Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 2965497 C 2023/04/18

neEn 2 965 497

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépot PCT/PCT Filing Date: 2015/10/23

(87) Date publication PCT/PCT Publication Date: 2016/05/06
(45) Date de délivrance/lssue Date: 2023/04/18

(85) Entrée phase nationale/National Entry: 2017/04/21

(86) N° demande PCT/PCT Application No.: US 2015/057136
(87) N° publication PCT/PCT Publication No.: 2016/069406
(30) Priorité/Priority: 2014/10/30 (US62/072,637)

(51) ClLInt./Int.Cl. CO8L 23/06 (2006.01),
B32B 27/08 (2006.01), B32B 27/32 (2006.01),
B32B 37/00 (2006.01), CO8L 23/08 (2006.01)

(72) Inventeurs/Inventors:
LEE, JONG YOUNG, US;
LIN, YIJIAN, US;

PATEL, RAJEN, US

(73) Propriétaire/Owner:
DOW GLOBAL TECHNOLOGIES LLC, US

(74) Agent: SMART & BIGGAR LP

(54) Titre : FILM MULTICOUCHE ET MATERIAUX ET PROCEDES ASSOCIES
(54) Title: MULTILAYER FILM AND RELATED MATERIALS AND METHODS

(57) Abrégé/Abstract:

Embodiments disclosed herein include multilayer films having at least an outer layer that includes 1) polyethylene elastomer and 2)
ULDPE or VLDPE and that has a purge fraction greater than 20 percent as determined by Crystallization Elution Fractionation
(CEF) test method. Embodiments disclosed herein also include related compositions to make such films and methods of making
such films. The ULDPE or VLDPE can be made via Ziegler-Natta catalyst reaction techniques to provide the desired purge fraction.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC - CIPO 191

OPIC




wO 2016/069406 A1 || I NVFV 0 00O A0 00 A A

(43) International Publication Date

CA 02965497 2017-04-21

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

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

=

\

(10) International Publication Number

WO 2016/069406 A1

6 May 2016 (06.05.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B32B 27/08 (2006.01) B32B 27/32 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Aoolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCTIUSI015/057136 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,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
23 October 2015 (23.10.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
- . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
62/072.637 30 October 2014 (30.10.2014) ys (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: DOW GLOBAL TECHNOLOGIES LLC GM, KE, LR, LS, MW, MZ, NA, RW. SD, SL. ST, SZ,
[US/US]; 2040 Dow Center, Midland, Michigan 48674 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: LEE, Jong Young; 5811 Krisford Ct., Sugar DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
cee LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Land, Texas 77479 (US). LIN, Yijian; 3800 Country Road
SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
94, Apt. 7104, Manvel, Texas 77578 (US). PATEL, Ra- GW, KM, ML, MR, NE, SN, TD, TG)
jen; 220 Arrowhead Drive, Lake Jackson, Texas 77566 ’ > ’ > P ’
(US). Published:
(74) Agents: PARINS, Paul J. et al; Kagan Binder, PLLC, —  with international search report (Art. 21(3))

Suite 200, Maple Island Building, 221 Main Street North,
Stillwater, Minnesota 55082 (US).

(54) Title: MULTILAYER FILM AND RELATED MATERIALS AND METHODS

(57) Abstract: Embodiments disclosed herein include multilayer films having at least an outer layer that includes 1) polyethylene
elastomer and 2) ULDPE or VLDPE and that has a purge fraction greater than 20 percent as determined by Crystallization Elution
Fractionation (CEF) test method. Embodiments disclosed herein also include related compositions to make such films and methods
of making such films. The ULDPE or VLDPE can be made via Ziegler-Natta catalyst reaction techniques to provide the desired
purge traction.



84008551

MULTHLAYER FILM AND RELATED MATERIALS AND METHODS
PRIORITY CLATM

{6801 This application clains the benefit of UK. Provisional Patent Application
Serial Number 62/072 637 filed Qctobher 30, 2014, entitled MULTH.AYFR FILM AND
RELATED MATERIALS AND METHODS.

TECHWICAL FIELD

{6882] Embodiments of the present disclosure relate to muiltilayer films that have at least
two layers. More particularly, to multilayer films that have at feast an outer layer that
mcludes 1) polyethylene clastomer and 23 ULDPE or VLDPE that has a purge fraction
greater than 20 percent as determined by Crystallization Elution Fractionation (CEF) test
method. The ULDPE or VLDPE can be made via Ziegler-Natta catalyst reaction
techniques to provide the desired purge fraction,

BACKGROUND

{6863] Multilayer films can inchide films, such as, blown films, Exemplary muktilayer
biown filns may include silage wrap, stretch wrap, and surface protective films.
Oftentimes, such films melade at least one layer {¢.g., 2 cling layer) that has a sufficient
fevel of tack such that the film can releasably adhere to itself and/or an article that is

wrapped with the fili.

{6884] Additives, such as polyisobutylene (PIB), muy Be incurporated info a cling layer
to improve the tack of the cling layer. However, films that include such additives can
have one or more drawbacks such as 1} being excessively noisy when unwound from a
tilm-roll when utilized on a high speed wrapping machine, 2) having io be aged fora
period of time so that the additive migrates to the surface of the film (1.¢., blooms) during
the aging period, 3} contaminating process equipment, and 4) causing two-sided cling
when oune-sided cling is desired. In addition, such additives can causce undue handling
issues. For example, such additives can be in liquid form and drip to an undee degree

from process equipment, etc.
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18885} Cling layers may also be made out of materials, such as polyethyienc elastomers.
While such muaterials can provide very desirable ching properties to a film, such materials
can be relatively very expensive and/or can be difficult to process with blown film
techniques when used at relatively high levels (e.g., greater than 805 by weight of a
layer) because of their tackiness.

{8886] Accordingly, there s a desire to provide multilayer filus having improved
properties, such as, cling and/or low noise, while being cost-effective and/or relatively
casy to fabricate using blown film technigues.

SUMMARY

{88477 Disclosed in embodiments herein are multilayer films. The multifayer films have
a cling layer that includes 1) a polyethylene elastomer and 2) ultra-low density
polyetbylene polymer (ULDPE) and/or very fow deunsity polyethyviene polymer (VLDPE),
having a purge fraction greater than 20 percent as determined by Crystallization Elution
Fractionation {CEF) test method. When incorporated mto a cling layer formulation in
combination with a polyethylene (PE) elastomer, ULDPE or VLDPE having a purge
fraction greater than 20 percent can provide strailar or oven better cling inthe eling layer
as compared to a cling layer having a higher level of PE elastomer and no ULDPE or
VLDPE polymer having a purge fraction greater than 20 percent, Reducing the amount
ot PE elastomer in a cling laver o provide desired cling propertics can be advantageous
as PE elastomer can be relatively expensive and/or can be difficult to process with blown
film techniques when used at relatively high levels (e.g., greater than 90% by weight of 2
fayer} because of Us tackiness. Further, inchuding one or more additives such as
polyisobutylene (PI) can be avoided. Not inchuding such additives cam be advantageous
as such additives are sometimes subjected to 4 time consuming aging period so that the
additive can migrate to the surface of the film (i.¢., bloom)}; can be in Hquid form and drip
to an undue degree from process equipment, £1C.; contaminate process equipment; cause
an undue amount of noise when unrolling a roll of film; and/or cause two-sided cling
when not desired.
19008] Also disclosad in embodimenis herein are mubitlayer films that include:

