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ABRICS COMPOSED OF RIBBON-LIKE FIBROUS MAJERLAI
METHOD TO E _THE SAME

O NV O
The present invention relates to conjugate fibrous
material, fabrics formed from such materials, and methods of

making the same.

BACKGROUND OF THE ITNVENTION

It is generally understood to be both economically and

environmentally desirable to minimize the amount of Iraw
material contained in thermoplastic spun filaments that make up
a variety of fabrics. Genérally speaking, less raw material
results in lower basis weight webs that cost less and conserve
resources.

One problem assof:iated with many conventional woven and

nonwoven fabrics is that it is difficult to maximize the
ability of a fabric to cover or serve as a barrier or shield
while maintaining desirable breathability or permeability.
For example, it is desirable for gases and/or vapors (e.g.,
water vapor) to pass freely or diffuse through a fabric even
though the same fabric functions to substantially bar or shield
liquids (e.g., 1liquid droplets) and/or electromagnetic
radiation (e.g., visible or ultraviolet light) from an object
covered by the fabric.

An equally significant problem is that many fabrics made
from spun filaments and/or fibers have unsatisfactory tactile

properties. As an example, fabrics containing substantial
amounts of filaments and/or fibers that are conventionally
melt-spun from economical, recyclable polymers such as, for
example, polypropylene, ‘polyethylene and the like, often can
have smooth, untextured surfaces and/or relatively large
diameters. These filaments and/or fibers can have a "“waxy" or
slick feel that may be perceived as undesirable. Mar{y
applications of such fabrics are thwarted by their inability to

be perceived as relatively "cloth-like" (e.g., not slick or

"waxy" in a tactile sense).
Fabrics made of filaments and/or fibers composed of a

single material or blends of materials (e.g., substantially
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mono-component filaments and/or fibers) have been subjected to

hot calendaring to improve the fabrics' covering or barrier

properties. Unfortunately, the resulting fabrics have been

;- w characterized as "paper-like" (i.e., stiff and "noisy" or

s producing sounds when flexed). Such fabrics have exhibited
poor drape, flexibility and even breathability. This is | .
generalljr attributed to individual components of the fabric
(e.g., filaments and/or fibers) melting, bonding and/or fusing

c together during the hot calendaring operation.

'3* 10 Attempts have been made to reduce the slick or "waxy" feel
f%“ - of some filaments and/or fibers by incorporating an expanding
G agent into the entire filament/fiber or into the sheath of a
= sheath-and-core conjugate filament and/or fiber. Such
'. materials have been converted into fabrics intended to have
15 "cloth-like" tactile properties. However, these materials fail
| to address the important problems of reducing the basis weights
o of the webs and improving the covering or shielding ability of
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the fabrics.
While these attempts may be of interest to those engaged in

20 the manufacture of fabrics and/or filament (i.e., filaments
and/or fibers) they do not address the need to minimize the

amount of raw material contained in thermoplastic spun
. filaments that make up a variety of fabrics while achieving a
| satisfactory level of fabric softness, drape and flexibility.
i'_;ﬁg - 25 For example, there is a need for a fabric- - that can be
;*:i?_ o | manufactured from an inexpensive raw material (e.g.,
S polypropylene, polyethylene and the like) than can satisfy
these requirements. A need also exists for a fabric that

. minimizes the amount of raw material contained in fabric while

L 30 achieving a satisfactory level of fabric softness, drape and
‘ flexibility as well as an acceptéble level of cover and/or
shielding from liquids and/or electromagnetic radiation (e.qg.,

visible and ultraviolet light). Additionally, a need exists

, for a fabric formed from an relatively inexpensive raw material

a 35 that meets these requirements and also has "cloth-like" 'Eactile
properties and/or which provides acceptable levels of
permeability or breathability. Furthermore, there is a need

for a practicai process for producing such a material that is

-----
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relatively simple and can be adapted to modern high-speed
manufacturing processes.

Meeting these needs 1is important since 1t 1is both
economically and environmentally desirable to reduce the amount
of raw material used in fabrics and/or filaments/fibers and
still provide a fabric having enhanced covering, barrier and/or
shielding properties. It is also both economically and
environmentally desirable to produce such a fabric while also

providing satisfactory levels of permeability, breathabillity,
flexibility and/or drape.

DEFINITIONS

As used herein, the term "“spunbond web" refers to a web of

'small diameter fibers and/or filaments which are formed by

extruding a molten thermoplastic material as filaments from a
plurality of fine, usually circular, capillaries in a
spinnerette with the diameter of the extruded filaments then
being rapidly reduced, for example, by non=-eductive or eductive
fluid-drawing or other well known spunbonding mechanisms. The
production of spunbonded nonwoven webs 1is 1illustrated in
patents such as Appel, et al., U.S. Patent No. 4,340,563;
Dorschner et al., U.S. Patent No. 3,692,618; Kinney, U.S.
Patent Nos. 3,338,992 and 3,341,394; Levy, U.S. Patent No.
3,276,944; Peterson, U.S. Patent No. 3,502,538; Hartman, U.S.
Patent No. 3,502,763; Dobo et al., U.S. Patent No. 3,542,615;
and Harmon, Canadian Patent No. 803,714.

As used herein, the term "meltblown fibers" means fibers
formed by extruding a molten thermoplastic material through a
plurality of fine, usually circular, die capillaries as molten

threads or filaments into a high-velocity gas (e.g. air) stream
which attenuates the filaments of molten thermoplastic material

to reduce their diameters, which may be to microfiber diameter.
Thereafter, the meltblown fibers are carried by the high-
velocity gas stream and are deposited on a collecting surface
to form a web of randomly disbursed meltblown fibers. The
meltblown process 1is well-known and 1is described in various
patents and publications, 1including NRL Report 4364,
"Manufacture of Super-Fine Organic Fibers" by V.A. Wendt, E.L.
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Boone, and C.D. Fluharty; NRL Report 5265, "An Improved Device
for the Formation of Super-Fine Thermoplastic Fibers® by K.D.
Lawrence, R‘I‘ Lukas, and J.A. Young; and U.S. Patent No.
3,849,241, issued November 19, 1974, to Buntin, et al.

As used herein, the term "microfibers" means small diameter
fibers having an average diameter not greater than about 100
microns (um), for example, having a diameter of from about 0.5
microns to about 50 microns, more specifically microfibers may
also have an average diameter of from about 1 micron to about
20 microns. Microfibers having an average diameter of about 3
microns or less are commonly referred to as ultra-fine
microfibers. A description of an exemplary process of making
ultra-fine microfibers may be found in, for example, U.S.
Patent Nos. 5,213,881 and 5,271,883, entitled "A Nonwoven Web
With Improved Barrier Properties”,

As used herein, the term "thermoplastic material" refers
to a polymer that softens when exposed to heat and returns to
a relatively hardened condition when cooled to room
temperature. Natural substances which exhibit this behavior are
crude rubber and a number of waxes. Other exemplary
thermoplastic materials include, without limitation, polyvinyl
chloride, polyesters, nylons, polyfluorocarbons, polyethylene
(including 1linear 1low density polyethylene), polyurethane,
polystyrene, polypropylene, polyvinyl alcohol, caprolactams,
and cellulosic and acrylic resins.

