).

The preferred homopolymer or random copolymer polypropylene used in the skins
has a density greater than, or equal to, 0.89 g/cc and can be up to preferred maximum of
0.91 g/em.

The preferred homopolymer or random copolymer polypropylene used in the skins
has a MWD greater than, or equal to, 3.5, preferably greater than, or equal to, 4.0 or even
4.5.

The preferred homopolymer or random copolymer polypropylene used in the skins
of the films of the present invention may advantageously be produced using Ziegler-Natta
or metallocene catalysts.

Preferably each skin layer comprises at least 80% homopolymer polypropylene or
random copolymer polypropylene, more preferably at least 90% homopolymer
polypropylene or random copolymer polypropylene and can advantageously comprise
essentially all of the polymer material used in the skin layer.

Examples of suitable homopolymer polypropylene include DX5E66 , or H357-
09RSB produced by The Dow Chemical Company and examples of suitable random
copolymer polypropylene include DS6D21 DS6D81 also produced by The Dow Chemical
Company.
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When the skin layer comprises one or more resins other than the homopolymer
propylene or random copolymer polypropylene, the other resins should be selected so that
they are compatible with the homopolymer polypropylene or random copolymer
polypropylene and can advantageously provide a lower shrinkage temperature, Suitable
resins include propylene-based plastomer or elastomers as described below.

The skin layer may contain other additives such as mineral oil or other plasticizers.
Other additives generally known in the art include materials such as inorganic fillers,
conductive fillers, pigments, antioxidants, acid scavengers, flame retardants, ultraviolet
absorbers, processing aids such as zinc stearate, extrusion aids, slip additives, permeability
modifiers, anti-static agents, antiblock additives and other thermoplastic polymers.

Also, it is contemplated that combinations of two or more propylene-based
polymers having a melting point greater than 130°C (such as the preferred homopolymer
polypropylene polymers and/or or random copolymer polypropylenes) may be used in one
or both skin layers. The skin layers will each preferably comprise from about 5 percent by
volume to about 25 percent by volume of the overall film thickness. More preferably each
skin layer will comprise no more than 10%, or even 5% of the total film thickness.

The composition used for the skin layers can be the same for each of the skin layers

or they may be different.

B) Core layer

The multi-layer films of the present invention also contain a core layer which
comprises a propylene-based plastomer or elastomer or “PBPE”. PBPEs comprise at least
one copolymer with at least about 50 weight percent of units derived from propylene and
at least about 4 weight percent of units derived from a comonomer other than propylene.
Suitable propylene-based elastomers and/or plastomers are taught in US patents 6,906,160;
6,919,407; 6,927,256; 6,960,635; 7,250,470; 7,250,471; and 7,344,775, each of which is
hereby incorporated by reference in its entirety.

Of particular interest for use in the present invention are reactor-grade PBPEs
having MWD between 2 to 4. It is intended that the term “reactor-grade” is as defined in
US Patent 6,010,588 and, in general, refers to a polyolefin resin whose molecular weight

distribution (MWD) or polydispersity has not been substantially altered after



10

15

20

25

30

WO 2010/129751 PCT/US2010/033842

polymerization. The preferred PBPE will have a heat of fusion (as determined using the
DSC method described in published US application 2008/0199673) less than about 90
Joules/gm, preferably less than about 70 Joules/gm, more preferably less than about 50
Joules/gm. The PBPEs used in the core layer will comprise ethylene as the comonomer.
The preferred PBPEs will have from about 4 to about 15 percent of ethylene, or from about
4 to about 12 percent of ethylene, or about 4 to 9 percent ethylene, by weight of the
propylene-based elastomer or plastomer.

In general, the non-propylene units of the propylene copolymer, PBPESs, are derived
from at least one other comonomer including ethylene, a C4.59 [J-olefin, a Cap diene, a
styrenic compound and the like. Preferably the comonomer is at least one of ethylene and
a C4q2 U-olefin such as 1-hexene or 1-octene. Preferably, the remaining units of the
copolymer are derived only from ethylene, particularly for the PBPEs used in the core
layer.

