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MEDIUM DENSITY POLYETHYLENE FILM
HAVING UNIDIRECTIONAL TEAR

The present invention is directed to biaxially oriented polymeric films. Specifically, the
present invention is directed to biaxially oriented polyethylene films having unidirectional tear
characteristics in machine direction and methods thereof.

Polymeric films are widely used in many industrial applications. One particularly
important application is the food packaging industry. Films employed in the food packaging
industry are chosen to provide characteristics necessary for proper food containment.
Polymeric films used for food packaging, however, usually do not have tear propagation in the
film plane in one well-defined direction. For example, non-oriented polymeric films such as
polypropylene (PP) or polyethylene (PE) films are difficult to tear in any direction. If a tear is
made on a package of non-oriented polymeric film, the tear propagates in an uncontrolled way
across the package, and destroys the entire package.

Bioriented high density polyethylene (HDPE) or polypropylene films have easy tear
propagation in both machine and transverse directions. Packages produced with these
bioriented polyolefins are easy to open if a tear is initiated by a notch in the pack (typically in
the seal area). However, these films are not without disadvantages. Tear propagation of these
films is uncontrolled. That is, if a tear is made on a package of the polymeric films, the tear
propagates in an uncontrolled way across the package and the entire package is destroyed.

MD oriented polymeric films have also been developed to give controlled tearing
properties in one direction. For example, Monax films manufactured by Tredegar provide
controlled tear in machine direction. However, the production of MD oriented film is limited
in efficiency, as only relative narrow web width can be produced and thickness uniformity is
generally poor.

In addition, oriented films that give controlled tear in transverse direction are disclosed
in U.S. Patent Nos. 4,870,122, issued September 26, 1989 to Lu; 4,916,025, issued April 10,
1990 to Lu; and 5,223,346, issued June 29, 1993 to Lu. These films have controlled opening
in transverse direction, and thus have, unfortunately, inherent sensitivities in web resistance
against tearing when the film is produced, converted, or used in packaging applications.

As a result, there exists a continuing need for bioriented films having controlled tear

properties, while maintaining uniform optical properties, good mechanical properties in both
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machine and transverse directions, high production output with a large web to assure good
material efficiencies, and uniform thickness.

It is therefore an object of the present invention to provide a biaxially oriented film
which exhibits excellent unidirectional tear properties in the machine direction.

It is therefore an object of the present invention to provide a biaxially oriented film
which exhibits uniform optical properties.

It is therefore an object of the present invention to provide a biaxially oriented film
which exhibits good mechanical properties in both machine and transverse directions and
uniform film thickness.

It is therefore an object of the present invention to provide a biaxially oriented film
which exhibits high production output with a large web to assure good material efficiencies.

For a better understanding of the present invention, together with other and further
objects, reference is made to the following description and its scope will be pointed out in the
appended claims.

The present invention is a biaxially oriented film having unidirectional tear
characteristics in machine direction and a method for making the film. The film consists of (1)
a core layer of medium density polyethylene (MDPE) and optionally a cavitating agent; and
(2) at least one skin layer co-extensively adhered to at least one surface of the core layer. The
core and skin layers are biaxially oriented in both machine and traverse directions.

Examples of the skin layer can be, but are not limited to, ethylene-propylene
(EP) copolymer, ethylene-propylene butene (EPB) terpolymer, MDPE having a density of
from 0.90 to 0.97g/cm’, preferably MDPE having a density of from 0.92 to 0.95g/cm’, and
most preferably MDPE having a density of from 0.935 to 0.945g/cm’.

Examples of the cavitating agent can be, but are not limited to, polystyrene,
polyacrylate, polyester, polyamide, cross-linked polymeric particulates, and calcium carbonate
(CaCO0s), preferably, polystyrene, cross-linked polyacrylate powder, and CaCOs, and most
preferably CaCOs.

In another preferred embodiment of the present invention, the laminated film further
includes at least one tie layer co-extensively adhered to at least one surface of the skin layer.

