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UNIAXIALLY SHRINKABLE
BIAXIALLY ORIENTED POLYPROPYLENE FILMS

The present invention relates to a uniaxially heat-
shrinkable, biaxially orientéd, multilayer film having a
polypropylene-containing core layer and at least one
polyolefin-containing skin layer adjacent said core layer.
The core layer contains isotactic polypropylene and a
modifier which reduces the crystallization or crystallinity
of the polypropylene by increasing chain imperfections or
reducing isotacticity of the polypropylene-containing core.

The present invention further relates to a uniaxially

_.shrinkable multilayer biaxially oriented £ilm having a

polypropylene-containing base layer and at least one skin
layer adjacent said base layer, which f£ilm is primarily.
biaxially oriented by orienting 3 to 6 times in a first
direction at a temperature of 110° to 130°C, orienting 5 to
10 times in a second direction substantially normal to said
first direction at a temperature of 130° to 160°C,
thereafter cooling said film, say, to a temperature no
greater than 100°C, and thereafter secondarily orienting
the film in the first direction 1.1 to 1.4 times at 100° to
125°c.

The present invention also relates to a method for
preparing uniaxially heat-shrinkable, biaxially oriented,
multilayer film having a polypropylene-containing core
layer comprising at least 70 wt% of said multilayer film
and at least one polyolefin-containing skin layer adjacent
said core layer. The method comprises

1) coextruding said core layer and said skin layer
through a flat die to provide a coextrudate,

2) biaxially orienting said coextrudate by orienting 3
to 6 times in a first direction at a temperature of 115° to
130°C, and orienting 5 to 10 times in a second direction
substantially normal to said first direction at a
temperature of 130° to 160°C,
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3) cooling said biaxially oriented coextrudate to a
temperature no greater than 100°C and

4) reorienting said cooled biaxially oriented
coextrudate in the first direction by 10 to 40% at 100° to

125°C.

In yet another aspect, the present invention relates
to heat-shrinkable polyolefin films which have a secondary
machine direction (MD) stretch of up to 40%, with recovery
upon the application of heat (i.e., machine direction
shrinkage) of at least 25% at 135°C, with 0 + 1%
dimensional change in the transverse direction (TD). The
present invention further relates to the preparation of
precursors of heat-shrinkable films which precursors are
biaxially oriented polyolefin films which are capable of
being secondarily oriented by stretching up to 40% in the
machine direction without tearing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts MD elongation (%) over the range of
44.7 g per linear cm to 134 g per linear cm (0.25 pli
(pounds per linear inch) to 0.75 pli) for Examples 17 and
33 to 37. _

FPigure 2 depicts haze (%) vs. core composition for
Examples 12 to 20.

Figure 3 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 40% EP-containing cores (Examples
12, 15, 18, and 20).

Figure 4 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch

(MDO2) for films having 20% EP-containing cores.

Figure 5 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine directionjptretch
(MDO2) for films having 4% syndiotactic polypfopylene-
containing cores.

Figure 6 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
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(MDO2) for films having 8% syndiotactic polypropylené-
containing cores.

Figure 7 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 5% to 10% linear low density
polyethylene (LLDPE)-containing cores.

Figure 8 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 10% and 20% ethylene-propylene-
butylene terpolymer (Chisso 7880)-containing cores.

Figure 9 depicts MD elongation at 60°C (140°F) and 134
g per linear om (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films havinq 40% EP-containing
cores.

Figure 10 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 20% EP-containing
cores.

Figure 11 depicts MD elongation at 60°C (140°F) and 134

g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 4% syndiotactic

polypropylene-containing cores.

Figure 12 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0;75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 8% syndiotactic
polypropylene-containing cores.

Figure 13 depicts MD elongation at 60°C (140°F) and 134
g per linear cm (0.75 pli) vs actual secondary machine
direction stretch (MDO2) for films having 5% to 10% linear
low density polyethylene (LLDPE)=-containing cores as well

‘as films having 20% ethylene-propylene-butylene terpolymer

(Chisso 7880)~containing cores and 100% homopolymer PP
core.
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The composition of the polypropylene-containing core
layer of the multilayer film of the present invention must
provide sufficient operability so that the film after
biaxial orientation exhibits crystallinity which is low
enough to permit the secondary orientation of the film,
which imparts the uniaxial shrinkability to the film,
without tearing. The core layer material can be a single
polypropylene homopolymer material which is sufficiently
atactic and which has a specific melting point, as
determined by the DSC (Differential Scanning Calorimetery)
method, e.g., at a heating rate of 2°C/minute.

Alternately, the core layer material can comprise a blend
of a more isotactic polypropylene with modifiers which are
polyolefin materials which are less crystallizable due to a
higher degree of chain imperfections or lower isotacticity.
Suitable DSC melting points for the core layer, blended or
not, can be less than 160°C, e.g., less than 150°C, or even
less than 140°C. |

Modifiers suited to use in the present invention
include polyolefins other than isotactic polypropylene.
The modifier can be selected from the group consisting of
atactic polypropylene, syndiotactic polypropylene,
ethylene-propylene copolymer, propylene-butylene copolymer,
ethylene-propylene-butylene terpolymer, polybutylene, and
linear low density polyethylene.

Several ways have been found to provide a
polypropylene core having a higher degree of chain
imperfections and the desired post primary orientation
crystallinity. The desired crystallinity avoids tearing of
the biaxially oriented film during secondary orientation at
stretch levels of greater than 30% or greater than 35%,
e.g., up to 40% or even up to 45%. Isotactic
polypropylene, i.e., polypropylene having less than 5%
atacticity, say less than 3% atacticity, can be combined
with almodifier, e.g., atactic polypropylene, to provide a
suitable core layer. Atactic content can be measured by a
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polymer's insolubility in boiling n-hexane with chain
imperfections being observed via NMR tests.

In one aspect of the present invention, the modifier,
e.g., atactic polypropylene, is added to the core in
amounts sufficient to provide a core layer having an
overall atacticity greater than 2%, preferably greater than
4%, greater than 5% or greater than 6%, say, e.g., 6 to-
15%. For present purposes, atactic polypropylene has an
atacticity of at least 10%, preferably at least 15%, e.gq.,
15 to 20% or 15 to 25%. Atactic polypropylene can be used
alone as the core or added to isotactic polypropylene in -
amounts such that the resulting mixture comprises 10 to 99
wtl atactic polypropylene, e.g., 10 to 30 wt$%, preferably
15 to 20 wt%. atactic polypropylene. Blends of 15 wt$g
atactic polypropylene (15% atacticity) and 85 wtt isotactic
polypropylene (of 4 to 5% atacticity) are especially
preferred.

A suitable atactic polypropylene for use in the
present invention has an atacticity of 15% which can be
added to isotactic polypropylene to provide a core mixture
'containing 15 wtt atactic polypropylene thereby increasing
overall core atacticity by 2.25 wts.

Commercially available isotactic propylene suited to
use in the present invention includes Fina 3371 from Fina
0il and Chemical Co., Chemical Div., Dallas, TX. Atactic
polypropylenes which are commercially available include

- L1300 from Novolen of BASF Corp., Parsippany, NJ.