The amount of comonomer in the propylene-based elastomer or plastomer is a
function of, at least in part, the type of comonomer and the desired heat of fusion of the
copolymer. If the comonomer is ethylene, then typically the comonomer-derived units
comprise not in excess of about 15 wt % of the copolymer. If the polymer comprises at
least one other comonomer other than ethylene, then the preferred composition would have
a heat of fusion approximately in the range of a propylene-ethylene copolymer with about
4 to 15 wt.% ethylene.

The propylene-based plastomer or elastomer of this invention can be made by any
process preferably by the solution process, and includes copolymers made by metallocene,
a non-metallocene, metal-centered, heteroaryl ligand catalysis, or a metal complex of a
polyvalent aryloxyether. These copolymers include random copolymers. Exemplary
propylene copolymers include Exxon-Mobil VISTAMAXX™ polymer, and VERSIFY™
propylene/ethylene elastomers and plastomers by The Dow Chemical Company.

The density of the propylene-based elastomers or plastomers of this invention is
typically at least about 0.850, can be at least about 0.860 and can also be at least about
0.865 grams per cubic centimeter (g/cm3) as measured by ASTM D-792. Preferably the
density is less than about 0.89 g/cc.

The weight average molecular weight (Mw) of the propylene-based elastomers or

plastomers of this invention can vary widely, but typically it is between about 10,000 and
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1,000,000 alternatively between about 50,000 and 500,000 or between 100,000 and
250,000 (with the understanding that the only limit on the minimum or the maximum M,
is that set by practical considerations such as as processability.

The polydispersity of the propylene-based elastomers or plastomers of this
invention is typically between about 2 and about 4. “Narrow polydispersity”, ‘“narrow
molecular weight distribution”, “narrow MWD” and similar terms mean a ratio (M/M,)
of weight average molecular weight (My,) to number average molecular weight (M,) of less
than about 3.5, can be less than about 3.0, can also be less than about 2.8 or even 2.5.

The PBPEs for use in the present invention ideally have an MFR of from 0.5 to 500
g/10min, preferably from about 1 to 20, more preferably from about 2 to 10. The
particular MFR selected will depend in-part on the intended fabrication methods such as
blown film, extrusion coating, sheet extrusion, injection molding, or cast film processes.
MER for copolymers of propylene and ethylene and/or one or more C4-C,o ¢i-olefins is
measured according to ASTM D-1238, condition L (2.16 kg, 230 degrees C).

MFERs greater than about 250 were estimated according to the following

correlation:

MFR =9%x10" My >

Mw (grams per mole) was measured using gel permeation chromatography.

The PBPE can also be characterized in terms of its melting point(Ty,). The
determination of the melting point is performed using a differential scanning calorimeter
(DSC). The temperature at the maximum heat flow rate with respect to a linear baseline
was used as the melting point as measured by DSC. The temperature is raised from room
temperature to 200°C at 10°C/min, maintained at 200°C for 5 min, decreased to 0°C at
10°C/min, maintained at °C for 5 min and then the temperature is raised from 0°C to
200°C at 10°C/min. The melting and cooling curves are recorded. When plural melting
peaks are present, the melting peak at the maximum temperature is used as the melting
point. Further information about this method may be seen in WO 2005/090427,
incorporated herein by reference. The PBPE should have a DSC melting point in the

range of from 50°C to 120°C, more preferably greater than or equal to about 80°C.
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The core layer preferably comprises from 30 to 100% by weight of the PBPE,
alternatively at least 40%, 50%, 60%, 80% PBPE, 90% PBPE and can, in some
applications, advantageously comprise essentially all of the polymer material used in the
core layer. In general higher amounts of the PBPL in the core will give higher shrinkage at
a given shrink temperature, but will tend to reduce bending stiffness.

When the core layer comprises one or more resins other than the PBPE, the other
resins should be selected so that they are compatible with the PBPE and can
advantageously be used to increase the stiffness of the films. Suitable resins for use with
the PBPE in the core layer include random copolymer polypropylene.