As used herein, the term "“fabric" refers to a material that
may be either a woven material, a knit material, a nonwoven

material or combinations thereof.
As used herein, the terms "nonwoven fabric" and "“nonwoven

web" refer to a fabric or web that has a structure of
individual fibers or filaments which are interlaid, but not in
an identifiable repeating manner. Nonwoven webs have been, in
the past, formed by a variety of processes known to those
skilled in the art such as, for example, meltblowing,
spunbonding and bonded carded web processes.

As used herein, the term "conjugate spun filaments" refers

to filaments and/or fibers composed of a core portion
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substantially or completely enveloped by a sheath. Generally
speaking, the core portion and the sheath portion are formed of
different polymers and spun using processes such as, for

example, melt-spinning processes.
As used herein, the term wsoftening point" refers to a

temperature near the melt transition of a generally
thermoplastic polymer. The softening point occurs at a

temperature below the melt transition and corresponds to a
magnitude of phase change and/or change in polymer structure
sufficient to permit relatively durable deformation of the
polymer using relatively low levels of force (i.e., relative to
temperatures below the softening point). Generally speaking,
internal molecular arrangements in a polymer tend to be
relatively fixed at temperatures below the softening point.
Under such conditions, many polymers are difficult to durably
distort or reshape although a few poiymers such as, for
example, certain elastomeric polymers may be temporarily (but
not durably) distorted (e.g., stretched, dented, bounced, and
the like). At about the softening point, the polymer's ability
to flow is enhanced so that it can be durably distorted.
Generally speaking, the softening point of a polymer is at or
about the Vicat Softening Temperature as determined essentially
in accordance with ASTM D 1525-91. That is, the softening
point is generally 1less than about the polymer's melt
tfans ition and generally about or greater than the polymer 's
Vicat Softening Temperature.

As used herein, the term "low-softening point component"®
refers to one or more thermoplastic polyiners composing an
element of a conjugate spun filament (i.e., a sheath or a core)
+hat has a lower softening point than the one or more polymers
composing at least one different element of the same conjugate
spun filament (i.e., high-softening point component) so that
the low-softening point component may be substantially
malleable or easiiy distorted when at or about its softening
point while the one or more polymers composing the at least one
different element of the same conjugate spun filament remains
relatively difficult to durably distort or reshape at the same
conditions. For example, the low-softening point component may
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have a softening point that is at least about 50°C lower than

the high-softening point component.

As used herein, the term "high-softening point component”
refers to one or more polymers composing an element of a
conjugate spun filament (i.e., a sheath or a core) that has a

higher softening point than the one or more polymers composing
at: least one different element of the same conjugate spun

filament (i.e., low-softening point component) so that the
high-softening point component remains relatively undistortable

or unshapeable when it is at a temperature under which the one
or more polymers composing at least one different element of
the same conjugate spun filament (i.e., the low-softening point
component) are substantially malleable (i.e., at about their
softening point). For example, the high-softening point

component may have a softening point that is at least about
50°C higher than the low-softening point component.

'As used herein, the term "durably distort" refers to an
enduring, long-lasting or essentially permanent deformation of
a pliable material, such as, for example, a thermoplastic
polymer that has been heated to a readily malleable, shapeable
and deformable state. As an example, applying a sufficient
flattening force to a thermoplastic polymer filament/fiber that
has been heated to about the polymer's softening point and
which has a generally circular cross-section will durably
distort the filament/fiber into a flattened configuration,
especially if the filament/fiber is allowed to cool in the

flattened configuration. If generally the same flattening
force is applied to the filament/fiber at a much lower

temperature (e.g., room temperature), the filament/fiber may
distort but would generally regain at least some or much of its
original circular-cross sectional configuration after removal
of the flattening force.

As used herein, the terms "cover", "coverage" or "“surface
area coverage" refer to the percent closed area of a fabric as
determined using conventional analytical image analysis
techniques. Generally speaking, the percent closed area 1is
expressed as 100 - (percent open area). The percent open area
is measured from an image of the sample generated so that is
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has a high level of contrast between the open and closed areas.

Generating such an image will depend upon variables such as,
for example, the 1light source and placement, basis weight
and/or texture of the sample. The threshold of a conventional
image analyzer 1s typically adjusted to half-black and the
percent open area is determined. The generated image may be
processed using equipment such as a Cambridge Quantimet-10
image analyzer available from Leica, 1Inc. of Deerfield,

7

Illinois.
As used herein, the term "consisting essentially of" does

not exclude the presence of additional materials which do not
significantly affect the desired characteristics of a given
composition or product. Exemplary materials of this sort would
include, without limitation, pigments, functionalizing
additives, fillers, antioxidants, stabilizers, surfactants,
waxes, flow promoters, particulates or materials added to
enhance processability or properties of a composition.

SUMMARY OF THE INVENTION

The present invention responds to the needs described above
by providing a method of making a flexible fabric composed of
a fibrous matrix of ribbon-like, conjugate, spun filaments.
The method includes the following steps: 1) providing a
fibrous matrix composed of individual, spun filaments bonded at
spaced-apart bond locations, the £ ilaments themselves being
composed of: (i) a core formed of at least one low-melting
point thermoplastic component; and (ii) a sheath formed of at
least one high-softening point component; and 2) applying a
flattening force to the fibrous matrix to durably distort the
core of individual filaments into a ribbon-like confiquration
having a width greater than 1its height so that: (i) the
individual filaments are substantially unattached between the
spaced-apart bond locations, and (11) the width of individual
£ilaments is oriented substantially in the planar dimension of

the fabric.
According to the method of the present invention, the

fibrous matrix is generally at a temperature near the softening
point of the low-melting point thermoplastic component during
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application of the flattening force so that the low-nmelting
point thermoplastic component is malleable (i.e., able to be
durably distorted by application of the flattening force). The
flattening force is applied by a calendar roll arrangement
(e.g., pressure roll arrangement). Desirably, the calendar roll
arrangement is a heated calendar roll arrangement (e.g., heated
pressure roll arrangement).

In one aspect of the invention, a substantial portion of
the low-softening point thermoplastic component in the core may
have a'softening poiht that is at least about 50°C lower than
the softening point of the high-softening point component in
the sheath. For example, the low-softening point thermoplastic
component in the core may have a softening point that is at

'least about 70°C lower than the softening point of the high-

softening point component in the sheath.

In an embodiment of the method of the invention, the
fibrous matrix may be mechanically softened after <the
flattening force 1is applied. Mechanical softening may be
carried out using techniques including, but not limited to,
intermeshed grooved rolls, intermeshed patterned rolls, liquid
jets and gas jets. The liquid jets may be high-pressure jets
of water. The gas jets may be high-pressure jets of air.

According to the method of the present invention, the
flattening force may be used to durably distort individual
filaments to a width to height ratio of greater than about 2:1.
For example, the individual filaments may be durably distorted
to a width to height ratio of greater than about 3:1.

The present invention encompasses a flexible fabric
composed of a fibrous matrix of ribbon-like, conjugate, spun
filaments joined at spaced apart bond locations. The filaments
themselves are composed of: 1) a ribbon-like core having a
width greater than its height formed of at least one low-
softening point thermoplastic componeﬁt : and 2) a sheath
formed of at least one high-softening point component, the
sheath substantially enveloping the core; so that individual
£ ilan;ents are: (i) substantially unattached between the spaced-
apart bond locations, and (ii) oriented so their widths are
substantially in the planar dimension of the fabric.



