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{57) Claim
1. A biaxially oriented multilayer film structure comprising:

{A) a core layer of polypropylene having dispersed
therein microspheres sufficient in size and quantity so that,
during orientation, the core layer becomes opaque, which either
includes a minor prop@rtion of a maleic anhydride modified
polypropylene blehded therein and/or has a skin layer (3) of
maleic anhydride modified polypropylene on one side;

(C) a layer of ethylene vinyl alcohol (EVOH)
copolymer on the maleic anhydride modified polypropylene
containing layer, and

(D) on the other side of the core layer a heat
séalable or printable skin layer;

said structure comprising polypropylene of greater
orientation in the transverse direction.
12. A biaxially oriented multilayer film structure substantially as hereinbefore

described with reference to any one of the examples.
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(S7) Abstract

the transverse direction.

A biaxially oriented muliilayer film structure comprising: (A) a core layer of polypropylene having dispersed therein microspheres
sufficient in size and quantity so that, during orientation, the core layer becomes opaque, which either includes a minor proportion of a
maleic anhydride modified polypropylene blended therein and/or has a skin layer (B) of maleic anhydride modified polypropylene on one
side; (C) a layer of ethyleae vinyl alcohol (EVOH) copolymer on the maleic anhydride modified polypropylene containing layer, and (D)
on the other side of the core layer a heat scalable or printable skin layer; said structure comprising polypropylene of greater orieatation in
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MULTILAYER PACKAGING FILMS

This invention relates to a multilayer film structure which
can be metallized and laminated to another film,

Structures of the present invention are employed mainly as
packaging films utilized in the oOverwrapping of products or in
the formation of bags, cartons or pouch-type containers to
contain various food or non-food products. It is necessary that
the film structures utilized for this purpose be as resistant
to the transmission of moisture, air and deleterious flavors as
possible. No single polymeric film material has the
characteristics in and of itself te satisfy this requirement.

It is an object of the invention to present a multilayer
packaging film structure having the characteristics to minimize
to a large extent the transmission of gases, water vapor, and
flavours through such a film.

In accordance with the present invention a multilayer
structure comprises:

(A) a core layer of polypropylene having dispersed
therein microspheres sufficient in size and guantity so that,
during orientation, the core layer becomes opague, which either
includes a minor proportion of a malejc anhydride modified
polypropylene blended therein andjor Rkas a skin layer (B) of

maleic anhydride modified polypropylene on one side;

(C) a layer of ethylene vinyl alcochol (EVOH) copolymer
on thé maleic ankydride modified polypropylene containing layer,
and

(D) on the other side of the core layer a heat
sealable or printable skin layer;

said structure comprising polypropylene of greater
orjientation in the transverse direction.

35

In the multilayer film structure described above 1t i

preferred that the EVOH layer carry a metal la med, for
er preferred that a

exanmple, by metallisation. It is
polymeric film be lamina 0 the metallized layer so as to add
additional stiffness, puncture resistance and barrier

e,

ﬂ(’,,A:?rﬁpertles to the structure.

hY

\



1A
It is preferred that the machine direction orientation of the multilayer film

structure is from 3 to 7 times and the transverse direction orientation is from 7 to

12 times.
In the multitayer film structure described above it is preferred that the

EVOH layer carry a metal layer formed, for example, by metallisation. It is further
preferred that a polymeric film be laminated to the metallized layer so as to add

additional gauge, stiffness, puncture resistance and barrier properties to the

structure.
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In forming the multilayer film structure of the present
invention, a core layer of polypropylene having dispersed
therein microspheres sufficient in size and quantity so that
during orientation the core layer becomes opague. This core

5 layer can be as described in U.S. 4,377,616, The preferred
polypropylene matrix material has the following characteristics:
density 0.90 to 0.91 g/cc: nm.p. 160°C or higher; melt flows 2
to 4g/10 min at 230°¢. The preferred microspheres are those
disclosed in the above mentioned patent and particularly

10 preferred are microspheres of polybutylene terephthalate, and
nylon.

The skin layer of maleic anhydride modified polypropylene
which is coextruded on one side of the core layer may be
prepared by any process, for example, that disclosed in U.S.

15 3,433,777; and 4,198,327. A commercially available maleated
polypropylene or propylene copolymer has the following physical
characteristics: density 0.89 to 0.91 (ASTM D1505), Vicat
softening point 100 to 150°C (ASTM D1525); Shore hardness 50 to
70 (ASTM D2240); melting point 140 to 160°C (ASTM D2117). It

20 is essential to use maleated polyolefin in order to tie the core
layer with the EVOH when they are incompatible in their natural
state.