In another embodiment, the present invention employs a
core layer which comprises polypropylene as described
above, preferably isotactic polypropylene, mixed with
polybutylene modifier to provide a core layer containing 2
to 15 wt% polybutylene, preferably 5 to 10 wt%
polybutylene. Suitable polypropylene/polybutylene-1
homogeneous blends are described in U.S. Pat. 3,808,304,
the disclosure of which is incorporated by reference
herein. This disclosure teaches blends containing from 30
to 90 weight parts of polypropylene, and correspondingly,
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from 70 to 10 weight parts of polybutene-l. Suitable
polybutylenes include PB 8430, available from Shell
Chemical Co. of Houston, TX. |

In yet another aspect of the invention, the core layer
comprises polypropylene as described above, preferably
isotactic polypropylene, mixed with ethylene-propylene
copolymer modifier, e.g., 2 to 10 wt% ethylene-propylene
copolymer, preferably 3 to 10 wtt E-P copolymer. Suitable
E-P copolymer can contain from 2 to 7 weight percent
ethylene, the balance being propylene. The copolymers can
have a melt index at 230°C generally ranging from 2 to 15,
preferably'from 3 to 8. The crystallihe melting point is
usually from 125°C to 150°C, and the number average
molecular weight is 25,000-100,000. The density is
preferably from 0.89 to 0.92 g/cm’. Suitable E-P copolymers
include EP 8573, available from Fina 0il and Chemical Co.,
Chemical Div., Dallas, TX. -

In still another aspect of the invention, the core
layer is a blend of polypropylene as described above,
preferably isotactic polypropylene, mixed with 0 to 10 wt%
ethylene-propylene copolymer, said copolymer preferably
being 50 to 100 wt% E-P copolymer which contains from 0.5
to 1 wt% ethylene, the balance being propylene. These
fractional copolymers are commercially available as ready-
mix resin containing 0.6 wt% ethylene (4173 from Fina).

In another aspect of the invention, the core layer is
a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with propylene-butylene
copolymer. The core layer can comprise 5 to 20 wtg
propylene-butylene copolymer, preferably 10 to 20 wtt.
Suitable propylene-butylene copolymers include Cefor
SRD4-105, and Cefor SRD4-104 available from Shell Chemical
Co. The core layer can comprise 5 to 20 wt$ of said
propylene-butylene copolymer as modifier.

In yet another aspect of the invention, the core layer
is a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with linear low density
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polyethylene (LLDPE). These polymers typically have a melt
index of 1 to 10. The linear low density polyethylenes
should have a density in the range 0.88-0.94g/cc,
preferably, 0.89-0.92 g/cc. The linear low density
polyethylenes may be derived from ethylene together with
other higher comonomers such as butene-1, hexene-l1 or
octene~l. The core layer can comprise 2 to 15 wt% LLDPE,
preferably 5 to 10 wt% LLDPE. Commercially available
LLDPEs include Exact 2009, Exact 2010, and Exact 3016
available from Exxon Chemical Co.

In a particularly preferred embodiment, the core layer
is a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with syndiotactic
polypropylene and, optionally, ethylene-propylene
copolymer. Syndiotactic polypropylene can be present in
the core layer in amounts ranging from 2 to 10 wt%, say, 4
to 8 wty, preferably 4 to 6 wt%, with 0 to 40 wt% ethylene-
pPropylene copolymer, preferably 0 to 20 wt$ E-P copolymer.
Suitable E-P copolymers are described above. The presence
of E-P copolymer improves MD tensile strength in the
secondary orientation step. However, E-P copolymer content
must be carefully determined inasmuch as the presence of E~
P copolymer can cause undesirable film elongation even at
lower temperaﬁures. e.g., 60°C (140°F) drying temperatures,
vhich elongation can cause registration problems during
converting processes such as printing.

The syndiotactic polypropylene used as a modifier in
the present invention can possess an isotacticity of less
than 15%, in particular less than 6%. The mean length of
sequence "n, of the syndiotactic sequences is preferably
greater than 20, more preferably greater than 25. The
molar mass distribution corresponds to the relation - S

M, =k x M,
where

M, stands for the weight average of the molar mass
distribution, '
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M, stands for the number average of the molar mass
distribution and .

k is a factor which is between 1 and 5, preferably
between 2 and 3.

The weight average is preferably between 60,000 and
250,000, in particular between 90,000 and 160,000. The
mean molar masses can be determined according to customary
methods: of these, the method of gel permeation
chromatography has proven to be particularly suitable.

Commercially available syndiotactic polypropylene
resins suited to use in the present invention include EOD
9306 and EOD 9502 available from Fina.

In yet another aspect of the invention, the core layer
is a blend of polypropylene as described above, preferably
isotactic polypropylene, mixed with ethylene-propylene-
butylene terpolymer as modifier. The core layer can
comprise 5 to 20 wti of the terpolymer. Suitable
terpolymers include those containing 3 to 5 wt% ethylene
and 3 to 6 wti butylene. Such terpolymers are available
from Chisso, under the tradename Chisso 7700 Series. Other
suitahle ethylene-propylene~butylene terpolymers include
those containing 0.5 to 3 wtt ethylene, and 13 to 20 wt%
butylene. Such terpolymers are available from Chisso,
under the tradename Chisso 7800 Series.

Suitable core layers of the present invention can
comprise recycled'polypropylane (RPP), e.g., up to 25 wt$%
RPP, preferably up to 15 wt%. RPP.

The core layer of the present invention may also
comprise a plurality of voids formed by cavitation about a
solid cavitation agent. Polybutylene terephthalate, e.g.,
in amounts comprising 4 to 8 wt% of the core layer, well-
dispersed as fine spherical particles, e.g., 0.2 to 2
microns in diameter, as described in U.S. Patents
5,288,548, 5,267,277 and U.S. Pat. 4,632,869, the contents
of which are incorporated herein by reference, is a
suitable cavitation agent. The spherical particles form
microvoids on orientation, resulting in a white opaque
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product. Such a core layer can further comprise a
supporting layer of polypropylene on one or both sides of
the core with at least one of said layers containing 4 to
15 wtt Ti0,. Further description of such use of TiO,-
containing layers is found in U.S. Pat. 5,091,236, the
contents of which are incorporated herein by reference.
Incorporation of skin layers over the supporting layers.
serves to encapsulate the abrasive Ti0, and provides a
highly opaque, five layer structure. The multilayer film
has improved functionality for printing, metallizing,
adhesives, coatings, and heat sealability. Alternatively,
clear five layer structures can be prepared by substituting
a supporting layer of polypropylene on both sides of the
core, which layer does not contain opacifying materials.

The opacity and low light transmission of the film may
be enhanced by the addition to the core layer itself of
from 1% by weight and up to 10% by weight of opacifying
compounds, which are added to the melt mixture of the core
layer before extrusion. Opacifying compounds which may be
used include iron oxides, carbon black, graphite, aluminum,
Ti0,, and talc.

A 30 micron polygage, clear film equivalent, white
opaque film described above will have a density of 0.6 to
0.75 g/ce, an'optical-cavitated thickness gauge of 36 to 45
microns and light transmission of 15 to 25% depending on
percentage of PBT dispersed and the orientation conditions,
including the extent of stretching as well as MD and TD
orientation temperatures.

The aforementioned blends of propylene and other
constituents noted above may be admixed by any suitable
means to form a homogeneous blend, such as dry mixing,
solution mixing, or mixing the two polymers together while
in a molten state or combinations thereof.

Skin_Layer .
' The skin layer of the present invention may be any of
the coextrudable, biaxially orientable heat shrinkable
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:ilmpforming resins known in the prior art. Such materials
include those discussed above which are suited to use in
the core layer, including isotactic polypropylene, atactic
polypropylene, polypropylene blended with polybutylene,
propylene-butylene copolymer, and ethylene-propylene
copolymer, including fractional E-P copolymer. 1In
addition, polyethylene or ethylene-propylene-butylene
terpolymer may be employed as the skin layer.
Ethylene~propylene-butylene random terpolymers suited to
use in the skin layers of the present invention include
those containing 1 - 5 weight percent random ethylene, 10 -
25 weight percent random butylene. The amounts of the
random ethylene and butylene components in these copolymers
are typically in the range of 10 to 25 percent total
(ethylene plus hutylehe). Typical terpolymers of this type
include those with 1 - 5 percent ethylene and 10 - 25
percent butylene.