a cling layer mcluding:
a polycthylene clastomer mcloding a copolymer of ethylenc and at east one comonomer

scleeted from the group consisting of Cs-Cy a-olefins, wherein the copolymer of ethylene
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fas a density in the range $.855 to 890 grams/’cm}' and a melt index{l;) in the range of 0.1
10 30 grams/10 minvtes; and
a polyethylene polymer chosen from an ultra-low density polyethylene polymer, a very
fow density polyethylene polyimer, and combinations thereof, wherein the polyethylene
polymer has a density in the range 0.885 to 915 grams/cm’, a mekt index(l;) in the range
of 0.1 10 30 grams/ 18 minutes, and a purge fraction greater than 20 percent as

determined by Crystallization Elotion Fractionation (CEF) test method; and a release

{6009] Further disclosed in embodimenis herein are compositions that inclade::
polyethylene elastomer including a copolymer of ethylene and at least one comonomer
selected from the group consisting of Ca-Cyp a-olefing, wherein the copolvmer of ethylene
has a density in the range 0.855 to 890 grams/cm’ and a melt index(%) in the range of 0.1
to 30 grams/10 nunutes; and a polyethylene polymer chosen from an ultra-low density
polvethylene polymer, a very low density polvethylene polymer, and combinations
theroof, wherein the polycthylene polymer has a density in the range 0.885 to 915
grams/cmgq a melt index(ly) in the range of (.1 10 30 grams/10 mivutes, and a purge
fraction greater than 20 percent as determined by Crystallization Elstion Fractionation
{CEF) test method.

[8410] Additional features and advantages of the embodiments will be sot forth in the
detailed description which follows, and in part will be readily apparent 1o those skilled in
the art from that description or recognized by practicing the embodiments deseribed
herein, including the detailed description which foliows, the claims, as well as the
appended drawing.

{6811] It is to be understood that both the foregomng and the following description
describe various embodiments and are intended to provide an overview or framework for
understanding the nature and character of the claimed subject metter. The accompanying
drawing is mcluded to provide a further understanding of the various embodiments, and
are incorporated into and constitute a part of this spectfication. The drawing llustrates
the varicus embodiments described herein, and together with the description serves to

explain the principles and operations of the claimed subject matier.
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BRIEF BESCRIPTION OF THE BRAWINGS

{6812] Figure 1 graphically depicts a comparison of “On-~Pallct Stretch Cling” for two
different formulations of cling layers from Table 2 in Example 1.

P

DETAILED DESCRIPTION

{8813] Reference will now made in detail to embodiments of multilayer films and
materials used to make such films., A nwltilayer filny includes at least two layers in
contact. Optionally, one or more additional layers can be included between the two layers,
which would then be two outer layers. An example of a multifayer film including at least
two layers is a4 blown stretch film. A blown streteh film can mclude a cling laver as one
outer layer and a release layer as the other outer layer. As used herein, a “cling” layer
refers to an outer layer of a mwitilayer film that has a tack level that is high cnough to
allow the cling layer {and film) to releasably adhere to an article being wrapped and/or to
the relcase layer of the film, while low enough to allow the film to be removed from the
article, or removed from a roll containing the wrap. Also, as used herein, a “relcase”
fayer refors to an outer layer of 2 multilayer film that is opposite the cling layer and
allows a “clng” Iaver to releasably adhere to said release layer. Diestrably, a release layer
provides a lesser amount of adhesion to the cling layer such that the film may be unrolled
from a spool or other type roll without undue force or without the film breaking during
the vnrolling process.

{6814] An cxample of an additional layer between the cling layer and the release layer is
referred to as a core layer. A core layer refers to a layer divectly or indirectly corndact with
outer layers such as the cling laver and the release layer.

{6815] Each layer of such a muoltilayer film can be individually formulated; ¢z, a
polyethylene resin can be used in each layer and have the same or different chemical
composition, density, melt index, thickuess, ete., depending upon the desired properties of
the film.

18816] Resins for use in multilavers films as described herein can be characterized by a
varicty of parameters including one or more of melt index (1), density, molecular weight
distribution {Mw/Ms), purge fraction as determined by the Crystallization Elution
Fractionation (CEF) test method, Differential Scanning Calorimetery {DSC) and the like.
{8817 Mchi index (1)) can be measured in accordance with ASTM D-1238 (condition

190°C/2.16 kg,
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[0618] Density can be measured in accordance with ASTM D-792.

{6819] Molecular weight distribution, or polydispersity, can be described as the ratio of
weight average molecular weight (M) to number average molecular weight (M) (i.e.,
My /M) can be measured directly, ¢.g., by gel permeation chromatography techaiques, or
by measuring lp /f; ratio, ag describod in ASTM D-1238. "l1¢ " 1s measured 1n accordance
with ASTM D-1238 {condition 190°C/ 10 kg Hormerly known as “Condition (EY7), “L7 s
measured as described above. For hinear polyolefing, especially Hnear polyethylene, as
M, /M, increases, 1o /1 can also increase.

{6828] The Crystallization Elution Fractionation (CEF) test method ds condueted
according to the method described in Monrabal et al, Macromol.

Symp. 287, 71-79 (2007). The CEF instrument is equipped with an IR-4

detector (such as that sold commercially from PolymerChar, Spain} and a two

angle Hght scatteriug detector Mode! 2040 (such as those sold commercially from
Precision Detectors). The IR-4 detector operates m the compositional mode with two
filters: CO06 and BOS7. A 10 micron guard column of 50 mo x 4.6 mm (such as that sold
commmercially from PolymerLabs) is installed before the IR-4 detector in the detector
gven. Ortho-dichlorobenzene (ODCRB, 99% anhydrous grade) and 2, 5-di-tert-butyl-4-
methylphenol (BHT) {such as commercially available from Sigma-Aldrich) are obtained.
Silica gel 40 (particle size 0.2~0.5 mm) (such as commercially available from EMD
Chemicals) 1s also obtained. The silica gel is dried in 8 vacuum oven at 160°C for about
two hours before use. Fight hundred milligrams of BHT and five grams of silica gel are
added o two liters of ODCB. ODCB contaming BHT and silica gel is hereinatter
referred to as “ODCB-m.” ODCRB-m is sparged with dried nitrogen (Nz) for one hour
before use. Dried nitrogen is obtained by passing nitrogen at <90 psig over CaCO; and
SA molecular sieves. A sample solution is prepared by, using the autosampler, dissolving
a polymer sample in ODCB-m at 4 mg/mi under shaking at 160°C for 2 hours, 300 gl of
the sample solution is ijected into the colummn. The temperature profile of CEF is:
crystallization at 3°C/min from 110°C to 30°C, thermal equilibrium at 30°C for 5 mimastes
{inchuding Solublc Fraction Ehution Time being set as 2 minutes), and clution at 3°C/min
from 30°C to 140°C. The flow rate during crystallization is (.052 ml/min. The flow wate

during clution is 0.50 mL/min. The 1R-4 signal data is collected at one data point/sccond.

