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Heat Seal Modifiers for Linear Polyethylenes

BACKGROUND OF THE INVENTION
Field of the Invention

5 This invention relates to polyethylene compositions for use in

packaging. This invention particularly relates to metallocene polyolefin
compositions comprising a heat seal modifier.

Description of the Prior Art
Polyethylene polymers are useful in packaging, as well as in other
10 applications. The use of linear polyolefins is not without problems to a
manufacturer, however. One problem that a manufacturer may be faced
with Is finding a proper balance between the cost of manufacture and the
performance of the manufactured product. Linear polyethylenes produced
using a single site metallocene catalyst can have many performance
15 benefifé.. However, linear polyethylenes can also be difficult to process in
a cost-efficient manner.

Moreover, linear (metallocene) polyethylenes can have less than
desirable heat seal properties. That is, linear polyethylenes often do not
provide sufficient adhesion between the sealing layers of polyethylene to

20 result in a good adhesive seal for a package. Efforts to improve the heat
seal characteristics of linear polyethylenes by blending them with other
materials, such as ethylene copolymers with methacrylic acid or acrylic
acid, have not had universal success.

Thus, it can be desirable to have a linear polyethylene composition

25  which is more easily processible in the melt, and at the same time
provides desirable heat seal characteristics for packaging applications.

SUMMARY OF THE INVENTION

In one aspect, the present invention is linear polyethylene
composition suitable for use as a heat seal resin, wherein the resin

30 comprises: (a) from about 70 wt% to about 90 wt% of a linear
polyethylene having a density of from about 0.88 to about 0.95 g/cm®; (b)
from about 0 to about 30 wt% of a copolymer selected from: an ethylene

acid copolymer; an ethylene acid copolymer ionomer; or a mixture thereof;
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and, (c) from about 2 wit% to about 10 wt% of a tackifier.

In another aspect, the present invention is a heat seal modifier
composition comprising: (a) from about 0 wt% to about 90 wt% of an
ethylene acid copolymer, an ethylene acid copolymer ionomer, or a
mixture thereof, (b) from about 10 wt% to about 100 wt% of a tackifier;
and, optionally, (c) up to about 10 wt% of a metallocene polyethylene
polymer.

In another aspect, the present invention is a process for
manufacturing a package comprising the step: including with a
polyethylene resin having a density of from about 0.88 g/cm® to about 0.95
glcm®, a heat seal modifier wherein the modifier comprises (a) from about
0 wi% to about 90 wt% of a copolymer comprising an ethylene acid

- copolymer, an ethylene acid copolymer ionomer, or a mixture thereof, and

preferably comprising an at least partially neutralized ethylene acid
copolymer; (b) from about 10 wt% to about 90 wit% of a tackifier; and,
optionally, (c) up to about 10 wt% of a metallocene polyethylene polymer.
In another aspect, the present invention is a package comprising a
polyethylene heat seal resin, wherein the resin comprises: (a) from about
70 wt% to about 90 wt% of a linear polyethylene having a density of from
about 0.90 to about 0.95 g/cm?’; (b) from about 0 to about 30 wt% of a

copolymer selected from: an ethylene acid copolymer; an ethylene acld

copolymer ionomer; or a mixture thereof; and, (c) from about 2 wt% to

“about 10 wt% of a tackifier.

DETAILED DESCRIPTION OF THE INVENTION

The definitions herein apply to the terms as used throughout this
specification, unless otherwise limited in specific instances.

‘The term “finite amount”, as used herein, refers to an amount that
is nhot equal to zero.

As used herein, the term "about" means that amounts, sizes,
formulations, parameters, and other quantities and characteristics are not
and need not be exact, but may be approximate and/or larger or smaller,
as desired, reflecting tolerances, conversion factors, rounding off,

measurement error and the like, and other factors known to those of skill

PCT/US2004/043064
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In the art. In general, an amount, size, formulation, parameter or other
quantity or characteristic is "about" or "approximate" whether or not
expressly stated to be such.