The ethylene vinyl alcohol copolymer referred to herein can
be obtained from any commercial source. For example, extrusion

25 grade ethylene vinyl alcochol copolymer (EVOH) is available under
the name EVAL from Kuraray Co. Ltd. of Japan. EVOH resin is
conventionally prepared by saponifying ethylene vinyl acetate
copolymer containing an ethylene content of from 20 to 70 mole
%, to a saponification degree of 90% or higher. The ethylene

30 vinyl alcohol copolymer employed herein can have a ethylene
content ranging from 20 to 70 mole %.

The heat sealable layer employed herein and applied during—
coextrusion can be an ethylene propylene (EP ymer oOr an
ethylene propylene butene-l1 (EPB olymer, which will be

35 located on the side of t strate opposite to the EVOH layer.
The ratio o . ene to propylene to butene-1 can be from 0 to

ethylene, 70 to 100% propylene and 0 to 15% butene-1, e.g.,




2A
it is preferred that the EVOH copolymer layer is treated to have a surface

free energy of greater than 33 dynes/cm.

The heat sealable layer employed herein and applied during coextrusion
can be an ethylene propylene (EP) copolymer or an ethylene propylene butene-1
(EPB) terpofymer, which will be located on the side of the substrate opposite to
the EVOH layer. The ratio of ethylene to propylene to butene-1 can be from 0 to

15% ethylene, 70 to 100% propylene and 0 to 15% butene-1, eg,

€ WINWODRDUANELLEISPECIGE384 DOT
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2% ethylene 94% polypropylene and 4% butene-~l.

The printable surface can be any polymer such as polyolefin
homopolymer; copolymer and terpolymer; polycarbonate; or
polyester. The characteristics of the printable surface is one
with a surface free energy of 34 dynes/cm or hig?%g.pre{énwui

As will be shown below in the specific Examples,/\tb

utilize ion—ef the EVOH in combination with -the metallization
of the EVOH and o. further coatingﬁoﬁhﬁge metallization layer
with an appropriate lamination filmpyill progressively improve
oxygen Dbarrier, water vapor barrier and aroma barrier
char-~teristics over structures not containing these
mod lications. The Examples will also show that structures
within the scope of the present invention can form hewmetic
seals. Metallization, which occurs directly on the EVOH, is
accomplished by conventional vacuum deposition. While aluminum
is illustrated as the preferred metal it is to be understood
that other metals such as zinc and gold, capable of being
commercially vapor deposited, can alsoc be employed. Also while
polYpropylene has been shown as the laminate film to the surface
of the metal layer this is merely by way of illustration. It
is to be understood that other films such as other polyolefins,
i.e., polyethylene; polybutylene; olefin copolymers; polyamides;
polycarbonate; and polyacrylonitrile can also be employed.
In forming such laminations an effective adhesive is a hot melt
low density polyethylene applied in an amount of about 10 pounds
per ream. Other suitable adhesives can also be employed.
EXAMPLE 1

A four layer biaxiallykgrienteﬁ fiég, having an approximate

5.5l wicron _

final thickness of 1.4 milhyas prepared by coextruding a core
matrix of polypropylene (melt flow 3.0), blended with about

8 wt.% of polybutylene terephthalate (PBT) microspheres. This
core comprised about 91% of the coextruded thickness. A skin
layer of the maleic anhydride modified polypropylene was
coextruded on one side of the core comprising about 1.5% of the
total extruded thickness and a lower skin surface of a heat
sealable ethylene-propylene- butene-1 terpolymer comprising 3.5%

of the total thickness of the extrudate. The four layer of the



10

15

20

25

30

35

WO 94/23941 PCT/US94/04346

- 4 -

coextrudate 1is a metal receiving 1layer of polypropylene
comprising 4% of the total extrudate thickness, extruded on the
surface of the maleic anhydride modified polypropylene.

The coextrudate was guenched at 30-50°C, reheated to 115-
125°c and stretched in the machine direction 5 times using
transport rolls operating at different speeds. Thereafter, the
film was transversely oriented 8 times at a temperature profile
ranging from 155°-180°c. During this latter orientation the
film structure turned opagque. Thereafter, the metal receiving
polypropylene layer was surface treated with corona discharge.
Alternatively the surface can be flame treated to the
appropriate surface free energy conducive for metal adhesion.

