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Description

Field of the Invention

This invention concerns fibers that are capable of spontaneously transporting water on their surfaces
and usseful structures made from such fibers.

Background of the Invention

Presently available absorbant articles such as diapers, sanitary napkins, incontinence briefs, and the like
are generally very good at absorbing aqueous fluids such as urine and blood. However, during typical use
such articles become saturated at the impingement zone while other zones removed from the impingement
zone will remain dry. As a result, a substantial portion of the total absorbant capabilities of such articles
remains unused. Thus, it would be highly desirable to have a means for transporting the aqueous fluids
from the impingement zone to other areas of the absorbant article to more fully utilize the article's total
absorbant capability.

US-A-4,054,709 describes man-mader fibers which contributes appreciably to moisture conductivity and
moisture absorption in yarns and textiles produced from this fibre. This patent doss not disclose the
spontaneous transport of the water along a fiber to which this invention is directed, where the fiber itself
actively participates in the movement of the water. Furthermore, US-A-4,054,709 discloses that it is the
arrangement of the capillaries with a twist of the fibers in the yarn within 100 to 2000 T.P.M. that is the
particular arrangement which aids in the transfer of moisture from one side of the "produci” to ancther.
Also, the lowered twist decreases the inclination angle of the capillaries and hence, the moisture conductiv-
ity. As can be seen by this disclosure, this patent is referring to increase in moisture conductivity of yarn or
fabric, not of the fibers themselves. This conductivity is produced by the particular arrangement of the
fibers, i.e., twist or inclination to yarn axis, not the surface tension of the liquid, wettability or the contact
angle of the solid with the liguid, or the geometry of the solid surface to which this invention is direcled. US-
A-4,707,409 describes four-wing filament and spinneret to produce such filaments. The document mentions
the use of such filaments for moisture wicking action in textile fabrics. However, nothing is mentioned about
the correlation between the "contact angle” and "the shape factor”. We have discovered such a means by
the use of certain fibers that are capable of transporting aqueous fluids on their surfaces.

Liquid transport behavior phenomena in single fibers has been studied to a limited extent in the prior art
(see, for example, A.M. Schwartz & F.W. Minor, J. Coll. Sci., 14, 572 (1959)).

There are several factors which influence the tlow of liquids in fibrous structures. The geometry of the
pore-structure in the fabrics (capillarity), the nature of the solid surface (surface free energy, contact angle),
the geometry of the solid surface (surface roughness, grooves, etc.), the chemical/physical treatment of the
solid surface (caustic hydrolysis, plasma treatment, grafting, application of hydrophobic/hydrophilic fin-
ishes), and the chemical nature of the fluid all can influence liguid transport phenomena in fibrous
structures.

We have discovered fibers that have a unique combination of properties that allows for spontansous
transport of aqueous fluids such as waler on their surfaces. Heretofore, fibers capable of spomaneously
transporting agueous fluids such as water have been unknown.

Summary of the Invention

The present invention is directed to a synthetic fiber which is capable of spontaneously transporting
water an the surface thersof.
The fiber of the present invention satisfies the following equation

(1-X cos 9,) < 0,

wherein

8, is the advancing contact angle of water measured on a flat film made from the same material as the
fiber and having the same surface treatment, if any,

X is a shape factor of the fiber cross-section that satisfies the following equation




15

20

25

30

35

40

45

50

55

EP 0 466 778 B1

PW

X 4r + (R-2)D

wherein

P, is the wetled perimeter of the fiber and r is the radius of the circumscribed circle circumscriting the
fiber cross-section and D is the minor axis dimension across the fiber cross-section.

It is preferred that 2§ is greater than 1, it is more preferred that 25 is between 1.5 and 5.

It is also preferred that the fiber of the present invention satisfies the following equation:

-4
12n-10 - -
v . _;......._. . Vdpf * {(1-X cos ea) < 0.3,

wherein v 4 is the surface tension of water in air in dynes/cm, p is the fiber density in grams/cc, and
dpf is the denier of the single fiber.

It is preferred that X is greater than 1.2, more preferably between about 1.2 and about 5, most
preferably between about 1.5 and about 3.

Brief Description of the Drawings

Figure 1A - illustration of the behavior of a drop of an agueous fluid on a conventional fiber that is not
spontaneously transportable after the ellipsoidal shape forms (t = 0). Angle 8 iflustrates a typical contact
angle of a drop of liquid on a fiber. The arrows labelled "LFA" indicate the location of the liquid-fiber-air
interface.

Figure 1B - illustration of the behavior of a drop of an agueous fluid on a conventional fiber that is not
spontaneously transportable at time = ty (t; >0). The angle 8 remains the same as in Figure 1A. The
arrows labelled "LFA" indicate the location of the liquid-fiber-air interface.

Figure 1C - illustration of the behavior of a drop of an aqueous fluid on a conventional fiber that is not
spontaneousty surface transportable at time = t (tz >4). The angle 8 remains the same as in Figure 1A.
The arrows labelled "LFA" indicate the location of the liquid-fiber-air interface.

Figure 2A - illustration of the behavior of a drop of an aqueous fluid which has just contacted a fiber that
is spontansously transportable at time = 0. The arrows labslled "LFA" indicate the location of the liquid-
fiber-air interface.

Figure 2B - illustration of the behavior of a drop of an aqueous fluid on a fiber that is spontaneously
transportable at time = t (t >0). The arrows labelled "LFA" indicate the location of the liquid-fiber-air
interface.

Figure 2C - illustration of the bshavior of a drop of an aqueous fluid on a fiber that is spontansously
transportable at time = t» ({2 >t). The arrows labelled "LFA" indicate the location of the liquid-fiber-air
interface.

Figure 3 - schematic representation of an orifice of a spinneret useful for producing a spontaneously
transportable fiber.

Figure 4 - schematic representation of an orifice of a spinneret useful for producing a spontansously
transportable fiber.

Figure 5 - schematic representation of an orifice of a spinneret useful for producing a spontaneously
transportable fiber.

Figure 6 - schematic representation of an orifice of a spinneret useful for producing a spontaneously
transportable fiber.

Figure 6B - schematic representation of an orifice of a spinneret useful for producing a spontanecusly
transportable fiber.

Figure 7 - schematic representation of an orifice of a spinneret having 2 repeating units, joined end to
end, of the orifice as shown in Figure 3.

Figure 8 - schematic representation of an orifice of a spinneret having 4 repeating units, joined end to
end, of the orifice as shown in Figure 3.

Figure 9 - photomicrograph of a poly(ethylene terephthalate) fiber cross-section made using a spinneret
having an orifice as illustrated in Figure 3 {specific dimensions of spinneret orifice described in Example 1).
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Figure 10 - photomicrograph of a polypropyiene fiber cross-section made using a spinneret having an
orifice as illustrated in Figure 3 (specific dimensions of spinneret orifice described in Example 2).

Figure 11 - photomicrograph of a nylon 86 fiber cross-section made using a spinnerst having an orifice
as illustrated in Figure 3 (specific dimensions of spinneret orifice described in Example 2.

Figure 12 - schematic representation of a poly(ethylene terephthalate) fiber cross-section made using a
spinneret having an orifice as itustrated in Figure 4 (specific dimensions of spinneret orifice described in
Example B). :

Figure 13 - photomicrograph of a poly(ethylene terephthalate} fiber cross-section made using a
spinneret having an orifice as illustrated in Figure 5 (specific dimensions of spinneret crifice described in
Example 9).

Figure 14 - photornicrograph of a poly(ethylene terephthalate) fiber cross-section made using a
spinneret having an orifice as illustrated in Figure 7 (specific dimensions of spinneret orifice described in
Example 10).

Figure 15 - photomicrograph of a poly{ethylene terephthalats) fiber cross-section made using a
spinneret having an orifice as illustrated in Figure 8 (specific dimensions of spinneret orifice described in
Example 11).

Figure 16 - schematic representation of a fiber cross-section made using a spinneret having an orifice
as illustrated in Figure 3 (Example 1). Exemplified is a typical means of determining the shape factor X.

Figure 17 - photomicrograph of a poly(ethylene terephthalate) fiber cross-section made using a
spinneret having an orifice as illustrated in Figure 6 (specific dimensions of spinneret orifice described in
Example 12).

Figure 17B - schematic representation of a poly{ethylene terephthalate) fiber cross-section made using
a spinnerel having an orifice as illustrated in Figure 6B (specific dimensions of spinneret orifice described in
Example 13).

Figure 18A - a schematic representation of the top view of a diaper.

Figure 18B - a schematic representation of an exploded side view of a diaper along section 1B of the
major axis of the diaper.

Figure 19 - a schematic representation of an exploded side view of a diaper along the major axis of the
diaper. The tow made from fibers of the present invention is placed below the top sheet and above the
absorbant core.

Figure 20 - a schematic representation of an exploded side view of a diaper along the major axis of the
diaper. The tow made from fibers of the presemt invention is placed bslow the absorbant core and above
the back sheet.

Figure 21 - a schematic representation of an exploded side view of a diapar along the major axis of the
diaper. The tow made from fibers of the present invention is placed within the absorbant core.

Figure 22 - a schematic representation of an exploded side view of a diaper along the major axis of the
diaper. The staple fibers made from fibers of the present invention is in the absorbant core.

Figure 23A - a schematic representation of the top view of a diaper. The lines in the cut-away view
represent tow made from fibers of the present invention which are substantially paraliel and running
essentially the entire length of the diaper.

Figure 23B - a schematic representation of the top view of a diaper. The lines in the cut-away view
represent tow made from fibers of the present invention which are substantially parallet and extending more
than half the length of the diaper.

Figure 24 - a schematic representation of the top view of a diaper. The lines in the cut-away view
ropresent tightly compacted tow (made from fibers of the present invention) in the impingement zone and
the tow is flared at the end.

Figure 25 - a schematic representation of the top view of a diaper. The lines in the cut-away view
represent tow made from fibers of the present invention. The major axis of the tow is inclined at an angle of
30" with respect 1o the major axis of the diaper.

Figure 26 - a schematic representation of an exploded side view of a diaper along the major axis of the
diaper. The tow made from fibers of the present invention is placed above and below the absorbant core.

Figure 27 - graph of the ink holding capacity in grams (g} versus cartridge density in grams per cubic
centimeter (g/cc) for an ink cartridge made from fibers of the present invention (line labeled "4SW™) and for
an ink cartridge made from fibers of the prior art of round cross-section (Jine labeled "round®).

Figure 28 - graph of the percent ink remaining versus cartridge density (g/cc) for an ink cartridge made
from fibers of the present invention (line labeled "4SW") and for an ink cartridge made from fibers of the
prior art of round cross-section (line labeted "round”).
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Figure 29 - graph of the useable ink (g) versus cartridge density {g/cc) for an ink cartridge made from
fibers of the present invention (line labeled "4SW"} and for an ink cartridge made from fibers of the prior ant
of round cross-section (line tabeled "round™).

Figure 30 - graph of the ratio of useable ink (g)fiber weight (g) versus cariridge density {g/cc) for an ink
cartridge made from fibers of the present invention (line labeled "4SW") and for an ink cartridge mads from
fibers of the prior art of round cross-section (line labeled "round”}.

Figure 31A - a schematic representation of a desirable groove in a fiber cross-section.

Figure 31B - a schematic representation of a desirable groove in a fiber cross-section.

Figure 31C - a schematic representation of a desirable groove in a fiber cross-section illustrating the
groove completely filled with fluid.

Figure 32A - a schematic representation of a groove where bridging is possible in the fiber cross-
saction.

Figure 32B - a schematic representation of a groove where bridging is possible in the fiber cross-
section.

Figure 32C - a schematic representation of a groove illustrating bridging of the groove by a fluid.