In one embodiment, the present invention is a linear polyethylene
composition. As used herein, the term “linear polyethylene” refers to a
polyethylene resin obtained by using a single site (metallocene) catalyst.
The linear polyethylene composition of the invention is useful as a heat
seal resin, for example.

- Linear polyethylenes suitable for use in the practice of the present
invention have a density of from about 0.88 g/cm?® to about 0.95 g/cm?®.
Preferably, the linear polyethylene has a density of from about 0.90 g/cm®
to about 0.94 g/cm®. More preferably, the linear polyethylene has a
density of from about 0.91 g/cm® to about 0.93 g/cm?®.

The linear polyethylene composition of the invention preferably
comprises about 70 wt% to about 90 wt% of the linear polyethylene,
based on the total weight of the linear polyethylene composition. Of note
are compositiohs comprising 75 wt% to 85 wt% and about 80 wt% of the
linear polyethylene.

~ The linear polyethylene composition of the invention also includes
at least one copolymer selected from an ethylene acid copolymer; an
ethylene acid copolymer ionomer; or a mixture thereof (collectively
referred to herein as “acid copolymer”). Suitable and preferred ethylene
acid copolymers ahd ionomers are as set forth below with respect to the
heat seal resin modifier compositions of the invention. The acid
copolymer can be present in the linear polyethylene composition in an
amount of from about 0 to about 30 wt%, based on the total weight of the

linear polyethylene composition. Preferably, the acid copglymer IS present

“in the linear polyethylene composition in a finite amount up fo about 30

wt%, more preferably in an amount of from about 10 to about 30 wt%,
more preferably in an amount of from about 10 to about 25 wt%, and still
more preferably in an amount of from about 12 to about 23 wt%, based on
the weight of the linear polyethylene composition.

The linear polyethylene composition of the invention also includes a

tackifier. Suitable and preferred tackifiers are as set forth below with

3
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réspect 'to the heat seal resin modifier compositions of the invention.

Preferably, the linear polyethylene composition includes from about 2 wt%
to about 10 wt% of the tackifier, based on the total weight of the linear
polyethylene composition. More preferably, the tackifier is present in an
amount of from about 3 to about 10 wt%, and still more preferably in an
amount of from about 4 to about 8 wt% in the heat seal resin. Also of note
are compositions comprising about 2 wt% to about 5 wt% and about 2
wt% of the tackifier.

The components of the linear polyethylene composition may be

blended by any suitable means known in the art. Preferably the
components are melt-blended, e.g., in an extruder.

- The linear polyethylene composition may be applied to the
packaging material to be sealed, and the seal may be formed, by any
suitable means known in the art. See, e.g., the Wiley Encyclopedia of
PackagingTechnology, 2d edition, A.L. Brody and K.S. Marsh, Eds.,

Wiley-Interscience (Hoboken, 1997).

Conventional heat seal resin compositions have:heat seal initiation
temperatures that vary depending on the resin composition. Typically, it is
preferable to use a resin with a heat seal temperature that is as low as
possible but that will still provide a seal strength that is desirable for the
desired application. For example, if a heat seal of 1500 g/inch is desirable
in a particular application, a manufacturer may find it advéntageous to
choose a material that can provide a seal of that strength at a temperature
of 250°F rather than a material that can provide that seal strength at a
temperature of 280°F. A heat seal composition capable of providing
equivalent heat seal strength at lower temperatures improves economic
efficiency by allowing faster processing times and lower energy costs.

| Advantageously, the linear polyethylene composition of the present
invention may possess a lower heat seal initiation temperature than a
similar or identical unmodified linear polyethylene resin, each providing

about the same heat seal strength.
A heat seal resin modifier of the present invention may be useful for

lowering the heat seal initiation temperature of a polyethylene resin.

4
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Preferably, the polyethylene resin is a linear polyethylene resin. Also
preferably, the polyethylene resin has a density of from about 0.88 to
about 0.92 g/cm3. Also preferably, the modified resin attains a seal
strength of greater than about 25 g/inch and up to about 6000 g/inch
within a temperature range of from about 150°F to about 350°F.

