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(57) L invention concerne un film thermorétractable se
composant essentiellement de (a) une couche A de
polyéthylene basse densité et (b) une couche B réalisée a
partir d’une composition comprenant 73 4 95 % en poids
dun copolymere (i) d’¢thylene avec au moins une
.alpha.-oléfine CH,=CHR ou R est un radical d’alkyle

2
présentant 1 a 10 atomes de carbone. Ce copolymere
présente une densit¢ comprise entre 0;920 et

0;960 g/cm3 et une teneur en unités dérivées d’.alpha.-
oléfine CH2=CHR pouvant atteindre 10 % par mole.

Cette composition comprend également 5 & 27 % en
poids d’un copolymere (ii) de propylene avec de

I’¢éthylene et/ou au moins un .alpha.-oléfine CH2=CHRI,

ou RI est un radical d’alkyle comportant 2 a 10 atomes
de carbone. Ce copolymere contient de 60 4 98 % en
poids de propylene et se caractérise par une fraction
insoluble de xyléne supérieure & 70 % en poids. Cette
composition formant la couche B présente une densité

comprise entre 0,915 et 0,950 g/cm3, un indice de fusion
E situé entre 0,1 et 2 g/10° et un rapport de fusion
inférieur a 50. Le film selon l’invention est
particulierement approprié pour les sacs de polyéthylene
basse densit¢ de suremballage étant donné que le
chauffage permettant d’induire la rétraction ne provoque
pas d’adhésion du film aux sacs.
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(57) The invention concerns a thermoshrinking film
consisting essentially of: a) a layer A of low density
polyethylene; b) a layer B made from a composition
comprising: 73 to 95 % by weight of a copolymer (1) of
ethylene with at least one .alpha.-olefin CH2=CHR

where R is an alkyl radical having 1 to 10 carbon atoms,
said copolymer having density between 0.920 and

0.960 g/cm3 and a content of .alpha.-olefin CH,=CHR

2
derived units up to 10 % by mole; 5 to 27 % by weight of
a copolymer (i1) of propylene with ethylene and/or at

least one .alpha.-olefin CH2=CHRI, where RI is an alkyl

radical having 2 to 10 carbon atoms; said copolymer
containing 60 to 98 % by weight of propylene, said
copolymer being characterized by a xylene insoluble
fraction higher than 70 % by weight; said composition
forming layer B having density between 0.915 and

0.950 g/cm3, Melt Index E between 0.1 and 2 g/10” and
Melt Flow Ratio lower than 50. The film of the invention
is particularly suitable for overwrapping low density
polyethylene sacks, since heating to induce shrinking
does not cause the adhesion of the film to the sacks.
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(54) Title: TWO-LAYER POLYOLEFIN THERMOSHRINKABLE FILM

(57) Abstract

The invention concerns a thermoshrinking film
consisting essentially of: a) a layer A of low density
polyethylene; b) a layer B made from a composition
comprising: 73 to 95 % by weight of a copolymer
(i) of ethylene with at least one o—olefin CH=CHR
where R is an alkyl radical having 1 to 10 carbon
atoms, said copolymer having density between 0.920
and 0.960 g/cm3 and a content of a—olefin CH=CHR
derived units up to 10 % by mole; 5 to 27 % by weight
of a copolymer (ii) of propylene with ethylene and/or
at least one a—olefin CHz=CHR!, where R! is an alkyl
radical having 2 to 10 carbon atoms; said copolymer
containing 60 to 98 % by weight of propylene, said
copolymer being charzcterized by a xylene insoluble
fraction higher than 70 % by weight; said composition
forming layer B having density between 0.915 and
0.950 g/cm?, Melt Index E between 0.1 and 2 g/10’
and Melt Flow Ratio lower than 50. The film of
the invention is particularly suitable for overwrapping
low density polyethylerie sacks, since heating to induce
shrinking does not cause the adhesion of the film to the
sacks.
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Sealing curves of two-layer polyolefin shrinkable films. Figure reports the
force required to tear away two stripes of film, 2 an wide, sealed one on the
other, vs. sealing temperature.
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TWO-LAYER POLYOLEFIN THERMOSHRINKABLE FILM
The present invention concerns the preparation of improved
thermoshrinkable hoods for palletized goods. In particular the
invention concerns polyolefin thermoshrinkable films for the
production of non sticking Thoods especially useful for
overwrapping goods packed in low density polyethylene (LDPE)
sacks.
For shrinking pallet hoods, the following film properties are
very important: tension development upon heating and tension
retention, shrink balance between machine and transversal
direction, puncture resistance, stiffness, sealing properties.
Most commonly used polymer for the preparation of hoods is low
density polyethylene, which has said properties at a suitable
level and at the same time is not expensive.
Low density polyethylene, however, is commonly used also for
packing goods, particularly in the industrial sector
(chemicals, fertilizers, etc.). Overwrapping of the low density
polyethylene sacks with a hood of the same type of polymer is
not convenient, since heating to induce thermoshrinking of the
hood may effect a softening not only of the hood but also of
the sacks, with the consequent adhesion of the hood to the
sacks. This may cause the rupture of the sacks, when the hood
is taken away.
A better performance from this point of view do have coextruded
films of LDPE and other polyolefins, in particular linear low
density polyethylene. Films of this type are described e.g. in
US Patents 4399190 and 5431284.
However, although said coextruded two-layer films are an

