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(57) Abstract: Disclosed are coextruded multilayer film or sheet comprising

FIGURE 1

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

average layer thickness of from 1to 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 isfrom 5to 95
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volume percent of the film or sheet and the other makes up the balance. In
some of the embodiments the layers of A and B have atotal 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.
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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 amicrolayer structure with heat resistant polymer
layer and barrier polymer microlayers having athickness 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 thejournal article "Confined Crystallization of Polyethylene Oxidein
Nanolayer Assemblies’, Wang, H., Keum, JK., 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 " Axialy 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 afirst polymer layer coextruded with and
confined between second polymer layers, the first polymer layer is said to have high aspect
ratio crystalline lamellage, and the multilayer film is said to be substantially impermeable to
gas diffusion.
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[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 viathe "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 isdirected 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 1to 3000 nm, wherein; (a)
layer material A isfrom 5 to 95 volume percent of the film or sheet based on layer materials
A and B and comprises acyclic olefin polymer ("COP"); (b) layer material B isfrom 5to
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 atotal thickness of at
least 40 nm; there are outer skin layers C and optional inner layers D which comprise from
5to 90 volume percent of the film or sheet; the coextruded multilayer film or sheet has a
thickness of from 4.5 n 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 aternating
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.

R
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[0011] An alternative aspect of the invention includes any of the multilayer films or
sheet described above wherein the film or sheet: has areduced water vapor transmission
rate ("WVTR") as compared to acalculated theoretical WV TR that is calculated from the
individual layer WVTRs using the series model for layered assemblies and/or has aWVTR
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 aprofile, 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 1to 3000 nm, wherein; (a) layer material A isfrom 5to 95
volume percent of the layer materials A and B and comprises acyclic olefin polymer; (b)
layer material B isfrom 5to 95 volume percent of the layer materials A and B and
comprises an ethylene polymer, or in afurther aternative embodiment, is ablow 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 apart of this specification. In the drawing:

[0014] FIG. lisaschematic 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 amixture of two or more
materials, such as apolymer which isblended 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 ablend may or may not be miscible. Such ablend may or may not be
phase separated. Such ablend may or may not contain one or more domain configurations,

as determined from transmission electron spectroscopy, light scattering, x-ray scattering,
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and any other method known in the art. Blends are not laminates, but one or more layers of

alaminate may contain ablend.

[0018] "Polymer" means a compound prepared by polymerizing monomers,
whether of the same or adifferent type, that in polymerized form provide the multiple
and/or repeating "units' or "mer units' that make up apolymer. 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 isnoted that although apolymer 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 acorresponding

monomer.

[0019] "Interpolymer” means apolymer 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.

noon

[0020] "Polyolefin", "polyolefin polymer”, "polyolefin resin” and like terms mean
apolymer produced from asimple olefin (also called an alkene with the general formula
C,H,,) asamonomer. 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 isincluded 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.
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[0022] "Melting Point" asused 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 individua 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 aMOCON Permatran-W 3/3 1. The instrument was calibrated with
National Institute of Standards and Technology certified 25 puin-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 aMOCON OX-TRAN 2/20. The instrument was calibrated with National
Institute of Standards and Technology certified Mylar film of known O ,, transport
characteristics. The specimens were prepared and the WV TR was performed according to
ASTM D3985.

[0025] Asused herein, the general term "film", including when referring to a"film
layer" in athicker article, unless expressly having the thickness specified, includes any thin,
flat extruded or cast thermoplastic article having agenerally consistent and uniform

thickness up to about 0.254 millimeters (10 mils). "Layers' infilms can be very thin, asin

the cases of microlayers discussed in more detail below.

[0026] Asused 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 athickness 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.
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[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
"XtoY", or "X or more" or"Y or less") include al values from and including the lower
and the upper values, in increments of one unit, provided that there isa separation of at least
two units between any lower value and any higher value. Asan example, if a
compositional, physical or other property, such as, for example, temperature, isfrom 100 to
1,000, then al 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 isconsidered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges
containing single digit numbers less than ten (e.g., 1to 5), one unit istypically considered to
be 0.1. These are only examples of what is specifically intended, and al 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, abroad range of thermoplastic ethylene polymers (also often
generally referred to asresins, 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, aswill 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 apha 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 apha olefin comonomers and one or more olefinic additionally
copolymerizable monomers polymerized therewith. Such additional olefinic
copolymerizable monomers include, for example, olefin monomers having from 5to 25
carbon atoms and ethylenicaly unsaturated carboxylic acids (both mono- and difunctional)

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

-6-
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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 inthe art. Asknown 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. Asused 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 amelt 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 apreferred ethylene polymer and, as
well known, is generally produced by alow 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 amelt index of

-7-
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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
I,). HDPE resins preferred for use in the blends according to the present invention will have
adensity 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 SO 1183.
Suitable HDPE resins will have amelt 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 K S 10100 UE and HDPE 35057E
brand resins from The Dow Chemical Company. Medium density polyethylene (MDPE) is
also apreferred ethylene copolymer and, aswell 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 amelt 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 Chemica Company MarFlex HHM TR
130.