Detailed Description of the Invention

The three important variables fundamental to the liquid transport behavior are (a) surface tension of the
liquid. (b) wettability or the contact angle of the solid with the liquid, and (c) the geomstry of the solid
surface. Typically, the wettability of 2 solid surface by a liquid can be characterized by the contact angle
that the liquid surface (gas-liquid interface) makes with the solid surface (gas-solid surface). Typically, a
drop of liquid placed on a solid surface makes a contact angle, 6, with the solid surface, as seen in Figure
1A, 1f this contact angle is less than 90, then the solid is considered to be wet by the liquid. However, if
the contact angle is greater than 90*, such as with water on Teflon surface, the solid is not wet by the
liquid. Thus, it is desired to have a minimum contact angle for enhanced wetting, but definitely, it must be
fess than 90-. However, the contact angle also depends on surface inhomogeneities (chemical and
physical, such as roughness), contamination, chemical/physical treatment of the solid surface, as well as the
nature of the liquid surface and its contamination. Surface free energy of the solid also influences the
wetting behavior. The lower the surface energy of the solid, the more difficult it is to wel the solid by liquids
having high surface tension. Thus, for example, Teflon, which has low surface energy does not wet with
water. (Contact angle for Teflon-water system is 112°.) However, it is possible to treat the surface of Teflon
with a monomolecular film of protein, which significantly enhances the wetting behavior. Thus, it is possible
to modify the surface energy of fiber surfaces by appropriate lubricants/inishes to enhance liquid transport.
The contact angle of polysthylene terephthalate (PET), Nylon 66, and polypropylens with water is 80, 71°,
and 108-, respectively. Thus, Nylon 66 is more wettable than PET. However, for polypropylene, the contact
angle is >90 ", and thus is nonwettable with water.

The second property of fundamental importance to the phenomena of liquid transport is surface tension
of the liquid.

The third property of fundamental importance to the phenomena of liquid transport is the geometry of
the solid surface. Although it is known that grooves enhance fluid transport in general, we have discovered
particular geometries and arrangements of deep and narrow grooves on fibers and treatments thereof which
allow for the spontaneous surface transport of aquecus fluids in single fibers. Thus we have discovered
fibers with a combination of properties wherein an individual fiber is capable of spontaneously transporting
water on its surface.

The particular geometry of the deep and narrow grooves is very important. For example, as shown in
Figures 31A, 31B and 31C, grooves which have the feature that the width of the groove at any depth is
equai to or less than the width of the groove at the mouth of the groove are preferred over those grooves
which do not meet this criterion (e.g., grooves as shown in Figures 32A, 32B and 32C). If the preferred
groove is not achieved "bridging” of the liquid across the restriction is possible and thereby the effective
wetted perimeter (Pw) is reduced. Accordingly, it is preferred that Pw is substantially equal to the geometric
perimeter.

"Spontaneousty transportable™ and derivative terms therecf refer to the bshavior of a fluid in generai
and in particular a drop of fluid, typically water, when it is brought into contact with a single fiber such that
the drop spreads along the fiber. Such behavior is contrasted with the normal behavior of the drop which
lorms a static ellipsoidal shape with a unique contact angle at the intarsection of the liquid and the solid
fiber. It is obvious that the formation of the ellipsoidal drop takes a very short time bul remains stationary
thereafter. Figures 1A-1C and 2A-2C illustrate the fundamental difference in these two behaviors. The key
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factor ts the movement of the location of the air, liquid, solid interface with time. If such interface moves just
after contact of the liquid with the fiber, then the fiber is spontaneously transportable; if such interface is
stationary, the fiber is not spontaneousty transportable. The spontaneously transportable phenomenon is
easily visible to the naked eye for large filaments (>20 denier per filament (dpf) or >22.22 dtex) but a
microscope may be necessary to view the fibers if they are less than 22.22 dtex (20 dpf). Colored fluids are
more easily seen but the spontansously transportable phenomenon is not dependsnt on the color. it is
possible 1o have sections of the circumference of the fiber on which the fiuid moves faster than other
sections. In such case the air, liquid, sofid interface actually extends over a length of the fiber. Thus, such
fibers are also spontaneousty transportable in that the air, liquid, solid interface is moving as opposed to
stationary.

Spontaneous transportability is basically a surface phenomenon; that is the movement of the fluid
occurs on the surface of the fiber. However, it is possible and may in some cases be desirable to have the
sponlaneously transportable phenomenon occur in conjunction with absorption of the fluid into the fiber. The
behavior visible to the naked eye will depend on the relative rate of absorption vs. spontansous transpor-
tability. For example, if the relative rate of absorption is large such that most of the fluid is absorbed into the
fiber, the liquid drop will disappear with very little movement of the air, liquid, solid interface along the fiber
surface whereas if the rate of absorption is small compared to the rate of spontaneous transportability the
observed behavior will be like that depicted in Figures 2A through 2C. In Figure 2A, a drop of aqueous fluid
is just placed on the fiber (time = 0). In Figure 2B, a time interval has elapsed {time = t) and the fluid
starts to be spontaneously transported. In Figure 2C, a second time interval has passed (time = t;) and the
fluid has been spontaneously transported along the fiber surface further than at time = 1.

A fiber of the present invention is capable of spontaneously transporting water on the surface thereof.
Distilled water can be employed 1o test the spontaneous fransportability phenomenon; howsver, it is often
desirable to incorporate a minor amount of a colorant into the water to betier visuatize the spontansous
transport of the water, so long as the water with colorant behaves substantially the same as pure water
under test conditions. We have found aqueous Syltint Poly Red (trademark) from Milliken Chemicals io be a
useful solution to test the spontaneous transportability phenomenon. The Syltint Poly Red solution can be
used undiluted or diluted significantly, e.g., up to about 50x with water.

In addition to being capable of transporting water, a fiber of the present invention is also capable of
spontaneously transporting a multitude of other aqueous fluids. Aqueous fluids are those fiuids comprising
about 50% or more water by weight, preferred is about 75% or more waler by weight, most preferred is
about 90% or more water by weight. Preferred aqueous fluids are body fluids, especially human body
fluids. Such preferred fiuids inciude, but are not limited to, blood, urine, perspiration, and the like. Other
preferred aqueous fluids inciude, for example, aqueous inks.

In addition to being able to transport aqueous fluids, a fiber of the present invention is also capable of
transporting an alcoholic fluid on its surface. Alcoholic fluids are those fiuids comprising greater than about
50% by weight of an alcoholic compound of the formula

R-CH

wherein R is an aliphatic or aromatic group containing up to 12 carbon atoms. It is preferred that R is an
alkyl group of 1 to 6 carbon atoms, more preferred is 1 to 4 carbon atoms. Examples of alcohols incilude
methanol, ethanol, n-propanol and iso-propanol. Preferred alcoholic fluids comprise about 70% or more by
waighl of a suitable alcohol. Preferred alcoholic fluids include antimicrobial agents, such as disinfectants,
and alcohol-based inks.

Accordingly, the present invention is also directed to a process for spontansously transporting an
aqueous fiuid (which includes water) or an alcoholic fluid on the surface thereof. Therefore, a process of the
present invention can be described as a process for spontaneously transporting an aqueous fluid compris-
ing contacting a fiber of the present invention with. an aqueous fluid. Furthermore, another process of the
present invention can be described as a process for spontansously transporting an alcoholic fluid
comprising contacting a fiber of the present invention with an alcoholic fluid. Once the aqueous fluid or
alcoholic fluid contacts the fiber, said aqueous fiuid or alcoholic fluid will be spontanecusly transported. In
many applications, it is preferred to have a portion of the fiber in contact with a source of the aqueous fluid
and a different portion of the fiber in contact with & sink (the term "sink” will be defined hereinafter).

Fibers of this invenlion have the uniquely desirable feature of spontaneously transporting aqueous or
alcoholic fluids on their surfaces. Since all of these fibers have finite length, e.g., a tow in a diaper which
starts and stops at the ends of the diaper or a staple fiber of some specitied cut length, the ability to move
fluid ceases once the fluid reaches lhe ends of the fibers unless "sinks" for the fluid are provided. Sinks
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may be, for example, fluff pulp or superabsorbant gels, powders or fibers. Ideally, to maximize the utility of
this invention, three key features are desired:
{1) a source of the appropriate fluid to be moved,
(2) the spontansous surface transport of such fluids which initiates the movement of the fluid and fills the
conduits through which the fluid moves after the fiber surface becomes "full” of fluid and the
spontanaous driving forces no longer exist, and
{3) a sink or sinks for such fluid which are in intimate contact with the fiber at one or more locations
along the iength of each individual fiber.

For example, the practical significance of these three features can be seen in a diaper within the scope
of the present invention during typical use. The source of the fluid is urine and is deposited in significant
quantities in a reasonably periodic manner. After the first deposit the urine will be transported spontane-
ously along each fiber until such time as the source dries up (needs to be in contact at least about 10
seconds} or the fluid contacts a sink. As used hersin the term "sink" can be defined as a structure which
has a greater affinity for the aqueous fluid than the fiber. Assuming the source of fluid still exists the fiber
will now act as a conduit to the sink until such time as the source dries up. It is clear that the locations of
the sinks need to be removed from the location of the source if significant movement is desired (e.g., outer
area of the diaper). Properly designed capillary structures of round cross-section filaments can exhibit
spontaneous fluid movement. However, the capillary structure depends on the location of the adjacent
filaments and if they happen 1o move or be out of position no fluid movement takes place. A unigue feature
of the present invention is that the individual filaments spontanecusly transport aqueous fluids without the
need for adjacent filaments. This allows for many benefits such as for the movemnent of fluids over a much
wider surface area. Usually more than one urination occurs before a diaper is changed. The second
urination (source - al the impingement zone) will again be iransported through the fiber conduits to
appropriate sinks. The spomaneously transportable feature is probably of less significance the second time
than the first urination because the conduits are partially or totally full of fluid. However, without the
spontaneously transportable feature relatively little fluid movement takes place and the source section of the
diaper (i.e., the impingement zone) remains very wet whereas the rest of the diaper remains very dry.

The fibers of the present invention can be comprised of any material known in the art capable of having
a cross-section of the desired geometry. Preferred materials for use in the present invention are polyesters.

The preferred polyester materials useful in the present invention are polyesters or copolyesters that are
well known in the art and can be prepared using standard techniques, such as, by polymerizing dicarboxylic
acids or esters thereof and glycols. The dicarboxylic acid compounds used in the production of polyesters
and copotyesters are well known to those skilled in the art and illustratively include terephthalic acid,
isophthalic acid, p,p’-diphenyldicarboxylic acid, p,p'-dicarboxydiphenyl ethane, p,p’-dicarboxydipheny! hex-
ans, p,p'-dicarboxydipheny! ether, p,p'-dicarboxyphenoxy ethane, and the like, and the dialkylesters thereof
that contain from 1 to about 5 carbon atoms in the alky! groups thereof.

Suitable aliphatic glycols for the production of potyesters and copolyaesters are the acyclic and alicyclic
aliphatic glycols having from 2 to 10 carbon atoms, especially those represented by the general formula
HO{CH:),OH, wherein p is an integer having a value of from 2 to about 10, such as sthylene glycof,
trimethylene glycol, tetramethylene giycol, and pentamethyleneg glycol, decamethylene glycol, and the like.

Other known suitable aliphatic glycols include 1,4-cyclohexanedimethanel, 3-ethyl-1,5-pentanediot, 1,4-
xylylene, glycol, 2,2,4,4-tetramethyl-1,3-cyclobutanediol, and the like. One can also have present a hydrox-
ylcarboxyl compound such as 4,-hydroxybenzoic acid, 4-hydroxyethoxybenzoic acid, or any of the other
hydroxyicarboxyl compounds known as useful to those skilled in the art.

