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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/101699 Al
4 July 2013 (04.07.20 13) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B32B 7/00 (2006.01) B32B 27/32 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/US20 12/07 1140 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

2 1 December 2012 (21 .12.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(30) Priority Data: ZM, ZW.
61/581,381 29 December 201 1 (29. 12.201 1) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: DOW GLOBAL TECHNOLOGIES LLC kind of regional protection available): ARIPO (BW, GH,

[US/US]; 2040 Dow Center, Midland, MI 48674 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,(72) Inventors: DOOLEY, Joseph; 3645 East Hubbard Road,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Midland, MI 48642 (US). JENKINS, Steven, R.; 3902
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,

North West River Road, Sanford, MI 48657 (US). LEE,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Patrick, Chang Dong; 6009 Schade Drive, Midland, MI
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

48640 (US).
ML, MR, NE, SN, TD, TG).

(74) Agent: FALK, Stephen; The Dow Chemical Company, In
Published:

tellectual Property, P.O. Box 1967, Midland, MI 48641-
1967 (US). — with international search report (Art. 21(3))

(54) Title: COEXTRUDED MULTILAYER CYCLIC OLEFIN POLYMER FILMS OR SHEET HAVING IMPROVED MOIS
TURE VAPOR BARRIER

(57) Abstract: Disclosed are coextruded multilayer film or sheet comprising
at least four alternating layers of layer materials A and B, the layers having an
average layer thickness of from 1 to 3000 nm, wherein layer material A com
prises a cyclic olefin polymer, layer material B comprises an ethylene poly
mer and, based on layer materials A and B, one layer material is from 5 to 95
volume percent of the film or sheet and the other makes up the balance. In

Extruder A Extruder B some of the embodiments the layers of A and B have a total thickness of at
least 40 nm and the disclosed film or sheet can also comprise outer skin lay
ers C and optional inner layers D which comprise from 5 to 95 volume per
cent of the film or sheet.

BAB Feedblock

Layer Multipliers (7)

Optional Skin Layer

Extruder
Die

Skin Layer

o
Skin Layer

o
o



COEXTRUDED MULTILAYER CYCLIC OLEFIN POLYMER FILMS OR SHEET
HAVING IMPROVED MOISTURE VAPOR BARRIER

BACKGROUND

[0001] There are many applications for plastic films or sheet where improved

moisture barrier would be beneficial. This invention is directed to coextruded multilayer

films or sheets (also sometimes referred to as microlayer or nanolayer films) having

improved moisture barrier. By coextruding the specified materials and layer structure, films

or sheets are provided having good combinations of moisture barrier and other film or sheet

properties.

[0002] In US 2009/0169853 ("Barrier Films Containing Microlayer Structures")

autoclavable films are taught comprising a microlayer structure with heat resistant polymer

layer and barrier polymer microlayers having a thickness ranging from about 0.01 microns

to about 10 microns.

[0003] In US 2007/0084083, entitled "Fluid System Having an Expandable Pump

Chamber," moisture vapor barrier films are taught comprising less than 10 layers.

[0004] In WO 2000076765, entitled "Barrier Material Made of Extruded

Microlayers," moisture vapor barrier films are taught.

[0005] In the journal article "Confined Crystallization of Polyethylene Oxide in

Nanolayer Assemblies", Wang, H., Keum, J.K., Hiltner, A. Baer, E., Freeman, B.,

Rozanski, A., and Galeski, A., Science, 323, 757 (2009) and patent application

US2010/0143709, there are described micro-/nanolayer coextruded films having specified

crystal morphology in a semi-crystalline polymer to improve oxygen barrier.

[0006] In US2011/0241245 , entitled "Axially Oriented Confined Crystallization

Multilayer Films," there are described micro-/nanolayer coextruded films having specified

crystal morphology in a semi-crystalline polymer to improve oxygen barrier.

[0007] In US2010/0143709, entitled "Confined Crystallization Multilayer Films,"

there are described multilayer films having a first polymer layer coextruded with and

confined between second polymer layers, the first polymer layer is said to have high aspect

ratio crystalline lamellae, and the multilayer film is said to be substantially impermeable to

gas diffusion.



[0008] There remains a need for films and sheets with improved barrier properties,

particularly moisture barrier, to enable downgauged packaging systems with conventional

or improved barrier properties or packaging of conventional or thicker dimension with still

further improved barrier properties. A film with standard or downgauged overall thickness,

utilizing less volume to achieve a given barrier, can provide improved toughness and other

properties via the "freed up" volume being used by polymers providing other attributes than

barrier. The films and sheets of the present invention provide such benefits.

SUMMARY

[0009] The present invention is directed to a coextruded multilayer film or sheet

(including, in an alternative embodiment, profiles, tubes, parisons or the like made or

formed therefrom) comprising at least four alternating layers of layer materials A and B, the

layers of A and B having an average layer thickness of from 1 to 3000 nm, wherein; (a)

layer material A is from 5 to 95 volume percent of the film or sheet based on layer materials

A and B and comprises a cyclic olefin polymer ("COP"); (b) layer material B is from 5 to

95 volume percent of the film or sheet based on layer materials A and B and comprises an

ethylene polymer. In other embodiments of the coextruded multilayer film or sheet

according to the invention, the individual layer pairs of A and B have a total thickness of at

least 40 nm; there are outer skin layers C and optional inner layers D which comprise from

5 to 90 volume percent of the film or sheet; the coextruded multilayer film or sheet has a

thickness of from 4.5 µιη to 7.5 mm; and/or the coextruded multilayer film or sheet

comprises from 10 to 1000 alternating layers of A and B, preferably 30 to 1000 alternating

layers of A and B, or 50 to 1000 alternating layers of A and B.

[0010] In further alternative embodiments of the coextruded multilayer film or

sheet according to the invention: the A and B layers have an average thickness of from 10

to 500 nm; the ethylene polymer has a density of greater than 0.90 grams per cubic

centimeter and is selected from the group consisting of high density polyethylene and

medium density polyethylene; and/or the cyclic olefin polymer is selected from the group

consisting of: (A) cyclic olefin block copolymers ("CBCs") prepared by producing block

copolymers of butadiene and styrene that are hydrogenated to a CBC; (B) COP's based on a

ring opening metathesis route via norbornene and/or substituted norbornenes; (C)

amorphous, transparent copolymers based on cyclic olefins and linear olefins; (D) blends of

two or more COPs; or (E) blends of one or more COP with polymers that are not COPs

comprising at least 25 wt cyclic olefin unit content in the total blend or composition.



[0011] An alternative aspect of the invention includes any of the multilayer films or

sheet described above wherein the film or sheet: has a reduced water vapor transmission

rate ("WVTR") as compared to a calculated theoretical WVTR that is calculated from the

individual layer WVTRs using the series model for layered assemblies and/or has a WVTR

that is 95% or less than the calculated theoretical WVTR. The multilayer film or sheet as

described above can also be made in the form of or formed into a profile, tube or parison.

In alternative embodiments, the present invention is a profile, tube or parison comprising at

least four alternating layers of layer materials A and B, the layers of A and B having an

average layer thickness of from 1 to 3000 nm, wherein; (a) layer material A is from 5 to 95

volume percent of the layer materials A and B and comprises a cyclic olefin polymer; (b)

layer material B is from 5 to 95 volume percent of the layer materials A and B and

comprises an ethylene polymer, or in a further alternative embodiment, is a blow molded

bottle or other container prepared from such a parison.