Date Regue/Date Received 2022-05-20
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16821 The CEF column is packed with glass beads at 125 pmd 6% (such as those
conmmetcially available from MO-SCI Specialty Products) with 1/8 inch stainless tubing
according to 11.S. 2011/0015346 At. The intemnal liquid volame of the CEF column is
between 2.1 mb and 2.3 mL. Temperature calibration is performed by using a mixture of
NIST Standard Refercnce Material Hnear polyethylene 1475a (1.0 mg/mi) and Eicosane
(2 mg/ml) n ODCB-m. The calibration consists of four steps: (1) caleulating the delay
volume defined as the temperature offset between the measured peak elution temperatare
of Eicosane mings 30.00°C; (2) subtracting the temperature offset of the clution
ieroperature from the CEF raw temperature data. [t s noted that this temperature offset is
a function of experimentsi conditions, such as lution ternperature, chution tlow rate, etc.;
(3} creating a Hinear calibration Hne transforming the elution temperature across a range of
30.00°C and 140.00°C such that NIST hnear polyethylene 14752 has a peak temperature
at 101.00°C, and Eicosane has a peak temperature of 30.00°C, (4} for the scluble fraction
measured isothermally at 307C, the elotion temperature i3 extrapolated Hnearly by using
the clution heating rate of 3°C/min. The reported clution peak temperatures are obtained

such that the observed comonomer content calibration curve agrees with those previcusly
reported in U5, 8,372,931, The purge fraction (PF) of the materials eluting in the clution
temperature range lower than 34.0°C, PF| is defined as the integral of the IR-4
chromatogram {baseline subtracted measurement channel) in the clution tomperature
ranging from 25.5 10 34.0°C divided by the total frtegral from 25.5 10 118.0°C according

to the follow equation:

{6822}
{8823] where T is the elotion temperature (from the cabibration discussed above).
{88247 A lincar bascline is calculated by selecting two data points: one before the
polymer elutes, usually at a temperature of 25.5°C, and another one after the polymer
elutes, usually at 118°C. For each data point, the detector signal is subtracted from the
bascline before ntegration,

18625] Differential Scanning Calorimetery (8SC) can be measured using a TA DSC
(31000, Bascline calibration can be performed by using the calibration wizard inthe
software. First, a baseline can be obtained by heating the cell from -80 °C 1o 286 °C

without any sample in the aluminem DSC pan. After that, sapphire standards are used
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according to the instructions in the wizard, Then about 1-2 mg of a fresh indivm sample
was analyzed by heating the sample to 180 °C, cooling the sample to 120 °C at a cooling
rate of 10 °C/min followed by keeping the sample isothermally at 120 °C for 1 min,
followed by heating the sample from 120 °C to 184 °C at a heating rate of 10 °C/min.
The beat of fusion and the ounset of melting of the indium sample can be determined and
checked to be within 0.5 °C from 156.6 °C for the onset of melting and within 0.5 /g
from 28.71 J/g for the heat of fusion. Then deionized water can be analyzed by cooling a
small drop of fresh sample in the DSC pan from 25 °C to -30 °C at a cooling rate of 16

J— N

*C/min. The sample is kept isothermally at -30 °C for 2 minutes and heated t0 30 °C at a
heating rate of {0 °C/man. The onset of melting is determined and checked to be within
0.5°C from 0°C.

{8826] Samples of polvmer are pressed into a thin film at a temperature of 177 °F. About
S 1o § mg of sample 16 weighed out and placed in a DSC pan. A hd is crimped on the pan
to ensure a closed atmosphere. The sample pan is placed in the DSC cell and then heated
at 2 high rate of about 100 °C/min to a temperature of about 30 °C above the polymer
melt temperatore. The sarnple is kept at this temaperature for 5 minutes. Then the sample
is cooled at a rate of 10 °C/min to -40 °C, and kept isothermally at that temperature for §
minutes. Conscquently the sample is heated at a rate of 10 °C/mun until mehing is
complete. The resulting enthalpy curves were analyzed to obiain the heat of fusion,
{88271 Multilayer films as described herein can be characterized by a variety of
parameters including one or more of “On-pallet strech cling,” noise, and the like,

18628] On-pallet stretch cling (for stretch cling performance) can be measured by
Lantech SHS test cquipment. The test consists of stretehing the film 2t 200% at 2 constant
F2 of § ths. for 6 wraps with the torntable running at a rate of 10 rpm. The end of the film
is then attached to a load cell which measures the amount of foree, in grams, needed to
pull the fill off the deum.

{8829] The notse level of the films during unwinding can be determined by the Highlight
Streteh Film Test Stand (from Highdight Tndustries). When the film is unwound from the
sample roll, a sensor, attached to the apparatus and five inches away from the film roll,
measures the noise. The unwinding speed 18 355 i per minutes and the stretch fovel is

2509
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{663¢] For illustration purposes, a first outer laver of multilaver films disclosed herein
will be referred to as the cling layer. A cling layer composition can include a blend of at
feast 1) one or moere polvethylene elastomers ard 2} one or more ulira-low density
polyethylene polymers having a purge fraction greater than 2( percent as determined by
the Crystallization Elution Fractionation (CEF) test method. Tn other embodiments, a
cling laver composition can include only 1) one or more polyethylene clastomers and 2)
one or more uitra-low density polyethylene polymers having a porge fraction greater than
20 percent as determined by the CEF test method.

Polvethviene Elastomer

{8831] In a cling layer, polyethylene elastomers can help provide a smooth surface to the
cling layer s¢ as to provide desired cling propertics. Polyethylene (PE) elastomers can be
described as thermoplastics baving low crystallinity and a density less than 0,890
grams/cnt’. Polvethylene elastomers are described in U.S, Pat, No, 5,272,236 (Lai ot al.),
15, Pat. No. 6,486,284 (Karande ot al.}, U.S. Pat. No. 6,100,341 (Friedman).

{6832] In somne ermbodiments, 4 pulyethylene elastomer component of the cling layer can
melude one or more olefin block copolymers. Exemplary oletin block copolymers
include a copolymer of ethylene and at Ieast one comonomer selected from the group
consisting of Cs-Cyp n-olefins, dicnes, and cycloalkenes (¢.g., ethylene-butene based
block copolymers, sthylene-octene based block copolymers, and the like). Tn some
embodiments, a polyethylene elastomer component of the cling layer includes one or
more a copolymers of cthylene and at least one comonomer sclected from the group
consisting of C3-Cap g-olefins,

{8833] The density of a polyethylene elastomer used in a cling layer can have a density
less than 0.900 grams/cm’. In some embodiments, a polyethylene elastomer can include a
copolymer of ethylene and at least one comonomer selected from the group consisting of
Ca-Chg g-olefins that has a density in the range 0.855 10 0.890 grams/cm}, oY even in the
range 0.865 to 0.890 gj‘&ms/’cm5 .

