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Blends of Polypropylene and Ethylene
Copolymer and Films Made from the Blend

The present invention pertains to compositions for
making packaging film, and more particularly to a thin
polymeric film suitable for replacing polyvinyl chloride £ilm
especially in packaging applications.

Polyvinyl chloride (PVC) has long been used in many
\applications in the packaging art. One particularly wide-
spread application for PVC is the use of such material as an
overwrap material for trayed retail cuts of meat and other
food products in a retail environment such as a supermarket.

PVC has several desirable properties for this use.
For example, it has excellent burn-through resistance, optics
and good . elasticity and stretch properties at use tempera-
tures. -

Unfortunately, PVC also has several disadvantages,
.including the production of hydrogen chloride gas during heat
sealing and the generally corrosive effects: of such gases in
the packaging room. Extractables from the PVC into the pack-
aged food product have also become of concern.

It would be of great benefit to the packaging indus-
try, and particular to applications requiring an instore f£ilm
for overwrapplng trayed food products, to prov1de a film with
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The inventors have discovered that a blend of
propylene polymer or copolymer, and ethylene copolymer, is
useful in improving the burn-through resistance of a film
made from the blend.

The inventors have also discovered that a relative-
1y thin polymeric £ilm, including a layer of the blend com-
bined with an outer heat sealable layer, can be made using
the inventive blend.

Processes for producing oriented films, and orient-
ed films themselves are disclosed in many patents including
the following patents of interest.

U. S. Patent No. 3,456,044 {(Pahlke) mentions thin
'films of thicknesses less than 1 mil such as 0.5 mils, and
discloses a double bubble method for biaxially orienting
thermoplastic films including the steps of producing a prima-
ry tubing which-is inflated by introducing air into the inte-
rior thereof, and a cooling ring 22, as well as squeeze rolls
34 and 28, with rolls 34 having a greater speed than rolls
28. Between the two pairs of squeeze rolls is a reinflated
secondary bubble. If annealing is desired, the tubing can be
reinf.la_ted to form a bubble 70.

U. S. Patent No. 3,555,604 (Pahlke} is a patent
based on a divisional application which was derived from the
same priority application as the '044 patent described above,
and discloses the same information described above for the
'044 patent.-

U. S. Patent No. 4,258,166 (Canterino et al) dis-

Closes a uniaxially oriented plastic film material with im-
Proved strength and clarity in the direction of orientation

T

Sheet Has Been RTlaced

T




e ————y L

:%jbﬁﬁfggl rgstia=Miloduct i on
the aqumarsddly corripsive

Unfortunately, PVC al so has several disadvantag
of hydrogen chloride gas during heat sealing and
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U. S. Patent No. 4,355,076 (Gash) discloses
monoaxially oriented polypropylene film laminated to a
monoaxially oriented high density polyethylene film, the
£ilms produced by for example tubular blowing.

‘U. S. Patent No. 4,440,824 (Bonis) discloses a
thermoformable coextruded multilayer structure useful for
thermoforming into containers, the structure having
polyolefin coextruded with a high impact polystyrene layer.
A five layer structure is shown.

U. S. Patent No. 4,464,439 (Castelein) discloses a
coextruded laminate having a sheet of polypropylene and a
sheet of a mixture of high impact polystyrene, crystalline
"\.polyi:ropylene, and styrene/dienic monomer block copolymer.

U. S. Patent No. 4,879,177 (Boice) discloses a
monoaxially oriented shrink film having a core layer of buta-
» diene styrene copolymer, outer layers of ethylene propylene
copolymer, and intermediate bonding Ilayers of ethylene
copolymer.

It is an object of the present invention to provide
a co:ﬁposition which can be included in a thermoplastic £film
useful as an overwrap material for trayed retail cuts of meat
and other food products in a super market or other retail
environment.

It is also an object of the present invention to
Provide a composition of matter which has good burn-through
resistance when included in a f£ilm.
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of a fil g, RARd r@MeiR having excellent optical properties, specifi-
cally excellent gloss and clarity.

The invention is a composition of matter comprising
a blend of propylene homopolymer or copolymer, and ethylene
copolymer.

In another aspect of the present invention, g3
multilayer film comprises a first layver comprising a blend of
propylene homopolymer.or copolymer, and ethylene copolymer,
or polybutene, preferably ethylene copolymer; and an outer
sealable layer.

In another aspect of the present invention, a meth-
od of making an oriented polymeric film comprises cocextruding
a first melt Stream of a blend of propylene poclymer or
copolymer, and ethylene copolymer, and a second melt stream
of a sealable polymeric material; extruding the melr streams
through a tubular die; hot blowing the extruded film; heating
the hot blown film to a temperature above its orientation
temperature; directing the heated film through a first set of
Pinch rolls; reinflating the hot blown film by a blown bubble
process wherein the bubble is expanded in both its longitudi-
nal and transverse directions; and collapsing the reinflated
£ilm through a second set of pinch rolls.

The term "polyolefin" is used herein in its strict-
er sense to mean a thermoplastic polymer derived from simple
olefins. Among these are polyethylene, polypropylene and
copolymers thereof with olefinic comonomers. For example,
very low density polyethylene may be considered =2 1linear
ethylene copolymer with a comonomer comprising such materials
as butene, hexene or octene. The term "“polyolefin" is also
used@ herein in a broader sense to include copolymers of
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polymeric film including a |ayer of the blend ﬁonbl e WSEP an er heat
seal abl e | ayer, can be nade using the inventive

ethylene with comonomers that are not themselves olefins,

such as vinyl acetate (e.g. ethylene vinyl acetate copolymer

or EVA).

The term "“very low density polyethylene", or
wyLDPE" is used herein to describe linear ethylene alpha-
olefin copolymer (flexomer) having densities of generally
petween about 0.860 and 0.915 grams/cubic centimeter, and
produced by a catalytic, low pressure process. "Ultra low
density polyethylene" is also included in this term.

The term “ethylene vinyl acetate copolymer" (EVA)
as used herein refers to a copolymer formed of ethylene and
vinyl acetate monomers wherein the ethylene derived units are
pr:asent in major amounts and the vinyl acetate derived units
are present in minor amounts, preferably one (1) to thirty
{30) percent by weight.

The term "styrene butadiene copolymer™ (SBC) is
used herein to denote thermoplastic copolymers, especially
block copolymers containing a major portion (greater. than
50%) of styrene and a minor proportion (less than 50%) of
butadiene comonomer.

The terms "melt flow"” and "melt index"™ are used
herein to mean the amount, in grams, of a thermoplastic resin
which is forced through an orifice of specified length and
diameter in ten minutes under prescribed conditions in accor-
dance with ASTM D 1238.

The term "flow rate ratio" (FRR) is used to mean a
dimensionless number derived by dividing the flow rate (melt
flow or melt index) at one Condition with the flow rate at
another Condition (ASTM D 1238). FRR is indicative of molecu-
lar weight distribution. The higher the FRR, the broader the
molecular weight distribution.
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thensel ves are disclosed in many patents includiing”thg Lplhewi ng E‘atents of
interest. U S. Patent No. 3,456,044 and U.S. Paflent_No -3 =( Pahl ke)
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di scl oses a doubl e bubbl e nmet hod foi
strict sense to mean copolymers of ethylene and a comonomer,

and in 1its broad sense to 1include materials such as
polybutene which can be substituted for this first group of
materials.

The term "ethylene alpha olefin copolymer" is used
herein to refer to copolymers of ethylene and higher alpha
olefins such as butene, l-methyl pentene, hexene, and octene.

The invention may be further understood by refer-
ence to the drawings herein, where:

FIG. 1 is a schematic cross section of a preferred
embodiment of a multilayer film in accordance with the inven-~
tion;

RN . .
FIG. 2 is a schematic cross section of an alterna-

tive preferred embodiment of a multilayer film in accordance
with the invention. )

P )
FIG. 3 is a schematic diagram indicating the appara-

tus and process by which the films of the present invention
are made; and

A preferred composition is a blend of between about
) 20% and 80% propylene homopolymer or copolymer, and between
about 80% and 20% very low density polyethylene. A more
preferred composition is a blend of about 40% propylene homo-
polymer or copolymer, and about 60% very low density polyeth-
Ylene. An even more preferred composition is a blend of
about 60% propylene homopolymer or copolymer, and about 40%
very low density polyethylene.

~—.
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bi axial 'y orienting thernoplastic films includi fQgritBetsite s*‘%?bxbyf‘
primary tubing which is inflated by introducingilair i BEBL FED|
thereof, and a cooling ring 22, as well as sque and 28, with
rolls 34 having a greater speed than rolls 28. Between the two pairs, of
squeeze rolls is agﬁnei nesReedaddyondprefiersadk. PIPERRS | APTD dest ed,

the tubingfanR rRitfledeedtdpolfide as@eRbhe that available from Fina
under the designation Fina 8473 and Fina 8473x. These resins
have an ethylene content of about 3% by weight.

Another especially preferred propylene resin is
propylene homopolymer such és that available from Shell under
the designation WRD5-981, with a melt flow rate of ..6 to .8
grams/10 minutes (ASTM D 1238, Condition 230/2.16).

An especially preferred VLDPE is a high molecular
weight resin such as DEFD 1015 from Union Carbide. This
resin has a density of about .900 grams/ce, a melt flow rate
of: about 6 grams/ 10 minutes (ASTM D 1238, Condition
190/21.601), and a FFR (I../I...) of about 50.

The preferred f£ilm structure is a multilayer compos-
ite having a core layer 10 comprising a blend of propylene

"\polyx}ter or copolymer, and very low density polyethylene
(VLDPE) .

Preferred VLDPE resins are characterized by high
molecular weight (i.e. relatively low melt index), broad
molecular weight distribution {(i.e. relatively high flow rate

ratio), and relatively low crystallinity at processing temper-
atures.

For the VLDPE, a melt index (MI} of no more than
about .15 grams/ 10 minutes (ASTM D 1238) (Condition

190/2.16) is preferred. A more preferred MI is .12 grams/ 10
minutes.

Preferred VLDPE resins can also be characterized by
a2 melt index of no more than about .50 grams/ 10 minutes,
more preferably no more than about .45 grams/ 10 minutes
(ASTM D 1238) (Condition 190/5.0); no more than about 1.50
} 9rams/ 10 minutes, and more preferably no more than about

1.35 grams/ 10 minutes (ASTM D 1238) (Condition 190/10.)}; or

it s+ 0= on
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U S. Patent No. 4,258,166 (Canterino et al) disclo

Ty ent ed
plastic filmmaterial with inproved strength and cf afigBHERT(HES BFrdt i on
of orientation preferably conprising honmopol yners and co%%f%ﬁ%ﬁ% of

ethylene. U S. Patent No. 4,355,076 (Gash) discloses nonoaxi ally oriented
pol ypr opyhenwokgel rehaaniahkautd 19 aravadaiifamipwiesentand HMeFe dBRSfeyably

pol yet hyl gnepbirbMenzhe fidu® §repuesd Py fhutes (AsTM D 1238) (Condi-
tion 190/21.601).

For the VLDPE, a molecular weight distribution
(flow rate ratio) of at least about 10 (I,,/Is) (ASTM D
1238) is preferred. This value is derived by dividing the
flow rate at Condition 190/21.6 by the flow rate at Condition
190/5.0. A more preferred FRR is 13.

Preferred VLDPE resins can also be characterized by
a FFR of at least about 40, more preferably at least about 50
(I-,/XI-_2) {(ASTM D 1238). This value is derived by divid-
ing the flow rate at Condition 190/21.6 by the flow rate at
Condition 190/2.16.

This preferred composition can be used in monolayer
or multilayer f£ilm constructions.
N

Referring to Fig. 1, in one preferred film construc-
tion, outer layers 12 preferably comprise a polyolefin, more
preferably an ethylene polymer or copolymer such as EVA.
Styrenic polymers and copolymers, e.g. styrene butadiene
copolymer such as that commercially available from Phillips
under the designation KR-10 having a butadiene content of 25%
by weight of the copolymer; or KK 36 (for fatty food contact)
are a.lso preferred.

In this embodiment of the invention, the outer
layers 12 are bonded to the core layer 10 by means of interme-
"diate layers 14 each comprising a polymeric adhesive and
Preferably a copolymer of ethylene, and more preferably an
ethylene vinyl acetate copolymer (EVA). A more preferred EVA
is one having a vinyl acetate content above about 18% by
weight of the copolymer, and even more preferably about 28%
‘by weight of the copolymer. Other polymeric materials, in-
cluding chemically modified adhesives, can be used for layers
14 provided they process adequately in processes such as those
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exanpl e: tubular bl ow ng. U S. Pat ent  No. 1440 824 o A BpBEBY
di scl oses a t her nof or mabl e coextruded nult ﬂ I ayer;‘spa’_m&nre usieful for
thersoform ng into containers, the structure haw

disclosed Therein. Blends of ©polymeric materials and
polymeric adhesives can also be used for intermediate layers
14.

For outer layers 12, SBC resins having minor
amounts of butadiene, ranging from about 1 to 50%, provide an
optimum balance of stiffness and flexibility to the film.

For layers of the present invention which contain
SBC, antifog/plasticizing agents such as Atmer 645 and/or
Atmer 1010 are preferably included, more preferably in
amounts of between about .5% and 10% by weight of the layer
or layers. Even more preferably, between about 2% and 6% of
such agents are included. The intermediate layers 14, and
comparable layers in other films of the present invention,
preferably also include such agents, more preferably in the
.5% to 10% range.

~N ' The films of the present invention are preferably

made by coextrusion techniques, combined with an apparatus
and process depicted in Figure 3 and described in more detail
below.

An alternative preferred composition is a blend of
between about 20% and 80% propylene homopolymer or copolymer,
and between about 80% and 20% ethylene vinyl acetate
copolymer. A more preferred composition is a blend of about
70% 'propylene homopolymer or copolymer, and about 30%
ethylene vinyl acetate copolymer. Another preferred composi-
tion is a blend of about 50% propylene homopolymer or
copolymer, and about 50% ethylene vinyl acetate copolymer.

Preferred propylene polymers or copolymers for the
alternative embodiment are the same as those described above.

Preferred ethylene vinyl acetate copolymer resins
for the alternative embodiment are those of the type listed
and—described in Table 1. '

This Sheet Has Been Re epla

9 VT



shown. U S. Patent No. 4, 464 439 (Castelein) di scl

| ami nat e havi ng a sheet. Iene and a shegt o
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a preferred film construction made with the alternative blend

coextruded with a hi gh inpact pol ystyrene |ayer. r- :
OS aﬂ

composition.

The outer layers 12 and intermediate layers 14 each
comprise the materials described for the film of Figure 1.

The interior layers 16 comprises a polypropylene

polymer or copolymer/ethylene copolymer or polybutene blend
such as the polypropylene/EVA blend just described.

The core layer 18 comprises very low density poly-
ethylene, and preferably high molecular weight, broad molecu-
lar weight distribution materials such as those described
herein.

Still another embodiment includes a five-layer film
like that described for Fiqure 2, but without intermediate
layei:s 14.

Figure 3 shows schematically a device for making
the films of the present invention.

A single melt stream, or multiple melt streams
including a first melt stream of a blend of propylene polymer
or copolymer, and ethylene copolymer, are extruded or
coextruded and exit as an extrudate through an annular die 12
in-a conventional manner. The extruded film is hot blown to
form a blown bubble 14.

Air cooling ring 16 positioned circumferentially
around the blown bubble -at the position shown cools the

thermoplastic melt as it exits die 12.

An optional auxiliary chilling ring or rings 17 may
also be positioned circumferentially around the blown bubble

down stream from air cooling ring 16 to further chill the hot
blown filim.
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out er Iayers of ethyl ene propyl ene copol yner, an
| ayers of ethylene copolymer. Milti-|ayer packagi
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present ipnemin®nabd pransieerse directions. Various blow up ratios
may be used, but preferably the primary bubble 14 1is hot
blown to a blow up ratio of between 1.5 and 8.0.

The primary bubble 14 is collapsed at pinch rolls
21.

To assist in this process, guide plates 18 are
positioned at the extremities of the blown bubble .14.

The preferred process for carrying out the present
invention permits the bubble to be immediately reinflated,
after cooling, into the secondary bubble 20 and then expanded
to impart orientation of the material in primarily the trans-
verse direction, primarily the longitudinal direction, or in
both the transverse an‘d longitudinal directions. This "flexi-
bility" in the preferred process permits films of the inven-

~tion*to be produced which are oriented primarily in one direc-
tion {(monocaxially oriented films) or films which are orient:.ed
in both the longitudinal and transverse directions (biaxially
oriented films).

The collapsed bubble is reinflated in a blown bub-
ble prbcess to stretch orient the blown and collapsed film.
This is done in a conventional manner by trapping air or
other hot gas within the secondary bubble 20 so that the
material stretches at its orientation temperature transverse-
ly to impart further orientation of the material in the trans-
verse direction. The secondary bubble 20 is collapsed at a
second set of pinch rolls 22. 2 second set of guide plates
24 may be employed to assist in the collapéing process.

The second set of pinch rolls 22 is rotated at a
speed faster than the first set of pinch rolls 21 if it is
desired to impart stretch orientation in the machine or longi-
tudinal direction to the thermoplastic material.
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second set of pinch rolls 22 to take up roll 26.

The take up roll 26 may be a mill log which can be
immediately stored or shipped to a distributor or customer,
or may be stored for further processing such as slitting into
single wound film, machine or natural center fold £ilm.
Thus, as used herein the take up roll 26 represents any fur-
ther processing, storage, or further modification of the
double wound, collapsed film once it exits the second set of
pinch rolls 22, and is used herein to denote any of these
possible further processing steps.

It is preferred that a reservoir 28 of heated fluid
be disposed at the lower end of primary bubble 14 in such a
way that the collapsing material drawn through the primary
set of pinch rolls 21 will pass in communication with the
heat\ed fluid. In this manner, the film is more uniformly
“heated and temperature control can be achieved. Thickened
tape edges can be substantially avoided by such means.

Although the heated fluid of reservoir 28 is prefer-
ably hot water, other media may be used if ‘temperatures above
the 212°F 1limit of hot water are desir;.d. For exanmple
prropylene glycol (a food approved material), hot oil or hot
emulsions may be used. One skilled in the art will under-
stand that the exact nature of the heated fluid is not as
critical as its effectiveness in ‘helping to uniformly heat
the collapsing bubble 14 as it is drawn through pinch rolls
21, and to uniformly heat the collapsing bubble 14 to a tem-
Perature above its orientation temperature.