The core layer may contain other additives such as mineral oil or other plasticizers.
Other additives generally known in the art include materials such as inorganic fillers,
conductive fillers, pigments, antioxidants, acid scavengers, flame retardants, ultraviolet
absorbers, processing aids such as zinc stearate, extrusion aids, slip additives, permeability
modifiers, anti-static agents, antiblock additives and other thermoplastic polymers.

It is also contemplated that combinations of two or more PBPE polymers may be
used in the core layer. The core layer will preferably comprise from about 50 percent by
volume to about 90 percent by volume of the overall film thickness. More preferably the

core layer will comprise at least 60%, 70% or even 80% of the total film thickness.

Overall Film

It is preferred that the resins for each of the layers present in the multi-layer film
such that the overall density of the film is less than 1.0 g/cm3, more preferably less than
0.95 g/cm’, most preferably less than 0.92 g/em® as determined by ASTM D-792,

Films of the present invention are oriented which means that they have monoaxial
orientation or biaxial orientation with preferential orientation either in the machine
direction (MD) or the cross direction (CD). Preferential orientation means that orientation
is greater in the machine or cross direction than in the other direction. The degree of
orientation is at least 2x, preferably at least 3x and most preferably at least 4x in either the
MD or CD depending on the shrinkage direction desired. Oriented shrink films of the
present invention will generally have a shrink tension greater than about 50 psi, preferably
more than 100psi at 135°C. There is no clear upper limit for MDO ratio, although films

typically have a MDO ratio of 20 or less. Films having an MDO ratio greater than 20 risk
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shrinking around a container in a ROSO label application with such a high force that a
glue seam holding the label around the bottle can weaken or fail. This is also true for TDO

ratio in shrink sleeve applications.

Measure MDO ratio for a MD oriented ROSO label by using a sample which is 10
cm long in MD and 2.5 cm in TD Place the sample in a hot oil bath (ASTM D2732) kept
at least 10 degrees C above the melting point of the highest melting resin in the film.for 30
seconds Then measure MD dimension again. The ratio of pre- to post-heated MD

dimensions correspond to MDO ratio.

Measure TDO ratio for a TD oriented shrink sleeve label by using a sample which
is 10 cm long in TD and 2.5 ¢m in MD Place the sample in a hot oil bath (ASTM D2732)
kept above the melting point of the highest melting resin in the film. Then measure TD
dimension again. The ratio of pre- to post-heated TD dimensions correspond to TDO

ratio.

The multi-layer films of the present invention can be made conveniently before the
orientation step using the cast film process, the blown film process, the extrusion coating

process or lamination process, with the cast film process being preferred.

The film temperature during drawing/orientation used in the film manufacturing
process can be chosen to help control the shrink tension. Preferably the film draw

temperature 18 between about 60°C and 150°C, more preferably between 70°C and 127°C.

When MD orientation is desired it may be achieved conveniently using a set of
MDO rolls. When CD orientation is desired, it may be achieved conveniently using the
tenter frame process. These procedures and others for achieving orientation are well-

known in the art.

Particularly when the multi-layer films of the present invention are to be used in a
ROSO label, the film should have a shrink tension less than about 500 psi, more preferably
less than 400 psi, more preferably less than 300 psi, and most preferably less than about
250 psi. Sleeve labels can tolerate higher shrink tension. Shrink tension is determined

according to ASTM D-2838.

Films of the present invention desirably demonstrate a shrinkage under normal

shrink label application temperatures (e.g. from 80°C to 140°C) in the preferred



10

15

20

25

30

WO 2010/129751 PCT/US2010/033842

orientation direction (when oriented at a temperature from 70°C to 130°C) of 20% or
more, preferably 30% or more, more preferably 40% or more, still more preferably 50% or
more, yet more preferably 60% or more, even yet more preferably 70% or more in the
oriented direction. Shrinkage below 20% tends to undesirably limit the extent to which a
film can conform to a container contour. While an upper limit on the extent of shrink is

unknown, it will be below 100%.