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

_8-
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polymerized into the COP as apercentage 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 acyclic 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
amonomer comprising the cyclic moiety per se but may result from cyclicly functionalizing
apolymer or other reaction to provide the cyclic moiety units or to form the cyclic moiety
from acyclic moiety precursor. Asan example, styrene (which is acyclic moiety precursor
but not a cyclic unit for purposes of this invention) can be polymerized to a styrene polymer
(not acyclic 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.
Asmentioned above, cyclic hexane ring units can be provided by hydrogenating the styrene
aromatic rings of styrene polymers. The cyclic units can be amono- 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-I-propene (alyl 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 atype of unit isthe same length; i.e., each Sblock is the same length and each

B block isthe same length. Total molecular weight (Mn) prior to hydrogenation isfrom

9.
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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 Y amazaki, Journal of Molecular Catalysis A :
Chemical, 213 (2004) 81-87; and Shin et al., Pure Appl. Chem., Vol. 77, No. 5, (2005)
801-814. Inthe publication from Y amazaki (of Zeon Chemical) the polymerization of a
COP is described as based on aring opening metathesis route via norbornene.
Commercially available COP products from Zeon Chemical are described as an amorphous
polyolefin with abulky ring structure in the main chain, based on dicyclopentadiene as the
main monomer and saturating the double bond in norbornene ring-opening metathesis with
asubstituent (R) by hydrogenation. Zeonex 690R is acommercially 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:

TCHQCHZ 1 cn CH —]
Y

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

physical blends of two or more COPs and aso physical blends of one or more COP with
polymers that are not COPs provided that any COP blends or compositions comprise at |east

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 asinternal 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

-10-



10

15

20

25

30

WO 2013/101699 PCT/US2012/071140

films or sheet, such astielayers, 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 acohol, 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 arepeating 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 aternating 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 ("wn") scale
down in thickness to the nanometer ("nm") or "nano" scale, as will be discussed further
below. A typical multilayer coextrusion apparatus is generaly illustrated in Figure 1. The

feedblock for a multi-component multilayer system usualy combines the polymeric
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components into alayered structure of the different component materials. Asknown 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 atwo component structure polymeric material "A" and polymeric
material "B" are initially coextruded into a starting "AB" or "ABA" layered feedstream
configuration where "A" represents alayer and "B" represents alayer. Then, known layer
multiplier techniques can be applied to multiply and thin the layers resulting from the
feedstream. Layer multiplication isusually performed by dividing the initial feed stream
into 2 or more channels and "stacking" of the channels. Asknown to practitioners in this
field, the general formula for calculation of the total numbers of layers in amultilayer
structure using afeedblock and repeated, identical layer multipliers is. N =(Ni)(F)" where:
N, is the total number of layers in the final structure; Niistheinitia number of layers
produced by the feedblock, usually 2 or 3; F isthe number of layer multiplications in a
single layer multiplier, usualy 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, athree layer
ABA initia structure is frequently employed to result in afina 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 N;=(2)™" +1 for calculation of the total numbers of "discrete” layersina
multilayer structure using an "ABA" feedblock and repeated, identical layer multipliers
where N, is the total number of layersin the final structure; 3initial layers are produced by
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the feedblock; alayer multiplication is division into and stacking of 2 channels;, and nis

number of identical layer multiplications that are employed.

[0050] A suitable two component coextrusion system (e.g., repetitions of "AB" or
"ABA") has two ¥ 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 amultilayer 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 isunderstood 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, athree-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 amultilayer
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 amultilayer flow
stream. Asmay 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 acore; as shown by of US Patent 6,685,872
with ageneraly circular, nonuniform encapsulating layer; and/or as shown by WO
2010/096608A 2 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 acyclic

