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(57) Abrégée/Abstract:
Split-layer thermoplastic films 20 having the structure A-(B-C) -B-A, wherein A and C are Inelastic layers 22, 26 each having a

thickness and each comprising Individually at least one of polymeric compositions A and C; B 24 Is an elastic layer comprising
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(57) Abrege(suite)/Abstract(continued):
polymeric composition B, n =z 1, and wherein the layers 26, 24 comprising (B-C) -B have a combined thickness X, polymeric

compositions A and C comprise an Inelastic polymer; polymeric composition B comprises an elastomeric polymer; and the
thickness of C comprises 5% or less of the total thickness of the film 20; and further wherein the film 20 has a notched Elmendorf
tear strength of at least twice the notched Elmendorf tear strength of a comparative thermoplastic film having the structure A-B-A,
wherein A and B comprise substantially the same polymeric compositions A and B as the thermoplastic film, and wherein the B-
layer of the comparative thermoplastic film has a thickness y which is substantially equal to x.
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Figure 1a

(87) Abstract: Split-layer thermoplastic films 20 having the structure A-(B-C),-B-A, wherein A and C are inelastic layers 22, 26
cach having a thickness and each comprising mdividually at least one of polymeric compositions A and C; B 24 1s an elastic layer
comprising polymeric composition B, n > 1, and wherein the layers 26, 24 comprising (B-C),-B have a combined thickness x, poly-
meric compositions A and C comprise an inelastic polymer; polymeric composition B comprises an elastomeric polymer; and the
thickness of C comprises 5% or less of the total thickness of the film 20; and further wherein the film 20 has a notched Elmendort
tear strength of at least twice the notched Elmendort tear strength of a comparative thermoplastic film having the structure A-B-A,

wherein A and B comprise substantial
er of the comparative thermoplastic i

ly the same polymeric compositions A and B as the thermoplastic film, and wherein the B-lay -
'm has a thickness y which 1s substantially equal to x.
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ELASTOMERIC FILMS HAVING INCREASED TEAR RESISTANCE
RELATED APPLICATIONS
This application claims the benefit of priority of U.S. Provisional Patent Application

Nr. 62/101,813, filed January 9, 2015, and incorporated herein by reference.

FIELD OF THE INVENTION

The present invention 1s directed to multilayer thermoplastic films and laminates
having improved tear resistance, as well as to laminates and articles incorporating said films,
and methods of making.

BACKGROUND OF THE INVENTION

Elastomeric matenals are used in garments to provide a snug but comfortable fit that
conforms to the body. A snug fit 1s especially important in disposable hygienic products such
as diapers, to prevent the leakage of body fluids.

One disadvantage of elastomeric f1lms 1s the high propensity to tear if the film 1s cut,
notched, or perforated. Therefore, manufacturers may use relatively thick elastomeric films
to reduce the formation of “activation defects,” e.g.., pinholes, slits, etc., which may lead to
leakage. In addition, 1t 1s desirable to produce laminates that are both stretchable and
recoverable, which means that the product returns to substantially its original shape after
being stretched. This 1s particularly desirable, for example, 1n elastic cuffs 1n disposable
diapers.

There exist non-woven and elastomer matenals that, when used 1n the production of
elastomeric laminates, help to decrease the number of activation defects. Examples include
carded and spun-lace non-wovens, and specialty elastomers such as SEBS and SEEPS.
When used in current methods, however, these maternials tend to be cost-prohibitive, 1n
particular for use 1n disposable hygiene products.

A need exists, therefore, for elastomeric films and laminates which are highly
resistant to activation pinholes, exhibit superior elastic properties, and are cost-effective to
produce.

SUMMARY OF THE INVENTION

The present invention meets the aforementioned needs and improves upon the
existing state of the art by providing in one embodiment novel, co-extruded split-layer
elastomeric f1lms having the structure A-(B-C),-B-A, where n 1s at least 1, and wherein B 1s
an elastic layer and A and C are relatively 1nelastic layers. Applicants have unexpectedly

discovered that when the C-layers each are not allowed to exceed 5% of the total thickness of
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the film, the films exhibit surprisingly superior tear strength relative to a comparative film.
In addition, the films and laminates comprising such films are cost-effective, exhibit superior
elastic properties, are substantially free of activation defects, and have a soft and quiet feel.

A split-layer film 1s a particular type of multi-layer film, and 1s distinguished by
virtue of the core layers comprising (B-C),-B. In the present invention, elastic layer B 1s
effectively split into two layers by intervening layer C, which 1s less elastic than layer B or
even 1nelastic. The core layers (B-C),-B are referred to as ““split” because they have the same
thickness as core layer B 1n a comparative three-layer film having the structure ABA.

Whereas films labeled ““split-layer” are known, no distinction has been made
between a split-layer film and a conventional multi-layer film. More important, the
relationship between the maximum thickness of the inner C-layer(s) to the film strength was
previously not appreciated. It was discovered, however, 1n the films of the present invention,
that when the thickness of the inner C-layer 1s not allowed to exceed a given maximum, the
films exhibit an Elmendorf tear force that 1s significantly greater than that of comparative
films. In addition, the films of the present invention are particularly resistant to activation
pinholes and have good permanent set properties.

The elastomeric laminates of the present invention exhibit other unexpected benefits.
For example, the laminates comprising the multilayer elastomeric film can be activated
during manufacturing by a deeper depth of engagement (DOE), and therefore achieve higher
stretchability. The polymeric compositions used 1n the films of the present invention can
improve the film processability, allowing higher line speeds and lower film basis weights.
Extrusion lamination of the films onto one or more nonwovens can be done at very low film
basis weights.

In one embodiment, the present invention provides split-layer thermoplastic films
having the structure A-(B-C),-B-A, wherein A and C are inelastic layers each having a
thickness and each comprising individually at least one of polymeric compositions A and C;
B 1s an elastic layer comprising polymeric composition B, and n > 1, and wherein the layers
comprising (B-C),-B have a combined thickness x, polymeric compositions A and C
comprise an inelastic polymer; polymeric composition B comprises an elastomeric polymer;
the thickness of C comprises 5% or less of the total thickness of the film; and, wherein the
film has a notched Elmendorf tear strength of at least twice the notched Elmendorf tear
strength of a comparative thermoplastic film having the structure A-B-A, wherein A and B

comprise substantially the same polymeric compositions A and B as the thermoplastic film,
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and wherein the B-layer of the comparative thermoplastic film has a thickness y which 1is
substantially equal to x.

In an alternative embodiment, an elastomeric laminate i1s provided comprising a
split-layer elastomeric film of the present invention and at least one substrate.

In yet another alternative embodiment, article of manufacture is provided comprising
a split-layer thermoplastic film having the structure A-(B-C),-B-A, wherein A and C are
inelastic layers each having a thickness and each comprising individually at least one of
polymeric compositions A and C; B is an elastic layer comprising polymeric composition B,
and n > 1, and wherein the layers comprising (B-C),-B have a combined thickness X,
polymeric compositions A and C comprise an inelastic polymer; polymeric composition B
comprises an elastomeric polymer; the thickness of C comprises 5% or less of the total
thickness of the film; and, wherein the film has a notched Elmendorf tear strength of at least
twice the notched Elmendorf tear strength of a comparative thermoplastic film having the
structure ABA, wherein A and B comprise substantially the same polymeric compositions A
and C as the thermoplastic film, and wherein the B-layer of the comparative thermoplastic
film has a thickness y which is substantially equal to x. In one embodiment, the article of
manufacture is a personal hygiene product, such as a disposab]e absorbent product.

