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Description
FIELLD OF THE INVENTION

[0001] The present invention relates to splittable mul-
ticomponent fibers comprising starch and polymers and
split fibers obtained from such splittable fibers. The
present invention also relates to a process for making
split fibers. The split fibers can have high elongation and
can be used to make nonwoven webs and disposable
articles.

BACKGROUND OF THE INVENTION

[0002] There is a need for nonwovens that can deliver
softness and extensibility. Soft nonwovens are gentle to
the skin and are particularly useful in disposable prod-
ucts. Generally, decreasing fiber diameters can improve
softness of nonwovens and other substrates. Nonwo-
vens that are capable of high extensibility at relatively
low force are also desired. These can be used to provide
sustained fit in products and facilitate the use of various
mechanical post-treatments. Typically, it has been found
that having both small fiber diameter and high extensi-
bility is difficult to achieve. This is because when the fiber
diameteris reduced, itis commonly because the spinning
speed or draw ratio has been increased which decreases
extensibility of the fiber. Other ways to increase fiber ex-
tensibility of fine fibers include using higher-cost materi-
als and or special mixing requirements.

[0003] There exists today a need for extensible non-
wovens made with fine fibers that can be _ made with
convention thermoplastic polymers, as well as for fibers
that can be used to make such nonwovens and other
substrates. The present invention can provide small di-
ameter, extensible fibers in the form of split fibers ob-
tained from splittable fibers splittable fibers that are cost-
effective and easily processable. The splittable fibers are
made of natural starches and thermoplastic polymers.
The present invention also provides nonwoven articles
and other substrates made from such split fibers.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to splittable
multicomponent fibers, to split fibers made from such
splittable fibers, to a processes for making such splittable
and split fibers, and to nonwovens substrates made from
the split fibers. The splittable multicomponent fibers com-
prise atleast one nonencompassed segment of one com-
ponent comprising thermoplastic starch and at least one
nonencompassed segment of another component com-
prising a non-starch thermoplastic polymer. wherein: (i)
said second component is capable of being split or re-
moved from said first component to provide at least one
split fiber consisting essentially of said first component;
and (ii) wherein the split fiber of said first component has
an Elongation to Break Ratio of greater than 1.0 as meas-
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ured according to the ASTM Standard D3822 using a
strain rate of 200% per minute applied to fiber samples
having a 2.54cm (1 inch) gauge length. As used herein,
"nonencompassed segment" means that the segment of
the multicomponent fiber has at least one region of its
lateral surface that is not encompassed by another seg-
ment of the multicomponent fiber. The splittable multi-
component fiber will produce at least one split fiber com-
prising the thermoplastic polymer, and can also produce
a plurality of split thermoplastic polymer fibers. The split-
table multicomponent fibers can also produce split fibers
comprising the thermoplastic starch component. The
split fibers corresponding to the thermoplastic polymer
component will have a greater elongation than directly
spun thermoplastic fibers which have an equivalent mass
through put as the thermoplastic polymer component of
the multicomponent fiber and which have the same di-
ameter as the split fiber. This allows small diameter fiber
to be produced at low spinning speed, so as to provide
improved elongation properties, compared to conven-
tional methods whereby cost effective processes run at
high spinning speeds tend to result in poorer elongation
properties, or wherein formation of small diameter fibers
with good elongation are typically made according to
processes with low mass through-put, and consequently
low cost effectiveness.

[0005] The configuration of the splittable multicompo-
nent fibers may be side-by-side, segmented pie, hollow
segmented pie, segmented ribbon, tipped multilobal, or
any combination of configurations. In general, segments
will split or be splittable from adjacent segments of the
fiber wherein the adjacent segment or segments consti-
tute a different component of the multicomponent fiber.
[0006] The split fibers can be obtained from the multi-
component fibers hereof via chemical, mechanical, ther-
mal, or other processes. Split fibers can also be obtained
immediately upon formation of the multicomponent fiber,
upon exit from the spinneret capillaries. The splittable
nature of the fibers hereof is due at least in part to differ-
ences in rheological, thermal, solubility, surface energy,
extensibility and/or solidification differential behavior be-
tween the components of the multicomponent fiber.
[0007] Without intending to be limited to any particular
theory, it is believed that the splittable multicomponent
fibers provide improved extensibility in the split fibers be-
cause they can be spun under conditions such that the
fibers have relatively low molecular orientation and rela-
tively large diameters. This can occur by using relatively
slow spinning speeds, not subjecting the fibers to large
drawing forces, and/or by increasing the through put per
hole in the spinneret. Typically, fibers are drawn to small-
er fiber diameters to increase the fiber strength and for
a softer feelwhen used in anonwoven. The drawing proc-
ess, however, increases molecular orientation which re-
sults in a decrease in elongation to break of the fibers.
Therefore, the split fibers of the present invention will
have a higher elongation to break compared to fibers of
the same diameter produced by direct spinning at equiv-



3 EP 1 560 957 B1 4

alent mass through-put. In addition, the split fibers of the
present invention can also have improved softness when
used in a nonwoven fabric as a result of the improved
extensibility.

[0008] The present invention is also directed to non-
woven webs and disposable articles comprising the split
fibers. The nonwoven webs may also contain other syn-
thetic or natural fibers blended with the split fibers of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood with regard to the following description, appended
claims, and accompanying drawings where:

Figure 1 is a cross-sectional view of a splittable fiber
with a solid eight segmented pie configuration.
Figure 2 is a cross-sectional view of a splittable fiber
with a hollow eight segmented pie configuration.
Figure 3 is a cross-sectional view of a splittable fiber
with a cross-sectional view of a bicomponent fiber
having a ribbon configuration.

Figure 4 is a cross-sectional view of a splittable fiber
with a cross-sectional view of a bicomponent fiber
having a side-by-side configuration.

Figure 4A is a cross-sectional view of a splittable
fiber with a side-by-side configuration.

Figure 4B is a cross-sectional view of a splittable
fiber with a side-by-side configuration with a rounded
adjoining line.

Figure 4C is a cross-sectional view of a splittable
fiber with a rounded adjoining line.

Figure 4D is a cross-sectional view of a splittable
fiber with a side-by-side configuration.

Figure 4E is a cross-sectional view of a splittable
fiber with a shaped side-by-side configuration.
Figure 5 is a cross-sectional view of a splittable fiber
with a cross-sectional view of a tricomponent fiber.

DETAILED DESCRIPTION OF THE INVENTION

[0010] All percentages, ratios and proportions used
herein are by weight percent of the composition, unless
otherwise specified. All average values are calculated
"by weight" of the composition or components thereof,
unless otherwise expressly indicated. "Average molecu-
lar weight", or "molecular weight" for polymers, unless
otherwise indicated, refers to number average molecular
weight Number average molecular weight, unless other-
wise specified, is determined by gel permeation chroma-
tography. The compositions, products, and processes
described herein may comprise, consist essentially of,
or consist of any or all of the required and/or optional
components, ingredients, compositions, or steps de-
scribed herein.

[0011] The specification contains a detailed descrip-
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tion of (1) materials of the present invention, (2) config-
uration of the multicomponent fibers, (3) material prop-
erties of the multicomponent fiber and split fibers, (4)
processes, and (5) articles.

(1) Materials
Component A: Thermoplastic Polymers

[0012] Suitable melting temperatures of the thermo-
plastic polymers, as well as the thermoplastic polymer
component, are from about 60°C to about 300°C, pref-
erably from about 80°C to about 250°C and preferably
from 100°C-215°C. Thermoplastic polymers having a
melting temperature (Tm) above 250°C may be used if
plasticizers or diluents or other polymers are used to low-
er the observed melting temperature, such that the melt-
ing temperature of the composition of the thermoplastic
polymer-containing component is within the above rang-
es. Itmay be desired to use a thermoplastic polymer hav-
ing a glass transition (Tg) temperature of less than 0°C.
The thermoplastic polymer component has rheological
characteristics suitable for melt spinning. The molecular
weight of the polymer should be sufficiently high to enable
entanglement between polymer molecules and yet low
enough to be melt spinnable. For melt spinning, suitable
thermoplastic polymers can have molecular weights
about 1,000,000 g/mol or below, preferably from about
5,000 g/mol to about 800,000 g/mol, more preferable
from about 10,000 g/mol to about 700,000 g/mol and
most preferably from about 20,000 g/mol to about
500,000 g/mol.

[0013] The thermoplastic polymers desirably should
be able to solidify fairly rapidly, preferably under exten-
sional flow, as typically encountered in known processes
as staple fibers (spin draw process) or spunbond/melt-
blown continuous filament process, and desirably can
form a thermally stable fiber structure. "Thermally stable
fiber structure" as used herein is defined as not exhibiting
significant melting or dimensional change at 25°C and
ambient atmospheric pressure over a period of 24 hours
at 50% relative humidity when diameter is measured and
the fibers are placed in the environment within five min-
utes of their formation. Dimensional changes in meas-
ured fiber diameter greater than 25% difference, using
as a basis the corresponding, original fiber diameter
measurement, would be considered significant. If the
original fiber is not round, the shortest diameter should
be used for the calculation. The shortest diameter should
also be used for the 24 hour measurement also.

[0014] Suitable thermoplastic polymers include poly-
olefins such as polyethylene or copolymers thereof, in-
cluding low, high, linear low, or ultra low density polyeth-
ylenes, polypropylene or copolymers thereof, including
atactic polypropylene; polybutylene or copolymers there-
of; polyamides or copolymers thereof, such as Nylon 6,
Nylon 11, Nylon 12, Nylon 46, Nylon 66; polyesters or
copolymers thereof, such as polyethylene terephtha-
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lates; olefin carboxylic acid copolymers such as ethylene/
acrylic acid copolymer, ethylene/maleic acid copolymer,
ethylene/methacrylic acid copolymer, ethylene/vinyl ac-
etate copolymers or combinations thereof; polyacrylates,
polymethacrylates, and their copolymers such as poly
(methyl methacrylates). Other nonlimiting examples of
polymers include polycarbonates, polyvinyl acetates, po-
ly(oxymethylene), styrene copolymers, polyacrylates,
polymethacrylates, poly(methyl methacrylates), polysty-
rene/methyl methacrylate copolymers, polyetherimides,
polysulfones, or combinations thereof. In some embod-
iments, thermoplastic polymers include polypropylene,
polyethylene, polyamides, polyvinyl alcohol, ethylene
acrylic acid, polyolefin carboxylic acid copolymers, poly-
esters, and combinations thereof.