Desirably, the films demonstrate a shrinkage under normal shrink label application
temperatures (e.g. from 80°C to 140°C) in the direction opposite that of the preferential
orientation (when oriented at a temperature from 70°C to 130°C) of 10% or less , even
more preferably 5% or less. It should be understood that “less than 5% shrinkage also

includes growth, although the growth should be minimized.

The stiffness (bending stiffness) of the multi-layer films of the present invention is
important among other reasons, for proper dispensing of ROSO labels at high line speeds.
The stiffness of the oriented multi-layer films in the preferred orientation direction should
be at least about 10 Gurley units (1 Gurley unit is equivalent to 1 mg of force as measured
by the Gurley apparatus) and, generally, may be as high as 50 Gurley units. More often,
the stiffness of the oriented multi-layer films is in the range of about 10 to 30 Gurley units,
12 to 28 Gurley units, or most preferably 15 to 20 Gurley units as measured in accordance

with the TAPPI Gurley stiffness test T543pm.

Although the films may have any desired thickness, the films of the present
invention will generally have an overall thickness of 10 Om or more, preferably 25 Om or
more and, generally, 254 [Um or less, preferably 101 Um, or even S10m or less. Ata
thickness of less than one mil (25 Om), films tend to be undesirably difficult to cut during
processing and handling. Thicknesses greater than 4 mils (100 Om) are technically

achievable, but generally economically undesirable.

Films of the present invention desirably have a shrink tension or orientation release
stress (ORS) of 500 psi (2758 kPa) or less more preferably less than 400 psi, more
preferably less than 300 psi, and most preferably less than about 250 psi. Shrink tension is
determined according to ASTM D-2838. ORS is a measure of the stress the film
experiences during shrinkage upon heating. Lowering ORS values in a ROSO film is

desirable. ROSO films typically have at least one end glued to a container around which

10
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the film is applied. Labels with high ORS values can apply sufficient stress to a glued
seam holding the label around a container during shrinkage so as to damage or break the
seam. Lowering ORS values decreases the likelihood that the seam line (film on film)

becomes damaged or broken during shrinkage.

Typical methods known in the art for making the seam in ROSO films can also be
used with the films of the present invention. These include the use of adhesives such as
hot melt adhesives and UV curable adhesives, and heat-sealing the seam such as by use of

laser radiation.

Films of the present invention have utility in any application that benefits from
heat-triggered shrinkage in the MD or TD. The films have a particular utility as ROSO
labels. To convert a film of the present invention into a ROSO label of the present
invention, cut the film to a desirable width and corona treat a side of the film (in any
order) and then print on the corona-treated side of the film. Printing can reside on the
“reverse” side of the film to create a reverse-printed label. The reverse side of the film
resides against a container and printing on the reverse side is viewed through the film
when the film is around a container in a ROSO label application. These steps are typically

done on a continuous web process by any method useful in the art.

Depending on the particular end-use application, films and labels of the present
invention also can advantageously possess perforations through the film or label.
Perforations are most desirably located in the portion of a film proximate to the narrowest
portion or portions of a container around which the film is applied in a ROSO application.
The perforations allow gas that would otherwise tend to become trapped between the label
and container to escape, thereby allowing the label to more tightly conform to the
container. Films, and labels, of the present invention can contain perforations uniformly
distributed across a film surface or contain perforations specifically located proximate to
the areas of the film (or label) that will coincide with the narrowest portions of a container
around which the film (or label) will reside. Perforation of films and labels of the present
invention can be performed at any time; however, in order to facilitate printing of ROSO

labels, desirably perforate films and labels after printing.

The following examples serve as an illustration of the present invention and are not

intended to serve to establish the full scope of the present invention.