10

15

20

25

30

35

WO 96/09428 PCT/US95/10302

2200780

9

Generally speaking, the conjugate £ jlaments may contain
from about 1 to about 50 percent, by weight, of the high-
softening point component and from about 50 to about 99
percent, by weight, of +he low-softening point thermoplastic
component. For example, the conjugate filaments may contain
from about 1 to about 30 percent, Dby weight, of the high-
softening point component and from about 70 to about 99
percent, by weight, of the low-softening point thermoplastic
component. As another example, the copjugate filaments may
contain. from about 5 to about 30 percent, by weight, of the
high-softening point component and from about 70 to about 95
percent, by weight, of the low~-softening point thermoplastic
component. The high-softening point component may be, for
example, polyesters, polyamides and/or high-softening point
polvolefins. The low-softening point thermoplastic component
may be, for example, low-softening point polyolefins, low-
softening point elastomeric block copolymers, and blends of the

same.
The flexible fabric may further include one or more

secondary material, such as, for example, fibers and/or
particulates that are incorporated into the fibrous matrix.
Tn an aspect of the present invention, the sheath component
of individual filaments may include a distribution of
rugosities (bumps, fissures, microfibrils, .c".avities, etc.)
across at least a portion of the surface of the sheath. 1In

"another aspect of <the invention, the sheath may include

multiple lobes across at least a portion of the surface of the
sheath. In yet another aspect of the invention, the sheath may
include both multiple lobes and a distribution of rugosities
(bumps, microfibril, cavities, etc.) across at least a portion

of the surface of the sheath (e,g,. the lobes).
Tn one embodiment of the invention, the flexible fabric

may provide a surface area coverage at least about 10 percent

greater than an identical untreated fabric (i.e., not subjected
+o the method of the present invention) of filaments having a

substantially circular cross-section. For example, the

about 50 percent greater than an jdentical untreated fabric of
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filaments having a substantially circular cross-section. As

another example, the flexible fabric may provide a surface area
coverage at least about 100 percent greater than an identical

untreated fabric of filaments having a substantially circular
5 cross-section. As yet another example, the flexible fabric may
provide a surface area coverage at least about 300 percent
greater than an identical untreated fabric of filaments having

a substantially circular cross-section.
The fibrous matrix may be, for example, one or more woven

10 fabrics, knit fabrics and/or nonwoven fabrics. These fabrics
may be used alone or in combination. Desirably, the fibrous
matrix is a nonwoven web of conjugate, spunbond filaments.

ngE § et e
r a)? - e

In an aspect of the present invention, the

ny TE'! €

ribbon-like, conjugate,  spun filaments may 1incorporate
15 substances that reflect ultra-violet wavelength radiation,
absorb ultra-violet wavelength radiation, retard or inhibit

photodegradation, absorb moisture, adsorb odors, and/or are

Q; anti-microbial.
: The present invention also encompasses a method of making
20 ribbon-like, conjugate, spun filaments. The method 1includes

the following steps: 1) providing at least one low-softening
point thermoplastic core component, and at least one high-

softening point sheath component to the respective core and

sheath portions of a sheath-and-core type conjugate spinning

25 die under extrusion conditions; 2) extruding the components
into conjugate filaments, each conjugate filament have a sheath
composed of at least one high-softening point component that
| substaritially envelops a core composed of at least one low-
, softening point thermoplastic component; 3) quenching the

.= 30 extruded conjugate filaments downstream of the spinning die;
4) drawing the extruded conjugate filaments as they are being
__ | gquenched thereby achieving an average filament diameter ranging
: from about 0.5 to about 100 microns; and 5) applving a
flattening force to durably distort the core “of individual
. 35 filaments into a ribbon-like configuration while the low-
softening point component is at a temperature near its

softening point so that a substantial portion of the individual
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filaments have a width to height ratio of greater than about

According to the method of the invention, the low-
softening point thermoplastic component in the core may have a
viscosity that is greater than or near the viscosity of the
high-softening point component 1n the sheath while the
components are being extruded.

I+ is desirable that a substantial portion of the low-
softening point thermoplastic component in the core may have a
softening point that is at least about 50°C lower than the
softening point of the high-softening point component in the
sheath. |

Generally speaking, the individual filaments are at a
temperature near the softening point of the low-softening point
thermoplastic component during application of the flattening
force. The flattening force may be applied by a calendar roll
arrangement (e.g., pressure roll arrangement). Desirably, the
calendar roll arrangement is a heated calendar roll arrangement
(e.g., heated pressure roll arrangement) .

The method of the present invention may further include the
step of introducing an expanding agent into the high-melt
temperature sheath component -prior to extrusion so that, upon
extrusion, the expanding agent expands to produce a textured
<sheath. In another aspect of the invention, the components
are extruded into conjugate filaments using a multi-lobal
sheath-and-core type conjugate spinning die so that multiple
lobes are generated on the sheath. 1In yet another aspect of
the invention, an expanding agent is introduced into the high-
melt temperature sheath component prior to extrusion through a
multi-lobal sheath-and-core type conjugate spinning die so
that, upon extrusion, the expanding agent expands to produce
a textured sheath having multiple lobes.

The present invention further encompasses ribbon-like,

conjugate, spun filaments composed of: 1) from about 50 to
about 99 percent, by weight, of a low-softening point

thermoplastic component forming a ribbon-like core; and 2)
from about 1 to about 50 percent, by weight, of a high-
softening point component forming a sheath that substantially
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envelops the core; in which the filaments have been durably
flattened to a width to height ratio of greater than about 2:1.
For example, the filaments may be composed of from about 70 to
about 99 percent, by weight, of a low-softening point
thermoplastic component forming a core and from aboﬁt 1 to
about 30 percent, by weight, of a high-softening point

component forming a sheath.
According to the invention, the high-softening point

component may be, for example, one or more polyesters,
polyamides, high-softening point polyolefins, and blends of the
same. The low-softening point thermoplastic component may be,
for example, one or more low-softening point polyolefins, low-

softening point elastomeric block copolymers, and blends of the
same.

In one embodiment of the invention, the sheath component of
the conjugate filaments may include a distribution of
rugosities (bumps, fissures, microfibrils, cavities, etc.)
across at least a portion of the surface of the sheath. 1In
another embodiment of the invention, the sheath portion of the

conjugate filaments may include multiple lobes across at least
a portion of the surface of the sheath. In another embodiment

of the invention, the sheath portion of the conjugate filaments
may include rugosities as well as multiple lobes across at
least a portion of the surface of the sheath. Desirably, the
conjugate filaments may be conjugate, spunbond filaments.

- According to the invention, the filaments may incorporate
substances that reflect ultra-violet wavelength radiation,
absorb ultra-violet wavelength | radiation, retard

photodegradation, absorb moisture, adsorb odors, and/or are
anti-microbial.

BRIEF DESCRIPTION OF T DRAWING
FIG. 1 is an 1illustration of an exemplary method for
producing a flexible fabric composed of a fibrous matrix of

ribbon-like, conjugate, spun filaments.
FIG. 2 is an illustration of an exemplary method for

producing ribbon-like, conjugate, spun filaments.
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FIG. 3 is a cross-sectional view of an'exemplary textured,
conjugate filament having a generally circular configuration.
FIG. 4 is a cross—-sectional view of an exemplary textured,
conjugate filament having a generally ribbon-like

configuration.
FIG. 5 is a cross-sectional view of an exemplary fabric

containing individual conjugate filaments having a generally

circular configuration.
FIG. 6 is a cross-sectional view of an exemplary fabric

containing individual conjugate filaments having a generally

ribbon-like configuration.
FIG. 7 is a cross-sectional view of an exemplary multi-

lobed, conjugate filament having a dgenerally. circular
configuration.