[0012] BRIEF DESCRIPTION OF THE DRAWING

[0013] The accompanying figure together with the following description serves to

illustrate and provide a further understanding of the invention and its embodiments and is

incorporated in and constitutes a part of this specification. In the drawing:

[0014] FIG. 1 is a schematic diagram illustrating a method of making a multilayer

film or sheet structure in accordance with an embodiment of the present invention.

[0015] DETAILED DESCRIPTION

[0016] The term "composition" and like terms mean a mixture of two or more

materials, such as a polymer which is blended with other polymers or which contains

additives, fillers, or the like. Included in compositions are pre-reaction, reaction and post-

reaction mixtures the latter of which will include reaction products and by-products as well

as unreacted components of the reaction mixture and decomposition products, if any,

formed from the one or more components of the pre-reaction or reaction mixture.

[0017] "Blend", "polymer blend" and like terms mean a composition of two or

more polymers. Such a blend may or may not be miscible. Such a blend may or may not be

phase separated. Such a blend may or may not contain one or more domain configurations,

as determined from transmission electron spectroscopy, light scattering, x-ray scattering,



and any other method known in the art. Blends are not laminates, but one or more layers of

a laminate may contain a blend.

[0018] "Polymer" means a compound prepared by polymerizing monomers,

whether of the same or a different type, that in polymerized form provide the multiple

and/or repeating "units" or "mer units" that make up a polymer. The generic term polymer

thus embraces the term homopolymer, usually employed to refer to polymers prepared from

only one type of monomer, and the term interpolymer as defined below. It also embraces

all forms of interpolymers, e.g., random, block, etc. The terms "ethylene/a-olefin polymer"

and "propylene/a-olefin polymer" are indicative of interpolymers as described below

prepared from polymerizing ethylene or propylene respectively and one or more additional,

polymerizable a-olefin monomer. It is noted that although a polymer is often referred to as

being "made of one or more specified monomers, "based on" a specified monomer or

monomer type, "containing" a specified monomer content, or the like, in this context the

term "monomer" is obviously understood to be referring to the polymerized remnant of the

specified monomer and not to the unpolymerized species. In general, polymers herein are

referred to has being based on "units" that are the polymerized form of a corresponding

monomer.

[0019] "Interpolymer" means a polymer prepared by the polymerization of at least

two different monomers. This generic term includes copolymers, usually employed to refer

to polymers prepared from two or more different monomers, and includes polymers

prepared from more than two different monomers, e.g., terpolymers, tetrapolymers, etc.

[0020] "Polyolefin", "polyolefin polymer", "polyolefin resin" and like terms mean

a polymer produced from a simple olefin (also called an alkene with the general formula

CnH 2n) as a monomer. Polyethylene is produced by polymerizing ethylene with or without

one or more comonomers, polypropylene by polymerizing propylene with or without one or

more comonomers, etc. Thus, polyolefins include interpolymers such as ethylene/a-olefin

copolymers, propylene/a-olefin copolymers, etc.

[0021] "(Meth)" indicates that the methyl substituted compound is included in the

term. For example, the term "ethylene-glycidyl (meth)acrylate" includes ethylene-glycidyl

acrylate (E-GA) and ethylene-glycidyl methacrylate (E-GMA), individually and

collectively.



[0022] "Melting Point" as used here is typically measured by the DSC technique

for measuring the melting peaks of polyolefins as described in USP 5,783,638. It should be

noted that many blends comprising two or more polyolefins will have more than one

melting peak; many individual polyolefins will comprise only one melting peak.

[0023] "Water vapor permeabilities" are also referred to as water vapor

transmission rates (WVTRs) and/or moisture water vapor transmission rates (MVTRs). As

used herein, they are determined at 38°C, 100% relative humidity and 1 atm pressure in air

and were measured with a MOCON Permatran-W 3/3 1. The instrument was calibrated with

National Institute of Standards and Technology certified 25 µιη-thick polyester film of

known water vapor transport characteristics. The specimens were prepared and the WVTR

was performed according to ASTM F1249.

[0024] "Oxygen permeabilities", also referred to herein as oxygen transmission

rates (OTR's) are determined at 23°C, 0% relative humidity and 1 atm pressure were

measured with a MOCON OX-TRAN 2/20. The instrument was calibrated with National

Institute of Standards and Technology certified Mylar film of known 0 2 transport

characteristics. The specimens were prepared and the WVTR was performed according to

ASTM D3985.

[0025] As used herein, the general term "film", including when referring to a "film

layer" in a thicker article, unless expressly having the thickness specified, includes any thin,

flat extruded or cast thermoplastic article having a generally consistent and uniform

thickness up to about 0.254 millimeters (10 mils). "Layers" in films can be very thin, as in

the cases of microlayers discussed in more detail below.

[0026] As used herein, the general term "sheet", unless expressly having the

thickness specified, includes any thin, flat extruded or cast thermoplastic article having a

generally consistent and uniform thickness greater than "film", generally at least 0.254

millimeters thick and up to about 7.5 mm (295 mils) thick. In some cases sheet is

considered to have a thickness of up to 6.35 mm (250 mils).

[0027] Either film or sheet, as those terms are used herein can be in the form of

shapes, such as profiles, parisons, tubes, and the like, that are not necessarily "flat" in the

sense of planar but utilize A and B layers according to the present invention and have a

relatively thin cross section within the film or sheet thicknesses according to the present

invention.



[0028] The numerical figures and ranges here are approximate, and thus may

include values outside of the range unless otherwise indicated. Numerical ranges (e.g., as

"X to Y", or "X or more" or "Y or less") include all values from and including the lower

and the upper values, in increments of one unit, provided that there is a separation of at least

two units between any lower value and any higher value. As an example, if a

compositional, physical or other property, such as, for example, temperature, is from 100 to

1,000, then all individual values, such as 100, 101, 102, etc., and sub ranges, such as 100 to

144, 155 to 170, 197 to 200, etc., are expressly enumerated. For ranges containing values

which are less than one or containing fractional numbers greater than one (e.g., 1.1, 1.5,

etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges

containing single digit numbers less than ten (e.g., 1 to 5), one unit is typically considered to

be 0.1. These are only examples of what is specifically intended, and all possible

combinations of numerical values between the lowest value and the highest value

enumerated, are to be considered to be expressly stated in this disclosure.

[0029] According to the present invention it has been found that the pairing of thin

A and B layers, as described in more detail below, surprisingly exhibit moisture (water)

vapor transmission rates that are lower and more improved than would otherwise be

expected.

[0030] In general, a broad range of thermoplastic ethylene polymers (also often

generally referred to as resins, plastics or plastic resins) can be employed in the ethylene

polymer layer in the laminate film or sheet structures provided they can be formed into thin

film or sheet layers and provide the desired physical properties. Alternative or preferred

embodiments of the invention may employ one or more of the specific types of

thermoplastic polyolefin copolymers and/or specific thermoplastic polyolefin copolymers in

specific layers, as will be discussed further below. These ethylene polymers include

ethylene homopolymers and copolymers of at least 50 weight percent ethylene with one or

more other C-3 to C-25 alpha olefin comonomers including, for example, propylene,

butene, hexene and octene and including copolymers of ethylene, optionally one or more of

these C-3 to C-25 alpha olefin comonomers and one or more olefinic additionally

copolymerizable monomers polymerized therewith. Such additional olefinic

copolymerizable monomers include, for example, olefin monomers having from 5 to 25

carbon atoms and ethylenically unsaturated carboxylic acids (both mono- and difunctional)

as well as derivatives of these acids, such as esters and anhydrides. The suitable ethylene



polymers comprise at least 50 percent by weight ethylene polymerized therein, more

preferably at least 70 percent by weight, more preferably at least 80 percent by weight, more

preferably at least 85 percent by weight, more preferably at least 90 weight percent and

most preferably at least 95 percent by weight ethylene.