In yet another alternative embodiment, a method of making a split-layer elastomeric
film is provided, comprising providing a first polymeric composition A, a second polymeric
composition B, and a third polymeric composition C, wherein polymeric compositions A and
C comprise a suitable inelastic polymer, and wherein polymeric composition B comprises a
suitable elastomeric polymer; and coextruding polymeric compositions A, B, and C to form
at least oné split-layer elastomeric film having a structure described herein. Optionally, the
method comprises the step of laminating a substrate to the film to produce an elastomeric
laminate.

Other embodiments and advantages of the invention will be apparent in view of the

following detailed description of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 (a-c) illustrates several embodiments of the multilayer elastomeric films

and laminates of the present invention.

FIGURE 2a is a cross-sectional view of a coextruded 3-layer film.

3
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FIGURE 2b is a cress-sec_tionai view of a 5-layer coextruded extruded film made
according to the present invention demonstrating a split-layer.

FIGURE 3 deplcts the machine-direction (MD) notched Elmendorf tear strength in
grams (y axis) of split-layer films, as’ deflned herein. A S-Iayer fllm havmg the structure
ABCBA is compared to a comparatlve 3-1ayer film having the structure ABA The thickness
of the C-layer is varied from about 1.7% to about 23.8% and is absent (0%) in the 3-layer
film, and is represented as a percent__age of the total film thickness on the x-axis.

FIGURE 4 depicts the%cross-'direction (CD)-notched Elmendorf tear strength in grams
(y-axi1s) vs. the th'ickness of the C—layer as a 'percentage of the total film-'thickness (x-nxis) of
the films of Figure 3.

FIGURE 5 depicts the MD notched Elmendorf tear strength in grams (y-axis) of split-
layer films, as defined herein. Comparative film has 3-layers and the structure ABA, and 7-
layer film has the structure ABCBCBA. The thickness of the C-layers each is either 1% or
7% of the total film thickness and is absent (0%) in the comparative film (x-axis).

FIGURE 6 depicts the CD notched Elmendorf tear strength in gram‘s (y-axis) of the
films of Figure 5. ‘ |

DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein:

“Split-layer’”> means a type of multi-layer film in which an inner, or core, layer having
a given thickness “x” is divided into multrple layers by one or more 1nterven1ng layers havmg
elastomeric properties different than the single core layer, to produce a multilayered core
having a total thickneSs “y,” which is substantia-lly equal. to “x.” See FIGURE 2.
“Substantially equal to” is understood hérein to mean that the value of x is within about 20%
of the vz:ier of y. ' ' .

“Coextruded,” “coextrusion,” or -variants thereof mean a process of making multilayer
polymer films wherein each polymer or polymer blend comprising a layer of the film 1s
melted 1nd1v1dually The molten polymers may be layered inside the extrusmn die, and the
layers of molten polymer films are extruded from the die essentially srrnultaneously
Coextruded films do not require a layer of adhesive between the individual coextiuded layers

22 &4

‘“Elastomeric,” “elastomer,” “elastic,” or variants thereof mean a f11m, a Jaminate, a

polymeric composition or material used in a film layer, such that when the film or laminate

RECTIFIED SHEET (RULE 91) ISA/EP
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comprising the material is stretched by at least two and a half times the original length,
recovers to no more than about 1.2 times the original length in the direction of the applied
stretching force. For example, an elastomeric film that is 10 cm long can be stretched to at
least 25 cm under a suitable stretching force, and then retract to no more than about 12 cm
when the stretching force is removed.

“Permanent set” is the permanent deformation of a material after removal of an
applied load. In the case of elastomeric films, permanent set i1s the increase 1n length of a
sample of a film after the film has been stretched to a given length and then allowed to relax
as described in the Two Cycle Hysteresis Test. Permanent set 1s fypically expressed as a
percent increase relative to the onginal size.

“Polyethylene rich,” or alternatively, “polyethylene-based,” means a polymeric
composition comprising at least about 60% by weight of polyethylene monomers.
“Polyethylene rich” or ‘“polyethylene-based” is not understood to include polymers
comprising mixtures of ethylene and propylene monomers, such as poly(ethylene-propylene).

“Polypropylene rich,” or alternatively, “polypropylene-based,” means a polymeric
composition comprising at least about 60% by weight of polypropylene monomers.
“Polypropylene rich” or “polypropylene-based” is not understood to include polymers
comprising mixtures of ethylene and propylene monomers, such as poly(ethylene-propylene).

“Inelastic” means a film, a laminate, a polymeric composition or material used 1n a

2

film layer a film layer that falls outside of the scope of “elastic,” as defined herein. An
inelastic film or laminate comprising an inelastic material either may not be stretched by at
least two and a half times the original length without tearing or otherwise failing, or fails to
recover to no more than about 1.2 times the original length after removal of an appled
stretching force.

“Gsm” means grams per square meter, and is a measure of the basis weight, which 1s
an industry standard term that quantifies the thickness or unit mass of a film or laminate
product.

“Skin layer(s)” means one or both outer layers of a multilayer film that functions as
an outer surface of the film. In the present invention, the A-layer may be referred to as a skin
layer.

“Layer A” or “the A-layer” mean a discrete layer and/or sublayer of film comprising

an polymeric composition A. Similarly, “layer B,” or “the B-layer,” mean a discrete layer

and/or sublayer of the film comprising polymeric composition B. “Layer C,” or “the C-
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layer,” mean a discrete layer and/or sublayer of the film comprising polymeric composition
C.

- “Activation,” or “activating,” or variants therecof, means a process by which the
elastomeric film or material is rendered more easily stretchable. An elastomeric material that
has undergone activation is called "activated.”

“Activation defect” means small holes (pinholes) or tears 1n a film while the film
undergoes formation, lamination, activation, or other manufacturing or processing steps,
which in turn may lead to reduced tear strength, porosity, leakage or other undesirable
characteristics.

“Tear strength,” “tear force,” “Elmendorf tear strength,” or similar terms mean the
force required to tear a film. Herein, tear strength is expressed in units of grams and 1s
measured by the Elmendorf tear test, ASTM D-1922, incorporated herein by reference, which
may be used with either a notched or an unnotched film. It is noted that tear strength is
related to film thickness, and for the sake of clarity, any comparison thereof must take 1nto
account the relative basis weight of the comparative sample. Tear strength may be specified
to be in the cross direction or in the machine direction. When no direction is specified, the
tear strength is understood to refer to either the cross direction and/or the machine direction.
Elastomeric Film

The elastomeric films of the present invention have the general structure A-(B-C),-B-
A, wherein A, B and C represent individual layers comprising, respectively, polymeric
compositions A, B and C and n > 1. Polymeric compositions A and C may be substantially
the same or different. A, B and C each may be either elastic or inelastic. The layers further
may be alternately elastic and inelastic, as defined herein.

In one embodiment, A and C are inelastic layers, and B is an elastic layer. The
individual A layers and individual C layers may comprise the same or different polymeric
compositions, provided the polymeric compositions are a suitable inelastic polymeric
composition, as defined herein. The B layers, however, contain the same polymeric
composition as the B layer in a comparative film.