FIG. 8 is a cross-sectional view of an exemplary multi-
lobed, conjugate filament having a generally. ribbon-like

configquration.
FIG. 9 is a cross-sectional view of an exemplary multi-
lobed, textured conjugate filament having a generally circular

configuration.
FIG. 10 is a cross-sectional view of an exemplary multi-

lobed, textured conjugate filament having a generally ribbon-
like configuration.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a method of making a

flexible fabric composed of a fibrous matrix of ribbon-like,
conjugate, spun filaments as well as the fabrics and filaments
themselves. While the invention will be described in
connection with desired or preferred embodiments, it will be
understood that it is not intended to limit the invention to

those embodiments.
Referring now to FIG. 1 of the drawings, there illustrated

at 10 an exemplary method for producing a flexible fabric. A
convgritional fabric-forming machine for forming a spunbond
fabric (i.e., spunbond web) composed of a fibrous matrix of a
plurality of substantially continuous conjugate filaments. The
fabric-forming machine includes a conjugate spunbond filament
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station 12 (referred to as '"spunbond station 12") having a
first supply container 14 which holds a supply of an extrudable

core polymef 16. The core polymer 16 1is a polymer
characterized as a low-softening point thermoplastic material

(e.g., one or more low-softening point polyolefins, low-
softening point elastomeric block copolymers, and blends of the
same) .

A second supply container 18 which holds a supply of an
extrudable sheath polymer 20 is also part of the spunbond
sfation.lz. The sheath polymer 20 is a polymer characterized
as a high-softening point material. (e.g., one or more
polyesters, polyamides, high-softening point polyolefins, and
blends of the same). Desirably, the sheath polymer 20 1is a
thermoplastic polymer. It is contemplated that modified
spunbond stations may be adapted to incorporate other polymers
as the sheath material.

The supply containers 14 and 18 in the spunbond station 12
feed into conventional extruders 22 and 24. The polymers are
heated and extruded in the form of conjugate (i.e., sheath-
core) filaments through a plurality of holes in a sheath-and-
core type spinnerette 26. The polymers are continuously
extruded through one or more spinnerette to form discrete
conjugate filaments. The spun filaments are simultaneously
quenched and drawn by means of a take-off device 28. The
filaments are drawn either mechanically or pneumatically,

‘without breaking, in order to molecularly orient at least the

core polymer portion of the conjugate filaments to generally
improve strength and tenacity. The resulting filaments are

composed of: (i) a core formed of the core polymer 16 (i.e., at
least one low-softening point thermoplastic component); and

(ii) a sheath formed of the sheath polymer 20 (i.e., at least

one high-softening point component).
The drawn, continuous filaments 30 are deposited in a

substantially random, intertwined manner on a moving, endless
foraminous carrier belt 32 driven over spaced-apart rolls 34
and 36, thereby forming a fibrous matrix 38. An appropriate
suction means (not illustrated) can be presenﬁhto assist the
web formation on the carrier belt 32. The drawn, continuous
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filaments 30 may also be deposited 1in a generally oriented
configuration to produce a more oriented fibrous matrix 38.
The fibrous matrix 38 then passes through a pattern-

bonding station 40 composed of pattern roll 42 and an anvil
roll 44. The pattern bond station bonds the fibrous matrix 38

at discrete, spaced-apart locations to produce a fabric 46.
Generally speaking the pattern-bonding at discrete, spaced-
apart locations enhances the coherency of the fabric 46.

From the pattern-bonding station 40, the fabric 46 passes
to a heated pressui:e roll station 48 composed of heated
pressure rolls 50 and 32 forming a heated pressure nip 54. The

actual operating temperature and pressure generated by the
heated pressure rolls 50 and 52 should be determinable by one
of ordinary skill in the are and will depend upon factors
including, but not limited to, the types of polymers in the
filaments, the temperature of the low-softening point component
just as the fabric enters the pressure nip 54, the dwell time
of the fabric 46 in the pressure nip 54 of the rolls, the
amount of durable distortion in the filament core that is
desired, and the presence, if any, of other materials in the
fabric 46 (e.g., secondary materials) or 1in the filaments
(e.g., additives such as, for example, UV (ultraviolet)
radiation reflecting substances or UV radiation absorbing
substances, etc.). At the pressure roll station 48, the fabric
46 passes through the heated pressure nip 54 formed by the
pressure rolls and the individual filaments are durably
distorted into a ribbon-like configuration. It is contemplated
that a cooling gas or liquid could be appiied to the fabric
upon exiting the pressure roll station. Alternatively and/or
additionally, the fabric may be passed over chill rolls.

The resulting treated fabric 56 may be formed into a roll
58 or conveyed directly into other processes such as, for
example, fabric converting operations (not illustrated).

In an aspect of the invention, the drawn, continuous
filaments 30 may entirely bypass deposition on the carrier belt
32 and formation into a fibrous matrix 38 as well as subsequent
conversion into a fabric 46 due to bonding by the pattern
bonding station 40. Instead, the filaments may be maintained
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as discrete, separate filaments that are passed directly to the
pressure roll station 48 as depicted in FIG. 2. At the
pressure roll station 48, discrete, separate filaments 30 pass

through the heated pressure nip 54 formed by pressure rolls 50
and 52 and are durably distorted into a ribbon-like
configuration resulting in individualized, continuous, ribbon-

like filaments 60. The individualized, continuous, ribbon-
like filaments 60 may by wound up in spools or bobbins 62,
conveyed directly into other processes such as, for exXxample,
varn or thread converting operations, weaving operations,
and/ or knitting operations. (not illustrated), or cut 1into
lengths for use as staple-length fibers and/or staple-lencjth

filaments.
In another aspect of the invention, the drawn, continuous

filaments 30 may entirely bypass deposition on the carrier belt
32 and formation into a fibrous matrix 38, subsequent
conversion into a fabric 46 at the pattern bonding station 40
as well as immediate flattening of the core into a ribbon-like
configuration at the pressure roll station 48. 1Instead, the
filaments may be maintained as discrete, separate filaments
that can be conveyed to weaving or knitting operations for
manufacturing into a woven or knitted fabric. At a later
point, the woven or knitted fabric may be conveyed through a
heated pressure nip formed by heated pressure rolls and durably
distorted into a ribbon-like configuration resulting in woven
or knit fabric composed of substantially ribbon-like filaments.