[0031] Preferred ethylene polymer layer materials are homopolymers of ethylene

and copolymers with less than 50 weight percent butene, hexene or octene, preferably 30 or

less weight percent, more preferably 20 or less weight percent, more preferably 10 or less

weight percent, and most preferably 5 or less weight percent. Especially preferred ethylene

polymers are the known ethylene backbone homo- and co-polymers including high

pressure, free-radical low density polyethylene (LDPE), linear low density polyethylenes

(LLDPE), ethylene-based olefin block copolymers ("e-OBCs"), ethylene-based Ziegler-

Natta catalyzed polymers including heterogeneous linear low density polyethylene, ultra

low density polyethylene (ULDPE), very low density polyethylene (VLDPE), medium

density polyethylene ("MDPE"), and high density polyethylene ("HDPE").

[0032] Suitable methods for the preparation of all of these types of polymers are

well known in the art. As known to those skilled in this area of technology, there are

different methods for calculating or determining the comonomer content of ethylene

copolymers that have different levels of accuracy. As used herein, unless otherwise

specified, the ethylene copolymer comonomer contents are measured according to carbon

13 NMR. Other methods that can be used for general comonomer levels include the ASTM

FTIR method based on IR (infrared) or mass balance method.

[0033] The preferred density range for the ethylene polymer is at least about 0.90,

preferably at least about 0.92, and more preferably at least about 0.940 grams per cubic

centimeter (g/cc) as determined by ASTM Test Method D 1505 and less than or equal to

about 0.98 g/cc.

[0034] Preferably the ethylene polymer has a melt index of at least about 0.01

grams per 10 minutes (g/10 min) and less than or equal to 35 g/10 min.

[0035] High density polyethylene (HDPE) is a preferred ethylene polymer and, as

well known, is generally produced by a low pressure, coordination catalyst ethylene

polymerization process and consists mainly of long linear polyethylene chains. The density

of this type of polymer is at least about 0.940 grams per cubic centimeter (g/cc) as

determined by ASTM D 792 and less than or equal to about 0.98 g/cc, with a melt index of



at least about 0.01 grams per 10 minutes (g/10 min) and less than or equal to 35 g/10 min.

These and other ethylene polymer melt indexes referred to herein can generally be

determined by ASTM Test Method D 1238, Condition 190°C/2.16 kg, (also referred to as

I2) . HDPE resins preferred for use in the blends according to the present invention will have

a density of at least about 0.950 grams per cubic centimeter (g/cc) and up to and including

about 0.975 g/cc as determined by ASTM D 792, method A, on samples prepared according

to ASTM D 1928 (annealed), Method C. ASTM D792 gives the same result as ISO 1183.

Suitable HDPE resins will have a melt index of at least about 0.1 and more preferably at

least about 1 g/10 min and less than or equal to about 25 grams per 10 minutes; more

preferably less than or equal to about 10 g/10 min. Suitable HDPEs are commercially

available as ELITE 5960G, HDPE KT 10000 UE, HDPE KS 10100 UE and HDPE 35057E

brand resins from The Dow Chemical Company. Medium density polyethylene (MDPE) is

also a preferred ethylene copolymer and, as well known, is generally produced by known

ethylene polymerization process techniques (e.g., low pressure). The density of this type of

polymer is at least about 0.925 grams per cubic centimeter (g/cc) as determined by ASTM

Test Method D 728 and less than or equal to about 0.945 g/cc, with a melt index of at least

about 0.01 grams per 10 minutes (g/10 min) and less than or equal to 35 g/10 min. For

example, suitable MDPEs are commercially available as ELITE 5940G brand resins from

The Dow Chemical Company or Chevron Philips Chemical Company MarFlex HHM TR

130.

[0036] Blends of any of the above thermoplastic ethylene polymer resins can also

be used in this invention and, in particular, the thermoplastic polyolefin copolymers can be

blended or diluted with one or more other polymers to the extent that the polymers are (i)

miscible with one another, (ii) the other polymers have little, if any, impact on the desirable

properties of the ethylene polymer, e.g., optics and low modulus, and (iii) the thermoplastic

ethylene polymer of this invention constitute at least about 70, preferably at least about 75

and more preferably at least about 80 weight percent of the blend. Preferably, the blend

itself also possesses the density, melt index and melting point properties noted above.

[0037] The cyclic olefin polymers ("COPs") suitable for use in the films or sheet

according to the present invention are generally known olefin polymers that comprise a

saturated hydrocarbon ring. Suitable COPs comprise at least 25 wt cyclic units, which

weight percentage is calculated based on the weight percentage of the olefin monomer units

containing, including functionalized to contain, the cyclic moiety ("MCCM") that is



polymerized into the COP as a percentage of the total weight of monomers polymerized to

form the final COP. Preferably the COPs comprise at least 40 wt , more preferably at least

50 wt and more preferably at least 75 wt MCCM. The cyclic moiety can be

incorporated in the backbone of the polymer chain (such as from a norbornene ring-opening

type of polymerization) and/or pendant from the polymer backbone (such as by

polymerizing styrene (which is eventually hydrogenated to a cyclic olefin) or other vinyl-

containing cyclic monomer). COPs can be homopolymers based on a single type of cyclic

unit; copolymers comprising more than one cyclic unit type; or copolymers comprising one

or more cyclic unit type and other incorporated monomer units that are not cyclic, such as

units provided by or based on ethylene monomer. Within copolymers, the cyclic units and

other units can be distributed in any way including randomly, alternately, in blocks or some

combination of these. The cyclic moiety in the COP need not result from polymerization of

a monomer comprising the cyclic moiety per se but may result from cyclicly functionalizing

a polymer or other reaction to provide the cyclic moiety units or to form the cyclic moiety

from a cyclic moiety precursor. As an example, styrene (which is a cyclic moiety precursor

but not a cyclic unit for purposes of this invention) can be polymerized to a styrene polymer

(not a cyclic olefin polymer) and then later be completely or partially hydrogenated to result

in a COP.

[0038] The MCCMs which can be used in polymerization processes to provide

cyclic units in COP's include but are not limited to norbornene and substituted norbornenes.

As mentioned above, cyclic hexane ring units can be provided by hydrogenating the styrene

aromatic rings of styrene polymers. The cyclic units can be a mono- or multi-cyclic moiety

that is either pendant to or incorporated in the olefin polymer backbone. Such cyclic

moieties/structures include cyclobutane, cyclohexane or cyclopentane, and combinations of

two or more of these. For example, cyclic olefin polymers containing cyclohexane or

cyclopentane moieties are a-olefin polymers of 3-cyclohexyl-l-propene (allyl cyclohexane)

and vinyl cyclohexane.

[0039] COPs include cyclic olefin block copolymers ("CBCs") prepared by

producing block copolymers of butadiene and styrene that are then hydrogenated, preferably

fully hydrogenated, to a CBC. Preferred CBCs are fully hydrogenated di-block (SB), tri-

block (SBS) and pentablock (SBSBS) polymers. In such tri- and penta-block copolymers

each block of a type of unit is the same length; i.e., each S block is the same length and each

B block is the same length. Total molecular weight (Mn) prior to hydrogenation is from



about 25,000 to about 1,000,000 g/mol. The percent of styrene incorporated is from 10 to 99

wt , preferably from 50 to 95 wt and more preferably from 80 to 90 wt , the balance

being butadiene. For example, WO2000/056783(Al), incorporated by reference herein,

discloses the preparation of such pentablock types of COBs.

