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The pre$ent invention pertains to packaging filns, and nore particularly to
a thin polymeric filmsuitable for replacing polyvinyl chloride film
especival 'y in packagi ng applications. Pol yvi nyl chl oride (PVC

has | ong been used in nany applications in the packagi ng arft séﬁ%%rHASBLE\
particularly w de- spread application for PVC is the use ofL uchRgpL[gfp;ﬁ
as an overwap material for trayed retail cuts of neat and et+her—+oot
products in a retail environment such as a super market. PVC

has several desirable properties for this use. For ex : |t has
excel | ent burn- throM&éEQ&AXEﬁyﬁié-ﬁaﬁgﬂﬁﬁ%%Bﬂ%d%§ﬂ§¥§§§b§$$% and stretch

propert I es at use t enmper a- ﬁéﬁSPOLYMER OR COPOLYMER
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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 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 gréat benefit to the packaging indus-
try, and particular to applications requiring an instore film
for overwrapping trayed food products, to provide a film with
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Unfortunately, PVC al so has several disadvantages, including the

production of hydrogen chloride gas during heat sealing an
corrosive effects of such gases in the packaging room EX
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trayed food

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 film, 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
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 clarity in the direction of orientation
-
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above. Processes for producing oriented filns TOIS| SRET R BEEN

_2- many of the advantages of PVC but without the di sadvaal_agec descrihed
d
films themsel ves are disclosed in many patents including the_fol | 8&PIRLED

patents of interest. U  S. Patent No. 3,456,044 (Pahlke)
ment i Ry M Qb HHRES S Ao GSSL¥E 1 Mid SULLERS hexdl | Sor and

di scl oSes a doubl e bubbl e nethod for blaX|aIIy orienting thernnplastlc
filns |%Yl}(ﬁ9?g the steps of producing a prinma- ry tubing which is inflated

by introducing air into the inte-
U. S. Patent No. 4,355,076 (Gash) discloses
monoaxially oriented polypropylene film 1laminated 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
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
copolymer.

It is an object of the present invention to provide
‘a coxﬁposition 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 film.
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ri or thereof, and a cooling ring 22, as well as squeeze rol B
with rolls 34 having a greater speed than rolls 28. Betwee filﬁfe"it'm magrs
of squeeze rolls is a reinflated secondary bubble. [If ann REBLACED

desired, the tugign .cazad_%% ahI:}%‘i%q:tg e f ? 2 2 {fvention .to
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' 044 d Akne 2 G sdwses the sanme information described
above g(%ﬁg'&%gg:atgght. & }{)J S. Patent No. 4,258,166 (Canterino

et al) dIS- closes a uniaxially oriented plastic filmmaterial with im
proved strength and clarity in the direction of orientation

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, a
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, a meth-
od of making an oriented polymeric film comprises ccextruding
a first melt &stream of a blend of propylene polymer or
copoiymer, and ethylene copolymer, 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 its longitudi-
nal and transverse directions; and collapsing the reinflated
film 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 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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preferably conpri si ng hanmopol yner s and copol yners of et

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
U"VLDPE" is wused herein to describe 1linear ethylene alpha-
olefin copolymer (flexomer) having densities of generally
between 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 ethvlene and
vinyl acetate monomers wherein the ethylene derived units are
présent in major amounts and the wvinyl 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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U S Patent No. 4,355,076 (Gash) discloses nmonoaxiall }’_lfiﬂl"mégﬁeg

pol ypropylene fiLm lamnated to a nonoaxially oriented “g
pol yethylene film the filnms produced by for exanple tubular bl ow ng.

U S. Patent No. 4,440,824 (Bonjs) discloses g thernofornabl.e coextruded
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The term "ethylene alpha olefin copolymér" 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-

tion;

FIG. 2 1is a schematic cross section of an alterna-
tive preferred embodiment of a multilayer film in accordance
with the invention. )

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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pol ypropyl ene, and styrene/di eni c nononer bl ock copol yner —l
S. Patent No. 4,879,177 (Boice) discloses a nonoaxially orleﬁgéé ﬁﬁHﬂSB EN
filmhaving a core | ayer of buta- diene styrene copol yner, B of
et hyl ene propyl ene copol yner, and internediate bonding |ayers of

et hyl ene copolymw’ espeCLaﬂﬂyls ﬁ&&ﬁé& cﬁpﬁdﬁyuéﬁémﬁnreéw&ntlﬂg to
provi de a er nop I C flln1qfeful ﬁn ov ap na erlal or t%&%ed
retallﬁﬁﬁg¥ x%ﬁ??n?ﬁﬁ bl rpFBﬂ &gi

retail wder agierdesignation |Fina 8438 andoMuﬂat8aﬂ3khe pﬂﬂﬂﬂmtremymstlon
to pr O\ﬁ'aq;aé 4n fi lt%\ﬁ@rféh J&%%egﬁzo%f 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 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
polyﬁer or copolymer, and very 1low 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
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
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bur n-through resistance. ' _ _
REPLACENMENT SHEET It is also an object of the presenf— BF nto
provide a film having excellent optical properties, specific |P§38%éarnem@EEN
gloss and clarity:. REPLACED

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

no more than about 6 grams/ 10 minutes (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
(I2,/I-..) (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 wvinyl 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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The present invention provides a nmultilayer film conprising: (a)

a core layer conprising very |ow density poly@L

(b) two outer |ayers each conprising a sea

materi al ; and (c) two internediate |layers each bo :
core | gygkibled r%é’f«‘é?ihVe OUtB'?Ieﬂx&gerof polymeric mé'&@rﬁgﬁﬂ” | 9

bl end of a prQpyl e ol ynmer_or  copol yne ymeric

adhesi Pelymeric aldrlﬁse‘r‘%ﬁﬁ yCEheatFO 61?( é%s?%yéﬁ’§ éﬂtﬁﬁé‘eﬂﬂaﬁeeéléi’e&ﬁmrl se
fromOl%.to 10% by weight of each outer layer, of plasticiser. Preferably
the outer |ayers each have a thickness of less than 1.0 [err]m (0.04 ms)

and each
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 layver
or layers. Even more preferably, between about 2% and 6% of
such agents are included. The intermediate layers 14, and
coinparable 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 Dbetween 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. Aﬁother 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.
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conprises | ess than 4% of the total filmthickness. The_term