The heated fluid may also be an "active"™ substance
which not only reheats the surrounding f£ilm, but also actual-
ly coats the interior of the bubble as it passes over the

reservoir. An example is a hot wax or other functional coat-
ing.
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The heated fluid may be recirculated from the reser-

excel l ent gloss and clarity. In one aspect the p
mul ti-l ayer film conprising: -4- \

voir through a heating means 30 by means of conduits 32 or
other suitable transfer means. Using the reservoir 28 of
heated fluid, the types of materials which may be effectively
‘used in the present process and device are increased.

Many different film constructions can be made using
this process, including monolayer and multilayer films, espe-
cially those using the inventive blend compositions.

Biaxially oriented films of the present invention
are useful in overwrap applications for overwrapping retail
cuts of meat and non-food products.

Monoaxially oriented films are useful 3in shrink
label applications for producing labels for vessels such as
bottles and cans.-

\ . . . . .

N ' The term "“monoaxially oriented” is used herein to
mean f£ilms oriented primarily in the longitudinal direction.
However, some incidental orientation can be present in the
transverse direction, and this is sometimes desirable to help
the film to grip a container or vessel after heat shrinking
and to reduce the incidence of wrinkles in the final 1label.
The term can also be used to refer to films oriented primari-
ly in the transverse direction, with or without some inciden-
tal orientation in the longitudinal direction.

The invention may be further understood by refer-
ence to the examples which follow.

The examples below 1list preferred commercially
available resins.

The resins used in these examples, and others use-
ful in the invention, are identified in Table 1.
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(a) a frrst Iayer conprising a blend of propyl ene honnpﬁlyner
copol yner, and very |low density polyethyl ene, ¢
density pol yethyl ene has a nelt index before blendi
grans/ 10 m nutes neasured according to ASTM D 1238
and a flowrate ratio [err] before | of at |east 40,

ion 190/ 21. 601,
said ratio

bei ng derived

RESIN COMMERCIAL NAME DESCRIPTION COMPANY
SBC, KR-10 STYRENE BUTADIENE PHILLIPS
COPOLYMER
SBC- KK-36 STYRENE BUTADIENE Phillips
COPOLYMER WITH
FATTY FOOD
COMPLIANCE
EVAL ELVAYX 3182 EVa (28% VA) DU PONT
EVA, ELVAX 3165 EVA (18%Va) DU PONT
EVA, 3170 EVA (18% VA) DU PONT
VLDPE, XU 61509.32 VERY LOW DENSITY DOW
POLYETHYLENE
DENSITY = .911
grams/cc
VLDPE., DEFD 1161 VERY IL.OW DENSITY UNION
) - POLYETHYLENE _ CARBIDE
VLDﬁ'a‘s TAFMER 0680 VYERY LOW DENSITY MITSUI
N POLYETHYLENE
DENSITY = .88
grams/cc
VLDPE, 1015 VERY LOW DENSITY UNION
POLYETHYLENE C2ARBIDE
DENSITY = .900
N grams/cc
PP, 8473 EPC FINA
PP WRD5-981 POLYPROPYLENE SHELL
PL, 22-164 50% POLY- SANTECH
ISOBUTYLENE
IN LLDPE
This Sheet Has Been
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by d|V|d|ng the flow rate at condition 190/21.6 by haﬁftowr?"' E

condi tion 190/2.16, neasured according to ASTM D 1288, arEH
seal abl e I ayer. In another aspect of the present in . a net hod of
maki ng a polyneric filmconprises C%@ﬁﬂb‘g gg a first nelt streamof a
bl end of propyl ene pol yner or copol yfer; very

VLLDPE, alone, and pellet blends with PP, were
extruded at 500°F barrel temperature on a 3/4 inch extruder
{(Brabender) and blown into 2 mil thick film from a 1 inch
annulary die set at 450°F with a blow-up ratio of 2.8:1.

The 2 mil films were then oriented into film using
a hat tester on the following day. The -results are shown
below in Table 2.

Table 2
Composition Orientation Results
Temperature
109% VLDPE, ) . 210°F ) clear film
\
\80% VLDPE, 212°F clear film
+ 20% PP,
60% VLDPE, 225°F clear £ilm
+ 40% PP,
. )
40% VLDPE, 225°F clear £ilm
+ 60% PP,
20% VLDPE, 225°F couldn't
_ + orient due to
| 80% PPy improper
mixing
(gels)

i
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| ow densrty pol yet hyl ene wherein the very | ow densit
mel t, i ndex before blending of no nore than 10 grans
according to ASTM D 1238 at condition 190/21. 601 an
[err] before blending of at |east 40, said ratio be i y dividi ng
the flow rate at condition 190/ 21. EXBUPi®e2f| ow rate at condition 190/ 2. 16,
nmeasured according to ASTM D 1238, and a

Double wound film (4 mils thick) of both 100%
VILDPE,, and the blend of 80% VLDPE, and 20% PP, were
oriented on a hat tester (parallel orientation) at 210°F. A

hat tester is a device for blow-orienting laboratory £ilm
samples. A film sample, having a size of about 4 inches by 4
inches, is clamped over an orifice situated in a horizontal
table. An overhead radiant heater heats the film to a prede-
termined orientation temperature. Then, air is blown upward-
ly through the orifice to create an oriented hemispherical
shape ("“hat") in the film. 1In eadh case, the resulting hat
was ply separated after orientation into two hats of oriented

film.
Example 3
\ Multiple oriented hat samples for each of the compo-

~sitions of Table 1 were made by the procedure described in
Example 2. These hats were about .20 mils thick. A
styrofoam disc with a diameter of 2.6 inches, and a 500 gram
- weight, were inserted into the cavity of each hat.

N These hats were evaluatai on a hot pad sealer to
- determine their burn-out threshold. The multiple hat sam-
Ples for each composition, with the disc and weight therein,
: were each placed in turn on a hot pad preheated to different
;predefermined temperatures and left there for about 10 sec-
-onds. Each hat sample was evaluated for degree of burn-out.

! The aggregate results for each composition, are shown in
: Table 3.
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second- nelt stream of a seal able polyneric materia
streams through a tubular die; hot blow ng the ext u&é&fﬁﬁﬁﬂ% é€7@3
hot "blown filmto a tenperature above its orientatilon tehp ¥ e
directing the heated filmthrough a first set of pi rolls; reinflating
the hot blown filmby a bl own bubbﬂﬁiﬂﬁbébss wherein the bubble is expanded
in both its longitudinal and transverse directions; and

t he

Composition Burn-out Threshold Temperatures
{%$ PP,)
0 230 to 240°F
20 250 to 260°F
40 280 to 230°F
60 290 to 300°F
Example 4

A film having the construction SBC,/EVA,/80%

VILDPE, + 20% ©PP,/EVA,/SBC, is produced by the process

desc{cibed above for Figure 3. Tubular film is hot blown,

wcollapsed through a pair of pinch rolls and reinflated into a

secondary bubble. The secondary bubble is stretched in the

machine direction and in the transverse direction to produce
a thin film.

. The outer layers of SBC, each form about 15% of

_ the final film gauge. The core layer of the blend of 80%

VLDPE, and 20% PP, forms about 40% of the final £film

gauge by thickness. The intermediate adhesive layers of
_EVA, each comprise about 15% of the final film gauge.

Example 5

A film like that of Example 4 is made, by the same

Process, but having 20% VLDPE, + 80% PP, in the blend
_layer. ' '
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term“polyolefin" is used herein in its stricter sens¢ to nRgpLACED
t her mbpl asti ¢ pol ynmer derived from sinple ol efins.

col | apsi"ng the reinflated filmthrough a second set 0% %;@%HE@&&S Bﬁﬁﬂhe

Example 6

A film having the construction SBC, /EVA./
VLDPE,/30% EVA, + 70%PP, /VLDPE,/EVA, /SBC, was
produced by the process described above for Figure 3.

Example 7

A £ilm having the construction SBC, /EVA./
VLDPE,/50% EVAa. + 50% PP, /VLDPE,/EVA./SBC, was
produced by the process described above for Figure 3.

Example 8

A £film having the construction SBC,/EVA./
VLDPE,/70% EVA. + 30% PP, /VLDPE,/EVA./SBC, is
produced by the ptocess described above for Figure 3.

N

) Additional films were produced by the process de-
scribed above for Figure 3. These films are identified in
Table 4 as Examples 9-18. In Example 12, the film contained
5% polypropylene by weight of the total film structure. 1In
Example 13, polypropylene formed about 10% of the total film
structure by weight. 1In Example 15, the core layer of the
blend of EVA and polypropylene formed about 15% by weight of
the total film structure. In Example 16, the core layer
blend constituted about 20% of the total film structure. In
{Example 18, the same film structure was produced as in Exam-
ple 17, but with a higher level of antifog agent. The films
of Example 9-18 were oriented in the secondary bubble at a

ratio of about 2.0:1 in each of the.transverse and longitudi-
al directions.
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Table 4

FILM STRUCTURE

SBC./EVA,/80% VLDPE,/EVA5/SBC,
+20% PP

SBC,/EVA./90% VLDPE,/EVA./SBC,
+10% PP,

SBC,/EVA./70% VLDPE,/EVA/SBC,y
+30% PP

SBC, /EVA./VLDPE,/PP./VLDPE,/EVA;/SBC,
SBC./EVA./VLDPE,/PP5/VLDPE,/EVA,/SBC,

SBC, /EVA_/VLDPE,./50% EVAL/VLDPE,/EVA./SBC,
+

50% PP
SBC./EVA,/VLDPE,/30% m<>N\<bUmmA\m<>m\mwOP
70% Mwu
- EVA,/VLDPE,/50% m<wu\<deNA\m<VN\mw09

mow+wwu
SBC, /EVA./VLDPE,/50% EVA./VLDPE./EVA./SBC.
50% Mw»
SBC2/EVA./VLDPE,/50% m<vu\<bUwMA\h<>n\mm0u

50% PP,

BURNOUT
TEMP (°F)

280-300

280~300

280~-300

290~310

250~310

290~300

315-330

320-330

320-330

320-330

TR



acetate‘(‘e.g. ethylene vinyl acetate copol yner or EVA).
density pol yethylene", or "VLDPE" is used herein to desci
et hyl ene al pha-ol ef in copol yrrer (flexomer) having densi i

bet ween 0.860 and g(gcg].}glgna l.ibl c ‘E'F’fra td\%r dbﬁ”@t&'hﬁiﬁ ?%f%(ergefl}m

catalytic, low pre proe 0 sity po
i ncl uded i rethnsgtesm using about a 5:1 blow up ratio. These films

are listed in Table 5 as Examples 19-27. The temperatures
at which the films burned out in testing of the burn
through resistance of the film are indicated in the right
hand column of the table.

Another example of the present invention is a film
including the construction:

SBC/ADH + PP/VLDPE/ADH + PP/SBC

where ADH is a polymeric adhesive such as EVA,, EVA.,

or EVA,, or any suitable adhesives such as the carboxylic
acid or acid anhydride-modified polymeric adhesives known
in the art; and where PP is PP,, PP,, or other suit-
able propylene ‘polymers or copolymers. ADH and PP may be
blended in any of the proportions disclosed herein for PP
blend layers.
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Table 5
BURNOUT
FILM STRUCTURE TEMP (°F)
EVA,/VLDPE./EVA, 260 +
EVA,/VLDPE,/90% VLDPE,./VLDPE./EVA_ Nmoqmmo
+10% PP
EVA./VLDPE,/75% VLDPE,./VLDPE,/EVA. 310-320
+25% PP,
EVA,/VLDPE,./50% VLDPE./VLDPE,./EVA. 320-330
+50% PP
EVA,/VLDPE,/25% VLDPE,/VLDPE,/EVA. 340
+75% PP,
EVA./VLDPE,/PP,/VLDPE,/EVA. 270 +
SBC. /EVA./80% VLDPE,./EVA,/SBC, . 290-300
+10% PP,
+10% PP,
SBC, /EVA./VLDPE,/50% VLDPE./VLDPE,/EVA./SBC, 290-300
+50% PP, .
75% SBC,/EVA./VLDPE,/50% VLDPE,/VLDPE./EVA./75% SBC. 290-300
+25% VLDPE,/ +50% PP,/ +25% VLDPE.,

I
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herein te denote thernoplastic copolynmers, especiall y=bt T
containing a major portion (greater than 50% of styr‘-em%e’oa“ﬁﬁ}:'
proportion (less than 50% of butadi ene comononer. T ter FEY

and "nelt

i ndex" are used herein to
Films of the present invention can optionally be

cross-linked. This can be done chemically or by the use of

irradiation.

Trradiation may be accomplished by the use of high
energy electrons, ultra violet ’___‘,.;radiation, X~-rays, gamma
rays, beta particles, etc. Preferably, electrons are em-
ployed up to about 20 megarads (MR) dosage level. The
jrradiation source can be any electron beam generator oper-
ating in a range of about 150 kilovolts to about 6 mega-
volts with a power output capable of supplying the desired
dosage. The voltage can be adjusted to appropriate levels
which may be for example 1,000,000 or 2,000,000 or
3,000,000 or 6,000,000 or higher or lower. Many apparatus
for irradiating films are known to those of skill in the
art. The irradiation is usually carried out at a dosage up
to about 20 MR, typically between about 1 MR and about 20
MR{ with a preferred dosage range of about 2 MR to about 12
MR. Irradiation can be carried out conveniently at room
temperature, although higher and lower temperatures, for
example, 0O°C to 60°C may be employed.

While the invention has been disclosed with refer-
ence to illustrative examples, those skilled in the art
will understand that various modifications may be made to
the invention as disclosed without departing £from the
SPh_er_e and scope of the claims which follow.

For example, in an alternative embodiment, a single
layer of a blend of propylene polymer or copolymer, and
ethylene copolymer (preferably VLDPE or EVA) can be ad-
hered, either directly, by means of a polymeric adhesive
layer, or by conventional lamination adhesives to a single
layer of a sealable polymeric material by one of the meth-
ods disclosed herein, to produce a film with a preferred
thickness of less than about 1 mil. Thus, both asymmetric
and symmetric two, three, four, five, six, and seven layer
Structures can be made from the composition of the present

22 This Sheet Has Been Re'i ace
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-6- nmean‘the 'armunt in granms, of a thernoplastic re; iﬁ.mmgé

thrgu’gh an orifice of specified length and di ameter mﬁéh?m‘:—ﬁuz:" und r

prescribed conditions in accordance with ASTM D 1238} The %&
ratio (FRR)nveﬁt':ﬂaﬁd tOA':{@at Shal layers can be added to these struc-
tures to meet specific end use requirements, such as tough-

E

ness, barrier properties and the like.
Also, polybutene and ethylene butene copolymer can

be used as an alternative ethylene copolymer in the inven-
tive blend.
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di mensi onl ess nunber derived by dividing the flow rate
I ndex) at one-EbﬂdL{FGHAM4¢L¢he_fIOM/rate at anot her

1238) " i
zzsorﬁseﬁ“?sba AR

CﬁgggyﬁmﬁHﬂgﬁﬂmm
u

Ui gepLAED hi ghet
ar wei ght distribution

strict sense to nean copol yners of

i ndi cative ﬁu ecul ar wei ght di st

et hyl ene and a conononer, and i'n - 24 -

10

is

20

25

CLAIMS

1. A composition comprising a blend of:

a) propylene homopolymer or copolymer; and
b) ethylene copolymer or polybutene.
2. A composition according to claim 1 wherein the
ethylene copolymer or polybutene is
a) very low density polyethylene;
b) ethylene vinyl acetate copolymer;
c) polybutené; or
q) ethylene alpha olefin copolymer.

3. A composition according to claim 2 which
comprises very low density polyethylene having a melt index
before blending of no more than about 10 grams/10 minutes.

4. A composition according to claim 2 or 3 which
comprises very low density polyéthylene having a flow rate
ratio (I34/I, ;) before blending of at least about 40.

5. A composition according to any one of the
preceding claims comprising a blend of from 20% to 80%
propylene homopolymer or copolymer, and from 80% to 20%
ethylene copolymer.

6. A composition according to.claim 5 comprising
a blend of from 30% to 70% propylene homopolymer or
copolymer, and from 70% to 30% ethylene copolymer.

7. A composition according to claim 6 comprising
a blend of from 40% to 60% propylene homopolymer or
copolymer, and 60% to 40% ethylene copolymer.

8. A composition according to claim 7 comprising

This Sheet Has Been Re laced
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its broad sense to_include- natefrafs such as pol ybut ene mhich can be

substituted for thIS first f materials. The ter e
ol efi'n copol yner' m‘\mﬁmﬂ ‘!ﬂo refer to copol yners o‘leetngﬂEeri'e" REEN |
hi gher al pha ol ef 1-methyl pentene, HexeneRERRSERL ene. ||
The invention may Be fur ther. under st ood by reference to f
herei n, where: - 25 -

a blend of about 50% propylene homopolymer or copolymer, and
about 50% ethylene copolymer.
9. A multilayer film comprising:
a) a first layer comprising a composition as
5 claimed in any one of the preceding
claims and
b) an outer sealable layer.
10. A film according to claim 9 wherein the outer
sealable layer forms less than about 8% of the total film
10 thickness.
11. A film according to claim 9 or 10 wherein the
outer sealable layer is adhered directly to the first layer.
12. A film according to claim 9, 10 or 11 wherein
the outer sealable layer is adhered to the first layer by
15 means of a polymeric adhesive disposed between the first and
second layers.
13. A film according to claim 12 which comprises:
a) a core layer comprising a composition as
claimed in any one of claims 1 to 8;
§2° b) two outer layers each comprising a
. sealable polymeric material; and
. €) two intermediate layers each bonding the
' core layer to a respective outer layer,
and comprising a polymeric adhesive.
A film according to claim 12, which comprises:
2)  a core layer comprising a composition as

claimed in any one of claims 1 to 8;
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FIG 1-is a schemati-c-€ro0ss section of a preferred el

mul tirlayer filmin acco e invention; F

di agt am i ndi cating t mmg‘ “m““process by whi ct ns of the
present invention ar preferred conposition used in the filmof the
i nvention is a blend of between 20% and 80% propyl ene honopol yner or

b) two interior layers, each layer bonded to
an opposite side of the core layer, and
comprising very low density polyethylene;

c) two outer layers each comprising a

5 sealable polymeric material; and

d) two adhesive layers each bonding an
interior layer to a respective outer
layer.

15. A multilayer film comprising:

10 a) a core layer comprising very low density

S

C polyethylene;
b) two outer layers each comprising a
sealable polymeric material; and
c) two intermediate layers each bonding the
15 core layer to a respective outer layer,
and comprising a blend of a propylene
polymer or copolymer, and a polymeric
adhesive.