[0015] Biodegradable thermoplastic polymers are also
suitable for use herein. Biodegradable materials are sus-
ceptible to being assimilated by microorganisms such as
molds, fungi, and bacteria when the biodegradable ma-
terial is buried in the ground or otherwise comes in con-
tact with the microorganisms including contact under en-
vironmental conditions conducive to the growth of the
microorganisms. Suitable biodegradable polymers also
include those biodegradable materials which are envi-
ronmentally degradable using aerobic or anaerobic di-
gestion procedures, or by virtue of being exposed to en-
vironmental elements such as sunlight, rain, moisture,
wind, temperature, and the like. The biodegradable ther-
moplastic polymers can be used individually or as a com-
bination of biodegradable or non-biodegradable poly-
mers. Biodegradable polymers include polyesters con-
taining aliphatic components. Among the polyesters are
ester polycondensates containing aliphatic constituents
and poly(hydroxycarboxylic) acid. The ester polyconden-
sates include diacids/diol aliphatic polyesters such as
polybutylene succinate, polybutylene succinate co-adi-
pate, aliphatic/aromatic polyesters such as terpolymers
made of butylenes diol, adipic acid and terephthalic acid.
The poly(hydroxycarboxylic) acids include lactic acid
based homopolymers and copolymers, polyhydroxybu-
tyrate (PHB), or other polyhydroxyalkanoate homopoly-
mers and copolymers. Such polyhydroxyalkanoates in-
clude copolymers of PHB with higher chain length mon-
omers, such as C6-C12, and higher, polyhydroxyalkana-
otes, such as disclosed in US Patent RE 36,548 and US
Patent 5,990,271.

[0016] An example of a suitable commercially availa-
ble poly lactic acid is NATUREWORKS from Cargill Dow
and LACEA from Mitsui Chemical. An example of a suit-
able commercially available diacid/diol aliphatic polyes-
ter is the polybutylene succinate/adipate copolymers
sold as BIONOLLE 1000 and BIONOLLE 3000 from the
Showa High Polymer Company, Ltd. Located in Tokyo,
Japan. An example of a suitable commercially available
aliphatic/aromatic copolyester is the poly(tetramethylene
adipate-co-terephthalate) sold as EASTAR BIO Copoly-
ester from Eastman Chemical or ECOFLEX from BASF.
[0017] The selection of the polymer and amount of pol-
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ymer will effect the softness, texture, and properties of
the final product as will be understood by those or ordi-
nary skill in the art. The thermoplastic polymer compo-
nent can contain a single polymer species or a blend of
two or more non-starch thermoplastic polymers. Addi-
tionally, other materials, including but not limited to ther-
moplastic starch, can be present in the thermoplastic pol-
ymer component. Typically, non-starch, thermoplastic
polymers are present in an amount of from about 51%
to 100%, preferably from about 60% to about 95%, more
preferably from about 70% to about 90%, by total weight
of the thermoplastic polymer component.

Component B: Thermoplastic Starch

[0018] The present invention relates to the use of
starch, a low cost naturally occurring biopolymer. The
starch used in the present invention is thermoplastic, de-
structured starch. The term "destructurized starch" is
used to mean starch that is no longer in its naturally oc-
curring granular structure. The term "thermoplastic
starch" or "TPS" is used to mean starch with a plasticizer
for improving its thermoplastic flow properties so that it
may be able to be spun into fibers. Natural starch does
not melt or flow like conventional thermoplastic polymers.
Since natural starch generally has a granular structure,
it desirably should be "destructurized", or "destructured”,
before it can be melt processed and spun like a thermo-
plastic material. Without intending to be bound by theory,
the granular structure of starch is characterized by gran-
ules comprising a structure of discrete amylopectin and
amylose regions in a starch granule. This granular struc-
ture is broken down during destructurization, which can
be followed by a volume expansion of the starch compo-
nent in he presence of the solvent or plasticizer. Starch
undergoing destructuring in the presence of the solvent
or plasticizer also typically has an increase in viscosity
versus non-destructured starch with the solvent or plas-
ticizer. The resulting destructurized starch can be in ge-
latinized form or, upon drying and or annealing, in crys-
talline form. However once broken down the natural gran-
ular structure of starch will not, in general, return. It is
desirable that the starch be fully destructured such that
no lumps impacting the fiber spinning process are
present. The destructuring agent used to destructure the
starch may remain with the starch during further process-
ing, or may be transient, in that it is removed such that it
does not remain in the fiber spun with the starch.

[0019] Starch can be destructured in a variety of dif-
ferent ways. The starch can be destructurized with a sol-
vent. For example, starch can be destructurized by sub-
jecting a mixture of the starch and solvent to heat, which
can be under pressurized conditions and shear, to gelat-
inize the starch, leading to destructurization. Solvents
can also act as plasticizers and may be desirably retained
in the composition to perform as a plasticizer during later
processing. A variety of plasticizing agents that can act
as solvents to destructure starch are described herein.
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These include the low molecular weight or monomeric
plasticizers, such as but not limited to hydroxyl-contain-
ing plasticizers, including but not limited to the polyols,
e.g. polyols such as mannitol, sorbitol, and glycerin. Wa-
ter also can act as a solvent and plasticizer for starch.
[0020] For starch to flow and be melt spinnable like a
conventional thermoplastic polymer, it should have plas-
ticizer present. If the destructuring agent is removed, it
is the nature of the starch to in general remain destruc-
tured, however a plasticizer should be added to or oth-
erwise included in the starch component to impart ther-
moplastic properties to the starch component in order to
facilitate fiber spinning. Thus, the plasticizer present dur-
ing spinning may be the same one used to destructure
the starch. Alternately, especially when the destructuring
agent is transient as described above (for example wa-
ter), a separate or additional plasticizer may be added to
the starch. Such additional plasticizer can be added prior
to, during, or after the starch is destructured, as long as
it remains in the starch for the fiber spinning step.
[0021] Suitable naturally occurring starches can in-
clude, but are not limited to, corn starch (including, for
example, waxy maize starch), potato starch, sweet po-
tato starch, wheat starch, sago palm starch, tapioca
starch, rice starch, soybean starch, arrow root starch,
bracken starch, lotus starch, cassava starch, high amy-
lose corn starch, and commercial amylose powder.
Blends of starch may also be used. Though all starches
are useful herein, the presentinvention is most common-
ly practiced with natural starches derived from agricul-
tural sources, which offer the advantages of being abun-
dant in supply, easily replenishable and inexpensive in
price. Naturally occurring starches, particularly corn
starch (including, for example, waxy maize starch), and
wheat starch, are starch polymers of choice due to their
economy and availability. Modified starch may also be
used. Modified starch is defined as non-substituted, or
substituted, starch that has had its native molecular
weight characteristics changed (i.e. the molecular weight
is changed but no other changes are necessarily made
to the starch). Molecular weight can be modified, prefer-
ably reduced, by any technique numerous of which are
well known in the art. These include, for example, chem-
ical modifications of starch by, for example, acid or alkali
hydrolysis, acid reduction, oxidative reduction, enzymat-
ic reduction, physical/mechanical degradation (e.g., via
the thermomechanical energy input of the processing
equipment), or combinations thereof. The thermome-
chanical method and the oxidation method offer an ad-
ditional advantage when carried out in situ. The exact
chemical nature of the starch and molecular weight re-
duction method is not critical as long as the average mo-
lecular weight is provided at the desired level or range.
Such techniques can also reduce molecular weight dis-
tribution.

[0022] Natural, unmodified starch generally has a very
high average molecular weight and a broad molecular
weight distribution (e.g. natural corn starch has an aver-
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age molecular weight of up to about 60,000,000 grams/
mole (g/mol)). It is desirable to reduce the molecular
weight of the starch for use in the present invention. Mo-
lecular weight reduction can be obtained by any tech-
nique known in the art, including those discussed above.
Ranges of molecular weight for destructured starch or
starch blends added to the melt can be from about 3,000
g/mol to about 8,000,000 g/mol, preferably from about
10,000 g/mol to about 5,000,000 g/mol, and more pref-
erably from about 20,000 g/mol to about 3,000,000 g/mol.
[0023] Optionally, substituted starch can be used.
Chemical modifications of starch to provide substituted
starch include, but are not limited to, etherification and
esterification. For example, methyl, ethyl, or propyl (or
larger aliphatic groups) can be substituted onto the starch
using conventional etherification and esterification tech-
niques as well known in the art. Such substitution can be
done when the starch is in natural, granular form or after
it has been destructured. It will be appreciated that sub-
stitution can reduce the rate of biodegradability of the
starch, but can also reduce the time, temperature, shear,
and/or pressure conditions for destructurization. The de-
gree of substitution of the chemically substituted starch
is typically, but not necessarily, from about 0.01 to about
3.0, and can also be from about 0.01 to about 0.06.
[0024] Typically, the thermoplastic starch comprises
from about 51% to about 100%, preferably from about
60% to about 95%, more preferably from about 70% to
about 90% by weight of the thermoplastic starch compo-
nent. The ratio of the starch component to the thermo-
plastic polymer will determine the percent of thermoplas-
tic starch in the bicomponent fiber component. The
weight of starch in the composition includes starch and
its naturally occurring bound water content. The term
"bound water" means the water found naturally occurring
in starch and before mixing of starch with other compo-
nents to make the composition of the present invention.
The term "free water" means the water that is added in
making the composition of the present invention. A per-
son of ordinary skill in the art would recognize that once
the components are mixed in a composition, water can
no longer be distinguished by its origin. Natural starch
typically has a bound water content of about 5% to about
16% by weight of starch.