The film was metallized by vacuum deposition of aluminum
and tested for metal pick~off by Scotch 610 tap= (3M Corp). To
test the metal adhesion, strips of Scotch 610 tape were applied
to the metallized surface. The tape was pulled manually. The
tape pull test was repeated 3 times with fresh tape applied to
the same area.

Table 1, below, shows the film properties prior to

metallization. Table 2 shows the ©properties after
metallization.
The metallized upper layer was subsequently laminated to

lQ micron

a layer of polypropylene film approxmﬂstgly 0375 mll thlck.
This was adhesively bonded with 10 pounds of per ream of molten
LDPE adhesive at a melt temperature of 325°C in a laminating
machine. Table 3 shows the resultant laminate properties.
EXAMPLE 2

A four layer biaxially oriented film structure was prepared
in the following manner: The same polypropylene core matrix with
PBT as employed in Example 1 was coextruded with the same maleic
anhydride modified polypropy lene in the same dimensions on one
side of saild core and on the modified polypropylene layer, a
layer of EVOH with 48 mole % ethylene content, was
simultaneously coextruded thereon. On the opposite side of the
core the same heat sealable resin as in Example 1 was applied
in the same thickness. This four layer coextrudate was guenched
at 30&5006, reheated to 115-125°-C and stretched in the machine
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direction 5 times using transport rolls operating at different
speeds. Thereafter, the film was transversely oriented 8 times
at a temperature profile ranging from 155°-180°C. Thereafter,
the EVOH layer was corona discharge treated. Subseguently, the

EVOH layer was metallized in the manner of Example 1. The
metallized structure was then laminated as in Example 1.
EXAMPLE 3

A four layer biaxially oriented film structure identical
to that of Example 2 except the EVOH layer is 2% rather than 4%
of the thickness prior tc metallization and the heat seal
ethylene-propylene-butene-1 layer is 11.5% of the thickness
rather than 3.5% prior to metallization.
EXAMPLE 4

A four layer biaxially oriented film prepared as in Example
1, except that the metallizing layer was not corona discharge
treated. The £film was metallized as in Example 1. The
metallized upper layer was subsequently laminated to a three
layer unbalanced oriented HDPE film having an approximate final

. . _(29.2) Microns). .

thickness of 1.15 mllsr\This three layer structure consisted of
a primary high density polyethylene core layer wherein the core
comprised 83% of the film thickness. On one surface of the core
was a heat seal layer of ethylene-propylene-butene-1 terpolymer
which comprises 3% of the total thickness of this three layer
structure. The other surface of this core layer comprised 14%
of the overall film thickness and was also ethylene- propylene-
butene-1 terpolymer. This three 1ayeﬂAf%£HSBure was laminated
to the metallized surface with 10 poundsAper réam of molten LDPE
(density 0.90~0.92) at a melt temperature of 325°¢ employing a
commercial polylaminating machine.
EXAMPLE 5

A four layer biaxially oriented film having an approximate

) (35. Sk mierons )

final thickness of 1.40 milAyas prepared by coextruding a
polypropylene «ore matrix blended with about 8 wt.% of
polybutylene terethphlate (PBT) microspheres. The core matrix
made up 95% of the film thickness. An adhesion promoting layer
of a maleic anhydride modified polypropylene (with a melt flow

of 3.0) comprising 1.5% of the total thickness. On the opposite
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surface of the core was coextruded a printable surface layer of
high density polyethylene conprising 1.5% of the total
thickness. On the surface of the modified polypropylene there .
was simultaneously coextruded a surface layer of EVOH copolymer
with 48 mole % ethylene content. After the desired machine
direction orientation the film was transversely oriented 8 times
at a temperature profile ranging from 155°~180°C which produced
a visible white opaque appearance. Thereafter, the printable
high density polyethylene layer was corona discharge treated to
a level of 38 dynes per cm. Following this, the same three
layer lamination web structure as employed in Example 4 was
laminated to the aluminum surface in the same manner as
Example 4. Tables 1, 2 and 3 show the results of the

characteristics of the several films.
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TABLE 1