Examples of the materials included in the tie layer can be, but are not limited to, high
density polyethylene (HDPE), MDPE, low density polyethylene (LDPE), preferably HDPE
and MDPE, and most preferably MDPE.
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The present invention is also a method for providing films with unidirectional tear
properties which comprises of forming a coextruded laminated film having (1) a core layer of
medium density polyethylene (MDPE) and optionally a cavitating agent; and (2) at least one
skin layer. The core and skin layers co-extensively adhere to each other and are biaxially
oriented in both machine and traverse directions. The laminated film can further include at
least one tie layer coextensively adhered to at least one surface of the skin and/or core layers.

As a result, the present invention advantageously provides laminated films having tear
propagation exclusively in machine direction, and uniform opacity when cavitated.
Additionally, the laminated films of the present invention have tear resistance in transverse
direction, and thus making the web resistant against tearing in all production and converting
operations. The resultant films also exhibit high degree of machinability, processability, and
thickness uniformity resulting in better quality film and reduced manufacturing costs.

The present invention is directed to biaxially oriented polymeric films. Specifically, the
present invention is directed to biaxially oriented polyethylene films having unidirectional tear
characteristics in machine direction and method thereof.

The film of the present invention comprises of (1) a core layer of medium density
polyethylene (MDPE) and optionally a cavitating agent; and (2) at least one skin layer
coextensively adhered thereto. The core and skin layers are biaxially oriented in both machine
and transverse directions.

The amount of MDPE in the base layer prior to casting the polyethylene sheet should
be an amount sufficient to yield a base layer in the film having a thickness from 10.16mm (0.4
mil) to 76.2mm (3.0 mil), preferably from 15.24mm (0.6 mil) to 51.1mm (2.0 mil), and most
preferably from 19.05mm (0.75 mil) to 88.1mm (1.5 mil) (1 mil = 0.001 inch = 100 gauge).
The thickness value provided herein does not account for additional thickness resulting from
cavitation.

The term “medium density polyethylene” (MDPE) as used herein is defined to mean an
ethylene-containing polymer having a density of from 0.910g/cm’ to 0.950g/cm’, preferably
from 0.925 to 0.945g/cm’, and most preferably from 0.930 to 0.945g/cm®. Some commercially
available MDPE include Dowlex™ 2038 or Dowlex™ 2027A from The Dow Chemical
Company.

The present invention also includes at least one skin layer on at least one surface of the

core layer. The skin layer can be applied to the core layer by any methods known in the art.
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The skin layer has a thickness from 0 micron (0 mil) to 10.16mm (0.4 mil), preferably
from 0.508mm (0.02 mil) to 7.62mm (0.3 mil), and most preferably from 0.762mm (0.03 mil)
to 5.11mm (0.2 mil).

Examples of the skin layer can be, but are not limited to, EP copolymer, EPB
terpolymer, MDPE having a density of from 0.90 to 0.97g/cm’, preferably MDPE having a
density of from 0.92 to 0.95g/cm’, and most preferably MDPE having a density of from 0.935
to 0.945g/cm’.

In one preferred embodiment of the present invention, the laminated film is a cavitated
MDPE film. The cavitated film is produced by biaxially orienting in a solid state a coextruded
laminated sheet having (1) a core layer of MDPE containing therein a cavitating agent and (2)
at least one skin layer adhered to at least one surface of the core layer.

The core layer can include MDPE with a cavitating agent. Such agents are typically
added to the core or base layer prior to extrusion and are capable of generating voids (cavities)
in the structure of the film during the film-making process. It is believed that small
inhomogeneities introduced into the core layer by the cavitating agent result in points of
weakness in the polyethylene sheet. The biaxial orienting steps then induce voids in the core
layer, causing cavitation in the processed film. The voids in the core layer vary in size and are
formed not only horizontally, i.e., within or parallel to the plane of the film, but also in the
vertical dimension or perpendicular to the plane of the film.