[0040] Other COPs are described in Yamazaki, Journal of Molecular Catalysis A :

Chemical, 213 (2004) 81-87; and Shin et al., Pure Appl. Chem., Vol. 77, No. 5, (2005)

801-814. In the publication from Yamazaki (of Zeon Chemical) the polymerization of a

COP is described as based on a ring opening metathesis route via norbornene.

Commercially available COP products from Zeon Chemical are described as an amorphous

polyolefin with a bulky ring structure in the main chain, based on dicyclopentadiene as the

main monomer and saturating the double bond in norbornene ring-opening metathesis with

a substituent (R) by hydrogenation. Zeonex 690R is a commercially available COP sold by

Zeon Chemical.

[0041] Another example of COPs are the Topas brand cyclic olefin copolymers

commercially available from Topas Advanced Polymers GmbH which are amorphous,

transparent copolymers based on cyclic olefins (i.e., norbornene) and linear olefins (e.g.,

ethylene), with heat properties being increased with higher cyclic olefin content.

Preferably such COP s are represented by the following formula with the x and y values

selected to provide suitable thermoplastic polymers:

[0042] The layers comprising the COPs can be made from COPs or can comprise

physical blends of two or more COPs and also physical blends of one or more COP with

polymers that are not COPs provided that any COP blends or compositions comprise at least

25 wt cyclic olefin unit content in the total blend or composition.

[0043] Optional layers may be included in the films or sheet according to the

present invention, either as internal layers or microlayers with the ethylene and cyclic olefin

polymer layers or externally as coating or skin layers. Such internal layers may be single,

repeating, or regularly repeating layer(s). Such optional layers can include the known layer

materials that have (or provide) sufficient adhesion and provide desired properties to the



films or sheet, such as tie layers, barrier layers, skin layers, etc. Examples of specific

polymers that can be used as skin layers are polypropylenes, polyethylene oxide,

polycaprolactone, polyamides, polyesters, polyvinylidene fluoride, polystyrene,

polycarbonate, polymethylmethacrylate, polyamides, ethylene-co-acrylic acid copolymers,

polyoxymethylene and blends of two or more of these; and blends with other polymers

comprising one or more of these. Preferred polymers that may be used as the skin layer

include polyethylene, polyethylene copolymers, polypropylene, polypropylene copolymers,

polyamide, polystyrene, polycarbonate and polyethylene-co-acrylic acid copolymers.

[0044] Examples of specific polymers that can be employed as tie or adhesive

layers include: polar ethylene copolymers such as copolymers with vinyl acetate, acrylic

acid, methyl acrylate, and ethyl acrylate; ionomers; maleic anhydride-grafted ethylene

polymers and copolymers; blends of two or more of these; and blends with other polymers

comprising one or more of these.

[0045] Examples of specific polymers that can be employed as barrier layers

include: polyethylene terephthalate, ethylene vinyl alcohol, polyvinylidene chloride

copolymers, polyamides, polyketones, MXD6 nylon, blends of two or more of these; and

blends with other polymers comprising one or more of these.

[0046] Techniques for making the multilayer films or sheet according to the

invention are known in the art. These films or sheet comprise alternating layers of at least

the ethylene polymer ("A") and the cyclic olefin polymers ("B") which is often represented

as a repeating ABABA. . . or BABAB .. . structure. It should also be understood that the

multilayer structure of the invention may include additional types of layers. For example,

these other layers can include tie layers, adhesive layers, barrier layers and/or other polymer

layers for a structure repeating as: ABCABC. . .; ABCDABCD. . . and the like.

[0047] The multilayer polymer film or sheet having at least 4 alternating thin layers

(at least two layer pairs of each of A and B) can be prepared by coextrusion of a microlayer

structure (also sometimes referred to as "nanolayer" structure) of at least two polymer

materials. The films or sheets are comprised of alternating layers of two or more

components with individual layer thickness ranging from the micrometer ("µιη") scale

down in thickness to the nanometer ("nm") or "nano" scale, as will be discussed further

below. A typical multilayer coextrusion apparatus is generally illustrated in Figure 1. The

feedblock for a multi-component multilayer system usually combines the polymeric



components into a layered structure of the different component materials. As known to

practitioners in this field, the starting layer thicknesses (their relative volume percentages)

are used to provide the desired relative thicknesses of the A and B layers in the final film.

[0048] For a two component structure polymeric material "A" and polymeric

material "B" are initially coextruded into a starting "AB" or "ABA" layered feedstream

configuration where "A" represents a layer and "B" represents a layer. Then, known layer

multiplier techniques can be applied to multiply and thin the layers resulting from the

feedstream. Layer multiplication is usually performed by dividing the initial feed stream

into 2 or more channels and "stacking" of the channels. As known to practitioners in this

field, the general formula for calculation of the total numbers of layers in a multilayer

structure using a feedblock and repeated, identical layer multipliers is: Nt=(Ni)(F)n where:

Nt is the total number of layers in the final structure; Ni is the initial number of layers

produced by the feedblock, usually 2 or 3; F is the number of layer multiplications in a

single layer multiplier, usually the "stacking" of 2 or more channels; and n is number of

identical layer multiplications that are employed.

[0049] For multilayer structures of two component materials A and B, a three layer

ABA initial structure is frequently employed to result in a final film or sheet where the

outside layers are the same on both sides of the film or sheet after the layer multiplication

step(s). Where the A and B layers in the final film or sheet are intended to be generally

equal thickness and equal volume percentages, the two A layers in the starting ABA layer

structure are half the thickness of the B layer but, when combined together in layer

multiplication, provide the same layer thickness (excepting the two, thinner outside layers)

and comprise half of the volume percentage-wise. As can be seen, since the layer

multiplication process divides and stacks the starting structure multiple times, two outside A

layers are always combined each time the feedstream is "stacked" and then add up to equal

the B layer thickness. In general, the starting A and B layer thicknesses (relative volume

percentages) are used to provide the desired relative thicknesses of the A and B layers in the

final film. Since the combination of two adjacent, like layers appears to produce only a

single discrete layer for layer counting purposes, practitioners in this field use the general

formula Nt=(2) n+ + 1 for calculation of the total numbers of "discrete" layers in a

multilayer structure using an "ABA" feedblock and repeated, identical layer multipliers

where Nt is the total number of layers in the final structure; 3 initial layers are produced by



the feedblock; a layer multiplication is division into and stacking of 2 channels; and n is

number of identical layer multiplications that are employed.

[0050] A suitable two component coextrusion system (e.g., repetitions of "AB" or

"ABA") has two ¾ inch single screw extruders connected by a melt pump to a coextrusion

feedblock. The melt pumps control the two melt streams that are combined in the feedblock

as two or three parallel layers in a multilayer feedstream. Adjusting the melt pump speed

varies the relative layer volumes (thicknesses) and thus the thickness ratio of layer A to

layer B. From the feedblock, the feedstream melt goes through a series of multiplying

elements. It is understood by those skilled in the art that the number of extruders used to

pump melt streams to the feedblock in the fabrication of the structures of the invention

generally equals the number of different components. Thus, a three-component repeating

segment in the multilayer structure (ABC... ), requires three extruders.