11
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EXAMPLES

The materials used in the following Examples are listed in TABLE #1, along with

key properties.
5 TABLE # 1: HResins and physical properties
Resin Drensity CHf Melting Mek Flow Rate Type
{zhee) (g} pir {2/ 10rain,
2308072 16kg)

A 0.9 is3°C 8.5 Homa Polvpropylese

B 0.9 163°C #.4 Home Polypropylene

@ 0.876 70 i15°C 8.0 Propylene-based Elastomer
or Plastcmer with 5% by
weight ethylene

D (.888 44.5 98°C 2.0 Propylene-based Elastomer
or Plastomer with 9% by
welght ethylene

B 0.9 81 i33°C 7.8 Raodon: palyprapylenc
copolynmier with 5.7 % by
weight ethylene

The materials are then used to make precursor film {that is film which has not yet
been substantialy ortented} as described in Table # 2. The films are fabricated on a co-
extrusion Collin CR 136/350 cast film line. For the fabrication of 3-layer films the line

10  consists of three extruders. Skin layers are formed using extruder type E25M, and the core
layer is formed using extruder type E30M. The die gap was 0.25 mm. Each film had a

thickness of 150 microns.

TABLE#2

Example # Skins Core Taver Ratic
{Skin/Core/Sking

i A D S90S

2 A D TGO

3 A B 15770415

4 A ) 206620

5 A £ 39045

6 A C 10/80/168

7 A & 20/60/20

15 Samples rmoeasuring 120mwm x 1Z0mum of the precursor shuink films described in

Table # 2 are MDO uniaxialy stretched on a Lab Suetcher Karo IV from Bruckner toa
final film thickness of 50 microns, under the following conditions:
Streteh Temperature: 7G°C

Preheating Tune: dllsec

12
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Siretch ratio: 3.5¢0 |

Stretching speed, SE'T at Simdmin

‘The resuiting oriented shrink films are evaluated for Shrinkage, Tensile Strength,

5 hending stiffness and Secant Modulus, Resulis are described in Table # 3,

Methods used on properties described in Table # 3 are as follow:
Shrinkage (Machine or Cross), according to ASTM D2732
Tensile, according to ASTM D882

10 Bending stiffness according to TAPPI Gurley stiffness test T543pm
Secant Modulus, according to ASTM D882

13
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Table # 3
Example #
PROPERTY Units 1 2 3 4 5 6 7
Thickness microns 471 48.2 492 493 51.7 494 53.1
Stress at Break, MD Mpa 79.35 73.36 75.78 78.65 89.2 87.82 8§7.32
Strain at Break, MD Mpa 93.18 118.98 79.74 94.36 §8.64 75.2 54.96
Toughness, MD Mpa 52.13 61.00 46.49 57.21 66.24 56.09 40.23
1% sec Modulus, MD Mpa 112.9 3394 522.2 604 682.8 722 920.4
2% sec Modulus, MD Mpa 147.4 283.1 432.1 525.7 607 629.6 771.3
Gurley
Bending stiffness MD units (mg) 9.5 16.6 18.8 18.5 242 19.7 27.1
Gurley
Bending stiffness TD units (mg) 5.9 10.7 11 9.3 19.9 9.1 14.6
Shrink at 60°C, MD % 21 7 6 4 4 2 2
Shrink at 70°C, MD % 40 20 14 8 10 8 5
Shrink at 80°C, MD % 50 32 20 12 17 7 6
Shrink at 90°C, MD % 55 41 22 14 25 18 12
Shrink at 90°C, CD % -2 0 0 0 0 0 0
Load at 40% Shrink, MD mN 2150 1780 na na 2500 na na
Example 8:
5 Another precursor film is made with resin B as the skins and resin C as the core in

a 5/90/5 ratio. The film is fabricated on a Cast Coextrusion Line using 3 extruders (3.5
inches, 4.5 inches, and 3.5 inches in diameter) with an 86 inch wide die. The film is cast
onto a temperature controlled smooth cast roll to a thickness of approximately 174
microns.
10 The precursor shrink film is then MD{) uniaxialy stretched on a secondary process
unit to orient the film t3 a final {ilm thickness of 38 microns, The siretching temperatore
was set at Z00°F (93°C) with an initial line speed of 10 m/min, a final line speed of 58
m/min and an MDD stretch ratio of 3.8:1,
The resnlting oriented film 1s evaluated for Tensile Strength, Secant Modulus and
15 Shrinkage in Hot Aw by drawing a 100 mm cirele on a test piece and placing the sample
1050 8 preheated forced air oven for 10 munutes at the prescribed temperature, Results are

described in Table # 4.