The spunbond station 12 may be a conventional conjugate
filament extruder with one or more spihnerettes which form
continuous conjugate filaments of a polymer and deposit. those
£ilaments onto the carrier belt 32 in a random, intertwined
fashion (or oriented fashion) to form the fibrous matrix 38.
The spunbond station 12 may include one or more conjugate
filament spinnerette heads depending on the speed of the
process and the particular polymers being used. It is
contemplated that other filament and/or fiber processes may be
used to deposit mono-component or multi-component filaments

and/or fibers either into and/or onto the fibrous matrix 38.
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The conjugate filaments of the present invention are
substantially ribbon~like. That is, individual filaments have
been durably distorted so their widest cross-sectional
dimension of the filaments is generally greater than about two
(2) times the narrowest cross-sectional dimensional dimension.
For example, the widest cross-sectional dimension of the
filaments may generally be greater than three (3) or more times
the narrowest cross-sectional dimensional dimension.  This
phenomena is conveniently express as a width to height ratio.
For example, durably distort individual filaments. may have a
width to height ratio generally greater than about 2:1. As
another example, the individual filaments may be dﬁrably
distorted to a width to height ratio generally greater than

about 3:1.
It is highly desirable that the sheath component not melt

or significantly soften during the calendaring operation
thereby avoiding significant fusion between the sheath surfaces
(i.e., exterior surfaces of sheaths on individual filaments)
which would impair the flexibility of the fabric. At the same
time, it 1is highly desirable that the c¢ore component
significantly softens or ‘melts so that it is malleable or
deformable. The softened core component, under the pressure
(and, if applicable, heat) of the calendaring process, will
distort and flatten, durably changing the overall shape of the
filament and/or fiber as well as properties or characteristics
of the fabric. |

In order to enhance flattening or distortion of the
filaments, it is also highly desirable that a substantial
portion of the low-softening point thermoplastic component in
the core have a softening point that is at least about 50°C
lower than the softening point of the high-softening point
component in the sheath. For example, the low-softening point
thermoplastic component in the core may have a softening point
that is at least about 70°C lower than the softening point of
the high-softening point component in the sheath. This may be
accomplished by appropriate polymer selection.

Generally speaking, the fibrous matrix 38 composed of
conjugate filaments 30 (or individual conjugate filaments in
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some embodiments) is generally at a temperature near the
softening point of the 1low-softening point thermoplastic
component of the filaments during application of the flattening
force by the heated pressure rolls 50 and 52. For example, the
fibrous matrix 38 may be at a temperature near the softening
point of the low-softening point thermoplastic component during
application of the flattening force due to heat generated

substantially by application of the flattening force by the
pressure rolls 50 and 52 while the rolls remain un-—-heated. As

another example, the fibrous matrix 38 may be at a temperature
near the softening point of the low=-softening point
thermoplastic component during application of the flattening
force due to heat retained within the filaments after

formation. As yet another example, the fibrous matrix 38 may

be at a temperature near the softening point of the low-
softening point thermoplastic component during application of
the flattening force due to heat applied to the fibrous matrix
38 after formation of the filaments by optional heat applying
means (not illustrated). Heat may be applied by means or
techniques including, but not limited to, infra-red radiation,
steam cans, heated rolls, hot ovens, microwaves, ultrasonic
radiation, flame, hot gases, hot liquid, and radio fregquency
heating.

As discussed above, a desirable aspect of the present
invention is to produce a woven or nonwoven fabric having
sheath/core conjugate filaments and/or fibers that, when
calendared (i.e., passed through the pressure nip 54 of the
pressure rolls 50 and 52), will durably distort (e.g., flatten)
in the general planar dimension of the fabric 46. More
particularly, calendaring the conjugate filaments with pressure
and/or heat, should cause durable distortion of the filament
cores but not the filament sheaths.

An even more desirable aspect of thé present invention is
that, after the calendaring operation, the filaments and/or
fibers remain substantially unattached between the discrete,
spacéd-apart bond 1locations. That 1is, the ribbon-like
filaments and/or  fibers  substantially retain  their
individuality, (i.e., they do not stick together) because the
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sheath does not soften during the calendaring step. Generally
speaking, this would be difficult to accomplish with a fabric
formed of 'mono-component filaments/fibers because the
temperature conditions necessary to achieve softening of the
filament/fibers so they could be durably distorted (1i.e.,
flattened) would also tend to cause the filaments/fibers to
fuse or bond together under pressure. The relative absence of
bonding or fusing of individual ribbon-like filaments and/or
fibers between the spaced apart bond 1locations typically
results. in extra softness and enhanced drape (e.g., less
stiffness) of the fabric. In addition, in those cases where
the sheath is texturized, the calendared filaments and/or
fibers retain their texturization due to lack of softening of
the sheath during the calendaring step.

In order to increase the likelihood that the filaments
remain substantially unattached or unfused between the spaced
apart bond locations, the low-softening point thermoplastic
component in the core may have a viscosity that is greater than
or equal to the viscosity of the high-softening point component
in the sheath while the components are being extruded. That
is, when spinning sheath/core conjugate filaments and/or
fibers, it is desirable that the core polymer's viscosity (at
processing conditions) be egqual to or greater than the
viscosity of the sheath polymer's viscosity (at processing
conditions). This generally prevents migration of the core

.polymer to the walls of the dye tip and 1into the sheath

component. Presence of the core polymer in the sheath could
increase the 1likelihood that the sheath components of-

individual filaments and/or fibers would undesirably fuse or

bond together.
It is expected that, in some embodiments of the invention,

the core polymer viscosity (at processing conditions) may be
equal to or even slightly lower than the sheath polymer
viscosity (at processing conditions). At this time, it is not
well understood how much lower the core polymer viscosity (at
processing conditions) may be (relative to the sheath polymer
viscosity) to produce a satisfactory fabric with little or no
fusion or bonding of the sheath components.



10

15

20

25

30

35

A |

CA 02200780 2002-05-16

20

For example, if conventional nielt-spinning grade
polyethylene is used in the core and conventional melt-spinning
grade polypropylene in the sheath under conventional conjugate
filament melt-spinning conditions of around 200°C, it is
possible that the lower viscosity polyethylene may start to
migrate into the sheath component and be present at or about
the outer regions of the sheath.

This might occur if shear thinning of the polymer, normally
present during the melt-spinning of polypropylene, but not in
polyethylene, is not significant enough to maintain the
relative difference in viscosities. To avoid this problem, it
is possible to lower the viscosity of the polypropylene sheath
(even further than what might be attributed to "shear thinning"
by adding a peroxide-type resin to the blend to lower the
average molecular weight of the polypropylene component in the
sheath. For example, it is contemplated that a blend composed
of about 66 ©percent, by weight, melt-blowing grade
polypropylene resin (containing peroxide additives that lower
the molecular weight of the polypropylene polymer) available
under the trade designation HiuontT i 015 (HiMont Company), and
about 34 percent, by weight, spunbond-grade polypropylene
(containing no peroxide additives that lower the molecular

weight of the polypropylene polymer).

Alternatively, it 1is possible to substitute the
polyethylene in the core with a polymer having a low
melting/softening temperature but a high processing viscosity.
Examples of such polymers include, but are not limited to,
KRATON® series elastomeric block copolymers (available from the
Shell Chemical Company, Houston, Texas) and certain polystyrene
resins. These materials have melting points ranging from
about 90 to about 100°C. If the viscosity of these materials
is too high, a flow modifier such as, for example, low density
polyethylene (LDPE Qv.mm:unfM NA 601-04 - a polyethylene "wax"

available from Quantum Chemical Company) may be compounded
into, for example, the KRATON® series elastomeric block

copolymers. The resultant KRATON® elastomeric Dblock

copolymer/polyethylene wax blend would still have a low
softening point. More detailed description of such blends is
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contained in U.S. Patent No. 4,663,220.

Since the melting/softening point of conventional grades of
polypropylene is around 170°C and that of conventional grades
of polyethylene is 120°C, it may be advantageous to use a
polymer in the core with an even lower melting/softening point
than polyethylene. Examples of such polymers include, but are
not limited to, KRATON® series elastomeric block copolymers or
polystyrene resins, which have tend to have softening points
in the range of about 90 to about 100°C. Use of these polymers
would generally permit relatively cooler temperatures in the
pressure nip of the heated pressure rolls and would generally
minimize the effect of calendaring on the outer sheath
(especially if sheath is texturized usihg blowing agent).