16. A film according to any one of claims 13 to 15

20 wherein the two outer layers each comprises from 0.1% to 10%
by weight of each outer layer, of plasticiser.

17. A film according to any one of claims 13 to 16
wherein the two outer layers each have a thickness of less
than 100um (.04 mils).

25 18. A film according to any one of claims 13 to 17

wherein the two outer layers each comprise less than about

4% of the total film thickness. o
This Sheet Has Been R
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copol ymers,

preferred conposi i '
60% pr opyl ene hon&!ﬁl}”@‘
preferably 40%to 0% Vvery u

and between 80% and 20% very | ow density polyethyl ene A nore
f from 30% and 70% 2l A5 402 tiD
,@’ﬁ' ymer, and from 30%tm§ﬁgﬁl&®£n

19. A film according to any one of claims 13 to 18
wherein the adhesive or intermediate layers comprise an
olefin polymer or olefin copolymer with adhesive properties.

20. A film according to any one of claims 13 to 19

5 wherein the adhesive or intermediate layers comprises
ethylene vinyl acetate copolymer.

21. A film according to any one of claims 9 to 20
wherein the outer layer or layers comprise a sealable
polymeric material which is an olefin polymer, olefin

10 copolymer, styrenic polymer, or styrenic copolymér.

22. A multilayer film comprising:

a) a first layer comprising a propylene polymer

or copolymer; and

b) at least one additional sealable layer

15 comprising
i) very low density polyethylene,
ii) ethylene vinyl acetate copolymer; or
iii) styrenic polymer or copolymer.
23. A film according to any one of claims 9 to 22

20 wherein at least one layer of the film is crosslinked.

24. A method of making a polymeric film which
comprises:
a) coextruding a first melt stream of a blend of
Propylene polymer or copolymer, and ethylene
25 Copolymer or polybutene, and a second melt
stream of a sealable polymeric material;
b)

extruding the melt streams through a tubular

This Sheet Has Been Rei
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| ow density pol yethyl ene.—An- even-ﬂDTe preferred conpos

about 50% propyl ene honopol

density pol yethyl e m u ill
et hyl ene copol yrrerr‘w 1

Fi na 8473 and Fi na 8273x.
3% by wei ght.

c)

a)

£)

9)
10

25.

preferred propyl ene re5|mapammﬁﬁ)len
| able from Fina un ion
T ese resins have an ethyl ene content of about
_28._

.j4éy£ﬁ£tiri#4HmeT
nmer i;opol ymer, and aboutr—g?{gmezye RawBeeN |

die;

hot blowing the extruded film;

heating the hot blown film to a temperature
above its orientation temperature;

directing the heated film through a first set
of pinch rolls;

reinflating the hot blown film by a blown
bubble process; and

collapsing the reinflated film through a
second set of pinch rolls.

A method according to claim 24 which

comprises in step a) and b)

a)

15

b)
20

coextruding a first melt stream of a blend of
propylene polymer or copolymer, and ethylene
copolymer or polybutene, a second and third
melt streams of a polymeric adhesive, and
fourth and fifth melt streams of a sealable
polymeric material; and

extruding the melt streams through an annular
die such that the first melt stream forms the
central layer of the coextrudate, and the
fourth and fifth melt streams form the

outermost surfaces of the coextrudate.
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Anot her«especially preferred propylene resin is propyl e_p,e,_.hannpd ymer. Sq,lCh
as that® available from Shell under the designation W ol HAS =2
flow'rate of .6 to .8 granms/10 m nutes (ASTM D 1238, ltgmﬂ@g@/ .
An especially preferred VLDPE is a high nol ecul ar wei as DEFD
1015 from Union Carbide. This resin has &%density of about .900 grans/cc, a
melt flowrate of about 6

STt

ABSTRACT

BLENDS OF POLYPROPYLENE AND ETHYLENE COPOLYMER

AND FILMS MADE FROM THE BLEND

A composition of matter comprises a blend of
propylene homopclymer or copolymer, and ethylene
copolymer. Ethylene vinyl acetate copolymer (EVA), very
low density polyethylene (VLDPE), and ethylene alpha olefin
copolymer are preferred ethylene copolymers. VLDPE with a
high molecular weight (low melt index), and with a broad
molecular weight distribution (high flow rate ratio) is
preferred. A multilayer film comprises a first layer com-
prising a propylene homopolymer or copolymer, or blend, and
at least one outer sealable layer.

eet Has Been Re{vlaoed
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grans/ , 0 mihutes (ASTM D 1238, Condition 190/21.601), and a ERR [errL

about 50 The preferred filmstructure is a nultilayer LOFFHO; ;é‘eﬂha\w-nﬁ Qi
core layer 10 conprising a blend of propyl ene pol yner \prviopg @gm)@‘ﬂ ang
very low density polyethylene (VLDPE). Preferred VLDPE .-s—
characterized by high nolecular weight (i.e. relativel ¥*fow nelt index),
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dIStI’Ibt’J‘EIOI’l Ai.e. relatively high flowrate ratio), and relatively Iow
crystalflnlty at processing tenperatures. -8- For the VLDPE a
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granms/ 10 minutes (ASTM D 1238) (Condition 190/2.16) is preferred A nore
preferred M is .12 grans/ 10 minutes. Preferred VLDPEFestHs=can—al su. Dy
characterized by a nelt index of no nore than about .SBﬁﬁhﬁﬁﬁwﬁﬁrﬁﬁ ﬁTe ,
nore preferably no nore than about .45 grans/ 10 m nutjes (A iyl gﬁﬂ

(Condition 190/5.0); no nore than about 1.50 grans/1 ﬁﬂﬁutes ----- and--nor-e
preferably no nore than about 1.35 granfllo

Blends of Polypropylene and Ethylene
Copolymer and Films Made from the Blend

The present invention pertains to compositions for
making packaging film, and more particularly to a thin
polymeric film suitable for replacing polyvinyl chloride film
especially in packaging applications.

Polyvinyl chloride (PVC) has long been used in many
\applications in the packaging art. One particularly wide-
spread application for PVC is the use of such material as an
overwrap material for trayed retail cuts of meat and other
food products in a retail environment such as a supermarket.

PVC has several desirable properties for this use.
For example, it has excellent burn-through resistance, optics
and good.elasticity and stretch properties at use tempera-
tures.. -

Unfortunately, PVC also has several disadvantages,
.including the production of hydrogen chloride gas during heat
sealing and the generally corrosive effects: gﬁ,such gases in
the packaging room. Extractables from the PVC into the pack-

aged food product have also become df concern.

It would be of great benefit to the packaging indus-
try, and particular to applications requiring an instore film
for overwrapping trayed food products, to provide a film with

L “rrrrrrrrir !ir
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m nutes (ASTM D 1238) (Condition 190/ 10); or no nor e fthar
m nutes, and nore preferably no nore than 6 grans/ 10 nﬂﬁmwmmm&
(Condition 190/ 21. 601). For the VLDPE, a nol ecul ar wgi ght

(flowrate ratio) of at least 10 [err] (ASTM D 1238) !l@at@rgtfemgd@
val ue is derived by dividing the flow ratz-at Condi t FoT—TIF62Z

flow rate at Condition 190/5.0. A nore . i
many of the advantages of PVC but without the disadvantages

described above.

The inventors have discovered that a blend of
propylene polymer or copolymer, and ethylene copolymer, is
useful in improving the burn-through resistance of a film
made from the blend.

The inventors have also discovered that a relative-
ly thin polymeric £ilm, including a layer of the blend com-
bined with an outer heat sealable 1layer, can be made using
the inventive blend.

Processes for producing oriented films, and orient-
ed films themselves are disclosed in many patents including
the following patents of interest.

U. S. Patent No. 3,456,044 (Pahlke) mentions thin
‘\films of thicknesses less than 1 mil such as 0.5 mils, and
discloses a double bubble method for biaxially orienting
thermoplastic films including the steps of producing a prima-
ry tubing which-is inflated by introducing air into the inte-
rior thereof, and a cooling ring 22, as well as squeeze rolls
34 and 28, with rolls 34 having a greater speed than rolls
28. Between the two pairs of squeeze rolls is a reinflated
secondary bubble. If annealing is desired, the tubing can be
reinflated to form a bubble 70.

U. S. Patent No. 3,555,604 (Pahlke) is a patent
based on a divisional application which was derived from the
same priority application as the '044 patent described above,
and discloses the same information described above for the
'044 patent.

U. S. Patent No. 4,258,166 {(Canterino et al) dis-
Closes a uniaxially oriented plastic film material with im-
Proved strength and clarlty in the dlrectlon of orientation

o .
1 S gy
. 2 T AR
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preferred FRRis 13. VLDPE resins are also characterized by a FRR of at
| east 40, preferably at least 50 [err] (ASTM D 1238 Inrs—varae=s=deri ved.
by dividing the flowrate at Condition 190/21.6 by @ﬁqﬁ&ﬁ“@ﬂ?esﬁm [

Condi tion 190/2.16. Referring to Fig. 1, in one pre r
construction, outer layers 12 preferabI_ySC_orrpri se ééfdlﬁ Jﬁ%e ’

pref_erably comprising homopolymers and copolymers of

ethylene.

U. S. Patent No. 4,355,076 (Gash) discloses
monoaxially oriented polypropylene film laminated to a
monoaxially oriented high density polyethylene £film, the
f£ilms produced by for example tubular blowing.

"U. S. Patent No. 4,440,824 (Bonis) discloses a
thermoformable coextruded multilayer structure useful for
thermoforming into containers, the structure having
polyolefin coextruded with a high impact polystyrene layer.
A five layer structure is shown. '

U. S. Patent No. 4,464,439 (Castelein) discloses a
coextruded laminate having a sheet of polypropylene and a
sheet of a mixture of high impact polystyrene, crystalline
'~.polyi>ropylene, and styrene/dienic monomer block copolymer.

U. S. Patent No. 4,879,177 (Boice) discloses a
monoaxially oriented shrink film having a core layer of buta-
. diene styrene copolymer, outer layers of ethylene propylene
copolymer, and intermediate bonding 1layers of ethylene
copoiymer.

_ It is an object of the present invention to provide
a corﬁposition which can be included in a thermoplastic film
useful as an overwrap material for trayed retail cuts of meat
and other food products in a super market or other retail
environment.

It is also an object of the present invention to
Provide a composition of matter which has good burn-through
resistance when included in a f£ilm.
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preferably an ethy en p ol ner or copol ynmer such as
and copol yner st “ e but adi ene copol yner
commerical ly ava H |II|ps under the design
butadlene\conten i ght of the copol yner;
food contact) are al so pref erred -4 -
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It is also an object of the present invention to
provide a film having excellent optical properties, specif]-
cally excellent gloss and clarity.

The invention is a composition of matter comprising
a blend of propylene homopolymer or copolymer, and ethylecne
copolymer.

In another aspect of the present invention, g3
multilayer film comprises a first layer comprising a blend of
propylene homopolymer'or copolymer, and ethylene copolymer,
or polybutene, preferably ethylene copolymer; and an outer
sealable layer.

.In another aspect of the present invention, 2 meth-
od of making an oriented polymeric film comprises coextruding
a first melt Stream of a blend of propylene pclymer or

'copoiymer, and ethylene copolymer, and a second melt stream
\bf a sealable polymeric material; extruding the melt streams
through a tubular die; hot blowing the extruded film; heating
the hot blown film to a temperature above its orientation
temperature; directing the heated f£ilm through a first set of
pinch rolls; reinflating the hot blown film by a blown bubble
process wherein the bubble is expanded in both its longitudi-
nal and transverse directions; and collapsing the reinflated
£ilm through a second set of pinch rolls.

The term "“polyolefin" is used herein in its strict-
er sense to mean a thermoplastic polymer derived from simple
olefins. Among these are polyethylene, polypropylene and
copolymers thereof with olefinic comonomers. For example,
very low density polyethylene may be considered a linear
ethylene copolymer with a comonomer comprising such materials
as butene, hexene or octene. The term "polyolefin" 1is also

used: herein in a broader sense to include copolymers of



In this enbodi nent of the invention, the outer |ayers J%F%ﬁﬁ§ﬁﬂﬁﬁﬁ%§ﬁﬁﬁfﬂhe

core | ayer

10 by nmeans of internediate |ayers 14 each @@g@rzﬁnﬁﬁéﬁ 1

pol ynmeri c adhesive and preferably a copol yner of ethy

preferably an ethyl ene vinyl acetate copolynmer (EVA). A nore preferred A
is one having a - -5 -

Y

ethylene with comonomers that are not themselves olefins,

such as vinyl acetate (e.g. ethylene vinyl acetate copolymer

The term "“very low density polyethylene", or
wyLDPE" is used herein to describe linear ethylene alpha-
olefin copolymer (flexomer} having densities of generally
petween about 0.860 and 0.915 grams/cubic centimeter, and
produced by a catalytic, low pressure process. *Ultra low
density polyethylene" is also included in this term.

The term "ethylene vinyl acetate copolymer" (EVA)
as used herein refers to a copolymer formed of ethylene and
vinyl acetate monomers wherein the ethylene derived units are
priasent in major amounts and the vinyl acetate derived units
are present in minor amounts, preferably one (1) to thirty
(30) percent by weight.

The term "styrene butadiene copolymer" (SBC} is
used herein to denote thermoplastic copolymers, especially
block copolymers containing a major portion (greater. than
50%) of styrene and a minor proportion (less than 50%) of
butadiene comonomer.

The terms "melt £low" and “melt index" are used
herein to mean the amount, in grams, of a thermoplastic resin
which is forced through an orifice of specified length and
diameter in ten minutes under prescribed conditions in accor-
dance with ASTM D 1238.

The term "flow rate ratio" (FRR} is used to mean a
dimensionless number derived by dividing the flow rate (melt
flow or melt index) at one Condition with the flow rate at
another Condition (ASTM D 1238). FRR is indicative of molecu-
lar weight distribution. The higher the FRR, the broader the
molecular weight distribution.
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vinyl acetate content above 18% by wei ght of the copol ﬁé?“ﬁ%nd &0 En' Shbr
preferably 28% by weight of the copolyner. Qher pol r|c24§ﬂﬁ}|dﬁb

i ncl udi ng chenically nodi fi ed adhesi ves, can be used f ol afe)Y;
t hey process adequately in processes such as those disclosed herein. Blends
of polynefic materials and polynerlc adhesive can al so be used for
internedi ate | ayers 14.

The term "ethylene copolymer" 1is used herein in its
strict sense to mean copolymers of ethylene and a comonomer,
and 1in its broad sense to include materials such as
polybutene which can be substituted for this first group of

materials.

The term "ethylene alpha olefin copolymer" is used
herein to refer to copolymers of ethylene and higher alpha
olefins such as butene, l-methyl pentene, hexene, and octene.

The invention may be further understood by refer-
ence to the drawings herein, where:

FIG. 1 is a schematic cross section of a preferred
embodiment of a multilayer f£ilm in accordance with the inven-
fion;

N . 3 -
FIG. 2 is a schematic cross section of an alterna-

tive preferred embodiment of a multilayer film in accordance
with the invention.

e ' '
FIG. 3 is a schematic diagram indicating the appara-
tus and process by which the films of the present invention
are made; and

A preferred composition is a blend of between about
20% and 80% propylene homopolymer or copolymer, and between
about 80% and 20% very low density polyethylene. A more
preferred composition is a blend of about 40% propylene homo-
polymer or copolymer, and about 60% very low density polyeth-
viene. An even more preferred composition is a blend of
about 60% propylene homopolymer or copolymer and about 40%

very low density polyethylene.
i This Sheet Has Been Replaced
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For outer layers 12, SBC resins having minor amounts of Bﬁ?@&ﬁ%ﬁ@hTﬁﬁhéin
fromabout 1 to 50% provi de an optimum bal ance of sti f!f ness ﬁd T %
ffeX|b|I|tytothef|Im For | ayers of the present inv LnPaten gg ‘8 -ai

SBC, antifog/plasticizing agents such as -ALner 645 and/or Atmer 1010 are
preferablky included, nore preferably in anounts of between .5% and 10% by
wei ght of the layer or |ayers. Even nore

An especially preferred propylene resin is
propylene ethylene copolymer such as that available from Fina
under the designation Fina 8473 and Fina 8473x. These resins
have an ethylene content of about 3% by weight.

another especially preferred propylene resin is
propylene homopolymer such és that available from Shell under
the designation WRD5-981, with a melt flow rate of..6 to .8
grams/10 minutes (ASTM D 1238, Condition 230/2.16).

An especially preferred VLDPE is a high molecular
weight resin such as DEFD 1015 from Union Carbide. This
resin has a density of about .900 grams/cc, a melt flow rate
of: about 6 grams/ 10 minutes (ASTM D 1238, Condition
190/21.601), and a FFR (I.,/I. .} of about 50.

The preferred film structure is a multilayer compos-

ite having a core layer 10 comprising a blend of propylene

'\polyfner or copolymer, and very low density polyethylene
(VLDPE) .

Preferred VLDPE resins are characterized by high
molecular weight (i.e. relatively low melt index), broad
molecular weight distribution (i.e. relatively high flow rate
ratio)}, and relatively low crystallinity at processing temper-
atures.

For the VLDPE, a melt index {(MI) of no more than
about .15 grams/ 10 minutes (ASTM D 1238) (Condition

190/2.16) is preferred. A more preferred MI is .12 grams/ 10
minutes.

Preferred VLDPE resins can also be characterized by

2 melt index of no more than about .50 grams/ 10 minutes,

i More preferably no more than about’ .45 grams/ 10 minutes
(ASTM D 1238) (Condition 190/5.0); no more than about 1.50
. grams/ 10 minutes, and more preferably no more than about
1.35 grams/ 10 minutes (ASTM D 1238) (Condition 190/10.); or

eet Has Been R laced
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preferably, between 2% and 6% of such agents are inclu eﬁgpﬁ$&§Mﬁ¥E$ﬁ§§T e

layers 14, and conparable layers in other filnms of the S 6 Y €896 on,
preferably al so include such agents, nore preferably i p§qéggswggg"§ggﬁ~f

range. The filnms of the present invention are preferably nade by
coextrusion techni ques, conbined wth an8apparatus and process depicted in
Figure 2 and described in nore detail bel ow. ‘

no more than about 10 grams/ 10 minutes, and more preferably

no more than about 6 grams/ 10 minutes (ASTM D 1238) (Condi-
tion 180/21.601).