olefin polymer layer). Theindividua layers of A and B may each have athickness of 20
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nm or more, so that apair AB may have athickness of 40 nm or more, and afilm of 4
discrete layers (ABAB) may have athickness 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 alayer in athicker 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; generaly 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 |ess than about 500 discrete layers. 1n 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 asfor 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] Asnoted above, the individual layers A and B of the microlayered film may
have average thicknesses of 1nm or more. The individual layers A and B may have
average thicknesses of 10 nm or more, 20 nm or more, 30 hm 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
individua 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 agiven bilayer AB or film
or sheet (AB),,, 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.
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[0054] Within afilm or sheet (AB),, 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 agiven film or sheet (AB) |
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 ina
given film or sheet (AB),, 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 isused in combination with skin layers and/or as layer
contribution or acomponent of athicker structure such as aprofile or parison. 1n general,
excluding other non-microlayer layers, skins and the like that may be included in afinal
structure or article, the films or sheet have athickness 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 ("un™) (0.04 mil),
more preferably at least about 10 puin (0.39 mil), and more preferably at least 100 win (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 puin (3.94 mil), and
more preferably less than or equal to 10 win (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. Asneeded 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 layersin the final films or
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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 agiven 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 thicknessisat 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] Asmay 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 befrom 10 to 90 volume percent in the film or

sheet structures according to the invention, but is preferably less than 60 volume % more
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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] Asnoted 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 astoughness, 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, physica 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 alaminate 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 adesirable film or sheet,
including in the form of aprofile, 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. 1n 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,
especialy when in alaminate structure or article embodiment, may be made in the form of
or formed into anumber of articles by, for example, forming dies, profile dies,

thermoforming, vacuum forming, or pressure forming. Further, for example, through the
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use of forming dies, the multilayer films or sheet may be made in the form of or formed into
avariety of useful shapesincluding 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 aso 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 HPO30 and HP040 brand CBC resins were commercially available from The Dow
Chemical Company; comparable materials can be obtained from Taiwan Synthetic Rubber

Corporation.
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Table 1- COP~s
COP Trade Density | MEFR (g/10 | Cyclic Olefin | Wt % OTR WVTR
(g/ce) min) @ Unit Cyclic ) )
Name 280°C/2.16 Olefin |  (comill | (g-mil
ke Unit 1 00in?. day.atm) [100in’.day)
Cyclic Zeonex 20 Backbone >25% 85 0.44
Olefin 690R Cyclopentane
Copolymer
(COC)
Cyclic HP030 0.941 39 Pentablock >40% 372 1.1
Block Hydrogenate
Copolymer d Styrene
1 (CBC1)
Cyclic HP040 0.931 15 Pentablock >40% 434 1.43
Block Hydrogenate
Copolymer d Styrene
2 (CBC2)
[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

Trade MER (g/10 | Density OTR WVTR
min) @ (g/ce)
Name 190°C/2.16 (cc- (g-
ke mil/100in® day.atm) | mil/100in>.day)
HDPE1 | ELITE5960G 0.85 0.96 86.8 0.27
HDPE2 NA NA 0.963 55.4 0.20
HDPE3 NA NA 0.97 39.1 0.13
PP H349-02 2 0.90 175.4 0.63
(230°C/2.16
kg)
[0069] ELITE 5960G brand HDPE resin and H349-02 brand PP resin are

commercially available from The Dow Chemical Company.
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[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'), nhominal 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 (HDPELY/COC) - 67/33 (about 67 % (ABAB)n and A=B in volume
%; about 33% HDPE1 outer layers)

[0072] Series 2 (HDPEV/CBC1) - 83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)

[0073] Series 3 (HDPELV/CBC?) - 83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)

[0074] Series 6 (PP/COC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;
about 33% HDPEL outer layers)

[0075] Series 7 (PP/CBC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;
about 33% HDPEL outer layers)

[0076] Series 8 (PP/CBC) - 83/17 (about 67 % (ABAB)n and A=3B in volume %;
about 33% HDPEL outer layers)

[0077] Series 9 (HDPE2/COC) - 83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)

[0078] Series 10 (HDPE3/COC) -83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)

[0079] Series 11 (HDPE2/CBC1) - 83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)

[0080] Series 12 (HDPE3/CBC1) -83/17 (about 67 % (ABAB)n and A=3B in
volume %; about 33% HDPEL outer layers)
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[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, CBCL1 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 shownin US

Patent 3,557,265 and alayer multiplication step as generally shownin US Patent 5,094,793.