improvement compared to the monolayer films of LPDE in relation
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to said problem, results are not completely satisfactory owing
to a poor balance between shrinking and softening properties of
the two polymers. We have unexpectedly found that the
performance of the hoods made from films of this type is much
improved if, holding the LDPE layer outside, the interxrnal layer
is made from a particular polyolefin composition containing
linear polyethylene and a random propylene copolymer. When the
£film is heated from outside to induce shrinking, the inner
layer does not soften easily and does not stick to the sacks.
Objectvof the instant invention is therefore an improved two-
layer thermoshrinking £film, useful for the containment and
unitising of pallet loads inside a plastic hood, consgisting
essentially of:

a) a layer A of low density polyethylene;

b) a layer B made from a composition comprising:

- 73 to 95% by weight of a copolymer.(i) of ethylene
with at least one o-olefin CH,=CHR where R is an
alkyl radical having 1 to 10 carbon atoms, said
copolymer having density between 0.920 aﬁd 0.960
g/cm® and a content of -olefin CH,=CHR derived units
up to 10% by mole;

- 5 to 27% by weight of a copolymer (ii) of propylene
with ethylene and/or at least one a-olefin CH,=CHRT,
where RI is an alkyl radical having 2 to 10 carbon
atoms, said copolymer containing 60 to 98% by weight
of propyvlene, said copolymer being characterized by a

xylene insoluble fraction higher thamn 70% by weight;
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sald composition forming layer B having density between
0.915 and 0.950 g/cm?®, Melt Index E between 0.1 and 2
g/10’ and Melt Flow Ratio lower than 50.
Low density polyethylene forming layer A of the film can be
chosen from the typical commercial products having density from
0.915 to 0.930 g/em’, Melt Index E from 0.1 to 2 g/10’ and
melting point in the range 105 to l150¢C,
Composition forming layer B of the film can be pPrepared either
by mixing copolymer (i) and copolymer (ii) or directly in
synthesis by a sequential polymerization process. Preferably
composition forming layer B comprises 80 to 90% by weight of
copolymer (i) and 10 to 20% by weight of copolymer (ii). Also
preferably said composition has density between 0.935 and 0.950
g/cm?®, Melt Index E comprised between 0.2 and 1 g/10 minutes
and Melt Flow Ratio lower than 35.
The copclymer (i) used in the composition forming layer B has
density comprised between 0.920 and 0.960 g/cm3, preferably
between 0.930 and 0.950 g/cm3.
In the preparation of copolymer (i) the olefin CH,=CHR may even
be used as a mixture. Preferably the oa-olefin CH,=CHR is
selected from propylene, l-butene, l-hexene, l-octene, 4-
methyl-l-pentene and mixtures of l-butene and l-hexene; more
preferably from l-butene, l-hexene and mixtures thereof.
The copolymer (i) is prepared by copolymerization of ethylene
with at least one -olefin CH;=CHR, in the presence of a
Ziegler-Natta type catalyst obtained by the reaction of an
organometallic compound of a metal from groups II and TIII of
the Periodic Table with a catalytic component comprising a

transition metal belonging to groups IV, V or VI of the
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Periodic Table. Preferably the transition metal compound is
supported on za'solid. carrier comprising magnesium halide in
active form. Examples of catalysts usable in the preparation of
the copolymer (i) are described in U.S.P. No. 4,218,339 and
U.S.P. No. 4,472,520 the description of which is herein
included for reference. The catalysts may also be prepared
according to the methods described in the US patents No.
4,748,221 and No. 4,803,251.