{8634] The molt index (E) of a polycthyleone clastomer ased in a cling layor can have a
melt index of 30 grams/10 minwtes or less. In some embodiments, a polyethylene
clastomer has a melt index in the range of 0.1 to 30 grams/10 minutes, or cven n the

range 0.5 to 10 grams/10 minutes.

Date Regue/Date Received 2022-05-20
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[6838] Exemplary polyethylene elastomers for use in a cling layer are commercially
available under the tradenames AFFINITY™ from the Dow Chemical Company,
ENGAGE™ from the Dow Chemical Company, INFUSE™ from the Dow Chemical
Company, EXACT from ExxonMobil Chemieal, and TAFMER™ from Mitsut
Chemicals, Inc.

{8836} Polycthylene clastomers may be produced vsing single-site catalysts. Methods for
producing olefin polymers using single siie catalysts can be U.S. Pat. No. 5,272,236

(Lai et al.y and U.S, Pat. No. 6,486,284 {Karande et al.}. Single-site catalyst

systems may include metallocene catalysts and post-metallocene catalysts.

In exemplary embodiments, polyethylene elastomer produced by a

metallocene catalyst or a post-metatlocene catalyst includes a copolymer

of ethylene and 3 to 25 mol percent of at least one comonomer selected from

the group consisting of C3-Cy n-oleting, dienes, and cycloalkenes. I some particular
embodiments, a polyethylene clastomer produced by a metallocene catalyst or a post-
metallocene catalyst has a melecular weight distribution (M,/M,} of from 1.5 6 3.
{6837} The polyethylene clastomer can be incorporated into a cling layer formulation in
an amount based on a variety of factors such as amounts of other ingredients {(e.g,,
ULDPE and VEDPE}, desired tack/cling; cost; tack stability during manofacturing,
transportation, storage, and/or use conditions; and the like. Insome embodiments, a
copolymer of ethylene and at least one comonomer selected fron the group consisting of
(3-Cop o-oleting is present in the cling layer in an amount in the range of 90 to 10 percent
by weight of the cling layer, in the range of 80 to 15 percent by weight of the cling layer,
m the range of 69 to 30 percent by weight of the cling layer, or even in the range of 65 1o
31 percent by weight of the cling layer.

ULDPE or VLDPE having a Puwroe Fraction greater than 20 percent

{6838] As mentioned, a cling layer also includes at least a polycthylene polymer chosen
from an vlira-low deusity polyethyvlone polymer (ULDPE), a very low deusity
polyethylene polymer (VLDPE), and commbinations thereof, and that has a purge fraction
greater than 20 pereent as determined by Crystallization Elution Fractionation (CEF) test
method.

{6839] Purge fraction can qualitatively refer to branched {¢.g., highly-branched} and non-

crystallizable polyolefin copolymers that can be generated during « polymerization

Date Regue/Date Received 2022-05-20
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process via a Ziegler-Natta catalyst (“Z-N7 catalyst), and become part of the final
polyethylene product. As described herein, Applicants discovered that a polyethylene
polymer having a purge fraction of at least 20 wt.% as determined by the CEF test
method can be blended with polyethylens elastomer o provide a cling layer with
desirable cling properties. As used herein, “purge fraction” can be quantificd by a test
method referred o herein as “Crystaillization Elation Fractionation” or “CEF” test
method, which is described in detail above. In some embodiments, the ULDPE or
VLDPE has a purge fraction of 22 percent or greater, or even 25 perceint ot greater.
{0048] When tucorporated indo a cling laver formulation in combination with a
polyethylene elastomer as desceribed herein, ULDPE or VLDPE having a purge fraction
greater than 20 percent can provide similar or even better cling in the cling layer as
compated to a cling layer having a higher level of PE clastomer and no ULDPE or
VLDPE polymer having a purge fraction greater than 20 percent. Reducing the amount
of PI elastomer in a cling layer to provide desired cling properties can be advantageous
as PE ¢lastomer can be relatively expensive and/or can be difficult to process with blown
film techriques when used at relatively high levels (e.g., greater than 90% by weight of
fayer) because of its ackiness. Further, focluding one or more additives such as
polvisobutylene (PIB) can be avoided. Not tnchuding such additives can be advantageous
as such additives are sometimes subjected to a time consuming aging period so that the
additive can migrate to the surface of the film (i.c., bloom); can be in Hquid form and drip
to an undue degree from process equipment, ofc.; contaminate procoss equipment; cause
an undue amount of noise when unrolling a roll of film; and/or cause two-sided cling
when not desired.

{6841] The density of ULDPE or VLDPE used i a cling layer can have a density less
than 0.92 grams/cnf‘. In some embodiments, the ULDPE or VLIDPE has a density in the
range 0.885 {0 915 grams/om’, in the range 0.8%5 to 0.910 grams/cny’, in the range 0.890
to 0.912 grams/cot’, in the range 0.895 to 0.905 grarus/em’, or even in the range 0.899 to
0.905 grams/cm’,

{8842] The melt index {I;} of ULDPE o1 VLDPE used in a cling layer can have a mok
mdex (I} in the range of 8.1 to 30 grams/10 minutes, or even in the range of 0.5 to 10

grams/10 minutes.

10
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{6843] ULDPE and VLDPE can be incorporated into a cling laver formulation in an
amount based on a variety of factors such as amounts of other ingredicnts {e.g.,
polyethylene elastomer), desired tack/cling; cost; tack stability during manufacturing,
transportation, storage, and/or use conditions; and the ike. In some embodiments,
ULDPE or VLDPE is present i the cling layer in an amount in the range of 10 to0 50
pereont by weight of the cling layer, in the range of 20 to 85 percent by weight of the
cling layer, in the range of 31 to 70 percent by weight of the cling laver, or even in the
range of 35 1o 69 percent by weight of the cling layer,

{6844] ULDPE or VLDPE can be made using Zicgler—Natea catalyst techniques to
provide a desired level of purge fraction. Ziegler-Natta catalysts are described in U.S.
Publication Numbers 2008/003857 1 (Klitzmiller ot al.} and 2008/0176951

{Biscoghic ot al.). An example of preparing a Zicgler—Natta catalyst and 2 ULDPE
resiv using a Ziegler—Natta catalyst technique is described n the Examples seetion
below with respect to Sample 1| ULDPE.

{8043} In cxcmplary cmbodiments, Zicgler—Natia catalyzed ULDPE or VLDPE includes
a copolymer of ethylenc and 3.5 to 10.5 mol percent of at least one comonomer selected
from the group consisting of Ci-Cyp g-oleting, dienes, and cycloalkenes. A Fiegler—Natta
catalyzed ULDFPE or VLDPE can have a molecular weight distribation (M,,/M,)) of from
3t 6. “ULDPE” and “VLDPE” can be used interchangeably. See, ¢.g., U.S.
Publication Number 2008/003857 1{Khitzomiller et al.). In some embodiments, VLDPE
can refer to such copolymer made by gas phase reaction techniques and ULDPE

can refer to such copolymer made by hauid phase (solation) reaction techniques.