"polyolefin" is used herein in its stricter sense to nean a tFEﬁEﬁQF@;&Fc\%‘N
pol ymer derived fromsinple olefins.. Anong these are pol yet IeneRqu‘ﬂASBEEN
pol ypr opyl ene andi&upbl?dﬁﬁsnﬁwewﬁofCqmphsmtebnnunnnoaﬁsonﬁbe
very | ofdiRNSor Pohd ChililenayaRy Ak WSAIEEEL: foll Nea el efeo£aRgl yrier

with a conpbnonier ;EI’I S1 Nng such mat er | al s as ut ene, hex ne or ene
The ter @ %W@d iim &P%tﬁgéﬁlﬁér &adle MJathridmjealtsmtx‘oeuhqu@e

copol yngcipdsition.

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

The interior layers 16 coﬁprises a polypropylene

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

The core layer 1i8 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
layefs 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 £ilm.
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-5 ethylene with conononers that are not thenselves ol efins, such as
vinyl acetate (e.g. ethylene vinyl acetate copol yner or . —— .
'S Y88 Hier minn
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The term "very low density polyethylene", or "VLDPE]

to describe linear ethylene al pha- olefin copolynmer (flex
densities of genefké| primary bubble 14 is melt oriented in both the

machine and transverse directions. Various blow up ratios
may be wused, 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 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 (monoaxially 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 précess 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. 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 longi-
tudinal direction to the thermoplastic material.

i .
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bet ween about 0.860 and 0.915 grans/cubic centineter, and produced by a
catalytic, |ow pressure process. "Utra |ow densi ty pol yet | -

included in this term The term "ethyl ene vinyl a at ;f“ HAS BEEN
copolymer” (EVA) as used herein refers to a copol yner forned A
and vi nyl acet at @heonaereicd haiparedd n Hubdblet h)EOenehéarip&slsaei tsramne thesent

I n myj unt d Vi %% V. i re present in mnor
am)unt% pr%f %F?fb%% L'Lt}l%(hl)"Q%iolﬁa(k?e}r ?%/oe( é I;gn]lt ?yﬁawel ght .
The term "styrene but adi ene copol yner™ (SBC) is used herein to denote

thermopl astic copgly iB% @spfsml h¥% *ﬁla‘if“b&oz&’%ﬂfriogo%i'dﬂ Uk Jor
portion (greater than 50% . styrene and a m nor rop rtion (less t
50% ofimmediately stored or sh:.pped to a dlstrl utor or customer,

or may be stored for further processing such as slitting into

single wound £ilm, machine 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_\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 limit of hot water are desired. 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-
perature above its orientation temperature.

The heated fluid 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
reservoir. An example is a hot wax or other functional coat-

ing.
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but adi ene conononer . The terms "nmelt flow' and "nelt index" are
used herein to nmean the anount, in granms, of a thernoplasti g mhlch S
forced through an orifipe of specified Iength_and.dianeter'

derived b i ding the fl te (melt. fl d.t
Condt + P8RFw Lt & art%r ThEans; n %c?%“a%%ﬁlﬁn o AR 15852 R 1 s
i ndi cabthrerofswitazle [taansfieght measski bulisimg @ Imegeewvoilre F&Rof he
brOadeﬁe&%@d”?h%ﬁﬁkaEﬁgﬂéggeg'5fthEé£QQIS 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 in shrink
label 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 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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The term "et hyl ene copol yner

copol yners of ethylene and a conononer,

mat eri al s such as pol ybut ene which can be substituted for thi$
of materials.

RESIN

SBC,

SBC-

EVA,
EVA_
EVA,

VLDPE,

VLDPE.

»
VLDPE-

VLDPE,

PP,
PP,

PL.

TABLE 1

COMMERCIAL NAME

KR-10

KK-36

ELVAX 3182

ELVAX 3165

3170

XU 61509.32

DEFD 1161

TAFMER 0680

1015

8473
WRD5-981
22-164

is used herein in strict sense to nean

i

and in its broad sensg ‘EQQENQESBEEN]
I T S{EPgACED
DESCRIPTION COMPANY
STYRENE BUTADIENE PHILLIPS
COPOLYMER
STYRENE BUTADIENE Phillips
COPOLYMER WITH
FATTY FOOD
COMPLIANCE
EVA (28% VA) DU PONT
EVA (18%VAa) DU PONT
EVA (18% VA) DU PONT
VERY LOW DENSITY DOW
POLYETHYLENE
DENSITY = .911
grams/cc
VERY LOW DENSITY UNION
POLYETHYLENE CARBIDE
VERY LOW DENSITY MITSUI
POLYETHYLENE
DENSITY = .88
grams/cc
VERY LOW DENSITY UNION
POLYETHYLENE CARBIDE
DENSITY = .900
grams/cc
EPC FINA
POLYPROPYLENE SHELL
50% POLY- SANTECH
ISOBUTYLENE
IN LLDPE
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The term "ethyl ene al pha ol efin copolyner” is used herein to refer to
copol yners of ethylene and hi gher al pha ol efins such as but erngiis $HREL HyE BEEN
pent ene, hexene, and oct ene. The invention may be fufther REMlACEDOO

by reference to the draw ngs herein, where: FIG 1 is a schemtic
cross section of a preferred enb%}@eof a multilayer filmin accordance
with the invention; the film conprl ore layer 10, outer layers 12 and
adhesive or internediate | ayers 14. FIG 2 is a schematic cross
section of an  VLDPE, 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
annular 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
100% VLDPE, ' . 210°F clear film
N\
80% VLDPE, 212°F clear film
+ 20% PP,
60% VLDPE, 225°F clear film
+ 40% PP,
40% VLDPE, 225°F clear film
+ 60% PP,
20% VLDPE, 225°F couldn't
+ orient due to
80% PP, improper
mixing
(gels)
_—
This Sheet Has Been
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the invention; the filmconprises a core layer 18, outer |ay
adhesive or internediate layers 14 and interior |ayers 16.
a schematic diagramindicating the apparatus and process by

of the present invention are ”ﬁd%xample 2

Double wound film (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-
ly 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

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

sitiéns 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 evaluated 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.