Particularly preferred are the catalysts comprising components
having regular morphology, for example spherical or nearly
spherical. Examples of such catalysts are described in the
patent applications EP-A-395083, EP-~-A-553805 and EP-A-553806.
Copolymer (ii) used in the composition forming layer B can be
for example a propvlene/o-olefin copolymer containing from 70
to 95% by weight of units derived from propylene and from 5 to
30% by weight of units derived from the o-olefin CH,=CHRT. Said
copolymer (ii), however, preferably 1is a terpolymer of
propylene with ethylene and an «a-olefin. In this case the
content of units derived from propylene is preferably between
80 and 98% by weight, more preferably between 85 and 96% by
weight, the content of units derived from ethylene is
preferably between 1 and 10% by weight, more preferably between
2 and 7% by weight and the content of units derived from the o-
olefin is preferably between 1 and 10% by weight, more
preferably between 2 and 8% by weight. The_ .content of the
various units is determined by IR and NMR analysis.

Tn the preparation of copolymer (ii) the olefin CH,=CHR® may
even be used as a mixture. Preferably the o-olefin CH2=CHRI is

selected from propylene, 1-butene, l~-hexene, l-octene, 4-
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methyl-l-pentene and mixtures of l-butene and 1l-hexene; more
preferably from l-butene, l-hexene and mixtures thereof.

The copolymer (ii) used in the composition forming layer B has
a xylene insoluble fraction higher than 70% by weight,
preferably higher than 75%, more preferably higher than 80% by
weight. This high value is an index of a stereoregular
disposition of the propylene units and of a homogeneous
distribution of the other monomer units in the copolymer
chains.

The enthalpy of melting of copolymer (ii) is generally higher
than 50 J/g, preferably higher than 60 J/g, more preferably
higher than 70 J/g. The melting temperature of copolymer (ii)
is less than 140°C and preferably between 120 and 140°C.

The crystallinity index of copolymer (ii) is generally higher
than 50%.

Copolymer (ii) can be conveniently prepared using a highly
stereospecific catalyst, for example of the type described in
patent application EP-A-395083, the description of which is
herein included for reference.

The polyolefin composition forming layver B can be brepared by
mixing copolymers (i) and (ii) in the molten state, for example
in a mnmixer having a high homogenizing power. However, said
composition is preferably produced by a sequential
polymerization process consisting of at least two stages,
wherein, in any order, in one stage ethylene and one or more o-
olefin CH,=CHR are polymerized, obtaining a copolymer (i)
containing up to 10% by mole of 0-olefin CH,=CHR and having a
density between 0.920 and 0.960 g/cm®, and in another stage

propylene, with one or more a-olefins CH,=CHR! and/or ethylene
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are polvmerized, obtaining a copolymer (ii) containing from 60
to 98% by weight of units derived from propylene and having a
xyvlene insoluble fraction greater than 70%. The polymerization
is conveniently carried out in a gas phase, using fluidized bed
reactors. Examples of processes of this type and of products
made by this method are described in the international patent
applications WO 93/03078 and WO 95/20009, the description of
which is included here for reference purposes.

The thermoshrinkable films of the invention can be conveniently
produced by coextrusion of an LDPE polymer and of the
composition prepared in order to form layer B, using a blown
film method known in the art.