{8846] Exemplary ULDPE or VLDPE that can be meorporated into a cling layver are
commercially available umder the tradenames ATTANE™ from the Dow Chemical
Company, Flexomer™ VLDPE from the Dow Chemical Company, and DOW VLDPE
froma the Dow Chemical Company.

{68471 An amount of the polyethyiene elastomer can be combined with an amount of the
ULDPE or VLDPE in any ratio that provides desired cling properties in a film. As
discussed, incorporating ULDPE or VLDPE at a sufficient level can permit a lower
amount of pelyethylene elastomer to be included in the cling layer while still providing

desired cling properties. This can be advantageous as polyethylene elastomer can be

{1
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relatively more expensive than ULDPE or VLDPE and/or PE elastomer can be difficult to
process with blown film techniques when used at relatively high levels (e.g., greater than
90% by weight of a Jayer) because of its tackiness. For example, in some embodiments,
more than 3¢ percent by weight of the ching laver can include ULDPE or VLDPE so that
less than 70 percent by weight of the cling layer includes polyethylene clastomer.

{88481 The thickness of the cling layer can vary over a wide range. In some
embodiments, the cling laver is from 5-30 percent of the overall thickness of the film, or
even from 10-30 percent of the overall thickness of the film.

{6849] Optionally, a cling laver can inchade one or more additives and/or additional
materials. For example, a cling layer can optionally include low density polyethylene
{LDPE) and/or linear low density polyethylene (LLDPE) as desired. Low density
polfyethylenc can have a density in the range in the range of 0.915 to (.935 grams/cnt’ and
a melt index 1o the range of 0.1 to 30 grams/10 roinutes. Linear low density polyethylene
can have a density in the range in the range of 9.912 t0 0.940 grams/cm” and a melt index
in the range of 0.5 to 30 grams/10 minutes. In some cmbodunents, a cling layer can
mclade LDPE in an amount frora § to 30 percent by weight of the cling layer. Also, in
some embodiments, a cling layer can include LLDPE in an amount from 0 to 30 percent
by weight of the cling layer.

{6858 Compositions used to make a cling layer as described herein can be provided in a
variety of forms.

{8651] For example, PE elastomer particles can be blended with ULDPE or VLDPE
particles to form a dry blend of particles. Methods of dry blending resins can

be found in U, 8, Pat, No. 3,318,534 (Necdham). If desired, the dry blend

of particles can be packaged and sold. At a point of use, the dry blend

can be placed in a hopper for extrusion parposes and formed into a cling layer

via, ¢.g., blown film technigues. in some embodiments a diy blend of particles

wncludes a first plurality of particles and a second plurality of particies. The first plurality
of particles can be made of material including a polyethylene elastomer comprismg a
copolymer of cthylenc and at fcast onc comonomer sclected from the group consisting of
Cy-Cro a-olefins, wherein the copolymer of othylene has a density in the range 0.855 to
890 grams/cnt and a melt index(h) in the range of 0.1 to 30 grams/10 minutes. The

second plurality of particles can be made of muterial comprising a polyethylene polymer

12
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chosen from an ultra-low density polvethylene polymer, a very low density polvethylone
polymer, and combinations thereof, wherein the polyethylene polymer has a density inthe
range 0.885 o 915 grams/cmg, a melt mdex(by) in the range of 0.1 to 30 grams/10
mintes, and a purge fraction greater than 20 percent as determined by Crystalhzation
Hlution Fractionation {CEF) test method,

{88521 As another example, a first plurality of particles and a sccond plurality of particles
can be mehied and blended to form a mixture. In some embodiments, the first plurality of
particles can be made of material including a polyethyiene elastomer inchuiding a
copolymer of cthylene and at least one comonomer selected from the group consisting of
Ca-(Cre g-olefing, wherein the copolymer of ethylene bas a density in the range 0.855 10
890 grams/cm” and a melt index(I) in the range of 0.1 to 30 grams/10 minutes. The
second plurality of particles can be made of material including a polyethylene polymer
chosen from an ultra-low density polyethylene polymer, a very low density polysthylene
polymer, and combinations thercof, wherein the polyethyvicne polymer has a density in the
range 0.885 to 915 grams/em’, a melt index(I) in the range of 0.1 to 30 grams/10
minutes, and a purge fraction greater than 20 percent as determined by Crystallization
Elution Fractionation {CEF) test method. After blending the melted particles to form a
mixtare, the mixture can be formed into a third plurality of particles. Forming

the third plerality of particles in this manner can be done by meli-blending

techniques. Methods of melt blending resins can be found o UL 5. Pat.

Mo, 6,111,019 (Arjunan et al.). Each particle in the thivrd plurality of particles

can inchude a polyethylene clastomer inchuding a copelyvmer of ethylene and at

{cast one comonomer selected from the group consisting of C3-Cog a-olefins, wherein the
copolymer of ethylene has a density in the tange 0.855 to 890 grams/cr’ and a melt
mndex(l;) in the range of .1 to 30 grams/10 mingtes; and a polyethylene polymer chosen
from an vltra-low density polyethylene polymer, a very low density polycthylene
pofymer, and combinations thereof, wherein the polyethylene pefymer has a density in the
range 0.885 0 915 grams/cmg, a melt index{l,} in the range of 0.1 to 30 grams/10
mingtes, end a purge fraction greater than 20 porecnt as determined by Crystallization
Clution Practionation (CET) test method. If desired, the third plurality of particles can be

packaged and sold. At & point of use, the third plurality of particles can be placed in 2
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hopper for extrusion purposes and formed indo a cling layer via, ¢.g., blown film
echniques.

{0853] For illustration purposes, a sceond outer laver of multilayer films disclosed herein
will be referred to as the release layer. Release layer composition formulations can
include one or more of low density polycthylene (LDPE), Hnear low deusity polyethylene
(LLDPE), polypropylene, and/or ethylene vinyl acetate (EVA)Y. In some embodiments, a
release layer can include LDPE i an amount from 0 to 100 percent by weight of the
release layer, Also, in some embodiments, a release laver can include LLDPE inan
amount from 0 to 100 percent by weight of the release layer. LDPE may have a density
m the range in the range of 0.915 16 0.935 gmms/cm3 and a melt mdex in the range of 0.1
to 30 grams/10 mingtes. LLDPE may have a density in the range in the range of 1.912 to0
0.940 grams/cm’ and a melt index in the range of 0.5 to 30 grams/10 minutes. In some
emabodiments, the thickness of the release layer 1s from 10 fo 30 percont of the overall
thickness of the film.

{6854] Optionally, a multilayer film described herein can include onc or more layers
between the two outer Jayers {e.g., the cling outer layer and the velease outer layer). Such
optional layers can be divectly or indirectly In contact with an outer laver. For example, a
multilayer film can inchude a “core” layer. A core layer may be a coniral layer between
the two cuter fayers. fn some embodiments, s multilaver film can include a cling layer
and a relcase layer with a single core layer between and in contact with the cling layer
and the release layer.