[0082] Generally according to the schematic drawing of alayer-multiplying
coextrusion in FIG. 1, A and B polymers are extruded by two % inch (1.9 cm) single screw
extruders connected by amelt pump to acoextrusion 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, theratio of A to B can be varied. The feedblock provides afeedstream to the layer
multipliers as 3 parallel layersin aBAB 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 afinal film having 257 aternating 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 isextruded from aflat 14 inch (35.5 cm) die
having adie gap of 20 mils to achill roll having atemperature of 80°C with aimost no air
gap between the die and chill roll and providing arelatively fast cooling of the film. The
overall flow rate is about 3 Ibs/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 heeded 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.
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[0084] Asadso 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 al the streams and layers of the multilayer products to ensure matching
viscosities of the two polymer melts. The multilayer extrudate is extruded from aflat 14
inch (35.5 cm) die having adie gap of 20 mils to achill roll having atemperature of 80°C.
with almost no air gap between the die and chill roll and providing arelatively fast cooling
of the film. The overal flow rate is around 3 Ibs/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. Asisknown in the art, the water vapor and oxygen
permeabilities of amultilayer 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

_ (DA 1-0a -1 .
[0087] P= (P—A + K) (Equation 1)
[0088] where ¢Ais the volume fraction of component A, and PA and PB 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
HDPEL/COC (67/33) layered assembly would be expected to have apermeability of 0.31 g
mil/100in?.day and, as shown in Table 4 for film series 6, a PPICOC (67/33) layered
assembly would have apermeability of 0.62 g mil/100in?.day. This model was used to
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prepare the all "Calculated" water vapor or oxygen transmission rates shown as Controls in
the Tables below. Ascanbe seenin Table 3, the calculated values correspond generaly to
the rates that are observed for amore 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 visuaize 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 afilm 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 thereis
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 1atm
pressure are measured with aMOCON Permatran-W 3/3 1. The instrument is calibrated with
National Institute of Standards and Technology certified 25 puin-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 aMOCON OX-TRAN 2/20. The instrument is calibrated with National
Institute of Standards and Technology certified Mylar film of known O ,, 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 HDPEL/COC, HDPE1/CBC1, and
HDPEX/CBC2 multilayer films.
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[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

Nom. Total HDPE1/COC HDPE1/CBCl1 HDPE1/CBC2
COP Skin
Layer Layer Expt’l WVTR Expt’l WVTR Expt’l WVTR
- Film Film Film
Z:lm)ess Vol. Series (g-mil/100 Series (g-mil/100 Series (g-mil/100
% No. 1 in’.day) No.2 in’.day) No. 3 in’.day)
33 33 1A 0.14 2A 0.19 3A 0.18
66 33 1B 0.21 2B 0.30 3B 0.23
132 33 1C 0.22 2C 0.31 3C 0.25
265 33 1D 0.23 2D 0.32 3D 0.26
530 33 1E 0.23 2E 0.32 3E 0.26
8382 33 Control 0.32 Control 0.46
Film 4 Film 5
Calc- 0.31 Calc- 0.36 Calc- 0.37
ulated ulated ulated

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

Nom. Total PP/COC PP/CBC1 PP/CBC2
coc/ Skin | Expt’l | WVTR | Expt'l | WVTR Expt’l WVTR
CBC Layer Film (g- Film (g- Film (g-
Layer | Vol. % | Series | mil/100in* | Series | mil/100in® | Series | mil/100in*
Thick- No. 6 .day) No.7 .day) No. 8 .day)
ness (nm)
33 33 6A 0.56 TA 0.63 8A 0.79
66 33 6B 0.60 7B 0.73 8B 0.84
Control | Control | Calc- 0.62 Calc- 0.73 Calc- 0.75
ulated ulated ulated
[0096] Asshownin Table 3, for HDPE/COC and HDPE/CBC multilayer systems,

permeability datain 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
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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

Nom. Total HDPE1/COC HDPE2/COC HDPE3/COC
COC/ | Skin OTR OTR OTR
E BC \[I’ aly 60; Exptl (cc- Exptl (cc-mil/ Exptl (cc-
ayer °-7% | Film | mil/100 | Film |100in>day. | Film | mil/100in>
Thick- . .5 . .
ness Series | in~.day. | Series atm) Series day. atm))
No. 1 atm) No. 9 No. 10
(nm)
33 33 1A - 9A 76.7 10A 694
66 33 1B 88.5 9B 68.3 10B 52.6
132 33 1C 76.8 9C 59.2 10C 44.1
_ Calc- 87.1 Calc- 58.9 Calc- 43.1
ulated ulated ulated