20
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Table # 4: Physical properties of Example 8 After Orientation

Property stdev
Thickness, mils 38 1.0
Break Stress. MD, MPa 154 8.0
Strain at Break, MD, % 35 2.0
Toughness, MD, MPa 44 2.3
1% Secant Modulus, MD, MPa 1345 10.2
Free Air Shrink, 60°C, MD, % 2.0 -
Free Air Shrink, 60°C, TD, % -1.0 ---
Free Air Shrink, 80°C, MD, % 15.0 -—-
Free Air Shrink, 80°C, TD, % -1.7 ---
Free Air Shrink, 90°C, MD, % 18.0 ---
Free Air Shrink, 90°C, TD, % -2.0 ---
Free Air Shrink, 100°C, MD, % 26.3 ---
Free Air Shrink, 100°C, TD, % -2.0 ---
Free Air Shrink, 110°C, MD, % 53.3 -—-
Free Air Shrink, 110°C, TD, % -3.0 -—-
Example 9

Another precursor film is made with resin E as the skins and resin C as the core in
a 10/80/10 ratio. The film is fabricated on a Cast Coextrusion Line using 3 extruders (2.0
inches, 2.5 inches, and 2.0 inches in diameter) with a 28 inch wide die. The film is cast
onto a temperature controlled smooth cast roll to a thickness of approximately 254
microns.

‘The precursor shrink film is then M3} uniaxialy stretched on a secondary process
unit to orient the film t5 a final filim thickness of 44 microns. The stretching temperature
was set at 212°F (100°C) with an initial ine speed of 10 m/min, a final Hne speed of 65
/min avd an MDD streteh ratio of 6,511,

The resulting ortented flm is evaluated for Tensile Strength, Secant Modulus and
Shrinkage in Hot Aty by drawing a 100 mm circle on a test piece and placing the sample
into a preheated forced air oven for 1) minutes at the prescribed temperature. Results are

described in Table # 5.

15
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Table # 5: Physical properties of Example 9 After Orientation

Property stdev
Thickness, micron 43.9 2.5
Break Stress. MD, MPa 176 12
Strain at Break, MD, % 35 4
Toughness, MD, MPa 39 7
1% Secant Modulus, MD, MPa 1082 13
Free Air Shrink, 60°C, MD, % 2.0 0
Free Air Shrink, 60°C, TD, % 0 0
Free Air Shrink, 80°C, MD, % 3.7 0.6
Free Air Shrink, 80°C, TD, % -1.0 0
Free Air Shrink, 90°C, MD, % 19.7 0.6
Free Air Shrink, 90°C, TD, % -4.7 2.1
Free Air Shrink, 100°C, MD, % 26.7 0.6
Free Air Shrink, 100°C, TD, % -5.7 1.5
Free Air Shrink, 110°C, MD, % 49.3 29
Free Air Shrink, 110°C, TD, % -10.7 3.5
Example 10

Another precursor film is made with resin B as the skins and resin D as the core in
a 10/80/10 ratio. The film is fabricated on a Cast Coextrusion Line using 3 extruders (2.5
inches, 2.0 inches, and 2.0 inches in diameter) with a 28 inch wide die. The film is cast
onto a temperature controlled smooth cast roll to a thickness of approximately 254
microns.

The precursor shrink filny is then M} uniaxialy siretched on a secondary process
unit to orient the film 5 a final film thickness of 45 microns. The stretching teroperature
was sel at 156°F {689°C) with an initial line speed of 10 m/min, a final line speed of 63
m/min and an MD stretch ratio of 6.3:1.