N,

For the VLDPE, a molecular weight distribution
(flow rate ratio) of ' at least about 10 (I-2/Is) (AST™M D
1238) is preferred. This wvalue is derived by dividing the
flow rate at Condition 190/21.6 by the flow rate at Condition
190/5.0. A more preferred FRR is 13.

Preferred VLDPE resins can also be characterized by
a FFR of at least about 40, more preferably at least about 50
(I22/I=.21) (ASTM D 1238). This value is derived by divid-
ing the flow rate at Condition 190/21.6 by the flow rate at
Condition 190/2.16.

_ This preferred composition can be used in monolayer
. or multilayer film constructions.
« .

Referring to Fig. 1, in one preferred film construc-
tion, outer layers 12 preferably comprise a polyolefin, more
preferably an ethylene polymer or copolymer such as EVA.
Styrenic polymers and copolymers, e.g. styrene butadiene
copolymer such as that commercially available from Phillips
under the designation KR-10 having a butadiene content of 25%
by weight of the copolymer; or KK 36 {for fatty food contact)
are also preferred.

In this embodiment of the invention, the outer
layers 12 are bonded to the core layer 10 by means of interme-
‘diate layers 14 each comprising a polymeric adhesive and
Preferably a copolymer of ethylene, and more preferably an
ethylene vinyl acetate copolymer {EVA). A more preferred EVA
is one having a vinyl acetate content above about 18% by
weight of the copolymer, and even more preferably about 28%
by weight of the copolymer. Other polymeric materials, in-
cluding chemically modified adhesives, can be used for layers
14 provided they process adequately in processes such as those

’ ' This Sheet Has Been Replaced
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I n one enmbodi nent the filmof the invention may conpri slgREPLACERENT HEET
core |l ayer conprising a blend of propylene honopol ynmer ipr %ogl ﬁ(ﬁar“gwd

véry | ow density pol yet hyl ene Date £.3.. WL N0
. _g-
disclosed herein. Blends of ©polymeric materials and
polymeric adhesives can ‘also be used for intermediate layers

14.

For outer layers 12, SBC resins having minor
amounts of butadiene, ranging from about 1 to 50%, provide an
optimum balance of stiffness and flexibility to the film.

For layers of the present invention which contain
SBC, antifog/plasticizing agents such as Atmer 645 and/or
Atmer 1010 are preferably included, more preferably in
amounts of between about .5% and 10% by weight of the layer
or layers. Even more preferably, between about 2% and 6% of
such agents are included. The intermediate layers 14, and
comparable layers in other films of the present invention,
preferably also include such agents, more preferably in the
.5% to 10% range.

~ ) The films of the present invention are preferably

made by coextrusion techniques, combined with an apparatus
and process depicted in Figure 3 and described in more detail
below.

An alternative preferred composition is a blend of
between about 20% and 80% propylene homopolymer or copolymer,
and between about 80% and 20% ethylene wvinyl acetate
copolymer. A more preferred composition is a blend of about
70% 'propylene homopolymer ox copolyrnezf, and about 30%
ethylene vinyl acetate copolymer. Anlother preferred composi-
tion is a blend of about 50% propylene homopolymer or
copalymer, and about 50% ethylene vinyl acetate copolymer.

Preferred propylene polymers or copolymers for the
alternative embodiment are the same as those described above.

Preferred ethylene vinyl acetate copolymer resins
for the alternative embodiment are those of the type listed
and-described in Table 1.
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I n accordance with the invention; (b) two outer |ayer
seal abl e polyneric material; and (c) two internedi at
the core layer to a respective outer |ayer, and conpr
adhesive. In a further enbodi nent thQ_Eb|ﬂ10f the in

comprising a

fﬁﬁ%ﬁ%ﬁ%@ﬁﬁg&%ﬁ% 9

This alternative composition can also be used in
monolayer and multilayer film constructions. Figure 2 shows
a preferred film construction made with the alternative blend

composition.

The outer layers 12 and intermediate layers 14 each
comprise the materials described for the film of Figure 1.

The interior layers 16 comprises a polypropylene

polymer or copolymer/ethylene copolymer or polybutene blend
such as the polypropylene/EVA blend just described.

The core layer 18 comprises very low density poly-
ethylene, and preferably high molecular weight, broad molecu-
lar weight distribution materials such as those described
herein.

Still another embodiment includes a five-layer film
like that described for Figure 2, but without intermediate
layeis 14.

Figure 3 shows schematically a device for making
the films of the present invention.

A single melt stream, or multiple melt streams
including a first melt stream of a blend of propylene polymer

or copolymer, and ethylene copolymer, are extruded or
coextruded and exit as an extrudate through an annular die 12

in~a‘tonventiona1 manner. The extruded film is hot blown to
form a blown bubble 14.

Air cooling ring 16 positioned circumferentially
around the blown bubble at the position shown cools the
thermoplastic melt as it exits die 12.

An optional auxiliary chilling ring or rings 17 may
also be positioned circumferentially around the blown bubble
down stream from air cooling ring 16 to further chill the hot
blown £ilm. e
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conprise: (a) a core layer conprising a blend of pro tTC
copol yner and very |ow density polyethyl ene i n accor daRERLAFEMERRSHEET
invention; (b) two interior layers, each layer bonded to ag%gp@@pl‘gm si ffle
of the core |ayer, and conpri si ng very | ow density p | YR Q@S- esseseeans |

The primary bubble 14 is melt oriented in both the
machine and transverse directions. Various blow up ratios
may be used, but preferably the primary bubble 14 is hot
blown to a blow up ratio of between 1.5 and 8.0.

The primary bubble 14 is collapsed at pinch rolls
21.

. To assist in this process, guide plates 18 are
positioned at the extremities of the blown bubble .14.

The preferred process for carrying out the present
invention permits the bubble to be immediately reinflated,
after cooling, into the secondary bubble 20 and then expanded
to impart orientation of the material in primarily the trans-
verse direction, primarily the longitudinal direction, or in
both the transverse and longitudinal directions. This "flexi-
bility" in the preferred process permits films of the inven-—

\tion‘to be produced which are oriented primarily in one direc-—
tion (monoaxially oriented films) or films which are orien{;ed
in both the longitudinal and transverse directions (biaxially
oriented films).

The collapsed bubble is reinflated in a blown bub-
ble prbcess to stretch orient the blown and collapsed film.
This is done in a conventional manner by trapping air or
other hot gas within the secondary bubble 20 so that the
material stretches at its orientation temperature transverse-~
1y to impart further orientation of the material in the trans-
verse direction. The secondary bubble 20 is ‘collapsed at a
Second set of pinch rolls 22. A second set of guide plates
24 may be employed to assist in the collap.sing process.

The second set of pinch rolls 22 is rotated at a
Speed faster than the first set of pinch rolls 21 if it is
desired to impart stretch orientation in the machine or longi-
tudinal direction to the thermoplastic material.

Sheet Has Been Re(laced
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(c) two outer |ayers each conprising a seal abl e pol yner
two adhesive | ayers each bonding an interior |layer to
| ayer. Figure 2 shows schematically a device for nmakin
present invention. A single nelt stream or multiple

-12 -
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The recollapsed bubble 20 then passes from the
second set of pinch rolls 22 to take up roll 26.

The take up roll 26 may be a mill log which can be
immediately stored or shipped to a distributor or customer,
or may be stored for further processing such as slitting into
single wound £ilm, machihe or natural center fold film.
Thus, as used herein the take up roll 26 represents any fur-
ther processing, storage, or further modification of the
double wound, collapsed film once it exits the second set of
pinch rolls 22, and is used herein to denote any of these
possible further processing steps.

It is preferred that a reservoir 28 of heated fluid
be disposed at the lower end of primary bubble 14 in such a
way that the collapsing material drawn through the primary
set of pinch rolls 21 will pass in communication with the
heat{ad fluid. In this manner, the £film is more uniformly
“heated and temperature control can be achieved. Thickened
tape edges can be substantially avoided by such means.

Although the heated fluid of reservoir 28 is prefer-
ably hot water, other media may be used if temperatures above
the 212°F 1limit of hot water are desiriéd. For example
propylene glycol (a food approved material), hot oil or hot
emulsions may be used. One skilled in the art will under-
stand that the exact nature of the heated fluid is not as
critical as its effectiveness in helping to uniformly heat
the collapsing bubble 14 as it is drawn through pinch rolls
21, and to uniformly heat the collapsing bubble 14 to a tem-
bPerature above its orientation temperature.

The heated f£luid may also be an “active" substance
which not only reheats the surrounding film, but also actual-
ly coats the interior of the bubble as it passes over the
Ieservoir. An example is a hot wax or other functional coat-
ing. .
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a first nelt streamof a blend of propyl ene polyner o
et hyl ene copol yner, are extruded or coextruded and ex

(RERLACEVENT Ry

t hrough an annular .die 12 in a conventional manner. The ex

Date

and

min

hot blown to forma

- 13 -

The heated fluid may be recirculated from the reser-
voir through a heating means 30 by means of conduits 32 or
other suitable transfer means. Using the reservoir 28 of
heated fluid, the types of materials which may be effectively
‘used in the present process and device are increased.

Many different f£ilm constructions can be made using
this process, including monolayer and multilayer £ilms, espe-
cially those using the inventive blend compositions.

Biaxially oriented films of the present invention
are useful in overwrap applications for overwrapping retail
cuts of meat and non-food products.

Monoaxially oriented films are useful in shrink
label applications for producing labels for wvessels such as
bottles and cans.’

N
N The term "monoaxially oriented" is used herein to
mean films oriented primarily in the longitudinal direction.
However, some incidental orientation can be present in the
transverse direction, and this is sometimes desirable to help
the film to grip a container or vessel after heat shrinking
and to reduce the incidence of wrinkles in the final label.
The te;:m can also be used to refer to films oriented primari-
ly in the transverse direction, with or without some inciden-

tal orientation in the longitudinal direction.

The invention may be further understood by refer-
ence to the examples which follow.

The examples below list preferred commercially
available resins.

The resins used in these examples, and others use-
ful in the invention, are identified in Table 1.
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- 11 - blown bubble 14. Air cooling ring 16 positi o
around t he bl own bubble at the position shown cool s
aS it exits die 12. An optional
al so be p03|t|oned circunferentially around the blo

RESIN

SBCa

SBC=

EVA,
EVA.
EVA,

VLDPE,

VLDPE,

A}
VLDPE-
VLDPE.

PP,
PP,

PLy

- 14 -

TABLE 1

COMMERCIAIL NAME

KR-10
KK-36
ELVAX 3182
ELVAX 3165
3170

XU 61509.32
DEFD 1161
TAFMER 0680
1015

8473
WRD5-981
22-164

auxiliary chilling

H o4
LT
A

o o o N
T CTIU 1

REPUN@EMﬁﬂﬂ%ﬁﬁE%

ly
mel t

DESCRIPTION COMPANY
STYRENE BUTADIENE PHILLIPS
COPOLYMER
STYRENE BUTADIENE Phillips
COPOLYMER WITH
FATTY FOOD
COMPLIANCE
EVA (28% VA) DU PONT
EVA (18%VA) DU PONT
EVA (18% va) DU PONT
VERY LOW DENSITY DOW
POLYETHYLENE
DENSITY = .S11
grams/cc
VERY LOW DENSITY UNION
POLYETHYLENE _ CARBIDE
VERY LOW DENSITY MITSUI
POLYETHYLENE
DENSITY = .88
grams/cc
VERY LOW DENSITY UNIONR
POLYETHYLENE CARBIDE
DENSITY = .900
grams/cc
EPC FINA
POLYPROPYLENE SHELL
50% POLY- SANTECH
ISOBUTYLENE
IN LLDPE

is Sheet IHiiﬂBﬁcllnllI{eﬂliced




streamfromair cooling ring 16 to further chill .
primary bubble 14 is melt oriented in both the maching %ﬁﬂl¥¥@ﬁﬁﬁ%$§55*
directions. Various blow up ratios may be used, but p'eferﬁgbyogmeﬂgﬁlns
bubble 14 is hot blown to a blow up ratio of betmeen

primary bubble 14 is collapsed at pinch tdPls 21,

VLDPE,

Example 1

t he Rot=—=bHFov

—

y

Fhe

and pellet blends with PP, were

extruded at 500°F barrel temperature on a 3/4 inch extruder

(Brabender)

and blown into 2 mil thick film from a 1 inch

annular die set at 450°F with a blow-up ratio of 2.8:1.

a hat tester on the following day.
below in Table 2.

The 2 mil films were then oriented into film using

Composition

100%

\80%

60%

40%

| 80%

VLDPE,

VLDPE,
+ 20% PP,

VLDPE,

+ 40% PP,
~

VLDPE

+ 60% PP,

VLDPE
+
PP,

Table 2

O;ientation
Temperature

210°F

212°F

225°F

225°F

225°F

The -results are shown

Results

clear f£ilm

clear film
clear film
clear film

couldn't
orient due to
improper
mixing

(gels)
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To assi st

Ie o oy e
extrenities of the bl own bubble 14. The preferred proc §§WF8PE?§ﬁ?fZ§§?bl
the present invention pernmts the bubble to be i nmredi a %xﬁfrgi@fﬂ[‘éft : T
after cooling, into the secondary bubble 20 and then ¢ eq:

in this process, guide plates 18 are positio'ed at—t

.t.o.ni.wpa-rl.t..

orientation of the material in primaggly the transverse direction,
primarily the |ongitudinal direction, or

Example 2

Double wound £ilm (4 mils thick) of both 100%
VLDPE., and the blend of 80% VLDPE, and 20% PP, were
oriented on a hat tester (parallel orientation) at 210°F. A
hat tester is a device for blow-orienting laboratory £ilm
samples. A film sample, having a size of about 4 inches by 4
inches, is clamped over an orifice situated in a horizontal
table. An overhead radiant heater heats the film to a prede-
termined orientation temperature. Then, air is blown upward-
1y through the orifice to create an oriented hemispherical
shape ("hat") in the film. In each case, the resulting hat
was ply separated after orientation into two hats of oriented
£ilm.

. Example 3

-

\ Multiple oriented hat samples for each of the compo-

~sitions of Table 1 were made by the procedure ‘described in

Example 2. These hats were about .20 mils thick. A
styrofoam disc with a diameter of 2.6 inches, and a 500 dgram

- weight, were inserted into the cavity of each hat.

N These hats were evalpated on a hot pad sealer to
- determine their burn-out threshold. The multiple hat sam-
ples for each composition, with the disc and weight therein,
-were each placed in turn on a hot pad preheated to different

» predetermined temperatures and left there for about 10 sec-

-onds. Each hat sample was evaluated for degree of burn-out.

' The aggregate results for each composition, are shown in

. Table 3.
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(biaxially oriented filns).

in both the transverse and | ongitudinal directions. s~ fiexrbrl il
the preferred process pernmts films of the invention UaﬂﬁghﬁPaH§8§&W£%¥b

are oriented primarily in one direction (nonoaxially |entqy3f0CﬁBﬂ95r
films which are oriented in both the |ongitudinal and PaifsversediTecti

-17-

Table 3
Composition Burn-out Threshold Temperatures
(% PP,)
0 . 230 to 240°F
20 250 to 260°F
40 280 to 290°F
60 290 to 300°F

Example 4

A film having the construction SBC,/EVA,/80%

VLDPE, + 20% PP,/EVA,/SBC, is produced by the process

desg{ibed above for Figure 3. Tubular film is hot blown,

collapsed through a pair of pinch rolls and reinflated into a

secondary bubble. The secondary bubble is stretched in the

machine direction and in the transverse direction to produce
a thin f£ilm.

< The outer layers of SBC, each form about 15% of
the final film gauge. The core layer of the blend of 80%
VLDPE, and 20% PP, forms about 40% of the <£final film
gauge by thickness. The intermediate adhesive layers of
_EVA, each comprise about 15% of the final film gauge.

Example 5
A film like that of Example 4 is made, by the same

process, but having 20% VLDPE, + 80% PP, in the blend
.layer. ’

This Sheet 1
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12 - The col | apsed bubble is reinflated in a bl own bubble process to
stretch orient the blown and collapsed film This is g 4] opa
manner by trapping air or other hot gas within the sedp & PLRC%V6§ éﬁgg%
that the materi al ) Dat

_ig - ae ..............................

Example 6

A film having the construction SBC,/EVA:/
VLDPE./30% EVA, + 70%PP, /VLDPE,/EVA,/SBC, was
produced by the process described above for Figure 3.

Example 7

A £ilm having the construction SBC,/EVA./
VLDPE,/50% EVA., + 50% PP, /VLDPE,/EVA,/SBC, was
produced by the process described above for Figure 3.

Example 8

A film having the construction SBC./EVAL/
VLDPE,/70% EVA. + 30% PP, /VLDPE./EVA,/SBCy is
produced by the process described above for Figure 3.

N

Additional films were produced by the process de-
scribed above for Figure 3. These films are identified in
Table 4 as Examples 9-18. In Example 12, the film contained
5% polypropvylene by weight of the total f£ilm structure. 1In
Example 13, polypropylene formed about 10% of the total film
structure by weight. In Example 15, the core layer of the
blend of EVA and polypropylene formed about 15% by weight of
the total film structure. In Example 16, the core layer
blend constituted about 20% of the total film structure. In
Example 18, the same film structure was produced as in Exam-
ple 17, but with a higher level of antifog agent. The films
.Pf Example 9-18 were oriented in the secondary bubble at a
gatio of about 2.0:1 in each of the.transverse and longitudi-
nal directions.
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I mpart stretch orientation in the machine or |ongitudina gﬂm_g@;{g‘,pq\tg.at&iﬁe
thernopl astic nmaterial. The recol | apsed bubble 20 then phsses éoﬁ@% i
sécond set of pinch rolls 22 to take up roll 26. The tak Dg@e

a mll Iog whi ch can be i nmedi ately stored or shipped to
customer, *or may be stored for further prdBcessing such as slitting into

-----------------------------

Additional films were made by standard blown film
techniques, using about a 5:1 blow up ratio. These films
are listed in Table 5 as Examples 19-27. The temperatures
at which the films burned out in testing of the burn
through resistance of the film are indicated in the right

hand column of the table.

Another example of the present invention is a film

including the construction:
SBC/ADH + PP/VLDPE/ADH + PP/SBC

where ADH is a polymeric adhesive such as EVA,, EVA,,

or EVA,, or any suitable adhesives such as the carboxylic
acid or acid anhydride-modified polymeric adhesives known
in the art; and where PP is PP,, PP,, or other suit-
able propylene ‘polymers or copolymers. ADH and PP may be
blended in any of the proportions disclosed herein for PP

X
blend layers.
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Films of the present invention can optionally be

cross-linked. This can be done chemically or by the use of

irradiation.