It is to be understood that for the purposes of the present invention, that a layer,
whether an A-, a B- or a C-layer, means a given thickness of film that 1s comprised of
substantially the same polymeric composition. In other words, a B-layer may comprise sub-
layers of polymeric composition B, and these layers may even be visibly distinct; however,
whether comprised of a continuous layer or of distinguishable sub-layers, it 1s the elastic

properties that define a layer. For the purposes of this invention, the addition of plasticizers,
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fillers, compatibilizing agents and/or stabilizers 1s insufficient 1n and of 1tself to distinguish a
layer.

The value of “n” is at least 1, alternatively 1s from 1 to about 4, alternatively 1s from |
to 3, alternatively is 1, and alternatively 1s 2.

The films may have a‘ thickness of from about 10 gsm to about 100 gsm, alternatively
from about 10 gsm to about 50 gsm, alternatively from about 10 gsm to about 25 gsm,
alternatively a thickness of less than 25 gsm, and alternatively a thickness of greater than 25
gsm.

In the films of the present invention, the permanent set may be about 20% or less,
alternatively about 15% or less, alternatively about 10% or less, alternatively is from about
1% to about 10%, and alternatively is from about 1% to about 5%.

In the films of the present invention, the Elmendorf tear strength is at least twice the
tear strength of a comparative film, and alternatively may have at least three times, five times
or seven times the strength of a comparative film having the structure ABA, 1n which the
~ thickness of B is substantially equal to the thickness of (B-C-B),, and in which B 1s
substantially the same polymeric material.

A notched or unnotched film may be characterized by an MD Elmendorf tear force in
the cross direction or in the machine direction, relative to a film having a basis weight of
about 50 gsm, of at least about 300g, alternatively at least about 400g, alternatively at least
about 500g, alternatively at least about 600g, alternatively from about 300g to about 1200g,
and alternatively from about 400g to about 700g.

When the film i1s unnotched, the film may be characterized by an E]mendorf tear
force, relative to a film having a basis weight of about 50 gsm, in the machine direction (an
“MD tear force”) of at least about 300g, alt:ematively at least about 500g, alternatively at least
about 1000g, and alternatively from about 300g to about 1500g. When the film 1s unnotched,
the film may be characterized by an Elmendorf tear force, relative to a film having a basis
weight of about 50 gsm, in the cross direction (a “CD tear force™) of at least about 1300g, and
alternatively of from about 1300g to about 2000g.

The thickness of the C-layer, or of each individual C-layer when n > 1, 1s about 5% or
less of the total thickness of the film, alternatively is about 2% or less of the total thickness of
the film and alternatively is less than about 1% of the total thickness of the film.

The fi'lms of the present invéntion may have a low weight ratio of inelastic to elastic
material. In one embodiment, the weight ratio of inelastic material to elastic material 1s from

about 1 to about 4.
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In one embodiment, the multilayered elastomeric films and laminates of the present

invention are substantially free of activation defects.
In one embodiment, the elastomeric films and any or all of the individual layers of

the present invention are substantially free of plastoelastic polymers.
Polymeric Compositions

The A-, B- and C-layers of the elastomeric film of the present invention comprise,
respectively, polymeric compositions A, B and C, which also may be referred to,
respectively, as first, second and third polymeric compositions. When A and C are inelastic
layers, polymeric compositions A and C may comprise an inelastic polymer, including but
not limited to polyolefins, styrenic polymers, acrylic polymers, polyamides, and mixtures
thereof. In one embodiment, the inelastic polymer comprises polyethylene, polypropylene
and homopolymers and copolymers thereof, polyethylene-rich polymeric compositions,
polypropylene-rich polymeric compositions, and mixtures thereof. In one embodiment,
polymeric compositions A and C may comprise linear low density polyethylene (LLDPE),
low density polyethylene (LDPE), high density polyethylene (HDPE), homopolymer
polypropylene (hPP), polypropylene, polyethylene, polystyrene, high impact polystyrene,
polymers and copolymers of any of the above, vinyl acetate (EVA), methyl acrylate (EMA),
ethyl acrylate (EEA), ethyl acrylic acid (EAA), and mixtures thereof. Nonlimiting examples
of commercially available suitable polymeric compositions include INFUSE, available from
The Dow Chemical Company of Midland, MI, and VISTAMAXX, one example of which 1s
VISTAMAXX 6102, available from ExxonMobil Chemical Company of Houston, TX.
Other suitable polymeric compositions include olefinic polymers, including olefinic block
copolymers, polyolefins, olefinic random copolymers, polyurethanes, rubbers, vinyl arylenes
and conjugated dienes, polyesters, polyamides, polyethers, polyisoprenes, polyneoprenes,
copolymers of any of the above, and mixtures thereof. In addition, polymeric compositions
A and C may comprise brittle polymers, nonlimiting examples of which are disclosed 1n U.S.
Patent 7,879,452.

The aforementioned polymeric compounds may be present in polymeric compositions
A and/or C in an amount of from about 0% to about 95%, alternatively from about 0% to
about 40%, alternatively from about 10% to about 50%, alternatively from about 35% to
about 50%, alternatively from about 20% to about 40%, and alternatively from about 10% to
about 20%. It is noted, however, that to form an inelastic layer, the percentage ot
polyethylene-rich and/or polypropylene-rich polymeric compositions, such as VISTAMAXX

or INFUSE or other polymeric compositions that may be considered elastomeric in a
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substantially pure form, should be less than about 40% of the total polymeric composition in
a film or layer.

When B is an elastic layer, polymeric composition B may comprise an elastomeric
nolymer, including but not limited to styrenic block copolymers, elastomeric olefinic block
copolymers, and combinations thereof. Non-hmiting examples of suitable-. styrenic block
~copolymers (SBC’s) include styrene-butadiene-styrene '(SBS), styt'ene-isoprene-styrene (SIS),
,- styrene-ethylene-butylene-,styrene (S_'EBS),. styrene-ethylene-propylene (SEP), styrene-

~ethylene-propylene-styrene  (SEPS), or styrene- ethylene-ethylene-propylene-styrene

(SEEPS) block copolymer elastomers, polystyrene, Hi‘gh 1mpact polyst_yrene, and mixtures
thereof. In one embodiment, polymeric cor_npos'it’ion‘B COMPIISES styrene—bu'tadiene-styfene,
polystyren‘e«, high impact polystyrene, and mixtures thereof. In one embodiment, polymeric
coxnposit--ion B oornpﬁses styrene-butadiene-styrene. In one embodiment, the B-layers are
substantially free of polyolefin-grafted polyurethane elastomers. Non-limiting examples of
suitable SBC resins include DEXCO DPX620, also sold as VECTOR 7620, available from
Dexco Polymers LP of Planquemine, LA, and GLS 359-145A, available from PolyOne
Corporation, McHenry, IL.

"I:‘he aforementioned elastomeric polymers' may be present in polymeric composition
B 1in an amount of from about 0% to about 96%, alternatively from about 50% to about 96 %,
and alternatively fronl about 75% to about 95%. In one embodiment, the polymeric
composition B comprises polystyrene high 1mpact polystyrene or mlxtures thereot, 1n an
amount of from about 0% to about 45%, alternatively from about 0% to about 20%,
alternatively from about 5% to about 45%, and alternatlvely from about 5% to about'15%.