This Sheet Has Been Rep
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7- An especially preferred propyl ene resin S
propyl ene et hyl ene copol yner such as that available fromFin
designation Fina 8473 and Fina 8473x. These resins have an
content of about 3% by weight. Anot her especi al | y pref Aagdry,

under the designation WRDS-981, with a nelt flowrate of .6 to .8 grans/ 10
m nutes (ASTM D 1238, Condition 230/ 2.16).

Composition Burn-out Threshold Temperatures
(% PP,)
0 _ 230 to 246°F
20 250 to 260°F
40 280 to 2390°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
described 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 trahsverse direction to produce
a thin £ilm.

R 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 £ilm
gauge by thickness. The intermediate adhesive layers of

EVA, each comprise about 15% of the final film gauge.

Example 5

A film 1like that of Example 4 is made, by the same
process, but having 20% VLDPE, + 80% PP, in the blend
layer. )

This Sheet Has Been Replaced
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An especially preferred VLDPE is a high nol ecul ar weight resin such as DEED

1015 from Uni on Car bi de. This resin has a density of about .SCCq"TunE’C”
anmelt flowrate of about 6 grans/ 10 minutes (ASTM D 1238, IR SHERT BAS BEEN
190/ 21.601), and a FER (121/12.2) of about 50. The fllm stRERRAGER

of the multilayer film may inclugﬁﬁgmggéeglayer conprising a blend of
propyl ene pol yner or copol yner, ow density pol yethyl ene (VLDPE)

Preferred VLDPE resins are characterized by high nol ecul ar wei ght (i.

relatively |ow ”EAtfi]}ﬁeﬂéwﬁéo@ﬂe”@bﬁﬁﬂf@ét%hgbﬁcgyﬁi’Al pution (i.e
rel ativel h flom1rate ratlo) and,; gl ati g | oy cry talllnlty at
process hé]?‘q‘: Q% - at uB¥ 0%PP, /VLDPE,/EVA_./SB was

produced by the process described above for Figure 3.

Example 7

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

s\
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% polypropvlene by weight of the total film structure. In
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
Exampie 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-
nal directions.

R
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Table 4

FILM STRUCTURE

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

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

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

mwov\m<>u\<buwmh\wwu\<ﬁUHMa\m<>u\mw09
mwOH\M<>m\<HUMM5\MMN\<b0wmh\m<>u\mwnv
SBC,/EVA,/VLDPE,/50% EVA_./VLDPE,/EVA.,/SBC,
50% Bp,
SBC,/EVA./VLDPE,/30% EVA./VLDPE,/EVA,/SBC,
70% Mwu
EVA./VLDPE,/50% m<>u\<WmeA\m<>u\mmow
mow+me
SBC,/EVA,/VLDPE,./50% EVA;/VLDPE,/EVA./SBC,
508 ve,
SBC=/EVA,/VLDPE,/50% m<>u\<ﬁbwma\m<>u\mwnu

50% PP, o

19

BURNOUT
TEMP (°F)

280-300

280-300

280~300

290-310

290-310

290-300

315-330

320-330

320-330

320-330

N



no nore than about 10 granms/ 10 m nutes, and nore preferahbly no more fhan
about 6 grans/ 10 m nutes (ASTM D 1238) (Condi- tion 190/21HHQBHEETHA§BEEN
VLDPE, a nmolecular weight distribution (flqw raREPLACEDI 0) _

For
of

t he

at

| east about 10 (l[err]/I[err]) (ASTM D
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
blsnded in any of the proportions disclosed herein for PP
blend layers.

Sheet Has Been Replaced .
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1238) is preferred. This value is derived by dividing the flow

rate at Condition. 190/21.6 by the flowrate at Condition 190/5. A nore
preferred FRRis 13. Preferred VLDPE resins can alpso be
characterized by a FFROf atol east c'?’abolgt 4d3 noree pr aher a%y at %ast

about 50 (l[err]/I[err]) (ASTM D 1238). This value is dejnved by
divid- ing the flowrate at Condition 190/21.6 by the flow rate

Condi ti on 190/ 2. 16. In one preferred filmconstruction, the outer

| ayers of the filmconprise a polyolefin, nore preferably anpethyl-ene —
pol yner or copol yner such as EVA. Styrenic polyners and copolf yi8P SHEBT §AS Bi.i.. |
styrene but adi ene copol yner such as that commercially avail ablLe f (®#LACED ‘
Phillips under the destgpation KR-10 having a '
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but adi ene content of 25% by weight of the copol yner; or 3’67{1?305'1{5*&@ S BEEN
t

food contact) are also preferred. In this enbodi men REPLACED
.invention, the outer |layers are bonded to the core |ayer by neans of

i ntermedi ate | ayers each conprising a blend of a polyneric adhesive and
pol ypropyl ene. Preibnablof t BReadbiwssett | $nvenelibyl e pr}tho&@&tl@t €be

copol yner re ferr d S, o e havi a_vin acetate ontent
above abou’%%@ @%l gh?{" i Fﬁlgl (]:Dopq egﬁgaé\ggn rbé?/;ﬁlﬁ e‘%%%|9 about
28% by V\eilgmdmtld!re copol ynmer. O her poI yrrerl c materials, including

chem cally nodified adhesives, can be used for |ayers provi ded they process

adequately in processes such as those
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-
atiﬁg 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, O0°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
sphere 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