The films of the invention are characterized by a good set of
physical and mechanical properties which make them suitable for
a broad set of applications in the packaging sector, with
particular reference to containment and unitising of goods
packed in low density polyethylene sacks. In particular the
films of the invention are characterized by quite a good
balance of the performance 1in the Daxrt Drop Test (impact
resistance) on folded and unfolded areas and a good balance of
the performance in the Elmendorf Test (tearing resistance) in
the machine direction (MD) and in the transversal direction
(TD), as reported in Table 2, where they are compared to
ordinary two-layer films. Moreover the £films of the invention
show a significant shift of the sealing curve to the higher
temperatures of about 4°C (see Figure 1), which allows
thermoshrinking of the film without causing its softening and

any adhesion to palletized sacks.
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The following examples are given as illustrations and do not

restrict the invention. The properties indicated were

determined by the following methods:

Composition of polyvmers: bercentage by weight of the

various monomers determined by I.R.;

Xylene-insoluble fraction: 2 g of polymer are dissolved in

250 cm® of xylene at 135°C, under stirring. After 20
minutes the solution is left to «cool, still under
stirring, until the temperature reaches 25°c. After 30
minutes the precipitated insoluble polymer is separated by

filtration. The solvent is removed from the solution by

evaporation in a gtream of nitrogen and the residue is

dried under vacuum at 80°C to constant weight. In thisg way
the percentage of polymer soluble in Xylene at 25°C ig
calculated and the bercentage of polymer that is insoluble
is thus determined;

Dengity: ASTM D 1505;

Melt Index E (MIE): ASTM D 1238, condition E;

Melt Tndex F (MIF): ASTM D 1238, condition F;

Melt Tndex I, (MIL): ASTM D 1238, condition L;

Melt Flow Ratio (MFR): MIF/MIE

Dart Test: ASTM D 1709/A;

2% Secant Tensile Modulus: ASTM D 882;

Elmendorf Tegt: ASTM D 1922;

Haze: ASTM D 1003;
Gloss: ASTM D 2467;

Seal Strength: ASTM F 88

Example 1




CA 02242884 1998-07-13

WO 98/25765 PCT/EP97/06848

A two-layer film was produced by coextrusion of the commercial
LDPE Montell 33, having density 0.922 g/cm® and MIE 0.3 g/10’,
with the composition HP-MDPE W1E190, having the following
characteristics: density 0.937 g/cm®, MIE 0.63 g/10‘, Melt Flow
Ratio 29, =xylene insoluble fraction 97.4% by weight, melting
point 134.5°C and melting heat 174.9 J/g. Composition HP-MDPE
W1E190 was obtained directly in a gas-phase polymerization
process sequentially producing an ethylene copolymer (i) having
density O.§43 g/cm3 and a propylene copolymer (ii) made of 93%
by weight of propylene, 5% by weight of l-butene and 2% by
weight of ethylene, with MIL 13.5 g/10’ and xylene-insoluble
fraction 92%. Polymerization process was operated as described
in the international patent application WO 95/20008. Overall
contents of the monomer units in the composition HP-MDPE W1E190
were the following: ethylene 85.6% by weight, propylene 12.8%
by weight, l-butene 1.6% by weight.

Coextrusion to obtain the two-layer film of the invention was
made by the blowing method. Detail of the extrusion operating
conditions is given in Table 1. Experimentally a three-
extruders system producing a three-layer film was used, but in
the final film layers from the £first two extruders are
indistinguishable, being made of the same polymer, and together
form layer A. Total thickness of the film was 135 micron, 85%
of it due to a layer of the LDPE and 15% due to a layer of the
composition HP-MDPE W1E1S90. Characterization of the two-layer
coextruded film, oriented to the production of thermoshrinkable
non-sticking hoods, 1is reported in Table 2 and in Figure 1.
Sealed test specimens for seal strength measurement were

prepared by: a) superimposing two stripes of £ilm, 10 cm long
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in the extrusion direction and 5 cm wide; b) making a 2 cm wide
sealing along one of the short sides of the stripes using a
heating bar sealing device, operating at different temperatures
according to Figure 1, with pressure 1.27 kg/cm?, for a heating
time of 5 seconds; and c) cutting two specimens 5 cm long in
the extrusion direction and 2 cm wide from each couple of
sealed stripes. Figure 1 reports the force according to ASTM F
88 necessary to tear apart the two stripes of the specimens
sealed at different temperature.

