wo 2014/179593 A1 [N 0O 000 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 November 2014 (06.11.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/179593 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
B29C 47/70 (2006.01) B32B 27/32 (2006.01)

International Application Number:
PCT/US2014/036403

International Filing Date:
1 May 2014 (01.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/818,154 1 May 2013 (01.05.2013) US

Applicant: PARAGON FILMS, INC. [US/US]; 3500
West Tacoma, Broken Arrow, OK 74012-1164 (US).

Inventor: PIRTLE, Shaun, Eugene; 25678 East 166th
Street South, Coweta, OK 74429 (US).

Agent: FERRERA, Raymond, R.; Adams and Reese,
LLP, 1221 McKinney Street, Suite 4400, Houston, TX
77010 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: STRETCH FILMS CONTAINING RANDOM COPOLYMER POLYPROPYLENE RESINS IN ADJACENT LAYERS
OF AN NANOLAYER STRUCTURE

200~

204

202
201

203

204

FIG. 2

(57) Abstract: A method of producing a stretch film includes at least: extruding a first random copolymer polypropylene (RCPP)
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the layered stream through said die to a casting unit. A multi-layered stretch film includes at least one nanolayer section, the nano -
layer section (201) comprising alternating substantially adjacent layers of a first random copolymer polypropylene (RCPP) resin and
a second RCPP resin.
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STRETCH FILMS CONTAINING RANDOM COPOLYMER
POLYPROPYLENE RESINS IN ADJACENT LAYERS OF A
NANOLAYER STRUCTURE

FIELD

[0001] The present invention relates generally to stretch films and methods for producing
stretch films, and in a particular though non-limiting embodiment, to stretch films and methods
for producing stretch films wherein random copolymer polypropylene resin nanolayers are

incorporated into the film.

BACKGROUND

[0002]  Stretch films are widely used in a variety of bundling and packaging applications. For
example, stretch films have become a common method of securing bulky loads such as boxes,
merchandise, produce, equipment, parts, and other similar items on pallets. Such films are
typically made from various polyethylene resins and are single or multilayer products. An
additive known as a cling agent is frequently used to ensure that adjacent layers of film will cling

to each other.

[0003] Typical stretch films are comprised of multiple discrete layers that allow for the overall
performance of the film to be modified by the use of differentiated resins in any of the internal or
external layers of the structure. The majority of high-performance, thin gauge machine stretch
films typically incorporate high levels (e.g., greater than 50% by weight) metallocene linear low
density polyethylene resins (m-LLDPE) in the structure. The m-LLDPE resins offer enhanced
stretch and puncture performance over Ziegler-Natta (ZN) LLDPE resins, thereby allowing the

production of thinner, more durable films.
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[0004]  Although films incorporating a high level of m-LLDPE resin benefit from elongation
and puncture improvements versus conventional ZN LLDPE resins, the m-LLDPE products are
still susceptible to catastrophic failure when penetrated. Catastrophic failure is defined as a
complete separation of the film under normal stretch wrapping conditions due to a minimal
penetration. This accelerated failure mechanism is generally not observed in films incorporating
a high level of ZN LLDPE resin, but can be a concern with films having a high level of m-

LLDPE resin.

[0005] Catastrophic failure typically occurs at a speed that prevents the film from establishing

and maintaining a film web between the pallet wrapper and the pallet being wrapped.

[0006] There is, therefore, a long-standing yet unmet need for stretch films which incorporate a
high level of m-LLDPE resin, while avoiding catastrophic failure. There is a further unmet need

for methods of producing such films.
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SUMMARY

[0007] Methods and apparatus of producing multi-layered stretch films, and compositions of
such films, are provided herein. A method of producing a multi-layered stretch film includes at
least the following steps: extruding a first random copolymer polypropylene (RCPP) resin from a
first extruder at a first temperature to at least one primary channel inside of a feedblock:;
extruding a second RCPP resin from a second extruder at a second temperature to at least one
secondary channel inside of the feedblock, wherein said second temperature is greater than said
first temperature, thereby creating a relative temperature gradient; combining the first RCPP
resin from the at least one primary channel and the second RCPP resin from the at least one
secondary channel to create a layered stream using a combining adapter disposed in
communication with the feedblock; passing said layered stream from the combining adapter to a
die; and passing the layered stream through said die to a casting unit, thereby forming a film

web.