It is also known that mixtures of the above dicarboxylic acid compounds or mixtures of the aliphatic
glycols can be used and that a minor amount of the dicarboxylic acid component, generally up to about 10
mole percent, can be replaced by other acids or modifiers such as adipic acid, sebacic acid, or the esters
thereof, or with modifiers that impart improved dyeability to the polymers. In addition one can also include
pigments, delusterants or optical brighteners by the known procedures and in the known amounts.

The most preferred polyester for use in the present invention is poly(ethylene terephthalate} (PET).

Other materiats that can be used to make the fibers of the present invention include polyamides such
as a nylon, e.g., nylon 66 or nylon 6; polypropylene; polyethylene; and cellulose esters such as cellulose
triacetate or cellulose diacetate.

A single fiber of the present invention preferably has a denier of between about 3 and about 1,000
{about 3.33 and about 1111.11 ditex), more preferred is between about 10 and about 70 {about 11.11 and
aboul 77.78 dtex).

The fibers of the present invention preferably have a surface treatment applied thereto. Such surface
treatment may or may not be critical to obtain the required spontaneous transportability property. The
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nature and criticality of such surface treatment for any given fiber can be determined by a skilled artisan
through routine experimentation using techniques known in the art andfor disclosed herein. A preferred
surface treatment is a coating of a hydrophilic lubricant on the surface of the fiber. Such coating is typically
uniformly applied at about a level of at least 0.05 weight percent, with about 0.1 to about 2 weight percent
being preferred. Preferred hydrophilic jubricants include a potassium lauryl phosphate based lubricant
comprising about 70 weight percent poly{ethylene glycol) 600 monotaurate. Another surface treatment is to
subject the fibers to oxygen plasma treatment, as taught in, for example, Plastics Finishing and Decoration,
Chapter 4, Ed. Don Satas, Van Nostrand Reinhold Company (1986).

The novel spinnerets of the present invention must have a specific geometry in order to produce fibers
that will spontaneocusly transport aqueous fluids.

In Figure 3, W is between 0.064 millimeters {mm) and 0.12 mm.

. +4W . .
X2 is 4W W X4 is 2W + 0.5W; XG is
+4W . +5W : +5W . +5W
6w S’ Xa 1s 6W ey Xlo is W -2W xlz is 9w -IW’
. +5W . +5W . +5W
X14 is 10W -ow’ X,¢ 1S 11w -ow’ Xqg 1S oW ey

6215 30° +30*;60: 545" £ 457, 9 is 30° * 30°; and 0s is 45* 2 45°*,
In Figure 4, W is between 0.064 mm and 0.12 mm;

. +5W
x20 is 17W SoW’

Koo is IW = W, X, is 4W £ 2W,
x26 is 60W '\"BW.
~4W'
, +5W
x28 is 17W -2W

Xap is 2W = 0.5W;

X.. is +10W
32 T2W 5w’

and 610 is 45° £ 15 . In addition, each Leg B can vary in length from 0 to

*26
2 ’

and each Leg A can vary in length from 0 to

X
26
tan (90‘910) [—2" - X24]
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In Figure 5, W is between 0.064 mm and 0.12 mm; Xa4 is 2W % 0.5W;

X is 58w

36

912 is 20

and n = number of legs per 180* = 2to 6

+20W
-10W’

p 4

+15°
-10% 914

In Figure 6, W is between 0.064 mm and 0.12 mm;

X

42

is 6W

38

is 24W

is

+20W
-Gw'

L
180 2612

n-1

+4W
_2w’

Xaa is 1IW = 5W,; Xag is 11W = 5W; Xyp is 24W £ 10W; Xso is IBW = 13W;

Xs2

Xse is 11W 2 5W; Xgg is 7W £ 5W,; Xgo is 17W £ 7W, Xz is 28W £ 11W,; Xgq is 24W £ 10W,; X is 17TW ¢

TW, Xeg is 2W £ 0.5W,;

8

Hg is45° £15°; and 820 is 45° = 15°*,

is 3W

16

+3W .
-1w’ %54 1S 6W

is 45°

In Figure 6B W is between 0.064 mm and 0.12 mm,

X72 is B

W

+4W

-ow X

74

+30°,
-15°

is B8W

+6W
- 2w’

+4W
-2W’

K75 is 12W £ AW, X7g is 8W £ 4W, Xgo is 24W £ 12W, Xq2 is 18W = 6W,

X

Kee is 16W * BW, Xgg is 24W = 12W, Xgo is 18W £ 6W, Xgz is 2W * 0.5W, 672 is 135° £ 30,

B4

is BW

+4W
- 2W,

45°

8y is 80% * 3per

B2 I8 45" 2 15 @25 is 45" 2 157, Bap i5 45° £ 157, 02, IS 45° £ 15", 03, is 45° ¢ 15°, @3¢ is 45° ¢

15°, and §35 is 45° £ 15°,

In Figure 7, the depicted spinneret orifice contains two repeat units of the spinnerel orifice depicted in
Figure 3, therefore, the same dimensions for Figure 3 apply to Figure 7. Likewise, in Figure 8, the depicled
spinneret corifice contains four repeat units of the spinneret orifice depicted in Figure 3, therefore, the same

dimension for Figure 3 applies to Figure 8.
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Figure 16 illustrates the method for determining the shape factor, X, of the fiber cross-section. in Figure
16, r = 37.5 mm, Py, = 355.1 mm, D = 49.6 mm; thus, for the fiber cross-section of Figure 16:

355.1 = 1.72
4 x 37.5 + (n - 2) 49.6

The fibers of the present invention are preferably incorporated into an absorbant article in which it is
desired to move or transport aqueous fluids. Such absorbant articies include, but are not limited to, diapers,
incontinence pads, feminine hygiene articles such as tampons, ink cartridges, wipes, and the like. Figure
18A shows a schematic representation of the top view of a typical diaper and Figure 18B shows an
exploded side view of a typical diaper along the major axis of the diaper.

The fibers of the present invention can be in the form of crimped or uncrimped tows or staple fibers
comprising a plurality of the fibers of the present invention.

An absorbant article of the present invention comprises two or more fibers of the present invention
wharein at least part of said fibers are located near the center of said absorbant article and at least part of
same said fibers are located away from the center of said absorbant article; and wherein said fibers are
capable of being in contact with an aqueous fluid for about at least 10 seconds near the center of said
absorbant article; and wherein away from the center of said absorbant article one or more sinks are present
in said absorbant article that are in contact with said fiber. As used in this context, "near the center” of the
absorbant article means the geometric center and the area consisting of 50 area % of the total article
immediately surrounding said geometric center; "away from the center” of the absorbant article means the
remaining 50 area % thal is not near the center of the article. Preferred sinks are fluff pulp, superabsorbant
material, and combinations thereot. It is preferred that said sinks are in contact with a given fiber near the
end of such fiber in the area away from the center of the article. As used in this context the term "near the
end” of a fiber refers to an actual end of a fiber or the area consisting of the end 10% of the length of the
fiber.

A preferred absorbant article of the present invention comprises a diaper or incontinent pad having a
major axis and a minor axis and a length in excess of a width which comprises a top sheet, a back shest,
and an absorbant core comprising at least one absorbant layer wherein said article further comprises the
tow of the present invention. The tow may be crimped or uncrimped.

The tow in said absorbant article can be located in several different positions with several different
spatial orientations. For example, the tow can be uniformly spread across all or part of the width of the
article and the fibers of the tow can be substantially parailel to the major axis of the article and extend from
about 1/2 to substantially the length of the article (see Figure 23B).

Alternatively, the fibers of the tow can be substantially parallel to the major axis of the diaper and
extend substantially the length of the diaper (see Figure 23A).

By use of a tow of the fibers of the invention in an absorbant article such as a diaper, urine can be
transported to a larger surface area on the diaper. Thus, the amount of superabsorbant material required in
the diaper can be reduced and the diaper surface will be drier.

By utilizing the fibers of the present invention in a diaper construction, it is preferred that at teast one of
the following benefits be realized.

(i} The effective surface area of the diaper utilized for urine/aquecus fluid movement will increase by 5%
to 30%.

(it) The amount of superabsorbant material utilized in the diaper will reduce by 2% to 25%.

(i) The diaper will be thinner by about 2% to 15%.

{iv) The strikethrough (seconds)/rewet (grams) responses as measured by the strikethrough/rewset test
described in U.S. Patent 4,324,247 are improved with the strikethrough being reduced from about 2 to
about 50% and the rewst being reduced from about 2 to about 70% when compared to equivalent
structures without the fibers (tow) of this invention being present. This results in the interface between
the diaper and the wearer remaining drier.

The fibers of the tow can be located in the absorbant article at any place which will result in an overall
beneficial effect. For example, the fibers can be located between the top sheet and the absorbant core,
incorporated into the absorbant core, between the absorbant core and the back shest, or multiple
coembinations of the above.
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The top sheet of the absorbant article of the present invention can be made of any material known in
the art for such use. Such materials include, but are not limited to, polypropylens, polysthylene, polysthyl-
ene lerephthalate, cellulose or rayon; preferred is polypropylene. The top sheet is the sheet which is
designed to be in contact with the body during typical end uses. Such a top sheet is alternatively referred
to in the art as a "facing sheet,” and is typically comprised of a web of short and/or long fibers.

The back sheet of the absorbant article of the present invention can be made of any material known in
the art for such use. Such materials include, but are not limited to, polyethylene, a polyester, or
polypropylene; preferred is polysthylene. The back sheet is typically impervious to body fluids such as
urine.

The absorbant core of the absorbant article of the present invention preferably comprises fluff puip and,
optionally, superabsorbant powder. Fluff pulp is used extensively in the art. Fluff pulp is a batt formed of
loosely compacted short celiulose fibers, such as wood pulp fibers, or cotton linters, or mixtures thereof,
which are primarily held together by interfiber bonds usually requiring no added adhesive although
thermoplastic binder(s) may also be used. This batt is a low density coherenl web of loosely compacted
fibers preferably comminuted wood pulp fibers. Examples of absorbant powder are polyacrylates, acrylic
acid based polymers, saponified starch, and polyacrylonitrile graft copolymers.

Other preferred embodiments of the absorbant article of the present invention include wherein the fibers
of the tow are tightly compacted in the impingement zone such that the fibers are substantially in contact
with each other, and toward each end of the length of the article the fibers of the tow flare and are
substantially not in contact with each other {see Figure 24). In addition, the tow can have from one half to
ten turns of twist in the impingement zone. The terms "impingement zone”, "impinging area”, and like
terms refer to that area or zone where body fluid first contacts or impinges the absorbant article during its
intended use. The impingement zone may be near the center of the absorbant article, away from the center,
or gverlapping both areas.

It is also contemplated that the fibers of the present invention can be in the form of staple fiber which
may or may not be crimped. When in the form of staple fiber, a preferred absorbant article of the present
invention comprises a diaper or incontinent pad having a major axis and a minor axis and a length in excess
of a width comprising a top shest, a back sheet, and an absorbant core comprising at least one absorbant
layer wherein said core comprises an intimate blend of the staple fiber of the present invention (see Figure
22).

Another preferred embodiment of the absorbant article of the present invention is wherein the article
contains up to three tows of the invention and wherein the major axis of each tow lies between 30" around
the major axis of the article and wherein the tows lie either just beneath the top sheet or lie intimately mixed
with the absorbant core or lie adjacent to the back sheet (see Figure 25).

Another preferred embodiment of the absorbant article of the present invention is a two piece diaper
wherein one piece contains tow of the invention and receives the impinging fluid during the diaper's
intended use and is reusable, and wherein the second piece is a fluid storage element and is replaceable.

The absorbant article of this invention can optionally contain a lissue or low density spacer layer which
is adjacent to the top sheet between the top shest and absorbant core. In such case the tow preferably lies
between the absorbant core and said tissue or density spacer.