Example 2 (comparative)

Example 1 was repeated but replacing the composition HP-MDPE
W1E190 with product MDPE H900 commercialized by Borealis, which
has a wider molecular weight distribution and is so
characterized: density 0.943 g/cm®, MIE 0.25 g/1l0’, Melt Flow
Ratio 71. Total thickness of the film was 131 micron, 85% of it
due to a layer of LDPE and 15% due to a layer of composition
MDPE H900. Characterization of the coextruded film is reported
in Table 2 and in Figure 1.

Example 3

A two-layver film was produced by coextrusion of the commercial
LDPE Bralen 03-23, having density 0.923 g/cm® and MIE 0.3 g/cm?,
with the composition HP-MDPE W1E154 having the following
characteristics: density 0.946 g/cm®, MIE 0.55 g/10’, Melt Flow
Ratio 31, xylene insoluble fraction 97.3% by weight, melting
point 137.9°C and melting heat 200 J/g. Composition HP-MDPE
W1E154 was obtained directly in a gas-phase polymerization
process sequentially producing an ethylene copolymer (i) having
density 0.952 g/cm® and a propylene copolymer (ii) made of 93%

by weight of propylene, 5% by weight of l-butene and 2% by
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weight of ethylene, with MIL 15 g/10’ and xylene-insoluble
fraction 92%. Polymerization process was operated as described
in the international patent application WO 895/20009. Overall
contents of the monomer units in the composition HP-MDPE W1E154
were the following: ethylene 87.7% by weilght, propylene 11.5%
by weight, l-butene 0.8% by weight.

Coextrusion to obtain the two-layer film of the invention was
made by the blowing method. Detail of the extrusion operating
conditions is given in Table 1. Total thickness of the f£ilm was
125 micron, 85% of it due to a layer of LDPE and 15% due to a
layer of composition HP-MDPE W1E1l54. Characterization of the
coextruded film, oriented to the production of thermoshrinkable
non-sticking hoods, is reported in Table 2 and in Figure 1.

Example 4 (comparative)

Example 3 was repeated but replacing the composition HP-MDPE
W1lE154 with product MDPE Borealis H900 having a wider molecular
weight distribution and so characterized: density 0.943 g/cm?,
MIE 0.25 g/10’, Melt Flow Ratio 71. Total thickness of the
coextruded film was 129 micron, 85% of it due to a layer of
LDPE and 15% due to a layer of MDPE H900. Characterization of

the coextruded film is reported in Table 2 and in Figure 1.
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Table 1

polyolefin thermoshrinkable films for
film coextrusion

Production of two-layer

"non sticking hoods" by Dblown process:
operating conditions and technical evaluation (*).
EXAMPLE 1 EXAMPLE 2,
COMPARATTIVE
Extruder 1 E 2 3 1 E 2 3
(50, 85, 50 mm) ! !
Feeding LDPE 33 HP-MDPE | LDPE 33 MDPE
Montell W1E190 Montell HS00
Borealis
Cylinder 220  1205- | 220- 22 1205- | 220-
temperature (°C) 1220 240 0 1220 240
Head 220 220
Cemperature (°C)
Screw revolu- 100 E 80 115 10 i 80 115
tions per minute ! 0 !
Melt fluid 216 1 224 250 |21 225 249
temperature (°C) ! 7
Melt fluid 290 | 284 330 |30 288 375
pressure (bar) i 1
Electrical input 16 1 150 32 16 { 145 27
{ampere) H !
Bubble periphery 5.26 5.26
(m)
Blow up ratio 4,2 4.2
Nominal thick- 130 130
ness (micron)
Delivery speed 7.8 7.8
{m/minute)
Capacity (kg/h) 295 295
Bubble stability excellent excellent
Thermoshrinking 50% MD, 30% TD 50% MD, 30% TD
(0il, 150°C) (%)

Having the same composition,
are indistinguishable in the

(*) layers from extruders 1 and 2

final film.