These copolymers typically have a melt flow rate in
the range of 5 to 10 with a density of 0.9 and a melting
point in the range of 115° to 130°C.

In one aspect of the invention the skin layer is
derived from a linear low density polyethylene (LLDPE).
These polymers typically have a melt index of 1 to 10. The
linear low density polyethylenes may have a density as high
as 0.94, usually in the range 0.90 - 0.91, e.g., 0.92 or
0.91, with a melt index from 1 to 10. The linear low
density polyethylenes may be derived from ethylene together
with other higher comonomers such as butgne-l, hexene-1 or
octene-1.

Each skin layer adjacent to the core layer can range
in thickness from 0.5 to 3 microns (.02 to .12 mil),
‘preferably 0.5 to 1.0 micron (.02 to .04 mil), e.g., 0.5 to
0.75 micron (.02 to .03 mil).

Prior to incorporation in the film, e.g., before
extrusion, at least one of the skin layers can be
compounded with an anti-blocking effective amount of an
anti-blocking agent, e.g., silica, clays, talc, glass, and
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the like which are preferably provided in the form of
approximately spheroidal particles. The major proportion
of these particles, for example, anywhere from more than
half to as high as 90 weight percent or more, will be of
such a size that significant portion of their surface area,
for example, from 10 to 70 percent thereof, will extend
beyond the exposed surface of the skin layer. 1In a
preferred embodiment, the anti-blocking agent comprises
non-meltable silicone resin, e.g., particulate cross-linked
hydrocarbyl-substituted polysiloxanes. Particularly
preferred particulate cross-linked hydrocarbyl-substituted
polysiloxanes include the polymonocalkylsiloxanes. Most
particularly preferred are non-meltable
polymonocalkylsiloxanes characterized as having a mean
particle size of 0.5 to 20.0 microns and a three
dimensional structure of siloxane linkages. Such materials
are available from Toshiba Silicone Co., Ltd., worldwide,
and in the United States from General Electric Co., and are
marketed under the tradename Tospearl. Other commercial
sources of similar suitable materials are also known to
exist. Such materials are further described as non-
meltable crosslinked organosiloxane resin powders in U.S.
Patent 4,769,418. Effective amounts of the particulate
cross-linked hydrocarbyl-substituted polysiloxane anti-
blocking agent can fange from 100 to 5000 ppm, preferably
1000 to 3000 ppm, say, from 2500 to 3000 ppm, based on
loading of the resin from which the upper layer (c) is
prepared.

Reduced coefficient of friction and reduced antistatic
characteristics at the surface of the skin layer or layers
can be achieved in accordance with the disclosure set out
in U.s. Pat. 5,264,277, which discloses the use of
migratory slip agents and antistatic agents in multilayer
films. Reduced COF may also be obtained by treating one or
both skins with 2000 to 15000 ppm silicone oil.

If desired, the exposed surface of the skin layer or
skin layers can be treated in a known and conventional
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manner, e.g., by corona discharge to improve its
receptivity to printing inks, coatings, adhesive anchorage,
and/or its suitability for such subsequent manufacturing
operations as lamination.

It is preferred that all layers of the multilayer film
structures of the present invention be coextruded, after
which the film can be biaxially oriented (primary
orientation) and thereafter secondarily oriented in the
direction in which shrinkability is desired. Coextrusion

can be carried out in a multilayer melt form through a flat
die.

Primary orjentation

The multilayer coextrudate film can be primarily
oriented biaxially. Biaxially oriented film can be
stretched 3 to 6 times, preferably 4 to 5 times in a first
direction, preferably the machine direction (MD), and 5 to
10 times, preferably 7 to 8 times in a second direction
which is substantially normal to the first direction,
preferably the transverse direction (TD). Biaxial
orienting can be carried out using a conventional tenter or
stenter machine at a dfawing temperature of 100° to 140°C,
e.g., 130°C. Generally, biaxial orientation temperatures
differ for MD orientation (115° to 130°C, e.g., 120°C) and
TD orientation (130° to 160°C, e.g., 150°C). Film thickness
at this stage can range from 25 to 75 microns (1 to 3
mils), preferably 25 to 50 microns (1 to 2 mils). Cooling
of the film to temperatures below 100°C occurs prior to
secondary orientation.

Secondary Orxientation

The primarily oriented film is then reheated to 100 to
125°C, say 110 to 115°C, preferably by use of heated
cylinders and stretched an additional 10 to 40%, preferably
25 to 30%, in the first direction of orientation, e.q.,
machine direction (MD). In order to minimize compressive
stress which can adversely affect second direction heat
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stability, e.g., TD heat stability, it is desirable to
maintain a minimal distance between the reheating roll(s)
and the cooling/stretching roll(s) used in secondary
orientation. Such distances can be less than 30 cm, e.q.,
5 to 10 cm.

The resulting uniaxially shrinkable film after
secondary orientation can range in thickness from 10 to 60
microns (0.4 to 2.4 mils), preferably 20 to 40 microns (0.8
to 1.6 mils).

Simultaneous orientation

The films of the present invention can also be
prepared by orienting on a line which utilizes linear
motors to directly propel opposed pairs of tenter clips
synchronously whereby primary orienting by simultaneous
biaxial orienting is effected by accelerating along a
diverging path directly opposed pairs of tenter clips
holding the film. In other words, the film can be
primarily oriented by synchronously accelerating along a
diverging path, directly opposed pairs of tenter clips
holding the film.

Secondary machine direction orientation on the same
line can be effected alohg a parallel path subsequent to
the diverging path by simultaneously accelerating the
directly opposed pairs of tenter clips along some portion
of the parallel path. 1In other words, the film is
secondarily oriented by synchronously accelerating along a
straight path, directly opposed pairs of tenter clips
holding the film.

The film can be further stabilized by heat setting and
annealing and subsequent cooling before leaving the tenter
frame such that the resulting film will have good machine
direction stability at temperatures less than 100°C and
shrinkage at 25% or more at 135°C or greater in the machine
direction and good TD direction stability at 135°C or
below, e.g., less than 5%.
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The use of linear motors to directly propel tenter
clips to effect simultaneous biaxial stretching is further
disclosed in U.S. Pat. No. 4,853,602 to Hommes, et al.

The resulting uniaxially shrinkable film after
secondary orientation can range in thickness from 10 to 60
microns, (0.4 to 2.4 mils), preferably 20 to 40 microns
(0.8 to 1.6 mils).

Dimensional stability

The resulting uniaxially shrinkable film after
secondary orientation exhibits at temperatures of 100° to
145°C, say, 135°C, greater than 15%, preferably greater than
18%, 20%, or even greater than 25% shrinkage in the
direction of secondary orientation, e.g., machine
direction. Shrinkage is determined by measuring the
difference of sample length before and after placing the
sample, unrestrained, in a 135°C oven for 7 minutes.

Shrinkage in the direction of secondary orientation
preferably occurs with minimal variation in the direction
normal to said secondary orientation, e.g., transverse

- direction. Such variation or stability can be described in

terms of the change in length of the multilayer film in the
direction normal to the secondary orientation and can
include both expansion and shrinkage as a percentage of the
dinmension prior to heat exposure. The present invention's
films can exhibit 5% stability, preferably +3% stability,
or even +1% stability in the direction normal to that of
secondary orientation. Stability of i+5% means that the
dimension of the film normal to the direction of secondary
orientation, after heating to 135°C (275°F) shrinks or
expands no greater than 5% of the original dimension of the
£ilm at room temperature.

