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MULTI-LAYERED FILM CONTAINING A BIOPOLYMER

Background of the Invention

Petroleum resources have become more scarce and expensive in recent

years, which has further increased the need for environmentally sustainable films

containing biopolymers. Unfortunately, it is often difficult to incorporate many

commercially available biopolymers (e.g., polylactic acids and some

polyhydroxyalkanoates, such as poly-3-hydroxybutyrate and poly-3-

hydroxybutyrate-co-3-valerate) into a film. For instance, polylactic acids and

polyhydroxyalkanoates have a high stiffness and low ductility, and

polyhydroxyalkanoates generally have poor film processability (i.e., slow

crystallization, stickiness prior to solidification, etc.) that retards fabrication-line

speeds and results in relatively expensive production costs. As such, a need

currently exists for a film that contains a biopolymer, but is nevertheless melt

processable and capable of achieving good properties (e.g., ductility).

Summary of the Invention

In accordance with one embodiment of the present invention, a multi-

layered film is disclosed that has a thickness of about 250 micrometers or less.

The film comprises a core layer that constitutes from about 20% to about 90% of

the thickness of the film. The core layer contains from about 0 wt.% to about 95

wt.% of at least one thermoplastic biopolymer and from about 5 wt.% to about 90

wt.% of at least one polyolefin. The film also comprises an outer layer positioned

adjacent to the core layer. The outer layer contains about 50 wt.% or more of at

least one polyolefin.

In accordance with another embodiment of the present invention, a multi-

layered film is disclosed that has a thickness of about 250 micrometers or less.

The film comprises a first outer layer that contains about 50 wt.% or more of at

least one polyolefin and a second outer layer that contains about 50 wt.% or more

of at least one polyolefin. The film also comprises a core layer that is positioned

between the first and second outer layers and constitutes from about 20% to about

90% of the thickness of the film. The core layer contains from about 10 wt.% to

about 95 wt.% of at least one thermoplastic biopolymer and from about 5 wt.% to

about 90 wt.% of at least one polyolefin.

Other features and aspects of the present invention are discussed in greater



detail below.

Brief Description of the Drawings

A full and enabling disclosure of the present invention, including the best

mode thereof, directed to one of ordinary skill in the art, is set forth more

particularly in the remainder of the specification, which makes reference to the

appended figure in which:

Fig. 1 is a schematic illustration of one embodiment of a method for forming

the film of the present invention.

Repeat use of reference characters in the present specification and

drawings is intended to represent same or analogous features or elements of the

invention.

Detailed Description of Representative Embodiments

Definitions

As used herein, the term "biodegradable" generally refers to a material that

degrades from the action of naturally occurring microorganisms, such as bacteria,

fungi, and algae; environmental heat; moisture; or other environmental factors.

The degree of degradation may be determined according to ASTM Test Method

5338.92.

As used herein, the term "renewable" generally refers to a material that can

be produced or is derivable from a natural source that is periodically (e.g., annually

or perennially) replenished through the actions of plants of terrestrial, aquatic or

oceanic ecosystems (e.g., agricultural crops, edible and non-edible grasses, forest

products, seaweed, or algae), microorganisms (e.g., bacteria, fungi, or yeast), and

so forth.

Detailed Description

Reference now will be made in detail to various embodiments of the

invention, one or more examples of which are set forth below. Each example is

provided by way of explanation of the invention, not limitation of the invention. In

fact, it will be apparent to those skilled in the art that various modifications and

variations may be made in the present invention without departing from the scope

or spirit of the invention. For instance, features illustrated or described as part of

one embodiment, may be used on another embodiment to yield a still further

embodiment. Thus, it is intended that the present invention covers such



modifications and variations as come within the scope of the appended claims and

their equivalents.

Generally speaking, the present invention is directed to a film that contains

a core layer positioned adjacent to an outer layer. The core layer contains a

relatively high percentage of thermoplastic biopolymers that are both

biodegradable and renewable. Despite being biodegradable and renewable, many

biopolymers tend to be relatively stiff in nature. Conventionally, it was thought that

such stiff biopolymers could not be readily formed into films having good

mechanical properties (e.g., ductility). The present inventors have discovered,

however, that through selective control over the components in the core layer and

outer layer, a film can be readily formed that has good mechanical properties.

Among other things, this is accomplished by blending the biopolymer in the core

layer with at least one polyolefin. A polyolefin is also employed in the outer layer.

In addition to providing functionality to the film (e.g., heat sealing, printing, etc.),

the polyolefin-containing outer layer also helps counteract the stiffness of the

biopolymer in the core layer, and helps improve processability. Although

polyolefins are normally chemically incompatible with biopolymers due to their

different polarities, the present inventors have discovered that phase separation

may be minimized by selectively controlling certain aspects of the film, such as the

nature and concentration of the polyolefin in the core and outer layers.

In this regard, various embodiments of the present invention will now be

described in more detail below.

I . Core Layer

As indicated above, the core layer contains a blend of at least one

biodegradable and renewable biopolymer and at least one polyolefin. Typically,

the amount of biopolymers employed in the core layer is selectively controlled to

achieve a balance of biodegradability, renewability, and ductility. The

thermoplastic biopolymers may, for example, constitute from about 10 wt.% to 95

wt.%, in some embodiments from about 50 wt.% to 90 wt.%, and in some

embodiments, from about 60 wt.% to about 85 wt.% of the polymer content of the

core layer. Likewise, polyolefins typically constitute from about 5 wt.% to about 90

wt.%, in some embodiments from about 0 wt.% to about 50 wt.%, and in some

embodiments, from about 15 wt.% to about 40 wt.% of the polymer content of the



core layer.

A. Thermoplastic Biopolymers

The thermoplastic biopolymers of the present invention are both

biodegradable and renewable. Particularly suitable biopolymers are agro-derived

(e.g., derived from plants, animals, or microorganisms) aliphatic polyesters. One

example of such an agro-derived polyester is polylactic acid (PLA) and its

copolymers, terpolymers based on polylactic acid. Polylactic acid may, for

example, be derived from monomer units of any isomer of lactic acid, such as

levorotory-lactic acid ("L-lactic acid"), dextrorotatory-lactic acid ("D-lactic acid"),

meso-lactic acid, or mixtures thereof. Monomer units may also be formed from

anhydrides of any isomer of lactic acid, including L-lactide, D-lactide, meso-lactide,

or mixtures thereof. Cyclic dimers of such lactic acids and/or lactides may also be

employed. Any known polymerization method, such as polycondensation or ring-

opening polymerization, may be used to polymerize lactic acid. A small amount of

a chain-extending agent (e.g., a diisocyanate compound, an epoxy compound or

an acid anhydride) may also be employed. The polylactic acid may be a

homopolymer or a copolymer, such as one that contains monomer units derived

from L-lactic acid, monomer units derived from D-lactic acid, and non-lactic acid

