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(57) ABSTRACT 

Spinnerette including a plate comprising a plurality of 
capillaries Which have capillary ends With dividers Which 
divide each capillary end into a plurality of openings, and a 
process of making polymeric ?ber. The process includes 
passing a molten polymer through a spinnerette comprising 
a plurality of capillaries Which have capillary ends With 

(22) Filed; Jun_ 28, 2002 dividers Which divide each capillary end into a plurality of 
openings so that the molten polymer is formed into separate 

Publication Classi?cation polymeric ?bers for each opening or the molten polymer is 
formed into partially split ?ber for each capillary, and 

(51) Int. Cl.7 ..................................................... .. D02G 3/00 quenching the molten polymer to form polymeric ?ber. 
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PROCESS FOR MAKING POLYMERIC FIBER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a spinnerette for splitting 
a stream of molten polymer into a plurality of ?bers as the 
polymer is extruded through a capillary of the spinnerette. 
This invention also relates to methods of making polymeric 
?bers, to polymeric ?bers, and to nonWoven articles made 
from polymeric ?bers. More speci?cally, the ?bers of the 
present invention are capable of providing soft feeling 
nonWoven materials that have adequate tensile strength. The 
present invention also relates to ?bers that are self-crimping, 
and Which can also be subjected to mechanical crimping. 

[0003] 2. Discussion of Background Information 

[0004] NonWoven fabrics, Which are used in products such 
as diapers, involve cloth produced from a preferably random 
arrangement or matting of natural and/or synthetic ?bers 
held together by adhesives, heat and pressure, or needling. 
NonWoven fabrics can be produced in various processes, 
such as by being spunbonded or cardbonded. 

[0005] In the production of spunbonded nonWoven fab 
rics, ?bers leaving a spinnerette are collected as continuous 
?ber, and bounded to form the nonWoven fabric. In particu 
lar, in a spunbond process, the polymer is melted and mixed 
With other additives in an extruder, and the melted polymer 
is fed by a spin pump and extruded through spinnerettes that 
have a large number of capillaries. Air ducts located beloW 
the spinnerettes continuously attenuate and cool the ?la 
ments With conditioned air. DraW doWn occurs as the 
?laments are draWn over the Working Width of the ?laments 
by a high-velocity loW-pressure Zone to a moving conveyor 
belt Where the ?laments are entangled. The entangled ?la 
ments are randomly laid doWn on a conveyor belt Which 
carries the unbonded Web for bonding, such as through a 
thermal calender. The bonded Web is then Wound into a roll. 

[0006] In the production of cardbonded nonWoven fabrics, 
?laments are extruded from spinnerettes in a manner similar 
to the spunbonded process. The ?laments are either Wound 
or collected in a can and subsequently cut into staple form 
of short length ranging from 0.5 mm to 65 mm Which are 
carded and then bonded together, e.g., by a calender having 
heating points, or by hot air, or by heating through the use 
of ultrasonic Welding. For example, staple ?bers can be 
converted into nonWoven fabrics using, for example, a 
carding machine, and the carded fabric can be thermally 
bonded. 

[0007] Staple ?ber production processes include the more 
common tWo-step “long spin” process and the neWer one 
step “short spin” process. The long spin process involves a 
?rst step comprising the melt-extrusion of ?bers at typical 
spinning speeds of 300 to 3000 meters per minute. In the 
case of polypropylene the spinning speeds usually range 
from 300 to 2,500 meters per minute (and up to 10,000 
meters per minute for polyester and Nylon). The second step 
involved draW processing Which is usually run at 50 to 300 
meters per minute. In this process the ?bers are draWn, 
crimped, and cut into staple ?ber. 