[0008] A multi-layered stretch film includes at least one nanolayer section, the nanolayer
section comprising alternating substantially adjacent layers of a first random copolymer

polypropylene (RCPP) resin and a second RCPP resin.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a further understanding of the nature, objects and advantages of the present
invention, reference should be had to the following descriptions read in conjunction with the

following drawings:

[0010] FIG. 1 illustrates a multi-layered stretch film incorporating a discrete random

copolymer polypropylene layer according to example embodiments; and

[0011] FIG. 2 illustrates a multi-layered stretch film incorporating a random copolymer

polypropylene nanolayer structure, according to example embodiments.

[0012] FIG. 3 illustrates a 33-layer stretch film incorporating random copolymer

polypropylene nanolayer structures, according to example embodiments.
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DETAILED DESCRIPTION

[0013]  The following description is not to be taken in a limiting sense, but is made merely for

the purpose of illustrating example embodiments.

[0014] According to example embodiments, a discrete layer of polypropylene (including
random copolymer polypropylene, referred to herein as “RCPP”) resin is incorporated into multi-
layered films comprising high percentages of metallocene-catalyzed linear low density
polyethylene (m-LLDPE). A high percentage of m-LLDPE, as used herein, is defined as a multi-
layered film comprising at least about 50% m-LLDPE resin by weight. RCPP resins are
thermoplastic resins produced through the polymerization of propylene, with ethylene links

introduced in the polymer chain.

[0015] In certain embodiments, a nanolayer feedblock is used in producing a stretch film.
“Nanolayer” is a term known by those with ordinary skill in the art of multi-layered stretch films.
Taking for example, an example embodiment comprises a 10 micron (10 um) thick multi-layered
film, in which the nanolayer structure comprises 22 discrete, alternately-stacked layers, with the
total nanolayer structure representing about 20% of the overall 10 micron-thick film. In this
example, each of the 22 “nanolayers” have a thickness of about 100 nanometers (100 nm). Upon
being applied to the load, and being stretched between about 150% and about 250%, each of the
22 nanolayers in the nanolayer structure ranges from about 28.6 nm to about 40 nm thick (and,

therefore, in the nanometer range of thickness).

[0016] In other embodiments, RCPP resins are incorporated into a nanolayer section of the
tilm, as opposed to having a discrete layer of RCPP resin in the multi-layered film. According to

example embodiments, the nanolayer configuration alternately stacks RCPP resin layers from at

5
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least two (2) separate extrusion sources at different temperatures. In further embodiments, the

film has more than one (1) nanolayer section.

[0017] In certain embodiments, the RCPP resins from the two extruders have different melt
flow rates, different melting points, or different percentages ethylene, or any combination of
these properties. In further embodiments, the RCPP resins are substantially the same, but are

extruded at different temperatures.

[0018] According to one example embodiment, the adjacent layers of RCPP resins are
extruded with a significant temperature gradient (e.g., a temperature difference of greater than
about 80°F). In further embodiments, the temperature gradient for the extruded RCPP resins is
at least 30°F. According to example embodiments, when the RCPP layers are extruded with a
temperature gradient of at least about 30°F, the resulting films have comparable puncture

resistance and relative extensibility as compared to similar structures having a discrete layer of

RCPP resin.

[0019] In some embodiments, one RCPP resin is extruded at a temperature ranging from about
480°F to about 560°F. In other embodiments, the second RCPP resin is extruded at a

temperature ranging from about 510°F to about 650°F.

[0020] In one embodiment, one RCPP resin is extruded at a temperature of about 500°F, while

the second RCPP resin in extruded at a temperature of about 580°F.

[0021] In some embodiments, the RCPP resins are substantially the same. In other

embodiments, the two RCPP resins have different properties.

[0022] In another example embodiment, extruding RCPP resins having different melt flow
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rates for the adjacent nanolayers in a nanolayer section of a film results in improved film

performance.

[0023] In example embodiments, the melt flow rate for the RCPP resin extruded at the higher

temperature ranges from about 2 g/10 min to about 12 g/10 min (I at 230°C).

[0024] In further embodiments, the melt flow rate for the RCPP resin extruded at the lower

temperature ranges from about 8 g/10 min to about 20 g/10 min (I, at 230°C).

[0025] In other embodiments, the melt flow rate for the RCPP resin extruded at the higher
temperature is lower than the melt flow rate for the RCPP resin extruded at the lower

temperature.

[0026] In a further example embodiment, RCPP resins having differing percentage co-
monomers (e.g., differing percentages of ethylene) are extruded to the feedblock. In further
embodiments, the percentage of ethylene in the respective RCPP resins ranges from about 0.7%

to about 6% ethylene by weight.

[0027] In further embodiments, RCPP resins having different melting points are extruded to
the feedblock. According to further embodiments, the melting points of the respective RCPP

resins range from about 152°C to about 163°C.

[0028] In still other example embodiments, a combination of differing melt flow rate and
percent co-monomer RCPP resins in alternating nanolayers results in an increase in puncture
resistance and elongation performance as compared to any single resin utilized in each of two or

more adjacent layers simultaneously.
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[0029] According to certain embodiments, the incorporation of RCPP resins into adjacent
nanolayers with differing melt flow rates and differing melting points improves the film
performance of the resulting structure relative to films wherein an RCPP polymer disposed in

adjacent layers has the same or substantially the same melt flow rate or melting point.

[0030] In further example embodiments, resins used to produce the film layers other than the
nanolayers include, but are not limited to, Ziegler Natta (ZN) catalyzed linear low density
polyethylene (ZN-LLDPE), metallocene catalyzed linear low density polyethylene (m-LLDPE),
polyethylenes, polyethylene copolymers, polyethylene terpolymers, polyethylene blends,
polypropylenes, polypropylene copolymers, metallocene catalyzed polypropylenes, metallocene

catalyzed polypropylene copolymers, and blends thereof.

[0031] In further embodiments, m-LLPPE resin comprises at least about 50% by weight of the

total weight of the multi-layered film.

[0032] In example embodiments, the total thickness of the multi-layered film ranges from
about 6 micron to about 40 micron. In further embodiments, the total thickness of the film

ranges from about 10 micron to about 16 micron.

[0033] According to example embodiments, the nanolayer section(s) of the film range from
about 12% to about 30% of the total film thickness. In further embodiments, wherein the film
incorporates two nanolayer sections, each nanolayer section ranges from about 8% to about 15%

of the total film thickness.

[0034] According to example embodiments, both migratory (i.e. polybutene polymers) and

non-migratory polymers and/or additives such as waxes, rosins, ethylene vinyl acetates, ethylene
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methacrylates, ethylene methylmethacrylates, plastomers, elastomers, very low density
copolymer polyethylenes, ultra-low density polyethylenes, copolymer polypropylenes, and

blends thereof are used in a skin or “cling” layer of the film.

[0035] According to other example embodiments, a polybutene polymer with a Saybolt
Universal Viscosity of 14,900 SUS at 99°C with an average molecular weight of 2,060 is used as
a cling agent in a skin or “cling” layer of the film. In further example embodiments, a polybutene
polymer with a Saybolt Universal Viscosity of 3,000 SUS at 99°C with an average molecular

weight of 1,290 is used as the cling agent in a skin or “cling” layer of the film.

[0036] In example embodiments, various polymers are used in a skin or “release” layer of the
film. In further embodiments, m-LLDPE, ZN LLDPE, polypropylenes, and blends thereof are
used in the release layer. In other embodiments, polymers with inherent cling properties,

including ultra-low or very low density polymers, are not used in the release layer of a film.

[0037] Turning now to FIG. 1, a stretch film 100 is shown, which incorporates a discrete layer
101 of RCPP resin. The discrete RCPP resin layer 101 is positioned between two layers 102 and
103 incorporating a high percentage of m-LLDPE resin. Any number of additional layers 104
incorporating m-LLDPE resin and/or other resins are anticipated in other embodiments. The
compositions of the layers 102, 103, and 104 are selected based on the desired performance
properties of the resulting film. In further embodiments, layers 102 and 103 do not themselves
comprise a high percentage of m-LLDPE resin, but the overall composition of the film 100

comprises a high percentage of m-LLDPE resin.

[0038] Turning next to FIG. 2, a stretch film 200 is shown, which incorporates multiple

nanolayers 201 of RCPP resins in a nanolayer section of a film. In certain embodiments, the

9
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RCPP nanolayers 201 are positioned between two layers 202 and 203 incorporating a high
percentage of m-LLDPE resin, and the overall composition of the film 200 comprises a high
percentage of m-LLDPE. Any number of additional layers 204 incorporating m-LLDPE and/or
other resins are anticipated in other embodiments. The compositions of the layers 202, 203, and
204 are selected based on the desired performance properties of the resulting film. In further
embodiments, layers 202 and 203 do not comprise a high percentage of m-LLDPE resin, but the

overall composition of the film 200 comprises a high percentage of m-LLDPE resin.

[0039] Turning next to FIG. 3, according to example embodiments, a 33-layer stretch film 300
is produced. Layers 301 and 333 are skin layers. Layer 301 includes a cling agent, while layer
333 is a release layer and does not comprise polymers with inherent cling properties. Layer 317
is the “core” layer and comprises a high percentage of m-LLDPE resin. In other embodiments,
layer 317 comprises Ziegler Natta (ZN) catalyzed linear low density polyethylene (ZN LLDPE),
metallocene catalyzed linear low density polyethylene (m-LLDPE), polyethylenes, polyethylene
copolymers, polyethylene terpolymers, polyethylene blends, polypropylenes, polypropylene
copolymers, metallocene catalyzed polypropylenes, metallocene catalyzed polypropylene

copolymers, and blends thereof.