Any suitable cavitating agent known in the art can be used in the present invention.
Examples of the cavitating agent can be, but are not limited to, polystyrene, polyacrylate,
polyester, polyamide, cross-linked polymeric particulates, and calcium carbonate (CaCO3),
preferably, polystyrene, cross-linked polyacrylate powder, and CaCOs, and most preferably
CaCO;. Organic cavitating agents such as polyamide and polystyrene can be used, but are
generally less preferred due to their limited operating temperature range. However, such
organic cavitants may be useful if they are extremely finely divided and are either resistant to
melt at operating temperatures or produce a suitable inhomogeneity in the polyethylene sheet.
Cavitating agents can be included in the films of the present invention by any methods known
in the art.

The amount of cavitating agent in the MDPE core layer of the present invention is from
0 to 50% by weight, preferably from 2% to 25% by weight and most preferably from 4% to
15% by weight.
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The resultant film of the present invention has a thickness from 12.7mm (0.5 mil) to
76.2mm (3 mil), preferably from 15.24mm (0.6 mil) to 51.1mm (2 mil), and most preferably
from 22.9mm (0.9 mil) to 38.1mm (1.5 mil). The thickness value provided herein does not
account for additional thickness resulting from cavitation.

The resultant films of the present invention can be used in food packaging. The films
of the present invention can eliminate the use of a tear tape in food packages. That is, when
one or two parallel notches are present in the machine direction, a tear can be initiated at one or
at both notches and continue in a straight line or two parallel lines, through the whole structure
of the film in a controlled way down the machine direction without the use of a tear tape.

The present invention is also a method for providing films with unidirectional tear
properties which comprises of forming a coextruded laminated film having (1) a core layer of
medium density polyethylene (MDPE) and optionally a cavitating agent; and (2) at least one
skin layer of medium density polyethylene. The core and skin layers co-extensively adhere to
each other and are biaxially oriented in both machine and transverse directions.

The films of the present invention can be produced by the methods using conventional
casting apparatus. For example, cast extrusion is generally accomplished using a standard
multi-roll stack system or a cast roll with an air cap (high velocity air applied to the outside of
the sheet). Other casting apparatus is also useful, such as a cast roll and water bath system.

A polyethylene film prepared according to the present invention is biaxially oriented.
Biaxial orientation is employed to evenly distribute the strength qualities of a film in the
longitudinal or “machine direction” (MD) of the film and in the lateral or “transverse
direction” (TD) of the film. Biaxially oriented films tend to be stiffer and stronger, and also
exhibit much better resistance to flexing and folding forces, leading to greater utility in
packaging applications.

Biaxial orientation can be conducted simultaneously in both directions, however, it is
expensive to employ apparatus having the ability to do this. Therefore, most biaxial
orientation processes use apparatus which stretches the film sequentially, first in one direction
and then in the other. A typical apparatus will stretch a film in the MD first and then in the
TD. The degree to which a film can be stretched is dependent upon factors including, for
example, the polymer from which a film is made.

A film according to the present invention is made from polyethylene and optionally, a
cavitating agent and can be stretched to a relatively high degree. In particular, a film can be

stretched in the MD to a degree of from 3:1 to 8:1, preferably from 4.5:1 to 6.5:1, and most
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preferably from 5:1 to 6:1, and in the TD to a degree of from 6:1 to 15:1, preferably from 7:1
to 12:1, and most preferably from 8:1 to 10:1.

Stretching of the MDPE sheet of the present invention is carried out under lower stretch
temperatures than for the conventional HDPE sheets, typically —17.2 to —6.7°C (1 to 20°F). The
stretch temperatures for machine direction are from 104.4°C (220°F) to 132.2°C (270°F),
preferably from 110°C (230°F) to 126.7°C (260°F), and most preferably from 115.6°C (240°F)
to 126.7°C (260°F).

Stretch temperatures in transverse direction are such that the film reaches prior to
stretching, a uniform average temperature of 110°C (230°F) to 135°C (275°F), preferably from
115.6°C (240°F) to 132.2°C (270°F) and most preferably from 118.3°C (245°F) to 129.4°C
(265°F).