In one embodiment, the A— B- and/or C- layers may be substantially tree of block
copolymers compnsmg vinyl arylene and con]ugated dienes, natural rubber, polyurethane,
polyester rubber polyamldes polyethers, polyisoprenes, polyneoprenes or mixtures thereof.

‘The polymenc compositions A, B and C of the present invention may include optional
components, such as -fillers, plasticizers, compatibilizers, draw down polymers, processing
aids, anti-blocking agents, viscosity-reducing polymers, and the like. Other additives may
“include pigments dyes, 'antioxidant’s antistati‘c agents, slip agents, foatning agents, heat or.
]1ght stabilizers, UV StablllZCI‘S and the like. Examples of suitable processmg aids and anti-
blockmg agents mclude but are not limited to, AMPACET, avallable from Ampacet
‘ Corporation; Cincinnati, Ohio. In one embodiment, the polymeric composmons may
comprise .frorn about 0% to about 40%, and alternatively from about 5% to about 1.0%, of an

anti-blocking agent. In one embodiment, the polymeric compositions may comprise from
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about 0% to about 15%, and alternatively from about 0% to about 10%, and alternatively
from about 1% to about 5%, of a suitable processing aid.

Figure 1 illustrates several embodiments of elastomeric films and laminates of the
present invention. Figure la illustrates a coextruded five layer elastomeric film (20) having
the structure A-B-C-B-A, showing A-layers (22), B-layers (24), and C-layer (26). Figure 1b
illustrates a coextruded seven layer elastomeric film 20 having the structure A-(B-C),-B-A
(where n=2) comprising A-layers (22), B- layers (24), and C-layers (26). Figure 1c illustrates
a coextruded nine layer elastomeric film 20 having the structure A-(B-C),-B-A (where n=3)
comprising A-layers (22), B-layers (24), and C-layers (26). All films may comprise optional
substrate(s) 30 to form a laminate.

Figures 2a and 2b illustrate the split-layer concept. Figure 2a illustrates a three-layer
film having the structure ABA (20), showing A-layers (22), B-layer (24) and optional
substrate(s) (30). The B-layer has a thickness “x.” In Figure 2b, the B-layer has been
effectively sp]it by intervening layer C (26) to create a five-layer film (28) having the
structure ABCBA, comprising A-layers (22), B-layers (24) and optional substrate(s) (30),
where B is elastic and A and C are inelastic. The total thickness of the B- and C-layers, vy, 1s

substantially equal to x.

Method of Making

The present invention provides methods of making the elastomeric films of the
present invention, and comprises the steps of providing polymeric compositions A, B and C,
and co-extruding the polymer compositions A, B, and C to form the multilayer elastomeric
film of the present.

The multilayered elastomeric films of the present invention are co-extruded films, and
may be made by a number of methods that would be known to one of skill in the art,
including cast co-extrusion and/or blown-film co-extrusion. In making the films of the
presént invention, the elastomer layers are extruded by a film casting procedure in which at
least two extruders are used to coextrude the layers of the film. The layers are combined and
split by a feedblock before the die. The feedblock is designed to divide the polymeric flow
from each extruded polymer into specified layers, and then combine the layers from various
extrusions in a specific arrangement. For example, two extruders A and B may divide A 1into
6 layers and B into five layers. The layers may then be arranged into a specified order, for
example, A(BA),AB. The layers may be combined and split by a feedblock before the die

or extruder through a multi-manifold die.
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A typical cast extrusion process, suitable for making the multilayered elastomeric
films of the present invention is described in published U.S. Patent Application
2014/0255658 (Muslet et al.). Polymeric compositions A, B and C may be melted mn a
conventional screw extruder and extruded from an extrusion die to form a molten polymer
web. The molten polymer web is extruded into the nip between the illustrated metal roll and
backing roll or onto a metal roll without a backing roll. The metal roll may be chilled to
rapidly cool the molten polymer film. The metal roll may also be engraved with an
embossing pattern if such a pattern is desired on the resulting film.

Laminates

The multilayer elastomeric films of the present invention may be laminated to a
substrate to form a multilayer elastomeric laminate. Methods of forming elastomerc
laminate would be well-known to one of skill in the art. Suitable lamination methods are
described in U.S. Patent Application 2014/0255658 (Muslet et al.) and in U.S. Patent
5,422,172 (Wu), and include but are not limited to adhesive lamination, extrusion lamination,
ultrasonic bonding or welding, and other means that would be apparent to one of skill in the
art. Elastic Jaminates may be mechanically activated by one or a combination of activating
means, described, e.g., in U.S. Patent Application No. 2009/0264844 and including activating
the web through intermeshing gears or plates, incremental stretching, nng rolling, tenter
frame stretching, and activating the web in the machine direction between nips or roll stacks
operating at different speeds. Incremental stretching rollers may be used to activate elastic
laminates in the MD, CD, at an angle, or any combination thereof.

A variety of suitable substrates may be used in the laminate of the present invention.
In one embodiment, the substrate is a non-woven. Examples of suitable nonwoven materials
include carded, spunlaced nonwoven webs and spunbond nonwovens, including olefinic,
styrenic, and acrylic non-wovens. 1n one embodiment, the non-woven is a spun bond non-
woven, such as spunbond meltblown (SM), spunbond meltblown spunbond (SMS), spunbond
meltblown meltblown spunbond (SMMS), and combinations of any of the aforementioned.
In other embodiments, the nonwoven may comprise layers of fibers that differ in diameter or
composition, including but not limited to polyolefins such as polypropylene or polyethylene,
polyesters, polyamides, polyurethanes, elastomers, rayon, cellulose, copolymers thereof, and
combinations thereof. The nonwoven fabrics may also comprise fibers that are homogenous
structures or comprise bicomponent structures such as sheath/core, side-by-side, islands-in-

the-sea, segmented pie, and other known bicomponent configurations.
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The substrate of the present invention may have a weight of about 5 gsm to 75 gsm,
alternatively from about 10 gsm to about 50 gsm, alternatively from about 10 gsm to about 25
gsm, alternatively less than about 25 gsm and alternatively less than about 20 gsm.

Additional processing steps such as activating the elastomeric laminate, aperturing
the laminate, printing the laminate, slitting the laminate, laminating additional layers to the

laminate, and other such processes may be included.

Articles of Manufacture

The multilayer elastomeric laminates of the present inivention are useful for a variety
of purposes, including, for example; use in personal care products relating such as disposable
absorbent products. Non-limiting examples include diapers, training pants, incontinence pads
and pants, swimwear, sanitary napkins, tampons, pantiliners, etc. In one embodiment, the
present invention is related to an absorbent article comprising the multilayer elastomeric
laminate described herein. In one embodiment, the absorbent article 1s a diaper.

Other non-limiting examples of articles in which the laminates of the present
invention may be used include protective outerwear garments used for protection in the
workplace, such as surgical gowns, hospital gowns, covergowns, labcoats, masks, and
protective coveralls, as well as protective covers and outercovers used to protect objects such
as for example car, boat and barbeque grill covers, as well as agricultural fabrics.