This Sheet Has Been Replac
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di scl osed herei n. For the outer |ayers, SBC resins having m nor
anounts of butadiene; ranging from1 to 50% provide an optimum.bal ance of

stiffness and flexibility to the film For |ayers of thp THISSEFRT HAS BEEN
i nvention which contain SBC, antifog/plasticising agents such ps At rREPLSGED

and/ or Ain¥entdoes.ar @@ﬁ-‘e‘tm@l ylaperadean rhe eadded etabkhese Siounc-—s of”
bet ween gledl @odoYfeRitd WA DY; Web @it 195 LB§uirements, 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. '

_—
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| ayer or layers. Even nore preferably, bgivgennainm repfieand 6% of such

agents are included. The internediate | ay able layers in
other films of the present invention, pref“[l"H' £ﬂ%ﬁmtcl '
nore preferably in the 0.5 to 10% r ange. it hal #i

in the filmof the invention may conprise a pol ypropyl ene -
copol yner such as an et hyl ene propyl ene-c2folyner, a pol ybutene bl end or
for exanple a pol ypropyl ene/ EVA bl end. The filnms of the present
invention are preferably made by coextr GBAEMSt echni ques, conbi ned with an
apparatus and process depicted in Figure 3 and descri bed

P

1. A multilayer film comprising:
(a) a first layer comprising a propylene
5 homopolymer or copolymer; and
(b) "at least one additional sealable layer
comprising:
(1) very low density polyethylene,
(ii) ethylene vinyl acetate copolymer; or

10 (iii) styrenic polymer or copolymer.

2. A film according to claim 1 wherein the first
layer comprises a blend of between 20% and 80% propylene
homopolymer or copolymer and between 80% and 20% ethylene
vinyl acetate copolymer.

15 3. A film according to claim 2 wherein the first
layer comprises (a) a blend of about 70% propylene
homopolymer or copolymer and about 30% ethylene vinyl
acetate copolymer or (b) a blend of about 50% propylene
homopolymer or copolymer and about 50% ethylene vinyl

20 acetate copolymer.

4. A film according to any one of the preceding
claims which comprises:

(a) a core layer comprising a polypropylene

homopolymer or copolymer;

25 (b) two outer sealable layers each comprising:
(i) very low density polyethylene,
(ii) ethylene vinyl acetate copolymer; or

(iii) styrenic polymer or copolymer;
(c) two intermediate layers each between the core
30 layer and a respective outer layer, and
comprising an adhesive.

5. A film according to claim 4 wherein the
intermediate layer comprises an ethylene vinyl acetate
copolymer. _

35 6. A film according to claim 4 or 5 comprising two
further intermediate layers comprising very low density

-_—
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in nore detail bel ow. nuf.shgé{'itﬁsnénﬁ Hewsy schematically

a device fcr making the filns of the present

10

15

20

25

30

35

polyethylene each between the core layer and a respective

"mll |I|| THIS SHEET HAS BEE:&W
REPLACED
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layer comprising adhesive.

7. A film according to claim 6 wherein the very
low density polyethylene has a melt index before blending
of no more than about 10 grams/10 minutes.

8. A film according to claim 6 or 7 wherein the
very low density polyethylene has a flow rate ratio
(I,,/I,,) before blending of at least about 40.

9. A film according to any one of the preceding
claims having the multilayer structure:

SBC/EVA/VLDPE/EVA+PP/VLDPE/EVA/SBC;

SBC/EVA/VLDPE/PP/VLDPE/EVA/SBC;

EVA/VLDPE/EVA+PP/VLDPE/EVA/SBC;

EVA/VLDPE/PP/VLDPE/EVA
wherein: SBC is a styrene butadiene copolymer;

EVA is an ethylene vinyl acetate copolymer;
VLDPE is a very low density polyethylene;

PP is a polypropylene homopolymer or copolymer;
and

EVA+PP is a blend of ethylene vinyl acetate
copolymer and polypropylene-homopolymer or
copolymer.

10. A film according to any one of the preceding
claims wherein at least one layer of the film is
crosslinked.

11. A multilayer film comprising:

(a) a core layer comprising 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 blend of a propylene
polymer or copolymer, and a polymeric
adhesgive.

12. A film according to claim 11 wherein the very

RN 0 A0




A single nelt stream or multiple nelt streans including a first
nelt stream O a blend of propyl ene polyner or copolyner, and ethylene
copolymer, are extruded or coextruded and exit as an extrudate
an annular die 12 in a conventional manner. The extruded flrﬂhSSHﬁcbeP
to forma bl own bubble 14. Air cooling ring 6 pOBERLASHED . —
circunferentially around the blown bobBfe- at the posith Shown cools

the thernopl gsti nelt as it exi An_opti anal
auxi liary chifM er%g errgﬁf‘salasd‘l% podex firkp xPe blending
ci rcunf er ent b&l hy arommathaire adioun louldams /10 minutes.

13. A film according to claim 11 or 12 wherein the

very low density polyethylene has a flow rate ratio
5 (I,,/I,,) before blending of at least about 40.

14. A film according to any one of claims 11 to 13
wherein the two outer layers each comprise from 0.1 to 10%
by weight of each outer layer, of plasticiser.

15. A film according to any one of claims 11 to 14

10 wherein the two outer layers each have a thickness of less
than 100um (.04 mils).

16. A film according to any one of claims 11 to 15
wherein the two outer layers each comprise less than about
4% of the total film thickness.

15 17. A film according to any one of claims 11 to 16
wherein the adhesive or intermediate layers comprise an
olefin polymer or olefin copolymer with adhesive
properties.