Even if individual filaments remain substantially
unattached between the bond points, it may be desirable to
introduce the fabric to a mechanical softening step after the
flattening force is applied at the pressure roll station 48.
Mechanical softening may be carried out using techniques
including, but not 1limited to, intermeshed grooved rolls,
intermeshed patterned rolls, liquid jets and gas jets. The gas
jets may be high-pressure jets of air. The liquid jets may be
high-pressure jets of water.

According to another embodiment of the invention, an
expanding agent may be incorporated into the sheath polymer 24
prior to extrusion so that, upon extrusion, the expanding agent
expands to produce a textured sheath. Suitable expanding
agents include, but are not limited to CO,, H,0, acetone or
other solvents, and various blowing and/or foaming agents.

The expanding agent in the sheath polymer expands upon
extrusion to produce voids, bubbles, microfibrils, and other
morphological or surface texture changes, while the core

polymer serves as a backbone, imparting strength and integrity
to the total fiber, allowing it to be drawn with minimal

breakage.
Generally speaking, if a higher ratio of core polymer to

sheath polymer/expanding agent is used, it is thought that more
efficient texturization will be obtained for a given amount of
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expanding agent because the expanding agent (and its resulting
bubbles) are confined to a correspondingly thinner layer of
sheath polymer. In addition, it is thought that the resulting
sheath/core filaments will have enhanced drawability because
the majority of the polymer mass is the un-—expanded core.

Texturization of the filaments helps eliminate the slick
"waxy" feel normally attributed to fabrics made from some types
of materials (e.g., some polyolefin filaments composed of
smooth (1.e., non-textured) filaments ‘ and/or fibérs) .
Eliminating or reducing the slick "waxy" feel results 1in a
fabric having a desirable attribute often referred to as
"cloth-like".

Referring now to the FIGS. 3-10, a cross-section of a
conjugate filament 100 having a generally circular
configuration is illustrated in FIG. 3. More particularly,
FIG. 3 shows a conjugate filament 100 having a generally
circular core 102 that is enveloped by a sheath 104. The
sheath 104 is textured and has fibrils 106.

FIG. 4 depicts a cross-section of an exemplary conjugate
filament 108 having a generally ribbon-like configuration.
More particularly, FIG. 4 illustrates a durably distorted
ribbon-like conjugate filament 108 produced by applying a
flattening force (i.e., pressure and temperature) to the

filament 100 depicted in FIG. 3. The resulting conjugate
filament 108 has a generally ribbon-like core 110 that is

enveloped by a sheath 112. The sheath 112 is textured and has
fibrils 114. Although the sheath 112 envelopes the ribbon-
1ike core 110 and conforms to its generally ribbon-like
donfiguration , the sheath 112 itself is relatively unchanged or

unaffected by the applied temperature and pressure.
T+ should be noted that the core 110 has a width dimension

running generally parallel with line 3-3 and a height dimension
running perpendicular to line 3-3. From FIG. 4, it can be seen
that the core 110 appears to have a width to height ratio of
about 6:1. This can be compared to FIG. 3 where it appears
+hat the core 102 has a width to height ratio of about 1l:1.
Referring now to FIG. 35, what 1is shown is a cross-

sectional view of a fabric 116 having a series of selected

22
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individual conjugate filaments 118 in a portion of a fabric
116. The filaments 118 have a generally circular

configuration.
FIG. 6 depicts a cross-sectional view of a fabric 120

containing a series of selected individual conjugate filaments
122 having a generally ribbon-like configuration. More
particularly, FIG. 6 shows series of durably distorted ribbon-

like conjugate filaments 122 produced by applying a flattening
force (i.e., pressure and temperature) to the filaments

depicted in FIG. 5.
FIG. 7 is a cross-sectional view of an exemplary multi-

lobed conjugate filament 124 having a generally circular
configuration and protruding lobes 126. More particularly,
FIG. 7 shows a conjugate filament 124 having a generally
circular core 128 that is enveloped by a sheath 130. The
sheath 130 contains several lobes 124 that are integral to the

sheath 130.
FIG. 8 depicts a cross-section of an exemplary multi-lobed

conjugate filament 132 having a Ggenerally ribbon-like
configuration and protruding lobes 134. More particularly,
FIG. 8 shows a durably distorted ribbon-like multi-lobed
conjugate filament 132 produced by applying a flattening force
(i.e., pressure and temperature) to the filament depicted in
FIG. 7. The resulting conjugate filament 132' has a generally
ribbon-like core 136 that is enveloped by a sheath 138. The
sheath 138 has lobes 134. Although the sheath 138 envelopes
the ribbon-like core 136 and conforms to its generally ribbon-
like configuration, the sheath 138 itself 1is relatively
unchanged or unaffected by the applied temperature and
pressure.

FIGC. 9 is a cross-sectional view of an exemplary multi-
lobed, textured conjugate filament 140 having a generally
circular configuration, protruding lobes 142, and textured
portions 144 (e.g., fibrils and bumps). More particularly,
FIG. 9 shows a conjugate filament 140 having a generally
circular core 146 that is enveloped by a sheath 148. The
sheath 148 contains several lobes 144 that are integral to the
sheath 148 as well as a distribution of textured portions 144.
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FIG. 10 depicts a cross-—-section of én exemplary multi-
lobed, textured conjugate filament 150 having a generally
ribbon-like éonfiguration , protruding lobes 152 and textured
portions 154 (e.g., fibrils and bumps). More particularly,
FTG. 10 shows a durably distorted ribbon-like, multi-lobed,
textured conjugate filament 150 produced by applying a
flattening force (i.e., pressure and temperature) to the
filament depicted in FIG. 9. The resulting conjugate filament
150 has a generally ribbon-like core 156 that is enveloped by
a sheath 158. The sheath 158 has lobes 152 and textured
portions 154. Although the sheath 158 envelopes the ribbon-
like core 156 and conforms to its generally ribbon-like
configuration, the sheath 158 itself is relatively unchanged or
unaffected by the applied temperature and pressure.

It is envisioned that satisfactory fabrics composed of
ribbon-like filaments may be formed using a bi-component
spunbond process in which a conventional spunbond-grade or
reduced molecular weight polypropylene forms the sheath
component and a conventional spunbond-grade polyethylene forms
the core component of melt-spun filaments. The filaments can

be simultaneous drawn and gquenched and then deposited on a
carrier belt to form a fibrous matrix. The matrix can then be

bonded to form a conventional bi-component spunbond web having
a surface area cover of about 25 percent. The web can be

reheated to about the softening temperature of the polyethylene
core using a hot air stream. It is envisioned that the heated
web can be calendared with sufficient pressure to flatten the
filaments to a width to height ratio of 3 to 1, resulting in a
spunbond web providing approximately 75 percent cover (i.e., a
300 percent increase in the spunbond web's covering ability).

As can be seen from FIGS. 3-10, the ribbon-like
configuration of the filaments and theilr overall orientation
tends to minimize the "percent open area" of fabrics made from
the filaments. That is, the ribbon-like configuration of the
filaments generally maximizes the opaqueness, or the "cover",
of the fabric. This is particularly evident in FIG. 6, in
which the widest cross-sectional filament dimensions are

oriented generally parallel to surface of the fabric.
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This attribute is advantageous in a variety of applications
where maximum "cover" and minimum basis weight is desirable in
a material which still retains fabric like properties such as
flexibility and softness. One such useful application would be
in filters where it is desirable to have a fabric or fibrous

matrix with minimum web opening sizes.

