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ABSTRACT OF THE DISCLOSURE

A polyolefin shrink film having high shrinkage and

low shrink force. The film has a core layer formed from

5 a polymer of ethylene with a melting point of greater

P

than 100°C, outer layers of a homopolymer OL ethylene or

propylene or an ethylene/propylene copolymer. The film
is not irradiated. The film may be used 1n the packaging

of articles subject to breakage, distortion or

10 deformation if packaged in shrink films with higher

shrink force.
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MULTILAYERED POLYOLEFIN HIGH SHRINKAGE,
LOW SHRINK FORCE SHRINK FILM

The present invention relates to heat shrinkable,

thermoplastic packaging films and to packaging materials

comprising such films. 1In particular, the present

invention relates to multilayered polyolefin shrink films

that have high shrinkage and low shrink force
characteristics.
The bulk of commercially available shrink films are

made from composition of either polyolefins or polyvinyl

chloride (PVC). Such shrink films may be monolayer films
or multilayer films. For polyolefins, the films 1include
both cross-linked and uncross-linked oriented
polyethylene, polypropylene, and ethylene/propylene
copolymer films.

A shrink film’s distinguishing characteristic 1s 1its

ey
-

ability to shrink when subjected to heat, or 1if

restrained, to create shrink tension within the film.
This ability is activated during a packaging process by
passing the wrapped product through a hot air or hot
water shrink tunnel. This causes the film to shrink
around the product, producing a tight, transparent
wrapping that conforms to the contour of the product and
which is aesthetically pleasing while providing the
useful functions required of packaging materials e.g.
protection of the product from loss, pilferage or damage
for any reason. A wide variety of products are packaged
in shrink films. ' '

The ability of a film to shrink upon exposure toO
some level of heat arises from the orientation of that
film during manufacture. Substantially unoriented films
are usually heated to their orientation temperature
range, which is usually above room temperature but below
the polymer’s melting temperature. The film 1s then
stretched, usually in both the cross (transverse)

direction and the longitudinal (machine) direction to

effect orientation of the film. After being stretched,
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but before release of the tension within the film causing

the orientation, the film is rapidly cooled, thus

P

freezing the polymer molecules of the film in their

oriented state. Upon re-heating of the film during the
packaging operation, the orientation stresses are relaxed
and the film will begin to shrink back to its original,
unoriented dimensions.

Some products may be subject to breakage and/or

distortion and/or deformation at the shrink forces

applied on shrinkage of the film. For this reason,

—
p—

shrink films that are characterized by a high degree or

shrinkage but at a low shrink force have been developed.
Such films use low melting point polymers to achleve the
low shrink force, and genérally must be cross-linked to
give a shrink film with acceptable physical properties.

A polyethylene shrink film has now been developed
which provides a combination of a low shrink force and
good physical properties without requiring cross-linking
of the film after orientation.

Accordingly, an aspect of the present inventilon
provides a multi-layer shrink film with low shrink force,
comprising: _

a) a core layer formed from a blend of 40-100% Db

weight of linear low density polyethylene having a

"

density of less than 0.90 g/cm’ and a crystallinity of
less than 30%, and 0-60% by weight of a propylene
homopolymer or copolymer; and

o) outer layers formed from a homopolymer or
copolymer of ethylene or propylene, or an
ethylene/propylene copolymer;

C) said core layer having a melting point of

V)

greater than 100°C and being at least 50% by welght of the
shrink film;

d) said film having a shrink force of less than 70
g/inch (178 g/cm)at a thickness of 60 mil (15.2 microns)
at 110°C when measured by the procedure of ASTM DZ2838.

Another aspect of the invention provides a multi-

layer shrink film with low shrink force, comprising:
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g—

a) a core layer formed from a polymer of ethylene

having a melting point of greater than 100°C;
b) outer layers formed from a homopolymer or

copolymer of ethylene or propylene, or an

ethylene/propylene copolymer;

p—
e

C) said core layer having a melting point o:

'}

greater than 100°C and being at least 50% by weight of the

shrink film;

d) said film having a shrink force of less than /0
g/inch (178 g/cm)at a thickness of 0.60 mil (15.2
microns) at 110°C when measured by the procedure of ASTM
D2838.

Further aspects are as follows:

An article packaged in a multi-layer shrink film
with low shrink force, said film comprising: _
a) a core layer formed from a blend of 40-100% by

weight of linear low density polyethylene having a

density of less than 0.90 g/cm’ and a crystallinity of
less than 30%, and 0-60% by weight of a propylene
homopolymer or copolymer; and

b) outer layers formed from a homopolymer oOr
copolymer of ethylene or propylene, or an
ethylene/propylene copolymer;

g—

C) said core layer having a melting point of

greater than 100°C and being at least 50% by weilght of the
shrink film;

d) said film having a shrink force of less than /0
g/inch (178 g/cm)at a thickness of 0.60 mil (15.2
microns) at 110°C when measured by the procedure of ASTM

D2838.