Test methods
Elmendorf Tear Test

Elmendorf tear strength was measured according to the following method. To
determine the propagation tear resistance of notched and unnotched plastic film and
laminates, the samples are cut accurately in each principle direction using the constant radius of
tear template as shown in Figure 1 of ASTM D-1922. For notched samples, a pre-cut slit 1s
made in the sample as indicated in ASTM D-1922. For unnotched samples; no pre-cut slit 1s
made. A Thwing Albert Model 60 Elmendorf Tearing Tester is used, as well as a pendulum
having a 1600g or 3200g capacity, in the following procedure: The instrument is leveled such
that the pendulum freely suspended from the vertical line on the sector exactly coincides with
either edge of the pendulum stop. This adjustment is made using the level screw on the
instrument base. Raise the pendulum to its initial position and set the pointer against the stop.
With no specimen in the clamps, depress the pendulum stop and allow the pendulum to swing

through with a complete arc. Catch the pendulum by hand on the return swing, taking care
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not to disturb the pointer position. If the pointer does not read zero on the pendulum scale,
adjust the pointer stop with the thumbscrew provided and repeat steps 2 through 5 until a zero
reading is obtained.

Raise the pendulum to its initial position, and place a specimen (multiple plies 1f necessary),
horizontal plane seated, in the specimen clamps. Clamp the specimen in place using equal
pressure on both clamps. Depress the knife handle to make a tear in the specimen unless the
slit or tear was cut into the specimen at the time the specimen was cut using a constant radius
template. Depress the pendulum stop and allow the pendulum to swing through a complete
arc. Catch the pendulum by hand on the return swing, taking care not to disturb the pointer
position. Record the pointer reading from the pendulum scale to the nearest half division 1f
the obtained scale reading falls within 20% and 80% of full scale load. If the reading does
not fall within 20% to 80% of full scale load, add multiple plies as necessary until obtained
scale reading falls within 20% to 80% of full scale load. Also, if the tear deviates to one side
or the specimen delaminates, note the occurrence and disregard the scale reading. Determine
the average scale reading and calculate the force in grams corresponding to each average

scale reading, dependent upon use of the 1600g or 3200g pendulum as follows:

Force (g) = Average scale reading x 16 (1600g)

Number of plies

Force (g) =  Average scale reading x 32 (3200g)
Number of plies .
Two Cycle Hysteresis Test

This method is used to determine properties that may correlate with the forces
experienced by the consumer during application of the product containing the extrusion
bonded laminate and how the product fits once 1t 1s applied.

The two cycle hysteresis test method is performed at room temperature (23.degree.
C.+-.2.degree. C.). The material to be tested is cut into a substantially rectilinear shape.
Sample dimensions are selected to achieve the required strain with forces appropriate for the
instrument. Suitable sample dimensions are approximately 25.4 mm wide by approximately
76.2 mm long. Shorter specimens may be used, however, if material availability precludes
specimens 76.2 mm in length. The sample is selected and mounted such that the direction of
elongation in the test method is perpendicular to the width of the sample, such that it can be
elongated to a length of at least the maximum percent strain of the hysteresis test. Suitable

instruments, grips, grip faces, software for data acquisition, calculations and reports and
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definition of percent strain are described in the Tensile Test (Mode II) method section above.

The load cell is selected so that the forces measured fall between 10% and 90% of the
capacity of the load cell or the force range used. Typically a 25 N or 100N load cell 1s used.
The fixtures and grips are installed. The instrument 1s calibrated according to the
manufacturer's instructions. The distance between the line of gripping force (gauge length, as
described in the Tensile test-Mode II) 1s 2.54 ¢m, which 1s rﬁeasured with a steel ruler held
beside the grips. The force reading on the instrument is zeroed to account for the mass of the
fixture and grips. The samples are equilibrated at 23.degree. C..+-.2.degree. C. for a
minimum of one hour before testing. The mass, length and width of the specimen are
measured before testing and are used to calculate the basis weight of the specimen in grams
per square .metcr (gsm). A minimum of five samples is used to determine the average test
values. The specimen is mounted into the grips in a manner such that there 1s minimal slack
and the force measured is less than 0.02N. The first segment of the two cycle hysteresis test
method is a gauge adjustment step using a 5 gram preload slack adjustment. The engineering
tensile engineering strain .gamma..sub.tensile is defined in the Tensile Test Method section
above and with a slack adjustment preload segment, L.sub.o 1s the adjusted gauge length, L 1s
the stretched length and .gamma..sub.tensile is in units of percent. The Two Cycle Hyéteresis
‘Test is done using the following segments:

(1) Slack adjustment: Move the crosshead at 13 mm/min. until the specitied 5 gf slack
adjustment preload is achieved. The distance between the lines of gripping force at the 5 gt
slack adjustment preload is the adjusted gauge length.

(2) Move the crosshead to achieve the specified percent engineering strain (1.e.,
engineering strain=130%) at a constant crosshead speed of 254 mm/min. For example, if the
adjusted gauge length from segment 1 is 26.00 mm, the sample is stretched to 59.80 mm and
the % engineering strain=((59.80/26.00)-1)*100=130%.

(3) Hold the sample for 30 seconds at the specified percent engineering strain (1.€.,
engineering strain=130%).

(4) Reduce engineering strain to 0% engineering strain (1.e., return grips to adjusted gauge
length) at a constant crosshead speed of 254 mm/min.

(5) Hold the sample for 60 seconds at 0% engineering strain. (segments 1 to 5 complete
Cycle 1)

(6) Repeat segments 2 through 5 to complete the second cycle of the Two Cycle
Hysteresis Test.

The method reports Cycle 1 load forces at 100% engineering strain and 130%
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engineering strain (from segment 2), Cycle 1 unload force at 50% engineering strain and 30%
engineering strain (from segment 4), percent set and force relaxation. The forces are reported
in N/cm, where cm is the width of the sample. The percent set is defined as the percent
engineering strain after the start of the second load cycle (from segment 6) where a force of 7
grams is measured (percent set load=7 grams). Force relaxation 1s the reduction 1n force
during the hold in segment 3 and is reported as a percent. Percent force relaxation 1s
calculated from the forces measured at 130% engineering strain during Cycle 1 and is equal
to 100*[((initial force at 130% engineering strain)-(force at 130% engineering strain after the
30 second hold))/(initial force at 130% engineering strain)].

For different sample dimensions, the crosshead speed is adjusted to maintain the
appropriate strain rate for each portion of the test. For example; a crosshead speed of 127
mm/min would be used in segments 2, 4 and 6 for a sample gauge length of 12.7 mm and a
crosshead speed of 381 mm/min would be used in segments 2, 4 and 6 for a sample gauge
length of 38.1 mm. Additionally, for samples with different widths, the slack preload force (5
erams per 2.54 cm width=1.97 g/cm) and the percent set load force (7 grams per 2.54 cm
width=2.76 g/cm) must be adjusted for the different sample width. The Two Cycle Hysteresis
Test may also be modified depending on the expected prbperties of the material tested. For
example, if the sample is not capable of being elongated to 130% engineering strain without
breaking, the sample is to be elongated to 100% engineering strain. And, 1f the sample 1s not
capable of being elongated to 100% engineering strain, the sample 1s to be elongated to 70%
engineering strain. In the latter two cases (elongation to 100% or 70% strain), force relaxation
is determined at the maximum elongation of Cycle 1 as defined above for elongation of 130%
engineering strain.

Examples
The following non-limiting examples are presénted to illustrate embodiments of the present

Invention.

Multilayer Films

Comparative Example 1: 3-layer film.