[0051] Examples of known feedblock processes and technology are illustrated in

WO 2008/008875; US Patent 3,565,985; US Patent 3,557,265; and US Patent 3,884,606, all

of which are hereby incorporated by reference herein. Layer multiplication process steps

are generally known in the art and shown, for example in US Patentss 5,094,788 and

5,094,793, hereby incorporated herein by reference, teaching the formation of a multilayer

flow stream by dividing a multilayer flow stream containing the thermoplastic resinous

materials into first, second and optionally other substreams and combining the multiple

substreams in a stacking fashion and compressing, thereby forming a multilayer flow

stream. As may be needed depending upon materials being employed for film or sheet

production and the film or sheet structures desired , films or sheet comprising 2 or more

layers of the multilayer flow stream can be provided by encapsulation techniques such as

shown by US Patent 4,842,791 encapsulating with one or more generally circular or

rectangular encapsulating layers stacked around a core; as shown by of US Patent 6,685,872

with a generally circular, nonuniform encapsulating layer; and/or as shown by WO

2010/096608A2 where encapsulated multilayered films or sheet are produced in an annular

die process. US Patents 4,842,791 and 6,685,872 and WO 2010/096608A2 are hereby

incorporated by reference herein.

[0052] It has been found that the improved moisture barrier requires at least 2 layer

pairs and the multilayer films or sheets of the present invention generally have at least 4

discrete layers (e.g., two repeat units comprising an ethylene polymer layer and a cyclic

olefin polymer layer). The individual layers of A and B may each have a thickness of 20



nm or more, so that a pair AB may have a thickness of 40 nm or more, and a film of 4

discrete layers (ABAB) may have a thickness of 80 nm or more. Preferably films or sheets

according to the present invention have at least 10 discrete layers, more preferably they

have at least 15 discrete layers, more preferably they have at least 20 discrete layers, more

preferably they have at least 30 discrete layers, more preferably they have at least 50

discrete layers, more preferably they have at least 100 discrete layers, and more preferably

they have at least 200 discrete layers. Depending upon the type and number of layer

multipliers employed,the films or sheets according to the present invention can have very

large numbers of layers, easily up to 10,000 layers However, for their more common uses,

including their use as a layer in a thicker structure, and using typical production process

equipment, it has been found that for obtaining the desired discrete material layers and

interfaces, there can be up to about 5000 discrete layers; generally less than about 3,000

discrete layers, and there is preferably less than about 1,000 discrete layers, more preferably

less than about 800 discrete layers; more preferably less than about 600 discrete layers; and

more preferably less than about 500 discrete layers. In one example, the multilayer film of

the present invention has 257 discrete layers. Preferred embodiments of this invention

include the specific ranges of layer numbers combining any of the lower layer numbers

disclosed above with any of the upper layer numbers, such as for example, the preferred

embodiments comprising specific combinations of from 10 to 5000 layers; from 15 to 1000

layers; and from 20 to 500 layers.

[0053] As noted above, the individual layers A and B of the microlayered film may

have average thicknesses of 1 nm or more. The individual layers A and B may have

average thicknesses of 10 nm or more, 20 nm or more, 30 nm or more, or 50 nm or more, or

100 nm or more, or 200 nm or more, or 250 nm or more, or 300 nm or more. The

individual layers A and B may have average thicknesses of 3000 nm or less, 2000 nm or

less, 1000 nm or less, 800 nm or less, 500 nm or less, 450 nm or less, 300 nm or less, 250

nm or less, 200 nm or less, 100 nm or less, or 80 nm or less. In a given bilayer AB or film

or sheet (AB)n, the layers A and B may have the same or substantially the same thickness,

or they may have different and independently selected or established thicknesses. Films or

sheets where the layers have an average thickness of 250 to 450 nm, or 275 to 325 nm, have

desirably increased oxygen and water vapor transmission rates (i.e., good barrier

properties). Having the ethylene polymer layer B at an average thickness of 250 to 450 nm

is desirable, particularly (but not exclusively) when the ethylene polymer is HDPE.



[0054] Within a film or sheet (AB)n, the average thickness of the A layers and the

average thickness of the B layers are not necessarily the same or substantially the same

throughout the film or sheet. Preferably, the layers A and B in a given film or sheet (AB)n

are substantially the same average thickness as each other. Independent of the relative

thickness of layers A and B, preferably, the thickness of the layers A and the layers B in a

given film or sheet (AB)n are substantially the same (A to A; and B to B) throughout the

film or sheet.

[0055] In general, the overall thickness of the multilayered films or sheets

according to the present invention is dependent on the needed performance of the film or

sheet and particularly whether it is used in combination with skin layers and/or as layer

contribution or a component of a thicker structure such as a profile or parison. In general,

excluding other non-microlayer layers, skins and the like that may be included in a final

structure or article, the films or sheet have a thickness of at least 80 nm and up, for example,

100 nm and up, to about 7.5 mm (295 mils) in thickness. Preferably to provide sufficient

and desired levels of physical properties and barrier performance and without including any

skin layers that are typically employed, the films or sheet according to the invention have a

thickness of at least 150 nm, preferably of at least 225 nm, preferably at least 400 nm, more

preferably at least 800 nm, more preferably at least about 1 micrometer ("µιη") (0.04 mil),

more preferably at least about 10 µιη (0.39 mil), and more preferably at least 100 µιη (3.94

mils).

[0056] For use as films or sheets for various known film or sheet applications or as

layers in thicker structures and to maintain light weight and low costs, the overall thickness

of the multilayered films or sheets according to the present invention (not including any

skin or non-micro-layers) is preferably less than or equal to 1 mm (39.4 mil), preferably less

than about 0.5 mm (19.7 mils), more preferably less than or equal to 100 µιη (3.94 mil), and

more preferably less than or equal to 10 µιη (0.394 mil).

[0057] Depending upon roles the A and B layers are intended to play in the films or

sheets and for optimizing the performances of the microlayer pairs, the layer thicknesses

can be adjusted by the relative flow rates for each material, the number of layer

multiplications and/or the final film or sheet thickness. As needed or desired, the individual

layer thickness of A and B layers can be controlled and separately adjusted relative to each

other by altering the relative flow rates and relative volume percentages in the initial

extrudate prior to layer multiplication. The thicknesses of the layers in the final films or



sheet, once their relative volume percentages in the microlayer structure have been

established, can be controlled by the number of layers (number of multiplications) and/or

the final film or sheet thickness. The more layer multiplications for a given film or sheet

thickness yields thinner layers, as does drawing down the overall film or sheet thickness for

any given number of layers. For the thin layer thicknesses in the film or sheet according to

the present invention, the thickness is most readily determined by measuring the final film

thickness and calculating the layer thickness from the known number of layers and the

relative volume (thickness) percentages of the polymer materials in the layers, including any

skin or outer layers. Photomicrographs of the film cross sections can also be viewed by

known techniques to determine or confirm the layer thicknesses.

[0058] For obtaining desired balances of moisture barrier and other properties, the

average thickness of individual microlayers in the multilayered films or sheet according to

the present invention is generally from 1 nm to 3000 nm (0.118 mils). Preferably to provide

sufficient and desired layer continuity and levels of moisture vapor barrier and toughness

properties, physical properties and performance, the average thickness is at least 2 nm,

preferably at least 5 nm, preferably at least 10 nm, more preferably at least 20 nm, and most

preferably at least 25 nm. To maintain good barrier levels, light weight and low costs and

depending somewhat upon optimizing the performances of the microlayer pairs, the average

thickness of individual microlayers in the multilayered films or sheet according to the

present invention is preferably less than or equal to 2000 nm (0.079 mils), preferably less

than or equal to 1500 nm (0.059 mils), preferably less than or equal to 800 nm (0.0315

mils), preferably less than or equal to 700 nm, preferably less than or equal to 500 nm,

preferably less than or equal to 400 nm, and more preferably less than or equal to 50 nm.

Preferred embodiments of this invention include the specific layer thickness ranges

combining any of the lower layer thicknesses disclosed above with any of the upper layer

thicknesses, such as, for example, the preferred embodiments comprising specific layer

thicknesses of from 10 to 1500 nm, preferably from 15 to 1000 nm, and more preferably

from 20 to 500 nm.