Irradiation may be accomplished by the use of high
energy electrons, ultra violet _ radiation, X-rays, gamma
rays, beta particles, etc. Preferably, electrons are em-
ployed up to about 20 megarads (MR) dosage level. The
irradiation source can be any electron beam generator oper-
ating in a range of about 150 kilovolts to about 6 mega-
volts with a power output capable of supplying the desired
dosage. The voltage can be adjusted to appropriate levels
which may be for example 1,000,000 or 2,000,000 or
3,000,000 or 6,000,000 or higher or lower. Many apparatus
for irradiating films are known to those of skill in the
art. The irradiation is usually carried out at a dosage up
to about 20 MR, typically between about 1 MR and abou£ 20
MR{ with a preferred dosage range of about 2 MR to about 12

. MR. Irradiation can be carried out conveniently at room
temperature, although higher and lower temperatures, for
example, O°C to 60°C may be employed.

While the invention has been disclosed with refer-
ence to illustrative examples, those skilled in the art
will understand that various modifications may be made to
the invention as disclosed without departing from the
Sthar,e and scope of the claims which follow.

For example, in an alternative embodiment, a single
layer of a blend of propylene- polymer or copolymer, and
ethylene copolymer (preferably VLDPE or EVA) can be ad-
hered, either directly, by means of a polymeric adhesive
layer, or by conventional lamination adhesives to a single
layer of a sealable polymeric material by one of the meth-
ods disclosed herein, to produce a film with a preferred
thickness of less than about 1 mil. Thus, both asymmetric
and symmetric two, three, four, five, six, and seven layer
Structures can be made from the composition of the present'



fluid. In this manner, the filmis nore uniformy heat€ *ﬁggb@@@mﬁaaﬁur?.
control can be achieved. Thickened tape edges can be stantlally voi ded
by" such nmeans. Al though the heated fluid of reservoir ;p{ﬁﬂe L.y..-hpt
wat er, other nedia nmay be used if tenperatures above t
(212[err]) Iimt of hot water are desire23 - For exanple propyl ene gyl col
(a food approved material), hot oil or hot

invention. Additional layers can be added to these struc-
tures to meet specific end use requirements, such as tough-
ness, barrier properties and the like.

Also, polybutene and ethylene butene copolymer can
be used as an alternative ethylene copolymer in the inven-
tive blend.

This Sheet Has Been Repl

IR




enmul sions may be used. One skilled in the art will under
exact nature of the heated fluid.is not as critical as
hel ping to uniformy heat the collapsing bubble 14 as

pinch rolls 21, “ﬂl heat the collapsing bu tmﬁbIH
tenperature abo ﬂl\ mmu“u M n tenperature. The heat eg=ftau-d NEY" ?sso l}e

an-" active" substancetwh ch
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1. A composition comprising a blend of:
a) propylene homopolymer oxr copolymer; and
b) ethylene copolymer or polybutene.
5 2. A composition according to claim 1 wherein the
ethylene copolymer or pblybutene is
a) very low density polyethylene;
b) ethylene vinyl acetate copolymer;
c) polybutené; or
10 ' d) ethylene alpha olefin copolymer.

3. A composition according to claim 2 which
comprises very low density polyethylene having a melt index
before blending of no more than about 10 grams/10 minutes.

4. A composition according to claim 2 or 3 which

15 comprises very low density polyéthylene having a flow rate
ratio (I57/I, 31) before blending of at least about 40.

5. A composition according to any one of the
preceding claims comprising a blend of from 20% to 80%
propylene homopolymer or copolymer, and from 80% to 20%

20 ethylene copolymer.

6. A composition according to claim S comprising
a blend of from 30% to 70% propylene homopolymer or
copolymer, and from 70% to 30% ethylene copolymer.

7. A composition according to claim 6 comprising

25 a blend of from 40% to 60% propylene homopolymer or
Copolymer, and 60% to 40% ethylene copolymer.

8. A composition according to claim 7 comprising



of the bubble as it passes.over -the reservoir. An exa
of her functionat coating. The %@ ted fluid may be rec

reservoir throu 1!
sui tabl e transf% m m

types of materia

the reservoir 28 of h
ﬁay be effectively used in

- 25 -
a blend 6f about 50% propylene homopolymer or copolymer, and
about 50% ethylene copolymer.

9. A multilayer film comprising:
a) a first layer comprising a composition as
5 claimed in any one of the preceding
claims and
b) an outer sealabie layer.
10. A film according to claim 9 wherein the outer
sealable layer forms less than about 8% of the total film

10 thickness.

11. A film according to claim 9 or 10 wherein tﬁe
outer sealable layer is adhered directly to the first layer.

12. A film according to claim 9, 10 or 11 wherein
the outer sealable layer is adhered to the first layer by

15 means of a polymeric adhesive disposed between the first and
second layers.

13. A film according to claim 12 which comprises:
a) a core layer comprising a composition as
claimed in any one of claims 1 to 8;

§2° b) two outer layers each comprising a

sealable polymeric material; and

: €) two intermediate layers each bonding the

? T core layer to a respective outer layer,

b and comprising a polymeric adhesive.

25 . _
% 14. A film according to claim 12, which comprises:
a)  a core layer comprising a composition as
clai i . .
This Sheet Has Been Replaced lmed in any one of claims 1 to 8;
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two interior layers, each layer bonded to
an opposite side of the core layer, and
comprising very low density polyethylene;
two outer layers each comprising a
sealable polyﬁeric material; and

two adhesive layers each bonding an
interior layer to a respective outer

layer.

15. A multilayer film comprising:

a)

b)

a core layer comprising very low density
polyethylene;

two outer layers each comprising a
sealable polymeric material; and

two intermediate layers each bonding the
core layer to a respective outer layer,
and comprising a blend of a propylene
polymer or copolymer, and a polymeric

adhesive.

16. A film according to any one of claims 13 to 15

wherein the two outer layers each comprises from 0.1% to 10%

by weight of each outer layer, of plasticiser.

17. a
wherein the two
than 100um (.04

i8. A
wherein the two

4% of the total

film according to any one of claims 13 to 16
outer layers each have a thickness of less
nmils).

film according to any one of claims 13 to 17

outer layers each comprise less than about

film thickness.
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-14- nmeat and non-food products. IHb are Ubedﬁﬁ
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and  cans.

19.

Monoaxi ally oriented f

T]

A film according to any one of claims 13 to 18

wherein the adhesive or intermediate layers comprise an

olefin polymer or olefin copolymer with adhesive properties.

20.

A film according to any one of claims 13 to 19

5 wherein the adhesive or intermediate layers comprises

ethylene vinyl acetate copolymer.

21.

A film according to any one of claims 9 to 20

wherein the outer layer or layers comprise a sealable

polymeric material which is an olefin polymer, olefin

10 copolymer, styrenic polymer, or styrenic copolymer.

22.

a)

b)

15

23.

A multilayer film comprising:

a first layer comprising a propylene polymer
or copolymer; and

at least one additional sealable layer
comprising

i) very low density polyethylene,

ii) ethylene vinyl acetate copolymer; or
iii) styrenic polymer or copolymer.

A film according to any one of claims 9 to 22

20 wherein at least one layer of the film is crosslinked.

24,

comprises:

a)

25

b)

This Sheet Has Been Replaced
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A method of making a polymeric film which

coextruding a first melt stream of a blend of
Propylene polymer or copolymer, and ethylene
copolymer or polybutene, and a second melt

Stream of a sealable polymeric material;

extruding the melt streams through a tubular



The term "nonoaxially oriented" is used herein to nean
prinarily I n the longitudinal direction. However, sone
ofi entation .can be pLgsen%/Tn ‘the transverse direction] Datet&@idLj o9
somet i mes “desi-+able t to hel |In1to grip a contain ’
heat shr1nk|ng |ncidence of winkles in the final |abel.
The term can als srefer to films oriented primarily in

fR"I%C&Mmmma l

- 28 -
die;
c) hot blowing the extruded film;
d) heating the hot blown film to a temperature
above its.orientation temperature;
5 e) directing the heated film through a first set
of pinch rolls;
£) reinflating the hot blown film by a blown
bubble process; and
g) collapsing the reinflated film through a
10 second set of pinch rolls.
25. A method according to claim 24 which
comprises in step a) and b)
a) coextruding a first melt stream of a blend of
propylene polymer or copolymer, and ethylene
15 copolymer or polybﬁtene, a second and third
melt streams of a polymeric adhesive, and
fourth and fifth melt streams of a sealable
polymeric material; and
b) extruding the melt streams through an annular
20 die such that the first melt stream forms the
central layer of the coextrudate, and the
fourth and fifth melt streams form the

outermost surfaces of the coextrudate.

This Sheet Has Been Rerlaced
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the transverse direction, with or without sone incidental _orientation in

the longitudinal direction. The invention may be furthgr : 9] =
reference to the exanples which follow The exanples bsl%%%@%ﬁ?%#ﬁ :
commerically available resins. The resins used in thesg exanpl C’[am ;
others useful in ﬁaenﬁf% ................. ‘
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ABSTRACT

BLENDS OF POLYPROPYLENE AND ETHYLENE COPOLYMER

AND FIIMS MADE FROM THE BLEND

A composition of matter comprises a blend of
propylene homopolymer or copolymer, and ethylene
copolymer. Ethylene vinyl acetate copolymer (EVA), very
low density polyethylene (VLDPE), and ethylene alpha olefin
copolymer are preferred ethylene copolymers. VLDPE with a
high molecular weight (low melt index), and with a broad
molecular weight distribution (high flow rate ratio)} is
preferred. A multilayer film comprises a first layer com-
prising a propylene homopolymer or copolymer, or blend, and
at least one outer sealable layer.
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The prasent invention pertains o packaging films, and more particutarly to a thin polymeric film suitable for repiacing
polyvinyt chioride film gspecially in packaging applications.

Polyvinyl chloride (PVC)has long been used in many applications in the packaging art. One particularly widaspread
application for PVC is the use of such material as an overwrap material {or irayed retail culs of meat and othar food
products in a retail environmenit such as a supermarket.

PVC has several desirable properties for this use. For example, it has excellent burn-through resistance, optics
and geod elasticily and stratch properties at use lemperatures.

Unlortunately, PVC also has several disadvantages, including the production of hydrogen chlorida gas during heat
sealing and the generally carrasive sifects of such gases in the packaging room. Extractables trom the PVC into the
packaged fcod product have alsc become of concern,

It would be of great bsnefit o the packaging industry, and particular to applicaticns requiring an instore film for
overwrapping trayed focd products, to provide a film with many of the advantages of PVC but without the disadvantages
dascribed above.

The inventors have discovered that a blend of propylene polymer or copolymer, and ethylene copolymer, is usetul
in improving the burn-through rasistance ot a film made from the bland.

The inventors have also discoverad that a relatively thin polymeric film, including a fayer of the blend combined
with an outar heat sealable layer, can be mads using the inventive blend.

Precesses for producing oriented films, and oriented films themselves are disclosed in many patents including the
following patents of interest.

U. S. Patent No. 3,456,044 and U. S. Satent No. 3,555,604 (Pahike) mentions thin films of thicknesses less than
1 mil such as 0.5 mils, and discloses a double bubble method for biaxially orienting thermopiastic films including the
steps of producing a primary tubing which is inflated by intreducing air into the interior thereof, and a coeling ring 22,
as well as squeeza rolls 34 and 28, with rolis 34 having a greater spaed than roils 28. Between the twa pairs of squeeze
rolls is a reinflated secondary bubble. If annealing is desired, the tubing can be reinflated to form a bubble 70.

U. S. Patent No. 4,258,166 (Canterino et al) disciosas a uniaxially oriented plastic film material with improved
strength and clarity in the direction of orientation greferably comprising homopolymers and cogelymers of sthylene.

U. S. Patent No. 4,355,076 (Gash) discloses monoaxiaily oriented polypropylene film laminated to a mencaxially
oriented high density polyathylene film, the films produced by for example tubular biowing.

U. S. Patent No. 4,440,824 (Bonis) discioses a thermoformable ¢oextruded multilayer structurs usafut for thermo-
forming into containers, the structure having polyolefin coextruded with a high impact polystyrena layer. A five layer
structura is shown.

U. S. Patent No, 4,464,439 (Castelein) disclcses a coextruded laminate having a sheet of polypropylene and a
sheet of a mixture of high impact polystyrene, crystalline polypropylene, and styrene/dienic monomer block capolymer.

U. S. Patent No. 4,679,177 (Boice) discioses a monoaxially orientad shrink film having a core layer of butadiene
styrene copolymaer, outer fayars of ethylene propylene copolymer, and intermediate bonding fayers of athylene copol-
ymer.

Muiti-layer packaging films have also been disclosed in EP-A-0, 144,642, US-A- 4,720,427, EF-A- 0,282,282, EP-
A- 0,214,945, EP-A- 0,235,930, EP-A- 0,221,726 and US-A- 4,340,641,

it is an cbject of the present invention to grovide a themoplastic film useful as an overwrap material for trayed
eetail cuts of meat and other tood praducts in a super markat or other ratail eavironment.

It is also an object of the present invantion tc provide a film which has good burn-through resistance.

Itis also an object of the prasaent invention to provide a film having excellent optical properties, specifically excellent
gloss and clarity. .

Inn one aspect the prasent invention provides a muitilayer film comprising:

(a) a first layer comprising a blend of propylene homopalymer ot copolymaer, and very low density polyethylene,
wharein the very low density polysthylene has a melt index befare blending of no more than 10 grams/10 minutes
measured according to ASTM D 1238 at condition 190/21.801, and a flow rate ratio (I51/144) before biending of at
least 40, said ratio being darivad by dividing the flow rate at condition 190/21.6 by the flow rate at condition 190/2.18,
measured according to ASTM 0 1238, and

{b) an cuter sealable layer.

in ancther aspact of the prasent invention, a method of making a polymeric film comprisas coextruding a first melt
stream of a blend of prapylena polymer ar copolymaey, and very low density polyethylene wherain the very low density
polyethylene has a melt index before biending of no more than 10 grams/10 minutes measured according to ASTMO
1238 at condttion 190/21.601 and a flow rate ratio {15,/15 ) belore blending of at least 40, said ratio being derived by
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gividing tha flow rate at condition 190/21.6 by the flow rate at condition 19072, 16, measurad accarding to ASTM O
1238, and a second meit straam of a saalable polymeric matanal; extruding the melt streams through a lubular die,
hot blowing the extruded film; haating the hot biown film to a temperature abava its orientation lempecature; directing
the heated film through a first set of ginch rolls; remflating the hot biown film by a blown bubble procass wharain the
bubbie 1s expanded in beth its lengrtudinal and transversa directions, and collapsing he renflated film through a second
sat of pinch roils,

The term “polyciefin® is usad herein in its stricter sensa to mean a tharmaplastic polymer derived from simple
olefins. Among these are poiyethylena, polypropylene and copolymers theraaf with olafinic comoncmers. For exampte,
very low density palyathylane may e consideraed a lingar sthylene copolymer with a comonomer comprising such
materials as butene, haxene or cctene. The term ‘polyciefin” is also used herein in a broader sense o include copol-
ymers of sthylene with comonomers that are nat themselves alefins, such as vinyl acetata {e.g. ethylene vinyl acetate
copolymer or SVA)

The term "very low density polyethylene®, or "VLOPE" is used herein to dascribe linear athylene alpha-clefin co-
polymer (flaxcmer) having densities of ganerally between 0.86Q0 and 0.915 grams/cubic centimeter, and preduced by
a catalytic, low gressurs grocass. "Ultra iow density poiyethylene® is also included in this term.

The term “sthylena vinyl acetate copclymer® {EVA) as used herein refers 10 a copolymer formed of ethylene and
vinyt acetate monormars whergin the sthylene darived units are prasent in major amounts and the viny! acetate dsrived
units are prasant in minor amounts, prelerably one (1) to thinty {3Q) gercent by weight,

The term “styrens butadiene ccpolymaer® {S8C) is used harein to dencte thermoplastic copolymers, aspecially
black copolymers containing a major portion {graater than 50%) of styrene and a minor propertion (less than $0%,) of
butadiene ¢ccmonomaer,

The terms *meit flow” and *melt index* ara used hersin o mean the amount, in grams, of a thermoplastic resin
which is terced through an orifica of specified length and diamaeter in ten minutes under prescribed conditions in ac-
cardanca with ASTM O 1238,

The term “flow rata ratio* (FRR) is used to mean a dimensionless number derived by dividing the flow rate (melt
flow or meit index) at ene Condition with the flow rata at ancther Condition {ASTM D 1238). FRR is indicative of mo-
lecular weight distributicn. Tha higher the FRR, the broader the molecular waight distributicn.

Tha term *athylana capoiymer” is used harain in its strict sensq to mean cogolymars of sthylene and & comonormaer,
and in its broad sensa o includs materials such as poiybutene which can be substituted for this first group of materials.

The term “sthylens algha olefin cogolymer” is used harein to refer 10 copoiymaers of ethylene and higher aipha
olefins such as butene, 1-methyl pentene, hexane, and octens.

The inventicn may be further understocd by referenca o the drawings fierein, whers:

FIG. 1 is a schematic cross saction of a praferred embodiment of a muitilayer film in accordance with the invention;

FIG. 2 is a schematic diagram indicating the apparatus and grocess By which the films of the prasent invention
are mads.

A prafarrad compasition used in the film of the invention is a bland of between 20% and 0% prepylens homogol-
ymar or copclymar, and betwaasn 8Q% and 20% very iow density polyethylene. A mors praferrad compaosition is a blend
of from 30% to 70%, more probabiy 40% to §0% progylene homaogciymar or cepolymar, and from 30% to 70%, mors
prefarably 40% to §0% very low dansily polyathylene. An gvan more pralerred composition is a bland of about 50%
propylene homopolymer or capolymar, and about S0% very fow density polysthylens.

An aspecially preferred propylene resin is propylene athylene copolymer such as that available from Fina under
the cesignaticn Fina 8473 and Fina 8473x. These resins have an ethylens cantant of about 3% by weight,

Ancther especially prafarrad propyiene resin is propylene hemopaolymer such as that avaiiable from Shell under
the dasignation WRDS-381, with a melt fiow rate of .6 to .8 grams/10 minutas (ASTM © 1238, Condition 23072.16).

An aespecially praterrad VLDOPE is a high molecular waight resin such as OEFD 1015 {rem Union Carbide. This
resin has a density of about .900 grams/ce, a melt flow-rate of about § grams/ 10 minutes (ASTM D 1238, Conditien
190/21.801), and a FFR (I4,/1, ;) of about 50.