Plasticizer

[0025] One or more plasticizers can be used in the
present invention to destructurize the starch and enable
the starch to flow, i.e. create a thermoplastic starch. As
discussed above, a plasticizer may be used as a destruc-
turing agent for he starch. That plasticizer may remain in
the destructured starch component to function as a plas-
ticizer for the thermoplastic starch, or may be removed
and substituted with a different plasticizer in the thermo-
plastic starch component. The plasticizers may also im-
prove the flexibility of the final products, which is believed
to be due to the lowering of the glass transition temper-
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ature of the composition. A plasticizer or diluent for the
thermoplastic polymer component may be present to low-
er the polymer’s melting temperature, modify flexibility of
the final product, orimprove overall compatibility with the
thermoplastic starch blend. Furthermore, thermoplastic
polymers with higher melting temperatures may be used
if plasticizers or diluents are present which suppress the
melting temperature of the polymer.

[0026] In general, the plasticizers should be substan-
tially compatible with the polymeric components of the
presentinvention with which they are intermixed. As used
herein, the term "substantially compatible" means when
heated to a temperature above the softening and/or the
melting temperature of the composition, the plasticizer
is capable of forming a homogeneous mixture with pol-
ymer present in the component in which it is intermixed.
[0027] The plasticizers herein can include monomeric
compounds and polymers. The polymeric plasticizers will
typically have a molecular weight of about 100,000 g/mol
or less. Polymeric plasticizers can include block copoly-
mers and random copolymers, including terpolymers
thereof. In certain embodiments, the plasticizer has a low
molecular weight plasticizer, for example a molecular
weight of about 20,000 g/mol or less, or about 5,000 g/mol
or less, or about 1,000 g/mol or less. The plasticizers
may be used alone or more than one plasticizer may be
used in any particular component of the present inven-
tion.

[0028] The plasticizer can be, for example, an organic
compound having at least one hydroxyl group, including
polyols having two or more hydroxyls. Nonlimiting exam-
ples of useful hydroxyl plasticizers include sugars such
as glucose, sucrose, fructose, raffinose, maltodextrose,
galactose, xylose, maltose, lactose, mannose erythrose,
and pentaerythritol; sugar alcohols such as erythritol, xy-
litol, malitol, mannitol and sorbitol; polyols such as glyc-
erol (glycerin), ethylene glycol, propylene glycol, dipro-
pylene glycol, butylene glycol, hexane triol, and the like,
and polymers thereof; and mixtures thereof. Suitable
plasticizers especially include glycerine, mannitol, and
sorbitol.

[0029] Also useful herein hydroxyl polymeric plasticiz-
ers such as poloxomers (polyoxyethylene /polyoxypro-
pylene block copolymers) and poloxamines (polyoxyeth-
ylene/polyoxypropylene block copolymers of ethylene di-
amine). These copolymers are available as Pluronic®
from BASF Corp., Parsippany, NJ. Suitable poloxamers
and poloxamines are available as Synperonic® from ICI
Chemicals, Wilmington, DE, or as Tetronic® from BASF
Corp., Parsippany, NJ. Also suitable for use are hydroxy-
containing polymers such as polyvinyl alcohol, ethylene
vinyl alcohol, and copolymers and blends thereof.
[0030] Also suitable for use herein are hydrogen bond
forming organic compounds, including those which do
not have hydroxyl group, including urea and urea deriv-
atives; anhydrides of sugar alcohols such as sorbitan;
animal proteins such as gelatin; vegetable proteins such
as sunflower protein, soybean proteins, cotton seed pro-
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teins; and mixtures thereof. Other suitable plasticizers
are phthalate esters, dimethyl and diethylsuccinate and
related esters, glycerol triacetate, glycerol mono and dia-
cetates, glycerol mono, di, and tripropionates, bu-
tanoates, stearates, lactic acid esters, citric acid esters,
adipic acid esters, stearic acid esters, oleic acid esters,
and other father acid esters which are biodegradable.
Aliphatic acids such as ethylene acrylic acid, ethylene
maleic acid, butadiene acrylic acid, butadiene maleic ac-
id, propylene acrylic acid, propylene maleic acid, and oth-
er hydrocarbon based acids.

[0031] The amount of plasticizer is dependent upon
the molecular weight and amount of starch and the affinity
of the plasticizer for the starch or thermoplastic polymer.
Any amount that effectively plasticizes the starch can be
used. The plasticizer should sufficiently plasticize the
starch component so that it can be processed effectively
to form fibers. Generally, the amount of plasticizer in-
creases with increasing molecular weight of starch. Typ-
ically, the plasticizer can be present in an amount of from
about 2% to about 70%, and can also be from about 5%
to about 55%, or from about 10% to about 50% of the
component into which it is intermixed. Polymeric incor-
porated into the starch component that function as plas-
ticizers for the starch shall be counted as part of the plas-
ticizer constituent of that component of the present in-
vention. Plasticizer is optional for the thermoplastic pol-
ymer components in the present invention at any effec-
tive levels, including the ranges above, and amounts be-
low 2% are also included.

Optional Materials

[0032] Optionally, other ingredients may be incorpo-
rated into the thermoplastic starch and thermoplastic pol-
ymer composition. These optional ingredients may be
present in quantities of about 49% or less, or from about
0.1% to about 30%, or from about 0.1% to about 10% by
weight of the component. The optional materials may be
used to modify the processability and/or to modify phys-
ical properties such as elasticity, tensile strength and
modulus of the final product. Other benefits include, but
are not limited to, stability including oxidative stability,
brightness, color, flexibility, resiliency, workability,
processing aids, viscosity modifiers, and odor control. A
preferred processing aid is magnesium stearate. Another
optional material that may be desired, particularly in the
starch component, is ethylene acrylic acid, commercially
available as Primacore by Dow Chemical Company. Ex-
amples of optional ingredients are found in US applica-
tion serial number 09/853,131.

(2) Configuration

[0033] The term multicomponent, as used herein, is
defmed as a fiber having more than one separate part in
spatial relationship to one another at the exit from the
extrusion equipment. Component, as used herein, is de-
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fined as a separate part of the fiber that has a spatial
relationship to another part of the fiber. The fibers of the
present invention are, at least, bicomponent fibers. The
term multicomponent includes bicomponent, which is de-
fined as a fiber having two separate parts in a spatial
relationship to one another. The different components of
multicomponent fibers are arranged in substantially dis-
tinct regions across the cross-section of the fiber and
extend continuously along the length of the fiber.
[0034] As described above, either or both of the re-
quired components may be multiconstituent compo-
nents. Constituent, as used herein, is defined as meaning
the chemical species of matter or the material. Multicon-
stituent fiber, as used herein, is defined to mean a fiber,
or component thereof, containing more than one chem-
ical species or material.

[0035] The multicomponentfibers ofthe presentinven-
tion may be in many different configurations.

[0036] As previously discussed, the multicomponent
fibers of the present invention are splittable fibers. Rhe-
ological, thermal, and solidification differential behavior
can potentially cause splitting. Splitting may also occur
by a mechanical means such as ring-rolling, stress or
strain, use of an abrasive, or differential stretching, and/or
by fluid induced distortion, such as hydrodynamic or aer-
odynamic. Spunbond structures, staple fibers, hollow fib-
ers, shaped fibers, such as multi-lobal fibers and multi-
component fibers can all be produced by using the com-
positions and methods of the present invention. The mul-
ticomponent fibers may be in a side-by-side, hollow seg-
mented pie, segmented pie (i.e., solid segmented pie),
ribbon, islands-in-the-sea configuration, tipped multilo-
bal, or any combination thereof. The fibers of the present
invention may have different geometries that include
round, elliptical, star shaped, rectangular, triangular, and
other various eccentricities. Various configuration of the
splittable multicomponent fiber of the present invention
are shown in the figures. Unless otherwise stated, Seg-
ment X in the figures described below may correspond
to either the starch component or the thermoplastic pol-
ymer component, and Segment Y may correspond to ei-
ther the starch component or the thermoplastic polymer
component, however both X and Y shall not correspond
to the same component.

Figure 1 illustrates a solid eight segmented pie con-
figuration.

Figure 2illustrates a hollow eight segmented pie con-
figuration.

Figure 3 is schematic drawing illustrating a cross-
sectional view of a bicomponent fiber having a ribbon
configuration.

Figure 4 is schematic drawings illustrating a cross-
sectional view of a bicomponent fiber having a side-
by-side configuration.

Figure 4A illustrates a side-by-side configuration.
Figure 4B illustrates a side-by-side configuration
with a rounded adjoining line. The adjoining line is
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where two segments meet. Segment Y is present in
a higher amount than Segment X.

Figure 4C is a side-by-side configuration with Seg-
ments Y being positioned on either side of Segment
X with a rounded adjoining line.

Figure 4D is a side-by-side configuration with Seg-
ments Y being positioned on either side of Segment
X.

Figure 4E is a shaped side-by-side configuration with
Y being positioned on the tips of X.

Figure 5 is schematic drawing illustrating a cross-
sectional view of a tricomponentfiber having aribbon
configuration having Segments X, Y, and Z, wherein
X and Y may be as described above, and Z may be
another component that is splittable from X and/or Y.

[0037] There may be any number of distinct segments
flow through a single spinneret hole; typically, without
limitation, the number of segments can range from 2 to
about 256, or alternately from 4 to about 400, or from 8
to about 164, or from about 16 to about 64. The ratio of
the weight of the thermoplastic starch component to ther-
moplastic polymer component is generally from about 5:
95 to about 95:5. For obtaining improved manufacturing
efficiency of fibers made from the thermoplastic polymer
component, the weight percentage of thermoplastic
starch component, based on the total weight of the mul-
ticomponent fiber, can be lower than the weight percent-
age of thermoplastic polymer component, as this produc-
es either more split fibers comprising the thermoplastic
polymer or reduces the amount of the multicomponent
fiber (starch component) that is removed. The weight ra-
tio of thermoplastic starch component to the thermoplas-
tic polymer component for such multicomponent fibers
can be, for example, from about 10:90 to about 65:35,
and alternately can be from about 15:85 to about 50:50.
In other embodiments, wherein it is also desired to retain
and use starch fibers split from the multicomponent fiber,
the weight ratio of starch component to thermoplastic pol-
ymer component can be adjusted in for the multicompo-
nent fiber as desired to provided the desired proportion
and size of split starch component and thermoplastic pol-
ymer component fibers.