In the preferred embodiment of the present invention, the film structures have an
MDPE core layer containing CaCOj; and an MDPE skin layer on each surface of the core layer.
The MDPE skin outer layer has excellent adhesion, and provides excellent casting and good
slip performance. The MDPE skin layer also generates a semi-matte surface appearance and
gives the film a soft touch.

The presence of the cavitating agent in the core layer generates cavitation during
stretching and reduces the film density in the resultant films, which in turn reduces light
transmission. Pigmentation can also be used in place of cavitation in the films to achieve
whiteness and some light barrier. In this case, the film density will be higher than MDPE
density. The films of the present invention can also be produced as a transparent web.

In another preferred embodiment of the present invention, the laminated film further
includes at least one tie layer co-extensively adhered to at least one surface of the skin layer.
The tie layer can be applied to the core layer by any methods known in the art. The tie layer
can be interposed between the core and the skin layers or between the skin layers. The tie
layer can also be deposited on the outer surface of the skin layer.

Examples of the tie layer can be, but are not limited to, HDPE, MDPE, and LDPE,
preferably HDPE and MDPE, and most preferably MDPE.

The tie layer of the present invention has a thickness from 1.27mm (0.05 mil) to
7.62mm (0.3 mil), preferably from 1.5mm (0.06 mil) to 5.1mm (0.2 mil), and most preferably
from 2.3mm (0.09 mil) to 3.8mm (0.15 mil).
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In order to further improve certain properties of the resultant film, effective amounts of
additives such as pigments, antiblocking agents, antistatic agents or slip agents may be blended
in the core layer, skin layer, and/or tie layer.

Suitable pigments include, but are not limited to, TiO,, carbon black, graphite, mica,
and metallic powders.

Suitable antiblocking agents include, but are not limited to, silica, talc, clay, sodium
aluminum silicate, and conventional organic and inorganic anti-blocks.

Suitable antistatic agents include, but are not limited to, alkali alkane sulfonates and
essentially straight-chain, saturated aliphatic tertiary amines, and hydroxylated amines.

Suitable slip agents include, but are not limited to, aliphatic acid amides, aliphatic acid
esters, waxes, metallic soaps, and polydimethylsiloxanes.

The resultant films of the present invention can further be corona or flame treated or
may be coated to improve wettability of the film and ink receptivity. The coating may provide
heat seal or cold seal properties or additional barrier properties. Conventional methods may be

used to coat these films.
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EXAMPLES
A series of experiments was performed to illustrate features and advantages of the
present invention. Several of the manufacturing conditions were common to each case. For
example, a polyethylene sheet was cast at a temperature between 65.6-82.2°C (150 - 180°F)
depending upon the thickness of the sheet, i.e., the caster temperature was higher for thicker
sheets. In addition, orientation was performed using conventional orienting equipment in each
case. Further, each film was stretched in the machine direction at a temperature 118.3-132.2°C

(245 - 270°F) and in the transverse direction at 126.7°C (260°F).

EXAMPLES 1toS
When MDPE was used in the cavitated core layer instead of HDPE, the bioriented film

exhibits an unidirectional tear in machine direction. This means, a tear initiated along the
direction of film production and winding propagates only in this direction. A tear initiated in
transverse direction, i.e., perpendicular to film production and winding direction does not

propagate in this direction but naturally, the tear follows a direction of propagation in machine

direction (MD).

EXAMPLE 1
A MDPE core layer using a resin of 0.935g/cm’density and melt index (MI) = 1 g/10
minutes was co-extruded with 2 MDPE skin layers using a resin having a density of |
0.938g/cm’, melt index (MI) of 2.5g/10 minutes and casted to provide a MDPE sheet. The
MDPE sheet was stretched in the machine direction at 126.7°C (260°F) and in the transverse
direction at 127.8°C (262°F) to produce a clear biaxially oriented film with unidirectional tear
in the MD properties. The MDPE sheet had a yield of 358,03 lem?/kg (25,225 in¥/Ib).