Desirable heat seal characteristics can vary depending upon the
application for which the sealing is intended. However, for the purposes
of the present invention, desirable heat seal characteristics are
demonstrated within a heat seal initiation temperature range of from about
150°F to about 350°F. Preferably, the heat seal initiation temperature for
the modified resins of the present invention is within a range of from about

175°F to about 300°F, more preferably within a range of from about 180°F

- to about 290°F, and still more preferably within a range of from about

200°F to about 290°F.

Preferably, the modified resin of the present invention has a heat
seal strength in the range of from about 25 grams/inch to about 6,000
grams/inch over the desirable heat seal initiation temperature range of
from about 150°F to about 350°F. More preferably, the modified heat seal

- resin has a heat seal strength of from about 1000 grams/inch to about

4,000 grafns/inch, and still more preferably from about 1500 grams/inch to

about 4,000 grams/inch. Seal strength is determined according to ASTM

F-88.

The heat seal resin modifier of the present invention is a
composition comprising (a) an ethylene acid copolymer; (b) a tackifier;
and, optionally, (c) a metallocene polyethylene polymer. Ethylene acid |
copolymers suitable for use in the present invention include copolymers,
for example, dipolymers and terpolymers, of ethylene and
o,p—unsaturated carboxylic acids and/or derivatives thereof.
o,f—Unsaturated carboxylic acids and derivatives suitable for use herein
include, without limitation, acrylic acid and/or methacrylic acid (generically
referred to herein singularly or in combination as (meth)acrylic acid);

acrylic esters such as methyl (meth)acrylate, ethyl(meth)acrylate,

PCT/US2004/043064
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isobutylacrylate or mixtures thereof. Terpolymers are preferably
ethylene/methacrylic acid/isobutyl acrylate copolymers.

lonomers of the éthylene acid copolymers are preferred for use in
the present invention. lonomers are well known in the polymer art, and
are the fully or at least partially neutralized salts of ethylene acid
copolymers. Also preferably, if used in the present invention, an ionomer
is in the form of the sodium salt, the zinc salt, or a mixture of salts of these
two metal ions. "

The modifier composition can comprise from about 0 to about 90

wt% of the acid copolymer. Preferably, the acid copolymer is present in

" the modifier composition a finite amount up to about 90 wt%, or In an

amount of from about 40 to about 90 wit%, more preferably in an amount
of from about 50 to about 90 wit%, and still more preferably in an amount
of from about 60 to about 90 wt%, based on the total weight of the
modifier composition.

A heat seal resin modifier of the present invention further
comprise's a tackifier. When used conventionally, tackifiers are generally
materials which provide tack, or adhesiveness, to a composition at room
or ambient temperatures. In the practice of the present invention,
however, use of a tackifier is not conventional. Heat seal properties
desirable in a linear polyethylene heat seal resin of this invention are
required to be exhibited at temperatures much greater than ambient.

Because most tackifiers become liquid and lose tack at the temperatures

' contémplated in the practice of this invention, it is surprising that

conventional tackifiers can be made to provide the heat seal properties
obtained when combined with linear polyethylenes. Suitable tackifiers for
use in the present invention can be selected from conventional tackifiers,
and mixtures thereof. Preferably, tackifiers of the present invention can
be selected from polyterpenes, hydrogenated aromatic 9-carbon esters, or
mixtures thereof.

The heat seal resin modifier composition comprises the tackifier in
an amount of from about 10 to about 90 wt% based on the total weight of
the modifier composition. Preferably the tackifier is present in the modifier

composition in an amount of from about 10 to about 60 wt%, more

6
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preferably in an amount of from about 15 to about 50 wt%, and still more

prefefably in an amount of from about 20 to about 40 wt% of the modifier

composition.