18. A film according to any one of claims 11 to 17

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

19. A film according to any one of claims 11 to 18
wherein the outer layer or layers comprises a sealable
polymeric materials which is an olefin polymer, olefin

25 copolymer, styrenic polymer, or styrenic eopolymer.'

20. A film according to any one of claims 11 to 19
wherein at least one layer of the film is crosslinked.

_—
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down stream fromair cooling ring 16 to further chill the hot blown film

- 11- The primary bubble 14 is nmelt oriented.in both the machine
and transverse directions. Various blow up ratios may be used b SRR
preferably the primary bubble 14 is hot 'ﬂHqSH%iLEfg

RE :

- 2 7 - Areapamt T N 14 e A

ABSTRACT

MULTILAYER FILMS COMPRISING POLYPROPYLENE
HOMOPOLYMER OR COPOLYMER

A multilayer film comprises a first layer comprising
propylene homopolymer or copolymer and at least one
additional sealable layer; or a core layer comprising very

10 low density polyethylene, two outer sealable layers and
intermediate adhesive layers.

\_
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blown to a blow up ratio of between 1[%2and 8.0.

bubbl € 14 is coll apsed at pinch rolls 21. To
process, guide plates 18 are positioned at the extremti
bubbl e 14. The preferred process for carrying

I nvention permts the bubble to be imedi ately reinflated;

into the secondary bubble 20 and then expanded to i npart

The primary
assist in this

STQ&:&&@TQ&QMBWEM
out theppL@sent

af-ter—coot ng
orientation of the

.material in primarily the trans- verse direction, primarily the
| ongi t udi nal directlon or in both the transverse and Iongltudlnal

directions. This "flexi-

\ \ \ \ 12
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bility" in the preferred process pernité’ﬁilns of the inven- tion to be
produced which are oriented primarily in one direc- tion (nonoaxially
oriented filns) or filnms which are oriented in both the |ongitudin —1:
transverse-directions (biaxially oriented filns). 'ﬂﬂs et elASEENd
ch or -

bubble is reinflated in a blown bub- ble process to stret ReritAGHPe
y
trapping air or other hot gas within the secondary bubble 20 so that the

bl own and col | apsed film This is done in a conventionalt
material stretches at its orientation tenperatur ranzg rse- ly to inpart
- e
p

further orientation of the material i irection. The

secondary bubbl1® is collapsed et inch rolls 22. A
second set of guide Iate34ﬁf may beianpl oyed to assist in the collapsing
process.

32

— \\__J!—-16
14 17
18 | 18
28 21
20
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Th;é second set of pi n_¢h rolls 22 is rotat a% %%g faster than the
;first set of pinch rolls 21 if it is desi % tpiﬂg %g-g =T\ at# dn
in the machine or longi- tudina} direction'to the ther' astry Tr%h‘t

- 12 - ' C

10 NOV 799

MULTILAYER FILMS COMPRISING POLYPROPYLENE
HOMOPOLYMER OR COPOLYMER

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
apvlications 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.

I would be of great kbenefit to the pnackaging indus-
i < shBele

try, and particular to applications reguiring an ins

ore

(t

th
'-l
o
g

for cverwrapping traved £ood prcducts, to provide & £llm ¢

2
-
r

e 3424 —
e ‘\\\Q\\



The recol |l apsed bubble 20 then passes from the secdn |
rolls 22 to take up roll 26. ~ The take up roll ZGﬂEE@kE@kgeﬁﬁﬁ&T
| og which can be imediately stored or shipped to-a distrifbytor or
custonmer, or may be stored for further processing such as {slji t § OOV ri&as
singl'e wound film machine or natural center fold film THug, as used
herein the take up roll 26 represents &ny fur- ther procegsing, Storage, or
further nodification of the double wound, collapsed filmaonce it exits the

second set_ inch rolls 22, .and is, use er ln.%p enot e, any, .of these
possi bl e fmu?‘{yh‘gel‘rt %?%V@EL%F%%?PSY gé’él.[ WhnBHhe H‘sa‘?\atnmiﬁs g?séﬂé?‘? %Jd}(tL hat a
reservoir 28 of heated fluid be disposed at the | ower end of primary bubble

14 in such a , . .. . . e .
Processes for prcducing oriented films, and orientc-

ed films themselves are disclosed in many patents incluéing
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 int
rior thereof, and a.cooling ring 22, as well as squeeze rqol
34 and 28, with rolls 34 having a greater speed than rol
28. Between the two pairs of squeeze rolls is a reinflated

secondary bubble. TIf annealing is desired, the tubing can be
reinflated to form a bubble 7Q.

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. o

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
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way that the collapsing material drawn through the prinmary set of pinch
rolls 21 will pass in communication with the heated [Igsflsncdiin ner,
* the filmis nore uniformy heated and tenperature cO*ntB%dj!?‘A’F ”"I’!;'; @H%Efm
Thi ckened t'ape edges can be substantial |y avoi ded by sfich nmeans. '
~Al'though the heated fluid of reservoir 28 is prefer-{aplyl B&OVVEY | of her
medi a nmay be used if tenperatures abov® the 212[err]F |imt of hbt
wat er are desired. For exanpl e propyl ene glycol [a food approved
material), hot oil or hot emulsions may be used. Ont_skilled in_the t
wi || under- stand that the exact nature of the heated fluid is not as
criti cal FREEREEREHT ec GOPETESE 1% he‘i"i?)‘i“ﬁ@oi—é’“ﬁﬁﬁforﬁ‘\“§1 he&CINEEAT apsithg
bubbl e 1l4taglihei.s drawn through pinch rolls 21, and to uniformy heat the
col ' apsi ng bubble 14 to a tem perature above its orientation tenperature.

U. sS. Patent No. 4,355,078 (Gasnh) discloses
monoaxially oriented polypropvlene film laminated tao a
moncaxially oriented high density polyethylene £ilm, the
films produced by for example tubular bhlowing.