The graferred film structure is a multilayer compaosite having a cora layer 10 comprising a blend of propylene
polymer or copalymar, and very low density polyathylene (VLOPE),

Praferrec VLDPE rasins ara charactarized ty high molecular weaight (i.e, reiatvely law meit index), broad molecular
waight distribution {i.e. relativaly fugh flow rate ratic), and refatively low crystallinity at procassing temperaturas.

For the VLORE, amaitindex (M} of no mara than abaut . 15 grams/ 10 minutas {ASTM D 1238) {Condition 150/2.18)
is preferrad. A more prefarred Mt is . 12 grams/ 10 minutss.

Praferred VLDPE rasins can also ba characterrzed by a meit index of no more than about .50 grams/ 10 minutas,
mare prefarably no more than about .45 grams/ 10 minutes {ASTM O 1238) {Condition 190/5.0); no more than about

This Sheet Has Been Repl

i
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1.50 grams/ 10 minutas, and mora praferably no mora than about 1.35 grams/ 10 minutes {ASTM D 1238) (Condition
190/10.}; or no mora than 10 grams/ 10 munutes. and more praferably no mora than 6 grams/ 10 minutes {ASTM O
1238) {Condition 190/21.601).

For the VLOPE, a molecular weght distribution (flow rate ratic) of at least 10 (Iy4/5) (ASTM D 1228) is prefarred.
This value is denved by dividing the flow rate at Condition 190/21.8 by the flow rats at Condition 150/5.0. A more
preferred FRA s 13.

VLOPE resins are also characterized by a FFR of at least 40, praferably at least 50 (1,15 ;) (ASTM O 1238). This
valua is derived by dividing the flow rate at Condition 190/21.8 ty the flow rate at Condition 190/2.18.

Relerring to Fig. 1, in one preterred film construction, cuter layers 12 praterabiy comprise a polyoclefin, mora prat-
erably an ethylene polymer or copolymer such as EVA, Styrenic polymers and copolymers, e.g. siyrene hutadiene
copolymer such as that commercially available from Phillips under the designation KR-1Q having a butadiene content
of 25% by weight of the copolymer; ar KK 36 {for fatty foad contact) are also preferred.

In this embediment of the invention, the outer layers 12 are bonded o the core layer 10 by means of intarmediale
layers 14 each comprising a poiymaeric adhesive and preferably a cogolymer of aethylena, and more grefsrably an
athyiene vinyl acatate copclymer {(EVA). A more praferred EVA is one having a vinyl acatate content above 18% by
weight of the copolymer, and aven more praferably 28% by weight of the copelymer. Other polymeric matsrials, including
chemically modifie¢ adhesives, can be used for layers 14 provided they precess adequately in precesses such as
those disclcsad hersin. Blends of polymaeric materiais and polymeric adhasives can also e used for intarmediate layers
14

For outer layers 12, SBC resins having minor amounts of butadiene, ranging from about 1 {0 $0%, provide an
optimum baianca of stiffness and flexibility to the film.

For layers of the prasent invention which contain $8C, antifog/plasticizing agents such as Atmer §45 and/ar Atmer
1010 ara praferably includad, more preferably in amounts of betwaen .5% and 10% by weight of the layer or layars,
Even mara preferably, between 2% and §% of such agents ara included. The intermediate layers 14, and comparable
layers in other films of the present invention, preferably aiso include such agents, more preferably in the .5% 1o 10%
range.

The films of the grasent invention ars graferably made by coextrusion techniques, combined with an apparatus
and grecass depicted in Figura 2 and dascribed in more detail below.

In ane embodiment the film of the inventicn may comprise:

{a) a cora layer comprising a blend of propylene hamapolymer or capolymer and very low density golysthylene in
accardance with the invention;

{5} two outer layers sach comprising a sealable polymeric material; and

(¢} two intarmediate layers each bonding the cars laysr lo a respeciive outer layer, and comprising a polymeric
achesive,

in a further embediment tha film of the invention may comprise:

(a) a core layer comprising a biend of propylene homopolymer or copolymer and very iow density poiyethylene in
accordance with the invention;

{b) two interior layers. each layer bonded to an appasite side of the ccre layer, and comprising very low density
polyathylens;

{c) two cutsr layers each comprising a sealable golymerdc material; and

{d) two achasivs layers each bonding an interior layer to a respactive outer layer.

Figure 2 shows schematically a device for making the films of the present invention.

A single msit stream, or multipie meit streams including a first msit stream of a biend of propyiene golymer of
copolymer, and ethylene copalymar, are axtruded or coextruded and exit as an extrudate through an annuiar die 12 in
a conventional mannar. The extruced film is hot biown to farm a biown bubble 14.

Air coaling ring 16 positionad clrcumterentxally around the biown bubble at the position shown ccols the thermo-
plastic melt as it exits die 12,

An aptional auxiliary chilling ring or rings 17 may also be positioned circumterentially around the blown bubble
down stream from ai¢ cooling ring 16 to further chiil the hot biown film.

The grimary bubbla 14 is malt orientad in both the machine and transvarse diractions. Various biow up ratics may
ba used, but grefarably the primary bubble 14 is hot blown to a blow up ratio of between 1.5 and 8.0.

The primary bubble 14 is collapsed at ginch rolls 21,

To assist in this process, guide platas 18 ara positionad at the extremitias of tha biown bubble t¢

Thae pralerrad process for carrying qut the prasent invention permits the bubble to be immadiately reinflated, alter
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cooling, into the secondary bubbie 20 and then expanded ta impart arientation of the matenal in primarily the transverse
diraction, prmarily the longitudinal direclicn, or in both tha transverse and longiudinal diractions. This *flexibiily” n
tha preferrad process permits films of the invention to be produced which are criented primarily in onae direction {mono-
axially onented films) or films which are orianted in both the longitudinai and transverse directions {biaxiaily anented
films).

The collapsed bubble is reinflated in a blown bubble procass {o stratch ortent the blown and collapsed film. This
is done in a conventionat manner by trapping air or other hot gas within the secondary bubble 20 so that the material
siretches al its orientation temgerature transversely 1o impart further orientation of the matenal in the transverse di-
rection. The secondary bubble 20 is collapsed at a second set of pinch rolls 22, A second set of guide plates 24 may
e employed to assisl in the collagsing process.

The second set of pinch rolls 22 is rotaled at a speed faster than the first set of ginch rolls 21 if it is desired to
impart stretch orientation in the machine or longitudinal direction to the thermopiastic material.

The recollapsed bubble 20 then passes from the second set of pinch rolfs 22 to take up roll 26.

The take up roll 26 may be a mill log which can be immediately stored or shioped to a distributor or customer, or
may be stored for further processing such as siitting into single wound film, machine or natural center fold film. Thus,
as used herein the lake up roll 26 raprasents any further processing, storage, or further madification of the doubie
wound, coilapsed film onca it exits the sacond set of pinch rolls 22, and is used herein to denote any of ihese possibie
further processing steps.

Itis preferred that a raservoir 29 of heated fluid be disposed at the lower and of primary bubble 14 in such a way
that the collapsing matarial drawn through the primary sat of ginch rolls 21 will pass in communication with the heated
fluid. In this manner, the film is more uniformiy heated and temperature centroi can ba achieved. Thickened tape edges
can be substantially avoided by such means.

Although the heated fluid of reservoir 28 is preferably hot water, other media may be used if temperaluras above
the 1C0°C {212°F) limit of hot water ars desired. For exampie propylene glycal (a foed approved matarial), hot il or
tot emulsions may be used. One skifled in the arnt will understand that the exact nature of the heatad fluid is not as
critical as its effectivaness in heiping to uniformiy heat the collapsing bubble 14 as it is drawn through pinch rofls 21,
and to uniformly heat the collapsing bubble 14 1o a temperature above its orientation tamperature,

The heated fluid may also be an “activa® substanca which not only reheats the surrounding film, but also actually
coats the interior of the bubble as it passes over the reservoir. An example is a hot wax or other functional coating.

The heated fluic may ba recirculated from the rasarvair through a heating means 30 by means of conduits 32 or
other suitable transter means. Using tha rasarvair 28 of heated Huid, the types of malerials which may bs sffectively
used in the gresent process and device ars increasad.

Many dilferent film constructions can be mada using this precass, including monclayer and multilayer films, espe-
cially thosa using tha inventive blend compasitions.

Biaxially oriented films of tha present invention are useful in overwrap applications for overwrapping retail cuts of
meat and non-food sroducts.

Moncaxially oriented films are useful in shrink label applications for producing labels for vessels such as bottles
and cans.

The term "moncaxially oriented" is used herein 10 mean films oriented primarily in the longitudinal direction. How-
aver, some incidental orientation can be presant in the transverse direction, and this is sometimes desirable to help
the film to grip a container or vessal aftar heat shrinking and to reduce the incidencs of wrinkles in the final label. The
term can also be used to refer to films griented primarily in the transverse direction, with or without soma incidental
orientation in the longitudinal direction.

Tha invention may ba further understocd by reference to the examples which foilow.

The examples below list praferred commarcially availabie resins.

The resins used in thesa examples, and others usaful in the invention, are identified in Table 1.

TABLE 1
RESIN | COMMERCIAL NAME | DESCAIPTION COMPANY
S8C, KR-10 STYRENE BUTADIENE COPOLYMER PHILLIPS
s8c, KK-36 STYRENE BUTADIENE COPOLYMER WITH FATTY | Phillips
FOOO COMPUIANCE

EVA, ELVAX 3182 EVA (28% VA) DU PONT
EVA, ELVAX 3165 EVA (18%VA) DU PONT
EVA, 3170 EVA (18% VA) OU PONT

", Centinuation of the Table on the next page
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RESIN COMMERCIAL NAME | DESCRIPTION COMPANY
VLOPE, XU 61509.32 VERY LOW OENSITY POLYETHYLENE OENSITY = oQow
911 grams/ce
VLOPE, DEFO 1161 VERY LOW DENSITY POLYETHYLENE UNION CARBICE
VLOPE, TAFMER 0680 VERY LOW DENSITY POLYETHYLENE DENSITY =. | MITSWI
88 grams/ce
VLOPE, 1018 VERY LOW DENSITY POLYETHYLENE OENSITY =. | UNION CARBIOE
$C0 grams/ce
PP, 8473 EeC | FINA
PP, WROS5-881 PCLYPROPYLENE : SHELL
P 22-184 50% POLYISOBUTYLENE IN LLDPE SANTECH
Examole 1

VLOPE, alone, and pellet blands with PP, wera extruded at 260°C (SC0*F) barrel temperature on a 19.0 mm (3/4)
inch axtrudsr (Brabandar) and biown inta 50. a pm (2 mif) thick fitm from a 25.4 mm (1 mch) annular die set at 232°C
{450°F) with a blow-up ratio of 2.5:1.

The 50.8 um (2 mil) films wera then oriantad into film using a hat tester on the following day. The results are shown
balow in Table 2.

Table 2

Compasiticn Oriantatian Temparature | Rasuits

100% VLDPE 98°C {210°F) clear film

83% VLOPE,. +20% PP, 100°C (212°F) clear film

80% VLOPE, + 40% PP, 107°C (225°F) claar film

40% VLDPRE, + 60% PP, 107°C (225°F) clear film

' 20% VLOPE, + 80% PP, 107°C (225°F) cauldn't orient dus 0 impropar mixing (gels)
* camparison
Examoie 2

Ooubila wound film (102 um/dmils thick) of toth 100% VLOPE,. and the bland of 30% VLOPE, and 20% PP were
crientad on a hat tester (parallel orientation) at $5°C (210°F). A hat tastar is a device lor blow-orienting laboratory film
samplas. A film sample, having a siza of about 102x102 mm (4 inches by 4 inches), is clamped over an arifica situated
in a horizontal table. An averhead radiant heater haats the film to 2 pradatermined oriantation tamparatura. Then, air
is blown upwardly through the orifice to craate an orianted hemispherical shape ("hat”) in the film. in sach casa, the
resulting hat was ply separated after arientation into two hats of oriented film.

Examote 3

Multioie arientad hat samples for sach of the compositions of Table 1 were mads by the pracedure described in

- Example 2. Thase hats were about 5.1 um (.20 milg) thick. A styrofoam disc with a diameter of 66 mm (2.5 inches),

and a 500 gram weight, wars insertad into the cavity of each hat,

These hats were avaiuated cn a hot pad sealer (o detarmine thair burn-out thrasheid, The mulitiple hat samples
for sach composition, with tha disc and weight therein, wara aach placad in tum on a hat pad praheated to diftarent
precetarminad temparaturas and laft thers for abcut 10 seconds. Each hat sample was evaluated lor dagree of dbum-
out, The aggragate resuits for each compasition, are shown in Table 3,
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Table 3
Composition {% PP,) | Burn-out Threshold Temperatures
o 110 to 116°C (230 to 240°F)
20 121 to 127°C {250 to 260°F)
40 138 to 143°C (280 to 290°F)
80 14310 149°C (290 lo 300°F)

* gomparison

Exampie 4

A film having the construction SBC,/EVA,/80% VLDPE, + 20% PP/EVA,/SBC, is produced by the process de-
scritied above for Figure 2. Tubular film is hot biown, colfapsed through a pair of pinch rolls and reinflated into a sec-
ondary bubble. The secondary bubbie is stretched in the machine direction and in the transverse direction to produce
a thin film.

The outer layers of SBC, each form about 15% of the final film gauge. The core layer of the blend of 80% VLDPE,
and 20% PP, forms about 40% of the final fiim gauge by thickness. The intermediate adhesive layers of EVA, each
comprise about 15% of the final film gauge.

Example 5
A film like that of Example 4 is made, by the sams process, but having 20% VLDPE, +80% PP, in the blend layer.
Additional films were produced by the procass described above for Figure 2. These films are identified in Table 4

as Examples §-8. Tha films of Examples 6-8 wara crientad in the seconcary bubble at a ratio of about 2.0:1 in sach
of the transverse and longitudinal directions.
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Additional films were made by standard biown film techniques, using about a S:1 blow up ratio. These films are
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20 121 to 127[err] (250 to 260[err]) 40

138 to 143[err[_(280 to 290[err]) 60 FE3~Fo—
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listed in Table § as Examples 9-16. The temperatures at which the films bumed oul in testing of the bum through
resistance of the film are indicated in the right hand column of the table.
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Q- OF; EXAMPLE BURNOUT
& %_m 2 FILM STRUCTURE TEMP |
S Par= 9 (Comparison)’ m“:, /v 127°C+
ST m 2/VLDPE ,/EVA, (260°F+1)
e _ EVA./VLDPE,/90% VLDPE,/VLDPE,/EVA
—S% 10 ; “+10% PP, +/EVA2 138-143°C
TAET (280-290°F)
—s._" 11 EVA,/VLDPE,/75% VLDPE,/VLDPE,/EVA,

Foc +25% PP 154-160°C
S -~ 2 (310-320°F)
-—NTD 12 EVA>/VLDPE,/50% VLDPE,/VLDPE,./EVA,

OO GE +50% PP, 160-166°C

S = 0.2 {320-330°F)

=309 13 EVA,/VLDPE,/25% VLDPE,/VLDPE,/EVA,

e +75% PP, 171°C

S —i (340°F)

035

c {m 14 SBC,/EVA,/80% VLDPE./EVA,/SBC

“3img +10% pp, . ot 143-149°C

S +10% PP, (290-300°F)

— GO

SIS 15 SBC,/EVA/VLDPE,./50% VLDPE./VL, 143-149°C

r, & DPE../EVA,/SBC

P o e ‘50t ppo ot/ VUPFEA/EVAL/SBC, (290-300°F)

= joR nvm 16

=pes 75% SBC,/EVA,/VLDPE,./50% VLDPE./VLD ; 143-149°C
3 2 2 . . PE./EVA./75% SBC, o

- m +25% VLDPE,/ +50% PP,/ +25% VLDPE, {(290-300°F)
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Films of the present invention can optionally be cross-linked. This can be done chemically or by the use of irradi-
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ation.

lsradiation may be accomplished by the use of high energy slectrons, ultra violet radiation, X-rays, gamma rays,
beta particles, etc. Praferably, alectrons are empioyed up 0 about 20 megarads (MF) dosage leval. The irradiation
source can be any electron beam generator operating in a range of about 150 kilovoits to about § megavolts with a
power autput capable of supplying the desired dosage. The voltage can be adjustaed to appropriate leveis which may
be for example 1,000,000 or 2,000,000 or 3,000,800 or 6,000,000 or higher or lower. Many apparatus for irradiating
films are known (o those of skill in the ant. The irradiation is usually carried out at a dosage up to about 20 MR, typically
batween about ! MR and atiout 20 MR, with a prelerred dosage range of about 2 MR to about 12 MR, Irradiation can
be carried out conveniently at room temperature, although higher and lower temperaluras, for example, O°C 10 60°C
may be employed.

For axample, in an alternative embodiment, a single layer of said biend of propylene pclymer of copolymer, and
VLOPE canbe adhered, aithar directly, by means of a golymeric adhesive fayer, or by conventional lamination adhesives
to a single layer of a sealabte polymeric material by cne of the methods disclosed herein, to produce a film with a
praferred thickness of less than about 25,4 um {1 mii). Thus, both asymmetric and symmetric two, three, lour, five, six,
and saven layer structures can be made. Additional layers can be added lo these structures to meet spacific end use
requirements, such as toughnass, and barriar properties.

Claims
1. A muttilayer film comprising:

{a) a first layer comprising a biand of propylene homopolymer or copolymer, and very low density poiyethylene,
wherein the very iow density pblyathylene has a meit index befcra blending of no more than 19 grams/10
minutes measured according to ASTM D 1238 at condition 190/21.801, and a flow rate ratio (ly /) before
blending of at least 40, said ratic being derived by dividing the flow rate at condition 190/21.6 by the flow rate
at condition 190/2.16, measured according to ASTM O 1238, and

{b) an outer ssalable layer.

2. Afiim according to claim 1 wherein the first layer comprises a blend of from 20% to 80% propylene homogolymer
or copolymer, and from 80% to 20% vary low density poiyethylene.

3. A film according te claim 2 whersin the first layar comprises a blend of {rom 30% to 70% propylene hamepolymer
ar copolymaer, and from 70% to 30% very lfow density polystiylene,

4. A film according to claim 3, wherain the first layer comprisas a blend of from 40% to §0% propylene homaopoiymer
or copoiymaer, and 60% to 40% very low density polyethylena.