EXAMPLE 2
A MDPE core containing 6% CaCOs was co-extruded with 2 MDPE skin layers using
the same PE resins in EXAMPLE 1 and casted to provide a MDPE sheet. The MDPE sheet
was stretched in the machine direction at 126.7°C (260°F) and in the transverse direction at
127.8°C (262°F) to produce an opaque biaxially oriented film with unidirectional tear in the
MD properties. The MDPE sheet had a yield of 381,867cm?/Ib (26,911 in*/Ib).
EXAMPLE 3
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A MDPE core using the same resin as EXAMPLES 1 and 2 containing 6% CaCO3 was
co-extruded with 2 MDPE skin layers using a resin having a density of from 0.935g/cm’, melt
index (MI) of 1g/10 minutes and casted fo provide a MDPE sheet. The MDPE sheet was
stretched in the machine direction at 121.1°C (250°F) and in the transverse direction at 126.7°C
(260°F) to produce an opaque biaxially oriented film with unidirectional tear in the MD
properties. The MDPE sheet had yield of 366,939cm’/kg (25,859 in®/Ib).

EXAMPLE 4
A HDPE core using resin having a density of 0.958g/cm’ and a MI of 1.0g/10 minutes,
and containing 6% CaCOj; was coextruded with the skin layers of Example 1 to produce a
HDPE sheet. The HDPE sheet was stretched in the MD at 132.2°C (270°F) and in the TD at
127.8°C (262°F). The HDPE sheet exhibited no unidirectional tear, and has a yield of
324,198cm?/kg (22,847 in?/Ib).

EXAMPLE S
A HDPE core using resin having a density of 0.958g/cm’ and a MI of 0.45g/10
minutes, and containing 6% CaCQOj; was coextruded with the skin layers of Example 1 to
produce a HDPE sheet. The HDPE sheet was stretched in the MD at 132.2°C (270°F) and in
the TD at 126.7°C (260°F). The HDPE sheet exhibited no unidirectional tear, and has a yield
of 333,664cm*/kg (23,514 in*/Ib).

EXAMPLE 6
A HDPE core layer was coextruded with 2 MDPE skin layers used in Ex. 1 to produce
a sheet. The density of the HDPE resin was 0.958g/cm’ and a MI of 1.0g/10 minutes.

The sheet was stretched in the MD direction at 132.2°C (270°F) and in the TD direction
at 126.7°C (260°F). The HDPE sheet exhibited no unidirectional tear and has a yield of
322,326cm*/kg (22,715 in’/Ib).
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TABLE 1
Ex. First Outer Core Layers Sample Results
Layers Reference
(17g each)
1 MDPE MDPE PLRRA11197-01 MD tear,
no TD tear
2 MDPE MDPE + 7% PLRRA11197-02 | MD tear,
CaCOs no TD tear
3 MDPE MDPE + 7% PLRRA11197-03 MD tear,
CaCOs3 no TD tear
4 MDPE HDPE + 7% PLRRA11197-04 MD tear
CaCOs and TD
tear
5 MDPE HDPE + 7% PLRRA11197-05 MD tear
CaCO; and TD
tear
6 MDPE PLHP09227-02 MD tear
HDPE and TD
tear

Table 1 above shows comparative film structures exhibiting unidirectional tear

properties in MD or not. Film samples with MDPE in the core layer, with or without CaCO3,

SUBSTITUTE SHEET (RULE 26)
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exhibit unidirectional tear in MD. Film samples with an HDPE core layer show tear
propagation in MD and in TD direction. MDPE used in the core layer was Dowlex 2038.
MDPE in the skin layers is the same material for Example 3 (PLRRA11197-03) and a blend of
Dowlex 2038 and Dowlex 2027A (50/50) for all other samples. HDPE used in Examples 4
(PLRRA11197-04) and 6 (PLHP09227-02) is Equistar M6211 and for Example 5
(PLRRA11197-05), it is Exxon HDZ128.

Thus, while there have been described what are presently believed to be the preferred
embodiments of the present invention, those skilled in the art will realize that various changes
and modifications may be made to the invention without departing from the spirit of such
invention. All such changes and modification which fall within the scope of the invention are

therefore intended to be claimed.
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12
CLAIMS:
1. A laminate film having unidirectional tear characteristics in the machine

direction comprising;

(1)  acore layer containing a medium density polyethylene, and optionally a
cavitating agent selected from the group consisting of polystyrene, polyamide, polyester,
polyacrylate, cross-linked polymeric particulates, and calcium carbonate; and

(2)  atleast one skin layef on at least one surface of said core layer, said skin
layer containing a polymer selected from the group consisting of ethylene-propylene
copolymer, ethylene-propylene-butylene terpolymer, and medium density polyethylene,

said layers coextensively adhere to each other and are biaxially oriented in both

machine and traverse directions.

2. The laminated film according to Claim 1, wherein said cavitating agent is

calcium carbonate.

3. The laminated film according to Claim 1, wherein said skin layer contains

medium density polyethylene.

4. The laminated film according to Claim 1 further comprising at least one tie

layer coextensively adhered to at least one surface of said skin layer and/or core layer.

5. The laminated film according to Claim 1, wherein said tie layer containing a
polymer selected from the group consisting of high density polyethylene, medium density

polyethylene, and low density polyethylene.

6. A method for providing a film with unidirectional tear properties which
comprises forming a coextruded laminated film having (1) a core layer containing medium
density polyethylene, and optionally a cavitating agent selected from the group consisting with
polystyrene, polyamide, polyester, polyacrylate, cross-linked polymeric particulates, and
calcium carbonate; and (2) at least one skin layer containing a polymer selected from the group
consisting of medium density polyethylene, ethylene propylene copolymer, and ethylene-

propylene- butylene terpolymer;
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said layers coextensively adhere to each other and are biaxially oriented in both

machine and traverse directions.

7. The method according to Claim 6, wherein said cavitating agent is calcium
carbonate.

8. The method according to Claim 6, wherein said skin layer contains medium
density polyethylene. '

9. The method according to Claim 6 further comprises at least one tie layer

coextensively adhered to at least one surface of said skin layer and/or core layer.

10.  The method according to Claim 6, wherein said tie layer contains a polymer
selected from the group consisting of high density polyethylene, medium density polyethylene,
and low density polyethylene.



INTERNATIONAL SEARCH REPORT International application No.
PCT/US99/16871

A. CLASSIFICATION OF SUBJECT MATTER

IPC(6) :Please See Extra Sheet.
US CL :428/349, 476.3, 483, 520; 264/176.1, 177.2
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 428/349, 476.3, 483, 520; 264/176.1, 177.2

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5,223,346 A (LU) 29 June 1993 column 1, lines 35-68, column | 1-10
2, lines 1-50.

Y US 4,916,025 A (LU) 10 April 1990 column 1, lines 35-68, column | 1-10
2, lines 1-68.

Y US 4,870,122 A (LU) 26 September 1989 column 1, lines 45-68, | 1-10
column 2, lines 1-68, column 3, lines 1-20.

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: "T* later document published after the international filing date or priority
o . o . date and not in conflict with the application but cited to understand
A document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
*E" earlier document published on or after the international filing date "X docu_ment of particular relevance;Athe Chi“?ed inventipn cannot be
considered novel or cannot be considered to invoive an inventive step
L document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other . X . i
special reason (as specified) "y* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
"o" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"pr document published prior to the international filing date but later than s g » document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
08 NOVEMBER 1999 19 NOV 1999
Name and mailing address of the ISA/US Authorized officer / b’f
Commissioner of Patents and Trademarks
Box PCT .
Washington, D.C. 20231 L. KILIMON b DEBORAH THoMAS
Facsimile No. ~ (703) 305-3230 Telephone No.  (703) 308-0651  WALEGAL SPECIALIST

Form PCT/ISA/210 (second sheet)(July 1992)»



INTERNATIONAL SEARCH REPORT

International ~pplication No.
PCT/US99/16871

A. CLASSIFICATION OF SUBJECT MATTER:
IPC (6):

B32B 7/12, 15/04, 27/08, 27/30, 27/34, 27/06, 27/36, 3/20; B29C 47/00

Form PCT/ISA/210 (extra sheet)(July 1992)»




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