A coextruded multilayer film, having three layers and the structure A/B/A was prepared and

tested for tear strength. The A-layers each comprised about 10% by weight of the film and
the B-layer about 80%. The A-layérs each comprised 47% Dow Elite 5230, 30% Total 3622,
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14% Dow 640, 8% Ampacet 102795, 1% Ampacet 100458. The B-layer comprised 96%
GLS359-145A and 4% Ampacet 612713. The film had a basis weight of about 50 gsm. The
MD notched Elmendorf tear strength was about 150g and the MD unnotched Elmendort tear

strength was about 800g.

Example 1: 11-layer film

A coextruded multilayer elastomeric film of the present disclosure was prepared and
tested for tear strength. The film comprised an eleven-layer elastomeric film having the
structure A(BC)4sBA. The A- and C-layers of the film comprise 47% Dow Elite 5230, 30%
Total 3622, 14% Dow 640, 8% Ampacet 102795, and 1% Ampacet100458. The B-layers
comprise 96% GLS359-145A and 4% Ampacet 612713. The films had a basis weight of
about 50 gsm.

The lmultilayer clastomeric film was coextruded such fhat the A layers each comprised
about 6% of the total basis weight, the B layers each comprised about 16% of the total basis
weight, and the C layers each comprised about 2% of the total basis weight. The MD
notched Elmendorf tear strength was about 350g; the MD unnotched Elmendort tear strength
was about 1150g.

Example 2: 11-layer film

. A coextruded multilayer elastomeric film of the present disclosure was prepared and
tested for tear strength. The film comprised an eleven-layer elastomeric film having the
structure A(BC)4;BA. The A- and C-layers of the film comprise 47% Dow Elite 5230, 30%
Total 3622, 14% Dow 640, 8% Ampacet 102795, and 1% Ampacet100458. The B-layers
comprise 86% Dexco DPX620, 10% Nova-Ineos 3190 and 4% Ampacet 612713. The film
had a basis weight of about 50 gsm.

The multilayer elastomeric film was coextruded such that the A layers each comprised
about 6% of the total basis weight, the B layers each comprised about 16% of the total basis
weight, and the C layers ecach comprised about 2% of the total basis weight.  The MD
notched Elmendorf tear strength was about 500g and the MD unnotched Elmendorf tear
strength was about 1350g.

Example 3: 11-layer film
A coextruded multilayer elastomeric film of the present disclosure was prepared and

tested for tear strength. The film comprised an eleven-layer elastomeric film having the

structure A(BC);BA. The A- and C-layers of the film comprise 47% Dow Elite 5230, 30%

Total 3622, 14% Dow 640, 8% Ampacet 102795, 1% Ampacet 100458. The B-layers
comprise 86% Dexco DPX620, 10% Nova-Ineos 3190 and 4% Ampacet 4700165N. Itis
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noted that Ampacet 4700165N has polypropylene carrier instead of polystyrene, as in
Ampacet 612713. The films had a basis weight of about 50 gsm.

The multilayer elastomeric film was coextruded such that the A layers each comprised
about 6% of the total basis weight, the B layers each comprised about 16% of the total basis
weight, and the C layers each comprised about 2% of the total basis weight. . The MD
notched Elmendorf tear strength was about 420g and the MD unnotched Elmendorf tear
strengty was about 1300g.

Examples 1, 2 and 3 exhibited significantly increased tear strength relative to
comparative sample 1. Comparative example 1 further exhibited a significant number of
activation defects, whereas the 11-layer films of Examples 1, 2 and 3 exhibited substantially
no activation detects.

Split-layer Films

Coextruded multilayer films were prepared and tested for tear strength. All films had
a basis weight of about 50 gsm. In all films, the A layers each comprised about 6% by
weight of the film; the percentages of layers B and C were varied as described below. In all
samples, the total thickness of inner BCB and/or BCBCB layers had the same thickness as the
B-layer in comparative 3-layer samples. Inelastic layers A and C each comprised about 47%
LLDPE (Nova 317, which is a functional equivalent of Dow 5230), 30% hPP (homopolymer
polypropylene, Total 3622), 14% LDPE (Dow 640), 8% Antiblock Masterbatch (Ampacet
102785) and 1% processing aid (Ampacet 100458). The elastic B-layers comprised about
86% SBS (Dexco 7620, formerly DPX620); 10% polystyrene (Nova-Ineos 3190), and 4%
White Masterbatch (Ampacet 612713).

Comparative example 2: 3-layer film

A 3-layer film was made, having the structure A/B/A. The A-layers each comprised
about 6% of the total film thickness, and the B-layer about 88% of the total weight of the
film. For a 50 gsm film, therefore, the A-layers were each about 3 gsm, and the B-layer was
about 44 gsm. The film exhibited an MD notched Elmendorf tear strength of about 200g; an
MD unnotched Elmendorf tear strength of about 845g; a CD notched Elmendorf tear strength
of about 100g and a CD unnotched Elmendorf tear strength of about 1300g. The film further
exhibited a tensile strength prior to being stretched of about 3.3N, and after stretching to
about 200% of its original length of about 1.9N. ‘

Example 4: Split-layer films comprising five layers, with varying thickness of inner layer

Five-layer films having the structure A/B/C/B/A having the compdsition and

characteristics described above were made and tested for strength. In all films, the A-layers
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each comprised about 6% of the total film basis weight, or about 3gsm. The thickness of the
C-layer varied from about 1.7% to about 23.8%. The B-layers formed the remainder of the
film basis weight, and were adjusted accordingly. The combined thickness of the B-C-B
layers was about 44 gsm.

Figure 3 depicts the MD notched Elmendorf tear strength and Figure 4 the CD
notched Elmendorf tear strength, of the films of Example 4. In both figures, 0% indicates the
absence of a C-layer, which corresponds to a comparative 3-layer film having the structure
ABA, where the thickness of layer B is substantially the same as the combined thickness of
layers BCB. As shown in Figure 3, at 5.2% and below (not including 0%), the MD notched
tear strength is about 400g and above, or at least twice that of the comparative film (0%).
The tear strength increases as the percentage of thickness of Layer C is decreased to 2% and
1.7%. In Figure 4, the CD notched tear strength is greater than about 300g for the samples
comprising 5.2%, 2% and 1.7% of Layer C. This is about three times greater than the
comparative sample at 0%.

These data are surprising and counterintuitive, because the strength of the film
actually increases as the thickness of the C-layer decreases. As the C-layer approaches and
equals 0%, one would expect the trend to continue and the comparative sample to exhibit
even greater strength than the samples having a lower percentage of the C-layer. However,
when the C-layer is absent, and therefore equals 0%, the strength of the film 1s actually
decreased. Therefore, the data show that by splitting an inner elastic layer with an inelastic
layer that equals about 5% or less than the total thickness, or weight, of the film, the tear

strength is increased by at least a factor of 2. The data are summarized in Table 1.