Elongation at lower Temperatures

Another parameter of interest is the resistance to
stretching or dimensional stability of the film after
secondary orientation in the direction of secondary
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orientation (% elongation) under common processing
conditions, e.g., print drying temperatures of 54° to 66°C
(130° to 150°F), preferably 60°C (140°F). It is desirable
to provide a uniaxially shrinkable film which is resistant
to elongation under the tensions 17.8 to 178 g per cm (0.10
to 1.0 pli (pounds per linear inch)), preferably 134 g per
linear cm (0.75 pli), and temperatures normally encountered
by the f£film during processes prior to thermoshrinking,
e.g., drying after printing. To avoid registration
problems during printing, MD elongation at 134 g per linear
cm (0.75 pli) should be less than 0.6% at 60°C (140°F),
preferably less than 0.4%. MD elongation is generally
reduced and is thus less of a problem as secondary
stretching (MD orientation) is increased.

Especially preferred films of the present invention
show minimal MD elongation and TD shrinkage at processing
temperatures of 60°C and 134 g/cm (0.75 pli), and maximum
MD shrinkage at temperatures used to effect shrinkage,
e.g., heat tunnel temperatures of 127° to 141°C (260° to
285°F), preferably 135°C (275°F) or higher, depending on
residence time.

The invention is illustrated by the following non-
limiting examples in which all parts are by weight unless
otherwise specified.

EXAMPLES
Example 1 _

Isotactic polypropylene (MP = 160°C (320°F), melt index
= 3), is melted in an extruder with a screw of L/D ratio of
20/1 to provide the core layer. A second extruder, in
association with the first extruder, is supplied with an
ethylene-propylene copolymer (2% ethylene conggnt) to
provide the skin layers. A melt coextrusion is carried out
while maintaining the cylinder of the core polymer material
at a temperature sufficient to melt the pclymer mixture,
i.e., from 232°C to 288°C (450°F to 550°F) or higher. The
E-P copolymers in the second extruder to be extruded as
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skin layers are maintained at about the same temperatﬁre as
the polypropylene used in fabricating the core layer. The
E-P copolymer of the second extruder is split into two
streams to enable the formation of skin layers on each
surface of the core layer. As may be appreciated by those
skilled in the art, rather than splitting the output of the
second extruder into two streams, a third extruder could be
used to supply the second skin layer. Such an arrangement
would be desired when the material used to form the second
skin layer is varied from that of the first skin layer,
when the thickness of the second skin layer is varied from
that of the first skin layer, etc.

A three-layer film laminate was coextruded with a core
thickness representing 95 percent of the overall extruded
thickness, with the thicknesses of the skin layers
representing 5 percent of the film thickness. The
unoriented film measured 1.3 mm (50 mils) in thickness.

The resultant film sheet was subsequently oriented 4.5 by 8
times using a commercially available sequential biaxially
orienting apparatus to provide a multi-layer £ilm
structure. The machine direction (MD) orientation is
conducted at 127°C (260°F) and the transverse direction (TD)
orientation is conducted at 149°C (300°F). The resultant
film is thereafter collected or secondarily oriented by
stretching on a heated roll (230°F) directly after the TD
orienter. Samples are collected which are secondarily
oriented by MD stretching at 0%, 10%, 20%, 25% and 30%
based on secondary orienter settings (roll speed). The
resulting samples were tested for dimensional stability at
107°C, 116°C, and 135°C (225°F, 240°F, and 275°F), haze (%
light transmission) and evaluated with respect to
operability, i.e., the tendency of the film to split or
otherwise fail while undergoing secondary orientation. The
results of the tests are set out in Tables 1 and 2 below.
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Exanple 2
Example 1 was repeated except that the polypropylene

of the core layer was modified by adding 5 wt% ethylene-
propylene copolymer (Fina E-P 8573).

Example 3

Example 1 was repeated except that the polypropylene
of the core layer was modified by adding 10 wt% ethylene-
propylene copolymer (Fina E-P 8573).

Exanple 4 (Comparative)

Example 1 was repeated except that the polypropylene
of the core layer was substituted with a high crystalline,
high isotacticity polypropylene. The high crystallinity
polypropylene was Fina 3576X. The resulting multilayer
film was difficult to secondarily orient and exhibited poor
operability. -

Example S

Exanmple 1 was repeated except that the polypropylene
of the core layer was modified by adding 3 wtt% polybutene-1
polymer (Shell 8430).

Example 6

Example 1 was repeated except that the polypropylene
of the core layer was modified by adding 5 wt% polybutene-1
polymer (Shell 8430).

Example 7

Example 1 was repeated except that the polypropylene
of the core layer was modified by adding 10 wtt polybutene-
1 polymer (Shell 8430). s

Example 8

Example 1 was repeated except that the polypropylene
of the core layer was substituted by fractional copolymer
of ethylene and propylene (0.6 wt% ethylene) (Fina 4371).
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Example 9

Example 1 was repeated except that the isotactic
polypropylene of the core layer was modified by the
addition of atactic polypropylene (15% atacticity) to
provide a mixture containing 25 wt$ atactic polypropylene
(Novolen L1300, available from BASF). '

Example 10

Example 1 was repeated except that the isotactic
polypropylene of the core layer was modified by the
addition of atactic polypropylene (15% atacticity) to
provide a mixture containing 50 wt} atactic polypropylene
(Novolen L1300, available from BASF).

Example 11

Example 1 was repeated except that the isotactic
polypropylene of the core layer was modified by the
addition of atactic polypropylene (15% atacticity) to
provide a mixture containing 15 wt% atactic polypropylene
(Novolen L1300, available from BASF).

These examples demonstrate that films whose core
layers are comprised of polypropylene having low inherent
crystallinity, or polypropylene modified by addition of
atactic polypropylene, polybutene-l, E-P copolymer, or
fractional E-P copolymer, so as to provide a core layer of
lower crystallinity, can be effectively secondarily
oriented to provide uniaxially shrinkable films acceptable
dimensional stability along the other axis.

Examples 12 to 37
Core: For this series of experiments, isotactic
polypropylene (MP = 160°C (320°F), melt index = 3), Fina a

3371, available from Fina, is employed as the isotactic
propylene homopolymer component of the core layer. In
Examples 12 to 19, 21 to 24, and 32 to 37, modifiers such
as syndiotactic polypropylene alone, ethylene-propylene
copolymer alone and mixtures thereof are added to the core
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layer in the amounts shown in Tables 3 and 4 (relating to
Examples 12 to 25 and Examples 26 to 37, respectively).

Examples 12 to 19 and 21 to 24 utilize EOD 9306,
obtained from Fina, as the syndiotactic polypropylene,
while Examples 32 to 37 utilize EOD 9502, obtained from
Fina. The E-P copolymer used is Fina 8573, also available
from Fina.

Example 20 relates to a film having a core of 100%
isotactic polypropylene (( to 5% atacticity).

Example 25 relates to a £ilm having a core containing
15 wty atactic polypropylene having an atacticity of 15 wt$
as modifier (Novolen 1300L, available from BASF) providing
an added overall core atacticity of 2.25 wt%.

Examples 26 to 29 relate to a £ilm having a core
containing 5 wt% to 10 wt% linear low density polyethylene
(LLDPE) utilizing Exxon 2009 or Exxon 3016 LLDPE, available
from Exxon Chemical Co.

Examples 30 and 31 utilize 10 wt% to 20 wt} ethylene-
propylene-butylene terpolymer modifier in the core (Chisso
7880, available from Chisso).