[0059] As may be needed to obtain desired combinations of film performance,

properties, and/or cost, the A and B layers can have differing proportions (percentage by

volume) in the film or sheet structures according to the invention. For example, the more

expensive cyclic olefin polymer A layer can be from 10 to 90 volume percent in the film or

sheet structures according to the invention, but is preferably less than 60 volume % more



preferably less than 55 volume %, more preferably less than 50 volume %, more preferably

less than 45 volume % and more preferably less than 40 volume %. Conversely, the

ethylene polymer layer B can be from 90 to 10 volume percent in the film or sheet

structures according to the invention, but is preferably at least 40 volume %, preferably at

least 45 volume %, more preferably at least 50 volume %, more preferably at least 55

volume %, and more preferably at least 60 volume %.

[0060] As noted above, the multilayer film or sheet structures according to the

present invention can advantageously be employed or provided as layers in thicker

structures having skin layers or other inner layers that that provide structure or other

properties in the final article. For example, in one aspect of the present invention, skin or

surface layers having additional desirable property such as toughness, printability and the

like are advantageously employed on either side of the films or sheet according the

invention to provide films or sheet suitable for packaging and many other applications

where their combinations of moisture barrier, physical properties and low cost will be well

suited. In another aspect of the present invention, tie layers can be used with the multilayer

film or sheet structures according to the present invention.

[0061] When employed in this way in a laminate structure or article with outer

surface or skin layers and optional other inner layers, the microlayer film or sheet according

the present invention can be used to provide at least 5 volume % of a desirable film or sheet,

including in the form of a profile, tube, parison or other laminate article, the balance of

which is made up by up to 95 volume % of additional outer surface or skin layers and/or

inner layers. In preferred laminate structure or article embodiments, the microlayer film or

sheet according the present invention provides at least 10 volume %, preferably at least 15

volume %, preferably at least 20 volume %, more preferably at least 25 volume %, and

more preferably at least 30 volume % of the laminate article. In other preferred laminate

structure or article embodiments, the microlayer film or sheet according the present

invention provides up to 100 volume %, preferably less than 80 volume %, preferably less

than 70 volume %, more preferably less than 60 volume %, and more preferably less than

50 volume %.

[0062] Further, the multilayer films or sheet according the present invention,

especially when in a laminate structure or article embodiment, may be made in the form of

or formed into a number of articles by, for example, forming dies, profile dies,

thermoforming, vacuum forming, or pressure forming. Further, for example, through the



use of forming dies, the multilayer films or sheet may be made in the form of or formed into

a variety of useful shapes including profiles, tubes and the like. Parisons comprising the

multilayer film or sheet structures can be employed in known blow molding processes to

provide various types of bottles or other containers also according the present invention.

[0063] The following experiments are for the purpose of illustration only and are

not intended to limit the scope of the claims, which are appended hereto.

[0064] Experiments

[0065] In the present experiments, experimental films according to the present

invention (unless noted to be "controls") are prepared from ethylene polymer layers (i.e.,

high density polyethylene ("HDPE") or polypropylene ("PP")) coextruded with cyclic

olefin polymer layers (i.e., cyclic olefin copolymer ("COC") or cyclic block copolymers

("CBC1" or "CBC2")).

[0066] One layer control films are extruded from each of the HDPE, PP, COC, and

CBC resins and tested as described below for their control Oxygen Transmission Rate

(OTR) values and control film Water Vapor Transmission Rate (WVTR) values.

[0067] Table 1 summarizes the COP materials giving their trade names, density,

cyclic unit, weight percentage of the cyclic units, control film. The COP material Zeonex

690R brand COC resin is commercially available from Zeon Chemical and the COP

materials HP030 and HP040 brand CBC resins were commercially available from The Dow

Chemical Company; comparable materials can be obtained from Taiwan Synthetic Rubber

Corporation.



Table 1 - COP~s

[0068] Table 2 summarizes the ethylene polymer material designations, Trade

names, and control film Oxygen Transmission Rate (OTR) values and control film Water

Vapor Transmission Rate (WVTR) values.

Table 2 - Ethylene Polymers

[0069] ELITE 5960G brand HDPE resin and H349-02 brand PP resin are

commercially available from The Dow Chemical Company.



[0070] Experimental films are prepared having 257 thin layers of alternating

ethylene polymer (EP) and cyclic olefin polymer (COP) where the resulting final layer

thicknesses provided by the final thicknesses to which the films are drawn down to. The

nominal film thickness ("Nom. Film Thickness"), nominal COP layer thickness, nominal

ethylene polymer thickness ("Nom. Et. Pol. Thickness") and total skin layer volume

percentage (includes both skin layers) are given the Tables below. The microlayer film

compositions (including outer layer(s)) based on volume percentages of the two types of

layers (EP layer vol % to COP layer vol %) were:

[0071] Series 1 (HDPE1/COC) - 67/33 (about 67 % (ABAB)n and A=B in volume

%; about 33% HDPE1 outer layers)

[0072] Series 2 (HDPE1/CBC1) - 83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)

[0073] Series 3 (HDPE1/CBC2) - 83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)

[0074] Series 6 (PP/COC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;

about 33% HDPE1 outer layers)

[0075] Series 7 (PP/CBC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;

about 33% HDPE1 outer layers)

[0076] Series 8 (PP/CBC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;

about 33% HDPE1 outer layers)

[0077] Series 9 (HDPE2/COC) - 83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)

[0078] Series 10 (HDPE3/COC) -83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)

[0079] Series 11 (HDPE2/CBC1) - 83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)

[0080] Series 12 (HDPE3/CBC1) -83/17 (about 67 % (ABAB)n and A=3B in

volume %; about 33% HDPE1 outer layers)



[0081] The 257 layer experimental multilayer films with alternating B layers of

ethylene polymer (HDPE) or PP and A layers of cyclic olefin polymer (COC, CBC1 or

CBC2) (ethylene polymer as outer layers) were made by a cast film process as generally

summarized in Figure 1 and including the feedblock process as generally shown in US

Patent 3,557,265 and a layer multiplication step as generally shown in US Patent 5,094,793.

[0082] Generally according to the schematic drawing of a layer-multiplying

coextrusion in FIG. 1, A and B polymers are extruded by two ¾ inch (1.9 cm) single screw

extruders connected by a melt pump to a coextrusion feedblock with an BAB feedblock

configuration (as described above). The melt pumps control the two melt streams that are

combined in the feedblock; by adjusting the melt pump speed, the relative layer thickness,

that is, the ratio of A to B can be varied. The feedblock provides a feedstream to the layer

multipliers as 3 parallel layers in a BAB configuration with B split into equal thicknesses of

B layer on either side of A layer in the total A:B volume ratios shown in the tables. Then,

seven layer multiplications are employed, each dividing the stream into 2 channels and

stacking them to provide a final film having 257 alternating discrete microlayers. Skin

layers of polyethylene that are about 33 volume percent of the final film are provided to

each surface (16.5 vol % to each side of the film) by additional extruders.