The resuiting ortented filme 15 evaluated for Tensile Strength, Secant Modulus and
Shrinkage in Hot Aur by drawing a 100 mm circle on a test piece and placing the sample
into a preheated forced air oven for 16 minutes at the prescribed temperature. Results are

described in Table # 6.

16
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Table # 6: Physical properties of Example 10 After Orientation

Property stdev
Thickness, micron 45.2 1.3
Break Stress. MD, MPa 148 3.9
Strain at Break, MD, % 40 3
Toughness, MD, MPa 39.5 59
1% Secant Modulus, MD, MPa 761 19.8
Free Air Shrink, 60°C, MD, % 12.0 1.0
Free Air Shrink, 60°C, TD, % -2.0 1
Free Air Shrink, 80°C, MD, % 34.3 32
Free Air Shrink, 80°C, TD, % -5.0 2.0
Free Air Shrink, 90°C, MD, % 55.3 0.6
Free Air Shrink, 90°C, TD, % -5.0 1.7
Free Air Shrink, 100°C, MD, % 61 1.0
Free Air Shrink, 100°C, TD, % -5.3 2.9
Free Air Shrink, 110°C, MD, % 59 2.6
Free Air Shrink, 110°C, TD, % -4.0 2.6

17
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WHAT IS CLAIMED IS:

1.

10.

A multi-layer oriented shrink film comprising:

a. afirst skin layer comprising from 50% to 100% by weight of the skin layer of
a propylene-based polymer having a melting point greater than 130°C;

b. at least one core layer comprising from 30% to 100% by weight of the core
layer of a propylene-based plastomer or elastomer, said propylene-based
plastomer or elastomer comprising from 4 to 15 % by weight of units derived

from ethylene; and

c¢. asecond skin layer comprising from 50% to 100% by weight of the skin layer

of a propylene-based polymer having a melting point greater than 130°C.

The multi-layer film of claim 1 wherein at least one skin layer comprises

homopolymer polypropylene.

The multi-layer film of claim 1 wherein at least one skin layer comprises random

copolymer polypropylene.

The multi-layer film of Claim 1 wherein each skin layer comprises at least 80%

propylene-based polymer having a melting point greater than 130°C.

The multi-layer film of Claim 1 wherein the core layer consists essentially of 100%

propylene-based plastomer or elastomer.

The multi-layer film of Claim 1 wherein the film has a thickness of from 25

microns to 50 microns.

The multi-layer film of Claim 1 wherein each skin layer comprises no more than

5% of the total film thickness.

The multi-layer film of Claim 1 wherein the core layer comprises at least 80% of

the total film thickness.

The multi-layer film of Claim 1 wherein the core layer further comprises propylene

/ ethylene random copolymer.

The multi-layer film of Claim 1 wherein the skin layer and/or the core layer further
comprise one or more of the following additives: inorganic fillers, conductive

fillers, pigments, antioxidants, acid scavengers, flame retardants, ultraviolet

18
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

absorbers, processing aids, extrusion aids, slip additives, permeability modifiers,

anti-static agents, antiblock additives.

The multi-layer film of Claim 1 wherein the overall density of the film is from 0.8

to 1.0 g/cm3 .

The multi-layer film of Claim 1 wherein the film is preferentially oriented in either

the machine or the cross direction.

The multi-layer film of Claim 12 wherein the orientation in one direction is at least

twice that of the opposite direction.

The multi-layer film of Claim 1 wherein the film has a Gurley Stiftness in the

direction of the primary orientation of from 10-30 Gurley units.

The multi-layer film of Claim 1 wherein the film has a shrink tension less than 250

psi (1.72 MPa).
A shrink label comprising a multi-layer film of one any of the preceding claims.

The shrink label of Claim 16 wherein the shrink label is a roll-on shrink-on
(ROSO) label.

The shrink label of Claim 16 wherein the shrink label is a sleeve-type label.

The shrink label of Claim 17 characterized in that the label shrinks greater than

40% at 135°C in the direction of preferential orientation.

The shrink label of Claim 18 characterized in that the label shrinks greater than

40% at 135°C in the direction of preferential orientation.
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