comonomers (e.g., glycolic acid, caprolactone, etc.). Although not required, the

content of one of the monomer units derived from L-lactic acid and the monomer

unit derived from D-lactic acid, and non-lactic acid comonomers may be about 85

mole % or more, in some embodiments about 90 mole % or more, and in some

embodiments, about 95 mole % or more. Multiple polylactic acids, each having a

different ratio between the monomer unit derived from L-lactic acid and the

monomer unit derived from D-lactic acid, may be blended at an arbitrary

percentage. The biopolymers may also include blends stereocomplexes of poly-L-

lactic acid ("PLLA") and poly-D-lactic acid ("PDLA"). The melting temperature of

PLLA can be increased PLLA has a melting temperature of 40-50°C, and its heat

deflection temperature can be increased from approximately 60°C to about up to

190°C by blending it with PDLA. PDLA and PLLA blends can form a highly regular

stereocomplex with increased crystallinity. The temperature stability is optimized

when a 50:50 blend is employed, but even a low concentrations of PDLA (e.g., 3-

0 wt.%), there is still a substantial improvement in the crystallization rate.



Another suitable agro-derived aliphatic polyester is polyhydroxyalkanoate

("PHA"), which broadly refers to a class of renewable, thermoplastic aliphatic

polyesters produced by polymerization of hydroxyaliphatic acids (including dimers

of the hydroxyaliphatic acids) as a result of bacterial fermentation of starch,

sugars, lipids, etc. PHA polymers may include poly-p-hydroxybutyrate ("PHB")

(also known as poly-3-hydroxybutyrate), poly-a-hydroxybutyrate (also known as

poly-2-hydroxybutyrate), poly-3-hydroxypropionate, poly-3-hydroxyvalerate

("PHV"), poly-4-hydroxybutyrate, poly-4-hydroxyvalerate, poly-5-hydroxyvalerate,

poly-3-hydroxyhexanoate, poly-4-hydroxyhexanoate, poly-6-hydroxyhexanoate,

poly-3-hydroxybutyrate-co-3-hydroxyvalerate ("PHBV"), poly-3-hydroxybutyrate-co-

4-hydroxybutyrate, poly-3-hydroxybutyrate-co-3-hydroxyhexanoate, poIy-3-

hydroxybutyrate-co-3-hydroxyoctanoate, poly-3-hydroxybutyrate-co-3-

hydroxydecanoate, poly-3-hydroxybutyrate-co-3-hydroxyoctadecanoate, etc. A .

variety of known techniques may be employed to synthesize such polymers, such

as described, for instance, in U.S. Patent Nos. 7,267,794 to Kozaki, et al. ,

7,276,361 to Doi, et al. . 7,208,535 to Asrar, et al. , 7,1 76,349 to Dhugqa, et a and

7,025,908 to Williams, et al.

When employed, such agro-derived polyesters are often relatively stiff in

nature. For example, they may have a relatively high glass transition temperature

("Tg"), such as about 0°C or more, in some embodiments, about 4°C or more, and

in some embodiments, from about 5°C to about 50°C. Nevertheless, the melting

point of the agro-derived polyesters is still relatively low, which helps to enhance

the rate of biodegradation. For example, the melting point is typically from about

50°C to about 180°C, in some embodiments from about 80°C to about 170°C, and

in some embodiments, from about 100°C to about 60°C. The melting

temperature and glass transition temperature may be determined using differential

scanning calorimetry ("DSC") in accordance with ASTM D-341 7 as is well known in

the art. Such tests may be employed using a DSC Q100 Differential Scanning

Calorimeter (outfitted with a liquid nitrogen cooling accessory) and with a

THERMAL ADVANTAGE (release 4.6.6) analysis software program, which are

available from T.A. Instruments Inc. of New Castle, Delaware.

The molecular weight of the agro-derived aliphatic polyesters (e.g.,

polylactic acid, polyhydroxyalkanoate, etc.) may also be controlled within a certain



range to help provide the desired properties to the resulting film. For example, the

number average molecular weight ("Mn") may range from about 40,000 to about

120,000 grams per mole, in some embodiments from about 50,000 to about

100,000 grams per mole, and in some embodiments, from about 60,000 to about

85,000 grams per mole. Likewise, the aliphatic polyester may also have a weight

average molecular weight ("Mw") ranging from about 70,000 to about 300,000

grams per mole, in some embodiments from about 80,000 to about 200,000 grams

per mole, and in some embodiments, from about 100,000 to about 150,000 grams

per mole. The ratio of the weight average molecular weight to the number average

molecular weight ("Mw/Mn"), i.e., the "polydispersity index", is also relatively low.

For example, the polydispersity index typically ranges from about 1.0 to about 4.0,

in some embodiments from about 1.2 to about 3.0, and in some embodiments,

from about 1.4 to about 2.0. The weight and number average molecular weights

may be determined by methods known to those skilled in the art.

The aliphatic polyester may also have an apparent viscosity of from about

100 to about 1000 Pascal seconds (Pa-s), in some embodiments from about 200

to about 800 Pa-s, and in some embodiments, from about 300 to about 600 Pa-s,

as determined at a temperature of 170°C and a shear rate of 1000 sec 1 . The melt

flow index of the polyester may also range from about 0.1 to about 30 grams per

10 minutes, in some embodiments from about 0.5 to about 10 grams per 10

minutes, and in some embodiments, from about 1 to about 5 grams per 10

minutes. The melt flow index is the weight of a polymer (in grams) that may be

forced through an extrusion rheometer orifice (0.0825-inch diameter) when

subjected to a load of 2160 grams in 10 minutes at a certain temperature (e.g.,

190°C), measured in accordance with ASTM Test Method D1238-E. Of course,

the melt flow index of the polyester will ultimately depend upon the selected film-

forming process. For example, when extruded as a cast film, higher melt flow

index polymers are typically desired, such as about 4 grams per 10 minutes or

more, in some embodiments, from about 5 to about 12 grams per 10 minutes, and

in some embodiments, from about 7 to about 9 grams per 10 minutes. Likewise,

when formed as a blown film, lower melt flow index polymers are typically desired,

such as less than about 12 grams per 10 minutes or less, in some embodiments

from about 1 to about 7 grams per 10 minutes, and in some embodiments, from



about 2 to about 5 grams per 10 minutes.

While the agro-derived aliphatic polyesters are discussed in detail above, it

should be understood that other types of biopolymers that are biodegradable and

renewable may also be employed in the core layer. For example, petroleum-

derived aliphatic polyesters may be employed in certain embodiments, such as

polycaprolactone, polyesteramides, polyglycolic acid, polyalkylene succinates

(e.g., polybutylene succinate, polybutylene succinate adipate, polyethylene

succinate, etc.), and so forth. Of course, polyalkylene succinates may also be

agro-derived or bio-based, such as by polymerizing the succinic acid derived from

fermentation of natural substrates (e.g., carbohydrates) with diols derived from

agro-based feedstock (e.g., bio-based ,3-propanediol or 1,4-butane diol from

fermentation or hydrogenation of agro-derived diacids). Still other suitable

biopolymers may include cellulose and derivatives thereof (e.g., hemicellulose,

cellulose esters, etc.), chitosan, alginates, plant proteins, (e.g., corn protein, soy

protein, etc.), polypeptides, glycoproteins, etc.

B. Polyolefins

As indicated above, a polyolefin is also employed in the core layer. Among

other things, the polyolefin helps to counteract the stiffness of the biopolymer,

thereby improving ductility and melt processability of the film. Although nonpolar in

nature, the present inventors have discovered that the effects of any phase

separation that would be normally expected due to the presence of a polar

biopolymer can be minimized by employing an outer layer that is also nonpolar in

nature. Exemplary polyolefins for this purpose may include, for instance,

polyethylene, polypropylene, blends and copolymers thereof. In one particular

embodiment, a polyethylene is employed that is a copolymer of ethylene and an -

olefin, such as a C3-C2oa-olefin or C3-C12 a-olefin. Suitable a-olefins may be

linear or branched (e.g., one or more C1-C3 alkyl branches, or an aryl group).

Specific examples include 1-butene; 3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-

pentene; 1-pentene with one or more methyl, ethyl or propyl substituents; 1-

hexene with one or more methyl, ethyl or propyl substituents; 1-heptene with one

or more methyl, ethyl or propyl substituents; 1-octene with one or more methyl,

ethyl or propyl substituents; 1-nonene with one or more methyl, ethyl or propyl

substituents; ethyl, methyl or dimethyl-substituted 1-decene; 1-dodecene; and



styrene. Particularly desired a -olefin co-monomers are 1-butene, 1-hexene and 1-

octene. The ethylene content of such copolymers may be from about 60 mole% to

about 99 mole%, in some embodiments from about 80 mole% to about 98.5

mole%, and in some embodiments, from about 87 mole% to about 97.5 mole%.

The a -olefin content may likewise range from about 1 mole% to about 40 mole%,

in some embodiments from about 1.5 mole% to about 15 mole%, and in some

embodiments, from about 2.5 mole% to about 13 mole%.

The density of the polyethylene may vary depending on the type of polymer

employed, but generally ranges from 0.85 to 0.96 grams per cubic centimeter

("g/cm 3"). Polyethylene "plastomers", for instance, may have a density in the range

of from 0.85 to 0.91 g/cm3. Likewise, "linear low density polyethylene" ("LLDPE")

may have a density in the range of from 0.91 to 0.940 g/cm3; "low density

polyethylene" ("LDPE") may have a density in the range of from 0.910 to 0.940

g/cm3; and "high density polyethylene" ("HDPE") may have density in the range of

from 0.940 to 0.970 g/cm3. Densities may be measured in accordance with ASTM

1505. Particularly suitable ethylene-based polymers for use in the present

invention may be available under the designation EXACT™ from ExxonMobil

Chemical Company of Houston, Texas. Other suitable polyethylene plastomers

are available under the designation ENGAGE™ and AFFINITY™ from Dow

Chemical Company of Midland, Michigan. Still other suitable ethylene polymers

are available from The Dow Chemical Company under the designations

DOWLEX™ (LLDPE) and ATTANE™ (ULDPE). Other suitable ethylene polymers

are described in U.S. Patent Nos. 4,937,299 to Ewen et al. ; 5,218,071 to Tsutsui et

aL; 5,272,236 to Lai, et al. ; and 5,278,272 to Lai, et al. , which are incorporated

herein in their entirety by reference thereto for all purposes.

Of course, the present invention is by no means limited to the use of

ethylene polymers. For instance, propylene polymers may also be suitable for use

as a semi-crystalline polyolefin. Suitable propylene polymers may include, for

instance, polypropylene homopolymers, as well as copolymers or terpolymers of

propylene with an a -olefin (e.g., C3-C2o), such as ethylene, 1-butene, 2-butene, the

various pentene isomers, 1-hexene, 1-octene, 1-nonene, 1-decene, 1-unidecene,

1-dodecene, 4-methyl-1 -pentene, 4-methyl-1-hexene, 5-methyl-1-hexene,

vinylcyclohexene, styrene, etc. The comonomer content of the propylene polymer



may be about 35 wt.% or less, in some embodiments from about 1 wt.% to about

20 wt.%, and in some embodiments, from about 2 wt.% to about 0 wt.%. The

density of the polypropylene (e.g., propylene/a-olefin copolymer) may be 0.95

grams per cubic centimeter (g/cm3) or less, in some embodiments, from 0.85 to

0.92 g/cm 3, and in some embodiments, from 0.85 g/cm3 to 0.91 g/cm3. Suitable

propylene polymers are commercially available under the designations

VISTAMAXX™ from ExxonMobil Chemical Co. of Houston, Texas; FINA™ (e.g.,

8573) from Atofina Chemicals of Feluy, Belgium; TAFMER™ available from Mitsui

Petrochemical Industries; and VERSIFY™ available from Dow Chemical Co. of

Midland, Michigan. Other examples of suitable propylene polymers are described

in U.S. Patent No. 6,500,563 to Datta. et al. ; 5,539,056 to Yang, et al. ; and

5,596,052 to Resconi, et al. , which are incorporated herein in their entirety by

reference thereto for all purposes.

Any of a variety of known techniques may generally be employed to form

the polyolefins. For instance, olefin polymers may be formed using a free radical

or a coordination catalyst (e.g., Ziegler-Natta or metallocene). Metallocene-

catalyzed polyolefins are described, for instance, in U.S. Patent Nos. 5,571 ,619 to

McAlpin et al. ; 5,322,728 to Davis et al. 5,472,775 to Obiieski et al. 5,272,236 to

Lai et al. ; and 6,090,325 to Wheat, et al. , which are incorporated herein in their

entirety by reference thereto for all purposes.

The melt flow index (Ml) of the polyolefins may generally vary, but is

typically in the range of about 0.1 grams per 10 minutes to about 100 grams per 10

minutes, in some embodiments from about 0.5 grams per 10 minutes to about 30

grams per 10 minutes, and in some embodiments, about 1 to about 10 grams per

10 minutes, determined at 190°C. The melt flow index is the weight of the polymer

(in grams) that may be forced through an extrusion rheometer orifice (0.0825-inch

diameter) when subjected to a force of 2 160 grams in 10 minutes at 190°C, and

may be determined in accordance with ASTM Test Method D1238-E.

C. Other Components

One beneficial aspect of the present invention is that a film can be readily

formed without the need for compatibilizers or plasticizers conventionally thought

to be required to melt process a biopolymer. Thus, in certain embodiments, the

core layer may be free of such ingredients, which further enhances the overall



biodegradability and renewability of the film. Nevertheless, in some cases,

compatibilizer and/or plasticizers may still be employed in the core layer, typically

in an amount of no more than about 40 wt.%, in some embodiments from about

0.1 wt.% to about 30 wt.%, in some embodiments from about 0.5 wt.% to about 25

wt.%, and in some embodiments, from about 1 wt.% to about 15 wt.% of the core

layer.

When employed, the compatibilizer may be a functionalized polyolefin that

possesses a polar component provided by one or more functional groups that is

compatible with the biopolymer and a non-polar component provided by an olefin

that is compatible with the polyolefin. The polar component may, for example, be

provided by one or more functional groups and the non-polar component may be

provided by an olefin. The olefin component of the compatibilizer may generally

be formed from any linear or branched a-olefin monomer, oligomer, or polymer

(including copolymers) derived from an olefin monomer. The a-olefin monomer

typically has from 2 to 14 carbon atoms and preferably from 2 to 6 carbon atoms.

Examples of suitable monomers include, but not limited to, ethylene, propylene,

butene, pentene, hexene, 2-methyl-1-propene, 3-methyl-1-pentene, 4-methyl-1-

pentene, and 5-methyl-1 -hexene. Examples of polyolefins include both

homopolymers and copolymers, i.e., polyethylene, ethylene copolymers such as

EPDM, polypropylene, propylene copolymers, and polymethylpentene polymers.

An olefin copolymer can include a minor amount of non-olefinic monomers, such

as styrene, vinyl acetate, diene, or acrylic and non-acrylic monomer. Functional

groups may be incorporated into the polymer backbone using a variety of known

techniques. For example, a monomer containing the functional group may be

grafted onto a polyolefin backbone to form a graft copolymer. Such grafting

techniques are well known in the art and described, for instance, in U.S. Patent

No. 5,1 79,1 64. In other embodiments, the monomer containing the functional

groups may be copolymerized with an olefin monomer to form a block or random

copolymer. Regardless of the manner in which it is incorporated, the functional

group of the compatibilizer may be any group that provides a polar segment to the

molecule, such as a carboxyl group, acid anhydride group, acid amide group,

imide group, carboxylate group, epoxy group, amino group, isocyanate group,

group having oxazoline ring, hydroxyl group, and so forth. Maleic anhydride



modified polyolefins are particularly suitable for use in the present invention. Such

modified polyolefins are typically formed by grafting maleic anhydride onto a

polymeric backbone material. Such maleated polyolefins are available from E. I .

du Pont de Nemours and Company under the designation Fusabond®, such as the

P Series (chemically modified polypropylene), E Series (chemically modified

polyethylene), C Series (chemically modified ethylene vinyl acetate), A Series

(chemically modified ethylene acrylate copolymers or terpolymers), or N Series

(chemically modified ethylene-propylene, ethylene-propylene diene monomer

("EPDM") or ethylene-octene). Alternatively, maleated polyolefins are also

available from Chemtura Corp. under the designation Polybond® and Eastman

Chemical Company under the designation Eastman G series, and AMPLIFY™ GR

Functional Polymers (maleic anhydride grafted polyolefins).

Likewise, when employed, suitable plasticizers may include polyhydric

alcohol plasticizers, such as sugars (e.g., glucose, sucrose, fructose, raffinose,

maltodextrose, galactose, xylose, maltose, lactose, mannose, and erythrose),

sugar alcohols (e.g., erythritol, xylitol, malitol, mannitol, and sorbitol), polyols (e.g.,

ethylene glycol, glycerol, propylene glycol, dipropylene glycol, butylene glycol, and

hexane triol), etc. Also suitable are hydrogen bond-forming organic compounds

which do not have hydroxyl group, including urea and urea derivatives; anhydrides

of sugar alcohols such as sorbitan; animal proteins such as gelatin; vegetable

proteins such as sunflower protein, soybean proteins, cotton seed proteins; and

mixtures thereof. Other suitable plasticizers may include phthalate esters,

dimethyl and diethylsuccinate and related esters, glycerol triacetate, glycerol mono

and diacetates, glycerol mono, di, and tripropionates, butanoates, stearates, lactic

acid esters, citric acid esters, adipic acid esters, stearic acid esters, oleic acid

esters, and other acid esters. Aliphatic acids may also be used, such as

copolymers of ethylene and acrylic acid, polyethylene grafted with maleic acid,

polybutadiene-co-acrylic acid, polybutadiene-co-maleic acid, polypropylene-co-

acrylic acid, polypropylene-co-maleic acid, and other hydrocarbon based acids. A

low molecular weight plasticizer is preferred, such as less than about 20,000

g/mol, preferably less than about 5,000 g/mol and more preferably less than about

,000 g/mol.

Besides the components noted above, still other additives may also be



incorporated into the core layer, such as melt stabilizers, dispersion aids (e.g.,

surfactants), processing aids (PPA) or stabilizers, heat stabilizers, light stabilizers,

antioxidants, heat aging stabilizers, whitening agents, antiblocking agents, bonding

agents, lubricants, fillers, anti-static additives, etc.

II. Outer Layer

As indicated above, the outer layer of the multi-layered film contains at least

one polyolefin. In addition to providing functionality to the film (e.g., heat sealing,

printing, etc.), the outer layer also helps counteract the stiffness of the biopolymer

in the core layer, and helps improve processability. Exemplary polyolefins for this

purpose may include, for instance, polyethylene, polypropylene, blends and

copolymers thereof, such as described above. Ethylene copolymers are

particularly suitable for use in the outer layer, such as LDPE, LLDPE, polyethylene

plastomers, single-site catalyzed polyolefins (e.g., metallocene-catalyzed),

ethylene vinyl acetate copolymers, ethylene acrylic acid copolymers, ethylene

methacrylic acid copolymers, ethylene methyl acrylate copolymers, ethylene butyl

acrylate copolymers, ethylene vinyl alcohol copolymers, etc.

To help ensure that the desired properties are achieved, polyolefins

constitute at least the majority of the outer layer, such as about 50 wt.% or more, in

some embodiments about 60 wt.% or more, and in some embodiments, about 75

wt.% or more. In certain embodiments, for example, polyolefins may constitute the

entire polymer content of the outer layer. In other embodiments, however, it may

be desired to incorporate one or more additional polymers in the outer layer that

are biodegradable, renewable, or both, typically in an amount of no more than

about 50 wt.%, in some embodiments from about 1 wt.% to about 45 wt.%, and in

some embodiments, from about 5 wt.% to about 40 wt.% of the polymer content of

the outer layer.

When employed in the outer layer, the additional polymers may include any

of the biopolymers referenced above. In addition to those noted above, another

suitable polymer that may be employed in the outer layer is a starch layer, which

can be both biodegradable and renewable. Although starch polymers are

produced in many plants, typical sources includes seeds of cereal grains, such as

corn, waxy corn, wheat, sorghum, rice, and waxy rice; tubers, such as potatoes;

roots, such as tapioca (i.e., cassava and manioc), sweet potato, and arrowroot;



and the pith of the sago palm. Broadly speaking, any native (unmodified) and/or

modified starch (e.g., chemically or enzymatically modified) may be employed in

the present invention. Chemically modified starches may, for instance, be

obtained through typical processes known in the art (e.g., esterification,

etherification, oxidation, acid hydrolysis, enzymatic hydrolysis, etc.). Starch ethers

and/or esters may be particularly desirable, such as hydroxyalkyl starches,

carboxymethyl starches, etc. The hydroxyalkyl group of hydroxylalkyl starches

may contain, for instance, 2 to 10 carbon atoms, in some embodiments from 2 to 6

carbon atoms, and in some embodiments, from 2 to 4 carbon atoms.

Representative hydroxyalkyl starches such as hydroxyethyl starch, hydroxypropyl

starch, hydroxybutyl starch, and derivatives thereof. Starch esters, for instance,

may be prepared using a wide variety of anhydrides (e.g., acetic, propionic,

butyric, and so forth), organic acids, acid chlorides, or other esterification reagents.

The degree of esterification may vary as desired, such as from 1 to 3 ester groups

per glucosidic unit of the starch.

The starch polymer may contain different weight percentages of amylose

and amylopectin, different polymer molecular weights, etc. High amylose starches

contain greater than about 50% by weight amylose and low amylose starches

contain less than about 50% by weight amylose. Although not required, low

amylose starches having an amylose content of from about 10% to about 40% by

weight, and in some embodiments, from about 5% to about 35% by weight, are

particularly suitable for use in the present invention. Examples of such low

amylose starches include corn starch and potato starch, both of which have an

amylose content of approximately 20% by weight. Particularly suitable low

amylose starches are those having a number average molecular weight ("Mn")

ranging from about 50,000 to about 1,000,000 grams per mole, in some

embodiments from about 75,000 to about 800,000 grams per mole, and in some

embodiments, from about 100,000 to about 600,000 grams per mole, and/or a

weight average molecular weight ("Mw") ranging from about 5,000,000 to about

25,000,000 grams per mole, in some embodiments from about 5,500,000 to about

15,000,000 grams per mole, and in some embodiments, from about 6,000,000 to

about 12,000,000 grams per mole. The ratio of the weight average molecular

weight to the number average molecular weight ("Mw/Mn"), i.e., the "polydispersity



index", is also relatively high. For example, the polydispersity index may range

from about 0 to about 00, and in some embodiments, from about 20 to about 80.

The weight and number average molecular weights may be determined by

methods known to those skilled in the art.

If desired, a plasticizer may also be employed in the outer layer to further

enhance the ability of an additional polymer (e.g., starch polymer, cellulose

polymer, etc.) contained therein to be melt processed. For example, such

plasticizers can soften and penetrate into the outer membrane of a starch polymer

and cause the inner starch chains to absorb water and swell. This swelling will, at

some point, cause the outer shell to rupture and result in an irreversible

destructurization of starch granules. Once destructurized, the starch polymer

chains, which are initially compressed within the granules, may stretch out and

form a generally disordered intermingling of polymer chains. Upon resolidification,

however, the chains may reorient themselves to form crystalline or amorphous

solids having varying strengths depending on the orientation of the starch polymer

chains.

A plasticizer may be incorporated into the outer layer using any of a variety

of known techniques. For example, polymers may be "pre-plasticized" prior to

incorporation into the film to form what is often referred to as a "thermoplastic

masterbatch." The relative amount of the polymer and plasticizer employed in the

thermoplastic masterbatch may vary depending on a variety of factors, such as the

desired molecular weight, the type of polymer, the affinity of the plasticizer for the

polymer, etc. Typically, however, polymers constitute from about 40 wt.% to about

98 wt.%, in some embodiments from about 50 wt.% to about 95 wt.%, and in some

embodiments, from about 60 wt.% to about 90 wt.% of the thermoplastic

masterbatch. Likewise, plasticizers typically constitute from about 2 wt.% to about

60 wt.%, in some embodiments from about 5 wt.% to about 50 wt.%, and in some

embodiments, from about 10 wt.% to about 40 wt.% of the thermoplastic

masterbatch. Batch and/or continuous melt blending techniques may be employed

to blend a polymer and plasticizer and form a masterbatch. For example, a

mixer/kneader, Banbury mixer, Farrel continuous mixer, single-screw extruder,

twin-screw extruder, roll mill, etc., may be utilized. One particularly suitable melt-

blending device is a co-rotating, twin-screw extruder (e.g., USALAB twin-screw



extruder available from Thermo Electron Corporation of Stone, England or an

extruder available from Coperion Werner Pfleiderer from Ramsey, NJ). Such

extruders may include feeding and venting ports and provide high intensity

distributive and dispersive mixing. For example, a polymer may be initially fed to a

feeding port of the twin-screw extruder. Thereafter, a plasticizer may be injected

into the polymer composition. Alternatively, the polymer may be simultaneously

fed to the feed throat of the extruder or separately at a different point along its

length. Melt blending may occur at any of a variety of temperatures, such as from

about 30°C to about 200°C, in some embodiments, from about 40°C to about

160°C, and in some embodiments, from about 50°C to about 150°C.

In addition to those mentioned above, other additives may also be

employed in the outer layer as is known in the art, such as melt stabilizers,

dispersion aids (e.g., surfactants), processing aids or stabilizers, heat stabilizers,

light stabilizers, antioxidants, heat aging stabilizers, whitening agents, antiblocking

agents, bonding agents, lubricants, fillers, anti-static additives, etc.

II. Film Construction

The film of the present invention contains a core layer that is positioned

adjacent to an outer layer. In addition to these layers, it should be understood that

various other layers may also be employed in the film. For example, the film may

contain from two (2) to fifteen ( 5) layers, and in some embodiments, from three

(3) to twelve (12) layers. In one embodiment, for example, the film is a two-layered

film that contains only the core layer and the outer layer. In another embodiment,

the film contains more than two layers (e.g., three (3) layers) in which the core

layer is positioned between first and second outer layers. In such embodiments,

the first outer layer may serve as a heat-sealing layer of the film, and the second

outer layer may serve as a printable layer. The first outer layer, second outer

layer, or both may be formed in the manner described above. For example,

polyolefins may constitute at least the majority of the first outer layer and/or second

outer layer, such as about 50 wt.% or more, in some embodiments about 60 wt.%

or more, and in some embodiments, about 75 wt.% or more. In certain

embodiments, for example, polyolefins may constitute the entire polymer content

of the first outer layer and/or the second outer layer. In other embodiments, as

noted above, one or more additional polymers may be employed in the first outer



layer and/or second outer layer that are biodegradable, renewable, or both,

typically in an amount of no more than about 50 wt.%, in some embodiments from

about 1 wt.% to about 45 wt.%, and in some embodiments, from about 5 wt.% to

about 40 wt.% of the polymer content of the respective outer layer. It should be

noted the first and second outer layers may be formed from the same composition

(e.g., same type of polyolefins and same concentration of polyolefins, etc.) or from

a different composition (e.g., different types of polyolefins and/or different

concentration of polyolefins).

Regardless of the number of layers employed, the core layer typically

constitutes a substantial portion of the thickness of the film, such as from about

20% to about 90%, in some embodiments from about 30% to about 80%, and in

some embodiments, from about 40% to about 70% of the thickness of the film. On

the other hand, the combined thickness of the outer layer(s) is typically from about

0% to about 65%, in some embodiments from about 20% to about 60%, and in

some embodiments, from about 25% to about 55% of the thickness of the film.

When two outer layers are employed, for example, each individual outer layer may

constitute from about 5% to about 35%, in some embodiments from about 10% to

about 30%, and in some embodiments, from about 12% to about 28% of the

thickness of the film. The total thickness of the film may generally vary depending

upon the desired use. Nevertheless, the film thickness is typically minimized to

increase flexibility and reduce the time needed for the film to degrade. Thus, in

most embodiments of the present invention, the film has a total thickness of about

250 micrometers or less, in some embodiments from about 1 to about 200

micrometers, in some embodiments from about 2 to about 150 micrometers, and in

some embodiments, from about 5 to about 120 micrometers. For example, when

two outer layers are employed, each individual layer may have a thickness of from

about 0.5 to about 50 micrometers, in some embodiments from about 1 to about

35 micrometers, and in some embodiments, from about 5 to about 25 micrometers.

Likewise, the core layer may have a thickness of from about from about 10 to

about 100 micrometers, in some embodiments from about 15 to about 80

micrometers, and in some embodiments, from about 20 to about 60 micrometers.

Despite having such a small thickness, the film of the present invention is

nevertheless able to retain good mechanical properties during use. One



parameter that is indicative of the relative dry strength of the film is the ultimate

tensile strength, which is equal to the peak stress obtained in a stress-strain curve,

such as obtained in accordance with ASTM Standard D-5034. Desirably, the film

of the present invention exhibits a peak stress (when dry) in the machine direction

("MD") of from about 0 to about 100 Megapascals (MPa), in some embodiments

from about 15 to about 70 MPa, and in some embodiments, from about 20 to about

60 MPa, and a peak stress in the cross-machine direction ("CD") of from about 2 to

about 40 Megapascals (MPa), in some embodiments from about 4 to about 40

MPa, and in some embodiments, from about 5 to about 30 MPa.

Although possessing good strength, the film is relatively ductile. One

parameter that is indicative of the ductility of the film is the percent strain of the film

at its break point, as determined by the stress-strain curve, such as obtained in

accordance with ASTM Standard D-5034. For example, the percent strain at

break of the film in the machine direction may be about 200% or more, in some

embodiments about 250% or more, and in some embodiments, from about 300%

to about 800%. Likewise, the percent strain at break of the film in the cross-

machine direction may be about 300% or more, in some embodiments about 400%

or more, and in some embodiments, from about 500% to about 1000%. Another

parameter that is indicative of stiffness is the modulus of elasticity of the film, which

is equal to the ratio of the tensile stress to the tensile strain and is determined from

the slope of a stress-strain curve. For example, the film typically exhibits a

modulus of elasticity (when dry) in the machine direction ("MD") of from about 50 to

about 600 Megapascals ("MPa"), in some embodiments from about 60 to about

500 MPa, and in some embodiments, from about 100 to about 400 MPa, and a

modulus in the cross-machine direction ("CD") of from about 50 to about 600

Megapascals ("MPa"), in some embodiments from about 60 to about 500 MPa,

and in some embodiments, from about 100 to about 400 MPa.

The multi-layered film of the present invention may be prepared by co-

extrusion of the layers, extrusion coating, or by any conventional layering process.

Two particularly advantageous processes are cast film coextrusion and blown film

coextrusion. In such processes, two or more of the film layers are formed

simultaneously and exit the extruder in a multilayer form. Some examples of such

processes are described in U.S. Patent Nos. 6,075,1 79 to McCormack, et al. and



6,309,736 to McCormack, et al. , which are incorporated herein in their entirety by

reference thereto for all purposes. Referring to Fig. 1, for instance, one

embodiment of a method for forming a co-extruded cast film is shown. In the

particular embodiment of Fig. 1, the raw materials for the outer layer (not shown)

are supplied to a first extruder 8 1 and the raw material for the core layer (not

shown) are supplied to a second extruder 82. The extruders feed the compounded

materials to a die 80 that casts the layers onto a casting roll 90 to form a two-

layered precursor film 10a. Additional extruders (not shown) may optionally be

employed to form other layers of the film as is known in the art. The casting roll 90

may optionally be provided with embossing elements to impart a pattern to the film.

Typically, the casting roll 90 is kept at temperature sufficient to solidify and quench

the sheet 10a as it is formed, such as from about 20 to 60°C. If desired, a vacuum

box may be positioned adjacent to the casting roll 90 to help keep the precursor

film 10a close to the surface of the roll 90. Additionally, air knives or electrostatic

pinners may help force the precursor film 10a against the surface of the casting roll

90 as it moves around a spinning roll. An air knife is a device known in the art that

focuses a stream of air at a very high flow rate to pin the edges of the film.

In addition to casting, other methods may also be used to form the film,

such such as blowing, flat die extruding, etc. For example, the film may be formed

by a blown process in which a gas (e.g., air) is used to expand a bubble of the

extruded polymer blend through an annular die. The bubble is then collapsed and

collected in flat film form. Processes for producing blown films are described, for

instance, in U.S. Patent No. 3,354,506 to Ralev ; U.S. Patent No. 3,650,649 to

Schippers ; and U.S. Patent No. 3,801 ,429 to Schrenk et al. . as well as U.S. Patent

Application Publication Nos. 2005/0245162 to McCormack, et al. and

2003/0068951 to Boggs, et al.

Regardless of how it is formed, the film may then be optionally oriented in

one or more directions to further improve film uniformity and reduce thickness. For

example, the film may be immediately reheated to a temperature below the melting

point of one or more polymers in the film, but high enough to enable the

composition to be drawn or stretched. In the case of sequential orientation, the

"softened" film is drawn by rolls rotating at different speeds or rates of rotation such

that the sheet is stretched to the desired draw ratio in the longitudinal direction



(machine direction). This "uniaxially" oriented film may then be laminated to a

fibrous web. In addition, the uniaxially oriented film may also be oriented in the

cross-machine direction to form a "biaxially oriented" film. For example, the film

may be clamped at its lateral edges by chain clips and conveyed into a tenter

oven. In the tenter oven, the film may be reheated and drawn in the cross-

machine direction to the desired draw ratio by chain clips, which are diverged in

their forward travel.

Referring again to Fig. 1, for instance, one method of forming a uniaxially

oriented film is shown. As illustrated, the precursor film 10a is directed to a film-

orientation unit 100 or machine direction orienter ("MDO"), such as commercially

available from Marshall and Willams, Co. of Providence, Rhode Island. The MDO

has a plurality of stretching rolls (such as from 5 to 8) which progressively stretch

and thin the film in the machine direction, which is the direction of travel of the film

through the process as shown in Fig. 1. While the MDO 100 is illustrated with

eight rolls, it should be understood that the number of rolls may be higher or lower,

depending on the level of stretch that is desired and the degrees of stretching

between each roll. The film may be stretched in either single or multiple discrete

stretching operations. It should be noted that some of the rolls in an MDO

apparatus may not be operating at progressively higher speeds. If desired, some

of the rolls of the MDO 00 may act as preheat rolls. If present, these first few rolls

heat the film 10a above room temperature (e.g., to 125°F). The progressively

faster speeds of adjacent rolls in the MDO act to stretch the film 10a. The rate at

which the stretch rolls rotate determines the amount of stretch in the film and final

film weight. The resulting film 10b may then be wound and stored on a take-up roll

60. While not shown here, various additional potential processing and/or finishing

steps known in the art, such as slitting, treating, aperturing, printing graphics, or

lamination of the film with other layers (e.g., nonwoven web materials), may be

performed without departing from the spirit and scope of the invention.

III. Applications

The film of the present invention is particularly suitable for use as a

packaging film, such as an individual wrap, packaging pouches, or bags for the

use of a variety of articles, such as food products, paper products (e.g., tissue,

wipes, paper towels, etc.), absorbent articles, etc. Various suitable pouch, wrap,



or bag configurations for absorbent articles are disclosed, for instance, in U.S.

Patent Nos. 6,7 6,203 to Sorebo, et al. and 6,380,445 to Moder, et al. . as well as

U.S. Patent Application Publication No. 2003/01 6462 to Sorebo, et al. . all of

which are incorporated herein in their entirety by reference thereto for all purposes.

The film may also be employed in other applications. For example, the film

may be used in an absorbent article. An "absorbent article" generally refers to any

article capable of absorbing water or other fluids. Examples of some absorbent

articles include, but are not limited to, personal care absorbent articles, such as

diapers, training pants, absorbent underpants, incontinence articles, feminine

hygiene products (e.g., sanitary napkins, pantiliners, etc.), swim wear, baby wipes,

and so forth; medical absorbent articles, such as garments, fenestration materials,

underpads, bedpads, bandages, absorbent drapes, and medical wipes; food

service wipers; clothing articles; and so forth. Several examples of such absorbent

articles are described in U.S. Patent Nos. 5,649,916 to DiPalma. et al. ; 6,1 10,158

to Kielpikowski ; 6,663,61 1 to Blanev, et al. , which are incorporated herein in their

entirety by reference thereto for all purposes. Still other suitable articles are

described in U.S. Patent Application Publication No. 2004/00601 12 A 1 to Fell et

aL, as well as U.S. Patent Nos. 4,886,512 to Damico et al. ; 5,558,659 to Sherrod

et al. ; 6,888,044 to Fell et al. ; and 6,51 1,465 to Freiburger et al. , all of which are

incorporated herein in their entirety by reference thereto for all purposes. Materials

and processes suitable for forming such absorbent articles are well known to those

skilled in the art.

The present invention may be better understood with reference to the

following examples.

Test Methods

Tensile Properties:

Prior to testing, samples were initially conditioned at 75°F/50% relative

humidity for 24 hours. Thereafter, the strip tensile strength values were

determined in accordance with ASTM Standard D-5034. A constant-rate-of-

extension type of tensile tester was employed. The tensile testing system was a

Synergie 200 tensile frame. The tensile tester was equipped with TESTWORKS

4.08B software from MTS Systems Corp. to support the testing. An appropriate

load cell was selected so that the tested value fell within the range of 10-90% of



the full scale load. The film samples were initially cut into dog-bone shapes with a

center width of 3.0 mm before testing. The samples were held between grips

having a front and back face measuring 25.4 millimeters x 76 millimeters. The grip

faces were rubberized, and the longer dimension of the grip was perpendicular to

the direction of pull. The grip pressure was pneumatically maintained at a

pressure of 40 pounds per square inch. The tensile test was run using a gauge

length of 18.0 millimeters and a break sensitivity of 40%. Five samples were

tested by applying the test load along the machine-direction and five samples were

tested by applying the test load along the cross direction. During the test, samples

were stretched at a crosshead speed of about 127 millimeters per minute until

breakage occurred. The modulus of elasticity, peak load, peak stress, elongation

(percent strain at break), and energy per volume at break (total area under the

stress-strain curve) were measured.

COMPARATIVE EXAMPLES 1-2

Two (2) different single-layered films were initially formed from the following

polymers:

Control 1: 100 wt.% polylactic acid (PLA 4042 from Natureworks); and

Control 2: 100 wt.% poly(3-hydroxybutyrate-co-3-hydroxyvalerate

("PHBV").

The polymer materials were extruded with a Haake single screw extruder

(L/D ratio of 25) and cast through a 6-inch die and collected on a chill roll

assembly. The casting conditions are set forth below in Table 1.

Table 1: Film Casting Processing Conditions

The MD and CD tensile properties of the films were determined as

described above. The results are set forth below in Tables 2-3.



Table 2 : MD Tensile Properties

EXAMPLES 1-7

Seven (7) different single-layered films were initially formed from the

following polymer blends:

Example : 80 wt.% Dowlex™ 2244G LLDPE (Dow Chemical Co.) and

20 wt.% poly-3-hydroxybutyrate-4-hydroxybutyrate ("PHA");

Example 2 : 80 wt.% Dowlex™ 2244G LLDPE and 20 wt. polybutylene

succinate ("PBS") (Mitsubishi Chemical Co.);

Example 3: 80 wt.% Dowlex™ 2244G LLDPE and 20 wt.% poly(3-

hydroxybutyrate-co-3-hydroxyvalerate ("PHBV");

Example 4 : 00 wt.% Dowlex™ 2244G LLDPE;

Example 5: 30 wt.% Dowlex™ 2244G LLDPE and 70 wt.% polylactic acid

(PLA 4042 from Natureworks);

Example 6: 80 wt.% Dowlex™ 2244G LLDPE and 20 wt.% polylactic acid

(PLA 4042 from Natureworks); and

Example 7 : 50 wt.% Dowlex™ 2244G LLDPE and 50 wt.% Biohybrid™

BL-F (a thermoplastic starch masterbatch available from

Cardia Bioplastics).

The polymer materials were extruded with a Haake single screw extruder

(L/D ratio of 25) and cast through a 6-inch die and collected on a chill roll



assembly. The casting conditions are set forth below in Table 4.

Table 4 : Film Casting Processing Conditions

The thickness of the films of Examples 1-7 (unpressed) was 35.6 m, 28.0

m, 28.0 µιτι , 22.9 pm, 38.1 µιτι , 25.4 pm, and 28.0 pm, respectively.

EXAMPLES 8-17

Three-layer films were prepared by pressing together the single-layered

films of Examples 1-7 using a 15-ton hydraulic Carver press. The press had two

platens set to a temperature of 205°C. The dwell time was 2 minutes under a

force of 16,000 Ibf. The composition of the resulting films is set forth below in

Table 5.

Table 5 : Three-Layered Film Compositions

The MD and CD tensile properties of the films of Examples 8- 7 were

determined as described above. The results are set forth below in Tables 6-7



Table 6 : MD Tensile Properties

Table 7: CD Tensile Properties

As indicated above, relatively brittle biodegradable polyesters were

employed in the core layer, yet the resulting film was still processable and

possessed good mechanical properties and much better than the Control

Examples 1 and 2 . Example 8, for instance, contained PHA in the core layer.

Surprisingly, the film still achieved a peak stress of 33 MPa in the machine

direction and a strain at break of about 540% in the machine direction. Example

0 likewise shows another film containing PHBV in the core layer. Although PHBV

is a brittle and stiff polymer, the resulting film also had good ductility (strain at



break of 5 1 1% in MD), low stiffness (modulus of 168 MPa in MD), and high tensile

peak stress (47 MPa in MD) due to the presence of the polyolefin in the core layer

and outer layers. Examples 11-12 had PLA in the core layer. Once again,

although PLA is a stiff and brittle polymer with low ductility, the films were quite

ductile, with relatively high strain at break and low modulus of elasticity values.

The films also had an outer surface with good heat sealing properties and

printability due to the presence of a large amount of polyolefins (50%-100%) in the

outer layer, which is important when used for packaging films.

While the invention has been described in detail with respect to the specific

embodiments thereof, it will be appreciated that those skilled in the art, upon

attaining an understanding of the foregoing, may readily conceive of alterations to,

variations of, and equivalents to these embodiments. Accordingly, the scope of

the present invention should be assessed as that of the appended claims and any

equivalents thereto.



WHAT IS CLAIMED IS:

. A multi-layered film having a thickness of about 250 micrometers or less,

the film comprising:

a core layer that constitutes from about 20% to about 90% of the thickness

of the film, wherein the core layer contains from about 10 wt.% to about 95 wt.% of

at least one thermoplastic biopolymer and from about 5 wt.% to about 90 wt.% of

at least one polyolefin; and

an outer layer positioned adjacent to the core layer, wherein the outer layer

contains about 50 wt.% or more of at least one polyolefin.

2. The multi-layered film of claim 1, wherein the core layer contains from

about 50 wt.% to about 90 wt.% of at least one thermoplastic biopolymer and from

about 10 wt.% to about 50 wt.% of at least one polyolefin.

3. The multi-layered film of claim 1 or 2 , wherein the thermoplastic

biopolymer is an agro-derived or bio-based aliphatic polyester.

4. The multi-layered film of claim 3, wherein the aliphatic polyester is a

polylactic acid, polyhydroxyalkanoate, polyalkylene succinate, or a combination

thereof.

5. The multi-layered film of claim 3, wherein the agro-derived aliphatic

polyester has a glass transition temperature of about 0°C or more.

6. The multi-layered film of any of the foregoing claims, wherein the

polyolefin of the core layer, the outer layer, or both is a copolymer of an a-olefin

and ethylene.

7 . The multi-layered film of any of the foregoing claims, wherein the core

layer is free of a compatibilizer, plasticizer, or both.

8 . The multi-layered film of any of the foregoing claims, wherein polyolefins

constitute the entire polymer content of the outer layer.

9. The multi-layered film of any of the foregoing claims, wherein the outer

layer further contains about 50 wt.% or less of at least one additional polymer.

10. The multi-layered film of claim 9 , wherein the additional polymer is a

starch polymer.

11. The multi-layered film of any of the foregoing claims, wherein the core

layer constitutes from about 45% to about 75% of the thickness of the film.

12. The multi-layered film of any of the foregoing claims, wherein the film



exhibits a percent strain at break in the machine direction of about 200% or more

and a percent strain at break in the cross-machine direction of about 300% or

more.

3. The multi-layered film of any of the foregoing claims, wherein the film

exhibits a modulus of elasticity in the machine direction of from about 50 to about

600 Megapascals and a modulus of elasticity in the cross-machine direction of

from about 50 to about 600 Megapascals.

14. A multi-layered film having a thickness of about 250 micrometers or

less, the film comprising:

a first outer layer that contains about 50 wt.% or more of at least one

polyolefin;

a second outer layer that contains about 50 wt.% or more of at least one

polyolefin;

a core layer that is positioned between the first and second outer layers and

constitutes from about 20% to about 90% of the thickness of the film, wherein the

core layer contains from about 0 wt.% to about 95 wt.% of at least one

thermoplastic biopolymer and from about 5 wt.% to about 90 wt.% of at least one

polyolefin.

15. The multi-layered film of claim 14, wherein the thermoplastic

biopolymer is an agro-derived or bio-based aliphatic polyester.

16. The multi-layered film of claim 15 , wherein the aliphatic polyester is a

polylactic acid, polyhydroxyalkanoate, polyalkylene succinate, or a combination

thereof.

17. The multi-layered film of claim 15 , wherein the agro-derived aliphatic

polyester has a glass transition temperature of about 0°C or more.

18. The multi-layered film of claim 4 , wherein the polyolefin of the core

layer, the first outer layer, the second outer layer, or a combination thereof is a

copolymer of an a-olefin and ethylene.

19. The multi-layered film of claim 14, wherein the film exhibits a percent

strain at break in the machine direction of about 200% or more and a percent

strain at break in the cross-machine direction of about 300% or more.

20. The multi-layered film of claim 14, wherein the film exhibits a modulus

of elasticity in the machine direction of from about 50 to about 600 Megapascals



and a modulus of elasticity in the cross-machine direction of from about 50 to

about 600 Megapascals.
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