In still another preferred embodiment of the absorbant article of the present invention the fibers of the
tow are in intimate contact with part of the absorbant core located away from the impingement zone.

Other absorbant articles contemplated by the present invention (which may or may not have a specific
impingement zone) in which the fibers of the present invention can be beneficial include, but are not limited
to, a sweat absorbing headband or wristband, a surgical sponge, a wound dressing, a sweat absorbing
insole for footwear, a general purpose wiping article, a fabric softener strip for use in clothes dryers, a
wound drain or a surgical drain, a towel, a geotextile, athletic clothing such as athietic socks and jogging
suils, a cosmetic applicator, a furniture polish applicator, a pap smear sampler, a throat culture sampler, a
blocd-analyzer test element, household and industrial deodorizers, humidifier fabric, moist filter media,
orthopaedic cast liner, wipes for medical applications {(e.g., containing an alcoholic fluid for use on the
surface of skin) and the like. -

Ink cartridges are typically made with lows of cellulose ester fibers and polyester fibers. important
criteria for ink cartridges are (i) ink holding capacity and (i) effective utilization of the ink reservoir. The art
of making ink cartridges is described in U.S. Patents 4,104,781, 4,286,005, and 3,715,254. The use of fibar
bundles made from fibers of the present invention in these ink cariridges offer significant advantages of
increased ink holding capacity and/or effective utilization of the ink reservoir due to the nature of the fiber
cross-sections and the spontanaous surface transportable nature of the single fibers of the present
invention.
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In the geotextile field, one of the important functions of the geotextile material is to transport rain water
and other aqueous fluids from unwanted regions of the land 1o distant areas. It is belisved that due to the
spontaneous surface transportabie nature of the fibers of the present invention, articles made from these
fibers will enhance in transporting aqueous fluids from one region to another area in geotextile applications.

In active sports and outdoor activities, it is important that the human body remain retatively dry for
comfort. Generally, human sweat or perspiration causes a feeling of being "wet". One of the important
functions of garmenls and other articles worn next to skin is then to rapidly transport the "sweat” or
"pergpiration” from the skin to the garment or article worn next to the skin. Furthermors, it is important that
such garments and articles should not absorb the bulk of this "sweat”; otherwise, it will take a long time to
remove or dry the aqueous fluids from such garments and articies. For example, garments or such articles
made of cotion or cellulosic fibers have a very high water absorption capacity (7-10%) and thus may not be
highly desirable in such applications. However, garments or such articles worn next to skin made from
fibers of the present invention and/or those in conjunction with biends of other fiber types may be very
desirable. The spontaneous surface transportable nature of the fibers of the present invention can lead to
rapidly removing the "sweat” or "perspiration” from the human body and thereby keeping the body
relatively dry. Thus, a sweat absorbing headband or wristband, an insole for footwear, a towel, athletic
socks, jogging suit, etc. made from fibers of the present invention can be highly desirable.

The fibers of the present invention can be prepared by techniques known in the art and/or disclosed
herein using a nove! spinneret of the present invention or other spinneret that will result in a fiber cross-
section of the appropriate geometry and properties.

In general, a process of the present invention can be described as a process for preparing a fiber of the
present invention which comprises heating a material capable of forming a fiber at or above its melting point
followed by extruding said heated material through at least one spinneret having at least one crifice capable
of forming the desired fiber. The fiber may be drafted and/or thermally stabilized. The fiber thus formed
may then oplionally be treated with a surface treatment such as a hydrophilic coating or plasma treatment
as described hereinbefore.

The absorbant articles of the present invention can be made by use of techniques known in the art, for
example in U.S. Patents 4,573,986, 3,938,522; 4,102,340; 4,044,768; 4,282,874; 4,285,342; 4,333,463;
4,731,066; 4,681,577, 4,685,914; and 4,654,040; and/or by techniques disclosed herein. The tow of the
present invention can be incorporated into the absorbant article at any location which will improve fluid
movement so as 1o better utilize the absorbant materials of the article.

Spunbonded structures, welt known in the art, can aisoc be made from filament strands of the present
invention. Care must be exercised in the calendaring step so as not to damage the cross-section of the
fibers and thereby inhibit the spontanscus surface transport.

Continuous filament yarns of typical textile deniers and filament counts can also be made using the
present invention. The yarns are useful in providing scrim fabrics which will spontaneously surface transport
aqueous fluids.

The following examples are to illustrate the invention but should not be interpreted as a limitation
thereon.

EXAMPLES
Example 1

Poly(ethylene terephthalate) (PET) polymer of 0.6 LV. was used in this example. L.V. is the inherem
viscosity as measured at 25° C at a polymer concentration of 0.50 g/100 milliliters (mL) in a suitable solvent
such as a mixture of 60% phenol and 40% tetrachloroethane by weight. The polymer was dried to a
moaisture tevel of £0.003 weight percent in a Patterson Conaform dryer at 120° C for a period of 8 hours.
The polymer was extruded at 283 C through an Egan extruder, 1.5-inch (38.1 mm) diameter, with & length
lo diameter ratio of 28:1. The fiber was extruded through an eight orifice spinneret wherein each orifice is as
shown in Figure 3 wherein W is 0.084 mm, Xz is 4W, X4 is 2W, X; is BW, Xg is BW, Xio is 7W, Xy2 is 9W,
X1z is 10W, X5 is 11W, X5 is BW, 62 is 0°, @4 is 45°, 8¢ i5 30, and @g is 45°. The pelymer throughput
was aboul 7 pounds {ib)hour (3.18 kg per hour). The air quench system has a cross-flow configuration. The
quench air velocity at the top of the screen was an average of 294 fest (ft)Ymimue (89.61 m/minute). At a
distance of about 7 inches (177.8 mm) from the top of the screen the average velocity of the quench air
was about 285 ft/minute {86.87 m/minute), and at a distance of about 14 inches (355.8 mm) from the top of
the screen the average quench air velocity was about 279 f/minute (85.04 m/minute). At about 21 inches
{533.4 mm) from the lop of the air screen the average air velocity was about 340 fvminute (103.63
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m/minute). The rest of the screen was blocked. Spinning lubricant was applied via ceramic kiss rolls. The
lubricant has a general composition as follows: it is a potassium lauryl phosphate (PLP) based lubricant
having poly(ethylene glycol) 600 monolaurate (70% by weight) and polyoxyethylene (5) potassium lauryl
phosphate (30% by weight). An emulsion of the above lubricant with water (90%) was used as the spinning
lubricant. Thia lubricant level on the fiber samples was about 1.5%. Fibers of 20 dpf (denier per filament)
{22.22 dtex) were wound at 3,000 meters per minute (MPM) on a Barmag SW4SL winder. A photomicrog-
raph of a cross-section of this fiber is shown in Figure 9 (150x magnification). The single fiber was tested
for spontangous surface transportation of an agueous solution which was aqueous Syltint Poly Red
{obtained from Milliken Chemicals) which is 80 weight % water and 20 weight % red colorant. The single
fiber of 20 dpf {22.22 dtex) spontaneously surtace transported the above aqueous solution. The following
denier per filament PET fibers were also made at different speeds as shown in Table 1 below:

Table 1
dpf Spin Speed (MPM) | Winder
20 3,000 Barmag
40 1,500 Leasona
60 1,000 Leesona
120 500 Lessona
240 225 Leasona
400 150 L eesona

All the single fibers of above PET fiber with the dpf of 20, 40, 60, 120, 240, and 400 spontaneousty surface
transported the agueous solution of Syitint Poly Red liquid. The value of the "X" parameter {(as defined
hereinbefore) for these fibers was about 1.7. PET film of 0.02 inch (0.508 mm) thickness was compression
molded from the same polymer as that used for making the above fiber. Contact angle of distilled water on
the above film was measured in air with a contact angle goniometer. The contact angle was 71.7*. Another
sample of the same film as above was sprayed with the same lubricant as used for making the fiber in this
example at about 1.5% level. The contact angle of distilled water on the PET film sprayed with the lubricant
was about 7°. Thus, the factor (1-X cos 8) in this case is (1-1.7(cos 7)) = -0.69, which is less than zero.

Example 2

Polyhexamethylens adipamide (nylon 66) was obtained from Du Pont [Zytel 42 (trademark)]. The
polymer was extruded at 279°C. A spinneret as shown in Figure 3 was used to form 46 dpf fiber at 255
meters/minute speed. The specific dimensions of the spinneret orifices were the same as described in
Exampte 1 except that ¢2 was 30° instead of 0°. The guenching conditions were the same as those for
obtaining PET fiber as in Example 1. A photomicrograph of the fiber cross-section is shown in Figure 11
{150x magnification). The lubricant level on the fiber was about 1.8% by weight. The same lubricant as used
in the PET fiber was used (Example 1}. This Nylon 66 fiber spontaneously transported the aqueous Syltint
Poly Red sofution on the fiber surface. The value of the "X" parameter for this fiber was about 1.9. Nylon
66 film of 0.02 inch {0.508 mm} thickness was compression molded from the same polymer as that used for
making the fiber of Example 2. Contact angle of distilled water on the above film was measured in air with a
contact angle goniomater. The contact angle was 64°. Another sample of the same film as above was
sprayed with the same lubricant as used for making the fiber in this example at about the 1.8% level. The
contact angle of distilled water on the nylon 66 film sprayed with the lubricant was about 2°. Thus, the
factor (1-X cos @) in this case is (1-1.9(cos 2*)) = -0.9, which is less than zero.

Exam_giqi}

Polypropylene polymer was obtained from Shell Company (Grade 5C14). it was extruded at 279°C. A
spinneret as shown in Figure 3 was used to form 51 dpf (56.67 dtex) fiber at 2,000 MPM speed. The
specific dimensions of the spinneret orifices were the same as in Example 2. The quenching conditions
were the same as those for obtaining PET fiber. A photomicrograph of the fiber cross-section is shown in
Figure 10 (375x magnification). The fubricant level on the fiber was 2.6%. The same lubricant as used in
PET fiber was used (Example 1). The polypropylene fiber spontaneously transported the aqueous Syltint
Poly Red solution on the fiber surface. This spontaneously transportable phenomenon along the fiber
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surface was also observed for a 10 dpf (11.11 dtex), single polypropylens fiber. The vajue of the "X"
parameter for this fiber was about 2.2. Polypropylens film of 0.02 inch {0.508 mm) thickness was
compression molded from the same polymer as that used for making the above fiber of Example 3. Contact
angle of distilled water on the above film was measured in air with a contact angls goniometer. The comact
angle was about 110°. Another sample of the same film as above was sprayed with the same lubricant as
used for making the fiber in this example at about the 2.6% level. The contact angle of distilled water on the
polypropylene film sprayed with the lubricant was 12*. Thus, the factor (1-X cos 8) in this cass is -1.1,
which is less than zero.

Example 4

Cellulose acetate {Eastman Grade CA 398-30, Class |) was blended with PEG 400 polymer and small
quantities of antioxidant and thermal stabilizer. The blend was melt extruded at 270°C. A spinneret as
shown in Figure 3 was used to form 115 dpf (127.78 dtex) fiber at 540 meters/minute speed. The specific
dimensions of the spinneret orifices were the same as in Example 2. No forced quench air was used. The
lubricant tevel on the fiber was 1.6%. The same lubricant as used in the PET fibers (Example 1) was used,
The cellulose acetate fiber spontanecusly transported the aqueous Syltint Poly Red solution on the fiber
surface. The value of the "X" parameter for this fiber was about 1.8.

Example 5 (Comparative)

PET fiber of Example 1 was made without any spinning lubricant at 20 dpf (22.22 dtex). A single fiber
did not spontaneously transport the aqueous Syltint Poly Red solution along the fiber surface.