U. S. Patent No. 4,440,824 (Bonis) discloses a
thermoformable coextruded multilayer structure useful for
thermoforming into containers, the structure having
polyclefin 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 pclystyreﬁe, crystalline
polyﬁaropylene, 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 copolymér, outer lavers of ethylene propylene
copolymer, and intermediate bonding layers of ethylene
copolymer.

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.

[t 1s also an object of the present invention to provide a tilm which has good

bumn-through resistance.



The heated fluid may al so be an "active" substance whi.ch not only reheats
<the surrounding film but also actual- |y coats the inteslor_af the bubble

as it passes over the reservoir. An exanple is a hot way BEPIKCBRIENT SHEET
functional coat--ing. - _
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= is also an cbject cf the present inventIcm

o
Loy

I
provide a film having excellent optical propir:‘ac

¥

specifically excellent gloss and claritv.

The present invention provides a multilaver film
comprising:

(a) a core layer comprising very low density
polyethylene;

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

(c) 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.

Preferably the two outer layers of the film each
comprise from 0.1 to 10%, by weight of each outer layer,
of plasticiser. Preferably the outer layers each have a
thickness of less than 1.0 #m (0.04 mils) and each

comprises less than 4% of the total film thickness.

fhe term “polyolefin” is used herein in 1its stricter
sense to mean a thermoplastic polymer derived from simple
olefins. Among these are polyethylene, polypropylene and
copolymers thereof with olefinic comonomers. For

a

example, very low density polyethylene may be cons

a linear ethylene copolymer with a comonomer comprising
such materials as butene, hexene or octene. The term
“polyoclefin” is also used herein in a broader ssnse to

include copolymers of



reser- _vVoir

- 13- The heat ed quid may be recirculated fro

st hrough a heating neans 30 by neans of conduits 32 or o HEPLSQngﬂigHFET
transfer means. - Using the reservoir 28 of heated fl uifd, [tire—t+ypes—oi

mat eri al s which may be effectively used in the present Jprio ig Qd devijce
are increased. : Many different film constructji gn e ld
using this process, including nonol ayer ®and nul til ayer fllnn espe- cidllly
those using the inventive blend conpositions. Biaxially oriented
films of the present invention are useful in overwap appr;uut:Cﬂc for

overw appi ng retai
' ethylene with comonomers that are not themselves olefins,

such as vinyl acetate (e.g. ethylene vinvl acetate copolymer
or EVA).

The term "very low density polyethylene", or
"VLDPE" 1s used herein to describe linear ethylene .alpha-
olefin copolymer (flexomer) having densities of generally
between 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
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 mean the amount, in grams, of a thermoplastic resin
which 1is forced through an orifice of specifiai.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.



cuts of neat and non-food products.
<are useful in shrink |abel applications for produ
such as bottles and cans. o The term™
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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; the film comprises a core layer 10, outer

layers 12 and adhesive or intermediate layers 14.

FIG. 2 is a schematic cross section of an

alternative preferred embodiment of a multilayer film in

accordance with the invention; the film comprises a core
layer 18, outer layers 12, adhesive or intermediate

layers 14 and interior layers 1s.

FIG. 3 is a schematic diagram indicating the

apparatus and process by which the films of the present

invention are made.
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The invention imay be further understood by refer- ¢n¢e to the exanpl ps
. which follow. - . . - The exanpl es bel ow list pfefert@dBomnegrc]ally
avail abl e resins. . The resins ‘used in these exanples, and pthers
~use- ful in the invention, are identified in Tabl g 1. '
-7 -
An especially preferred croovlene resina is

propylene ethylene copolymer such as that availakle from Fina
uncder the designation Fina 8473 and Fina 8473x. These resins
have an ethylene content of about 3% bY weight.

Another especially preferred propylene resin Lis
propvlene homopolymer such as that available from Shell under
the designation WRDS5-981, with a melt flow rate of

..6 to .8
grams/10 minutes (ASTM D 1238, Condition 230/2.186).

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 film structure of the multilayer film may include a core layer comprising

a blend of propylene polymer or copolymer, and very low density polyethylene
(VLDPE).

Preferred VLDPE 'resins are characterized by high
molecuiar weight (i.e. relativefy 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 alsd he cnaracterized ky
a melt index of no more than about .50 grams/ 10 minutes,
more preferably no more than about .45 grams/ 10 minuctes
(ASTM D 1238) (Condition 1%90/5.0); no mere than akcut 1.50
grams/ 10 minutes, and mcre preferably no more than azout

1.35 grams; 10 minutes (A3TM D 1233) (Condition L130/10.}); or
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TABLE 1 RESI-N :

. COMMERCI AL NAME DI SCRI PTI ON -COVPANY] (SBCl ERRENT

KR- 10

SHEET

STYRENE BUTADI ENE PHI LLI PS

_ g -

e

“ [ HOV 999

A,

noe more than about 10 grams/ 10 minutes, and more preferably

1o more than abcut 6 grams/ 10 minutes (ASTM D 1238)
tion 190/21.601).

For the VLDPE, a molecular weight distribution
(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

(flow rate ratio) of at least about 10 (I.+/Is)

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

Condition 190/2.16.

In one preferred film construction, the outer layers of the film cor’nprise. a
polyolefin, more preferably an ethylene polymer or copolymer such as EVA.
Styrenic polymers and copolymers, e.g. styrene butadiene copolymer such as thz_lt
commercié.lly available from Phillips under the desiéf‘iation KR-10 having a

butadiene content of 25% by weight of the copolymer; or KX 36 (for fatty food

contact) are also preferred.