As another example, this attribute of minimum percent open
area (maximum "cover") is also valuable in produ¢ing a nonwoven
fabric for garments or .devices designed to shield the
wearer/user from harmful UV-B and UV-A rays. With the proper
UV-absorbing and/or UV-reflecting internal additives, a
high-SPF (sun protection factor) UV-blocking garment made of
such a light-blocking fabric could achieve SPFs of >10 wet
and/or dry (e.g., >30 wet and/or dry). This compares very
favorably with conventional woven cotton T-shirt material that
has a SPF value of approximately 5 to 10. Such a high SPF
fabric would eliminate the need for topical liquid sunscreens.
Liquid sunscreens have disadvantages such as, for example,
incomplete coverage, temporary protection (ie., it washes off),
stains, possible allergic reactions, blocks only UV-B rays,

relatively expensive for extended uses.
Maximum "cover" is generally useful in many other fabric

applications because it allows fabrics/webs to be of a lighter
basis weight for a given desired "percent open area"“, e.g., for
a given desired "“cover". Other exemplary uses include, but
are not limited to, tarps, umbrellas, curtains, lightweight car
covers, and so forth.

The attributes of both maximum "cover" and texturization
combine to give a unique fabric (e.g., a conjugate spunbond

filament fabric) having unique functional characteristics. For
example, some of these characteristics include: cloth-like

feel, light-blocking ability, relatively high surface area,
flexibility, softness, and breathability. There are practical,
economic advantagés as well. For example, many of these
fabrics may be made from relatively inexpensive raw materials
(e.g., polypropylene, polyethylene and expanding agents) using
relatively simple manufacturing processes (e.g., conventional
conjugate sheath/core filament extrusion processes and
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The resulting fabrics

conventional pressure roil processes) .
can provide desirable levels of "cover" or screening at basis
wen.ghts that are relatively lower than conventional fabrics.
This serves to lower the raw material costs. Furthermore, many

of the materials can be recycled.
According to the invention, varilous fabric and/or fiber

attributes may be obtained by incorporating certain substances
(e.g., internal additives or coatings) into conjugate filaments
and/or fibers. These substances may be added to the sheath
and/or core of the conjugate filaments and/or fibers. For
example, in addition to enhancing the above-described
UV-absorbing and/or reflecting attributes, specific additives
may give fibers the ability to resist or inhibit
photodegradation, absorb water and/or odors, as well as kill
germs. Accordingly, the filaments/fibers may lncorporate one
or more substances including, but not limited to, ultra-violet
wavelength radiation reflectors, ultra-violet wavelength
radiation absorbers, moisture absorbers, odor adsorbers, and/or

anti-microbial agents.

The ability to absorb water (i.e., moisture) may prevent
static build-up by reducing or eliminating the dielectric
properties of the filaments/fibers. Additionally, the fabrics
may be designed to absorb perspiration. These fabrics would

““generally be perceived as more cotton-like. Such cotton-like

fabrics and garments made from such fabrics would enhance the
sensation or impression of comfort, especially in combination
with the fabric's softness and flexibility.

Fabrics that adsorb odors could be used in filtration
materials or in garments where adsorption of body odor is
desirable. Fabrics that have anti-microbial or germ-killing

properties could be used to kill or prevent growth of microbes
that generate odors and, in some instances, create stains.
substances that may be incorporated into the sheath and/or

core components of the filaments/fibers of the fabrics include,

but are not limited to the following: ultra-violet wavelength
light reflectors such as mnmicronized titanium dioxide and

micronized zinc dioxide; ultra-violet wavelength 1light

absorbers such as magnesium sulfate, micronized titanium
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dioxide, micronized zinc dioxide, as well as products avallable
under +the trademark Tinuvin from CIBA-GEIGY Corporation;
photodegradation inhibitors such as hindered amines, hindered
phenols as well as products available under the trademarks
Tinuvin and/or Chimassorb from CIBA-GEIGY Corporation; water
absorbers such as magnesium sulfate (i.e., MgsSO,*n(H,0))
polvacrylate superabsorbents, aluminum oxide, calcium oxide,
silicon oxide, barium oxide, cobalt chloride, and polyvinyl
alcohol; odor adsorbers such as activated carbon and odor
adsorbing zeolites; and anti-microbial or germ-killing agents
such as Microban® available from the Microban Corporation of
Huntsville, North Carolina.

While the present invention has been described 1in
connection with certain desired or preferred embodiments, it is

to be understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific

embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives,

modifications and equivalents as can be included within the

spirit and scope of the followling claims.
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WHAT IS CLAIMED IS:
1. A method of making a flexible fabric comprising a

fibrous matrix of ribbon-like, conjugate, spun filaments, the
method comprising the following steps:

providing a fibrous matrix comprising individual, spun

filaments bonded at spaced-apart bond locations, the

filaments comprising:
a core composed of at least one low-softening point

thermoplastic component, and
a sheath composed of at least one high-softening
point component;
applying a flattening‘ force to the fibrous matrix to
durably distort the core of individual filaments 1into
a ribbon-like configuration having a width greater than

its height so that:
the individual filaments are substantially

unattached between the spaced-apart bond

locations, and
the width of individual filaments 1is oriented

substantially in the planar dimension of the

fabric.
2. The method of claim 1 wherein the fabric is at a

temperature near the softening point of the low-softening point
thermoplastic component during application of the flattening

force.
3. The method of claim 1 wherein the flattening force 1is

applied by a calendar roll arrangement.
4. The method of claim 3 wherein the calendar roll

arrangement is a heated calendar roll arrangement.
5. The method of claim 1 wherein a substantial portion of

the low-softening point thermoplastic component in the core has
a softening point that is at least about 50°C lower than the

softening point of the high-softening point component in the

sheath.
6. The method of claim 1 wherein the low-softening point

thermoplastic component in the core has a softening point that
is at least about 70°C lower than the softening point of the
high-softening point component in the sheath.
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7. The method of claim 1 wherein the fibrous matrix is
mechanically softened after the flattening force is applied.

8. The method of claim 7 wherein the mechanical softening
is carried out by methods selected from intermeshed grooved
rolls, intermeshed patterned rolls, liquid jets and gas jets.

9. The method of claim 1 wherein the individual filaments
are durably distorted to a width to height ratio of greater
than about 2:1. | |

10. The method of claim 1 wherein the individual filaments
are durably distorted to a width to height ratio of greater
than about 3:1.

11. A flexible fabric comprising a fibrous matrix of
ribbon-like, conjugate, spun filaments joined at spaced apart
bond locations, the filaments comprising: |

a ribbon-like core having a greater width than height
and composed of at least one low-softening point
thermoplastic component, and

a sheath composed of at least one high-softening point

component, the sheath substantially enveloping the
core;

wherein the individual filaments are: (i) substantially
unattached between the spaced-apart bond locations, and ( ii)
oriented so that their widths are substantially in the planar
dimension of the fabric.

12. The flexible fabric of claim 11, wherein the conjugate
filaments comprise from about 1 to about 50 percent, by weight,
of the high-softening point component and from about 50 to
about 99 percent, byg weight, of the low=-softening point
thermoplastic component.