The core component(s) were melted in an extruder with
a screw of L/D ratio of 20/1 to provide the core layer. A
second and third extruder, in association with the first
extruder, is supplied with an ethylene-propylene-butylene
terpolymer (Chisso 7701, (3.3% ethylene, 3.8% butylene
content, MFI = 5.1)) to provide the two skin layers, one of
wvhich contains 2000 ppm Tospearl, a
polymethylsilsesquioxane non-meltable silicone resin, as
antiblock. A melt coextrusion was carried out while
maintaining the cylinder of the core polymer material at a
temperature sufficient to melt the polymer mixture, i.e.,
from 232°C to 288°C (450°F to 550°F) or higher. . The
terpolymers in the second extruder and third extruder to be
extruded as skin layers were maintained at the same
temperature as the components used in fabricating the core
layer. The two streams of E-P-B terpolymer of the second
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and third extruder enable the formation of skin layefs on
each surface of the core layer. : '

A three-layer film laminate was coextruded with a core
thickness representing 95 percent of the overall extruded
thickness, with the thicknesses of the skin layers
representing 5 percent of the film thickness. The
unoriented film measured 1270 microns (50 mils) in
thickness. The resultant film sheet was subsequently
oriented 4.5 by 8 times using a commercially available
sequential biaxially orienting apparatus to provide a
multi-layer film structure. The machine direction (MD)
orientation is conducted at 127°C (260°F} and the transverse
direction (TD) orientation is conducted at 149°C (300°F).
The resultant film is thereafter collected or secondarily
oriented by stretching on a roll heated at 110°C (230°F)
directly after the TD orienter. Samples are collected
which are secondarily oriented by MD stretching. Secondary
MD stretch can be measured as the percentage of increase in

length of the film after secondary orientation. Such

secondary stretch can be reported as either i) roll speeds
of the secondary orienter (computer) or preferably, ii)
actual stretching as determined by the difference in f£ilm
speeds as measured by tachometers measuring film speeds at
the rollers before and after the secondary stretching zone.
Computer settings range from above 0% to 40% while actual
secondary stretching ranges (which are devoid of slippage
error) are somewvhat lower (ranging from above 0 to 30%).
Both computer and actual secondary stretch are indicated in
Tables 3 and 4. .

The terpolymer skin on one side of the film was corona
discharge treated while the terpolymer skin on the other
side contained 2000 ppm of a polymethylesilsesquioxane
material, Tospearl, which was added prior to coextrusion.

The resulting samples were tested for dimensional

‘stability (shrinkage(-) or expansion(+)) in machine

direction (MD)--i.e., the direction of secondary
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orientation, as well as transverse direction (TD) at 99°C,
116°C, and 135°C (210°F, 240°F, and 275°F).

_ MD Tensile of the samples was measured three ways
using ASTM D-882--Modulus (1000 pounds per square inch
(KSI), 70.4 kg per square centimeter), Tensile Elongation
(%) and Ultimate (KSI). The results of all three methods
are set out in Tables 3 and 4. .

MD elongation at 60°C (140°F) was measured at 44.5
grams per linear cm (0.25 pli (pounds per linear inch)),
89.0 grams per linear cm (0.50 pli), and 133.5 grams per
linear cm (0.75 pli). The results are set out in Tables 3
and 4. Figure 1 depicts MD elongation (%) over the range
of 44.5 grams per linear cm to 133.5 grams per linear cm
(0.25 pli to 0.75 pli) for Examples 17 and 33 to 37.

Figure 1 shows that elongation at higher tension (44.5 g/cm
(0.75 pli)) generally increases with E~-P copolymer content
and syndiotactic polypropylene content.

Haze (% light transmission) was measured by ASTM D-
1003 and is set out in Tables 3 and 4. Figure 2 depicts
haze vs. core composition for Examples 12 to 20. At high
levels of syndiotactic polypropylene alone (8%), haze is
high while addition of ethylene-propylene copolymer reduces
haze somewhat. Lower levels of syndiotactic PP copolymer

- (43%) provide acceptable haze levels which are further

reduced by EP copolymer addition to levels below that of
100% homopolymer core alone.

Figure 3 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2)} for films having 40% EP-containing cores (Examples
12, 15, 18, and 20 having cores of 8% syndiotactic PP + 40%
EP copolymer, 4% syndiotactic PP + 40% EP copolymer, 40% EP
copolymer, and 100% homopolymer PP (Comparative),-
respectively. Secondary orientation (MDO2 stretch) for
100% homopolymer is limited to 19%. The greatest MDO2
stretch was obtained for Example 12, 8% syndiotactic PP +
40% EP copolymer, while the greatest shrinkége at 138°C
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(275°F) was obtained for Example 18 which contained 40% EP
copolymer alone as modifier in the core.

Figure 4 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 20% EP-containing cores (Examples
13, 16, 19, and 20 relating to films having cores of 8%
syndiotactic PP + 20% EP copolymer, 4% syndiotactic PP +
20% EP copolymer, 20% EP copolymer, and 100% homopolymer PP
(Comparative), respectively.) The greatest MDO2 stretch
and MD dimensional stability (shrinkage at 135°C (275°F))
was obtained for Example 13 (8% syndiotactic PP + 20% EP
copolymer) and Example 16 (4% syndiotactic PP + 20% EP
copolymer). Overall, the 20% EP-containing materials while
exhibiting less MDO2 stretch than the 40% EP-containing
materials of Figure 3, exhibit comparable or greater
shrinkage at 135°C (275°F).

Figure 5 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 4% syndiotactic polypropylene-
containing cores (Examples 15, 16, 17, and 20 having cores
of 4% syndiotactic PP + 40% EP copolymer, 4% syndiotactic
PP + 20% EP copolymer, 4% syndiotactic PP, and 100%
homopolymer PP (Comparative), respectively.) High
secondary orientation (MDO2 stretch) of 32% was obtained
for Example 15, (4% syndiotactic PP + 40% EP copolymer)
although Example 17 containing 4% syndiotactic PP alone as
core modifier exhibited MDO2 stretch nearly as high (27%)
while obtaining the same shrinkage as Example 15 (25%).

Figure 6 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 8% syndiotactic polypropylene-
containing cores (Examples 12, 13, 14, and 20 having ‘cores,
of 8% syndiotactic PP + 40% EP copolymer, 8% syndiotactic
PP + 20% EP copolymer, 8% syndiotactic PP, and 100%
homopolymer PP (Comparative), respectively.) Relative to
the 4% syndiotactic polypropylene-containing cores of
Figure 5, somewhat lower secondary orientations (MDO2
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stretch) (26% and 27%) were obtained for Examples 12 and
14, (8% syndiotactic PP + 40% EP copolymer and 8%
syndiotactic polypropylene) although Example 14 containing
8% syndiotactic PP alone as core modifier exhibited MDO2
stretch nearly as high as the 4% syndiotactic
polypropylene-containing £ilms in Pigure S. .

Figure 7 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 5% to 10% linear low density
polyethylene (LLDPE)-containing cores (Examples 26, 27, 28,
and 29 having cores of 5% Exxon 2009, 10% Exxon 2009, 5%
Exxon 3616, and 10% Exxon 3016, respectively.) High
secondary orientation (MDO2 stretch) (30%) was obtained for
Example 28 and all Examples exhibited MDO2 stretch of 24%.

Figure 8 depicts MD dimensional stability at 135°C
(275°F) vs actual secondary machine direction stretch
(MDO2) for films having 10% and 20% ethylene-propylene-
butylene terpolymer (Chisso 7880)-containing cores
(Examples 30 and 31, respectively). High secondary
orientation (MDO2 stretch) (about 30%) and MD dimension
stability of 26% was obtained for Example 31.