Film Properties Prior to Metallization

Treatment  Water
Level Vapor Oxygen Metal Aroma  Hermetic
Example Dynes/cm Trans*  Trans™ Pickoff% Barrier Seal
1 38 0.40 125 80 NO NO
2 >52 0.43 3.3 0 YES NO
3 >52 0.43 7 0 YES YES
4 29 0.40 125 100 NO NO
5 42 0.43 7 0 YES NOT
5 * gH, O/100 in 2724 hrs. (gH, O/2, 540 mm?*/24 hrs)
= ccO,/100 in. 2/24 hrs. (ccO, 12,540 mm?/24 hrs)
“iee TABLE 2
10 Film Properties After Metallization
LS Water
Light Vapor Oxygen  Aroma Hermetic ~ Lamination
1 Example Transmis Trans* Trans**  Barrier Seal Bonds **
. 1 <1% 0.15 42 NO NO 80
s 2 <1% 00t 001  YES NO 200
s, 3 <1% 0.015 0.015 YES YES 180
) 4 <1% 0.25 100 NO NO 50
5 <1% 0.005 0.01 YES NO 200
* gH, G/100 in. 2724 hrs (gH, Of2,540 mm?/24 hrs)
* cc0,/100 in. 2/24 hrs (cE0,/2,540 mm?/24 hrs)
23 é;f[,
e “% \
! AN ,}1

{
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TABLE 3

Film Properties After Lamination

5
WATER

LIGHT VAPOR OXYGEN AROMA HERMETIC POUCH

10 EXAMPLE TRANSMIS TRANS* TRANS* BARRIER SEALS MACHTINABIL
1 <1% 0.10 42 NO NC ACCEPTABLE

2 <1% 0.01 0.01 YES NO ACCEPTABLE

3 <1% 0.015 0.015 YES YES ACCEPTABLE

15 4 <1% 0.25 100 NO YES EXCELLENT
5 <1% 0.005 0.01 YES YES EXCELLENT

20



8A
* gH, 07100 in.2/24 (gH, O/2,540 mm?/24hr)
**  cc0,/100 in.%/24 (ccO, 2,540 mm?/24 hr)

HAl,
4

€ WINWORDUANELLEISPECREE384 DOC
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In Tables 2 and 3 under the heading "Aroma Barrier" there is
an indication as to whether or not the film samples are an
effective barrier to aromas. In order 2o test the effectiveness
of the film structures in excluding deleterious odors, flavors
and aromas frem a product suspectable of absorbiung such flavors,
etc., several packages were wrapped and sealed with the film.
All of the packages were placed in a controlled environment
which exposed them to an aromatic hydrocarbon that provided a
typical or potential odorant that can be readily identified
chemically and measured quantitively. In this case the aromatic
hydrocarbon was toluene. Individual packages were withdrawn
from the controlled environment in a timed sequence. A small air
sample was then taken from within the package with a hypodermic
syringe. The sample was analyzed chromographically. The
chroncgraphic peak stayed low as time progressed and raised only
slowly at longer times. The test was carried out over a time
period of from O0-200hrs. This revealed that the subject
nultilayer structure is an excellent odor, flavor and aroma
barrier that can be used to protect flavor sensitive products.

Table 1 shows$ that Example 1 is a poor structure in so far
as the transmission of water vapor and oxygen transmission is
concerned. Example 1 also does not provide an excellent surface
for the bonding of metal thereto. The structure of Example 1
alsc could not fo¥m a hermetic seal. Example 2 shows that the
addition of an EVOH copolymer layer causes a dramatic drop in
the amount 0, transmitted and is an aroma barrier in comparisen
to Example 1. Example 2 shows that this structure bhas
significant resistance to metal pickoff by the tape test. A
hermetic seal could' not be formed with the structure. Example
3 shows no decrease in the amount of water vapor transmission
and aroma barrier and the greater thickness of the heat seal ethylene-

propylene-butene-1 copolymer layer permitted the formation of
an hermetic seal. Example 4, which did not employ 2an EVOH
layer, showed that the oxygen transmi?ﬁéqaisd again increased
greatly to 125 grams per 1001n /\per 24 HArs. It was not
effective as an aroma barrier. In addition, there was no
meaningful adhesion of the metal to the metal receiving
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untreated propylene layer. Example 5 of Table 1 again
demonstrates the effectiveness of EVOH in minimizing oxygen
transmission and metal pickoff even without any surface
treatment prior to metallization. A hermetic seal could be
formed with this structure. 1In all cases Table 1 shows that the
structures had a Tappi opacity of 71.