13. The flexible fabric of claim 11 wherein the high-
softening point component is selected from polyesters,
polyamides and high-softening point polyolefins.

14. The flexible fabric of c¢laim 11, wherein the low-
softening point thermoplastic component is selected from low-
softening point polyolefins, low=-softening point elastomeric
block copolymers, and blends of the same.

15. The flexible fabric of claim 11, further comprising a
secondary material selected from fibers and particulates.
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16. The flexible fabric of claim 11, wherein the sheath
jncludes a distribution of rugosities across at least a portion

of the surface of the sheath.
17. The flexible fabric of claim 11, wherein the sheath

includes multiple lobes across at least a portion of the

surface of the sheath.
18. The flexible fabric of claim 11, wherein the sheath

includes multiple lobes and a distribution of rugosities across

at least a portion of the surface of the sheath.
19. The flexible fabric of claim 11, whereiln the individual

filaments are durably flattened to a width to height ratio of

greater than about 2:1.
20. The flexible fabric of claim 11, wherein the fabric

provides a surface area coverage at least about 10 percent
greater than an identical but untreated fabric of filaments
having a substantially circular cross-section.

21. The flexible fabric of claim 11, wherein the fibrous
matrix is selected from woven fabrics, knit fabrics and

nonwoven fabrics.
52 . The flexible fabric of claim 21, wherein the fibrous

matrix is a nonwoven web of conjugate, spunbond filaments.
23. The flexible fabric of claim 11, wherein the

ribbon-like, conjugate, spun filaments incorporate a substance

that reflects ultra-violet wavelength radiation.
54. The flexible fabric of claim 23, wherein the substance

+hat reflects ultra-violet wavelength radiation 1is selected

from micronized titanium dioxide and micronized zinc dioxide.
25. The flexible fabric of claim 11 ,‘ wherein the

ribbon-like, conjugate, spun filaments incorporate a substance

+hat absorbs ultra-violet wavelength radiation.
26. The flexible fabric of claim 25, wherein the substance

+hat absorbs ultra-violet wavelength radiation is selected from
magnesium sulfate, micronized titanium dioxide and micronized

zinc dioxide.
57. The flexible fabric of claim 11, wherein the

ribbon-like, conjugate, spun filaments incorporate a substance

that inhibits photodegradation.
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28. The flexible fabric of claim 27, wherein the substance
that inhibits photodegradation is selected from hindered amines

and hindered phenols.
29. The flexible fabric of claim 11, wherein the

ribbon-like, conjugate, spun filaments incorporate a substance
that absorbs moisture.

30. The flexible fabric of claim 29, wherein the substance
that absorbs moisture is selected from magnesium sulfate,

polvacrylate superabsorbents, aluminum oxide, calcium oxide,
silicon oxide, barium oxide, cobalt chloride, and polyvinyl

alcohol.
31. The flexible fabric of claim 11, wherein the

ribbon-like, conjugate, spun filaments incorporate a substance

that is odor adsorbing.
32. The flexible fabric of claim 31, wherein the substance

that is odor adsorbing is selected from activated carbon and

odor adsorbing zeolites.
33. The flexible fabric of claim 11, wherein the
ribbon-like, conjugate, spun filaments incorporate a substance

that has anti-microbial properties.
34. A method of making ribbon-like, conjugate, spun
filaments, the method comprising the followling steps:
providing at least one low-softening point thermoplastic
core component, and at least one high-softening point
sheath component to the respective core and sheath
portions of a sheath-and-core type conjugate spinning
die under extrusion conditions;
extruding the components into conjﬁgate filaments, each
conjugate filament have a sheath composed of at least
one high-softening point component that substantially
envelops a corecompoéed of at least one low-softening
point thermoplastic component;
quenching the extruded conjugate filaments downstream of
the spinning die;
drawing the extruded conjugate filaments as they are being
guenched thereby achieving an average filament diameter
ranging from about 0.5 to about 100 microns; and
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applying a flattening force to durably distort the core of

individual filaments into a ribbon-like configuration
having a width- to height ratio of greater than about

2:1.
35. The method of claim 34, wherein the low-softening point
thermoplastic component in the core has a viscosity that is
greater than or equal to the viscosity of the high-softening

point component in the sheath while the components are being

extruded.
36. The method of claim 34, wherein the individual

filaments are a temperature near the softening point of the
low-softening point thermoplastic component during application
of the flattening force.

37. The method of claim 34, wherein the flattening force 1is

applied by a calendar roll arrangement.
38. The method of claim 37, wherein the calendar roll

arrangement is a heated calendar roll arrangement.

39. The method of claim 34, wherein a substantial portion
of the low-softening point thermoplastic component in the core
has a softening point that is at least about 50°C lower than
the softening point of the high-softening point component in

the sheath.
40. The method of claim 39, wherein the low-softening point

thermoplastic component in the core has a softening point that
is at least about 70°C lower than the softening point of the
high-softening point component in the sheath.

41. The method of claim 34, further comprising the step of
introducing an expanding agent into the high-melt temperature
sheath component prior to extrusion so that, upon extrusion,
the expanding agent expands to produce a textured sheath.

42. The method of claim 34, wherein the components are
extruded into conjugate filaments using a multi-lobal sheath-
and-core type conjugate spinning die so that multiple lobes are

generated on the sheath.
43. The method of claim 34, further comprising the step of

introducing an expanding agent into the high-melt temperature
sheath component prior to extrusion so that, upon extrusion
into conjugate filaments using a multi-lobal sheath-and-core
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type conjugate spinning die, the expanding agent expands to
produce a multi-lobed, textured sheath.
44. Ribbon-like, conjugate, spun filaments comprising:
from about 50 to about 99 percent, by weight, of a low-
softening point thermoplastic component forming a
ribbon-like core; and
from about 1 to about 50 percent, by weight, of a high-
softening point component forming a sheath that

substantially envelops the core;
wherein the filaments have been durably flattened to a

width to height ratio of greater than about 2:1.

45. The filaments of claim 44, wherein the conjugate
filaments are conjugate, spunbond filaments.

46. The filaments of claim 44 wherein the high-softening
point component is selected from polyesters, polyamides and
high-~softening point polyolefins.

47. The filaments of claim 44, wherein the low-softening
point thermoplastic component is selected from low-softening
point polyolefins, low-softening point elastomeric block

copolymers, and blends of the same.

48. The filaments of claim 44, wherein the sheath includes
a distribution of rugosities across at least a portion of the
surface of the sheath

49. The filaments of claim 44, wherein the sheath includes
multiple lobes across at least a portion of the surface of the
sheath.

50. The flexible fabric of claim 44, wherein the sheath
includes multiple lobes and a distribution of rugosities across
at least a portion of the surface of the sheath.

51. The filaments of claim 44, wherein the filaments
incorporate a substance that reflects ultra-violet wavelength

radiation.
52. The filaments of claim 44, wherein the

filaments incorporate a substance that absorbs ultra-violet

wavelength radiation. |
53. The filaments of claim 44, wherein the filaments

incorporate a substance that inhibits photodegradation.
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54. The filaments of claim 44, wherein the filaments
incorporate a substance that absorbs moisture.

55. The filaments of claim 44, wherein the
filaments incorporate a substance that is odor adsorbing.

56. The filaments of claim 44, wherein the
filaments incorporate a substance that has anti-microbial

properties.
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