A modifier of the bresent invention can optionally comprise from
about 0 to about 10 wt%, based on the weight of the modifier composition,
of a metallocene polyethylene plastomer, having a density of from about
0.87 to about 0.90 g/cm®. Preferably, the metallocene polyethylene
plastomer is present in a finite amount up to about 10 wt%.

A heat seal resin modifier of the present invention can be prepared
by blending the components by conventional methods, such as by melt
blending, dry blending and coextruding, or using a batch mixing process.
Any known method of making a blend of the present invention is
contemplated as suitable for use herein. Likewise, the heat seal resin
modifier and the heat seal resin to be modified may be blended by any
suitable means known in the art. Preferably the components are melt-
blended for example in an extruder.

Also provided by the present invention is a package comprlsmg a
linear polyethylene composition or a heat seal resin modifier of the
invehtion. The package may comprise any packaging material to which

the linear polyethylene composition or a heat seal resin modifier of the

~invention will adhere. The package may be made and sealed by any

suitable means known in the art. See, e.g., the Wiley Encyclopedia of
Packaging Technology. " :

Also provided by the present invention is a method of
manufacturing a package comprising the step of including with a
polyethylene resin having a density of from about 0.83 g/cm® to about 0.95
g/cmS, a heat seal modifier according to the invention. In all other
respects, the package may be made and sealed by any suitable means
known in the art. |

EXAMPLES

The Examples are for illustrative purposes only, and are not

intended to limit the scope of the invention.
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A series of blends was prepared by meilt blending the components
in the proportions listed in Table 1. The heat seal strength of the blends
was measured according to ASTM F-88. The term “heat seal initiation
temperature’, as used herein, refers to the temperature at which a seal
strength of 1500 g/in is developed. The heat seal strength results, which
are also shown in Table 1, demonstrate that the heat seal initiation
temperature of the examples of the invention is in general significantly
lower than the heat seal initiation temperature of the comparative

example.
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While certain of the preferred embodiments of the present invention
have been described and specifically exemplified above, it is not intended
that the invention be limited to such embodiments. Various modifications
may be made without departing from the scope and spirit of the present

invention, as set forth in the following claims.

10
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CLAIMS
WHAT IS CLAIMED IS:
1. A linear polyethylene composition comprising: (a) from about 70

wt% to about 90 wt% of a linear polyethylene having a density of from
about 0.88 to about 0.95 g/cm®: (b) from about 0 wt% to about 30 wt% of a
copolymer selected from the group consisting of an ethylene acid

copolymer; an ethylene acld copolymer lonomer; and mixtures thereof:
and, (c) from about 2 wt% to about 10 wt% of a tackifier.

2. A heat seal modifier composition comprising: (a) from about 0 wt%

to about 90 wt% of an ethylene acid copolymer, an ethylene acid

Vcopolymer ionomer, or a mixture thereof; (b) from about 10 wt% to about

100 wt% of a tackifier; and from 0 to about 10 wt% of a metallocene

polyethylene polymer.

3. A process for manufacturing a package comprising the step:

“including with a polyethylene resin having a density of from about 0.88

g/cm® to about 0.95 g/cm®, a heat seal modifier comprising (a) from about
0 wt% to about 90 wt%.of a copolymer selected from the group consisting
of anethylene acid copelymer, an ethylene acid copolymer ionomer, and

m‘ixtu.ree thereof; (b) from about 10 wt% to about 90 wit% of a tackifier; and

from O to about 10 wt% of a metallocene polyethylene polymer.

4. The process of claim 3 wherein the copolymer comprises an at

least partially neutralized ethylene acid copolymer.

4. A package comprising a heat seal resin, wherein the heat seal resin
comprises: (a) from about 70 wt% to about 90 wt% of a linear

polyethylene having a density of from about 0.90 to about 0.95 g/cm®; (b)
from about O wt% to about 30 wt% of a copolymer selected from the group
consisting of an ethylene acid copolymer; an ethylene acid copolymer

ionomer; or a mixture thereof; and, (c) from about 2 wt% to about 10 wit%

of a tackifier.

11
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