Figure 9 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 40% EP-
containing cores (Examples 12, 15, 18, and 20 having cores
of 8% syndiotactic PP + 40% EP copolymer, 4% syndiotactic
PP + 40% EP copolynef, 40% EP copolymer, and 100%
homopolymer PP (Comparative), respectively. All 40% EP
copolymer-containing cores exhibited high MD elongation
compared to the homopolymer-containing core.

Figure 10 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary -#
machine direction stretch (MDO2) for films having 20% EP-
containing cores (Examples 13, 16, 19, and 20 relating to
films having cores of 8% syndiotactic PP + 20% EP
copolymer, 4% syndiotactic PP + 20% EP copolymer, 20% EP
copolymer, and 100% homopolymer PP (Comparative),
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respectively.) All 20% EP copolymer-containing cores
exhibited slightly higher MD elongation compared to the
homopolymer-containing core.

Figure 11 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 4%
syndiotactic polypropylene-containing cores (Examples 15,
16, 17, and 20 having cores of 4% syndiotactic PP + 40% EP
copolymer, 4% syndiotactic PP + 20% EP copolymer, 4%
syndiotactic PP, and 100% homopolymer PP (Comparative),
lrespect10ely.) The film of Example 17 containing 4%
syndiotactic polypropylene alone exhibited excellent MD
elongation properties even at high MDO2 stretch levels.

Figure 12 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 8%
syndiotactic polypropylene~containing cores (Examples 12,
13, 14, and 20 having cores of 8% syndiotactic PP + 40% EP
copolymer, 8% syndiotactic PP + 20% EP copolymer, 8%
syndiotactic PP, and 100% homopolymer PP (Comparative),
respectively.) The film of Example 14 containing 8%
syndiotactic polypropylene alone exhibited excellent MD
elongation properties even at high MDO2 stretch levels.

Figure 13 depicts MD elongation at 60°C (140°F) and
133.5 grams per linear cm (0.75 pli) vs actual secondary
machine direction stretch (MDO2) for films having 5% to 10%
linear low density polyethylene (LLDPE)-containing cores
(Examples 26, 27, 28, and 29 having cores of 5% Exxon 2009,
10% Exxon 2009, 5% Exxon 3016, and 10% Exxon 3016,
respectively) as well as films having 20% ethylene-
propylene-butylene terpolymer (Chisso 7880)-containing
cores and 100% homopolymer PP core (Example 31 and Example
20 (Comparative), respectively). Figure 12 shows that
LLDPE~containing cores exhibit better MD elongation
characteristics than do terpolymer-containing cores.

It will be apparent to those skilled in the art that
the specific embodiments discussed above can be
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successfully repeated with ingredients equivalent to those
generically or specifically set forth above and under
variable process conditions. From the foregoing
specification, one skilled in the art can readily ascertain
the essential features of this invention and without
departing from the spirit and scope thereof can adapt it to
various diverse applications.
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TABLEZ

DIMENSIONAL STABILITY (116°C 260')

DIMENSIONAL STABILITY (107°C (225'F)
CORE owMp0z | tosMDOz | 20nMpoz | 2s%MDOz | % MDOZ | 0% 0% 20% 25% 0%
mpoz | Mpoz | Mpoz | Mpoz | MpO2
PP MD <] -38 .52 .87 . 107 .25 .6 |00 . .95 l
1) +02 +17 +33 . +30 +07 +17 J+33 . +43
PP+SSEPMD | -27 -6 -9 133 .29 -61 -100 . 145
™ + . + 2 +29 +32 +a J+r9 |33 | - +53 |
PP+10%REPMD | - 2 .85 -100 . 122 .27 .59 128 . 133
™ + 3 +19 +31 . +42 +2 +20 [+42 . +50
PP High- MD [ -15 67 -100 . . .23 .15 112 . .
eyt TD 0 +22 +33 . . +02 e23 |+3s . .
PP43%PB MD | -30 <11 120 . 49 -3 -85 133 . 165
™ -1 + 1 _ 3 - +43 «32 + 0 +19 - +35
PP+SHPBMD | -27 .33 123 150 33 |-ss {3 | - ]S |,
™ .13 + 9 +30 .49 .30 .30 +20 . 42 T
PP+10%PBMD | - 30 -85 123 . 453 .33 .81 1.7 . o165
1 .23 +07 +29 . +45 -37 .01 +15 . +37
Frsct. MD . - . a7 . - . 133 .
copo TD - - . +137 . - . +33 . 1
0"+1s* MD - - - .’u L] - - - -“‘o -
ATAC. TD . . . +33 . . . . +33 .

P98E£E/96 OM
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TABLE 3
Example Core Conp MDO2 Dim. Stah Diss. Stk DimStoh. | MD TENSILE | Ultlste MD Elougetisn Hem
swoirn) | 11eciem | ycRIen | Modulus | Elosgation °C (10N)
Computer Toch |MD T™ [MD T |MD T | (KSD) % &sh aspli o aspl | (M
12 8% SyndioPP+ | O 2 47 J08 |29 Jo02 §43 J40 J109 254 152 3 o5 | 188 |3
(4% EP 20 179 93 [ +«13 w7 fos [-180 |29 | 205 169 163 A | s |3
Copolymer)
2 24 406 | +15 | 167 Jo23 |10 [25 | 198 160 162 138 am |8 32
3 263 a19 | +22 [ 197 | e20 | 225 |15 | 198 11 164 - . 36
13 0% Syndio. PP+ | O 13 23 [eos |37 |12 Js3 J67 jus 183 167 338 6 9 3s
20% EP Coplym. | 20 120 |95 |19 |12 J 412 ]-167 33 |28 us 1S . 23 |5 |33
28 1S 13 | +20 ] 50 | +20 |87 |30 |20 129 188 A13 515 | 50 33
30 182 424 | +20 [ 173 | 420 [-208 |30 {20 130 196 . a8 | 313 |
38 201 432 | +29 1203 | +30 | -232 |20 | 250 124 205 . 08 |2 a
" S tr |0 0 33 J02 |23 20 |42 722 |22 187 188 338 S62 |83 fa2
20 120 07 | +17 |28 | +10 |58 |35 |3 k)] 206 . ¥ ] 313 a4
25 us S5 | +23 |47 |15 |82 |27 |29 130 ni . ms | s s
30 182 427 | +32 | 163 | ¢30 | 187 | +07 | 283 130 29 . - 863 | 43
3 231 440 | 430 | 192 | 430 | 227 |04 | 292 1o 21 - . an |4
40 73 51§ ¢33 [ 202 ] 433 J 253 | +10 | 301 9 26 . - as |
18 4% Yyndia.PPe | O o 140 Jo a1 |09 [29 |55 |95 262 156 563 915 | j23
0% EP 2 180 90 | +12 [-133 Jer0 162 |34 |20 158 155 . M | s fa2e
Copolym.
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TABLE 3 (CONTD)

Exemple | CormComp. Mooz Diss. Stab Dism. Bisb, Dimsuh | MD | TENSHLE | UNtmete D Elengation
sCaie) | 1HECIOT) | 13CRIST | Medulus | Elongatien 6°C (140°F)
Conpulsr  Toch MpP T MD W MD TD (XSh %) (xs) aspi Sopu I5p8 | W)
{1 221 149 | +10 e | 407 197 J 28 |20 178 183 o |4 m |2

2 239 |24 | +14 Jaso | e20 |25 j22 | Ms 183 . 2 $ 26

38 s | -s | 412 Jase [ 417 | 250 J 20 |26 129 188 . 2 |se |

16 B Smdia?P+ |0 04 48 | o 20 |20 |39 |10 |8 200 179 3 5 98 |23
20% EP 20 128 | 102 | +19 |-133 | ers |t60 J 32 | 268 154 194 . ass |4 |22

Copolym.