In this embodiment of the invention, the outer layers are bonded to the core

layer by means of intermediate layers each comprising a blend of a polymeric

"adhesive and polypropylene. Preferably the adhesive is 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, including chemically

modified adhesives, can be used for layers provided they process adequately in

processes such as those

{Condi-

about 50
(I2./I2.1) (ASTM D 1238). This wvalue is derived by divid-

ing the flow rate at Conditien 190/21.6 by the flow rate at
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CCPCLYNER SBC[ ERR] KK- 36 : - STWRENEn ﬁitﬁmErq
“Phillips _ S ' L CPO-¥VE -

FATTY FOOD : - A CCNPLIANCE EVA[E
ELVAX 3182 - EVA (28% VA) DU PONT [EVA[ BERNOV 1599

3165 .. - EVA (18%/A) DU PONT EVA3 3170

EVA (18@6T£9 .DU PONT VLDPE[ ERR] 2 - XU [61509. 32

LOW DENSI che§fd herein. . PQL_YETHYLENE
.DENSI TY = .911 grans/ cc

" For the outer layers, SBC resins having minor
amcunts of butadiene, ranging from 1 to 50%, provide an

optimum balance of stiffness and flexibility to the f£iim.

For layers of the present invention which contain
SBC, éntifog/plasticising agents such as Atmer 645 and/or
Atmer 1010 are preferably included, mofe preferabiy in
amounts of between about 0.5% 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; and comparable layers in other films of the
present invention, preferably also include such agents,

more preferably in the 0.5 to. 10% range.

Additional interior layers in the film of the
invention may comprise a polypropylene polymer.or
copolymer such as an ethylene propylene copolymer, a
polybutene blend or for example a polypropylene/EVA

 blend. '

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.



VLDPE[ ERR] - DEFD 1161 VERY LOW DENSI TY _ UNI ON .-
POLYETHYLENE CARBI DE VLDPE[ ERR] : TAFN?Rﬁgﬁﬁgﬁm VERY

LOWDENSI TY M TSU BT VEHERVL NE

DENSI- TY = . 88 , | grans/cc -
VLDPE[ ERR] 1015 VERY LOW DENSITY 1 ON§OWN 1999
POLYETHYLENE CARBI DE _ - 10 -
DENSI TY = . 900 gr R
8473 . EPC FINA PP[E VRD5- 981
POLYPROPYLENE SHELL ' '
' Figure 3 shews schematically a cevice feor making
the films of the present invention
A single melt stream, or multiple melt streanms

. _ s
including a first melt stream of 3 blené 0f propvlene colymer
or copolymer, and ethvlene copolymer are extruded or
- r - S -
ccextruded and exit as an extrudate through an annular die 12

in & conventlonal manner. The extrudec £film is hot bBlown :to

form a blown bubble 14.

Alr cooling ring 16 positicned circumferentially
around the blown bubble at the pPositicn shown cocls =he
thermoplastic melt as it exits die 13

An optlonal 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.
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The primary bubble 14 is melt oriented in both the
machine and trans'verse. 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, gulde 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 aq@ longitudinal directions. This "flexi~-
bility" in the preferred process permits films of the inven-
tionﬁto be produced which ‘are oriented primarily in one direc-
tion (monoaxially oriented films) or films which are oriented
in both the longitudinal and transverse directions (biaxially
oriented films).

The collapséd bubble is reinflated in a blown bub-
ble process to stretch orient the blown and collapsed f£ilm.
This is done in a conventional manner by trapping air or
other hot gas within the secondary bubble 20 so that the
materlal 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. A second set of guide plates
24 may be employed to assist in the gollapsing process. .

The second set of pinch rolls 22 is rotated at a
speed faséér 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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An exanpl e of the present invention is a filmincluding [the constructijon:
- *SBC/ ADH + PP/ VLDPE/ ADH + PP/ SBC where ADH is a pol yreni c1§d[t3§§i19995 ch as’
‘EVAlerr], EVAlerr], or EVAlerr], or any suitable adhediyes such as th
carboxylic acid or acid anhydride-nodified polyneric gdhesi - tn it he
art; and where PP i's PP[err], PP2 or other suitable prlopyl ene polyners dr
copol ymers. ADH and PP may be bl ended”ih2any of the proportions disclosed
herein for PP blend | ayers, for exanple the blend may contain 20% 40%

_ 60% . or 80% PP and 80%ne60%ectd%npsecd0%AbH1RY 28i Ofhen passes from the
second set of pinch rolls 22 to take up roll 26.

_ . The take up roll 26 may be' a mill ldg which can be
immediately stored or shipped to a distributor or customer,
or may pe 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 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
heatgd fluid. In this manner, the film is more uniformly
heated and temperature control can be achieved. Thickened
tape edges can be substant_ially avoided by such means.

Although the heated fluid of reservoir 28 is prefer-j'
ably hot water, dther __media may be used if temperatures above
the 212°F 1limit of hot water are desired. 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 hea.t.
the collapsing bubble 14 as it i; 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 film, but also actual-
ly coats the interior of the bubble as it passes over the
reservoir. - An exaxﬁple is a hot wax or other functional coa.t-
ing.



Fifns'of t he presenf i nvention can optionally be cross-lipkee—TFhis can be
‘done chem cally or by the use of irradiation. - REPLACEMENTI §HEHn may be
acconplished by the use of high . -
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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 tvpes 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 in shrink
label avplicaticns for pzroducing 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, sdme incidental'orienfation can be present in the
transverse direction, and this is sometimes desirable to help
. the film to grip a container or vessel after heat shfinking
and to reduce the_incidence aof wrinkles in the final lébel.
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 longitudinai direction.

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

The . exémples'*below list preferred commercially

—

available resins.