Table 1: Split-layer Films Having Structure ABCBA

P — - o . A

_ﬁgrcentag_e (by _;&pprox. MD Increase Apf)_;gx. CD Increase
weight) of C- Notched Tear (multiple of Notched Tear (multiple of
layer Strength (g) comparative film | Strength (g) comparative. film
| ‘—i at 0%) at 0%)
I: 0 200 - 100 | -
52 400 2 | 325 l >3x
2 500 25x | 410 >4x
1.7 650 >3X 690 ~7X _J

Example 5: Split-layer films comprising seven layers, with varying thickness of inner layer
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had a basis wei ight of about 50 gsm, and the combined basis wéi ight of the BCBCB layers was

substantially equal to the basis weight of the B-layer in the comparativé film having the

structure ABA, or'about 44 gsm. In Film 1, the thickness of the C-layers each was about 1%,
the A-layers each abdut 6%, and the B-layers each about 28%. In Films 2B and 3B, the

‘thickness of the_C-layefs eac'h,was about 7%, the A-layers each about 6%, and the B-]ayeré

each about 24.6%.

The MD- and CD-notched tear strength data are depicted graphically in Figurés 5 and

6, respectively, and show that the tear strength in both directions 1s highest for the film

having the thinner C-layers.
Taluale, 2: Split-layer Films Having Structure ABCBCBA

Table 2 below summarizes measured tear stren gths.

* Avg of measurements on films 2B and 3B.

%(by‘ 1 Approx. | Increase m—._ Increase Appro_k. Increase Approx. Incfease l
| weight) | MD (multiple | CD (multiple | MD ' (multiple CD Un- | (multiple
of C- Notched | of Notched | of Un- of notched | of
layer Tear compara- | Tear compara- | notched | compara- | Tear compara- |
Strength | tive film" | Strength | tive film | Tear tive film | Strength | tive film
(2) at 0%) (g2) at 0% ) Strength | at 0%) (2) at 0%)
| (2) |
| (1__] : 345 : 160 | - 1318 I -
B 622 3.7x 1326 | 1.5x 1123 7 1703 13 |
; 7*_| 315 | 1.8x 1432 1.7x 277 | 1.1 1685 '] 13

These data also are surprising, displaying the same counterintuitive trend as shown

with ._th'e 5-layer films. The strength of the film actually increases as the‘thickne_'ss Of 'the C-

layer decreases. Given that the tear strength 1s lowest for the film having no C-layer (in other

words, the B-layer 1s not split by an intervening C-layer), one would expect that as the '

thickness of the C-layer is increased, the strength would increase. What is cleat, however, is

that. thin C-layers each having a thlckness of about 1%, result 1n superlor strength

,characterlstlcs than thlcker C- layers

"These and other data not 1ncluded here show that to‘ |

produce films havmg superior strength properties; the thickness of 1nterven1ng C -layers must

~ be below a-threshold, typically of around 5_%, of the total film thickness.

In-all embodiments: of the présent invention, all percentages are by weight of the total

film wei ght, unless specifically stated otherwise. All ranges are inclusive and combinable. All
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numerical amounts are understood to be modified by the word "about” unless otherwise

3% &6

specifically indicated. To the extent that the terms “includes,” “including,

23 &4

contains,” or
“containing” are used in the specification or the claims, they are intended to be inclusive 1n a
manner similar to the term “comprising” as that term 1s interpreted when employed as a
transitional word 1n a claim.

All documents cited in the Detailed Description of the Invention are, in relevant part,
incorporated herein by reference; the citation of any document 1s not to be construed as an
admission that it is prior art with respect to the present invention. To the extent that any
meaning or definition of a term in this document conflicts with any meaning or definition of
the same term in a document incorporated by reference, the meaning or definition assigned to
that term 1n this

document shall govern.
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We claim:

1. A split-layer thermoplastic film having the structure A-(B-C),-B-A, whereinn > 1, A and
C are 1nelastic layers each having a thickness and each comprising individually at least one of
polymeric compositions A and C; B 1s an elastic layer comprising polymeric composition B,
and wherein:

a) the layers comprising (B-C),-B have a combined thickness x,

b) polymeric compositions A and C comprise an inelastic polymer:;

¢) polymeric composition B comprises an elastomeric polymer; and wherein,

d) the thickness of C comprises 5% or less of the total thickness of the film; and,
wherein the film has a notched Elmendorf tear strength of at least twice the notched
Elmendorf tear strength of a comparative thermoplastic film having the structure A-B-A,
wherein A and B comprise substantially the same polymeric compositions A and B as the
thermoplastic film, and wherein the B-layer of the comparative thermoplastic film has a
thickness y which 1s substantially equal to x.

2. The film of Claim 1 further having a notched Elmendorf tear strength of at least about 300
g

3. The film of Claim 1 wherein the thickness of C comprises 2% or less of the total thickness
of the film.

4. The film of claim 3 wherein the notched Elmendorf tear strength 1s at least three times the
notched Elmendorf tear strength of the comparative elastomeric film.

5. The film of claim 3 wherein the notched Elmendorf tear strength 1s at least about 400 g.

6. The film of Claim 1 wherein the thickness of C comprises 1% or less of the total thickness
of the film.

7. The film of claam 6, wherein the notched Elmendorf tear strength 1s at least five times the
notched Elmendorf tear strength of the comparative elastomeric film.

8. The film of Claim 6, wherein the notched Elmendorf tear strength 1s at least about 600 g.

9. The film of Claim 1 wherein n = 1.

10. The film of Claim 1 wherein n = 2.

11. The film of Claim 1 wherein the inelastic polymer 1s selected from the group consisting
of polyolefins, styrenic polymers, acrylic polymers, polyamides, and mixtures thereof.

12. The film of Claim 11 wherein the polyolefin 1s selected from the group consisting of
polyethylene, polypropylene, linear low density polyethylene, low density polyethylene, high

density polyethylene, homopolymers, copolymers and mixtures thereof.
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13. The film of Claim 1 wherein the elastomeric polymer comprises styrenic block
copolymers, elastomeric olefinic block copolymers, and mixtures thereof.

14. The film of claam 13 wherein the styrenic block copolymer 1s selected from the group
consisting of styrene-butadiene-styrene, styrene-isoprene-styrene, styrene-ethylene-butylene-
styrene, styrene-ethylene-propylene, styrene-ethylene-propylene-styrene, styrene-ethylene-
ethylene-propylene-styrene, polystyrene, high impact polystyrene, and mixtures thereof.

15. The film of Claim 1, further having a basis weight of from about 10 gsm to about 50
osm.

16. The film of Claim 1, further having a permanent set of less than about 20%.

17. A split-layer thermoplastic film having the structure A-(B-C),-B-A, wherein A and C are
inelastic layers each having a thickness and each comprising individually at least one of
polymeric compositions A and C; B 1s an elastic layer comprising polymeric composition B,
and n1s 1 or 2, and wherein:

a) the layers comprising (B-C),-B have a combined thickness x,

b) said polymeric compositions A and C comprise a polyolefin selected from the

oroup consisting of polyethylene, polypropylene, or homopolymers, copolymers

and combinations thereof;

c) said polymeric composition B comprises styrenic block copolymers,

elastomeric olefinic block copolymers, and mixtures thereof; and wherein,

d) the thickness of C comprises 5% or less of the thickness of the film; and,
wherein the film has a notched Elmendorf tear strength of at least twice the notched
Elmendorf tear strength of a comparative thermoplastic film having the structure ABA,
wherein A and B comprise substantially the same polymeric compositions A and C as the
thermoplastic film, and wherein the B-layer of the comparative thermoplastic film has a
thickness y which 1s substantially equal to x.

18. The film of Claim 17 wherein the notched Elmendorf tear strength 1s at least about 300 g.
19. The film of Claim 17, further having a basis weight of from about 10 gsm to about 50
osm and a permanent set of less than about 20%.