28 s |13 | eas |as2 |ea2 |09 |22 |29 150 208 . s |3 |22

2 182 |24 | 433 |20 Jes2 |10 Ja2 |2 23 201 . ms |2 |

3s 201 |48 | +32 105 | +37 | 230 |12 26 ” 209 . 3 a3 |23

1 WSpserr |0 o a1 o3 |23 J19 a2 |12 |28 m 191 s Jaes s |27
20 120 |00 | +24 |24 Je20 Jas7 j20 | 160 21 . as |4 26

2 s Qous | +32 | s Jeas a7 |00 (W 0 214 . 063 |2 |2

'Y ) 138 | 432 | -1e9 | +33 | -202 | +02 28 126 208 . . fass |2

3s 721 |43 | 433 | 194 | 430 | 210 | 402 | 302 108 73 . . Jas |2e

© 213 62 | +33 |24 | 433 [.2s0 | +04 | 38 101 76 . . fas |27

1 40% EP Copolym | © 0 a1 |03 |1z Jo 30 |52 [us ns 162 4 s Jums |24
2 173 s |15 |16 |17 |12 |25 |22 19 1 03 s |ees |26

15 82 |7 |«1s |52 |47 Jas3 |19 |28 168 193 . 28 |ss |28
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—Gz——

SPre0/96SA/LOd




TABLE 3 (CONTD)

Essmple Core Comp. MDOS Dim. $tabs Dim. Siah. Dimgtab | MD | TENSILE | Uitimete MD Ham
99°C(210°F) 1tecen | 1357001°N | Medelus | Blongation @'C P
Coupter Tob [0 ™ [wD T M0 ™ j@sm | asn | aspu s aspl | (W
3 212 l-130 [ +20 [ 479 [ s19 J212 |20 |22 156 199 . a2 |4 27
38 252 | -13a | 24 | 490 | 422 |20 |12 |29 138 n2 . a8 | A 22
1 20% EP Copolym | 0 0 as Jo3 |23 |48 |39 |15 | 182 194 315 {63 |0 |22
20 s 199 |+20 |93 ]+13 |63 |30 J24 1 nm . 28 |4 |24
2 155§ -120 | e25 | 152 | +22 |89 29 |20 136 18 . oes |3 |2
30 92 a0 | +2s fa70 | e2s | 209 Ja4 |27 127 74 . os s Ju
20 100% Homopol. | O 0 01 |o 40 |ar |22 |29 | ™ m 202 20 Jas |en3 |3
20 124 27 [ +19 |18 | 423 |43 | e03 | 29 187 s . 1 215 |3
2s w64 |87 | eas | 138 | +2s | 167 ] s07 | 28 150 211 - o5 |as |27
30 92 1125 | +30 | 455 | 433 | -189 | 420 1 T n¢ . ms |as |2
2 8% Syndio PP | 38 1 25 | o34 | ass | oes 200 | o33 o0 1] 188 - ms a2
71 8% Syadio PP+ | 38 n ass | sa2 | n0 | ea2 | 253 | 403 | 200 95 197 . 063 |as |4
20% EP .
3 6% Syndio. PP+ | 38 2 ass | 430 [ 7 Jear Jass Jos Jost 108 204 - wms |3 X1
20% EP
M 6% Syndio. PP+ | 30 19 it | o232 | 192 [ +37 | B2 | e0s |20 10 23 . . s {3
10% EP
25 2.25% Added () . 61 |25 | 269 152 a3 J19
Atacticity .
seference 2 - 403 | +27 [ 137 | +24 | 1S | s0s | 20 133 n2 2
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TABLEA
Ezompls | Core Comp. MDO2 DimStab Diss. Stobs Dim.Suh | MD TENSILE | Uiimato MD Cleagetion Ham
wc aion | 16cewn | 5o | Vedeiss | Elengsties sronen

Coupnisr  Toch Mp TD M MD T sh) » (xsh) asph Sop aspH | (W)

2 $% LLDPE ] 21 40 |0 41 |40 |25 |53 s 198 205 2 s | me |5t
(EXXON2000) | 20 13 83 | +20 | 120 Jor9 |53 |45 |21 160 22 0 ns jan |ss

25 s |08 | vz |03 [ sz0 |29 a2 om0 140 21 ° 1 |3 |se

30 1S 420 | +30 | 163 | «22 | 204 |04 |29 132 238 ) ¥ as 53

3s 204 39 | +27 | 180 | +32 |25 | 407 | 30 1s 08 0 ns |3 |so

40 256 446 | +33 |99 | #33 |23 | e07 | 28 u? 250 (] o5 248 fay
27 10% LLDIR 0 0 07 | a3 a3y jar Je7 | 182 197 B £0 85 | w00
(EXXON 2000) | 25 153 02 | +2 ] -M2 ] 42 479 |19 W 133 n6 0 as § M 110

35 n2 130 § 420 | 185 | +33 s |05 2 m n1 0 [ 3 95

o 254 q37 | +29 | 200 | 433 J-239 O m 103 us 0 0ss a5 |93

] $% LLDPE (1 ] 4 Jo a1 [a1 |33 |61 @ " n3 2 Ml 43
(EXXON3016) | 23 s q12 | +27 | -ue | 426 | -187 | 09 3 130 n? ° a3 | ass |7

© 23 447 | +40 | 192 | 410 | -39 | 409 | 30 m 250 0 0 ass L 4s

2 10% LLDPE (} ° a4 0 las |42 |30 Ja2 |20 m 198 24 ns | 88 Y]
(EXXON3016) | 28 138 110 | 424 43 |a20 g0 Ja3 |23 120 n4 0 Jos f s | os

) ] 24 453 | +38 | 200 | +40 |37 | 403 )20 105 us 0 05 25 95

b ] 10% Chino 7830 | O 0 a1 leo |20 |as |37 |45 |28 200 192 ass 5 3 4
28 158 9 e22 | 123 | 19 | s |23 2% 153 73 0 2 415 | 4s

SHE0/968N/LId
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TABLE 4 (CONTD)
xemple | Core Comp MDO2 DimSish Dias. Stah. Diss. Stsb. MD TENSILE | Unimete MD Elongation Hame
e (a10'n) | necpwwn | 1390010 | Medvies Zicugstion SCHIR)

Compater  Toch Mb 10 MD T Mp T (XSt ) 1xsn asph  Sepi Jspl | (%)
n 20% Chisso 7680 | © 13 a1 02 127 |-t0 30 |56 Jau 11 182 » k7] 928 |60

2 138 4s [ s20 | 122 | 017 |60 J20 j228 172 208 5 3 | » 60

2 153 #s | +21 |39 | e22 |a8s j13 |26 1% 210 0 s |32 60

0 186 12 +23 [ 965 | +2¢ |10 J02 M " n4 0 2 A1 | 58

40 n3 247 | +27 200 | +33 | 287 | «05 |20 132 73 0 o a2 &
n 4% BOD 9502 0 1 a1 143 a7 a0 33 Js0 |20 208 187 25 Ms Jos |28

38 n a3 | +27 |83 [ o7 [ 2s f o7 |20 %5 239 0 0 ns |28
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CLAINS: _

1. A uniaxially heat-shrinkable, biaxially oriented,
multilayer film having a polypropylene-containing core
layer and at least one polyolefin-containing skin layer
adjacent said core layer, said core layer containing
isotactic polypropylene and a modifier which reduces the
crystallinity of the polypropylene by increasing chain.
imperfections or reducing isotacticity of the
polypropylene-containing core. :

2. The multilayer £ilm of claim 1 wherein said
modifier is a polyolefin other than isotactic
polypropylene. . .

3. The multilayer film of claim 2 wherein said
modifier is selected from the group consisting of atactic
polypropylene, syndiotactic polypropylene, ethylene-
propylene copolymer, propylene-butylene copolymer,
ethylene-propylene~butylene terpolymer, polybutylene, and
linear low density polyethylene.