{83581 A core layer can include one or more of LLDPE, LDPE, polyethylene clastomer,
polypropylene, and/or othylene viny! acetate (EVA). In some embodiments, a core laver
can inchide LLDPE 1 an amount from 0 to 100 percent by weight of the core layer. In
some embodiments, a core layer can include LDPE in an amount from 0 to 100 percent
by weight of the core layer. In some embodinents, a core layer can include polyethylenc
clastomer 1o an amount from O to 100 percent by weight of the core layer. Tn some
embodiments, a core layer can include EVA in an amount from § to 100 percent by
weight of the core layer. EVA can have a vinyl acctate content of from 1-25 wi. percent,
with the remainder being ethylene. Excmplary LLDPE for use in a cling layer, core layer,

and/ot release layer of a nuhitlayer film is convuercially available under the tradenames
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ELITE™ LLDPE, TUFLIN™ LILDPE, and DOWLEX™ L LDPFE from the Dow
Chemical Company.

{8656] In some embodiments, the thickness of the core layer is from 40 to 80 percent of
the overall thickness of the film.

{8057] The ratio of the thicknesses among a cling layer, a release layer, and any optional
layers can be any ratio that provides desivable properties such as cling, release, and the
fike. In some embodiments, a multilayer film can have a cling layer thickness, a core
layer thickness, and a release layer thickness in a ratio in the range of 1:8:1 to 3:4:3.
{6858] A nwldlayer film can be made by 2 variety of techniques such as blown film
techniques. Methods of making multilayer blown films are described in U5, Patent

No. 6,521,338 (Maka). For example, a multitayer blown film can be made by
co-extruding a cling layer composition and a release layer composition {(and optionally
a core layer composition) to form a tube having two or more layers, and blowing and
then cooling the tube, by blown film co-extrusion techniques.

{8853] Multilayer films disclosed hercin can have a relatively reduced noisc level that
may be produced as a roll of streteh wrap film unrolls as an article is being wrapped. In
some embodiments, a roll of multilayer film that includes ULDPE or VLDPE having a
purge fraction greater than 20 percent in the cling layer and greater than 835 wt. percent of
LIDPE in the release layer can produce a noise level less than or equal to 90 decibels (dB)
as the roll is vmwound.

{8868] Multilayer films disclosed herein can have a variety of uses such as sireich wrap
filmas, surface protection films, agricultural films, and the Bike. An oxample of an
agricultural film includes silage wrap. Silage wrap can be dosigned to maintain the
mutritional value of forage plants such as corn, vegetables, and grasses that continue (¢
resprite after cotting. Silage wrap can exclude an undue amount of air so lactic acid
fermentation can take place, feaving a feed rich in vitamins and carotene. As is common
in the art, silage wrap may be used to protect feed sources for several months under a
vartety of conditions.

18861 Embodiments of the muitilayer filras will now be firther described in the

following llustrative examples.

Date Regue/Date Received 2022-05-20



CA 02965497 2017-04-21

WO 2016/069406 PCT/US2015/057136

18862] EXAMPLES

{8863] The resins used in the Exarples are shown in Table 1. ENABLE™ 2010 LLDPE
is available from the Exoxon Mobil Chemical Company. The remaining resins in Table 1
are available from the Dow Chemical Company.

Table 1 - (Note: PF = purge fraction as determined by CEF test micthoed)

Ziegler-
) Natta (Z-N) ‘
Density Mi{g/ 10 Production
Product N ) Purge ) Catalyst
{g/em’) min) o Process
fraction
(W!i,%))
Resin for cling laver
SAMPLE } N , _
0.900 5.4 32 Sclution Z-N
ULDFPE
ATTANE™
4404 G (.904 4.4 28 Solution Z-N
ULDFPE
ATTANE™ ) ]
0.905 0.8 18 Solution Z-N
4203 UDLPE
DOW
YLDPE 9042 {.899 5.2 36 (Gas Z-N
VLDPE
AFFINITY™
¢ - « Ni}i . . -
EG 81006 PE 0.870 1.0 ) Solution single-site
applicable
Elastomer
Resin for core laver
DOWLEX™
2045G 0.920 i 4 Solution Z-N
LLDPE
DOWLEX™
645G (.918 (.85 .¢ss than 5 Solution Z-N
LLDPE
DOWLEX™ 0917 (.95 [ess than 3 Solution Z-N

is
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27006

LLDPE

TUFLIN'Y

HS-7028 NT7 (.98 LG 13 Gas Z-N
LLDPE
ENABLE™ Not
. 4.920 LG ) Gas Metallocene
2000 LLDPE applicable
Resin for release layer
High
LDPE 5011 (.922 1.9 none none
pressure

19864] Heat of fusion of AFFINITY™ EG 8100G polyethylene elastomer by DSCis 51.7
Jig.
{6865] Sample | ULDPE resin was made according to the procedure below.

[6866] Preparation of the Zicgler-Natta {Z-N) Catalvst 10 make Sample 1 ULDPE

{8867] The Z-N catalyst was prepared according to the following procedure.
FEthylahoniniom dichloride (EADC) solution (15 wi.% EADC dissolved in Isopar E
{avaiiable from ExxonMobil Chemical Co., Houston, Tex.}) was transferred into the
stirred vessel containing magnesium chioride (MgCh) sturry (0.2M in Isopar E)Y and aged
while stirring for 6 hours priov to use. Titaniom tetraisopropoxide (TH{O1Pr).) was
transferred to the MoCL/EADC slurry vessel, followed by at least 8 hours of aging to
obtain the procatalyst. The ratio of MgClyEADC: TI{CiPr)4 was such that the metal ratio
{Mg:ALTh) in the procatalyst was 40:12.5:3,

{88681 Preparation of Sample 1 ULDPE

{8869] A low-pressure, sclution, polymerization reactor was used. A hydrocarbon
solvent and monomer {ethylene} were injected into the reactor as a liguid. Comonomer
{1-octene) was mixed with the Hauid solvent, This feed stream was cooled 1o less than
20° C before injection into the primary reactor. The reactors were operated at polymer
concentrations in excess of 10 wi%, The adiabatic tempersture risc of the solution

accounts for the heat removal from the pelymerization reactions.
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188781 The solvent used in the schution polycthylene process was a high purity iso-
paraffinic fraction of C6-CR hydrocarbous. Fresh 1-octene was purified and mixed with
the recvele solvent stream (contained solvent, ethiylene, T-octene, and hydrogen). After
wmixing with the recycle stream the combined hiquid stream was further purified before
using a high pressure (600-1000 psig) teed pump to pump the contents to the reactor,
Fresh ethylene was purified and compressed to 600-1000 psig. Hydrogen {a telogen used
to reduce melecular weight) and ethylene were flow controlled nto the recycle solvent
stream and the total feed stream was cooled to the appropriate feed temperature, which
can be <40°C. The process used the Zicgler-Natta catalyst described above to catalyze
the polymerization reactions. The reactor was operated at pressures > 400 psig and
temperatures in excess of 70°C. The ethylene conversion was maintained in the reactor
by controfling the catalyst injection rate. The residence time was relatively short (less
than 30 minutes). The ethyvicne conversion per reaction pass was greater than 80 wt.%
ethylene.

168711 Upon exiting the reactor, water and antioxidant additives were injected in the
polvmer solution. The water hydrolyzed the catalyst, terminating the polymerization
reaction. Some of the additives such as antioxidants remained with the polymer and
function as stabilizers to prevent polymer degradation, The post reactor solution was
suaperheated from reactor teruperature (> 70 Deg C) to 210 ~ 260 Deg C in preparation for
a two-stage devolatization to recover the solvent and unreacted monomers. Residuald
volatiles in the polymer were less than 2,000 ppm by weight. The polymer melt was

pumped o a die for underwater pellet cutting.
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EXAMPLE |

{6872] TABLE 2 — The Effect of Cling Layer Formulation on Stretch Cling Performance

Streteh
PE ) LLDPE Cling
ULDPE ox VLDPE
Flastomer {g/in film
Blend widih)
Film
Daensity ! ) Comparative | DOW Comparative
# 5 | AFPINITYTS Sample | ATTANE™ N . e
{glem™} 3 o ATTANE™ | VEDPE | DOWLEX™
EG 8100G PE i 4404
4203 9042 2045G
elastomer ULDPE ULDPE o o i )
ULDPE VLDPE LLDPE
{wt.%) {(wt.9%) (wt.%) )
(wt. %) (wt.%) (wt.%)
1 0.878 6% 31 4} 0 4} 0 12
2 0.884 56 50 0 0 0 0 7.8
3 0.889 35 65 0 0 0 0 5.4
4 0.893 pit &0 3} 0 3} 0 2.3
N 0.878 73 o 27 0 o 0 07
& 0.884 56 G 44 0 0 4] 54
7 (.889 43 0 57 0 O 0 2.1
8 0.893 31 O 69 0 0 0 O
10 0.878 75 ¢ 0 25 0 O 1.4
i (1.334 58 0 0 42 0 0 1.3
iz 0.889 44 G 0 56 0 0 0.3
13 0.893 33 ¢ 0 67 0 0 I
14 0.878 69 0 0 0 i1 0 13
is 0.884 48 G 0 0 52 Q0 2.3
16 0,889 33 ¢ 0 0 67 0 7
i8 0.870 10¢ 4] 0 0 0 0 13
19 0.878 83 G 0 0 0 17 5.3
20 (1.834 TG 0 ] 0 0 30 2.3
21 0,884 60 G 0 4} 0 40 O
22 0.893 52 ¢ 3} 0 8} 48 5}
23 .902 35 Y 0 0 0 65 u
24 0.9i0 20 G 0 0 0 &0 Y

{3873] The performance data in Table 2 above of 200% stretch cling was obtained from

co-extruded 3-layer films made from a blown line. The film gauge was | mil and the film

structure was cling (159 / core {70%%} / release {15%%). The core fayer included100 wt.%
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of DOWLEX™ 2045G LLDPE and the release layer includediO0 wt.% of LEPE SGi.
The composition of gach cling layer was as listed o the Table 2 above,

{8874] Two sets of samples of cling lavers from Table 2 were used to make Figure 1. For
one set of samples, the AFFINITY™ EG 8100G PE elastomer was blended with an ultra-
low density polyethylene polymer having a purge fraction of 32 percent as determined by
CEF test method (Sample 1 ULDPE) (see film #s 1-4 in Table 2). For the other set of
samples, the AFFINITY™ EG 8100G PE elastomer was blended with an LLDPE having
a purge fraction of 4 percent as determined by CEF test method (DOWLEX™ 2045G
LLDPE) (sce film #s 18-24 in Table 2). As can be seen in Figure 1, to achiove the same
or similar ching value a lower arpount of AFFINITY™ EG 8100G PE elastomer can be
used when blended with Sample 1 ULDPE as compared to DOWLEX™ 2045G LLDPE.
The ability to use less AFFINITY ™ EG 8100G PE clastomer for a given cling value can
be advantageous because AFFINITY™ EG 100G PE clastomer can be relatively
expensive and/or can be difficult to process with blown film techniques when
AFFINITY™ EG 8100G PE clastomer is used at relatively high fevels {c.g., greater than
90%% by weight of a layer) because of tis tackiness. As can also be seen from Figure 1,
when the AFFINTTY ™ EG 8100G PE elastomer/DOWLEX 2045G LLDPE blend
includes less than 70 percent AFFINITY™ EG 8100G PE clastomer, the cling value is
fess than 2 grams pet inch film width, which can be undesirable in some embodiments.
Applicants also note that for the same cling value among the two sets, especially for a
cling value greater than 10 g/inch film width, it was relatively casier to perform film
fabrication during blown film process for the blend of AFFINITY™ EG 81006G PE
clastomer and Saraple 1 ULDPE. For example, the blend of AFFINITY™ EG 8100G PE
clastomer and Sample 1 ULDPE was not as tacky when the film passed over winders
during film fabrication.

{#875] EXAMPLE 2 — Cling performance for a cling layer in contact with different core
fayers.

{8076] The performance data in Table 2 below of 250% stretch cling was obtained from
co-extruded 3-Iayer films made from a blown line. The film gauge was 0.9 mil and the
structure was cling (109 / core {8(%) / release (109%). The cling layer mcluded 65 wi.%
AFFINITY™ £G 81006 PE clastomer and 31 wt.% Sampie 1 ULDPE. The release layer

incloded 100 wt. % LOPE S011. Each film inchuded a core layer having 100 wt.%

2
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LLDPE. The melt index and density of the LLEPE was different for cach film. Al filims

demonstrated good cling performance.

Tabie 3
LLDPE resin in core laver Stretch Cling (g/in
film width)
DOWLEX™ 26450
LLDPE .
DOWLEX™ 27000 .
LLDPE 4
TUFLINT HS-7028 NT7 .
LLDPE i
ENABLE™ 2010 LLDPE 14

(66771 EXAMPLE 3

{8878] In EXAMPLES 1 and 2, the composition of the refease layer was 100 wt.%

LDPE. The data in Table 4 below shows the cling values of cling layers in filmos with

different blend compositions of LDPE and LLIDPE in the release layer. The cling layer

composition for the films s Hxample 3 s fixed at 65 wi.% of AFFINITY ™ EG 51006

polyethylene elastomer and 35 wt.% of Sample 1 ULDPE,

Table 4

W1t.% of DOWLEX™

Wt.% of LDPE 5011 - ‘
2045G LLDPE in the

in the release layer
release layer

Cling value {g/inch

fitin width)

MNoise lovel during
film unwinding

{(dB, 20 inch film

wvidth}
0 100 17 116.7
25 75 12.3 117.7
30 30 9.6 114.8
75 25 0.4 98.9
100 0 8.4 g1

19879] EXAMPLE 4 — Cold Temperature Test

{6088] The films in Table 5 were put in a treeze

v overmight at -5°C. The cling test was

performed on each film immediately after removing each film from the freezer. The film

r2
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structure was cling/ core (100 wt.% DOWLEX™ 20453 LLDPE) / release (100 wi%

LDPE 5011).
Table 5

Cling layer formulation

Cling value at 23 °F {g/inch

fitm width)