20. The film of claim 1, further comprising at least one substrate laminated to a surface of

the film to form an elastomeric laminate.
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- MD Notched Tear Strength of 5-Layer Films vs. Comparative Film

FIOHD oot s s e 5155115155 55t ettt
3 }
= 600
& .
“opanant® ".'\',
& 500 'S
a9 | &
c § | “."'f
m i ‘f“":
<
= 400
- &
i |
- : :
c 300 @
. ..“n‘.
2 i :
t 200 '
O N
0
1.7 2 5.2 11.5 17.7 23.8 0.0

Thickness of C-Layer as a % of Total Film Thickness

Figure 3



CA 02972612 2017-06-28

WO 2016/112256 PCT/US2016/0125935

AN IS R AR e R A A AR L A AR AR L RS IR AR A LI ROREAA AN LT ALt RIS Ar G AP AAA PPN b AT A A DIt BN T ARG EOEN AL OOV T AN NS FENAAAABRIN NS NDADABI AN INDPAAASANAAAADAAS S IPDS rd s D D r b P d 2 BB P 2R E P O LI AAARALIRIAANDOII D,

.
.
.
.
.
.
.
.
.
.
.
.

rANAALD

FLERIATL RIS AT VXA M AI LI NRR i AAAN A r G P O OE RIS I P AA LI RIIT O III P rAAAr AR r AR DA r I VN SB NP A IDII S rr N rf E VB E TR OP PR AAIEN BN N NA I DN mm IV DI INA MDD A g i b oo B b BV E OO RO RO OEAAANANPNAA N A sm A A sm oS am g g mrd = rr = rass s

CD Notched Tear Strength of 5-Layer Films vs.
Comparative Film

TS o e B o L Y L NS R T NN R AR AR e e bbb oo b iy A e e s e FENEREAS B AL A R o b e o S SRR U L Pl LB Y8 PR BB P BGRB8 B he B L e WA e = B AT B B4 LN A AL AR bbb b e By o e S A A AL A8 LAY AR § TR L A At A

AR AL NI RS ANASNNNAL P ANAAN NN A A p A A,y

Llemes mms ssmmms ana

B L L S LR PRVRPTIr L

Seslosssssmemssssnngs

0
-
-

LRl

D I P P JEY RSP SRR

L I I N P

e I I PN RN R R R R R R TP

VrAA e pe gy, RS S R R R R Rl R T T T,
A ' .

LAY

~J
-
-

IR Y]

NMAP s i iebeicnnns s

s 88 s u= e e R I R R R R T S

L I e Pl d el is s mtedatossslosmmmmmss messm

TR L, e g
B L N YL .

1
;
:
:
-
:
: ]
: :
: .
- ' :
. " : .
K . 3 r
: : 5 .
[ N R e R 1) ; .
. d ARNNP RS R T R sttt ot a e et ML T T I I N S N S S R NI T JRNE S S A ya PR 3 - - - ; :
: ; " Dbl S e G O A AR S A LR e A R A et L L T AL P S LA N P P R R SARCALAANALZN OO LA BV NS NAD DR AVNNSL D NN p A A NN e D rprr s v,
- bt 1
- . .
! ; % :
: : 3 v .
= N . . b :
: ’ U e '
. :
) y : .
. : '
:
>
:

2

L I R I T e R T o o ¥

R LT RN

L R LR R N a

LR N R AR RN

H R I D P e R AR L R L L T R R R T P P e

rf Tear Strength (g)

L T

TENETAIL AL beat et iyt e

S TAA IS v R m AP g NSRS AR N L f'-Vl'l"-'J"Jl"/I""f"""J"MNHW/’V‘/A‘t"a'fl"'"-'l't"-"-’-ﬁ’-f-’-f-fl-’-’JMﬁf-HN///-"VV-'W/n'-'M‘-‘a’u'f/.’.'a'.'a'.F.ﬁo‘J-q-'NJJ-’lJ-*N-’MWJWVW:'.V{Wvfo.'f.'f.'N.'a'ff/n'-'.'li'w.'l.l.o.r.ll;NJJMNJJ.’,*/NVN}W’rwfn‘uw.vmwre.va.'ﬂr’/. WA PNPANAN

VS SE CS AN

cmmsm-y

! 0 0 S TN NS RN IS P NN D rit AA P Ap A P i O EC e

R T R R R LT L R L L e,

st e

[y
e
[
[
~
%
>

E-
~
3

pl

“

EE R R R L L e e L LR T R P R T

Tt AN A AL ALt I S AR NN OO NN TV WL O NN T b AT B i i D D o i 0 0% g o ooy o o S N NS N FD D DN AAAL LA APt P ot D PP P N O AN 2 VS DO BARC AL S L NBNDL NI D BV AN S 1o o M o iy =g fo o s g 7 0 PR SO D D e FECEEE NS G SIS EE DN

B e e e ol o el e e a e e R N T

TS .

R R L T P

m
jrad
-
o

'
'
'
'
v
'
'
v’
.\
.
s

R IR

MIAL N rrmdlra

NARSAEFECEVANRAp I AR,

AARBIITOABANNAAD VAP N NI N AR Arm M Ar r g A A G P r rd s F BN G FN TN ASRNASNANN CP AN NG N NN S Pl DA g AR An A A A A s o s s odd s ds g URy P NAN A,

B R e

VAAANANAAL AN

L R I N T L A

COOTTIIRRALT RO BN AT AN AR PP D DI A AR AN N B F TR E = PN A LA NN S OO AN AAAA A AR NAA G A B A s im o 0 B o =8 #ENBARI BRI ANNNANAAR T i BA A AR DD Do Smm NP e

1.7 2.2 11.5 17.7 23.8 :
Thickness of C-Layer as a % of Total Film Thickness

L e I R e I I B B L e 0 T AT AP e NN

Sebessssssssman

AT Lienninnn

Nt elded oo renncn conagean

Cded F Il e ledaalad ity ey

-

i frfrarssrerri v LY

AR AT SRS LAt TN L T L AN

“rrva- LR TR s

N L1 aN P a i i I 1d i b mmmns S dmn el pdamn ey s 1m 1R PP 847 110 I I L P I I AR abl g Ay ey doiymn

1=ce oY’

[P

S cscdesedel fape

L T )

SOOI T W

Figure 4



CA 02972612 2017-06-28

WO 2016/112256 PCT/US2016/0125935

\I
Q)
O

&)
-
-

On
-
-

400

300

200

Elmendorf Tear Strength (9)

100

6/7

MD Notched Tear Strength of 7- Layer Films vs.
Comparative Film

1%

v)

Control 3 - Layer

Thickness of C-Layer as a% of Total Film Thickness

Figure 5

SUBOSTITULTE SHEET (RULE 26)



CA 02972612 2017-06-28

WO 2016/112256 PCT/US2016/0125935

7/7

CD Notched Tear Strength of 7-Layer Films vs.
| Comparative Film

“ N
WAL : Ly
I A ) l './f‘\
> s

RN

—— P —
oo 1000
i
F
=

RO
ud
st
T
h‘ v
® 200
e
o
S A0 7%

N

- |
GEJ - s Controf 3-Layer)

Thickness of C-Layer as a % of Total Film Thickness

Figure 6



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings

