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FIBERS COMPRISING AN ALIPHATIC POLYESTER BLEND, AND
YARNS, TOWS, AND FABRICS FORMED THEREFROM

FIELD OF INVENTION

HERY: The present disclosure relates to thermoplastic fibers. In particular, the fibers can

provide for reduced shrinkage at clevated temperatures as well as high productivity.

BACKGROUND
660621 Synthetic fibers are widely used in a number of diverse applications to provide

stronger, thinner, and lighter weight products. Synthetic thermoplastic fibers are typically heat
adhesive (thermobondable) and thus are particularly attractive for the manufacture of nonwoven
fabrics, etther alone or in combination with other fibers (such as cotton, wool, and wooed pulp).
Nonwoven fabrics, in turn, are widely used as components of a variety of articles, inclading
without limitation absorbent personal care products, such as diapers, incontinence pads, foeminine
hygiene products, and the hike: medical products, such as surgical drapes, sterile wraps, and the
like; filtration devices; interhinings; wipes; furniture and bedding construction; appareh
msulation; and others.

[6063] Conventional synthetic thermoplastic fibers, however, do not naturally degrade,
thus creating problems associated with the disposal of products containing such fibers. In
particular, recycling articles containing a blend of natural and conventional synthetic fibers is
generally not cost effective, but the disposal of these articles in landfills gencrates significant
amounts of non-degradable waste. As landfilis reach their capacity, the demand has increased
for the incorporation of more degradable components in disposable products, as well as the
design of products that can be disposed of by means other than by incorporation into sohd waste
disposal facilities.

[00664] To address concern over the issue of solid waste disposal, biodegradable polymers
are increasingly used as a replacement for conventional synthetic polymers. Biodegradable
polymuers of interest melude water-soluble polymers such as polyvinyl alcohol; naturally
synthesized polymers such as sodium alginate and microbial polyesters; hydrolyzable aliphatic

polyester and polyurethane polymers; and the hike. Synthetic biodegradable aliphatic polyesters
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include polyglycolide and polylactic acid polymers. Sce, for cxample, U.S. Patent Nos.
5,166,231, 5,506,041; 5,759,569, 5,171,309, 6,177,193; 6,441,267, 6,953,622, and 7,338,877,
cach of which is herein incorporated by reference in its entirety.

[(605] Of particular interest is the use of lactic acid to manufacture biodegradable resin.
Polylactic acid (heremnafter “PLA™) was inttially introduced as a biodegradable polymer for
medical products. UK. Patent Nos. 5,142,023 and 5,807,973 to Gruber et al,, cach of which s
herewn incorporated by reference 1u its entirety, disclose processes by which a nonmedical grade
of polylactic acid may be produced and utilized in nonwoven fabrics. Examples of
biodegradable fibers comprised entirely of polylactic acid polymers and/or copolymers are found
in U.S. Patent Nos. 5,010,145 and 5,760,144, each of which is herein incorporated by reference
in its entirety. Sec also UK. Patont Nos. 5,698,322 and 5,593,778 {direcied to bicoraponent
fibers which include polylactic acid components), each of which is herein incorporated by
reference in is entircty.

[6086] Fibers made from PLA with high isomeric purity can deliver reduced shrinkage as
compared to fibers made from PLA with lower isomeric purity. However, conventional PLA
fibers still typically exhibit high shrivkage (e.g., 40% or more) unless the fibers are first beat-set.
Even with heat-set PLA fibers, as is the case with other conventional fibers, heat-setting a fiber
only reduces the shrinkage of the fiber at temperatures below the heat-set temperature. At
temperatures above the heat-set teraperature, the heat-set PLA fiber still has high shrinkage.

68071 Therefore, 1t is desirable to provide a biodegradable fiber that s capable of
exhibtting reduced shrinkage at a wide range of temperatures, particularly at temperatures above

the heat-set temperature,

SUMMARY OF THE INVENTION

[6008] The present invention provides thermoplastic fibers that comprise homogeneous
blends of polylactic acid (PLA) polymers having different degrees of isomeric purity. The fibers
exhibit reduced shrinkage and can be formed with increased productivity, specifically in relation
to utilizing increased draw ratios. In some embodiments, multicomponent thermoplastic fibers
arc provided wherein the fibers coraprise a homopolymer high-purity PLA component and a

binder component disposed on at least part of the fiber’s surface.

3



WO 2015/164447 PCT/US2015/026984

66091 in various ecmbodiments of the present invention, a fiber is provided comprising a
homogeneous blend of a first polylactic acid (PLA) polymer and a second polylactic acid (PLA)
polymer, wherein the first PLA polymer has an isomeric purity for the D-isomer or the L-isomer,
or the L-isomer, of at least about 99%, or at least about 99.5% to 100%, or about 100% (i.e.,
pure) by weight of the first PLA polymer and the second PLA polymer has an isomeric purity for
the D-isoruer or the L-isomer of no grester than 98.5% by weight of the sccond PLA polymcer. In
various erobodiments of fibers described herein, the weight ratio of the first PLA polyroer to the
second PLA polymer in the homogeneous blend can be about 50:50 to about 99:1, or about 50:50
to about 75:25. In some cmbodiments, the second PLA polymer can have an isomeric purity for
the D-isomer or the L-isomer, or the L-isomer, of about 40% to about 98.5%, or of about 60% to
about 98.5%., or of about 98%% to about 98.5% by weight of the seccond PLA polvmer. In various
embodiments, the fiber can comprise about 50% or greater by weight of the homogeneous blend.
The fiber can be, for example, a continuous filament, a staple fiber, a nanefiber, or a
nanoftlament. The fiber may further be a multicomponent fiber.

[6016G] in certain embodiments of the fibers described herein, the first PLA polymer can
have an someric purity for the D-isomer or the L-isoroner of at least 99% by weight of the first
PLA polymer, the sccond PLA polymer can have an isomeric purity for the D-isomer or the L-
isomer of about 98% to about 98.5% by weight of the second PLA polymer, and the weight ratio
of the first PLA polymer to the second PLA polymer in the homogencous blend can be about
50:50 to about 75:25.

(3011 in various embodiments, a fiber can exhibit a shrinkage of less than about 20%,
less than about 179, less than about 15%, less than about 12% or less than about 10% to about
(3%, or about 3% at a temperature of about 110 °C to about 130 °C, or about 130 °C after the fiber
has been heat-set at a temperature of about 90 °C. The fiber can cxhibit a shrinkage of up to
about 17%, for example.

16812} in some embodiments of the fibers described hercin, the fiber can be a
multicomponent fiber. A first component of the multicomponent fiber can coroprise, for
example, a homogeneous blend of polylactic acid (PLA) polymers having different degrees of
isomeric purity and a sccond componcent can comprise a different polymer.  In certain
embodiments of the present invention, a multicomponent fiber is provided wherein the fiber

compriscs 4 first component in the form of a homopolymer polylactic acid (PLA) having an
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isomeric purity for the D-isomer or the L-isomer of at least about 9%, or D-isomer pure or L-
isomer pure, by weight of the first coraponent, wherein the PLA melts at a fiest teraperature. The
muiticomponent fiber can further comprise a second component disposed on at least part of part
of an oxterior surface of the multicoraponent fiber. Optionally, the sccond component includes a
component that melts at a second temperature, and wherein when present, the second
temperature 15 less than the first temperature. In a preferred embodiment, the second coraponent
can be a biodegradable component or bleud, roore preferably a PLA component or blend. o
certain embodiments, the second component can be a PLA polymer having an isomeric purity for
the D-isomer or the L-isomer of no greater than about 98.5%, preferably no greater than about
96%, and most preferably no greater than about 90% and preferably more than about 1.5%, or
rore than about 3%, or more than about 4% by weight of the second component. In a preferred
embodiment, the multicomponent fiber can be in the form of a core/sheath arrangerment, wherein
the first component can be the core component and the sccond component can be the sheath
component.  As used herein the term “melts” indicates the commonly-understood “melting
point” of a fiber, solid, and/or a crystal matrix. This term also includes situations in which an
amorphous polymer softens to the pownt at which i 15 useful as a mueli-binder, and 18 scen as a
relatively viscous liquid. At such a point, the amorphous polymer flows under the forces of
surface teusion as it contacts adjacent fibers and flows from its orniginal position (i.e., n the
fiber’s sheath or shell) to encapsulate an adjacent (touching) fiber.

[6013] In varwous crobodiments of a multicornponent fiber, a first component of the
muiticomponent fiber can comprise the homogencous blend of the present disclosure and a
sccond component can also coruprise the homogencous blend. The homogencous blend in the
second component can be different from the homogencous blend in the first component. For
example, the homogeneous blend in the second component can differ from the homogeneous
blend wn the fivst coraponent in relation to one or both of the 1someric purity of the second PLA
polymer and the weight ratio of the first PLA polymer to the second PLA polymer.

[6014] In various embodiments of the present invention, a bundle of filaments 1s
provided, wherein the bundle of filaments comprises a fiber comprising a homogeneous blend of
a first polylactic acid (PLA) polymer and a second polylactic acid (PLA) polymer, wherein the
first PLA polymer has an isomeric purity for the D-isomer or the L-isomer of at least about 99%

by weight of the first PLA polymer and the sccond PLA polymer has an isomeric purity for the
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D-isomer or the L-isomer of no greater than about 98.5% by weight of the second PLA polymer.
The bundic can be in the form of a yarn or a tow, for example. In sowe erobodiments, a portion
of the filaments can be formed of fibers comprising the homogeneous blend, and a portion of the
filarnents can be formed of amorphous PLA. In certain ernbodiments, for exaraple, a yarn or tow
is provided comprising a plurality of filaments comprising polylactic acid (FLA)} polymer,
wherein a first set of the filaments comprise semi-crystaliine PLA having an L-isomer content of
at least about 99% by weight of the first set of filaments, and wherein a second set of the
filaments comprise amorphous PLA having a D-isomer content of about 5% or greater, or about
15% or greater by weight of the secoud set of filameuts.

[B015] in various embodiments, a fabric comprising fibers of the present invention can
be formed. The fabric can be a nonmwoven fabric, a woven fabric, or g knit fabric, for example.
In some embodiments, a composition can be formed from a fabric comprising fibers described
herein.

[6016] The present invention further provides a method of preparing a low shrinkage,
high productivity polylactic acid {(PLA) material.  In various cembodiments, the methed can
comprise: forming a fiber comprising a homogencous blend of a first polylactic acid (PLA)
polymer and a second polylactic acid (PLA) polymer, wherein the first PLA polymer has an
isoweric purity for the D-isomer or the L-isomer of at least about 99% by weight of the first PLA
polymer and the sccond PLA polymer has an isomeric purity for the D-isomer or the L-isomer of
no greater than about 98.5% by weight of the second PLA polymer; drawing the formed fiber at
a draw ratio of about 3:1 or greater; and heat-setting the formed fiber at a temperature of up to
about 110 °C; wherein after the heat-setting step, the PLA material exhibits a shrinkage of less
than about 20% at a temperature of about 115 °C to about 130 °C.

16017} The present invention also provides a method of preparing a multicomponent
binder fiber exhibiting low shrinkage. In some cmbodiments, the method can comprise the
following steps: providing a multicomponent fiber formed of a first, high melting polymer
component and a second, lower welting polyroer component, wherein the fust polymer
component is a PLA polymer with an isomeric purity for the L-isomer of at least about 99%,
wherein the second polymer component 18 a PLA polyruer with an isomeric purity for the L-
isomer of no more than about 98.5%, and wherein the second component comprises at least a

portion of an outer surfacce of the multicomponent binder fiber; and heat-sctting the



WO 2015/164447 PCT/US2015/026984

multicomponent binder fiber at a temperature that is less than the activation temperature at which
the second polymer component melts. The formed, heat-set multicomponent binder fiber can

exhibit a shrinkage of less than about 20% at a temperature greater than the activation

temperature.
DETAILED DESCRIPTION
[6618] The present invention vow will be described wore fully bereinafter.  This

invention may, however, be emboedied in many different forms and should not be construed as
livotted to the embodiments set forth herein; rather, these erabodiroents are provided so that this
disclosure will be thorough and compicte, and will fully convey the scope of the invention to

those skilled i the art. As used in this specification and the claims, the singular forms “a,” “an,”

and “the” include plural referents unless the context clearly dictates otherwise.

[6019] All measurements herein are by weight unless specifically stated.
6026} The present disclosure provides thermoplastic fibers that comprise homogensous

blends of polylactic acid (PLA) polymers having different degrees of isomeric purity. The fibers
exhibit reduced shrinkage and can be formed with increased productivity, specifically 1u relation
to utilizing increased draw ratios.

(6021} The term “fiber” as used herein means both fibers of finite length, such as
conventional staple fibers, as well as substantially continuous structures, such as continuous
filaments, unless otherwise indicated. The fibers of the invention can be hollow or non-hollow
fibers, and further can have a substantially round or circular cross section or non-circular cross
sections (for exarmple, oval, rectangular, multi-lobed, and the like).

[6022] As used herein, the term “multicomponent fibers” includes staple fibers and
continuous filaments prepared from two or more polymers present in discrete structured domains
in the fiber, as opposed to blends where the domaions tend to be dispersed in a melt prior o or
during extrusion. For purposes of illustration only, multicomponent embodiments may be
described 1n ferms of an exemplary bicomponent fiber comprising two polymer components.
However, it should be understood that the scope of the preseunt invention is meant to include
rulticornponent fibers with two or more structured coraponents and is not limited to the

exemplary bicomponent fibers deseribed below. Although the invention is not limited to two

6
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components, the terms first component and second component are used herein for the ease of
describing the invention.

6823} As used herein, the term “polymer blend” includes two or more different
polymers blended together.  The blend can be a homogencous polymer blend and can
specifically be a polymer blend wherein the polymers are sufficiently intermixed such that the
blend 1s substantially a single-phase structure. A homogencous polymer blend can comprise two
or more homopolymers,

[(3024] The fibers according to the present invention can vary, and inchude fibers having
any type of cross-section, including, but not livatted to, circular, rectangular, square, oval,
triangular, and multilobal. In certain embodiments, the fibers can have one or more void spaces,
wherein the void spaces can have, for example, circular, rectangular, square, oval, triangular, or
muitilobal cross-sections. The fibers may be selected from single-component (i.e., substantially
uniform in composition throughout the fiber) or multicomponent fiber types inchuding, but not
limited to, fibers having a sheath/core structure and fibers having an islands-in-the-sea structure,
as well as fibers having a side-by-side, scgmented pie, segmented cross, segmented ribbon, or
tipped multilobal cross-sections.

[B025] {n various embodiments of the present invention, a fiber is provided comprising a
blend of thermoplastic polyroers.  Preferably, the fiber coroprises a homogeneous blend of
polymers. In various embodiments of the fibers described herein, polymer components of the
homogeneous blend can be formed of the same or different polymers.  As used herein, the
“same” polymer refers to polymer components having an identical or similar chemical formula;
however, cach polvmer component can differ with respect to their isomeric form, for example.

[6026] The polymer components of a homogenecous blend can each be an aliphatic
polyester.  Examples of aliphatic polyesters which may be useful in the present invention
include, without Hmitation, fiber forming polymers formed from (1) a combination of glycol
{e.g., cthylene, glycol, propylene glycol, butylene glycol, hexanediol, octanediol or decanediol)
or an oligomer of cthvlene glycol {e.g., diethylene glycol or triethylene glycol) with an aliphatic
dicarboxvlic acid ({e.g, succinic acid, adipic acid, hexanedicarboxylic acid or
decaneolicarboxylic acid) or (2) the self condensation of hydroxy carboxylic acids other than
polylactic acid, such as polyhydroxy butyrate, polyethylene adipate, polybutylene adipate,

polyhexance adipate, and copolymers containing them. Exaraples of aliphatic polyesters include,

~}
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but arc not himited to, polyglycolide or polyglycolic acid (PGA), polylactide or polylactic acid
{PLA), polycaprolactone (PCL), polyethylene adipate (PEA), polyhydroxyalkonoate (PHA),

polvhydroxybutyrate {(PHB), poly (3-hydroxybutyrate-co-3-hydroxyvalerate} (PHBV), and
polylactide-co-glveolide.
16627} Aliphatic polyesters can be particularly useful because of the biodegradable

nature thereof.  In addition to biodegradability, aliphatic polyesters, particularly polylactic acid,
can irapart other desitable properties to the fibers of the invention. For example, the {ibers of the
invention which include polylactic acid (or a further aliphatic polyester) as a component can
exhibit improved hydrophilic properties, improved flame retardant capabilities, or can be dyed to
decper and brighter shades as compared to fibers including polyethylene terephthalate or
polyamides.,

[BO28] In various embodiments of the thermoplastic fibers described herein, the fibers
can comprise homogeneous blends of polylactic acid (PLA) polymers having different degrees of
isomeric purity. Polylactic acid polymers useful according to the present disclosure can be
prepared by either the polymerization of lactic acid or lactide. PLA and methods of making
thereof are disclosed in UK, Patent Nos. 5,69%,322; 5,142,023 5,760,144, 5,593,778; 5,807,973,
and 5,010,145, and the entire disclosure of each is hereby incorporated by reference.

[6029] Lactic acid and lachide are knowun to be asymmetrical molecules, having two
optical isomers referred to, respectively as the levorotatory (hereinafter referred to as "L}
cuantiomer and the dextrorotatory (hereinafter referred to as "Dy enantiomer. As a result, by
polymerizing a particular enantiomer or by using a mixture of the two enantiomers, it is possible
to prepare polymers that are chemically similar yet which have sigoificantly differing properties.

6036 The degree of crystallinity of a PLA polymer, for example, is based on the
regularity of the polymer backbone and its ability to line up with similarly shaped sections of
itself or other chains. If even a relatively small amount of D-conavtiomer {of cither lactic acid or
lactide), such as about 3 to about 4 weight percent, is copolymerized with L-enantiomer {of
either lactic acid or lactide), the polymer backbone generally becomes uregularly shaped enough
that it cannot line up and orient itself with other backbone segments of pure L-enantiomer
polyracr, thus reducing the crystallinity of the polyrer.

{6831 PLA fibers can suffer from heat shrinkage, which mainly occurs due to the

thermally-induced chain relaxation of the polymer segments. This is a particular problem with
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PLA because its shrinkage force is known in the art to be relatively high. Thus, when such fiber
is utilized m forroing a heat bonded fabrie, for example, the shrinking PLA fiber is voore hkely to
cause holes or non-uniformities in the fabric as it shrinks. According to the present invention,
however, using a first PLA component with a relatively high L-isomer purity in the
homogeneous blend can significantly lower shrinkage of the fiber.

[6032] In various embodiments of present invention, a fiber 1s provided comprising a
homogeneous blend of a first polylactic acid (PLA) polymer and a second polylactic acid (PLA)
polymer, wherein the first PLA polymer has an isomeric purity for the D-isomer or the L-isomer
of at least about 99% and the second PLA polymer has an isomeric purity for the D-isomer or the
L-isomer of no greater than about 98.5%. In various embodiments of fibers deseribed herein, the
weight ratio of the first PLA polymer to the second PLA polymer i the homogenecous blend can
be about 530:50 to about 99:1, about 75:25 to about 99:1, or asbout 50:50 to about 75:25. In
various embodiments, the fiber can comprise about 20% or greater to about 100%, or about 35%
or greater to about 100%, or about 50% or greater to about 100% by weight of the homogencous
blend.

[6633] The first PLA polymer can bave an isomeric purity for the D-isomer or the L-
isomer of at least 99%; or from at least about 99% to about 100%. In specific embodiments, the
first PLA polymer particularly can have an isoweric purity for the L-isomer of at least about
99%; or from at least about 99% to about 100%. In various embodiments of the present
mvention, the homogencous blend can comprise at least about 50% by weight, at lcast about
60% by weight, at least about 70% by weight, or at least about 8% by weight to about 160% by
weight of the first PLA polymer that extubits high someric purity. Of course, if the fiber is
100% isomerically pure, then it would not be a blend; however, such a fiber s stil] useful herein.

[6034] it is known that PLA fibers can exhibit high shrinkage {c.g., about 40% or more).
It has beeo found that heat-setting a fiber coroprising at least about 50% of a PLA with lugh L-
isomer purity {¢.g., an L-isomer of at least about 99%) can provide surprisingly low shrinkage
{e.g., about 5% to about 17%) m coraparison to conventional PLA fibers, even at toemperatures
above the heat-set teruperature. Fibers formed from blends ineluding at least about 50% by
weight of a first PLA polymer with such high L-isomer content can exhibit 4 heat shrinkage
value of less than about 20%, less than about 17%, less than about 15%, less than about 12% or

icss than about 109 to about 0%, or about 5%at teraperatures above the heat-set temperature.
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For example, heat-setting such a fiber at 90 "C can produce a fiber with shrinkage of only about
10% at 130 "C. It i3 noted that the heat-set temperature {e.g., 90 “C), can be picked sach that the
heat-set temiperature s below the teraperature at which any low-purity PLA component (i.e., the
second PLA polymer having an isomeric purity of no greater than about 98.5%) starts to melt or
soften enough to become sticky and degrade fiber properties or impede processing.

[B035] The second polylactic acid (PLA) polymer can have an isomeric purity for the P-
isomer or the L-isomer of no greater than about 98.5%. In specific embodiments, the second
PLA polymer particularty can have an isomeric purity for the L-isomer of no greater than about
98.5%. In some erobodivoents, the second PLA polyroer can have an isoroeric purity for the D-
isomet or the L-isomer of about 40% to about 98.5%, or of about 60% to about 98.5%.

6836} Despite the bencficial reduced shrinkage propertics provided by a  fiber
comprising PLA having an isomeric purity for the L-isomer of at least 99%, a fiber comprising
100% by weight of such a PLA polymer compounent can produce a fiber only capable of a
relatively low draw ratio {¢.g., only capable of a draw ratio of about 2.5:1 or less}. For example,
for a given process that imparts suitable fiber strength, denicr, and other propertics, the
roaximum draw ratio achicvable 18 less for fibers using a pure high-purity component thau it s
for fibers using a blend of high-purity and lower-purity PLA. For a typical production process of
fibers comprising a homogeneous blend of high-purity and lower-purity PLA, it bas been found
that these fibers can exhibit increased draw ratios, such as about 3:1 or higher, and still maintain
a low (i.c, reduced) shrinkage, particularly at temperatures above a heat-setting femperature.
The ability of fibers of a homogeneous blend to extend the draw ratio without sacrificing the low
shrinkage performance can be important because higher productivity (and thus lower cost) can
be achieved with higher draw ratios.

166371 A homogencous blend described herein can optionally include other components
not adversely affecting the desired properties thereof. Exeroplary materials which can be used as
additional components would include, without limitation, pigments, antioxidants, stabilizers,
surfactants, waxes, flow promoters, solid solvents, particulates, and other materials added to
enhance processability of the first and the second components. For example, a stabilizing agent
may be added to the biodegradable polymer to reduce thermal degradation which might
otherwise pccur during the polylactic acid spinning process. The use of such stabilizing agents is

disclosed in U.S. Patent No. 5,807,973, hereby incorporated in its entirety by reference.  Further,
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additives which cnhance the biodegradability of the polylactic acid may optionally be included,
as disclosed in U.S. Patent No. 5,760,144, previously incorporated by reference. These and other
additives can be used in conventional amounts. In an embodiment herein the stabilizing agent is
a photostabilizing agent.

[6038] In some embeodiments of the fibers described herein, the fiber can be a
raulticornponent fiber. A first polymer component of the roulticomponent fiber can comprise,
for example, a homogeneous blend of polylactic acid (PLA) polymers having differcot degrees
of isomeric purity, and a sccond polymer component can comprise a different polymer. For
exaraple, the first polymer component can comprise a homogencous blend of a first polylactic
acid {(PLA) polymer and a second polylactic acid (PLA) polymer, wherein the first PLA polymer
has an 1someric purtty for the D-isomer or the L-isomer of at least about 99% and the second
PLA polymer has an isomeric purity for the D-isomer or the L-isomer of no greater than about
95.5%. The second polymer component of the multicomponent fiber can comprise one or more
further polymers selected from any of the types of polymers known in the art that are capable of
being formed into fibers, including polyolefins, polyesters, polyamides and the like. Examples
of suitable polymers for use as the second compouent of a multicomponent fiber include, without
limitation, polyolefins including polypropylene, polycthylene, polybutene, and polymethyt
pentene (PMP), polyammides including nyloun, such as nylon 6 and wnylon 6,6, polyacrylates,
polystyrenes, polyurcthanes, acetal resins, polyethylene vinyl alcohol, pelyesters including
arornatic  polyesters, such  as  polycthylene terephthalate, polycthylene naphthalate,
polytrimethylene terephthalate, poly (1.4-cyclohexylene dimethylene terephthalate) (PCT),
polyphenylene sulfide, therrooplastic elastorners, polyacrylomitrile, cellulose and cellulose
derivatives, polyaramids, acetals, fluoropolymers, copolymers and terpolymers thereof and
mixtures or blends thereof.

13839} Further examples of aromatic polyesters include (1) polyesters of alkylene glycols
having 2-10 carbon atoms and aromatic diacids; (2} polyalkylene naphthalates, which are
polyesters of 2,6-naphthalenedicarboxyhic acid and alkylene glycols, as for exaraple polyethylene
naphthalate; and (3) polyesters derived from 1,4-cyclohexanedimethanol and terephthalic acid, as
for example polycyclohexane terephthalate.  Exemplary polyalkylene terephthalates include

without limitation, polyethylene terephthalate (PET) and polybutylene terephthalate.
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13040 In certain embodiments of the present invention, a multicomponent fiber is
provided wherein the fiber comprises a first component 1o the form of a polvlactic acid (PLA)
homopolymer having an isomeric purity for the D-isomer or the L-isomer of at least about 99%,
wherein the PLA melts at a first tomperature.  The multicomponent tiber can further comprise a
second polymer component disposed on at feast part of the fiber’s surface, wherein the second
polymer coraponent includes a component that melts at a second temperature, and wherein the
second temperature 18 less than the first teroperature.  In a preforred ewbodiment, the second
polymer component can be a biodegradable component or blend, more preferably a PLA
component ot blend. In certain embodiments of a multicompouent fiber, the second polymer
component can be about 100% PLA. The second polymer component of the multicomponent
fiber can have an somerie purity for the D-isomer or the L-isormer of about 98.5% or less. The
high purity first PLA polymer (i.c., the core component} can permit heat-setting at a lower
teraperature {¢.g., about 90 "C), but the fiber can still maintain low shrinkage at a higher bonding
teraperature {e.g., about 130 °C).

16041} In various cmbodiments of a multicomponent fiber disclosed herein, the
rmoulticomponent fiber can have a sheath/core configuration. The core of the multicoraponent
fiber can comprise a first component in the form of a polylactic acid (PLA) homopolymer having
an isomeric purity of at least 99%. lu a preferred embodument, the first component can be a first
PLA polymer having an L-isomer purity of at lcast about 99%. The sheath of the
raulticoraponent fiber can comprise a second component wherein the second component has a
melting point lower than the melting point of the core component. In some embodiments, the
sccond component can be in the form of a second PLA polymer being a polylactic acid (PLA)
homopolymer having an isomeric purity of about 98.5% or less. In some embodiments, the
second component can be in the form of a homogenous blend as described herein. A sheati/core
arvangement wherein the core comprises a fust PLA polymer (i.e., a high punity PLA
component) as described herein can allow for fibers to be heat set at a lower temperature (c.g.,
about 90 "C) and still exhibit low shrinkage at higher tfemperatures {e.g., about 130 ")
Conventional binder fibers do not possess this feature and must be heat-set at a lower
temperature than the bonding teraperature to prevent sticking of the fibers and typically
demonstrate higher levels of shrinkage at the higher binding temperatures. According to the

present disclosure, although a binder fiber 1s preferably heat-set below tacking/bonding
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temperatures, the present binder fibers are unexpectedly able to achicve low shrinkage compared
to couvention binder fibers. Traditionally, low shrinkage bas been pursued by heat-setting at a
temperatire above the fiber’s use teraperature.  For binder fibers, this has been historically
impossible because the binder activates at its use temperature and premature activation of the
binder in heat-setting disrupts the process. The presently disclosed binder fibers, however,
surprisingly can be heat-set to achieve low shrinkage where the heat-setting termperature is below
the activation teraperature of the binder component.

[3042] {n various embodiments of a multicomponent fiber, a first polymer component of
the multicompouent fiber can comprise a homogencous blend of a fivst polylactic acid (PLA)
polymer and a second polylactic acid (PLA} polymer, whercin the first PLA polymer has an
isomeric purity for the D-isomer or the L-isomer of at least about 99%, and the sccond PLA
polymer has an isomeric purity for the D-isomer or the L-isomer of no greater than about 98.5%.
Additionally, a sccond component of the mumlticomponent fiber can also comprise the
homogeneous blend of a first polylactic acid (PLA} polymer and a second polylactic acid {PLA)
polymer, wherein the first PLA polymer has an isomeric purity for the D-isomer or the L-isomer
of at least about 99% and the second PLA polywmer has au isoweric purity for the D-1somer or the
L-isomer of no greater than about 98.5%.

[6043] In varions cwbodients of a multicompovent fiber comprising a  first
homogeneous blend and a second homogeneous blend, the second homogencous blend can be
different frorn the first homogencous blend. In some cmbodiments, the homogencous blend
the second polymer component can comprise a different isomeric purity of the second PLA
polymer in relation to the sccond PLA polymer of the first polymer component.  In certain
embodiments, the weight ratio of the first PLA polymer to the second PLA polymer in the first
homogeneous blend can differ from the weight ratio of the first PLA polymer to the second PLA
polyraer in the second hornogencous blend. For example, the first homogeneous blend can have
a blend ratio of the first PLA polymer to the sccond PLA polymer of about 50:50 and the second
homogeneous blend can have a blend ratio of the first PLA polymer to the second PLA polymer
of about 75:25. Other relative ratios also are encompassed according to various embodiment of
this disclosure.

{3344 In wvarious embodiments of the present invention, a bundle of filaments is

provided. The bundie of filaments can be in the form of a yarm or a tow, for example. In various
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embodiments, the bundle of filaments comprises a fiber comprising a homogencous blend of a
first polylactic acid (PLA) polywer and a second polylactic acid (PLA) polywer, wherein the
first PLA polymer has an isomeric purity for the D-isomer or the L-isomer of at least about 99%
and the sccond PLA polymer has an isomeric purity for the D-isomer or the L-isomer of no
greater than about 98.5%. In some embodiments, a first portion of the filaments can be formed
of fibers comprising the homogeneous blend, and a second portion of the filaments can include
fibers coroprising one or wore polymers or blends other than the homogeneous blend. For
example, the second portion of filaments can comprise amorphous PLA or semi-crystalline PLA.

[6045] In various cmbodiments of the present invention, a yarn or tow is provided
comprising a plurality of filaments comprising polylactic acid (PLA}, wherein a first set of the
filaments comprise a first PLA polymer having an somceric purity for the D-isomer or the L-
isomer of at least about 99% and a second PLA polymer having an isomeric purity for the D-
isomer ot the L-isomer of no greater than about 98.5% {(¢.g., about 40% to about 98.5%, or of
about 60% to about 98.5%). The ratio of the first set of filaments to the second set of filaments
can be about 50:50 to about 99:1, or about 50:50 to about 75:25. In certain embodiments, for
example, a yaro or tow is provided comprising a plurality of filaments comprising polylactic acid
(PLA} polymer, wherein a first set of the filaments comprisc semi-crystalline PLA having an L-
isomer content of at least about 99%, and wherein a second set of the filaments comprise
amorphous PLA having a D-isomer content of about 5% or greater

6846} In various embodiments, a fabric comprising fibers of the present invention can
be formed. The fabric can be a nonwoven fabric, a woven fabric, or a knit fabric, for example.
In some embodirnents, a composition can be formed frorn a fabric comprising fibers described
herein. Nonwoven fabrics which include the fibers of the invention as a component are
particularly suited for use in disposable products. Specific examples include without limitation
disposable diapers, adult incontinent products, santiary napkins, tampous, wipes, bibs, wound
dressings, and surgical capes or drapes. Nonwoven fabrics formed from the fibers described
herein are also suited for articles such as ropes and cords coroprising the fibers and filaments.

[6047] In an embodiment herein the fibers of the present invention may be formed into a
filtration device, such as an air filter, a water filter, an oil filter, a smoke filter, ctc. In an
embodiment herein the filter 15 an air filter or a smoke filter; or an air conditioning filter, a

cigarctic filter, a humidifier filter, a respirator filter, an automotive filter, an awrcraft filter; or a
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cigarette filter. Embodiments of products and machines incorporating such filtration devices,
such as air conditioners, filtered cigareties, engines, Hquid and water treatment facilities, milk
and beverage processing facilities, ailr purification systerus, drains, etc. are also contemplated
herein and are within the scope of this invention. In an embodiment of the present tnvention, the
fibers, monocomponent fibers, multicomponent fibers, varn and/or tow herein are formed or
ranutactured nto a cigarette filter. The cigarctie filter is then combined with other cigarctie
components to form or manufacture a cigarette.

[B048] Cigarette filters and methods for making such are well-known in the art. ¥t is
believed that the present fibers, monocomponent fibers, multicomponeut fibers, yams and/or
tows may be compatible with the manufacturing processes, components, and machinery for such
cigarette filters and other air filters. Filters for electronic cigarcttes and the like are explicitly
included herein as a potential use for these fibers described herein. Representative examples of
cigarctic manufacturing mcthods and filters themselves are seen in, for example, US Pat. Pub.
No. 2015/0090283 Al to Zhang, et al, published on Apridl 2, 2015; US Pat. Pub. No.
2014/0352708 Al to Tan, et al., published on December 4, 2014; US Pat. No. 8,997,755 B2 to
Ingebrethsen, et al published on April 7, 2015 and US Pat. No. 6,761, 174 B2 to Dwyer, et al.,
published on June 14, 2004, all of which are specifically incorporated herein by reference in their
entiveties.

[6049] Methods for making monocomponent and multicomponent fibers are well known
and need not be described here in detail. Generally, to form a monocomponent fiber, a polymer
or a polymer blend is extruded. Generally, to form a multicomponent fiber, at least two
polymers arc extruded separately and fod into a polymer distribution system wherein the
polymers are introduced into a segmented spinneret plate. The polymers follow separate paths to
the fiber spinneret and are combined in a spinnerct hole. The spinneret is configured so that the
extrudant has the desired shape.

[B0506] Following extrusion through the die, the resulting thin fluid strands, or filaments,
remain in the roolten state for some distance before they are solidified by cooling in a
surrounding fluid medium, which may be chilled air blown through the strands. Once solidified,
the filaments arc taken up on a godet or another take-up surface. In a continuous filament
process, the strands are taken up on a godet which draws down the thin fluid streams in

proportion to the speed of the take-up godet. In the jet process, the strands are collected in a jet,
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such as for example, an air gun, and blown onto a take-up surface such as a roller or a moving
belt to form a spunbond web. o the meltblown process, awr is gjected at the surface of the
spinneret which serves to stmultaneously draw down and cool the thin fluid streams as they are
deposited on a take-up surface in the path of cooling air, thereby forming a fiber web.
Regardless of the type of melt spinning procedure which is used, it is important that the thin fluid
streamns be melt drawn down in a molten state, 1.¢. before solidification occurs, to reduce the
diameter of the fibers. Typical melt draw dowu ratios known wn the art may be utilized. Where a
continuous filament or staple process is employed, it may be desirable to draw the strands in the
solid state with conventional drawing equipment, such as, for example, sequential godets
operating at differential speeds. See, for example, U.S. Pat. No. 5,082,899, incorporated herein
by reference in its entirety.

{3851 Following drawing in the solid state, the continnous filameunts may be crimped or
texturized and cut into g desirable fiber length, thereby producing stapic fiber. The length of the
staple fibers generally ranges from about 25 to about 50 millimeters, although the fibers can be
ionger or shorter as desired. Sce, for example, U.S. Pat. No. 4,789,592 to Taniguchi ¢t al. and
U.S. Pat. No. 5,336,552 to Strack et al., each of which is herein incorporated by reference in s
entirety.

[G852] The fibers of the invention can be staple fibers, tows, spunbond {ilaments,
continuous filaments, or meltblown fibers. In general, staple, multi-filament, and spunbond
fibers formed 1n accordance with the present invention can have a fineness of about 0.5 to about
100 denier. Meltblown filaments can have a fineness of about 0.001 to about 10.0 denier.
Monefilament fibers can have a fineness of about 50 to about 10,000 denicr.

[B053] As noted above, the fibers can be incorporated into a nonwoven fabric. The fibers
of the present invention may be formed into nonwoven webs by any means suitable in the art,
particalarly wherein heat bouding s used. In addition, contiruous filaroent may be spun directly
into nonwoven webs by a spunbeonding process. Fibers other than the fibers of the invention may
be present as well, including any of the various synthetic and/or natural fibers known n the art.
Exemplary synthetic fibers include polyolefin, polyester, polyamide, acrylic, rayon, cellulose
acetate, thermoplastic multicomponent fibers (such as conventional sheath/core fibers, for
example polyethylene sheath/polyester core fibers) and the like and mixtures thereof. Exemplary

natural fibers melude wool, cotion, wood pulp fibers and the hike and mixtures thereof.
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[6054] The fibers of the invention particularly may be incorporated, alone or in
conjunction with other fibers, uto a meltblown noowoven fabric. The technique of meliblowing
is known in the art and is discussed in various patents, e.g., Buntin et al., US. Patent No.
3,987,185; Buntin, U.S. Patent No. 3,972,759; and McAmish et al., U.S. Patent No. 4,622,259,
cach of which is herein incorporated by reference in its entirety. Other thermal bonding means
known i the art can be used as well.

[B055] Thus, in various erobodimoents, the method can comprise forming a fiber
comprising a homogeneous blend of a first polylactic acid (PLA) polymer and a second
polylactic acid (PLA) polymer, wherein the first PLA polymer has au isomeric purity for the D-
isomer or the L-isomer of at least about 99% and the second PLA polymer has an isomeric purity
for the D-isomer or the L-isomer of no greater than about 98.5%; drawing the formed fiber at a
draw ratio of about 2.8:1 or greater, or of about 3:1 or greater to about 3.5:1; and heat-setting the
formaed fiber. The fiber can be heat set, for example, at a temperature of up to about 130 °C.
After the heat-setting step, the PLA material can exhibit a shrinkage of less than about 20%, less
than about 17%, less than about 15%, less than about 12% or less than about 10% to about 0%,
or about 3% at a temperature greater than the heat-set tewoperature.  For exarople, the reduced
shrinkage can be displayed at a temperature exceeding the heat-set temperature by at least about
20 °C, by at least about 30 "C, or by at least about 40 “C. In some embodiments, the fibers can
exhibit reduced shrinkage at temperatures of about 95 °C to about 150 °C, about 100 °C to about
145 °C, or about 110 °C to gbout 130 °C. “Shrinkage” as described herein relates to a reduction
of the length of the fiber, in the longest direction as described in ASTM test method B35104-2 run
at a temperature of 130 °C.

6056} In further embodiments, the present disclosure can provides methods of forming a
iow shrinkage, multicomponent binder fiber. The binder fiber can be a nwlticomponent fiber as
described herein, such as a fiber comprising a component formed of a high isomenie purity PLA
{e.g., isomeric purity of at 99%:) and comprising a binder component formed of a lower melting
matenial, such as a PLA (i.e., the second PLA polymier) having an isoweric purity of no more
than about 98.5%, no more than about 96%, or no more than about 90%. Such purities
particularly can be in relation to the L-isormer. The methods can comprise providing a
muiticomponent fiber having the noted composttion, particularly in a core/sheath configuration,

and heat-setting the nulticomponent fiber at a temperature below the melting temperature and/or
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below the softening temperature of the binder component. Such temiperature may be defined as
the activation teraperature of the binder component. Heat-setting likewise can be carried out at a
temperatire below the use temperature of the multicomponent binder fiber. The use temperature
is understood to be the temperature to which the binder fiber is subjected to provide its intended
binding function. The multicomponent binder fiber formed by the noted method exhibits a
shrinkage of less than 20%, less than 17%, less than 15%, less than 12% or less than 10% at a
temperature greater than the activation temperature of the binder component. Multicoraponent
binder fibers formed by such methods can exhibit further properties for multicomponent fibers as

otherwise described herein,

EXPERIMENTAL
[BB57] The following example is provided to illustrate further aspects associated with the

present disclosure, but should not be construed as limiting the scope thercof.

Example |

[3058] Divawn sheath/core PLA/PLA bicomponent staple fibers were produced according
to a standard sheath/core bicomponent fiber extrusion process. The extruded sheath/core fibers
were drawn and then cut to form the staple. The fibers were not crivaped, and the fibers were of
a size of 3.7 denier per filament. Drawing was carried out via a two-stage process utilizing a
heated water bath in the first draw stage and a stearn chest in the second draw stage.

[3059] Five sample fibers were prepared. For all samples, the sheath of the sheath/core
fibers was formed of a low-melting PLA grade polymer, Natureworks 6302D, with a D-isomer
content of about 10%. In the drawing and cutting process, all samples were heat-set in a dryer,
under no tension, at a temperature of 90 °C. Heat setting was carried out between the drawing
and cutting steps. The table below shows the nature of the polymer used as the core component,

shrinkage in air at the test ternperature of 130°C for about 5 minutes, and draw ratio.
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Sample Core Polymer % Shrinkage | Draw Ratio
1 Cormamercial PLA: 98.5% pure for L-isomer 40.0% 3.0
2 Commercial PLA: > 99% pure for L-isome B.6% 2.5
PLA polymer blend of present disclosure: 1% PLA
3 (> 99% pure for L-isomer) and 2™ PLA (approx. 18.0% 3.0

9R.5% L-isomer) at wt. ratio of 75:25

PLA polymer blend of present disclosure: 1% PLA

4 (> 99% pure for L-isomer} and 2™ PLA (approx. 25.1% 3.0
98.5% L-isomer) at wt. ratio of 50:50

Commercial PLA: > 99% pure for L-1somer (NOTE:
sample was heat-set at 65 °C rather than 90 °C)

L

21.8% 2.5

[3060] Regarding draw ratio, Sample 2 and Sample 5 were only able to achicve a draw
ratio of 2.5 before breaking occurred. Samples 1, 3, and 4 were able to surpass the 2.5 draw ratio
threshold without breakage, and draw was not increased above a ratio of 3.0

6061 Regarding shrinkage, Sample 1 did not have a sufficiently high L-isomer purity to
achieve reduced shrinkage. At an L-isomer purity of 98.5%, shrinkage was 40.0%. Sample 1,
however, was able to achieve a draw ratio of 3.0 without breakage. Sample 2 utibized the same
type of polymer but had the higher L-isomer purity (i.c., greater than 99%). The increased L-
isomer purity, however, reduced the draw ratio that could be achieved without breakage.
Nevertheless, it has not previously been recognized that a multicomponent fiber comprising a
first component that 15 a high-purity PLA can be heat set at 90 °C and maintain low shrinkage at
136 "C. Thus, a multicomponent fiber utilizing the Sample 2, high purnity PLA as a first
component and utilizing a lower melting matenial {c.g., a lower purity PLA) as a sccond, binder
component, can be useful as a binder fiber. Thus, it is possible according to the present
disclosure to provide a multicomponent binder fiber that can be heat set at a temperature below
the softening or melting point of the binder component {¢.g., about 90 °C) and then can be
utilized at the binding temperature (2.g., about 130 °C) with low shrinkage. This is a significant
advancernent over known binder fibers where heat setting at 130 °C (the traditional way to attain
low shrinkage at 130 “C) prematurely activates the binder component, gluing all the fibers
together and preventing further processing.  Sample 5 performed similarly to Sample 2 i
relation to exhibiting reduced shrinkage; however, the lower heat-setting terperature also

increased the amount of shrinkage at the test teraperature.
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[6062] Regarding Sample 3 and Sample 4 prepared according to the present disclosure, it
can be seen that the blend of the high purity PLA (L-isomer greater than 99%) with the lower
purity PLA (L-isomer 98.5% or less) was able to provide reduced shrinkage in combination with
increased draw ratio without breakage. Shrinkage reduction appeared to increase when the ratio
of the first PLA to the second PLA increased. This showed that the improvement in shrinkage
associated with the use of high purity PLA {(greater than 99% pure for the L-isomer) can be
retained while draw ratio without breakage can be simultavcously increased when the high purity

PLA 1s blended with a content of lower purity PLA (98.5% or less pure for the L-isomer).

Example 2
6863} A cigarctte filter 1s formed from the tow fibers herein is produced using typical

production processes and machinery in the art. The cigarette filter is naturally compostable and
therctore 1s significantly roore biodegradable than traditional cigarette fibers ruade with traditional
tow fibers, cellulose acetate, and/or polypropylene. These cigarette filter therefore reduce that
amount of space needed by degrading when discarded in land fills, and other locations. These
cigaretie filters also prove less unsightly when discarded 1o other locations as they disappear more
quickly and posc less of an environmental hazard. These cigarette filters also find a good balance
the need for durability and improved processability during manufacturing and storage better than

other biodegradable fibers present in the industry.

{3064 Many modifications and other embodiments of the invention will come to mind to
one skilled in the art to which this invention pertains having the benefit of the teachings presented
in the foregoing description. Therefore, it is to be understood that the invention is not to be
limited to the specific embodiments disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended claims.  Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for purposes of

imitation,
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CLAIMS

i.

~

s

A fiber comprising a homogeneous blend of:

a first polylactic acid (PLA)} polymer and a second polylactic acid (PLA) polymer,
wherein the first PLA polymer has an tsomeric purity for the D-isomer or the L-isomer of at
least about 99%, and

a second PLA polyroer has an isomeric purity for the D-isorver or the L-isower of no
greater than about 98.5%:; or of about 40% to about 98.5%; or of about 60% to about 98.5%; or
of about 98% to about 9%.5%, and

optionally where the weight ratio of the first PLA polymer to the second PLA polymer in
the homogencous blend 1s about 50:50 to about 99:1, or about 50:50 to about 75:25,

optionally wherein the fiber is a multicomponent fiber,

optionally wherein the fiber cormprises about 50% or greater by weight of the
homogeneous blend, and

optionally wherein the fiber is a continuous filament, a staple fiber, a nancfiber, or a

panofilament.

The fiber of clairo 1, wherein the first PLA polymer has an isomeric purity for the D-

isomer or the L-isomer of at least about 99%, the second PLA polymer has an isomeric purity for

the D-1somer or the L-isomer of about about98% to about 98.5%, and the weight ratio of the first

PLA polymer to the second PLA polymer in the homogencous blend is about 50:50 to about

~3

(921

3.

25,

The fiber of claim 1, wherein a fiber exhibits a shrinkage of less than about 20%, or up to

about 17%, or up to about 13%, or up to about 10%, at a teraperature of about 110 °C to about

1

4.

30 °C, or about 130 °C after the fiber has been heat-set at a temperature of about 90 °C.

A multicomponent fiber comprising:
a first component in the form of g polylactic acid (PLA) homopolymer having an
tsomeric purity for the D-isomer or the L-isomer of at least about 99%, or L-tsomer or D-

isomer pure, wherein the PLA melts at a first teraperature; and
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a sccond component disposed on at least part of an exterior surface of the
multicomponeut fiber, wherein the second component has an isomeric purity for the D-isomer
or the L-isomer of no greater than about 98.5%, optionally wheremn the second component
cormprises a component that melts at a second temperature;

wherein when present the second temperature is less than the first temperature, and

optionally wherein the maulticomponent fiber is i the form of a core/sheath arrangement,
wherein the first compounent s a core component and the second component s a sheath

component.

3. The nmulticomponent fiber of claim 4, wherein the second component is in the form of

homopolymer.

6. The multicoraponent fiber of claim 4, wherein the second corponent 18 in the form of a
blend.

7. The raulticoraponent fiber of claim 6, wherein the blend s a homogencous blend of a first
polylactic acid (PLA) polymer and a sccond polylactic acid (PLA} polymer, wherein the first
PLA polymer has avn isomeric purity for the D-1sorer or the L-isomer of at least about 99% and
the second PLA pelymer has an isomeric purity for the D-isomer or the L-isomer of no greater

than about 98.5%.

8. A bundle of filaments comprising a fiber according to claim |, wherein the bundle 18 in
the form of a yarn or a tow, and
optionally wherein a portion of the filaments are formed of fibers comprising the

homogeneous blend, and wherein a portion of the filamaents are formed of amorphous PLA.
9. A fabric coraprising a fiber according to claim 1 or a multicomponent fiber according to
Claim 4, and

optionally wherein the fabric is a nonnwoven fabric, a woven fabric, or a knit fabric.

10, A compeosition formed from a fabric according to claim 9.
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1. A yam or tow comprising a plurality of filaments comprising polylactic acid (PLA)
polyraer, wherein a first set of the flaments comprise semi-crystalline PLA having an L-isoroer
content of at lcast about 89%, and wherein a second set of the filaments comprise amorphous

PLA having a D-isomer content of about 5% or greater.

12. A filtration device comprising a fiber according to claim 1, a multicomponent fiber

according to Clairo 4, or the yarn or tow according to Claim 11,

13, The filtration device according to Claim 12, wherein the filtration device s a cigarette
filter.

4. A cigarette comprising the filtration device according to Claim 13.

15, A method of preparing a low shrinkage, high productivity polylactic acid (PLA) material,

the method comprising:

formung a fiber comprising a homogencous blend of a first polylactic acid (PLA) polymer
and a sccond polylactic acid (PLA) polymer, wherein the first PLA polymer has an isomeric
purity for the D~isorer or the L-isomer of at least about 99% aud the second PLA polymer has
an isomeric purity for the D-isomer or the L-isomer of no greater than about 98.5%;

drawing the formed ftiber at a draw ratio of about 3.1 or greater; and

heat-setting the formed fiber at a temperature of up to about 110 °C;

wherein after the heat-sctting step, the PLA material exhibits a shrinkage of less than

about 2(% at a temperature of about 115 °C to about 130 °C.

6. A method of preparing a wulticomponent binder fiber exhibiting low shrinkage, the
method comprising:

providing a multicomponent fiber formed of a first, high melting polymer component and

a second, lower melting polymer component, wherein the first polymer component is a PLA

polymer with an isomeric purity for the L-isomer of at lcast about 99%, wherein the sccond

polymer component is a PLA polymer with an isomeric purity for the L-isomer of no more

}\)
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than about 98.5%, and wherein the sccond component comprises at least a portion of an outer
surface of the multicomponent binder fiber; and

heat-setting the multicomponent binder fiber at a temperature that is less than the
activation femperature at which the second polyruer component melts;

wherein the formed, heat-set mmulticomponent binder fiber exbibits a shrinkage of less

than about 20% at a temperature greater than the activation temperature.
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