An article packaged in a multi-layer shrink film

with low shrink force, said film comprising:

a) a core layer formed from a polymer of ethylene
having a melting point of greater than 100°C;

b) outer layers formed from a homopolymer or
copolymer of ethylene or propylene, or an
ethylene/propylene copolymer;
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F
b——

C) said core layer having a melting polnt ot

'

greater than 100°C and being at least 50% by weight of the

shrink film;

P

d) said film having a shrink force of less than 70
g/inch (178 g/cm)at a thickness of 0.60 mil (15.2
microns) at 110°C when measured by the procedure of ASTM
D2838.

The present invention relates to shrinkable films

that have low shrink force. Such films are multi-layer
films, with a core layer interposed between opposed
surface (skin) layers. The core layer may be a single
layer or it may itself be a multiple layer. The typical
heat shrinkable film of the present invention 1s at least
3 layers, with 3 layers being preferred, but may have 5
or more layers.

The core layer is formed from a blend of 40-100% Dby

weight of a first polymer and 0-60% by weight of a second
polymer. The first polymer is a linear low density

polyethylene having a density of less than 0.930 g/th; and

especially less than 0.89 g/cm’. 1In addition, the

p—

polyethylene has a crystallinity of less than 30% and

especially less than 20%. The first polymer 1s a
copolymer of ethylene with at least one higher alpha-
olefin comonomer and preferably would have a melt 1ndex

e

suitable for the manufacture of film from such a polymer.

An example of the linear low density polyethylene used 1n
the core layer is a polyethylene available from Union
Carbide under the designation 1085. This polymer 1s
understood to be a very broad, low crystallinity polymer
which generally has the characteristics of a linear low
density polyethylene.

In the present invention, the core layer and
especially the polyethylene therein, has a melting point
of greater than 100°C and especially greater than 110°C.

P

The second polymer of the core layer 1s a

homopolymer or copolymer of propylene, especially

ethylene/propylene copolymer. Such polymer is preferably

P
Pl

a polymer capable of being extruded in the form of film.
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The core layer 1is at least 50% by weight of the
film, and in embodiments at least 60% by weight of the
£ilm. - . |
| The outer -layers. of the shrink film are formed from

-5 a homopolymer or COpolymer;of‘ethylene_or propvlene,
'-including ethylene/propylene copolymers. Examples of

such films include Dowlex™ 2056AC polyethylene resin,
with a melt index of 0.9 -"1.1 and a density of 0.9185-

0,9215 g/cm’, from Dow Chémical Canada Inc. , and SCLAIR™
10 D122-23 ethylene/octene copoljmer, with a melt index of
0.75 dg/min and a density of 0:919 g/cm’, from NOVA
Chemicals.
' Heat shrinkable packaging films of the invention
typically have a thiéknéss*of less than 2 mil, preferably
15 less than 1.5 mil and especially less than 1.0 mil. The
shrink films exemplified hereinafter have a thickness of
0.6 mil.
- Heat shrirkable packaging films are manufactured

using a coextrusion process in which the sgrfacé layers
20 - are coextruded with -the core layer. - In a coextrusion
procesé; the layers'of polymer are extruded through an
annular coextrusion die, forming a tube (bubble) of the
coextruded molten film. The tube is cooled and reheated
to a temperature above the orientation temperature of the
25 polymer, but below its melting péint, prior to being
extended. Using combinations of speed of withdrawal of
the film from the extrusion die and the size of the
bubble, the film is biaxially oriented. The biaxially
oriented film that is obtained is then cooled and wound
30 into ‘rolls, although it could be fed directly to a
- subsequent‘staggn.e.g; a slitting operation. . Coextrusion
Cechniques for Eﬁé manufacture of shrink f£ilms are known to
persons skilled in the art.
It is to be understood that the heat shrinkable
35 films of the invention may be subjected to a number of |
processing steps after manufacture, including perforation
and treatment with a-dorona'discharge. However, it is :

LT R S e A i s e N T Tt N WS EE TR TETY A AT A e P -
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not necessary to irradiate the film in order to obtaln a
commercially-acceptable shrink film.

It is believed that it 1s now possible to produce a

multi-layer shrink film that meets the requirements for a

shrink film with low shrink force, especially both high

shrinkage and low shrink force. In particular, the film

has a shrink force of less than 70 g/inch, and 1in

P
e

embodiments less than 50 g/inch, at a film thickness of

0.60 mil at 110°C, when measured by the procedure of ASTM
D2838.

The film of the present invention may be used for

packaging a variety of products, especially products that
tend to be susceptible to breakage, distortion or
deformation in a shrink wrap packaging process. 1In
particular, the film may be usable to package products
that cannot be packaged with shrink films exhibiting
higher shrink forces. Examples may include stationery,
calendars, software and apparel.

p——

An advantage of the film of the present invention 1is

that the properties of the film may be obtained without

P

the need to cross-link the film during the process of

P
—

manufacture. Thus, the economics of the process oL

manufacture are improved, as irradiation equipment 1s not

F

required. In addition, the film obtained 1is capable of

being recycled, as it is not a cross-linked film.
The present invention is illustrated by the

following examples:

EXAMPLE I
A three layer biaxially oriented tubular film was
prepared by the general process described on page 23 and
24 of Chapter 3 of Plastic Films for Packaging, by Calvin
J. Benning, published in 1983 by the Technomic Publishing
Company.

The three layer film of this example was

P

characterized by a core of a blend 75% by weight of

pr—

Union Carbide 1085 polyethylene and 25% by weight of an

ethylene/propylene copolymer available from Fina under
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ph— [ ]

the trade designation ©6253. The outer layers of the film

were formed from a linear low density polyethylene

available from NOVA Chemicals under the designation D122Z-
23, as above. Such polymer is an ethylene/octene
copolymer. '

These polymers were coextruded to form a three layer
tube which was quenched, reheated and simultaneously
pneumatically blown and stretched 1in the machine
direction to create a biaxially oriented multi-layer heat
shrinkable film.

The properties of the film of the invention were
compared with the properties of a film available from

Cryovac under the designation D940, which 1s understood

to be a cross-linked low shrink force film. Both films
had a thickness of 0.6 mil.

The results obtained are given 1in Table I
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TABLE 1

Invention “DO40Q”
3.1 3.0
151 147
14,000 11,000
13,000 10,000
28,000 25,000
28,000 21,000
151 100
136 118

10 15
14.4 18

59 70

o7/ 75

the invention 1is believed to be an

acceptable shrink film.

The shrink force was determined at a number of

EXAMPLE I1

*

temperatures for films having a thickness of 0.6 mili,
using the procedure of ASTM D2838.

measured for the two films of Example I,

The shrink

as well as

force was

for a

standard multi-layer shrink film manufactured by

Intertape and sold under the designation IP4Z.

110°C,

The shrink

obtained

force results, measured in g/inch at

for the films are shown 1n Table




10

15

CA 02207698 1997-06-12

9
TABLE II
Transverse Direction (TD)
Temperature “WIp42” Invention “D940”
(°F) -
140 30 31 31
160 51 44 44
175 56 56
195 78 59 59
210 60 60
230 94 60 o0
Machine Direction (MD)
Temperature “Ip42” Invention “D940"”

(OF) .

140 38 27 27
160 49 35 35
175 44 44
195 6l 48 48
210 49 49
230 86 56 52

- ]

The film of the invention and the comparative film

“D940” have essentially identical shrink force

properties. However, 1t 1s understood that “D940” film

is a cross—-linked film, whereas the film of the invention

is not. It is therefore believed that the film of the
invention offers economic advantages, as well as being
capable of being re-cycled so that the polymer may

subsequently be subjected to other uses.
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A multi-layer shrink film with low shrink force, comprising:

a) a core layer formed from a blend of 40 to 100% by weight of
linear low density polyethylene having a density of less than 0.89 g/cm® and a
crystallinity of less than 30%, and 0 to 60% by weight of a propylene
homopolymer or copolymer; and

b) outer layers formed from a homopolymer or copolymer of
ethylene, or an ethylene/propylene copolymer:

C) said core layer having a melting point of greater than 100°C and
being at least 60% by weight of the shrink film;

d) said film having a shrink force of less than 70 g/inch (178 g/cm)
at a thickness of 60 mil (15.2 microns) at 110°C when measured by the
procedure of ASTM D2838.

2. The shrink film of claim 1 wherein the shrink force is less than 50
g/inch.
3. The multi-layer shrink film of ciaim 1 or claim 2 wherein the core layer

is 100% by weight of said linear low density polyethylene.

4.  The multi-layer shrink film of claim 1 or claim 2 wherein the core layer
IS a blend of said linear low density polyethylene and a propylene

homopolymer or copolymer.

D. The shrink film of any one of claims 1 to 4 wherein the blend of the

core layer has a melting point of at least 110°C.

6. The shrink film of claim 5 wherein said melting point is greater than
115°C.

TSy Y
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/. The shrink film of any one of claims 1 to 6 wherein said outer layers

are formed from a ethylene/octene copolymer.

8. An article packaged in a multi-layer shrink film with low shrink force,
said film comprising:

a) a core layer formed from a blend of 40 to 100% by weight of
linear low density polyethylene having a density of less than 0.89 g/cm® and a
crystallinity of less than 30%, and 0 to 60% by weight of a propylene
homopolymer or copolymer; and -

b) outer layers formed from a homopolymer or copolymer of
ethylene, or an ethylene/propylene copolymer;

C) said core layer having a melting point of greater than 100°C and
being at least 50% by weight of the shrink film;

d) said film having a shrink force of less than 70 g/inch (178 g/Cm)
at a thickness of 0.60 mil (15.2 microns) at 110°C when measured by the
procedure of ASTM D2838.

Q. The article of claim 8 wherein said outer layers of said shrink film are

formed from an ethylene/octene copolymer.
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