5. A film according to claim 4 wherein the first layer comprises a blend of about 50% prapylene homopolymer of
copalymer, and about 50% vary low density polyethylene.

6. A film according to any one of the pracading claims whargin the outer sealable layer forms less than about 8% of
the total film thickness.

7. A film according to any ane of the grecading claims wherein the outer sealabla layer is adhered directly to the first
layer.

8. A film accarding to any ona of the pracsding claims wherein the outer sealable layer is adhered to the first layer
by means of a polymaric achesive disposed between the first and secend layers.

9. Afilm according to claim § which comprises:

{a) a core layer comprising said blend of propylene homapolymer or copalymer and vary low density polyeth-
ylene;

(b) two outer layers each compyising a sealable palymaeric material; and

{c} two intermediate {ayers each bonding the core layer 10 & respective outer layer, and comprising a poiymeric
adhasive,
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{rraciation may ba accomgplished by the use of high enargy stactrons, ultra violet radiation, X-rays, gamma rays,
bata particles, stc. Praferably, alectrons are ampioyad up o about 20 magarads (MR} dosage tevel. Tha irraciation
scurce can be any slectran baam genarator cperating in a2 range of about 150 kilovoits o about 5 megavolls with a
power oulput capable of supplying the gesirad dosage. The vaitage can be adiusted o appropriate levals which may
be lor example 1,000,000 or 2,000.CC0 or 3.000.000 or 5,000,000 or higher cr lower. Many apparatus lfor irraciating
films are known to those of skill in the art. The irradiation is usually carried out al a desage up to atout 20 MR, typicatly
batween about 1 MR and about 20 MR, with a preferred dosage range of about 2 MR 1o about 12 MR, irraciation can
be carried out conveniently at rcom tempaerature, although higher and lower temperaturas, for axample, O°C tc 83°C
may Be amployed.

For axample, in an aiternative embocdiment, a single layer of said blend of propylene polymer or copolymer, and
VLOPRE canbe acharad, sithar directly, by means of a polymeric achesive layer, or by cenventional lamination achesives
10 a single layer of a sealable polymaeric material by cne of the methcds disclosed herain, to preduce a fiim with a
praferred thickness of less than about 25,4 um (1 mil). Thus, Both asymmetric and symrmaetric two, three, four, five, six,
and saven layer structures can be mace. Additional laysrs can be added 1o thesge structures to meet specific end use
raquirements, such as touginass, and barrier properties.

Claims
1. A muitiayer film comprising.

{a) a first layer comprising a blenc of propylene homopolymer or copolymaer, and very low Censity polyethylene,
wherein ihe very low density pelysthylene has a mekt index befora blending of no mora than 10 grams/10
minutes measurad according to ASTM D 1238 at condition 150/21.801, and a flow rate ratio (I5;/1, ;) before
blending of at least 40, said ratio being derivad by dividing the flow rate at condition 180/21.5 ty the flow rate
at condition 130/2.18, measurad according to ASTM O 1238, and

{8} an outer saatable layer.

2. A filmaccording to claim 1 wherafn the first Iayer comprisas a blend of from 20% to 80% preoylens homepclymer
or copelymer, and from 80% to 20% very low density polyethylene.

3. A fiim according to claim 2 whersin the first layar comprises a blend of from 30% o 70% propylene homapolymer
ar copolymer, and from 70% to 30% very low density polyethylene.

4. A film according to claim 3, wherain the first layer comprisas a blend of from 40% to 50% prepylene homopclymer
or copolymar, and §0% to 40% very low density polyethylene.

§. A film according to claim 4 wherain the first [ayer comprises a blend of about 30% prapylene homopolymer or
cepalymer, and about 50% very low density polyathylene.

6. A film according to any one of the precaeding claims wherein the outér sealable iayer forms less than about §% of
the total film thicknass.

7. Afilm according to any one of the pracading claims whersin the cutac sealable fayer is achered directly to the first
layer.

8. A film accarding to any cne of the precading claims wherein the outer sealable layer is achered to the first layer
by means of a polymaeric achesive disposed between tha first and sacend layers.

9. A film according te claim 8 which cemprises:

{a} a cora layer comprising said blend of propylene homaopolymaer or copolymer and very low density polyeth-
ylene;

(b} two outer layers aach comprising a sealable polymeric material, and .
{c) two inlermediate layers aach bonding the cors layer to a respeclive outer layer, and comprising a polymeric
adhasive.
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10. A fiim according to claim 8, which comprises:

(a) a core layer comprising said blend of propylens homopalymer or copolymaer and very low density polyeth-
ylene;

{b) two interior layers, each layer bonded to an oppasite side of the cora layer, and comprising vary low density
poiysethylens;

{c) two outer layers sach comprising a seaiable polymeric material; and

{d} two achesive layers each bonding an interior layer to a raspective cuter layer.

11. A film according to claim 9 or 10 wherein the two outer layers each camprises from 0.1% 10 10% by waight of each
outer layar, of plasticiser.

12. A film according to any one of claims 9, 10 or 11 whersin the two outer layers each hava a thickness of less than
100um (.04 mils).

13. A film according to any one of ¢claims 9 to 12 wherain the two outar layers each comprise less than 4% of the total
fitm thickness.

14. A film according to any one of claims 9 to 13 wherein the adhasive or intermediate layers comprise an olefin
polymer or ciefin copolymer with adhasive properties.

15. Afilm according to any one of claims 9 to 14 wherein the adhesive or intermediate layers comprise sthylene vinyl
acatata copolymar,

16. Afilm according to any one of the praceding claims wherein the outer layer or layers comprise a sealabie polymeric
material which is an olefin pelymer, olefin copolymar, styrenic polymer, or styrenic copolymer,

17. A film according to any one of the praceding claims wherein at least one layer of the film is crosslinked.
18. A method of making a polymeric film which comprises:

{a) coextruding a first melt stream of a blend of propylene polymer or copolymer, and very low density poly-

sthylene, whersin the very low density poiyethylene has a meit index before blending of no more than 10

grams/10 minutes measurad according to ASTM D 1238 at condition 190/21.601 and a flow rate ratio {l3y/12 1)

befora blending of at least 40, said ratio being derived by dividing the flow rate at condition 190/21.6 by the
" flow rate at condition 190/2.16, measured according to ASTM D 1238, and a second meit stream of a sealable

polymeric matsrial;

{b) extruding the malt steams through a tubular die;

¢) hot blowing the extruded film;

d) heating the hot blown film o a tamperatura above its orientation temperature;

o) directing the heatad film through a first set of pinch rolls;

t} rainflating .the hot blown film by a biown bubble process; and

g} collapsing the reinflated film through a secand set of pinch colls.

19. A mathod according to claim 18 which comprises in step a) and b}

a) coextruding a first meit stream of said blend of propylene polymer or copolymer, and very low density pol-
yethyiene, a second and third melt straams of a polymeric adhesive, and fourth and fifth melt streams of a
sealable polymaeric material; and

b) extruding the melt streams through an annular die such that the first melt stream forms the central layer ot
the coextrudate, and the fourth and fifth meit streams form the outermost surfaces of the coextrucate.

LLUL L T
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FILMS OF BLENDS OF POLYPROPYLENE AND ETHYLENE COPOLYMER

Description

The present invention pertains to packaging films, and
more particularly to a thin polymeric film suitable for
replacing polyvinyl chloride film especially in packaging

applications.

Polyvinyl chloride (PVC) has long been used in many

applications in the packaging art. One particularly wide-

spread application for PVC is the use of such material as an

overwrap material for trayed retail cuts of meat and other food

products in a retail environment such as a supermarket.

PVC has several desirable properties for this use. For
example, it has excellent burn-through resistance, optics and

good elasticity and stretch properties at use temperatures.

Unfortunately, PVC also has several disadvantages,
including the production of hydrogen chloride gas during heat
sealing and the generally corrosive effects of such gases in
the packaging room. Extractables from the PVC into the

packaged food product have also become of concern.

It would be of great benefit to the packaging industry,
and particular to applications requiring an instore film for
overwrapping trayed food products, to provide a film with many
of the advantages of PVC but without the disadvantages

described above.

The inventors have discovered that a blend of propylene
polymer or copolymer, and ethylene copolymer, is useful in

improving the burn-through resistance of a film made from the




Films of the present invention can optionally be cross- |inkeg Thi.s
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The inventors have also discovered that a relatively thin
polymeric £ilm, including a layer of the blend combined with an
outer heat sealable layer, can be made using the inventive

blend.

Processes for producing oriented films, and oriented films
themselves are disclosed in many patents including the

following patents of interest.

U.S. Patent No. 3,456,044 and U.S. Patent No. 3,555,604
{(Pahlke) mentions thin films of thicknesses less than 1 mil
such as 0.5 mils, and discloses a double bubble method for
. biaxially orienting thermoplastic films including the steps of
producing a primary tubing which is inflated by introducing air
into the interior thereof, and a cooling ring 22, as well as
squeeze rolls 34 and 28, with rolls 34 having a greater speed
than rolls 28. Between the two pairs of squeeze rolls is a
reinflated secondary bubble. If annealing is desired, the

tubing can be reinflated to form a bubble 70.

U.8. Patent No. 4,258,166 (Canterino et al) discloses a
uniaxially oriented plastic £film material with improved
strength and clarity in the direction of orientation preferably

comprising homopolymers and copolymers of ethylene.

U.S. Patent No. 4,355,076 {Gash) discloses monoaxially
oriented polypropylene film laminated to a monoaxially oriented
high density polyethylene £film, the films produced by for

example tubular blowing.

U.S. Patent No. 4,440,824 {Bonis) discloses a




any el ectron beam generator operating in a range of aboufpIBHO: Ki1iguG USEED
about 6 negavolts with a power output capable of supplyi lg“ﬁﬁ%«%ég?caﬁﬁ‘
dosage. The voltage can be adjusted to appropriate |evel ‘Nhhﬁgoa?y ?g for
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| ower. Many apparatus for irradiating fi¥ns are known to%tnose of skill.in

the art. The irradiation is usually carried out at a dosé&ge up

thermoformable coextruded multilayer structure useful for
thermoforming into containers, the structure having polyolefin
coextruded with a high impact polystyrene layer. A five layer

. structure is shown.

U.8. Patent No. 4,464,439 {Castelein} discloses a
coextruded laminate having a sheet of polypropylene and a sheet
of a mixture of high impact polystyrene, crystalline

polypropylene, and styrene/dienic monomer block copolymer.

U.S. Patent No. 4,879,177 (Boice) discloses a monocaxially
oriented shrink film having a core layer of butadiene styrene
copolymer, outer layers of ethylene propylene copolymer, and

intermediate bonding layers of ethylene copolymer.

Multi-layer packaging films have also been disclosed in
EP-A-0,144,642, US-A-4,720,427, EP-A-0,282,282, EP-A-0,214, 945,
- EP-A-0,235,930, EP-A-0,221,726 and US-A-4,340,641.

It is an object of the present invention to provide a
thermoplastic film useful as an overwrap material for trayed
retail cuts of meat and other food products in a super market

or other retail environment.

It is also an object of the present invention to provide

a film which has good burn-through resistance.

It is also an object of the present invention to provide
a film having excellent optical properties, specifically

excellent gloss and clarity.

In one aspect the present invention provides a multilayer

film comprising:
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{a) a first layer comprising a blend
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of propylene

low density

polyethylene, wherein the very low density polyethylene
has a melt index before blending of no more than 10
grams/10 minutes measured according to ASTM D 1238 at
condition 190/21.601, and a flow rate ratio (1,/1,)
before blending of at least 40, said ratio being derived
by dividing the flow rate at condition 190/21.6 by the
flow rate at condition 190/2.16, measured according to
ASTM D 1238, and

(b} an outer sealable layer.

In another aspect of the present invention, a method of
making a polymeric film comprises coextruding a first melt
stream of a blend of propylene polymer or copolymer, and very
low density polyethylene wherein the very low density
polyethylene has a melt index before blending of no more than
10 grams/10 minutes measured according to ASTM D 1238 at
condition 190/21.601 and a flow rate ratio (1,/1,,) before

'blending of at least 40, said ratio being derived by dividing
the flow rate at condition 190/21.6 by the flow rate at
condition 190/2.16, measured according to ASTM D 1238, and a
second melt stream of a sealable polymeric material; extruding
the melt streams through a tubular die; hot blowing the
extruded film; heating the hot blown film to a temperature
above its orientation temperature; directing the heated film
through a first set of pinch rolls; reinflating the hot blown
film by a blown bubble process wherein the bubble is expanded
in both ites longitudinal and transverse directions; and
collapsing the reinflated film through a second set of pinch

rclls.



be adhered, either directly, by neans of a polyneric adhe$hve1laye ”

conventional |am nation adhesives to a single layer of a e?habke—pef BEt
mat erial by one of the methods disclosed herein, to produ¢e u£’° a
preferred thickness of |ess than about 25.4 [err] (1 ml)y Th bé?W?
asymmetric and symetric two, three, fou¥,-five, six, andiséyven. layer |
structures can be nmade. Addi ti onal Iayers can be added §
The term "polyolefin® is used herein in its stricter sense
to mean a thermoplastic polymer derived from simple olefins.
Among these are polyethylene, polypropylene and copolymers
thereof with olefinic comonomers. For example, very low

density polyethylene may be considered a 1linear ethylene
copolymer with a comonomer comprising such materials as butene,
hexene, or octene. The term "polyolefin" is also used herein
in a broader sense to include copolymers of ethylene with
comonomers that are not themselves olefins, such as vinyl

" acetate {(e.g. ethylene vinyl acetate copolymer or EVA).

The term "very low density polyethylene", or "VLDPE" is
used herein to describe linear ethylene alpha-olefin copolymer
{(flexomer) having densities of generally between 0.860 and
0.915 grams/cubic centimeter, and produced by a catalytic, low
pressure process. "Ultra low density polyethylene" is also

included in this term.

The term "ethylene vinyl acetate copolymer" (EVA) as used
herein refers to a copolymer formed of ethylene and vinyl
acetate monomers wherein the ethylene derived units are present
in major amounts and the vinyl acetate derived units are

- present in minor amounts, preferably one (1) to thirty (30)

percent by weight.

The term "styrene butadiene copolymer" (SBC) is used
herein to denote thermoplastic copolymers, especially block
copolymers containing a major portion ({(greater than 50%) of
styrene and a minor proportion (less than 50%) of butadiene

comonomer.

The terms "melt flow" and "melt index" are used herein to
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mean the amount, in grams, of a thermoplastic resin which is
forced through an orifice of specified length and diameter in
ten minutes under prescribed conditions in accordance with ASTM

D 1238.

The term "flow rate ratio" (FRR) 1is used to mean a
dimensionless number derived by dividing the flow rate (melt
flow or melt index) at one Condition with the flow rate at
another Condition (ASTM D 1238). FRR is 1indicative of
molecular weight distribution. The higher the FRR, the broader

the molecular weight distribution.

The term "ethylene copolymer" is used herein in its gtrict
" sense to mean copolymers of ethylene and a comonomer, and in
its broad sense to include materials such as polybutene which

can be substituted for this first group of materials.

The term "ethylene alpha olefin copolymer" is used herein
to refer to copolymers of ethylene and higher alpha olefins

such as butene, l-methyl pentene, hexene, and octene.

The invention may be further understood by reference to

the drawings herein, where:

FIG. 1 is a schematic cross section of a preferred
embodiment of a multilayer film in accordance with the

invention;

FIG. 2 is a schematic diagram indicating the apparatus and

process by which the films of the present invention are made.

A preferred composition used in the film of the invention

is a blend of between 20% and 80% propylene homopolymer or
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éopolymer, and between 80% and 20% very low density
polyethylene. A more preferred composition is a blend of from
30% and 70%, more probably 40% to 60% propylene homopolymer or
copolymer, and from 30% to 70%, more preferably 40% to 60% very
low density polyethylene. An even more preferred composition
is a blend of about 50% propylene homopolymer or copolymer, and

about 50% very low density polyethylene.

An especially preferred propylene resin 1is propylene
ethylene copolymer such as that available from Fina under the
designation Fina 8473 and Fina 8473x. These resins have an

ethylene content of about 3% by weight.

Another especially preferred propylene resin is propylene
homopolymer such as that available from Shell under the
designation WRD5-981, with a melt flow rate of .6 to .8

"grams/10 minutes (ASTM D 1238, Condition 230/2.16).

An especially preferred VLDPE is a high molecular weight
resin gsuch as DEFD 1015 from Union Carbide. This resin has a
density of about .900 grams/cc, a melt flow-rate of about 6
grams/ 10 minutes (ASTM D 1238, Condition 190/21.601), and a
FRR (1,,/1,,) of about 50.

The preferred film structure is a multilayer composite
having a core layer 10 comprising a blend of propylene polymer

or copolymer, and very low density polyethylene (VLDPE) .

Preferred VLDPE resins are characterized by high molecular
weight (i.e. relatively low melt index)}, broad molecular weight
" distribution (i.e. zrelatively high fiow rate ratio), and

relatively low crystallinity at processing temperatures.
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For the VLDPE, a melt index (MI) of no more than about .15
grams/10 minutes (ASTM D 1238) {Condition 190/2.16) is

preferred. - A more preferred MI is .12 grams/10 minutes.

Preferred VLDPE resins can also be characterized by a melt

index of no more than about .50 grams/10 minutes, more

"preferably no more than about .45 grams/10 minutes (ASTM D
1238) {(Condition 190/5.0); no more than about 1.50 grams/10

minutes, and more preferably no more than about 1.35 grams/10

minutes (ASTM D 1238) (Condition 190/10); or no more than 10

grams/10 minutes, and more preferably no more than 6 grams/10

minutes (ASTM D 1238) {Condition 190/21.601).

For the VLDPE, a molecular weight distribution (flow rate
ratio) of at least 10 (1,,/1,) (ASTM D 1238) is preferred. This
value is derived by dividing the flow rate at Condition
190/21.6 by the flow rate at Condition 190/5.0. A more

preferred FRR is 13.

VLDPE resins are also characterized by a FRR of at least
40, preferably at least 50 (1,/1,,} (ASTM D 1238). This value
is derived by dividing the flow rate at Condition 190/21.6 by
the flow rate at Condition 190/2.16.