70 wit.% AFFINITY™ EG
100G PE elastomer + 30%

DOWLEX™ Z045G LLDPE

oy
oo
L

50 wt.% AFFINITY™ EG
100G PE elastomer + 50%

DOWLEXT™ 2045G LLDPE

4.45

2
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CLAIMS:
1. A multilayer film comprising:
a cling layer comprising:

a polyethylene elastomer comprising a copolymer of ethylene and at least one
comonomer selected from the group consisting of C3-Czo a-olefins, wherein the polyethylene
elastomer has a density in the range 0.855 to 0.890 grams/cm® and a melt index(I2) in the range

of 0.1 to 30 grams/10 minutes; and

a polyethylene polymer chosen from an ultra-low density polyethylene polymer, a very
low density polyecthylene polymer, and combinations thereof, wherein the polyethylene polymer
has a density in the range 0.885 to 0.910 grams/cm®, a melt index(I2) in the range of 0.1 to
30 grams/10 minutes, and a purge fraction greater than 20 percent as determined by
Crystallization Elution Fractionation (CEF) test method, wherein said polyethylene polymer is

present in the cling layer in an amount from 10 to 50 percent by weight of the cling layer; and
arelease layer.

2. The multilayer film according to claim 1, wherein the polyethylene polymer is present

in the cling layer in an amount in the range of 10 to 35 percent by weight of the cling layer.

3. The multilayer film according to claim 2, wherein the polyethylene elastomer
comprising the copolymer of ethylene and at Ieast one comonomer selected from the group
consisting of C3-Czo a-olefins is present in the cling layer in an amount in the range of 90 to

65 percent by weight of the cling layer.

4. The multilayer film according to claim 1, wherein the release layer comprises low

density polyethylene and/or linear low density polyethylene.

5. The multilayer film according to claim 1, further comprising one or more layers

between the cling layer and the release layer.

6. The multilayer film according to claim 1, further comprising a core layer between the

cling layer and the release layer.

23
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7. The multilayer film according to claim 1, wherein the film has a thickness and the cling
layer has a thickness, and wherein the thickness of the cling layer is from 5-30 percent of the

thickness of the film.

8. A method of making the multilayer film according to claim 1, wherein the method

comprises:
providing a cling layer composition comprising:

a polyethylene elastomer comprising a copolymer of ethylene and at least one
comonomer selected from the group consisting of C3-Cxp a-olefins, wherein the polyethylene
elastomer has a density in the range 0.855 to 0.890 grams/cm® and a melt index(1>) in the range

of 0.1 to 30 grams/10 minutes; and

a polyethylene polymer chosen from an ultra-low density polyethylene polymer, a very
low density polyethylene polymer, and combinations thereof, wherein the polyethylene polymer
has a density in the range 0.885 to 0.910 grams/cm®, a melt index(I,) in the range of 0.1 to
30 grams/10 minutes, and a purge fraction greater than 20 percent as determined by
Crystallization Elution Fractionation (CEF) test method, wherein said polyethylene polymer is

present in the cling layer in an amount from 10 to 50 percent by weight of the cling layer;

coextruding the cling layer composition with a release layer composition in an extruder

to form a tube having a cling layer and a release layer; and
cooling the tube to form a multilayer blown stretch film.
9. A composition comprising;

a polyethylene elastomer comprising a copolymer of ethylene and at least one
comonomer selected from the group consisting of C3-Cxo a-olefins, wherein the polyethylene
elastomer has a density in the range 0.855 to 0.890 grams/cm® and a melt index(I,) in the range

of 0.1 to 30 grams/10 minutes; and

a polyethylene polymer chosen from an ultra-low density polyethylene polymer, a very
Iow density polyethylene polymer, and combinations thercof, wherein the polyethylene polymer
has a density in the range 0.885 to 0.910 grams/cm®, a melt index(I») in the range of 0.1 to
30 grams/10 minutes, and a purge fraction greater than 20 percent as determined by
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Crystallization Elution Fractionation (CEF) test method, wherein said polyethylene polymer is

present in the composition in an amount from 10 to 50 percent by weight of the composition.

10. The composition according to claim 9, wherein the composition comprises a dry blend

of particles comprising:

a first plurality of particles, wherein the first plurality of particles are made of material
comprising a polyethylene elastomer comprising a copolymer of ethylene and at least one
comonomer selected from the group consisting of C3-Cxo a-olefins, wherein the polyethylene
clastomer has a density in the range 0.855 to 0.890 grams/cm® and a melt index(I2) in the range

of 0.1 to 30 grams/10 minutes; and

a second plurality of particles, wherein the second plurality of particles are made of
material comprising a polyethylene polymer chosen from an ultra-low density polyethylene
polymer, a very low density polyethylene polymer, and combinations thereof, wherein the
polyethylene polymer has a density in the range 0.885 to 0.910 grams/cm®, a melt index(I») in the
range of 0.1 to 30 grams/10 minutes, and a purge fraction greater than 20 percent as determined

by Crystallization Elution Fractionation (CEF) test method.

11. The composition according to claim 9, wherein the composition comprises a plurality of

particles, wherein each particle comprises:

a polyethylene elastomer comprising a copolymer of ethylene and at least one
comonomer selected from the group consisting of C3-Czo a-olefins, wherein the polyethylene
elastomer has a density in the range 0.855 to 0.890 grams/cm® and a melt index(I2) in the range

of 0.1 to 30 grams/10 minutes; and

a polyethylene polymer chosen from an ultra-low density polyethylene polymer, a very
low density polyethylene polymer, and combinations thereof, wherein the polyethylene polymer
has a density in the range 0.885 to 0.910 grams/cm®, a melt index(I,) in the range of 0.1 to
30 grams/10 minutes, and a purge fraction greater than 20 percent as determined by
Crystallization Elution Fractionation (CEF) test method, wherein said polyethylene polymer is

present in the particles in an amount from 10 to 50 percent by weight of the particles.

12. A method of making the plurality of particles according to claim 11 comprising:
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melting a first plurality of particles and a second plurality of particles;

blending the melted first plurality of particles with the second plurality of particles to

form a mixture; and

forming the mixture into a third plurality of particles, wherein the first plurality of
particles are made of material comprising a polyethylene elastomer comprising a copolymer of
cthylene and at least one comonomer selected from the group consisting of C3-Cop a-olefins,
wherein the polyethylene elastomer has a density in the range 0.855 to 0.890 grams/cm® and a
melt index(I») in the range of 0.1 to 30 grams/10 minutes; and wherein the second plurality of
particles are made of material comprising a polycthylene polymer chosen from an ultra-low
density polyethylene polymer, a very low density polyethylene polymer, and combinations
thereof, wherein the polyethylene polymer has a density in the range 0.885 to 0.910 grams/cm®, a
melt index(I) in the range of 0.1 to 30 grams/10 minutes, and a purge fraction greater than
20 percent as determined by Crystallization Elution Fractionation (CEF) test method, wherein
said polyethylene polymer is present in the mixture in an amount from 10 to 50 percent by

weight of the mixture.
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