[0083] The extruders, multipliers and die temperatures are set to 240°C for all the

streams and layers of the multilayer products to ensure matching viscosities of the two

polymer melts. The multilayer extrudate is extruded from a flat 14 inch (35.5 cm) die

having a die gap of 20 mils to a chill roll having a temperature of 80°C with almost no air

gap between the die and chill roll and providing a relatively fast cooling of the film. The

overall flow rate is about 3 lbs/hr (1.36 kg/hr). The multilayer films are coextruded as films

of various nominal thicknesses ( 1 to 8 mils) by varying the chill roll speed as needed to

obtain the desired draw down. For example, increasing the chill roll speed reduces the total

film thickness and correspondingly the individual layer thicknesses. Thus, varying the

relative volume percentages of the A and B layers as shown above and adding 33 volume

percent as external skin layers from the additional skin layer extruder, produces the varying

COP nominal layer thicknesses in the so-called microlayer films from 33 to 530 nm as

shown in the Tables. The nominal COP layer thicknesses are calculated from the number of

layers, the composition ratio, the skin volume percentage and the overall film thickness. As

can be seen, the oxygen and water vapor transmission rates are measured and varied as the

COC or CBC layer thicknesses were varied.



[0084] As also indicated in the result summary Table 3 below, two experimental 5

layer control films are prepared (4 and 5) as control films with alternating ethylene polymer

(EP) and cyclic olefin polymer (COP) layers as shown below and having relatively thicker

(8382 nm) COP layers.

[0085] Experimental Films 4 and 5 are prepared according to the film process

above except that there are no multiplier steps. The extruders and die temperatures are set

to 240°C for all the streams and layers of the multilayer products to ensure matching

viscosities of the two polymer melts. The multilayer extrudate is extruded from a flat 14

inch (35.5 cm) die having a die gap of 20 mils to a chill roll having a temperature of 80°C.

with almost no air gap between the die and chill roll and providing a relatively fast cooling

of the film. The overall flow rate is around 3 lbs/hr (1.36 kg.hr). The nominal COP layer

thicknesses are calculated from the number of layers, the composition ratio, the skin volume

percentage and the overall film thickness. The oxygen and water vapor transmission rates

are measured and noted below.

[0086] To evaluate the moisture vapor and oxygen barrier performance of the

multilayer films described above, theoretical barrier properties are calculated for the layered

films using an established model for predicting the properties of multilayer films from the

properties of the individual film layers. As is known in the art, the water vapor and oxygen

permeabilities of a multilayer film can be calculated or predicted from monolayer control

data (see W. J . Schrenk and T. Alfrey, Jr., POLYMER ENGINEERING AND SCIENCE,

Nov. 1969, Vol. 9, No. 6; pp. 398 - 399). This series model for layered assemblies gives the

gas permeability as

[0087] P = + (Equation 1)

[0088] where Α is the volume fraction of component A, and PA and P B are the

permeabilities of component A and component B extruded control films, respectively.

[0089] Using the determined EP and COP control film values (e.g., 0.27 for PHDPEI

and 0.44 for Pcoc) from the control film tests, Equation 1 gives the predicted or calculated

permeabilities of the multilayer films. For example, as shown in Table 3 for film series 1, a

HDPE1/COC (67/33) layered assembly would be expected to have a permeability of 0.31 g

mil/100in .day and, as shown in Table 4 for film series 6, a PP/COC (67/33) layered

assembly would have a permeability of 0.62 g mil/100in .day. This model was used to



prepare the all "Calculated" water vapor or oxygen transmission rates shown as Controls in

the Tables below. As can be seen in Table 3, the calculated values correspond generally to

the rates that are observed for a more simple, 5-layer film having the conventional layer

numbers and thicknesses.

[0090] Testing Methods

[0091] Embedded films are microtomed through the thickness at -75 °C with a

cryo-ultramicrotome (MT6000-XL from RMC) and cross-sections are examined with an

atomic force microscope (AFM) to visualize the layers and the morphology inside layers.

Phase and height images or the cross-section are recorded simultaneously at ambient

temperature in air using the tapping mode of the Nanoscope Ilia MultiMode scanning probe

(Digital Instruments). A region from the cross-section of a film with 66 nm (i.e., 1 mil film)

and 530 nm (i.e., 8 mil film)-thick HDPE1 and COC layers and HDPE1/COC 67/33

composition confirms that the layers are well-defined and continuous. Although there is

some non-uniformity, the average layer thickness is observed to be quite close to the

nominal layer thickness calculated from the film thickness, the composition ratio and the

total number of layers.

[0092] Water vapor permeabilities at 38°C, 100% relative humidity and 1 atm

pressure are measured with a MOCON Permatran-W 3/3 1. The instrument is calibrated with

National Institute of Standards and Technology certified 25 µιη-thick polyester film of

known water vapor transport characteristics. The specimens are prepared and the WVTR is

performed according to ASTM F1249.

[0093] Oxygen permeabilities at 23°C, 0% relative humidity and 1 atm pressure are

measured with a MOCON OX-TRAN 2/20. The instrument is calibrated with National

Institute of Standards and Technology certified Mylar film of known 0 2 transport

characteristics. The specimens are prepared and the WVTR is performed according to

ASTM D3985.

[0094] Using the commercial MOCON instruments, the water vapor permeabilities

(P) are first measured on extruded control films: HDPE, PP, COC, and CBC. Then, the

water vapor permeabilities (P) are measured on HDPE1/COC, HDPE1/CBC1, and

HDPE1/CBC2 multilayer films.



[0095] Water vapor permeabilities (WVTR) as shown in Tables 3 and 4 and

oxygen permeabilities (OTR) as shown in Tables 5 and 6 are measured on the HDPE/COP

and PP/COP multilayer films prepared as described above.

Table 3 - Water Vapor Transmission Rates for HDPE-Based Multilayer Films

Table 4 - Water Vapor Transmission Rates for PP-Based Multilayer Films

[0096] As shown in Table 3, for HDPE/COC and HDPE/CBC multilayer systems,

permeability data in the range of tested layer thickness (33 to 530 nm) were lower than the

series model calculation from monolayer control data. The permeabilities of films with 33

nm-thick COC or CBC layers were about 2 times lower than the series model predictions.

However, as shown in Table 4, no water vapor permeability improvements over the series



model prediction from monolayer control data were observed for the three systems based on

PP/COC or PP/CBC.

Table 5 - Oxygen Transmission Rate for HDPE Multilayer Films

Table 6 - Oxygen Transmission Rate for HDPE Multilayer Films

No oxygen permeability improvements over the series model prediction from monolayer

control data were observed for various HDPE/COC and HDPE/CBC samples in Tables 5

and 6 above.

[0097] HDPE Density Variation

[0098] Three different density HDPEs (HDPE1, HDPE2, and HDPE3 of Table 2)

are compared to see the effect of HDPE density on WVTR in HDPE/COC and HDPE/CBC

systems. The densities are 0.96, 0.963, and 0.97 g/cc for HDPE1, HDPE2, and HDPE3,

respectively. The measured HDPE2/COC and HDPE3/COC water vapor permeabilites at 33

nm-thick COC layer are shown in Table 7.



Table 7 - HDPE Density Variations

Table 8 - HDPE Density Variations

[0099] Although control HDPE data demonstrate that higher density HDPEs

generally exhibit a reduced WVTR (Table 2), for HDPE/COC layers, no significant water

vapor permeability improvement is observed with higher density HDPE in the film samples,

though nominal WVTR improvement is observed. However, the water vapor permeabilities

of HDPE2/CBC1 and HDPE3/CBC1 at 33 nm-thick CBC1 layer showed WVTR

improvement, from 0.19 for HDPE1 to 0.12 and 0.10 g mil/100in .day for HDPE2/CBC1

and HDPE3/CBC1 samples, respectively. These permeabilities are approximately 1.5X

improvements from the series model predictions. In every instance, the HDPE/COC

microlayer film and the HDPE/CBC microlayer film have improved WVTR compared to

control films made with equal volumes of the same HDPE.