- 11 -
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"non sticking hoods" by Dblown £film coextrusion process:
operating conditions and technical evaluation (*)
EXAMPLE 3 EXAMPLE 4,
COMPARATIVE

Extruder 14 2 3 i1 2 3
(50, 85, 50 mm) ! !
Feeding LDPE 03-23 HP-MDPE LDPE 03-23 MDPE H500

Bralen W1E154 Bralen Borealis
Cylinder 210 1 200- | 240-250 | 210 i 200- | 230-240
temperature (°C) 1t 215 1 215
Head 220 220
temperature (°C)
Screw revolutions | 1201 80 110 1201 80 110
per minute ! H
Melt fluid 213 1 221 257 212 1 221 250
temperature (°C) ! !
Melt fluid 312 1 295 353 3111 291 388
pressure (bar) ! i
Electrical input 19 1 145 30 19 | 145 27
(ampere) ' :
Bubble periphery 5.34 5.34
(m)
Blow up ratio 4.3 4.3
Nominal thickness 130 130
(micron)
Delivery speed 7.9 7.9
(m/minute)
Capacity (kg/h) 305 305
Bubble stability excellent excellent
Thermoshrinking 50% MD, 25% TD 50% MD, 30% TD
(oil, 150°C) (%)

(*)

Having the same composition, layers from extruders 1 and 2
are indistinguishable in the £final f£ilm.

- 12 -
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CLAIMS
1. A two-layer coextruded thermoshrinkable film consisting
‘essentially of:
a) a layer A of low density polyethylene;
b) a layer B made from a composition comprising:

- 73 to 95% by weight of a copolymer (i) of ethylene
with at least one &-olefin CH,=CHR where R is an
alkyl radical having 1 to 10 carbon atoms, said
copolymer (i) having density between 0.920 and 0.960
g/cm® and a content of o-olefin CH,=CHR derived units
up to 10% by mole;

- 5 to 27% by weight of a copolymer (ii) of propvylene
with ethylene and/or at least one c-olefin CH2=CHRI,
where R! is an alkyl radical having 2 to 10 carbon
atoms, said cépolymer (ii) containing 60 to 98% by
weight of propylene derived units and being moreover
characterized by a xylene insocluble fraction higher
than 70% by weight;

said composition forming layer B having density between
0.915 and 0.950 g/cn@, Melt Index E between 0.1 and 2
g/10’ and Melt Flow Ratio lower than 50.

2. A film according to claim 1, wherein low density’
polyethylene forming layer A is a polymer having density
from 0.915 to 0.930 g/cn@,' Melt ‘Index. E from 0.1 to 2
g/10’ and melting point in the range 105 to 115°C.

3. A film according to c¢laim 1, wherein the composition
forming layer B comprises 80 to 90% by weight of copolymer

(i) and 10 to 20% by weight of copolymer (ii).
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10.

11.

12.

A film according to claim 1, wherein the composition
forming layer B has density between 0.935 and 0.950 g/cm?,
Melt Index E between 0.2 and 1 g/10’ and Melt Flow Ratio
lower than 35.

A film according to claim 1, wherein the copolymer (i) has
density between 0.930 and 0.950 g/cm3

A film according to claim 1, wherein the copolymer (ii)
has a xylene insoluble fraction higher than 75% by weight.
A film according to claim 1, wherein the copolymer (ii)
shows a melting point comprised between 120 and l40°C.

A film according to claim 1, wherein the c-olefin
CHp;=CHR used in copolymer (i) is propylene, l-butene, 1-
hexene, l-octene, 4-methyl-l-pentene or a mixture thereof.
A film according to claim 1, wherein the o-olefin CH,=CHRI
used in copolymer (ii) is l-butene, l-hexene, l-octene, 4-
methyl-1-pentene or a mixture thereof.

A film according to «claim 1 wherein copolymer (ii)
contains 70 to 95% by weight of units derived from
propylene and 5 to 30% by weight of units derived from o~
olefin CH,=CHRI.

A film according to claim 1, wherein copolymer (i) is a
copolymer of ethylene with l-butene and copolymer (ii) is
a copolymer of propylene with ethylene and 1l-butene.

A film according to claim 1, wherein copolymer (ii)
contains 80 to 98% by weight of units derived from
propylene, 1 to 10% by weight of units derived from
ethylene and 1 to 10% by weight of units derived from o-

olefin CH,=CHRT.
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FIGURE 1
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Figure 1 Sealing curves of two-layer polyolefin shrinkable films. Figure reports the
force required to tear away two stripes of film, 2 cm wide, sealed one on the
other, vs. sealing temperature.
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