Example 6 (Comparative)

PET fiber of circular cross-section was made. The denier per filament of the fiber was 20 (22.22 diex). It
had about 1.5% of the lubricant used in Example 1. A single fiber did not spontaneously transport the
aqueous Syltint Poly Red solution along the fiber surface.

Example 7

Polytethylene terephthalate) (PET) fiber of Example § (without any spinning lubricant) was treated with
oxygen plasma for 30 seconds. Model "Plasmod” oxygen plasma equipment was used. Exciter power is
provided by the RF generator operating at 13.56 MHz frequency. The plasma treatment was conducted at a
constant tevel of 50 watts power. The oxygen plasma treated fiber spontanecusly transported the aqueous
Syltint Poly Red solution along the fiber. This fiber was tested again after washing five times and after 3
days and the spontaneously transportable behavior with the above aqueous solution was still obsarved. In
order to determine the reduction in contact angle after the plasma treatment, a PET film of the same
material as that of the fiber was subjected to the oxygen plasma treatment under the same conditions as
those used for the fiber sample. The average contact angle of the oxygen plasma treated fifm with distilled
water in air was observed to be 26° as measured by a contact angle goniometer. The corresponding
contact angle for the control PET film (not exposed to the oxygen plasma) was 70*. The significant
reduction in contact angle upon subjecting the untreated PET fiber to the oxygen plasma treatment renders
it to be spontlaneously surface transportable for aqueous solutions.

Example 8

Poly(ethylene terephihalate) (PET) polymer of 0.6 IV was used in this example. It was extruded through
a spinneret having eight orifices as shown in Figure 4 wherein W is 0.084 mm, Xa0 is 17W, X2z is 3W, Xou
is AW, Xz6 is 60W, Xzg 5 17W, Xag is 2W, Xa2 is 72W, 849 is 45°, Leg B is 30W, and Leg A is 26W. The
rest of the processing conditions were the same as those described in Example 1. A 100 dpf fiber (111.11
dtex} was spun at 600 MPM. A sketch of the cross-section of the fiber is shown in Figure 12. The lubricant
level on the fiber was about 1%. The same lubricant as used in Example 1 was used. The above fiber
spontaneously transported the aqueous Syltint Poly Red solution along the fiber surface. The value of the
X" parameter for this fiber was 1.5.
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Example 9

Poly(sthylene terephthalate) polymer of 0.6 IV was used in this example. It was extruded through a
spinneret having eight orifices as shown in Figure 5 wherein W is 0.10 mm, Xas is 2W, Xag is 58W, Xy is
24W, 812 15 20°, 844 15 28°, and n is 6. The rest of the extruding and spinning conditions were the same as
those described in Example 1. A photomicrograph of the fiber cross-section is shown in Figure 13 (585x
magnification). A 20 dpf fiber {22.22 dtex) was spun at 3000 MPM. The lubricant level on the fiber was
about 1.7%. The same lubricant as used in Example 1 was used. The above fiber spontanecusly
transported the agueous Syltint Poly Red solution along the fiber surface. The value of the "X" parameter
for this fiber was about 2.4.

Example 10

Poly{ethylene terephthalate) (PET) polymer of about 0.6 IV was used in this example. The polymer was
extruded through a spinneret having four orifices as shown in Figure 7 wherein the dimensions of the
orifices are repeats of the dimensions described in Example 2. The rest of the processing conditions were
the same as those described in Example 1 uniess otherwise stated. A 200 dpf {222.22 dtex) fiber was spun
at 600 MPM. The polymer throughput was about 7 Ibs/hr (3.18 kg/hr). An optical photomicrograph of the
fiber is shown in Figure 14 (150x magnification). The lubricant level on the fiber was 2.0%. The same
lubricant as used in Exampte 1 was used. The above fiber spontaneously transported the aqueous Syltint
Poly Red solution along the fiber surface. The value of the "X" parameter for this fiber was about 2.2.

Examptse 11

Poly(sthylene terephthalate) (PET) polymer of 0.6 IV was used in this example. The polymer was
extruded through a spinneret having two orifices as shown in Figure 8 wherein the dimensions of the
orifices are repeats of the dimensions described in Example 2. The rest of the processing conditions were
the same as those described in Example 1. A 364 dpf (404.44 dtex) fiber was spun at 600 MPM. The cross-
section of the fiber is shown in Figure 15 (150x magnification). The lubricant level on the fiber was about
2.7%. The same lubricant as used in Example 1 was used. The above fiber spontaneously transported the
aqueous Syltint Poly Red solution along the fiber surface. The value of the "X" parameter for this fiber was
2.1,

Example 12

Poly(ethylene terephthalate) (PET) polymer of 0.6 IV was used in this example. It was exiruded through
a spinneret having eight orifices as shown in Figure 6 wherein W is 0.10 mm, Xy2 is 6W, Xuq is 11W, X is
T1W, Xag is 24W, X0 is 38W, Xs2 is IW, Xsq is BW, Xse is 11W, X5 is TW, Xeo is 17W, Xg2 is 28BW, Xsu
is 24W, X5 is 17W, X is 2W, 645 is 45°, 613 is 45*, and 620 is 45°. The rest of the processing
conditions were the same as those described in Example 1. A 100 dpf (111.11 dtex) fiber was spun at 600
MPM. The cross-section of the fiber is shown in Figure 17. The lubricant level on the fiber was about 1%.
The same lubricant as used in Example 1 was used. The above fiber spontaneously transported the
agqueous Syltint Poly Red solution along the fiber surface. The value of the "X" parameter for this fiber was
1.3.

Example 13

PET polymer of 0.6 LV. is used in this exampie. It is extruded through a spinneret having 8 orifices as
shown in Figure 6B wherein W is 0.10 mm, X;; is 8W, X7a is 8W, X6 is 12W, X7 is 8W, Xgo is 24W, Xg2
is 18W, Xgs is BW, Xgs 15 16W, Xgg is 24W, Xap is 18W, Xz is 2W, @22 is 1357, 024 i5 90", 025 is 45",
28 is 457, 830 15 45°, 827 iS5 45°, 34 i5 45°, @3¢ 15 45° and das is 45*. A 20 dpf (22.22 diex) fiber is
spun at 3,000 m/min. The rest of the processing conditions are the same as those used in Example 1. The
lubricant level on the fiber is about 1%. The cross-section of the fiber is shown in Figure 17B. This fiber
spontaneously transports the aqueous Syltint Poly Red solution along the fiber surface. The "X" valus for
this fiber is about 2.1,
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Example 14

A disposable absorbant article is prepared comprising (a} a liquid impervious backing shest made of
poiyethylene, (b) a relatively hydrophobic, liquid pervious top sheet made of polypropylene, (c) a layered
absorbant core positioned between said backing sheet and said top sheet, and (d) tow or fibers of the
present invention. The cover or facing provided on the absorbant structure is a non-woven fabric having a
high degree of moisture permeability. For example, the fabric may be polyester, polysthylene, poly-
propylens, nylon, rayon, or the like. Preferably, the fabric used for the cover is a lightweight fabric in the
range of 0.3 to 5.0 oz/square yard (10.17 to 169.5 g/m?) and with a density iess than 0.3 g/cc. The most
suitabte fabrics have unusually high elongation, softness, and drape characteristics. Though the cover is
moisture permeabls, it is preferably of the type which after permeation of the moisture prevents strike-back
of the body fluid when the absorbant structure is approaching saturation. The body of the cellulosic fibrous
batt (fluff pulp) is substantially more wettabie than the cover and tends to draw liquid away from the facing
layer. The cellulosic batt may be wrapped in a tissue. it may not be necessary to have a tissue wrapping
the cellulosic batt, but if the cellulosic batt is quite thick, such as an inch or more, it may be desirable to
provide a tissue wrap to assist with maintsnance of the desired shape of the absorbant structure. The
cellulosic batt also contains a water-sweliable, water-insoluble absorbant composition. The superabsorbant
particles are generally in the form of a dry solid water-swellable, water-insoluble absorbant composition
such an ionic complex of a water-soluble anionic polyslectrolyte and a polyvalent metal cation. Typical
superabsorbant compositions are illustrated in U.S. Patent 4,080,013 to S.H. Ganslaw et al. and U.S. Patent
4,043,952 to S.H. Ganslaw et al. The superabsorbant material may be in the form of individual particles or
strips of film to which the superabsorbant material is adhered to other known superabsorbant compositions.
The superabsorbant material may be affixed to the base of the superabsorbant reservoir or may simply lie
independently within the reservoir. The fibers of the present invention may be placed in a tow form or fiber
bundle immediately below the top sheet as shown in Figure 19. By using the tow of the fibers of the
present invention, the body fluid (e.g., wrine) will be spread farther along the absorbant article {thus
improving the strikethrough and rewet properties), thereby more effectively utilizing the available absorbant
area and superabsorbant material and resulting in a drier skin-absorbant article interface.

Example 15

The components of the disposable absorbant article are the same as in Example 14. However, in this
case the fibers of the present invention are placed in a tow form within the cellulosic batt (absorbant core)
as shown in Figure 21. By using the tow of the fibers of the present invention, the body fiuid (e.g., urine) will
be spread farther along the absorbant arlicle (thus improving the strikethrough and rewet properties),
thereby more effectively utilizing the available absorbant area and superabsorbant material and resulting in
a drier skin-absorbant article interface.

Example 16

The components of the disposable absorbant article are the same as in Exampie 14. However, in this
case the fibers of the present invention are placed in the tow form immediately below the cellulosic batt
(absorbant core) as shown in Figure 20. By using the tow of the fibers of the present invention, the body
fluid {e.g., urine) will be spread farther along the absorbant article (thus improving the strikethrough and
rewet properties), thersby more effectively utilizing the available absorbant area and superabsorbant
material and resulting in a drier skin-absorbamt article imterface.

Example 17

The components of the disposable absorbant article are the same as in Example 14. However, in this
case the fibers of the present invention are placed in the layer containing the cellulosic batt (absorbant
core). There is an intimate blend of the staple fiber of the present invention and fluff pulp (hydrophilic
ceflulosic fiber). The fibers of the present invention are in cut, staple form 0.25 inch (6.35 mm) to 6 inches
{152.4 mmy} in length (see Figure 22). By using the tow of the fibers of the present invention, the body fluid
(e.g., urine) will be spread farther along the absorbant article (thus improving the strikethrough and rewet
properties), thereby more effectively utilizing the available absorbant area and superabsorbant material and
resulting in a drier skin-absorbant article interface.
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Example 18

The components of the disposable absorbant article are the same as in Example 14. However, in this
case the fibers of the present invention are placed in the tow form above and below the celiulosic batt
(absorbant core) as shown in Figure 26. By using the tow of the fibers of the present invention, the body
fluid (e.g., urine} will be spread tarther along the absorbant article (thus improving the strikethrough and
rewel properties), thereby more effectively utilizing the available absorbant area and superabsorbant
material and resulting in a drier skin-absorbant article interface.

Example 19

The components of the disposable absorbant article are the same as in Example 14. However, in this
case the fibers of the present invention are in the tow form and tightly compacted in the impingement zone
(the tow may also be twisted in the impingement zone) such that the fibers are substantially in contact with
sach other (thereby promoting rapid movement of urine or other bodily fluids along tha fiber axis due to the
combined action of the spontaneous surface transportable nature of these single fibers and the capillary
flow in the void space between the fibers), and toward each end of the length of the article the fibers of the

* tow flare and are substantiaily not in contact with each other. One possible arrangement is shown in Figure

24. This arrangement will allow rapid movement of urine from the impingement zone to the outer areas of
the diaper. By using the tow of the fibers of the present invention, the body fluid (e.g., urine) will be spread
farther along the absorbant article (thus improving the strikethrough and rewet properties), thereby more
effectively utilizing the available absorbant area and superabsorbant material and resulting in a drier skin-
absorbant article interface.