Table 2 illustrates the properties of the structures
after metallization. By metallizing Example 1 the water srapor
transmission was reduced by a significant amount to 0.15 grams
per 100in A%efgﬁf“ ours. The metallization alone caused a
significant reduction in the oxygen transmission however the
structure was not effective as an aroma barrier. In addition,
a hermetic seal could not be formed with the structure. Example
2 showed that the combination of the EVOH copolymer and
metallization produced the water vapor transmlsfﬁgioiaggthe
oxygen tra“iﬁéiii\B down to 0.01 grams per 100 1n2’\per 24 hours
and 0-01ccAPer 100 1n2 per 24 hours respectively. In addition,
the structure was effective as an aroma barrier. A hermetic
seal still could not be formed with this structure. Example 3
showed that a significant increase in the thickness of the heat
seal permitted the formation of an hermetic seal. Example 4
again shows that the elimination o©of the EVOH layer is not
compensated for by a metallization layer in so far as oxygen
transmission and aroma barrier is concerned. Examnple §
illustrates that the gtructure with the untreated EVOH layer irn
combination with the metallization reduces the water yapor
transmission to a rate of 0.005 grams per 160 1n2£;2¥05§“h0ars
and reduces the oxygen transmission to a level of 0.01. This
structure is an aroma barrier. Examples 2, 3 ard 5 also
illustrate that high lamination bonds are formed with these
structures.

Table 3 shows the multi-layer structure properties after
lamination to a polymeric film structure. Example 1 which shows
the structure laminated to oriented polypropylene is a poor
structure as far as oxygen transmission is concerned. In
addition the structure is not an effective aroma barrier and
does not permit the formation of hermetic seals. In commercial
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machinery which forms packaging pouches, the machinability of
the structure is merely acceptable. Example 2 shows that the
structure with EVOH and oriented polypropylene as the laminate
is effective as regards water vapor transmission, oxygen
transmission, aroma barrier but is not acceptable in the
formation of a hermetic seal. Example 3 with a decreased
thickness of EVOH and an increased thickness of the heat seal
is effective from a water vapor and oxygen transmission
standpoint. It also is effective as a aroma barrier structure
and it does form hermetic seals. Like examples 1 and 2 it is
merely acceptable as far as machinability is concerned. Example
4 again shows that without the EVOH oxygen transmission is
significantly higher and the structure is not an effective aroma
barrier. Example 5 shows excellent commercial characteristics
in all respect, including, low water vapor transmission and low
oxygen transmission. It is an effective aroma barrier and
produces hermetic seals and is excellent as far as machinability

is concerned.
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Throughout the description and claims of this specification, the word

“comprise” and variations of the word, such as “comprising” and “comprises”, is

not intended to exclude other additives, components, integers or steps.

(PRAT
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/r\'\e C.\Otw'\% de‘c\vx(mj t\r\e. ;V\\)e_r\h';oy\.. are as .Q\\Owg:

1. A biaxially oriented multilayer film structure comprising:

(A) a core layer of polypropylene having dispersed
therein microspheres sufficient in size and quantity so that,
during orientation, the core layer becomes opaque, which either
includes a minor proportion of a maleic anhydride modified
polypropylene blended therein and/or has a skin layer (B) of
maleic anhydride modified polypropylene on one side;

(C) a layer of ethylene vinyl alcohol (EVOH)
copolymer on the maleic anhydride modified polypropylene
containing layer, and

(D) on the other side of the core layer a heat
sealable or printable skin layer;

said structure comprising polypropylene of greater
orientation in the transverse direction.

2. A film structure according to claim 1 wherein the machine
direction orientation is from 3 to 7 times and the transverse

direction orientation is from 7 to 12 times.

3. The structure of any preceding claim wherein the EVOH
copolymer layer has been treated to a sufrace free energy of
greater than 33 dynes/cm.

4. The structure of any preceding claim wherein the EVOH
copolymer layer has been treated by corona discharge or by flame
treatment.

5. The structure of any preceding claim wherein the EVOH
copolymer layer carries a metal layer thereon.

6. The structure of claim 5 wherein the metal layer comprises

aluminum.

S orb
7. The structure of any-—preceding claimsﬁyherein a polymeric

£ilm is laminated to the metal layer.
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8. The structure of claim 7 wherein the polymeric film comprises

oriented or unoriented, transparent or opagque polyolefin.

7 or @
9. The structure of claims wherein the lamination is effected

5 by a low density polyethylene adhesive.

10. The structure of any preceding claim wherein the heat
sealable skin layer comprises an olefin homopolymer, copolymer

or terpolymer.

10
11. The structure of claim 10 wherein the terpolymer comprises
an ethylene/propylene/butene-1 terpolymer.
SAL 7,
n‘\""‘ L\
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12. A biaxially oriented multilayer film structure substantially as hereinbefore

described with reference to any one of the examples.

DATED: 6 October, 1997
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

MOBIL OIL CORPORATION
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1. D Claims Nos.:
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2 Claims Noa.:
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This International Searching Authority found multiple inventions in this international application, as follows:
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