The . resins used in these examples, and others -use-
ful in the invention, are identified ir Table 1. '



energy electrons, ultra violet radiation, X-rays, ganma rays, beta .
particles, etc. Preferably, electrons are em ployed up to about_ 20
megarads (MR) -dosage |evel.  The-irradiation sPUiGE, can:be | ectron
beam generat or oper- ating in a range of about 1 lﬁkﬁl‘-@@%'@eﬁﬁ@ﬁh ut 6
mega- volts with a power output capable _of supplyjng the desired j[dgsage.
The voltage can be adjusted to appropriéﬁe‘levels whi 0 NO¥y 1999 | flor
exanple 1,000,000 or 2,000,000 or 3,000,000 orj6} 000,000 or hiljgher or

| ower. Many apparatus for irradiating filns are kn t0 those of pkill in
the art. The irradiation is usually carried out al_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 qagradiiati on can be carried out

conveni ently at room tenperature, although higher and | ower - tenperatures,
for exanpl gzs@herr] C to 60f&hhddc Y el oyedyzscaromron COMPANY
SBC, KR-10 STYRENE BUTADIENE PHILLIDS
CCPCLYMER
SBC, | XX~36 STYRENE BUTADIENE - Phillips

. CCPOLYMER WITH
FATTY FCCD

COMPLIANCE
EVA, ELVAX 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 LOW DENSITY ION
POLYETHYLENE . CARBIDE
VLDPE, TAFMER 0680 VERY LOW DENSITY  MITSUT
POLYETHYLENE
DENSITY = .88
grams/cc
VLDPE, 1015 VERY LOW DENSITY - UNION
POLYETHYLENE CARBIDE
DENSITY = .900
grams/cc
PP, o 8473 EPC  FINA
PP, WRDS-981 POLVYPROPYLENE SHELL
PL, 22-164 50% POLY- SANTECH
ISOBUTYLENE

IN LLDPE



VWhile the invention has been disclosed with refer- ence to illustrative

- _exanples, those skilled in the art wi I under st and that various
nodi fications may be made teo the inventi.on.
17 - ' o -.17-
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Example B Pl

An example of the present inventio

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

wheré ADH is a polymeric adhesive such as EVA,, EVA,, cr
EVAJ, or any suitable adhesives such aé the carboxylic
acid or acid anhydride-modified polymeric adhesives known
in the art; and where PP is PP,, PP, or other suitable
propvlene polymers.or copolymérs. ADH and PP may be
blended in any of the proportions disclosed herein for PP
blend layers, for example the blend may contain 20%, 40%,
60% or 80% PP and 80%, 60%, 40% or 20% ADH by weight.



CLAIMS 1. A mul tilayer film conprising:

. @PE?AE?‘W%“"W r

~conprising very low density pol yet yB b) two
outer |ayers each conprising a - segl ghl e polyner|01 terial;
and (c) two internediate Iayers each Hondi ng NO¥ 1999 |

core layer to a respective outer |ayer, and conprijsiing a

bl end of a propyl ene ﬁbpihéT or copo rand a pollyneric

adhesive. 2. A filmaccording to claim1l whereinjthe very |l ow. ty

pol yethyl ene has milRkt épdexhdeipatesditendhngnatono ame ddraiordl by amse/ | 0
Dery: ©° (CEIULD1IRREY.  7hiis “elh! BeoGEREIMRAiR11Y B BY €nlELE B Ne

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 sgpplying 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 coaveniently at room
temperature, although higher and lower temperatures, for
-example, 0°C to 60°C may be employed.

While the invention has been disclosed with . réfer-
‘ence to illustrative examples, those skilled in the art

'will understand that various modifications may be made to
the invention, '



| ow density pol yethylene has a flow rate ratio'(l[err]ll[err]) bef ore

bl endi ng of at |east 40 (ASTM D-1238). 4. A filmfa ﬁﬁﬂdg%&g iq$g@¥ bne  of

t he precedi ng clains wherei.n the two outer |ayers eac .1 to
10% by wei ght of each outer |ayer, of plastlciser 5. A film acct rdi ng

to any one of the preceding clains wherein the two qutier]0aN@Y 98ch have a
t hi ckness of less than . Jerr]m (0.03 ﬁ1l§) "6. [Alfilmaccording fo any

one of the preceding clains wherein tQEA&M@ outer | gyers each conprise¢ |ess

. :
than 4% of the pokgh il LpthiCNee8prising:

(a) . a core layer comprising 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 blend of a propylene
polymer or copolymer,.and a polymeric
adhesive.
2. A film according to claim 1 wherein the very low
density polyethylene has a melt index before-blending of
no more than 10 grams/10 minutes (ASTM D 1238).

3. A film according to claim 1 or 2 wherein the very
low density polyethylene has a flow rate ratio (I,,/I5.,)
before blending of at least 40 (ASTM D 1238).

4. A film according to any one of the preceding claims
wherein the two outer layers each.comprise from 0.1 to

10% by weight of each outer layer, of plasticiser.

5. A film according to any one of the preceding claims
wherein the two outer layers each have a thickness of
less than 1.0um (0.04 mils).

6. A film according to any one of the preceding claims
wherein the two outer layers each comprise less than 4%

of the total film thickness.

7. A film according to any one of the preceding claims
wherein the adhesive or intermediate layers comprise an

olefin polymer or olefin copotymer with adhesive

* [4 L M $ *

properties.



7. Afilm

according to any one of the preceding claRRRLARBMENT BHEEE

adhesive or internediate |ayers conprise an olefin|pdlynmer or olefin
copol ymer wi th adhesive properties. - 10 NOV 1999
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8. A film according to any one of the preceding claims

wherein the adhesive or intermediate layers comprise

ethylene vinyl acetate copolymer.

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

copolymer, styrenic polymer, or styrenic copolymer.

10. A film according to any one of the preceding claims

wherein at least one layer of the film is crosslinked.
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MUOLTILAYER FILMS COMPRISING POLYPROPYLENE
HOMOPOLYMER OR_COPOLYMER

A multilayer film comprises a first layer comprising

propylene homopolymer or copolymer and at least one
additional sealable layer;

low density polyethylene, two outer sealable layers and

intermediate adhesive layers.

or a core layer comprising very
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