Example 20

Tows of this invention are very useful for making ink reservoir cartridges for writing instruments which
utilize aqueous based inks. 96/8 d/f PET yarns were made using the conditions of Exampls 1 except the
lubricant level was 3.4%. These yarns were plied, drafted 1.5X, thermally stabilized, crimped and pulled into
cylindrical cartridges (0.70 cm in diameter) such that the density in the cartridges ranged from about 0.10
g/cc to about 0.25 g/cc. Appropriate round cross-section PET control was made at 8 dpf (8.89 dtex) with 1%
of the lubricant used in Example 1, crimped and pulled into the same size cylindrical cartridges such that
the densities ranged from about 0.10 g/cc to about 0.25 g/cc. These cylindrical cartridges were cut to
lengths of 7.95 cm and ail of the testing was done using Sheaffer Skript (trademark) writing fluid, washable
black #632.

Figure 27 shows the ink hoiding capacity versus cartridge density for cartridges made from fibers of the
present invention and round fiber controls. This test basically involves dripping ink into the cartridges of
known weight held in a verticat position and determining the amount of ink the cartridge holds when it
begins to drip from the bottom of the cartridge. This weight in grams is called the ink holding capacity of
the cartridge being tested. The improvement ranges from about 13% to 26% over the range of densities
tested.

Figure 28 shows the percent ink remaining versus cartridge density for cariridges made from PET
fibers of the present invention and round PET fiber controls. Percent ink remaining is defined as

ink remaining in the cartridge after dewicking (g)
ink holding capacity (g)

x 100

where the ink remaining in the cartridge after dewicking is determined by weighing the cartridge, fitling it
with ink (ink holding capacity), weighing the cartridge plus ink, contacting the bottom of the cartridge with
Type F2 Buckeye Filter paper and dewicking until such lime as no ink leaves the cartridge, weighing the
cartridge plus ink remaining and finally subtracting the weight of the cartridge to determine the weight in
grams of the ink remaining in the cartridge. Notice the clearly superior behavior of the cariridge containing
fibers of the present invention.

Figure 29 shows useable ink versus cartridge density for cartridges made from fibers of the present
invention and round fiber controls. This lest involves dripping ink into the cartridge of known weight such
that its ink holding capacity is equaled, contacting the bottom of the cartridge with Type F2 Buckeye Filter
paper and dewicking until such time as no ink leaves the cartridge, weighing the cartridge pius unavailable
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ink and subtracling the weight of the unavailable ink (g) from the ink holding capacity {(g) to determine the
useable ink in grams. The improvement ranges from about 15% to about 30% over the range of densities
tested.

Figure 30 shows the ratic of useable ink to fiber weight versus cartridge density for cartridges made
from fibers of the present invention and round fiber controls. Notice the significant improvement of the
cartridges made from fibers of the present invention.

The invention has been described in detail with particular reference to preferred embodlments thereof,
but it will be understood that variations and modifications can be effected within the spirit and scope of the
invention.

Claims

1. A synthetic fiber which is capable of spontaneously transporting water on the surface thereof wherein
said fiber satisfies the equation

{1-X cos ¢;) < 0,

wherein .

8, is the advancing contact angle of water measured on a flat film made from the same material as
the fiber and having the same surface treatment, if any,

X is a shape factor of the fiber cross-section that satisfies the following equation

PW

4r + (m-2)D

X =

Wherlf:,nis the watted perimeter of the fiber and r is the radius of the circumscribed circle circumscribing
the fiber cross-section and D is the minor axis dimension across the fiber cross-section.

2. The fiber of Ctaim 1 wherein {1-X cos 85} < -0.3.

3. The fiber of Claim 1 wherein (1-X cos 8,)} < -0.9.

4. The fiber of Claim 1 wherein (1-X cos ¢,) < -1.2.

8. The fiber of Claim 1 wherein 25 is betwgen 1.5 and 5.

6. The fiber of Claim 1 which satisfies the equation

1271 o4
+ ¥Vdpf

Ta v (1-X cos Ga) < -0.3,

wherein v, is the surface tension of water in air in dynes/cm, p is the fiber density in grams/ce, and
dpf is the denier of the single fiber.

7. The fiber of Claim 1 wherein X is from about 1.2 to about 5.

8. The fiber of Claim 1 having a single fiber danier of betwesn 10 and 70,

9. The fiber of Claim 1 comprised of a material selected from the group consisting of a polyester,
polypropylene, polysethylene, a cellulose ester, and a nylon.

10. The fiber of Claim 9 having coated thereon a layer of a hydrophilic lubricant.
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The fiber of Claim 1 wherein the width of each groove in the fiber cross-section at any depth in the
groove is equal to or less than the width of the groove at its mouth.

An absorbant article comprising two or more fibers of Ciaim 1 wherein at least part of said fibers are
located near the center of said absorbant article and at least part of same said fibers are located away
from the center of said absorbant article; and wherein said fibers are capable of being in contact with
an aqueous fluid for at least 10 seconds near the center of said absorbant article; and wherein away
from the center of said absorbant article one or more sinks are present in said absorbant article that are
in contact with said fibers.

A tow comprising a plurality of the fibers of Claim 1.

An absorbant article comprising a diaper or incontinent pad having a major axis and a minor axis and a
length in excess of a width which comprises a top sheet, a back sheet, and an absorbant core
comprising at least one absorbant layer wherein said article further comprises the tow of Claim 13.

The article of Claim 14 wherein said tow is uniformly spread across alf or part of the width of the article
and the fibers of the tow are substantially parallet to the major axis of the article and extend from about
1/2 to substantially the length of the article.

The article of Claim 14 whersin the fibers of the tow are substantially parallel to the major axis of the
diaper and extend substantially the length of the diaper.

The article of Claim 14 whersin said absorbant core comprises fluff pulp and superabsorbant powder.

The absorbant article of Claim 14 which is a diaper containing up to 3 tows of Claim 14 wherein the
major axis of each tow lies between 30+ around the major axis of the diaper and whersin the tows lie
either just beneath the top shest or lie intimately mixed with the absorbant core or lie adjacent o the
back sheet.

Staple fibers comprising a piurality of cut fibers of Claim 1.

An absorbant article comprising a diaper or incontinent pad having a major axis and a minor axis and a
length in excess of a width comprising a top sheet, a back sheet, and an absorbant core comprising at
least one absorbant layer wherein said core comprises an intimate blend of the staple fiber of Ctaim 15
with fluff pulp.

The fiber of Claim 1 incorporated into one or more of the following: a tampon, a sweat absorbing
headband or wristband, a surgical sponge or a wound dressing, a sweat absorbing and distributing
insole for footwear, a wipe, a fabric softener strip for use in clothes dryers, a wound drain or surgical
drain, a towsel, a geotextile, athletic socks, a jogging suit, a cosmetic applicator, a furniture polish
applicator, a pap smear sampler, a throat culture sampler, a blood-analyzer test element, an ink
cartridge, a household and industrial deodorizer, a humidifier fabric, a moist filter media, an orthopaedic
cast liner, or spunbonded structures.

A spinneret having at least one orifice substantially as described in Figure 3 wherein W is between
0.064 mm and 0.12 mm;

. +4W
x2 is 4W Y
X is 2W  0.5W:
. +4W . +5W
x6 is €W —oW’ xa is 6W —2W
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*SW. % is 10w OV

is OW _jui Xy4 —2w’

X is W oW, X

10 —2W' 712

+5W, +5W,

8215 30" £ 30°; 84 is45"° £ 45*; 095 is 30 2 30": and 95 is 45° * 45,

A spinneret having at least one orifice substantially as described in Figure 4 wherein W is between 0.64
mm and 0.12 mm;

+5W
X, is 17w ow

Xoz is IW £ W, Koy is 4W £ 2W,;
X,, is +8W,
26 60W —4W'
. +5W,
X28 is 17W —ow’

X0 is 2W + 0.5W;

X . +10W,
32 18 72W Zew’

and G1p is 45° £ 15

A spinneret having at least one orifice substantially as described in Figure 5 wherein W is between
0.064 mm and 0.12 mm; Xa4 is 2W £ 0.5W.

. +20W . +20W,
x36 1s S58W _ i X4, 15 24W —eW’
180°—2§
o t15° . 12 .
612 is 20 —10°%¢ 914 is —y ;

and n = number of legs per 180° = 2 to 6.

A spinneret having at least one orifice substantially as described in Figure 6 wherein W is between
0.084 mm and 0.12 mm;

e +4W
X42 is 6w oW’
Xoa is 1IW £ 5W; Xug is 11W £ 5W; Xag is 24W £ 10W; Xso is 38W £ 13W:

21



15

20

25

30

35

40

45

50

85

26.

27.

Xsg is 11W = 5W, Xsg is 7W £ W, Moo is 17W £ 7W,; Xe2 is 2BW £ 11W; X4 is 24W = 10W,; X is

17W = 7W; Xeg is 2W £ (0.5W,

EP 0 466 778 B1

X

52

X

54

is aw

is 6W

816 is 45°

Pz is45° £ 15° and 620 iS5 45° £ 15°.

A spinneret having at least one orifice substantially as described in Figure 7 wherein W is between

0.064 mm and 0.12 mm;

Xq is 2W £ 0.5W;

X0

X16

+3W,

—1w’

+6W
—2u'

+30°
~15¢°

+4W
X, is 4w AT,
. +4W . +5W
XG is 6W —oWi Xa 1s 6W —W
- +5W . +5W . +SW
is MW _oui Xy, 15 9W —1W’ XH is 10W oW’
. +5W . +5W,
is 11W —2W xlB 18 6W —oW’

0:i5307 £ 30°; 604 is 45" £ 45,9 is30° £ 30°; and g5 is 45° * 45°.

A spinneret having at least one orifice substantially as described in Figure 8 wherein W is between

0.064 mm and 0.12 mm;

X4 is 2W = 0.5W;

X

10

X

is 7W

+5W
—2w’

x2 is 4W

58 6W

X

12

+4W
—2W'

22

Xg

s 9W

+4W

iw’

is €W

+5W,
—1w’

+5W
-29/

X14 1S 10W

+5W
~—2W
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X is 6W +5W,

. +5W
X, is 11W 18 oW’

16 —2W’
B2 is 30° + 30°*; 84 is45° + 45°; 05 is30° + 30°;and 93 is 45° = 45°.

28. A spinneret having at least one orifice substantially as described in Figure 6A whersin W is between
0.064 mm and 0.12 mm,

. +4W

X,, is W o
+4W
X;4 is ¥ _ows

X7g is 12W £ AW, Xrg is BW + AW, Xgo is 24W £ 12W, Xg2 is 18W £ 6W,

. +4W
Xgyq 18 BW _ur

Xge is 16W t 6W, Xgg is 24W £ 12W, Xoo is 18BW £ B8W, Xap is 2W £ 0.5W, 9,2 is 135 £ 30",

45°

6 30°’

24 18 90° *

B2 iS45° £ 15% 023 iS45° £ 15", 030 i 45° * 157,83, 1545 £ 15°, 034 i5 45° * 15°, 03¢ i5 45°
* 15, and @35 is 45" 15",

29. A process for preparing a fiber that satisfies the equation
(1-X cos 8,) < 0,

wherein

4 is the advancing contact angle of water measured on a flat film made from the same material as
the fiber and having the same surface treatment,

X is a shape factor of the fiber cross-section that satisfies the following equation

Py

4r + (n-2)D

X =

whersin

P, is the wetted perimeter of the fiber and r is the radius of the circumscribed circle circumscribing
the fiber cross-section and D is the minor axis dimension across the fiber cross-section,
comprising heating a fiber-forming material at or above its melting point and extruding said heated
material through a spinneret having al least one orifice capable of forming the dssired fiber, and
applying an appropriate surface treatment.