Table 6 - Oxygen Transmission Rate for HDPE Multilayer Films

Nom. | Total HDPE1/CBC1 HDPE2/CBC1 HDPE3/CB1
COC/ | Skin OTR OTR OTR
CBC | Layer Mpypel | (cc- Expt'l (cc- Expt1 (cc-
Layer | Vol | Eilm il/100in% Film | mil/100in®. | Film | mil/100in>.
Thick | % Series |day. atm) | Series No. | day.atm) | Series | day.atm))
-Ness No. 2 11 No. 12
(nm)
33 33 2A - 11A 99.4 12A 80.7
66 33 2B 133.6 11B 79.5 12B 71.2
132 33 2C 148.6 11C 67.1 12C 61.5
Calc- 117.8 Calc- 64.8 Calc- 46.1
ulated ulated ulated

No oxygen permeability improvements over the series model prediction from monolayer
control data were observed for various HDPE/COC and HDPE/CBC samplesin Tables 5
10 and 6 above.

[0097] HDPE Density Variation

[0098] Three different density HDPEs (HDPE1, HDPEZ2, and HDPE3 of Table 2)
are compared to see the effect of HDPE density on WV TR in HDPE/COC and HDPE/CBC
systems. The densities are 0.96, 0.963, and 0.97 g/cc for HDPE1, HDPE2, and HDPE3,

15  respectively. The measured HDPE2/COC and HDPE3/COC water vapor permeabilites at 33
nm-thick COC layer are shown in Table 7.
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Table 7 - HDPE Density Variations
Nom. HDPE1/COC HDPE2/COC HDPE3/COC
COC/CBC WVTR WVTR WVTR
ThLi;Zl‘;“ZSS Expt (2 Expt'l (e Expt (2
(am) Film | mil/100in*. | Film | mil/100in®. | Film No | mil/100in”.
No day) No day) day)
33 1A 0.14 9A 0.15 10A 0.13
Table 8 - HDPE Density Variations
Nom. HDPE1/CBC1 HDPE2/CBC1 HDPE3/CBC1
COC/CBC WVTR WVTR WVTR
Layer g ot (e Expt (g Exptl (g
Thickness . . > o . . > 9 . . > 5
Film | mil/100in".day) | Film | mil/100in".day) | Film | mil/100in".day)
(nm)
No No No
33 2A 0.19 11A 0.12 12A 0.10
[0099] Although control HDPE data demonstrate that higher density HDPES

generally exhibit areduced 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/CBCI layers, are re-heated to 145°C for 2 minutes and

then cooled slowly in air. The percent crystalinities 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 adifferential 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 (AH® value of
293 J/g for HDPE, Wunderlich B. Macromolecular Physics. Vol. 3. New York, Academic

Press, 1980,

p. 58).
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Table 9
Experimental Fast Quenched | Reheated & Slowly
Film No. Cooled
% Crystallinity

1A HDPEL/COC 60 69

9A HDPE2/COC 62 70

10A HDPE3/COC 62 70

2A HDPEL/CBC1 61 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/CBCI 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
Experimental Fast Quenched Reheated &
Film No. Slowly Cooled
WVTR WVTR
(2-mil/100in’ day) (2-mil/100in’.day)
1A HDPE1/COC 0.14 0.12
9A HDPE2/COC 0.15 0.13
10A HDPE3/COC 0.13 0.10
2A HDPE1/CBC1 0.19 0.16
11A HDPE2/CBC1 0.12 0.10
12A HDPE3/CBC1 0.10 0.08
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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 1to 3000 nm, wherein;

a. layer material A isfrom 5to 95 volume percent of the film or sheet based on layer
materials A and B and comprises acyclic olefin polymer ("COP");

b. layer material B isfrom 5to 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 1where the layers of A and B
have atotal thickness of at least 40 nm.

3. The coextruded multilayer film or sheet of Claim 1comprising 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 1through 3 having a

thickness of from 4.5 n to 7.5 mm.

5. The coextruded multilayer film or sheet of Claim 1 comprising from 10 to 1000
aternating layers of A and B.

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

thickness of from 10 to 500 nm.

7. The multilayer film or sheet of Claim 1wherein 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 1wherein 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;
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B. COPs based on aring opening metathesis route via norbornene or substituted
norbornene;

C. amorphous, transparent copolymers based on cyclic olefins and linear ol€fins;
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 iscalculated from the individual layer WV TRs using the "series model for

layered assemblies'.

10. The multilayer film or sheet of Claim 9 wherein the film or sheet has aWV TR that
is 95% or less than the calculated theoretical WV TR.

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

formed into aprofile, 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 1to
3000 nm, wherein;

a. layer material A isfrom 5to 95 volume percent of the layer materials A and B and
comprises acyclic olefin polymer;

b. layer material B isfrom 5to 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 aparison of Claim 12.
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