[0040] According to example embodiments, functional layers 302, 315, 319, and 332 comprise
substantially the same resin or blend of resins. In further embodiments, functional layers 314,
316, 318, and 320 comprise substantially the same resin or blend of resins. The composition of
the functional layers 302, 315, 319, and 332, and 314, 316, 318, and 320 are selected based on

the desired properties of the resulting film for its particular application.

10
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[0041] In still other embodiments, layers 303-313 and layers 321-331 comprise the alternating
RCPP resin nanolayers. Nanolayers 303, 305, 307, 309, 311, and 313, and layers 322, 324, 326,
328, and 330 all comprise substantially the same resin. In other embodiments, nanolayers 304,
306, 308, 310, and 312, and layers 321, 323, 325, 327, 329, and 331 all comprise substantially

the same resin.

[0042] In other embodiments, the 33-layer film 300 is produced using seven (7) extruders.
Skin layer 301 is extruded using a first extruder, and skin layer 333 is extruded using a second

extruder. Core layer 317 is extruded using a third extruder.

[0043]  According to example embodiments, functional layers 302, 315, 319, and 332 are
extruded using a fourth extruder. In further embodiments, functional layers 314, 316, 318, and

320 are extruded using a fifth extruder.

[0044] In still other embodiments, nanolayers 303, 305, 307, 309, 311, and 313, and
nanolayers 322, 324, 326, 328, and 330 are extruded using a sixth extruder, while nanolayers
304, 306, 308, 310, and 312, and nanolayers 321, 323, 325, 327, 329, and 331 are extruded using
a seventh extruder. The sixth extruder and seventh extruder extrude resins at different
temperatures. In certain embodiments, the temperature gradient of the resins extruded from

between the sixth and seventh extruder is about 80° F.

[0045] In other example embodiments, more than two extruders are used to extrude the
nanolayer section(s). In further embodiments, more than two RCPP resins are used to produce

the nanolayer section(s) of the film.

11
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[0046] According to example embodiments, the feedblock has internal flow channels, created
using flow distribution plates placed inside of the feedblock, for distributing the different resins
for the film’s layers to the combining adapter, wherein each of the polymer streams are joined
together to form one layered stream of material, which, in turn feeds the die to be spread out onto

a casting unit.

[0047] In example embodiments, flow distribution plates inside of the feedblock are movable,

such that the desired layered configuration of the resulting film is customizable.

[0048] In an example embodiment, the chosen resins are extruded from the extruders to the
feedblock inlets, and pass through channels created inside of the feedblock. In an example
embodiment, each extruder extrudes to a different feedblock inlet. In further embodiments, each
feedblock inlet connects to at least one channel inside of the feedblock, through which the resins

flow to create the desired layered configuration.

[0049] In further embodiments, the resins flowing through the channels join in a combining
adapter to form a layered stream. The layered stream exits the feedblock as one stream, and

flows into a die to be spread out onto a casting unit, forming the multi-layered film web.

[0050] In further example embodiments, the feedblock and the flow distribution plates therein
are configurable to alter any combination of the following: the location of the nanolayers, the
location of the conventional layers, the total number of layers, the thickness of the layers, and the

extrusion source of the layers.

[0051] The foregoing specification is provided only for illustrative purposes, and is not

intended to describe all possible aspects of the present invention. While the invention has herein

12
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been shown and described in detail with respect to several exemplary embodiments, those of
ordinary skill in the art will appreciate that minor changes to the description, and various other
modifications, omissions and additions may also be made without departing from the spirit or

scope thereof.

13
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CLAIMS:

1. A method of producing a multi-layered stretch film, said method comprising:

extruding a first random copolymer polypropylene (RCPP) resin from a first
extruder at a first temperature to at least one primary channel inside of a feedblock:

extruding a second RCPP resin from a second extruder at a second temperature to
at least one secondary channel inside of the feedblock, wherein said second temperature is
greater than said first temperature, thereby creating a relative temperature gradient;

combining the first RCPP resin from the at least one primary channel and the
second RCPP resin from the at least one secondary channel to create a layered stream using a
combining adapter disposed in communication with the feedblock;

passing said layered stream from the combining adapter to a die; and

passing the layered stream through said die to a casting unit, thereby forming a
film web.