[00100] Experimental Films 1A, and 2A, coextruded HDPE/COC and HDPE/CBC1

film samples with 33 nm-thick COC/CBCl layers, are re-heated to 145°C for 2 minutes and

then cooled slowly in air. The percent crystallinities in films before (i.e., fast quenched on

the chill roll) and after (i.e., reheated & slowly cooled) the post extrusion thermal treatment

are measured by using a differential scanning calorimetry (DSC) and reported in Table 9.

The differential scanning calorimetry (DSC) is conducted with a Perkin-Elmer DSC-7 at a

heating rate 10°C/min. The crystallinity is calculated using the heat of fusion (∆Η value of

293 J/g for HDPE, Wunderlich B. Macromolecular Physics. Vol. 3. New York, Academic

Press, 1980, p. 58).



Tab]e 9
Experimental Fast Quenched Reheated & Slowly

Film No. Cooled
% Crystallinity

1A HDPE1/COC 60 69
9A HDPE2/COC 62 70
10A HDPE3/COC 62 70
2A HDPE1/CBC1 6 1 69
11A HDPE2/CBC1 62 69
12A HDPE3/CBC1 62 70

[00101] As shown above in Table 9 and below in Table 10, the extra thermal

treatment increased the percent crystallinity by 7 to 9% for various HDPE/COC and

HDPE/CBCl samples and also decreased water vapor permeabilites by 13 to 20% for these

systems. Post extrusion thermal treatment led to 0.08 g mil/100in2.day for HDPE3/CBC1

sample. This permeability is approximately 2X improvements from the series model

prediction.

Table 10



Claims

1. A coextruded multilayer film or sheet comprising at least four alternating layers of

layer materials A and B, the layers of A and B each having an average layer thickness of

from 1 to 3000 nm, wherein;

a. layer material A is from 5 to 95 volume percent of the film or sheet based on layer

materials A and B and comprises a cyclic olefin polymer ("COP");

b. layer material B is from 5 to 95 volume percent of the film or sheet based on layer

materials A and B and comprises an ethylene polymer.

2. The coextruded multilayer film or sheet of Claim 1 where the layers of A and B

have a total thickness of at least 40 nm.

3. The coextruded multilayer film or sheet of Claim 1 comprising outer skin layers C

and optional inner layers D which comprise from 5 to 90 volume percent of the film or

sheet.

4. The coextruded multilayer film or sheet of any of Claims 1 through 3 having a

thickness of from 4.5 µιη to 7.5 mm.

5. The coextruded multilayer film or sheet of Claim 1 comprising from 10 to 1000

alternating layers of A and B.

6. The multilayer film or sheet of Claim 1 wherein the A and B layers have an average

thickness of from 10 to 500 nm.

7. The multilayer film or sheet of Claim 1 wherein the ethylene polymer has a density

of greater than 0.91 grams per cubic centimeter and is selected from the group consisting of

high density polyethylene and medium density polyethylene.

8. The multilayer film or sheet of Claim 1 wherein the cyclic olefin polymer is selected

from the group consisting of:

A. cyclic olefin block copolymers ("CBCs") prepared by producing block copolymers

of butadiene and styrene that are hydrogenated to a CBC;



B. COPs based on a ring opening metathesis route via norbornene or substituted

norbornene;

C. amorphous, transparent copolymers based on cyclic olefins and linear olefins;

D. blends of two or more COPs; or

E. blends of one or more COP with polymers that are not COPs comprising at least 25

wt cyclic olefin unit content in the total blend or composition.

9. The multilayer film or sheet or sheet of Claim 1 wherein the film or sheet has a

reduced water vapor transmission rate ("WVTR") as compared to a calculated theoretical

WVTR that is calculated from the individual layer WVTRs using the "series model for

layered assemblies".

10. The multilayer film or sheet of Claim 9 wherein the film or sheet has a WVTR that

is 95% or less than the calculated theoretical WVTR.

11. The multilayer film or sheet of any of the Claims above made in the form of or

formed into a profile, tube or parison.

12. A profile, tube or parison comprising at least four alternating layers of layer

materials A and B, the layers of A and B having an average layer thickness of from 1 to

3000 nm, wherein;

a. layer material A is from 5 to 95 volume percent of the layer materials A and B and

comprises a cyclic olefin polymer;

b. layer material B is from 5 to 95 volume percent of the layer materials A and B and

comprises an ethylene polymer.

13. A blow molded bottle or other container prepared from a parison of Claim 12.





A . CLASSIFICATION O F SUBJECT MATTER

INV. B32B7/00 B32B27/32
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B32B

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

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

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

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

US 2009/087654 Al ( LING MICHAEL TUNG-KIUNG 1-6,8
[US] ET AL) 2 Apri l 2009 (2009-04-02)
ci ted i n the appl i cati on
the whol e document 1-13
paragraphs [0022] - [0041] ; f i gures
paragraphs [0038] - [0040] - paragraph
[0007] ; exampl es

US 6 579 601 B2 (K0LLAJA RICHARD A [DE] ET 1-13
AL) 17 June 2003 (2003-06-17)
col umn 3, l i ne 34 - col umn 13 , l i ne 29
col umn 7, l i ne 9 - col umn 8, l i ne 9
col umn 14 - col umn 15 ; cl aims ; exampl es
1,33-42

-/-

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

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

10 Apri l 2013 18/04/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Hutton , Davi d



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

WEIJUN ZHOU ET AL: "Bi ref r i ngent 1-13
properti es of cycl i c b l ock copolymers and
l ow-retardati on-f i l m devel opment" ,
JOURNAL OF THE SOCI ETY FOR INFORMATION
DISPLAY,
vol . 18, no. 1 ,
1 January 2010 (2010-01-01) , page 66,
XP055059052 ,
ISSN : 1071-0922 , D0I : 10. 1889/JSID18. 1 66
the whol e document

US 2010/215879 Al (D00LEY JOSEPH [US] ET 1-13
AL) 26 August 2010 (2010-08-26)
c i ted i n the appl i cati on
abstract
the whol e document
paragraphs [0084] - [0096] ; exampl es

US 2009/169853 Al (CHANG MOH-CHING OLIVER 1-13
[US] ET AL) 2 July 2009 (2009-07-02)
c i ted i n the appl i cati on
paragraphs [0006] , [0021] ; c l aims 7 ,21

US 2010/143709 Al (BAER ERIC [US] ET AL) 1-13
10 June 2010 (2010-06-10)
c i ted i n the appl i cati on
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009087654 Al 02-04-2009 CA 2701129 Al 09-04-2009
CN 101815617 A 25-08-2010
EP 2209627 Al 28-07-2010

P 2010540300 A 24-12-2010
US 2009087654 Al 02-04-2009

O 2009046196 Al 09-04-2009

US 6579601 B2 17-06-2003 AU 2748700 A 3 -04 -2001
BR 0014748 A 02 -07 -2002
CA 2384132 Al 26 -04 -2001
CN 1379713 A 13 -11 -2002
EP 1237718 Al 11 -09 -2002

P 2003512201 A 02 -04 -2003
US 2001008687 Al 19 -07 -2001

O 0128769 Al 26 -04 -2001

US 2010215879 Al 26-08-2010 CA 2753182 Al 26 -08 -2010
CN 102325639 A 18 -01 -2012
EP 2398632 A2 28 -12 -2011

P 2012518557 A 16 -08 -2012
KR 20110127231 A 24 -11 -2011
T W 201043443 A 16 -12 -2010
US 2010215879 Al 26 -08 -2010
WO 2010096608 A2 26 -08 -2010

US 2009169853 Al 02-07-2009 T W 200946336 A 16-11-2009
US 2009169853 Al 02-07-2009
W0 2009086393 Al 09-07-2009

US 2010143709 Al 10-06-2010 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