30. Process for spontanecusly transporting an aqusous fluid comprising contacting at least a synthetic fiber
according to any of claims 1 to 11 with the aqueous fluid to be transported.
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31. Process for spontaneously transporting an alcoholic fluid comprising contacting at least a synthetic fiber
according to any of claims 1 to 11 with the alcoholic fluid to be transported.
Patentanspriiche
1. Synthetische Faser, die beféhigt ist, spontan Wasser auf ihrer Oberfidche zu transportieren, wobei die
Faser folgender Gleichung gentigt:
(1-X cos 8,) < 0,
worin
@8, der vorstehende Kontaktwinkel des Wassers ist, gemessen an einer flachen Folie, hergestslit aus
dem gleichen Material wie die Faser und mit der gleichen Cberfldchenbehandlung, falls {iberhaupt,
X ist ein Formfaktor des Faserquerschnitts, der der folgenden Gleichung genligt:
Pw
X =
4r + (n=2)D
worin
P, der befeuchtete Umtfang der Faser und r der Radius desjenigen umschrisbenen Kreises ist, der
den Faserquerschnitt umschreibt, und D ist die kleinere Achsendimension {iber den Faserquerschniti.
2. Faser nach Anspruch 1, wobei (1-X cos 8,) < -0.3 ist.
3. Faser nach Anspruch 1, wobei (1-X cos 8,) < -0.9 ist.
4. Faser nach Anspruch 1, worin (1-X cos 8,) < -1.2 ist.
5. Faser nach Anspruch 1, wobei 25 zwischen 1,5 und 5 ist.
6. Faser nach Anspruch 1, welche der folgenden Gleichung genligt:
2212070 | =
Tia + Vdpt + (1-X cos aa) < -0.3,
)
worin y.a die Oberflichenspannung des Wassers in Euft in Dyn/cm ist, p die Faserdichle in
Gramm/cm?3, und dpf der Denier-Wert der einzelnen Faser.
7. Faser nach Anspruch 1, wobei X von etwa 1,2 bis etwa 5 ist.
8. Faser nach Anspruch 1 mit einem Denier-Wert der einzelnen Faser von zwischen 10 und 70.
9. Faser nach Anspruch 1, umfassend ein Material ausgewdhit aus der Grupps bestehend aus: Einem
Polyester, Polypropylen, Polyethylen, einem Celluloseester und einem Nylon.
10. Faser nach Anspruch 9, die mit einer Schicht eines hydrophilen Schmierstoffes beschichiet ist.
11. Faser nach Anspruch 1, wobei die Breite jeder Verliefung im Faserquerschnilt bei beliebiger Tiefe der
Vertiefung gleich oder geringer der Breite der Vertiefung an dessen Offnung ist.
12. Absorbierender Gegenstand, umfassend zwei oder mehrere Fasern nach Anspruch 1, wobei wenigstens

ein Jeil der Fasern nahe dem Zentrum des absorbierenden Gegenstands angeordnet ist und wenig-
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stens ein Teil der Fasern jenseits des Zentrums des absorbierenden Gegenstands angeordnet ist; und
wobei die Fasern fahig sind, in Kontakt mit einer wiBrigen Flissigkeit Uber wenigstens 10 Sekunden
nahe dem Zentrum des absorbierenden Gegenstands zu sein; und wobei abseits von dem Zentrum des
absorbierenden Gegenstands eine oder mehrere Senken in dem absorbierenden Gegenstand vorhan-
den sind, die in Kontakt mit den Fasern sind.

Seil, umfassend eine Vielzahl der Fasern nach Anspruch 1.

Absorbierender Gegenstand, umfassend eine Winde! oder Inkontinenteneinlage mit einer Hauptachse
und efner Nebenachse und einer Lénge, die die Breite {iberragt, welche umfadt: Eine obere Schicht,
eine Unterschicht und einen absorbierenden Kern, der wenigstens eine absorbierende Schicht umfast,
wobei der Gegenstand weiterhin das Seil nach Anspruch 13 umfast.

Gegenstand nach Anspruch 14, wobei das Seil gleichfdrmig Uber die gesamte oder sinen Teil der
Breite des Gegenstands ausgelegt ist und die Fasern des Seils im wesentlichen parallel zu der
Hauptachse des Gegenstands sind und sich von etwa 1/2 bis im wesentlichen zu der Linge des
Gegenstands erstrecken,

Gegenstand nach Anspruch 14, wobsi die Fasern des Seiles im wesentlichen parallel zu der Hauptach-
se der Windel sind und sich im wesentlichen entlang der Linge der Windel erstrecken.

Gegenstand nach Anspruch 14, wobei der absorbierende Kern Flaumzellstoff und superabsorbierendes
Pulver umfaft.

Absorbierender Gegenstand nach Anspruch 14, der eine Winde! ist, die bis zu drei Seile nach
Anspruch 14 enthdlt, worin die Hauptachse von jedem Seil zwischen +30°* um die Hauptachse der
Windel liegt und worin die Seile entweder gerade unterhalb der Oberschicht oder innig vermischt mit
dem absorbierenden Kern cder benachbart zu der Unterschicht liegen.

Stapelfasern, umfassend eine Vielzahl geschnittener Fasern nach Anspruch 1.

Absorbierender Gegenstand umnfassend eine Windel oder eine Inkontinentensinlage mit einer Hauptach-
se und einer Nebenachse und einer Liinge Ubersteigend die Breite, umfassend sine Oberschicht, eine
Unterschicht und einen absorbierenden Kern, umfassend wenigstens eine absorbierende Schicht, wobei
der Kern eine innige Vermischung der Stapetfaser nach Anspruch 15 mit dem Flaum-Zellstoff umfast.

Faser nach Anspruch 1, eingearbeitet in eines oder mehrere des folgenden: Ein Tampon, ein Schweil-
absorbierendes Kopfband oder Armband, einen chirurgischer Schwamm oder eine Wundabdeckung,
sine SchweiB-absorbierende und verteilende Einlage fiir FuBbekleidung, einen Wischer, sinen Gewebe-
weichmacherstreifen zur Verwendung in Stofftrocknern, eine Drainage flir Wunden oder fir chirurgische
Zwecke, ein Handtuch, eine Geotextilie, athietische Striimpfe, einen Jogging-Anzug, einen kosmeti-
schen Applikator, einen Applikator fiir Mobelpolitur, einen Kleisterschmieresammler, einen Proben-
sammler flir den Hals, ein Blutanalysiertestelernent, eine Tintenpatrone, einen Haushalts- und Industrie-
deodorisierer, ein Befeuchtungsgewebs, ein feuchtes Filtermedium, eine orthopidische Formverstir-
kung, oder Spunbonded-Strukturen.

Spinndlise mit wenigstens einer Otfnung im wesentlichen wie in Figur 3 beschrieben, wobei W
zwischen 0,064 mm und 0,12 mm ist;

X ist 4w 4w,

20 LM

Xy ist 2W 1 0.5W;
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. +4W . +5W
Xg ist 6W To0; Xg istew T4,
. +5W . +5Y
. : . +5W . +5W
X o 1ETW 00 X, istow PN x o istiow Toni X, ist1lW _gw;
. +5W
)(18 1st6W oW

B2 ist 30° 2 30", 64 ist 45" £ 45°; 8¢ ist 30* £ 30°; und 8g ist 45° 2 45",

23. Spinndiise mit wenigstens einer Offnung im wesentlichen wie in Figur 4 beschrieben, wobei W
zwischen 0,084 mm und 0,12 mm ist; Xz0

+5W

17W o0

Xoz ist 3W = W; Xoq ist 4W £ 2W;

et +8W
: +5W
t .
X,g ist17Ww 720
Xao ist 2W = 0.5W;
e\ ey +1OW,

und g,p ist 45°* = 15

24. Spinndiise mit wenigstens einer Offnung im wesentlichen wie in Figur 5 beschrieben, wobsi W
zwischen 0,064 mm und 0,12 mm ist; Xa4 ist 2W t 0.5W;

. +20W . +20W,
x36 istS8wW ~10W/ x38 ist 24w Y
180°—24
'y +15°, - .
6,5, 1st20° ;5.7 0,4 1st—u-n_1 ;

und n = Anzahl der Beine pro 180° = 2 bis 6.

25. Spinndiise mit wenigstens einer Offnung im wesentlichen wie in Figur 6 beschricben, wobei W
zwischen 0,064 mm und 0,12 mm ist;
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: +4W
Xgp 1st W o

Xoo ist TIW £ BW, Xyo ist 11W £ 5W; Xug ist 24W £ 10W; Xso ist 38W £ 13W;

. +3W
Xg, ist3w T 0

. +6W
Xg, isteWw "o

Xse ist 11TW £ 5W; Xgg ist 7W £ BW,; Mo ist 17W £ 7W, Xg2 ist 2B8W £ 11W,; Xeu ist 24W £ 10W; Xge

ist 17W £ 7W; X5 ist 2W £ 0.5W;

: . +30°,
816 1st45 —1507

¢g ist 45° £ 15 und 6zp ist 45 2 15~

Spinndiise mit wenigstens einer Oftnung im wesentlichen wie in Figur 7 beschrieben, wobei W

zwischen 0,064 mm und 0,12 mm ist;

X. ist +AW,
2 4w -1’
X4 ist 2W * 0.5W;

. +4W . +5W
)r."5 J..stei-i —W Xa ist 6W —Wi
. +5W \ +5W , +5W
xlO ist7W Y Xlz ist 9W —1W’ X14 1st10W ~2W/

. +5W . +5W

X16 ist11W —2u’ x18 istew T

Ga ist 45° £ 457; 6¢ ist 30" £ 30°; und g ist 45° + 45+,

Spinndiise mit wenigstens einer Offnung im wesentlichen wie in Figur 8 beschrisben, wobei W

zwischen 0,064 mm und 0,12 mm ist;

. +4W

Xy ist 2W £ 0.5W;
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] +4W . +5W,
x6 ist6W .7 Xg ist 6W 2w
. +5W s ot +5W : +5W
x10 ist 7w —2W’ J'(l2 istow -1 x14 ist 10W —
. +5W < +5W
J'(:ls ist11W 2w’ x18 ist 6W —W

G205t 30 £ 30°; 04 ist 45" £ 45"; 06 ist 30" £ 30*; und 9g ist 45* £ 45",

Spinndilse mit wenigstens einer Offnung im wesentlichen wie in Figur 6B beschrieben, wobei W
zwischen 0,064 mm und 0,12 mm ist,

. +4W

X,, ist 8W ..,
. +4W

X.“ istgw —oW

Kre ist 12W * 4W, X7 ist BW £ 4W, Xgo isl 24W £ 12W, Xg2 ISt 18W £ BW,

+4W

Xy, istaw Ton,

84

Xge ist 16W £ BW, Xgg ist 24W £ 12W, Xao ist 18W £ 6W, Xy ist 2W £ 0.5W, 922 ist 135° £ 30,

. 45°

L ]
824 ist90°* + ape”
026 ist 45° £ 15°, 625 iSt 45° * 16°, g30 ist 45° £ 15°, 32 ist 45° + 15°, 9as ist 45°  15°, 936 ist
45 + 15* und @ag ist 45° £ 15-.

Verfahren zur Herstellung einer Faser, die der folgenden Gleichung geniigt:
{1-X cos 8,) < Q,

wobei
8, der vorstehende Kontaktwinkel des Wassers ist, gemessen auf einer flachen Folie, die aus dem
gleichen Material wie die Faser hergestellt wurde und welche die gleiche Oberflichenbehandlung hat,
X ist sin Formfaktor flr den Faserquerschnitt, der der folgenden Gleichung genigt:

PW

4r + (m—2)D

X =

wobei

Py ist der befeuchtete Umfang der Faser und r ist der Radius des Kreises, der den Faserquer-
schnitt umschreibt und D ist die Nebenachsendimension liber dem Faserquerschnitt,
umfassend das Erwidrmen eines Faser-bildenden Maiterials bei oder oberhalb dessen Schmelzpunkt
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und Extrudieren des erwidrmten Materials durch eine Spinndiise mit wenigstens einer Offnung, die
befidhigt ist, die gewlinschte Faser zu bilden, und Anwendung einer gesigneten Oberflichenbehand-
lung.