2. The method of claim 1, further comprising extruding the first RCPP resin and the
second RCPP resin at the temperature gradient of at least about 30°F.

3. The method of claim 2, further comprising extruding the first RCPP resin and the
second RCPP resin at the temperature gradient of at least about 80°F.

4. The method of claim 2, further comprising extruding the first RCPP resin at the
first temperature ranging from about 480°F to about 560°F and extruding the second RCPP resin
at the second temperature ranging from about 510°F to about 650°F.

S. The method of claim 4, further comprising extruding the first RCPP resin at the
first temperature of about 500°F and extruding the second RCPP resin at the second temperature

of about 580°F,

14
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6. The method of claim 4, further comprising extruding the first RCPP resin with a
melt flow rate ranging from about 8 g/10 min to about 20 g/10 min (I, at 230°C), and extruding
the second RCPP resin with a melt flow rate ranging from about 2 g/10 min to about 12 g/10 min
(I at 230°C); further wherein the melt flow rate of the second RCPP resin is less than the melt
flow rate of the first RCPP resin.

7. The method of claim 4, further comprising extruding the second RCPP resin with
an cthylene percentage ranging from about 0.7 weight percent ethylene to about 6.0 weight
percent ethylene, and extruding the first RCPP resin with an ethylene percentage ranging from
about 0.7 weight percent ethylene to about 6.0 weight percent ethylene.

8. The method of claim 4, further comprising extruding the second RCPP resin with
a melting point ranging from about 152°C to about 163°C, and extruding the first RCPP resin
with a melting point ranging from about 152°C to about 163°C.

9. The method of claim 1, further comprising;:

extruding a third resin from a third extruder to a third channel disposed in
communication with the feedblock; and

combining the first RCPP resin from the at least one primary channel, the second
RCPP resin from the at least one secondary channel, and said third resin from the third channel
to create said layered stream using said combining adapter, such that the first RCPP resin and the
second RCPP resin are disposed substantially adjacent to each other in said layered stream.

10. The method of claim 9, further comprising extruding said third resin, said third
resin including at least one of: Ziegler Natta (ZN) catalyzed linear low density polyethylene (ZN-
LLDPE), metallocene catalyzed linear low density polyethylene (m-LLDPE), polyethylenes,

polyethylene copolymers, polyethylene terpolymers, polyethylene blends, polypropylenes,

15
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polypropylene copolymers, metallocene catalyzed polypropylenes, metallocene catalyzed

polypropylene copolymers, and blends thereof.

16
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11. A multi-layered stretch film, comprising at least one nanolayer section, said
nanolayer section comprising alternating substantially adjacent layers of a first random
copolymer polypropylene (RCPP) resin and a second RCPP resin.

12. The film of claim 11, further comprising at least one additional layer and a total
film thickness ranging from about 6 micron to about 40 micron.

13. The film of claim 12, wherein the total film thickness ranges from about 10
micron to about 16 micron.

14. The film of claim 12, further comprising at least 50 percent by weight
metallocene-catalyzed linear low density polyethylene (m-LLDPE).

15. The film of claim 12, further wherein said at least one nanolayer section ranges
from about 12 percent to about 30 percent of the total film thickness.

16. The film of claim 12, further comprising two nanolayer sections, wherein each
nanolayer section ranges from about 8 percent to about 15 percent of the total film thickness.

17. The film of claim 11, wherein said first RCPP resin and said second RCPP resin
are substantially the same.

18.  The film of claim 11, wherein said first RCPP resin has a melt flow rate ranging
from about 8 g/10 min to about 20 g/10 min (I, at 230°C) and said second RCPP resin has a melt
flow rate ranging from about 2 g/10 min to about 12 g/10 min (I, at 230°C), further wherein the
melt flow rate of said second RCPP resin is greater than the melt flow rate of said first RCPP
resin.

19. The film of claim 11, wherein said first RCPP resin and said second RCPP resin

each comprise ethylene ranging from about 0.7 percent to about 6.0 percent ethylene by weight.

17
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20. The film of claim 11, wherein said first RCPP resin and said second RCPP resin
each have melting points ranging from about 152°C to about 163°C.

21. The film of claim 12, wherein said at least one additional layer includes at least
one of: Ziegler Natta (ZN) catalyzed linear low density polyethylene (ZN-LLDPE), metallocene
catalyzed linear low density polyethylene (m-LLDPE), polyethylenes, polyethylene copolymers,
polyethylene terpolymers, polyethylene blends, polypropylenes, polypropylene copolymers,
metallocene catalyzed polypropylenes, metallocene catalyzed polypropylene copolymers, and

blends thereof.

18
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