4. The multilayer film of claim 3 wherein said
modifier is selected from the group consisting of
syndiotactic polypropylene and ethylene-propylene
copolymer. '

5. The multilayer f£ilm of claim 4 wherein said
polypropylene-containing core layer contains as said
modifier 4 to 8 wt% syndiotactic polypropylene and 0 to 20
wtt ethylene-propylene copolymer.

6. The multilayer film of claim 5 wherein said
polypropylene-containing core layer contains as said
modifier 4 to 8 wt%t syndiotactic polypropylene and 0 wtg
ethylene-propylene copolymer.

7. The multilayer film of claim 6 wherein said
polypropylene-containing core layer contains as saia ..
modifier 4 to 6 wt% syndiotactic polypropylene and 0 wts
ethylene-propylene copolymer.

| B O



10

is

[ * c L " y *

WO 96/33864 ' PCT/US96/03448

8. 'The multilayer film of claim 3 wherein said
polypropylene-containing core layer contains 10 to 30 wt%
atactic polypropylene as said modifier.

9. The multilayer film of claim 3 wherein said
polypropylene-containing core layer contains 15 to 30 wt%
atactic polypropylene having an atacticity of 15 to 20%, as
said modifier.

10. The multilayer film of claim 3 wherein saia
modifier comprises propylene-butylene copolymer.

11. The multilayer film of claim 10 wherein said core
layer comprises 5 to 20 wt% of said propylene-butylene
copolymer as modifier.

12. The multilayer film of claim 3 wherein said
modifier comprises linear low density polyethylene.

13. The multilayer film of claim 12 wherein said core
layer comprises 5 to 10 wtt of said linear low density
polyethylene having a density of 0.89 to 0.92 g/cc as
modifier.

14. The multilayer f£ilm of claim 3 wherein said
modifier comprises ethylene-propylene-butylene terpolymer.

15. The multilayer film of claim 14 wherein said core
layer comprises 5 to 20 wt% of said terpolymer, said
terpolymer comprising 3 to 5 wtt ethylene, and 3 to 6 wt%
butylene. '

16. The multilayer film of claim 14 wherein said core
layer comprises S5 to 20 wtt of said terpolymer, said
terpolymer comprising 0.5 to 2.5 wt% ethylene, and 3 to 20
wtt butylene. ,

17. 'The multilayer film of claim 1 wherein said film
is capable of greater than 15% shrinkage at 100° to 145°C
in a first direction with +5% stability in a second
direction substantially normal to said first direction.

18. The multilayer film of claim 17 wherein said core
layer comprises polypropylene having a MFI of 2 to 4, and
said film is capable of greater than 25% shrinkage at 135°C
in a first direction with 13% stability in a second
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direction substantially perpendicular to said first
direction. _

19. The multilayer film of claim 1 wherein said core
layer comprises 2 to 15 wt$% polybutylene.

20. The multilayer film of claim 1 wherein said core
layer comprises a plurality of voids formed by cavitation
about a solid cavitating agent.

' 21. The multilayer film of claim 1 wherein said core
layer contains 4 to 8 wty polybutylene terephthalate (PBT)
dispersed as particles of 0.2 to 2.0 microns diameter.

22. The multilayer £ilm of claim 1 wherein said core
layer comprises a polypropylene supporting layer containing
4 to 15 wt% TioO,.

23. The multilayer film of claim 1 wherein said core
layer comprises 2 to 10 wt% ethylene-propylene copolymer.

24. The multilayer film of claim 1 wherein said
polypropylene-containing core layer comprises an ethylene-~
propylene copolymer containing 0.5 to 1.0 wt% ethylene.

25. The multilayer film of claim 1 wherein said
polypropylene-containing core layer has an overall
atacticity of at least 4%.

26. The multilayer film of claim 25 wherein said
polypropylene comprises a mixture of 70 to 90 wtt% isotactic
polypropylene and 10 to 30 wt% of polypropylene having
atacticity ranging from 15 to 20%.

27. The multilayer film of claim 1 wherein said core
layer comprises up to 25 wt% recycled polypropylene (RPP).

28. The multilayer film of claim 1 which is primarily
oriented by biaxially orienting 3 to 6 times in the machine
direction, and 5 to 10 times in the transverse direction,
and secondarily oriented by reorienting an additional 10 to
40% in the machine direction. v

29. The multilayer film of claim 28 wherein said film
is primarily oriented by synchronously accelerating
directly opposed pairs of tenter clips holding said film,
along a diverging path.
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30. The multilayer f£film of claim 29 wherein said £ilm
is secondarily oriented by synchronously accelerating saia
directly opposed pairs of tenter clips holding said £ilm
along a straight path.

31. The multilayer film of claim i wherein said skin
layer is selected from at least one of the group consisting
of polypropylene, ethylene-propylene copolynmer,
polyethylene, propylene-butylene copolymer, and ethylene-
propylene-butylene terpolymer, said skin layer having a
thickness of 0.5 to 1.0 micron.

32. The multilayer £ilm of claim 31 wherein said skin
layer contains a non-meltable silicone resin.

33. The multilayer f£film of claim 1 which is treated
on at least one side by flame or corona discharge.

34. A method for preparing a uniaxially heat-
shrinkable, biaxially oriented, multilayer f£ilm having a
polypropylene-containing core layer comprising at least 70
wtt of said multilayer film and at least one polyolefin-
containing skin layer adjacent said core layer which method
comprises ' -

1) coextruding said core layer and said skin layer
through a flat die to provide a coextrudate,

2) biaxially orienting said coextrudate by orienting 3
to 6 times in a first direction, and orienting 5 to 10
times in a second direction substantially perpendicular to
said first direction,

3) cooling said biaxially oriented coextrudate to a
temperature no greater than 100°C and

4) reorienting said cooled biaxially oriented
coextrudate in the first direction by 10 to 40% at 100 to
125°C.

35. ‘The method of claim 34 wherein said biaxial
orienting is carried out in the first direction at a
temperature of 110° to 130°C, and in the second direction
at a temperature of 130° to 160°C.
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36. The method of claim 34 wherein said biaxial
orienting is carried out by synchronously accelerating
directly opposed pairs of tenter clips holding said f£ilm,
along a diverging path. '

37. The method of claim 36 wherein said reorienting
is carried out by synchronously accelerating directly
opposed pairs of tenter clips holding s;id £ilm, along a
straight path.

38. The method of claim 37 which further comprises
directly propelling said tenter clips using linear motors.

39. The method of claim 34 wherein said core layer
and skin layer are coextruded with a skin layer selected
from the group consisting of polypropylene, ethylene-

~ propylene copolymer, polyethylene, and ethylene-propylene-
butylene terpolymer, said skin layer having a thickness of
0.5 to 1.0 micron.

40. A uniaxially heat shrinkable, multilayer,
biaxially oriented film composition comprising

a) a heat shrinkable polypropylene-containing core
layer having a DSC melting point of less than 160°C, and

b) at least one heat shrinkable polyolefin-containing
skin layer, said film being capable of greater than 20%
shrinkage at 135°C in a first direction with +1% stability
in a second direction substantially normal to said first
direction.