Referring to Fig. 1, in one preferred film construction,
outer layers 12 preferably comprise a polyolefin, more
preferably an ethylene polymer or copolymer such as EVA,
Styrenic polymers and copolymers, e.g. styrene butadiene
copolymer such as that commerically available from Phillips
under the designation KR-10 having a butadiene content of 25%
by weight of the copolymer; or KK 36 (for fatty food contact)

are also preferred.
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In this embodiment of the invention, the outer layers 12
are bonded to the core layer 10 by means of intermediate layers
14 each comprising a polymeric adhesive and preferably a
copolymer of ethylene, and more preferably an ethylene vinyl
acetate copolymer (EVA). A more preferred EVA is one having a
vinyl acetate content above 18% by weight of the copolymer, and
even more preferably 28% by weight of the copolymer. Other
polymeric materials, including chemically modified adhesives,
can be used for layers 14 provided they process adequately in
'processes such as those disclosed herein. Blends of polymeric
materials and polymeric adhesive can also be used for

intermediate layers 14.

For outer layers 12, SBC resins having minor amounts of
butadiene, ranging from about 1 to 50%, provide an optimum

balance of stiffness and flexibility to the film.

For layers of the present invention which contain SBC,
antifog/plasticizing agents such as Atmer 645 and/or Atmer 1010
are preferably included, more preferably in amounts of between
.5% and 10% by weight of the layer or layers. Even more
preferably, between 2% and 6% of such agents are included. The
- intermediate layers 14, and comparable layers in other films of
the present invention, preferably also include such agents,

more preferably in the .5% to 10% range.

The films of the present invention are preferably made by
coextrusion techniques, combined with an apparatus and process

depicted in Figure 2 and described in more detail below.

In one embodiment the film of the invention may comprise:
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(a}) a core layer comprising a blend of propylene
homopolymer or copolymer and very low density polyethylene
in accordance with the invention;

(b) two outer layers each comprising a sealable polymeric
material; and

{(c) two intermediate layers each bonding the core layer to
a respective outer layer, and comprising a polymeric

adhesive.

In a further embodiment the film of the invention may

comprise:.

(a) a core layer comprising a blend of propylene
homopolymer or copolymer and very low density polyethylene
in accordance with the invention;

(b) two interior layers, each layer bonded to an opposite
side of the core layer, and comprising very low density
polyethylene;

(c) two outer layers each comprising a sealable polymeric
material; and

(d) two adhesive layers each bonding an interior layer to

a respective outer layer.

Figure 2 shows schematically a device for making the films

of the present invention.

A single melt stream, or multiple melt streams including

a first melt stream of a blend of propylene polymer or

copolymer, and ethylene copolymer, are extruded or coextruded

and exit as an extrudate through an annular die 12 in a

conventional manner. The extruded f£ilm is hot blown to form a
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blown bubble 14.

Air cooling ring 16 positioned circumferentially around
the blown bubble at the position shown cools the thermoplastic

melt as it exits die 12.

An optional auxiliary chilling ring or rings 17 may also
be positioned circumferentially around the blown bubble down
stream from air cooling ring 16 to further chill the hot blown

film.

The primary bubble 14 is melt oriented in both the machine
and transverse directions. Various blow up ratios may be used,
but preferably the primary bubble 14 is hot blown to a blow up

ratio of between 1.5 and 8.0.
The primary bubble 14 is collapsed at pinch rolls 21.

To assist in this process, guide plates 18 are positioned

at the extremities of the blown bubble 14,

The preferred process for carrying out the present
invention permits the bubble to be immediately reinflated,
after cooling, into the secondary bubble 20 and then expanded
to impart orientation of the wmaterial in primarily the
transverse direction, primarily the longitudinal direction, or
in both the transverse and longitudinal directions. This
"flexibility" in the preferred process permits films of the
invention to be produced which are oriented primarily in one

direction {(monoaxially oriented films) or films which are

" oriented in both the longitudinal and transverse directions

{(biaxially oriented films).
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The collapsed bubble is reinflated in a blown bubble
process to stretch orient the blown and collapsed film. This
is done in a conventional manner by trapping air or other hot
éas within the secondary bubble 20 so that the material
stretches at its orientation temperature transversely to impart

further orientation of the material in the transverse
direction. The secondary bubble 20 is collapsed at a second
get of pinch rolls 22. A second set of guide plates 24 may be

employed to assist in the collapsing process.

The second set of pinch rolls 22 is rotated at a speed
faster than the first set of pinch rolls 21 if it is desired to
impart stretch orientation in the machine or longitudinal

direction to the thermoplastic material.

The recollapsed bubble 20 then passes from the second set

of pinch rolls 22 to take up roll 26.

The take up roll 26 may be a mill log which can be

. immediately stored or shipped to a distributor or customer, or
may be stored for further processing such as slitting into

single wound film, machine or natural center fold film. Thus,

as used herein the take up roll 26 represents any further

processing, storage, or further modification of the double

wound, collapsed film once it exits the second set of pinch

rolls 22, and is used herein to denote any of these possible

further processing steps.

It is preferred that a resexrvoir 28 of heated fluid be
disposed at the lower end of primary bubble 14 in such a way
that the collapsing material drawn through the primary set of

pinch rolls 21 will pass in communication with the heated

A
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fluid. 1In this manner, the film is more uniformly heated and
temperature control can be achieved. Thickened tape edges can

be substantially avoided by such means.

Although the heated fluid of reservoir 28 is preferably
hot water, other media may be used if temperatures above the
100°C (212°F) 1limit of hot water are desired. For example
propylene gylcol (a food approved material), hot oil or hot
emulsions may be used. One skilled in the art will understand

' that the exact nature of the heated fluid is not as critical as
its effectiveness in helping to uniformly heat the collapsing
bubble 14 as it 1is drawn through pinch rolls 21, and to
uniformly heat the collapsing bubble 14 to a temperature above

its orientation temperature.

The heated fluid may also be an "active" substance which
not only reheats the surrounding film, but also actually coats
the interior of the bubble as it passes over the reservoir. An

example is a hot wax or other functional coating.

The heated fluid may be recirculated from the reservoir
through a heating means 30 by means of conduits 32 or other
- suitable transfer means. Using the reservoir 28 of heated
fluid, the types of materials which may be effectively used in

the present process and device are increased.

Many different film constructions can be made using this
process, including monolayer and multilayer films, especially

those using the inventive blend compositions.

Biaxially oriented films of the present invention are

useful in overwap applications for overwrapping retail cuts of
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meat and non-food products.

Monoaxially oriented films are useful in shrink 1label
applications for producing labels for vessels such as bottles

and cans.

The term "monoaxially oriented" is used herein to mean
films oriented primarily in the longitudinal direction.
However, some incidental orientation can be present in the
transverse direction, and this is sometimes desirable to help
the film to grip a container or vessel after heat shrinking and
to reduce the incidence of wrinkles in the final label. The

- term can also be used to refer to films oriented primarily in
the transverse direction, with or without some incidental

orientation in the longitudinal direction.

The invention wmay be further understood by reference to

the examples which follow.

The examples below list preferred commerically available

resins.

The resins used in these examples, and others useful in

the invention, are identified in Table 1.
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Example 1

VLDPE, alone, and pellet blends with PP, were extruded at
260°C (500°F) barrel temperature on a 19.0mm {(3/4) inch
extruder (Brabender) and blown into 50.8 pum (2 mil) thick film
from a 25.4 pum (1 inch) annular die set at 232°C (450°F) with
a blow-up ratio of 2.8:1.

The 50.8 um (2 mil) films were then oriented into film
using a hat tester on the following day. The results are shown

below in Table 2.

Table 2
Composition Orientation Temperature | Results
100% VLDPE, * 99°C (210°F) clear film
80% VLDPE;, + 20% PP, 100°C (212°F) clear film
60% VLDPE, + 40% PP, 107°C (225°F) clear film
40% VLDPE, + 60% PP, 107°C (225°F) clear film
20% VLDPE, + 80% PP, 107°C (225°F) couldn’t orient
due to improper
mixing (gels)
* Comparison
Example 2

Double wound film (102 um/4 mils thick) of both 100%
VLDPE,, and the blend of 80% VLDPE, and 20% PP, were oriented on
a hat tester (parallel orientation) at 99°C (210°F). A hat

. tester is a device for blow-orienting laboratory f£ilm samples.
A film sample, having a size of about 102 x 102 mm (4 inches by

4 inches), is clamped over an orifice situated in a horizontal
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pl asticiser. 12. A filmaccording to any one of clai ek 2 bk mher
the two outer |ayers each have a thickness of less tha mﬁ%& EL”.
mls). 13. Afilmaccording to any one of clains 9 to Ph% ti

outer |ayers each conprise | ess than 29%3f “the total

|-ayers each conprises fromO. 1% to.10% by wei ght of eﬁi

table. An overhead radiant heater heats the film to a
predetermined orientation temperature. Then, air is blown
upwardly through the orifice to «create an oriented
hemispherical shape ("hat") in the film. In each case, the
resulting hat was ply separated after orientation into two hats

of oriented film.

Example 3

Multiple oriented hat samples for each of the compositions
of Table 1 were made by the procedure described in Example 2.
These hats were about 5.1 gm (.20 mils) thick. A styrofoam
disc with a diameter of 66 mm (2.6 inches), and a 500 grams

weight, were ingerted into the cavity of each hat.

These hats were evaluated on a hot pad sealer to determine
their burn-out threshold. The multiple hat samples for each
composition, with the disc and weight therein, were each placed
in turn on a hot pad preheated to different predetermined

" temperatures and left there for about 10 seconds. Each hat
sample was evaluated for degree of burn-out. The aggregate

results for each composition, are shown in Table 3.

Table 3
Composition (% PP,) Burn-out Threshold Temperatures "
0 * 110 to 116°C (230 to 240°F)
20 121 to 127°C (250 to 260°F)
40 138 to 143°C (280 to 290°F)
60 143 to 149°C (290 to 300°F)

* Comparison



fi'l mthickness. 14. A film accor di ng to any one of clai ms,.‘l.tMS wherein

the adhesive or internediate |ayers conprise an olef in pgkynmep: prrabetﬁﬁ

capol yner with adhesive properties. 15. A filmaccording §o; anyuene«dL“mM
claims 9 to 14 wherein the adheS|ve<M'|fgerned|ate Iayer$ OEP¢Q%%§OQ3

L

et hyl ene vinyl acetate copol yner. - f
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Example 4

A film having the construction SBC,/EVA,/80% VLDPE, + 20%
PP,/EVA,;/SBC, is produced by the process described above for
Fiéure 2. Tubular film is hot blown, collapsed through a pair
of pinch rolls and reinflated into a secondary bubble. The
secondary bubble is stretched in the machine direction and in

the transverse direction to produce a thin film.

o

The outer layers of SBC, each form about 15% of the final
film gauge. The core layer of the blend of 80% VLDPE, and 20%
PP, forms about 40% of the final film gauge by thickness. The
intermediate adhesive layers of EVA, each comprise about 15% of

the final film gauge.

Example 5

A film like that of Example 4 is made, by the same
process, but having 20% VLDPE, + 80% PP, in the blend layer.

Additional films were produced by the process described

above for Figure 2. These films are identified in Table 4 as

' Examples 6-8. The films of Examples 6-8 were oriented in the

secondary bubble at a ratio of about 2.0:1 in each of the

transverse and longitudinal directions.
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i
Table 4
EXAMPLE FILM STRUCTURE BURNOUT TEMP
6 SBC,/EVA,/80% VLDPE,/EVA,/SBC, 138-149°C
+20% PP, (280-300°F)
7 SBC,/EVA,/90% VLDPE,/EVA,/SBC, 138-149°C
+10% PP, (280-300°F)
8 SBC,/EVA,/70% VLDPE,/EVA,/SBC, 138-149°C
+30% PP, {280-300°F)

Additional films were made by standard blown film
techniques, using about a 5:1 blow up ratio. These films are
listed in Table 5 as Examples 9-16. The temperatures at which
the films burned out in testing of the burn through resistance
of the film are indicated in the right hand column of the

table.
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Films of the present invention can optionally be cross-
linked. This can be done chemically or by the use of

irradiation.

Irradiation may be accomplished by the use of high energy
electrons, ultra violet radiation, X-rays, gamma rays, beta
particles, etc. Preferably, electrons are employed up to about
20 megarads {MR) dosage level. The irradiation source can be
any electron beam generator operating in a range of about 150
kilovolts to about 6 megavolts with a power output capable of
supplying the desired dosage. The voltage can be adjusted to
appropriate levels which may be for example 1,000,000 or
2,000,000 or 3,000,000 or 6,000,000 or higher or lower. Many
apparatus for irradiating films are known to those of skill in

the art. The irradiation is usually carried out at a dosage up
-to about 20 MR, typically between about 1 MR and about 20 MR,
with a preferred dosage range of about 2 MR to about 12 MR.
Irradiation <can be carried out conveniently at room
temperature, although higher and lower temperatures, for

example, 0°C to 60°C may be employed.

For example, in an alternative embodiment, a single layer
of said blend of propylene polymer or copolymer, and VLDPE can
be adhered, either directly, by means of a polymeric adhesive
layer, or by conventional lamination adhesives to a single
1ayer of a sealable polymeric material by one of the methods
disclosed herein, to produce a film with a preferred thickness

of less than about 25.4 um (1 mil). Thus, both asymmetric and
symmetric two, three, four, five, six, and seven layer
gtructures can be made. Additional layers can be added to

these structures to meet specific end use requirements, such as



second nelt streamof a seal able polyneric material; (b) extruding the nelt
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toughness, and barrier properties.
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CLAIMS -

A multilayer film comprising:

(a) a first layer comprising a blend of propylene
homopolymer or copolymer, and very low density
polyethylene, wherein the very 1low density
polyethylene has a melt index before blending of no
more than 10 grams/10 minutes measured according to
ASTM D 1238 at condition 190/21.601, and a flow rate
ratio (1,,/1,,) before blending of at least 40, said
ratio being derived by dividing the flow rate at
condition 190/21.6 by the flow rate at condition
190/2.16, measured according to ASTM D 1238, and

(b} an outer sealable layer.

A film according to claim 1 wherein the first 1layer
comprises a blend of from 20% to 80% propylene homopolymer
or copolymer, and from 80% to 20% very low density

polyethylene.

A film according to claim 2 wherein the first layer
comprises a blend of from 30% to 70% propylene hdmopolymer
or copolymer, and from 70% to 30% very low density

polyethylene.

A film according to claim 3, wherein the first layer
comprises a blend of from 40% to 60% propylene homopolymer
or copolymer, and 60% to 40% very low density
polyethylene.
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(b) (a) coextruding—a-fi+st- nelt stream of said blend of{brepyﬁene~pe+yﬁ1
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5. A film according to claim 4 wherein the first Ilayer
comprises a blend of about 50% propylene homopolymer or

copolymer, and about 50% very low density polyethylene.

6. A film according to any one of the preceding claims
wherein the outer sealable layer forms less than about 8%

of the total film thickness.

7. A film according to any one of the preceding claims
wherein the outer sealable layer is adhered directly to

the first layer.

8. A film according to any one of the preceding claims
wherein the outer sealable layer is adhered to the first
layer by means of a polymeric adhesive disposed between

the first and second layers.

9. A film according to claim 8 which comprises:

(a) a core layer comprising said blend of propylene
homopolymer or copolymer and very low density
polyethylene;

{b) two outer layers each comprising a sealable
polymeric material; and

(c) two intermediate layers each bonding the core
layer to a respective outer layer, and comprising a

polymeric adhesive.

10. A film according to claim 8, which comprises:
(a) a core layer comprising said blend of propylene

homopolymer or copolymer and very low density
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11.

12.

13.

14.

15.

polyethylene;

(b} two interior layers, each layer bonded to an
opposite side of the core layer, and comprising very
low density polyethylene;

(c¢) two outer layers each comprising a sealable
polymeric material; and

(d} two adhesive layers each bonding an interior

layer to a respective outer layer.

A film according to claim 9 or 10 wherein the two outer
layers each comprises from 0.1% to. 10% by weight of each

outer layer, of plasticiser.

A £ilm according to any one of claims 9, 10 or 11 wherein
the two outer layers each have a thickness of less than

100 pm (.04 mils).

A film according to any one of claims 9 to 12 wherein the
two outer layers each comprise less than 4% of the total

£film thickness.

A film according to any one of claims 9 to 13 wherein the
adhegive or intermediate layers comprise an olefin polymer

or olefin copolymer with adhesive properties.

A film according to any one of claims 9 to 14 wherein the
adhesive or intermediate layers comprise ethylene vinyl

acetate copolymer.
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16. A film according to any one of the preceding claims

17.

18.

wherein the outer layer or layers comprise a sealable
polymeric material which is an olefin polymer, olefin

copolymer, styrenic polymer, or styrenic copolymer.

A film according to any one of the preceding claims

wherein at least one layer of the film is crosslinked.

A method of making a polymeric film which comprises:
(2} coextruding a first melt stream of a blend of
propylene polymer or copolymer, and very low density
polyethylene, wherein the very low density
polyethylene has a melt index before blending of no
more than 10 grams/10 minutes measured according to
ASTM D 1238 at cohdition 190/21.601 and a flow rate
ratio (1,,/1,,) before blending of at least 40, said
ratio being derived by dividing the flow rate at
condition 190/21.6 by the flow rate at condition
190/2.16, measured according to ASTM D 1238, and a
second melt stream of a sealable polymeric material;
{b) extruding the melt streams through a tubular die;
(c¢) hot blowing the extruded £ilm;
(d) heating the hot blown film to a temperature above
its orientation temperature;
(e) directing the heated film through a first set of
pinch rolls;
(£) reinflating the hot blown film by a blown bubble
process; and
(g} collapsing the reinflated film through a second

set of pinch rolls.
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19. A method according to claim 18 which comprises in step (a)
and (b)

{a) coextruding a first melt stream of said blend of
propylene polymer or copolymer, and very low density
polyethylene, a second and third melt streams of a
polymeric adhesive, and forth and fifth melt streams
of a sealable polymeric material; and
(b) extruding the melt streams through an annular die
such that the first melt stream forms the central
layer of the coextrudate, and the fourth and fifth
melt streams form the outermost surfaces of the

coextrudate.
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ABSTRACT

FILMS OF BLENDS OF POLYPROPYLENE AND ETHYLENE COPOLYMER

A composition of matter comprises a blend of propylene
homopolymer or copolymer, and ethylene copolymer. Ethylene
vinyl acetate copolymer (EVA), very low density polyethylene
(VLDPE), and ethylene alpha olefin copolymer are preferred
ethylene copolymers. VLDPE with a high molecular weight {low
-melt index), and with a broad molecular weight distribution
(high flow rate ratio) is preferred. A multilayer film
comprises a first layer comprising a propylene homopolymer or

copolymer, or blend, and at least one outer sealable layer.

FIGURE 1
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