(3) Material Properties

[0038] Two types of fiber diameters can be referred to
since the present invention relates to a splittable multi-
component fiber, as well as to split fibers obtained from
the multicomponent fiber. The term "split fiber" is used
to include fibers obtained upon separation, or splitting,
of the multicomponent fiber into one or more fibers by
separating one or more components of the multicompo-
nent fiber. Splitting can be accomplished by any tech-
niquesinthe artincluding, for example, chemical removal
of a component, such as but not limiting to dissolving the
component or by inclusion of an aid to facilitate separa-
tion of the components of the fiber, as well as mechani-
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cally removing a component, and combinations thereof.
Mechanical splitting can be accomplished by application
of force (including but not limited to drawing, hydroen-
tangling, stretching etc.). Multicomponent fibers having
components that are not highly compatible with one an-
other may split naturally upon spinning of the fibers or
upon normal handling of the fibers once formed. A com-
ponent can be dissolved away by numerous techniques
known in the art. These include, by way of example, ex-
posure of the polymer to be dissolved with a plasticizer,
or solvent or reactive medium (liquid or gas). Also, seg-
ments that are adjacent to one another that are made
from components having significant differences in sur-
face energy will tend to be more easily splittable, and
may split naturally upon formation or upon exit from the
spinneret capillary. Techniques for splitting multicompo-
nent fibers are described in more detail below.

[0039] The first fiber diameter, referred to hereafter, is
the "parent” or splittable multicomponent. When the par-
ent fiber splits, it produces one or more "children" or split
fibers that are smaller in diameter than the parent fiber.
In general, the diameter of the splittable multicomponent
fiber can be about 400 microns or less, and can also be
about 200 microns or less, or about 100 microns or less.
The diameter of the split fibers is always less than the
diameter of the multicomponent fiber and generally is
about 50 microns or less, and can also be about 40 mi-
crons or less, about 30 microns, or about 25 microns or
less. The diameter of the split fibers typically can be about
2 microns or greater, and embodiments hereof can be
about 5 microns or greater. Fiber diameter is controlled
by parameters well known in the art including but not
limited to spinning speed, mass through-put, and blend
composition.

[0040] For non-round fibers, the diameter is deter-
mined as equivalent diameter. The equivalent diameter
for each segment of a component, for example a com-
ponent (i) (dg;) in the fiber cross-section, where compo-
nent (i) can be the thermoplastic polymer component or,
in cases wherein the thermoplastic starch component al-
so remains in fiber form subsequent to splitting, is calcu-
lated as follows:

2
7L’df
4

Ar=F,

where A7 is the total area of polymer in the fiber cross-
section, Fp is the fraction of the fiber cross-section occu-
pied by polymer (total minus the hollow center), and d;
is the outer diameter of the fiber. The cross-sectional
area of each segment of component i (A;) is then calcu-
lated according to:
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where X is the fraction of component i in the fiber and n
is the number of component i segments in the fiber (8 in
the case of a 16-segment pie fiber).

[0041] The equivalent diameter of each segment of
component i (dg4) is then calculated by:

0.5
ds1= 4Al
T

[0042] The parent fiber is defined as a fiber having a
relatively low draw down ratio. The total fiber draw down
ratio is defmed as the ratio of the fiber at its maximum
diameter (which is typically results immediately after ex-
iting the capillary) to the final fiber diameter in its end use.
The total parent fiber draw down ratio via either staple,
spunbond, or meltblown process can be about 50 or less,
and in embodiments hereof can be about 30 or less, or
about 20 or less, or about 15 or less.

[0043] The fibers produced in the present invention
may be environmentally degradable depending upon the
amount of starch that is present, the polymer used, and
the specific configuration of the fiber. "Environmentally
degradable” is defined as being biodegradable, disinte-
gratable, dispersible, flushable, or compostable ora com-
bination thereof. In the present invention, the fibers, non-
woven webs, and articles may be environmentally de-
gradable.

[0044] The fibers described herein are typically used
to make disposable nonwoven articles. The articles are
commonly flushable. The term "flushable" as used herein
refers to materials which are capable of dissolving, dis-
persing, disintegrating, and/or decomposing in a septic
disposal system such as a toilet to provide clearance
when flushed down the toilet without clogging the toilet
or any other sewage drainage pipe. The fibers and re-
sulting articles may also be aqueous responsive. The
term aqueous responsive as used herein means that
when placed in water or flushed, an observable and
measurable change will result Typical observations in-
clude noting that the article swells, pulls apart, dissolves,
or observing a general weakened structure

[0045] The multicomponent and split fibers of the
present invention can have low brittleness and have high
toughness, for example a toughness of about 2MPa or
greater. Toughness is defined as the area under the
stress-strain curve.

[0046] The split fibers of the present invention corre-
sponding to the non-starch thermoplastic polymer con-
taining component of the present invention have en-
hanced extensibility or elongation. Extensibility or elon-
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gation is measured by elongation to break. Extensibility
or elongation is defined as being capable of elongating
under an applied force, but not necessarily recovering.
Elongation to break is measured as the distance the fiber
can be stretched until failure.

[0047] The elongation to break of the fibers hereof are
tested according to ASTM standard D3822 except a
strain rate of 200 %/min is used. Testing is performed on
an MATS Synergie 400 tensile testing machine with a 10
N load cell and pneumatic grips. Tests are conducted at
a rate of 5.08cm/minute (2 inches/minute) on samples
with a 2.54cm(1 inch) gauge length. Samples are pulled
to break. Peak stress and % elongation at break are re-
corded and averaged for 10 specimens. The "Elongation
to Break" of a fiber is defined as the elongation to break
measured according to the above described testand con-
ditions.

[0048] The Elongation to Break Ratio of the split fibers
of the present invention is defined as the Elongation to
Break of the split fiber of the present invention divided
by the Elongation to Break of a monocomponent fiber
made from the same composition as the split fiber under
essentially identical fiber spinning conditions and param-
eters except as provided below. The mass throughput of
the monocomponent fiber should be the same as the total
mass throughput as the corresponding component of the
multicomponent fiber. For example, if the total mass
through-put for thermoplastic polymer component is "x",
and the multicomponent contains three (3) split fiber-
forming segments, the mass through-put for forming the
monocomponent fiber should still be "x". The diameter
of the monocomponent fiber should be the same as the
equivalent diameter of the split fiber. As will be under-
stood in the art, spinning speed for the monocomponent
fiber may be higher than spinning speed for the multi-
component fiber, particularly when the multicomponent
fiber contains two or split fiber-forming segments. The
dimensions of the spinneret capillary used to prepare the
moncomponent fiber should be the same as that used to
prepare the multicomponent fiber. The Elongation to
Break Ratio for the split fibers corresponding to the ther-
moplastic polymer component of the multicomponent fib-
ers of the present invention should be greater than 1.0,
and can be about 1.5 or greater, or about 2.0 or greater.
A benefit of the present invention is that small diameter
fibers can be produced that are highly extensible at rel-
atively high mass throughput. This is a benefit compared
to conventional processes of making small diameter fib-
ers directly as monocomponent fibers, wherein cost ef-
fective, high spinning speed/mass through-put process-
es for narrow fibers tends to result in low extensibility, or
low spinning speed/mass through-put processes thatcan
produce improved extensibility are not efficient.

[0049] Nonwoven products produced from the fibers
of the present invention can exhibit desirable mechanical
properties, particularly, strength, flexibility, softness, and
absorbency. Measures of strength include dry and/or wet
tensile strength. Flexibility is related to stiffness and can
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attribute to softness. Softness is generally described as
a physiologically perceived attribute which is related to
both flexibility and texture. Generally, smaller fiber diam-
eters will result in softer nonwoven products. Absorbency
relates to the products’ ability to take up fluids as well as
the capacity to retain them.

[0050] Typically, the split fibers corresponding to the
thermoplastic polymer component of the multicomponent
fibers of the present invention will be provided by the
present inventions. However, in embodiments wherein
the starch component is mechanically removed from the
multicomponent fiber, or wherein the starch component
separates naturally from the multicomponent fiber upon
formation, the present inventions may also provide split
fibers of the thermoplastic starch component. These may
be used in combination with or separate from the ther-
moplastic polymer component split fibers.

(4) Processes

[0051] The first step in producing a multicomponent
fiber can be a compounding or mixing step. In the com-
pounding step, the raw materials are heated, typically
under shear. The shearing in the presence of heat can
result in a homogeneous melt with proper selection of
the composition. The melt is then placed in an extruder
where fibers are formed. A collection of fibers is combined
together using heat, pressure, chemical binder, mechan-
ical entanglement, and combinations thereof resulting in
the formation of a nonwoven web. The nonwoven is then
assembled into an article.

Compounding

[0052] The objective of the compounding step is to pro-
duce a homogeneous melt composition for each compo-
nent of the fibers. Preferably, the melt composition is ho-
mogeneous, meaning that a uniform distribution of ingre-
dients in the melt is present. The resultant melt compo-
sition(s) should be essentially free of water to spin fibers.
Essentially free is defined as not creating substantial
problems, such as causing bubbles to form which may
ultimately break the fiber while spinning. The free water
content of the melt composition can be about 1% or less,
about 0.5% or less, or about 0.15% of less. The total
water content includes the bound and free water. Pref-
erably, the total water content (including bound water and
free water) is about 1% or less. To achieve this low water
content, the starch or polymers may need to be dried
before processed and/or a vacuum is applied during
processing to remove any free water. The thermoplastic
starch, or other components hereof, can be dried at ele-
vated temperatures, such as about 60°C, before spin-
ning. The drying temperature is determined by the chem-
ical nature of a component’s constituents. Therefore, dif-
ferent compositions can use different drying tempera-
tures which can range from 20°C to 150°C and are, in
general, below the melting temperature of the polymer.
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Drying of the components may, for example, be in series
or as discrete steps combined with spinning. Such tech-
niques for drying as are well known in the art can be used
for the purposes of this invention.

[0053] In general, any method known in the art or suit-
able for the purposes hereof can be used to combine the
ingredients of the components of the present invention.
Typically such techniques will include heat, mixing, and
pressure. The particular order or mixing, temperatures,
mixing speeds or time, and equipment can be varied, as
will be understood by those skilled in the art, however
temperature should be controlled such that the starch
does not significantly degrade. The resulting melt should
be homogeneous. A suitable method of mixing for a
starch and plasticizer blend is as follows:

1. The starch is destructured by addition of a plasti-
cizer. The plasticizer, if solid such as sorbitol or man-
nitol, can be added with starch (in powder form) into
a twin-screw extruder. Liquids such as glycerine can
be combined with the starch via volumetric displace-
ment pumps.

2. The starch is fully destructurized by application of
heat and shear in the extruder. The starch and plas-
ticizer mixture is typically heated to 120-180°C over
a period of from about 10 seconds to about 15 min-
utes, until the starch gelatinizes.

3. A vacuum can applied to the melt in the extruder,
typically at least once, to remove free water. Vacuum
can be applied, for example, approximately two-
thirds of the way down the extruder length, or at any
other point desired by the operator.

4. Alternatively, multiple feed zones can be used for
introducing multiple plasticizers or blends of starch.
5. Alternatively, the starch can be premixed with a
liquid plasticizer and pumped into the extruder.

[0054] As will be appreciated by one skilled in the art
of compounding, numerous variations and alternate
methods and conditions can be used for destructuring
the starch and formation of the starch meltincluding, with-
out limitation, via feed port location and screw extruder
profile.

[0055] A suitable mixing device is a multiple mixing
zone twin screw extruder with multiple injection points.
The multiple injection points can be used to add the de-
structurized starch and the polymer. A twin screw batch
mixer or a single screw extrusion system can also be
used. As long as sufficient mixing and heating occurs,
the particular equipment used is not critical.

[0056] An alternative method for compounding the ma-
terials comprises adding the plasticizer, starch, and pol-
ymer to an extrusion system where they are mixed in
progressively increasing temperatures. For example, in
a twin screw extruder with six heating zones, the first
three zones may be heated to 90°, 120°, and 130° C,
and the last three zones will be heated above the melting
point of the polymer. This procedure results in minimal
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thermal degradation of the starch and for the starch to
be fully destructured before intimate mixing with the ther-
moplastic materials.

[0057] Anexample of compounding destructured ther-
moplastic starch would be to use a Werner &Pfleiderer
(30 mm diameter 40:1 length to diameter ratio) co-rotat-
ing twin-screw extruder set at 250RPM with the first two
heat zones set at 50°C and the remaining five heating
zones set 150°C. A vacuum is attached between the pe-
nultimate and last heat section pulling a vacuum of 1.013
MPa(10 atm). Starch powder and plasticizer (e.g., sorb-
itol) are individually fed into the feed throat at the base
of the extruder, for example using mass-loss feeders, at
a combined rate of 13.6 kg/hour (30 Ibs/hour) at a 60/40
weight ratio of starch/plasticizer. Processing aids can be
added along with the starch or plasticizer. For example,
magnesium separate can be added, for example, at a
level of 0 -1 %, by weight, of the thermoplastic starch
component.

Spinning

[0058] The fibers of the present invention can be made
by melt spinning. Melt spinning is differentiated from oth-
er spinning, such as wet or dry spinning from solution,
where in such alternate methods a solvent is present in
the melt and is eliminated by volatilizing or diffusing it out
of the extrudate.

[0059] Spinning temperatures for the melts can range
from about 105°C to about 300°C, and in some embod-
iments can be from about 130°C to about 250°C or from
about 150°C to about 210°C. The processing tempera-
ture is determined by the chemical nature, molecular
weights and concentration of each component.

[0060] In general, high fiber spinning rates are desired
for the present invention. Fiber spinning speeds of about
10 meters/minute or greater can be used. In some em-
bodiments hereof, the fiber spinning speed is from about
100 to about 7,000 meters/minute, or from about 300 to
about 3,000 meters/minute, or from about 500 to about
2,000 meters/minute.

[0061] The fiber may be made by fiber spinning proc-
esses characterized by a high draw down ratio. The draw
down ratio is defined as the ratio of the fiber at its maxi-
mum diameter (which is typically occurs immediately af-
ter exiting the capillary of the spinneret in a conventional
spinning process) to the final diameter of the formed fiber.
The fiber draw down ratio via either staple, spunbond, or
meltblown process will typically be 1.5 or greater, and
can be about 5 or greater, about 10 or greater, or about
12 or greater.

[0062] Continuous fibers can be produced through, for
example, spunbond methods or meltblowing processes.
Alternately, non-continuous (staple fibers) fibers can be
produced according to conventional staple fiber process-
es as are well known in the art. The various methods of
fiber manufacturing can also be combined to produce a
combination technique, as will be understood by those
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skilled in the art. Hollow fibers, for example, can be pro-
duced as described in US Patent 6,368,990. Such meth-
ods as mentioned above for fiber spinning are well known
and understood in the art. The fibers spun can be col-
lected subsequent for formation using conventional
godet winding systems or through air drag attenuation
devices. If the godet system is used, the fibers can be
further oriented through post extrusion drawing at tem-
peratures from about 50° to about 200° C. The drawn
fibers may then be crimped and/or cut to form non-con-
tinuous fibers (staple fibers) used in a carding, airlaid, or
fluidlaid process.

[0063] In the process of spinning fibers, particularly as
the temperature is increased above 105°C, typically it is
desirable for residual water levels to be 1%, by weight of
the fiber, or less, alternately 0.5% or less, or 0.15% or
less.

[0064] Suitable multicomponent melt spinning equip-
ment is commercially available from, for example, Hills
Inc. located in Melbourne, Florida USA and is described
in US Patent 5,162,074 (Hills, Inc.).

[0065] The spinneretcapillary dimensions canvary de-
pending upon desired fiber size and design, spinning
conditions, and polymer properties. Suitable capillary di-
mensions include, but are not limited to, length-to-diam-
eter ratio of 4 with a diameter of 0.350mm.

[0066] As will be understood by one skilled in the art,
spinning of the fibers and compounding of the compo-
nents can optionally be done in-line, with compounding,
drying and spinning being a continuous process.
[0067] The residence time of each component in the
spinline can have special significance when a high melt-
ing temperatures thermoplastic polymer is chosen to be
spun with destructured starch. Spinning equipment can
be designed to minimize the exposure of the destructured
starch component to high process temperature by mini-
mizing the time and volume of destructured exposed in
the spinneret. For example, the polymer supply lines to
the spinneret can be sealed and separated until introduc-
tion into the bicomponent pack. Furthermore, one skilled
inthe art of multicomponentfiber spinning willunderstand
that the at least two components can be introduced and
processed in their separate extruders at different tem-
peratures until introduced into the spinneret.

[0068] For example, a suitable process for spinning
bicomponent, segmented pie fiber with at least one de-
structured starch segment and at least one polypropyl-
ene segment is as follows. The destructured starch com-
ponent extruder profile may be 80°C, 150°C and 150°C
in the first three zones of a three heater zone extruder
with a starch composition similarto Example 5. The trans-
fer lines and melt pump heater temperatures may be
150°C for the starch component. The polypropylene com-
ponent extruder temperature profile may be 180°C,
230°C and 230°C in the first three zones of a three heater
zone extruder. The transfer lines and melt pump can be
heated to 230°C. In this case the spinneret temperature
can range from 180°C to 230°C.
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[0069] Splitting of the fibers can be accomplished in a
variety of manners. In one embodiment, the multicom-
ponent fiber splits into the split fibers upon formation or
upon exit from the capillary of the spinneret, without the
application of fiber splitting techniques other than the
conditions inherently present in the fiber spinning proc-
ess. When the fiber velocity has reaches zero, split fibers
can already be present. Such fiber splitting results from
differences in rheology, compatability or solidification ki-
netics of the different components of the adjacent seg-
ments of the multicomponent fiber. Components with
substantially different surface energy will tend to split
from one another with application of low levels of force,
such as present during the normal fiber spinning process.
Polypropylene, for example, has low surface energy
compared unsubstituted starch, and can form multicom-
ponent fibers with unsubstituted starch wherein the split
fibers naturally form upon exit from the spinneret capil-
lary. Differences in polymer component elongation or
stiffness may also enhance the splitting off the multicom-
ponent fibers upon exit from the spinneret. For example,
reducing starch molecular weight tends to increase brit-
tleness of the starch, thereby increasing the difference
in elongation properties between the starch and the ther-
moplastic polymer and increasing the ability of he multi-
component fiber to split upon exit from the spinneret.
[0070] For instance, in a 16-segmented pie, 16 indi-
vidual fibers will be present instead of one large fiber for
each capillary. The starch component fibers can be re-
tained, if desired, or removed via solvent extraction, me-
chanical destruction via needle punching, high pressure
fluid exposure or any other suitable means. In a second
embodiment, one or more components of the multicom-
ponent fiber is separated from the multicomponent fiber
by application of a post fiber formation step, which can
be application of mechanical energy, thereby also pro-
viding least one component in the form of split fibers. The
fibers can be split via mechanical deformation without
removal of the starch component in addition to the meth-
ods described above for starch component removal in a
fiber after it has been split. The mechanical deformation
may come from, for example, elongation, bending, shear-
ing on the surfaces of the fiber (abrasion for instance) or
any other suitable method. The starch component fibers
retained, if desired, or removed via solvent extraction,
mechanical destruction, e.g., via needle punching, high
pressure fluid exposure or any other suitable means. In
one exemplary embodiment, the starch component con-
stituents are formulated such that the starch component
is very brittle, which makes mechanical removal of the
starch component easier.

[0071] In another embodiment, one or more compo-
nents, typically including the starch component, can be
separated from the multicomponent fiber, leaving at least
one component in the form of split fibers. Starch can be
dissolved in a solvent, such as for example water or other
polar solvent(e.g., C1-C3alcohol), such that fibers (non-
woven and woven are herby incorporated hereafter for
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any removal operation) can be passed through a solvent
bath or sprayed with a high pressure fluid solvent to re-
move the starch component.

[0072] Also, combinations of the above embodiments
may be present in or applied to the multicomponent fib-
ers. Other methods as may be known to those in the art
may also be used. These fibers can be further treated if
desired with application of finishes or impregnated with
other materials.

(5) Articles

[0073] The split fibers may be converted to fibrous
webs and nonwovens by any suitable method known in
the art. Nonwoven substrates may be formed, for exam-
ple, utilizing a variety of different bonding methods. Con-
tinuous fibers can be formed into a web using industry
standard spunbond or meltblown type technologies while
staple fibers can be formed into a web using industry
standard carding, airlaid, or wetlaid technologies. Typical
bonding methods include: calendar (pressure and heat),
thru-air heat, mechanical entanglement, hydrodynamic
entanglement, needle punching, and chemical bonding
and/or resin bonding. Thermally bondable fibers are re-
quired for the pressurized heat and thru-air heat bonding
methods. The nonwoven webs and substrates hereof can
be made using the thermoplastic polymer component
split fibers, the starch component split fibers, or a com-
bination thereof. Additionally, the split fibers of the
present invention can be combined with other fibers
known in the art including, but not limited to, synthetic
fibers and natural fibers. The split fibers hereof can be
used for any purposes known in the art for fibers com-
prising the constituents included in the split fibers ob-
tained according to the present invention.

[0074] For example, the split fibers of the present in-
vention may also be bonded or combined with other syn-
thetic or natural fibers to make nonwoven articles. The
synthetic or natural fibers may be blended together in the
forming process or used in discrete layers. Suitable syn-
thetic fibers include fibers made from polypropylene, pol-
yethylene, polyester, polyacrylates, and copolymers
thereof and mixtures thereof. Natural fibers include cel-
lulosic fibers and derivatives thereof. Suitable cellulosic
fibers include those derived from any tree or vegetation,
including hardwood fibers, softwood fibers, hemp, and
cotton. Also included are fibers made from processed
natural cellulosic resources such as rayon.

[0075] As discussed above, the split fibers of the
present invention may be used to make nonwovens, in-
cluding but not limited to those that contain 15%, by
weight, or greater, of a plurality of fibers that are contin-
uous or non-continuous and physically and/or chemically
attached to one another. The nonwoven may be in the
form of a protective layer, a barrier layer, a liquid and/or
air impervious layer, or an absorbent core or web. The
nonwoven may be combined with additional nonwovens
or films to produce a layered product used either by itself
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or as a component in a complex combination of other
materials, such as a baby diaper or feminine care pad.
A particular embodiment contemplated herein includes
disposable, nonwoven articles. The products may find
use in one of many different uses. Suitable articles of the
present invention include disposable nonwovens for hy-
giene, cleansing, surface treatment, and medical appli-
cations. Hygiene applications include such items as
wipes; diapers, particularly the top sheet or back sheet
or as a protective layer covering elastics or other com-
ponents of the diaper; and feminine pads or products,
particularly the top sheet or backsheet.

Examples

[0076] The examples below further illustrate the
present invention. The starches for use in the examples
below are StarDri 1, StarDri 100, Ethylex 2015, or Ethylex
2035, all from Staley Chemical Co. The latter Staley ma-
terials are substituted starches. The polypropylenes (PP)
are Basell Profax PH-835, Basell PDC 1298, or Exxon/
Mobil Achieve 3854. The polyethylenes (PE) are Dow
Chemicals Aspun 6811A, Dow Chemical Aspun 6830A,
or Dow Chemical Aspun 6842A. The glycerine is from
Dow Chemical Company, Kosher Grade BU OPTIM*
Glycerine 99.7%. The sorbitol is from Archer-Daniels-
Midland Co. (ADM), Crystalline NF/FCC 177440-2S. The
polyethylene acrylic acid is PRIMACOR 59801 from Dow
Chemical Co. Other polymers having similar chemical
compositions that differ in molecular weight, molecular
weight distribution, and/or co-monomer or defect level
can also be used. The process condition in Comparative
Example 1 and Examples 1-12 use a mass through put
of 0.8 ghm. The typical range of mass throughput is from
about 0.1 to about 8 ghm.

[0077] Comparative Example 1: Solid polypropylene
(PP) monocomponent fibers composed of Basell Profax
PH-835 are prepared at a through-put of 0.8 grams per
hole per minute (ghm) had an elongation-to-break of
181% when the fiber diameter was 18 um when melt spun
into fibers via a continuous filament process at a melt
extrusion temperature of 190°C.

[0078] Example 1 Hollow Segmented Pie: The bicom-
ponent pack set-up contains 16-segmented pie configu-
ration. Component A is Basell Profax PH-835. Compo-
nent B is the TPS component and is compounded using
60 parts StarDri 1, 40 parts sorbitol, 15 parts Primacore
5980-1, and 1 part Magnesium Stearate. Each ingredient
is added concurrently to an extrusion system where they
are melted and mixed in progressively increasing tem-
peratures. This procedure minimizes the thermal degra-
dation to the starch that occurs when the starch is heated
above 180°C for significant periods of time. The spinneret
processing temperature is 190°C. The ratio of Compo-
nent A to B is 4:1. The mass throughput is 0.8 ghm. The
fiber velocity via mechanical winding is 500 meters/
minute (m/min). Component A readily splits from Com-
ponent B under mechanical deformation. When the elon-
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gation-to-break is measured in the composite fiber, the
value is 643% at an average Component A filament di-
ameter of 16p.m. Thus when the fiber elongation is com-
pared with Comparative Example 1, the elongation-to-
break is significantly higher in Example 1 at a smaller
overall diameter at equivalent mass throughput. The TPS
component, Component B, can be readily removed via
submersion in water to yield 8 PP fibers with similar elon-
gation as the multicomponent fiber.

[0079] Example 2 Hollow Segmented Pie: The bicom-
ponent pack set-up contains 16-segmented pie configu-
ration. Component A is Basell Profax PH-835. Compo-
nent B is the TPS component and is compounded using
60 parts StarDri 1, 40 parts sorbitol, and 1 part Magne-
sium Stearate. Each ingredient is added concurrently to
an extrusion system where they are melted and mixed
in progressively increasing temperatures. This proce-
dure minimizes the thermal degradation to the starch that
occurs when the starch is heated above 180°C for sig-
nificant periods of time. The spinneret processing tem-
perature is 190°C. The ratio of Component Ato B is 2.33:
1. The mass throughput is 0.8 ghm. The fiber velocity via
mechanical winding is 500 m/min. Component A readily
splits from Component B under mechanical deformation.
When the elongation-to-break is measured in the com-
posite fiber, the value is 678% at an average Component
A filament diameter of 16,.m. Thus when the fiber elon-
gation is compared with Comparative Example 1, the
elongation-to-break is significantly higher in Example 1
atasmaller overall diameter. The TPS component, Com-
ponent B, can be readily removed via submersion in wa-
ter to yield 8 PP fibers with similar elongation as the mul-
ticomponent fiber.

[0080] Example 3 Hollow Segmented Pie: The bicom-
ponent pack set-up contains 16-segmented pie configu-
ration. Component A is Basell Profax PH-835. Compo-
nent B is the TPS component and is compounded using
60 parts StarDri 1, 40 parts sorbitol, and 1 part Magne-
sium Stearate. Each ingredient is added concurrently to
an extrusion system where they are melted and mixed
in progressively increasing temperatures. This proce-
dure minimizes the thermal degradation to the starch that
occurs when the starch is heated above 180°C for sig-
nificant periods of time. The spinneret processing tem-
perature is 190°C. The ratio of Component A to B is 9:1.
The mass throughput is 0.7 ghm. The fiber velocity via
mechanical winding is 500m/min. Component A readily
splits from Component B under mechanical deformation.
When the elongation-to-break is measured in the com-
posite fiber, the value is 620% at an average Component
A filament diameter of 16,.m. Thus when the fiber elon-
gation is compared with Comparative Example 1, the
elongation-to-break is significantly higher in Example 1
at asmaller overall diameter. The TPS component, Com-
ponent B, can be readily removed via submersion in wa-
ter to yield 8 PP fibers with similar elongation as the mul-
ticomponent fiber.

[0081] Example 4 Hollow Segmented Pie: The bicom-
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ponent pack set-up contains 16-segmented pie configu-
ration. Component A is Basell Profax PH-835. Compo-
nent B is the TPS component and is compounded using
60 parts StarDri 1, 40 parts sorbitol, and 1 part Magne-
sium Stearate. Each ingredient is added concurrently to
an extrusion system where they are melted and mixed
in progressively increasing temperatures. This proce-
dure minimizes the thermal degradation to the starch that
occurs when the starch is heated above 180°C for sig-
nificant periods of time. The spinneret processing tem-
perature is 190°C. The ratio of Component Ato B is 1:1.
The mass throughput is 1.2ghm. The fiber velocity via
mechanical winding is 500 m/min. Component A readily
splits from Component B under mechanical deformation.
When the elongation-to-break is measured in the com-
posite fiber, the value is 790% at an average Component
A filament diameter of 16,.m. Thus when the fiber elon-
gation is compared with Comparative Example 1, the
elongation-to-break is significantly higher in Example 1
atasmaller overall diameter. The TPS component, Com-
ponent B, can be readily removed via submersion in wa-
ter to yield 8 PP fibers with elongation as the multicom-
ponent fiber.

[0082] Example 5 Hollow Segmented Pie: The bicom-
ponent pack set-up contains 16-segmented pie configu-
ration. Component A is Basell Profax PH-835. Compo-
nent B is the TPS component and is compounded using
60 parts StarDri 1, 40 parts sorbital. 12 parts Dow Prima-
core 59801, and 1 part Magnesium Stearate. Each ingre-
dientis added concurrently to an extrusion system where
they are melted and mixed in progressively increasing
temperatures. This procedure minimizes the thermal
degradation to the starch that occurs when the starch is
heated above 180°C for significant periods of time. The
spinneret processing temperature is 190°C. The ratio of
ComponentAtoBis4:1. The mass throughputis 0.8ghm.
The fiber velocity via mechanical winding is 500m/min.
Component Areadily splits from Component B under me-
chanical deformation. When the elongation-to-break is
measured in the composite fiber, the value is 640% at
an average Component A filament diameter of 16um.
Thus when the fiber elongation is compared with Com-
parative Example 1, the elongation-to-break is signifi-
cantly higher in Example 1 at a smaller overall diameter
at equivalent mass throughput. The TPS component,
Component B, can be readily removed via submersion
in water to yield 8 PP fibers with similar elongation as the
multicomponent fiber.

Claims

1. A splittable multicomponent fiber obtained by melt
spinning, said fiber comprising:

A) at least one nonencompassed segment of a
first component comprising non-starch thermo-
plastic polymer;
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B) at least one nonencompassed segment of a
second component comprising thermoplastic
starch;

wherein:

(i) said second component is capable of be-
ing split or removed from said first compo-
nent to provide at least one split fiber con-
sisting essentially of said first component;
and

(i) wherein the split fiber of said first com-
ponent has an Elongation to Break Ratio of
greater than 1.0, said ratio being defined as
the Elongation to Break of the split fiber of
said first component divided by the Elonga-
tion to Break of a mono-component fiber of
the same equivalent diameter made from
the same composition as the split fiber un-
der essentially identical fiber spinning con-
ditions and parameters with the exception
that the spinning speed for the monocom-
ponent fiber may be higher than the spin-
ning speed for the multicomponent fiber so
that the mass throughput of the monocom-
ponent fiber is the same as the total mass
throughput as the first component of the
multicomponent fiber, wherein Elongation
to Break is as measured according to the
ASTM Standard D3822 using a strain rate
of 200% per minute applied to fiber samples
having a 2.54cm (1 inch) gauge length.

The splittable multicomponent fiber of Claim 1,
wherein the splittable multicomponent fiber has a
configuration selected from the group consisting of
segmented pie, hollow segmented pie, side-by-side,
segmented ribbon, tipped multilobal, and combina-
tions thereof.

The multicomponent fiber of Claim 1 or 2, wherein
the splittable multicomponent fiber has a diameter
of 400 micrometers or less, alternately 200 microm-
eters or less.

The multicomponent fiber of any of Claims 1-3,
wherein said first component comprises a plurality
of discrete segments, and each of said segments
have a diameter of 50 micrometers or less, alternate-
ly 25 micrometers or less.

The splittable multicomponent fiber of any of Claims
1-4, wherein the thermoplastic polymer of Compo-
nent A is selected from the group consisting of poly-
olefins, polyesters, polyamides, and copolymers and
combinations thereof.

The splittable multicomponent fiber of any of Claims
1-4, wherein said thermoplastic starch comprises
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destructured starch and a plasticizer.

The splittable multicomponent fiber of any of Claims
1-6, wherein said first component comprises up to
49% starch and said second component comprises
up to 49%, by weight, of a non-starch thermoplastic
polymer.

The splittable multicomponent fiber of any of Claims
1-7, wherein the Elongation to Break Ratio is 2.0 or
greater.

Split fibers derived from the first component of the
splittable multicomponent fiber of any one of
claims 1 to 8.

The split fibers of Claim 9, wherein said split fibers
further comprise split fibers derived from the second
component of said splittable multicomponent fib-
er.

A process for making fibers, comprising the steps of:

(a) providing a melt spun multicomponent fiber
having (i) at least one nonencompassed seg-
ment of a first component comprising non-starch
thermoplastic polymer and (ii) at least one non-
encompassed segment of a second component
comprising thermoplastic starch;

(b) splitting at least said second component from
said multicomponentfiberto provide atleastone
split fiber derived from said first component;
wherein the split fiber of said first component
has an Elongation to Break Ratio of greater than
1.0, said ratio being defined as the Elongation
to Break of the split fiber of said first component
divided by the Elongation to Break of a mono-
component fiber of the same equivalent diame-
ter made from the same composition as the split
fiber under essentially identical fiber spinning
conditions and parameters with the exception
that the spinning speed for the monocomponent
fiber may be higher than the spinning speed for
the multicomponent fiber so that the mass
throughput of the monocomponent fiber is the
same as the total mass throughput as the first
componentofthe multicomponent fiber, wherein
Elongation to Break is measured according to
the ASTM Standard D3822 using a strain rate
of 200% per minute applied to fiber samples hav-
ing a 2.54cm (1 inch) gauge length.

A process as in Claim 11, wherein said Elongation
to Break Ratio is 1.5 or greater.

A process as in Claim 11 or claim 12, wherein first
component comprises a plurality of discrete seg-
ments, and said process provides a plurality of split
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fibers derived from said first component.

A process as in Claim 13, wherein said splitting step
(b) further provides split fibers derived from said sec-
ond component.

A process as in any one of Claims 11 to 14, wherein
said multicomponent fiber is formed from a spinner-
et, and said multicomponent fiber splits upon exit
from the spinneret.

A process as in any one of Claims 11 to 15, wherein
said splitting step comprises application of mechan-
ical energy.

A process as in any of Claims 11 to 16, wherein said
splitting step comprises dissolving said second com-
ponent.

A nonwoven web comprising the split fibers of claim
9.

A disposable article comprising the nonwoven web
of Claim 18.

Patentanspriiche

1.

Spaltbare Mehrkomponentenfaser, die durch
Schmelzspinnverfahren erhalten wird, wobei die Fa-
ser Folgendes umfasst:

A) mindestens ein nicht umschlossenes Seg-
ment einer ersten Komponente, die Nicht-Star-
ke-Thermoplastpolymer umfasst;

B) mindestens ein nicht umschlossenes Seg-
ment einer zweiten Komponente, die thermopla-
stische Starke umfasst;

wobei:

(i) die zweite Komponente von der ersten
Komponente gespalten oder entfernt wer-
den kann, um mindestens eine Spaltfaser
bereitzustellen, die im Wesentlichen aus
der ersten Komponente besteht; und

(i) wobei die Spaltfaser der ersten Kompo-
nente ein Bruchdehnungsverhaltnis von
mehr als 1,0 aufweist, wobei das Verhaltnis
als die Bruchdehnung der Spaltfaser der er-
sten Komponente dividiert durch die Bruch-
dehnung einer Monokomponentenfaser
des gleichen aquivalenten Durchmessers
definiert ist, die aus der gleichen Zusam-
mensetzung wie die Spaltfaser unter im
Wesentlichen identischen Faserspinnbe-
dingungen und Parametern hergestellt ist,
mit der Ausnahme, dass die Spinnge-
schwindigkeit fiir die Monokomponentenfa-
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ser hoher als die Spinngeschwindigkeit fir
die Mehrkomponentenfaser sein kann, so
dass der Massedurchsatz der Monokompo-
nentenfaser der gleiche ist wie der Gesamt-
massedurchsatz der ersten Komponente
der Mehrkomponentenfaser, wobei die
Bruchdehnung gemaR ASTM-Standard
D3822 unter Verwendung einer Beanspru-
chungsrate von 200 % pro Minute gemes-
sen wird, die auf Faserproben mit einer
Messlange von 2,54 cm (1 Zoll) angewen-
det wird.

Spaltbare Mehrkomponentenfaser nach Anspruch
1, wobei die spaltbare Mehrkomponentenfaser eine
Konfiguration aufweist, die ausgewanhlt ist aus der
Gruppe, bestehend aus Segmented-Pie, hohlem
Segmented-Pie, Seite-an-Seite, segmentiertem
Band, umgekippt multilobal und Kombinationen da-
von.

Mehrkomponentenfaser nach Anspruch 1 oder An-
spruch 2, wobei die spaltbare Mehrkomponentenfa-
ser einen Durchmesser von 400 Mikrometern oder
weniger, alternativ von 200 Mikrometern oder weni-
ger aufweist.

Mehrkomponentenfaser nach einem der Anspriiche
1 bis 3, wobei die erste Komponente eine Vielzahl
diskreter Segmente umfasst, wobei jedes der Seg-
mente einen Durchmesser von 50 Mikrometern oder
weniger, alternativ von 25 Mikrometern oder weniger
aufweist.

Spaltbare Mehrkomponentenfaser nach einem der
Anspriche 1 bis 4, wobei das Thermoplastpolymer
von Komponente A ausgewahlt ist aus der Gruppe
bestehend aus Polyolefinen, Polyestern, Polyami-
den und Copolymern und Kombinationen davon.

Spaltbare Mehrkomponentenfaser nach einem der
Anspriche 1 bis 4, wobei die thermoplastische Star-
ke destrukturierte Starke und Weichmacher um-
fasst.

Spaltbare Mehrkomponentenfaser nach einem der
Anspriche 1 bis 6, wobei die erste Komponente bis
zu 49 Gew.-% Starke umfasst und die zweite Kom-
ponente bis zu 49 Gew.-% ein Nicht-Starke-Thermo-
plastpolymer umfasst.

Spaltbare Mehrkomponentenfaser nach einem der
Anspriiche 1 bis 7, wobei das Bruchdehnungsver-
haltnis 2,0 oder groRer ist.

Spaltfasern, die aus der ersten Komponente der
spaltbaren Mehrkomponentenfaser nach einem der
Anspriiche 1 bis 8 abgeleitet sind.
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Spaltfasern nach Anspruch 9, wobei die Spaltfasern
ferner Spaltfasern umfassen, die aus der zweiten
Komponente der spaltbaren Mehrkomponentenfa-
ser abgeleitet sind.

Verfahren zum Herstellen von Fasern, umfassend
die folgenden Schritte:

(a) Bereitstellen einer schmelzgesponnenen
Mehrkomponentenfaser mit (i) mindestens ei-
nem nicht umschlossenen Segment einer er-
sten Komponente, die Nicht-Starke-Thermo-
plastpolymer umfasst, und (ii) mindestens ei-
nem nicht umschlossenen Segment einer zwei-
ten Komponente, die thermoplastische Starke
umfasst;

(b) Spalten mindestens der zweiten Komponen-
te von der Mehrkomponentenfaser, um minde-
stens eine Spaltfaser bereitzustellen, die aus
der ersten Komponente abgeleitet ist;

wobei die Spaltfaser der ersten Komponente ein
Bruchdehnungsverhaltnis von mehrals 1,0 aufweist,
wobei das Verhéltnis als die Bruchdehnung der
Spaltfaser der ersten Komponente dividiert durch die
Bruchdehnung einer Monokomponentenfaser des
gleichen aquivalenten Durchmessers definiert ist,
die aus der gleichen Zusammensetzung wie die
Spaltfaser unterim Wesentlichen identischen Faser-
spinnbedingungen und Parametern hergestellt ist,
mit der Ausnahme, dass die Spinngeschwindigkeit
fiir die Monokomponentenfaser héher als die Spinn-
geschwindigkeit fiir die Mehrkomponentenfaser sein
kann, so dass der Massedurchsatz der Monokom-
ponentenfaser der gleiche ist wie der Gesamtmas-
sedurchsatz der ersten Komponente der Mehrkom-
ponentenfaser, wobei die Bruchdehnung geman
dem ASTM-Standard D3822 unter Verwendung ei-
ner Beanspruchungsrate von 200 % pro Minute ge-
messen wird, die auf Faserproben mit einer Mes-
sldnge von 2,54 cm (1 Zoll) angewendet wird.

Verfahren nach Anspruch 11, wobei das Bruchdeh-
nungsverhaltnis 1,5 oder gréRer ist.

Verfahren nach Anspruch 11 oder Anspruch 12, wo-
bei die erste Komponente eine Vielzahl diskreter
Segmente umfasst und das Verfahren eine Vielzahl
Spaltfasern bereitstellt, die aus der ersten Kompo-
nente abgeleitet sind.

Verfahren nach Anspruch 13, wobei der Spaltschritt
(b) ferner Spaltfasern bereitstellt, die aus der zweiten
Komponente abgeleitet sind.

Verfahren nach einem der Anspriiche 11 bis 14, wo-
bei die Mehrkomponentenfaser aus einer Spinndiise
gebildet wird und sich die Mehrkomponentenfaser
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30
nach Verlassen der Spinnduse spaltet.

Verfahren nach einem der Anspriiche 11 bis 15, wo-
bei der Spaltschritt die Anwendung von mechani-
scher Energie umfasst.

Verfahren nach einem der Anspriiche 11 bis 16, wo-
bei der Spaltschritt das Auflésen der zweiten Kom-
ponente umfasst.

Vliesbahn, umfassend die Spaltfasern nach An-
spruch 9.

Einwegartikel, umfassend die Vliesbahn nach An-
spruch 18.

Revendications

1.

Fibre a multicomposants pouvant étre fractionnée
obtenue par filage par fusion, ladite fibre compre-
nant:

A) au moins un segment non entouré d’un pre-
mier composant comprenant un polymére ther-
moplastique qui n’est pas de I'amidon;

B) au moins un segment non entouré d'un
deuxieme composant comprenant de I'amidon
thermoplastique;

dans laquelle:

(i) ledit deuxieme composant est suscepti-
ble d’étre fractionné ou retiré dudit premier
composant pour fournir au moins une fibre
fendue constituée sensiblement dudit pre-
mier composant; et

(ii) dans laquelle la fibre fractionnée dudit
premier composant a un rapport d’allonge-
ment a la rupture supérieur a 1,0, ledit rap-
port étant défini comme Il'allongement a la
rupture de la fibre fractionnée dudit premier
composantdivisé par I'allongementalarup-
ture d’'une fibre a monocomposant du mé-
me diameétre équivalent fabriquée a partir
de la méme composition que la fibre frac-
tionnée pratiquement dans des conditions
et parametres de filage de fibre identiques
si ce n'est que la vitesse de filage pour la
fibre a monocomposant peut étre plus éle-
vée que la vitesse de filage pour la fibre a
multicomposants de sorte que le rendement
massique de la fibre a monocomposant est
le méme que le rendement massique total
du premier composant de la fibre a multi-
composants, dans laquelle I'allongement a
la rupture est mesuré selon la norme ASTM
D3822 en utilisant une vitesse de déforma-
tion de 200% par minute appliquée a des
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échantillons de fibre ayant une longueur de
référence de 2,54cm (1 pouce).

Fibre & multicomposants pouvant étre fractionnée
selon la revendication 1, ou la fibre a multicompo-
sants pouvant étre fractionnée a une configuration
choisie dans le groupe constitué de tarte en quar-
tiers, tarte en quartiers creuse, coté-a-coté, ruban
segmenté, multilobal apical, et leurs combinaisons.

Fibre a multicomposants selon la revendication 1 ou
la revendication 2, ou la fibre a multicomposants
pouvant étre fractionnée a un diamétre de
400micrométres ou moins, en variante
200micromeétres ou moins.

Fibre a multicomposants selon 'une quelconque des
revendications 1 a 3, dans laquelle ledit premier
composant comprend une pluralité de segments dis-
tincts, et chacun desdits segments a un diametre de
50micromeétres  ou moins, en  variante
25micromeétres ou moins.

Fibre a multicomposants pouvant étre fractionnée
selon I'une quelconque des revendications 1 a 4,
dans laquelle le polymeére thermoplastique du com-
posant A est choisi dans le groupe constitué de po-
lyoléfines, polyesters, polyamides et leurs copoly-
méres et combinaisons.

Fibre a multicomposants pouvant étre fractionnée
selon I'une quelconque des revendications 1 a 4,
dans laquelle ledit amidon thermoplastique com-
prend de I'amidon déstructuré et un plastifiant.

Fibre a multicomposants pouvant étre fractionnée
selon I'une quelconque des revendications 1 a 6,
dans laquelle ledit premier composant comprend
jusqu’'a 49% d’amidon et ledit deuxiéme composant
comprend jusqu’a49% en poids, d’'un polymére ther-
moplastique qui n’est pas de I'amidon.

Fibre a multicomposants pouvant étre fractionnée
selon 'une quelconque des revendications 1 a 7,
dans laquelle le rapport d’allongement a la rupture
est de 2,0 ou plus grand.

Fibres fractionnées dérivées du premier composant
de la fibre a multicomposants pouvant étre fraction-
née selon 'une quelconque des revendications 1a 8.

Fibres fractionnées selon la revendication 9, ou les-
dites fibres fractionnées comprennent en outre des
fibres fractionnées dérivées du deuxiéme compo-
sant de ladite fibre a multicomposants pouvant étre
fractionnée.

Procédé defabrication de fibres, comprenant les éta-
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pes consistant a:

(a) fournir une fibre a multicomposants filée en
fusion ayant (i) au moins un segment non en-
touré d’'un premier composant comprenant un
polymeére thermoplastique quin’est pas de I'ami-
don et (ii)) au moins un segment non entouré
d’'un deuxiéme composant comprenant de I'ami-
don thermoplastique;

(b) fractionner au moins ledit deuxiéme compo-
santde ladite fibre a multicomposants pour four-
nir au moins une fibre fractionnée dérivée dudit
premier composant;

dans laquelle la fibre fractionnée dudit premier
composant a un rapport d’allongement a la rup-
ture supérieur a 1,0, ledit rapport étant défini
comme I'allongementa la rupture de lafibre frac-
tionnée dudit premier composant divisé par I'al-
longement a la rupture d’'une fibre 8 monocom-
posant du méme diamétre équivalent fabriquée
a partir de laméme composition que lafibre frac-
tionnée pratiquement dans des conditions et pa-
rameétres de filage de fibre identiques si ce n’est
que la vitesse de filage pour la fibre a monocom-
posant peut étre plus élevée que la vitesse de
filage pour la fibre a multicomposants de sorte
que le rendement massique de la fibre a mono-
composant est le méme que le rendement mas-
sique total du premier composant de la fibre a
multicomposants, dans laquelle I'allongement a
la rupture est mesuré selon la norme ASTM
D3822 en utilisant une vitesse de déformation
de 200% par minute appliquée a des échan-
tillons de fibre ayant une longueur de référence
de 2,54cm (1pouce).

Procédé selon la revendication 11, dans lequel ledit
rapport d’allongement a la rupture est de 1,5 ou plus
grand.

Procédé selon la revendication 11 ou la revendica-
tion 12, dans lequel le premier composant comprend
une pluralité de segments distincts, et ledit procédé
fournit une pluralité de fibres fractionnées dérivées
dudit premier composant.

Procédé selon larevendication 13, dans lequel ladite
étape de fractionnement (b) fournit en outre des fi-
bres fractionnées dérivées dudit deuxiéme compo-
sant.

Procédé selon I'une quelconque des revendications
11 a 14, dans lequel ladite fibre a multicomposants
est formée a partir d’'une buse a filer, et ladite fibre
a multicomposants se fractionne a la sortie de la bu-
se a filer.

Procédé selon I'une quelconque des revendications



17.

18.

19.
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11 a 15, dans lequel ladite étape de fractionnement
comprend I'application d’énergie mécanique.

Procédé selon I'une quelconque des revendications
11 a 16, dans lequel ladite étape de fractionnement
comprend une dissolution dudit deuxiéme compo-
sant.

Nappe nontissée comprenantlesfibres fractionnées
selon la revendication 9.

Article jetable comprenant la nappe non tissée selon
la revendication 18.
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Figure 3
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Figure 4C Figure 4D

Figure 4E Figure 5
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