Vertahren zum spontanen Transport von wi#Brigen Flussigkeiten, umfassend das in-Kontakt-bringen
wenigstens einer synthetischen Faser nach einem der Anspriiche 1 bis 11 mit einer zu transportieren-
den wiBrigen Fllssigkeit.

Verfahren zum spontanen Transport siner alkoholischen Filtssigkeit, umfassend das in-Kontakt-bringen
wenigstens einer synthetischen Faser nach einem der Anspriiche 1 bis 11 mit einer zu transportieren-
den alkoholischen Flissigkeit.

Revendications

Fibre synthétique qui est capable de transporter spontanément 'eau 4 sa surface, dans laquslle ladite
fibre satisfait 'équation :

{(1-X cos 8,) <0,
dans laquelle
6, est I'angle de contact rentrant de I'eau mesuré sur un film plat de la m&me matiére que la fibre

et ayant ls cas échéant le méme traitement de surface,
X est un facteur de forme de la section droite de la fibre qui satisfait I'équation suivante :

X = _P‘H_
4r + (m=2)D

dans laquelle
P, est le périmétre de la fibre mouiliée et r est le rayon du cercle circonscrit A la section droite de
la fibre et D est le petit axe de la section droite de la fibre.
Fibre selon la revendication 1, dans laquelle (1-X cos ¢,) < -0,3.
Fibre selon la revendication 1, dans lagusile (1-X cos ¢,) < -0,9.
Fibre selon la revendication 1, dans laquelle (1-X cos 8,) < -1.,2.
Fibre selon la revendication 1, dans laquelle le rapport 2r/D est compris entre 1,5 et 5.
Fibre selon la revendication 1, qui satisfait I'équation :

12r-10-4
YLA . ":"n"'-\l'-s""'—' - Vd_p-f . (l-x Ccos Ba) _<_ _0:31

dans laquelle

vyLa &5t la tension superficielle de I'eau dans I'air en dynes/cm,

p est la densité de la fibre en g/cm? et

dpf est le denier de la fibre isolée.

Fibre selon la revendication 1, dans faquelle X est compris entre environ 1,2 st environ 5.

Fibre selon la revendication 1, ayant un denier de fibre isolée compris entre 10 et 70.
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Fibre selon la revendication 1, constituée d'une matigre choisie parmi un polyester, le polypropyléne, le
polyéthyléne, un ester de cellulose et un Nylon.

Fibre selon la revendication 9, sur laquelle est appliquée une couche d'un lubrifiant hydrophile.

Fibre selon la revendication 1, dans laquelle la largeur de chaque rainure dans fa section droite de la
fibre a n'importe quelle profondeur dans a rainure est égale ou inférieure 2 la largeur de la rainure 2
son ouverture.

Article absorbant comprenant deux ou plusieurs fibres sslon la revendication 1, au moins une partie
desdites fibres sont situées prés du centre dudit article absorbant st au moins une partie des mémes
dites fibres sont éloignées du centre dudit article absorbant ; et dans lequel lesdites fibres sont
capables d'étre en contact avec un fluide aqueux pendant au moins 10 s prés du centre dudit article
absorbant ; et dans lequel il y a dans ledit article absorbant loin du centre dudit article absorbant un ou
plusieurs pigges qui sont en contact avec lesdites fibres,

Céble de fitaments comprenant plusieurs des fibres selon la revendication 1.

Article absorbant consistant en une couche ou une couche pour incontinent ayant un grand axe et un
petit axe el une longueur supérieure A la largeur, qui comprend une feuille supérieure, une feuille
dorsale et un noyau absorbant comprenant au mains une couche absorbante, dans lequel ledit article
comprend en outre {e cible selon la revendication 13.

Article selon la revendication 14, dans lequsl ledit cAble est étalé uniformément sur tout ou partie de la
largeur de l'article et les fibres du cible sont praliquement paralléles au grand axe de l'article et
s'étendent sur environ ia moitié a pratiquement la longueur de I'article.

Article selon la revendication 14, dans lequel les fibres du céble sont pratiquement paraliéles au grand
axe de la couchs et s'étendent sur pratiquement la longusur de I'article.

Article selon la revendication 14, dans lequet ledit noyau absorbant comprend une pite de peluches et
une poudre supserabsorbante.

Article absorbant selon la revendication 14, qui est une coucha contenant jusqu'a 3 cdbles selon la
revgndication 14, dans lequsl le grand axe de chague cible est orienté & environ * 30 de part et
d'autre du grand axe de la couche et dans lequel les cdbles sont situés juste sous la couche
supérieurg, ou sont intimement mélangés avec le noyau absorbant ou sont voisins de la feuille dorsale.

Fibres coupées comprenant plusieurs fibres selon la revendication 1, coupées.

Article absorbant consistant en une couche ou une couche pour incontinent ayant un grand axe et un
petit axe et une longueur supérieurs & la largeur, comprenant une feuille supérieure, une faville dorsale
et un noyau absorbant comprenant au moins une couche absorbante, dans lequel ledit noyau
comprend un mélange intime des fibres coupées selon la revendication 15 avec une pite de psluches.

Fibre selon la revendication 1 incorporée dans un ou plusieurs des articles suivants . une serviette
periodique, un bandeau absorbant la sueur pour la t8te ou les poignets, une éponge chirurgicale ou un
pansement, une semelle intérieure absorbant et distribuant la sueur pour chaussures, un torchon, une
bande d'assouplissement pour étoffes 2 utiliser dans les séchoirs, un drain pour plaie ou drain
chirurgical, une serviette de toilette, un géotextile, des sogusltes pour athiéte, un costume de jogging,
un applicateur de cosmétigue, un applicateur d'agent polissant de meubles, un porte-échantilion de
frottis, un porte-échantilion de culture pharyngée, un élément-test pour analyseur de sang, une
carlouche A encre, un désodorisant domestiqus ou industriel, un tissu humidificateur, un milieu filtrant
humecté, un platre orthopédigue ou des structures non tissées.

Filiere ayant au moins un orifice essentiellement comme décrit dans la figure 3, dans laquelle W est
compris entre 0,064 et 0,12 mm ;
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_aw HW.
X7 =4W _IW

X4 = 2W £ 0,5W;

Xe=6W ou;  Xg=6W 3w,

-2W

+3W - +SW | - +3W
X10=TW 5w X12=9W 1w, X14=10W OW

SW
X18=6W tzw ;

B2 = 30" 30" ;0. = 45° £45° ;9. = 30° £ 30" ;et 6y = 45°* + 45,

Filidre ayant au moins un orifice essentiellement comme décrit dans la figure 4, dans laquelle W est

compris entre 0,064 et 0,12 mm ;

+5W
oz = WL W Xpy = 4W £ 2W
+8W |
X26=60W 4w ;
_ +5W |
X28 = 17TW Sw

X30 = 2W + 0.5W ;

10w
X3 =712 W tSW :

et 810 = 45° 2 15,

Filiere ayant au moins un orifice essentiellement comme décrit dans la figure 5, dans laquelle W est

compris entre 0,064 et 0,12 mm ; X3« = 2W = 0,5W ;

X1g=11W 7

X36=58W *300 . Xag=24w Y20V 915 = 200 15

180°-26
014 = 202012,

3

-10°

IW
2W ?
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et n = nombre de branches par 180" = 2 } 6.

25. Filigre ayant au moins un orifice essentisllement comme décrit dans la figure 6, dans laquelle W est
compris entre 0,064 et 0,12 mm ;

= aw HW
X42=6W Ly s

Xaa

TIW £ W | Xye = 1IW £ 5W [ Xyg = 24W £ 10W ; X0 = 3BW £ 13W ;

3w, 6W
Xs52=3W ilW ; X54=6W ..tzw ;

Xsg = 1TIW £ 5W ;[ Xeg = TW 2 5W ; Xe0 = 1T7TW 2 7W ; X2 = 28W £ 11W ; Xes = 24W = 10W ;
X5 17TW £ 7W ; Xeg = 2W 2 05 W ;

- o+30°,
016= 45 215

Gig = 45" £ 15° 6l B2 = 45° £ 15°,

26. Filiére ayant au moins un orifice essentiellement comme décrit dans la figure 7, dans laquelle W est
compris entre 0,064 et 0,12 mm ;

- +HW
Xa =4W W

Xy = 2W10,5W,

- +5W | SW | - +SW
X10=7TW SW X172 =9W R X14 = 10W W X16 = 11W AW
SW
X18=6W Dy s

62 = 30° £30° ;8¢ = 45° 45" ;9 = 30" * 30" ; el s = 45° = 45°.

27. Filiere ayant au moins un orifice essentiellement comme décrit dans la figure 8, dans faquelle W est
compris entre 0,064 et 0,12 mm ;

= qw HW
X2=4W Jiw s

Xe = 2W 2 0,5W;
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= +5W
Xg=6W 2W’x8 oW w
+5W - +5W - +5W +5W
X10=7TW 5w X12=9W Swe X14=10W Sy X1e=11W DWW
SW
X8 =6W +2w ‘

= 30" £30° ;0 =45° £45° ;6 = 30° £ 30° ;et6s = 45° £ 45°.

Filiere ayant au moins un orifice essentiellement comme décrit dans fa figure 6B, dans laquelle W est
compris entre 0,064 et 0,12 mm ;

X74 = 8W HW.

_qw HMW
X772 =8W Cow

2W

X6 = 12W 2 AW ; X5 = BW £ 4W ; Xgp = 24W £ 12W ; Xpp = 1BW £ 6W ;

Xgq = gw +4 2W'

1l
;

X35 16W £ 6W ; Xgs = 24W £ 12W ; Xgp = 18W £ BW ; X9 = 2ZW £t 0,5W ; 822 = 135" + 130" ;

o, +45°
924 = 90 i _300 s

B2 = 45° £ 15° ; 835 = 45* £ 15* [ f3¢ = 45° £ 15° ;632 = 45* + 15° ; 834 = 45* £ 15° ; 93¢
= 45 £ 15" ; et fag = 45" + 15~

Procédé pour la préparation d'une fibre qui satisfait I'équation :
(1-X cos 9,) <0,

dans laguelle

8, est I'angle de contact rentrant de I'eau mesuré sur un film plat de la m&me matigére que la fibre
ot ayant le cas échéant le méme traitement de surface,

X est un facteur de forme de la section droite de la fibre qui satisfait I'équation suivante :

X = —tw
4r + (n-2)D

dans laquelie

P, est te périmétre de la fibre mouillée et r est le rayon du cercle circonscrit 4 la section droite de
la fibre et D est le petit axe de la section droite de la fibre,

comprenant le chauffage d'une matiére formant des fibres & son point de fusion ou au-dessus et
I'extrusion de ladite matiére chauffée a travers une filiére ayant au moins un orifice capable de former
la fibre désirée et I'application d'un traitement de surface approprié.

Procédé pour transporter spontanément un fluide aqueux, comprenant ia mise en contact d'au moins

une fibre synthétique selon l'une quelconque des revendications 1 & 11 avec le fluide agueux &
transporter.

Procédé pour transporter spontanément un fluide alcoolique, comprenant la mise en contact d'au moins

une fibre synthétique selon I'une quelconque des revendications 1 & 11 avec le fluide alcoolique &
transporter.
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Fig. 3
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Fig. 6 B
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Fig. 7
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Fig. 9
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Fig. 10
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