[0008] The one-step short spin process involves conver 
sion from polymer to staple ?bers in a single step Where 
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typical spinning speeds are in the range of 50 to 250 meters 
per minute or higher. The productivity of the one-step 
process is maintained despite its loW process speed by the 
use of about 5 to 20 times the number of capillaries in the 
spinnerette compared to that typically used in the long spin 
process. For example, spinnerettes for a typical commercial 
“long spin” process include approximately 50-4,000, pref 
erably approximately 2,000-3,500 capillaries, and spinner 
ettes for a typical commercial “short spin” process include 
approximately 500 to 100,000 capillaries preferably about 
25,000 to 70,000 capillaries. Typical temperatures for extru 
sion of the spin melt in these processes are about 250-325° 
C. Moreover, for processes Wherein bicomponent ?bers are 
being produced, the numbers of capillaries refers to the 
number of ?laments being extruded. 

[0009] The short spin process for manufacture of polypro 
pylene ?ber is signi?cantly different from the long spin 
process in terms of the quenching conditions needed for spin 
continuity. In the short spin process, With high capillary 
density spinnerettes spinning around 100 meters/minute, 
quench air velocity is required in the range of about 900 to 
3,000 meters/minute to complete ?ber quenching Within one 
inch beloW the spinnerette face. To the contrary, in the long 
spin process, With spinning speeds of about LOGO-2,000 
meters/minute or higher, a loWer quench air velocity in the 
range of about 15 to 150 meters/minute, preferably about 65 
to 150 meters/minute, can be used. 

[0010] With the above production processes in mind, the 
most desirable ?ber for nonWoven applications has proper 
ties Which Will give high fabric strength, soft touch, and 
uniform fabric formation. The ?ber is often used to form 
nonWoven cover stock, Which is typically used for hygiene 
products, such as a top sheet of a diaper. In such applica 
tions, one face or side of the cover stock material is placed 
in contact With a human body, for example, placed on the 
skin of a baby. Therefore, it is desirable that the face in 
contact With the human body exhibit softness. 

[0011] Softness of the nonWoven material is particularly 
important to the ultimate consumer. Thus, products contain 
ing softer nonWovens Would be more appealing, and thereby 
produce greater sales of the products, such as diapers 
including softer layers. 

[0012] Recent advancement in spunbonded fabric technol 
ogy has improved the uniformity and fabric strength of the 
spunbonded fabrics. In the nonWoven market, spunbonded 
fabrics are taking over a good portion of the cardbonded 
fabric market. Accordingly, there exists a need for improved 
cardbonded fabrics in the nonWoven materials market. 

[0013] Still further, W0 01/ 11119 and Slack, Chemical 
Fibers International, Vol. 50, April 2000, pages 180-181, the 
disclosures of Which are incorporated by reference herein in 
their entireties, disclose ?bers having a fat C-shaped cross 
section. 

[0014] Although currently available technology is usually 
able to achieve the desired level of fabric bulkiness, strength 
and softness, currently available technology may not alWays 
be economical. Some ingredients may be prohibitively 
costly, and the production rate may be too loW to be 
economical. Also, it is knoWn that fabric strength and 
softness can be increased if a ?ner ?ber is used in construct 
ing the nonWoven fabric. Many hygiene products currently 
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in production have spin denier ranging from 2.0 to 4.0 dpf. 
The production of ?ner ?ber, however, usually involves 
reduced production rates. Accordingly, there exists a need 
for improved ?bers for either spunbonded or cardbonded 
fabrics Which are economical to manufacture. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to the production of 
?bers, preferably ?ne denier ?bers. 

[0016] The present invention relates to the production of 
?bers, preferably ?ne denier ?bers, at high production rates. 

[0017] The present invention relates to stressing extruding 
polymer at an exit of a capillary to divide a ?ber into a 
plurality of ?bers. 

[0018] The present invention relates to stressing extruding 
polymer at an exit of a capillary to affect the cross-sectional 
shape of the ?ber. 

[0019] The present invention also relates to providing a 
spinnerette for splitting a stream of molten polymer into a 
plurality of ?bers as the polymer extruded through the 
spinnerette. 
[0020] The present invention also relates to providing a 
differential stress to the extruding polymer at an exit of 
capillaries in the spinnerette to affect the cross-sectional 
shape of the ?ber. 

[0021] The present invention also relates to providing 
self-crimping ?bers Which may be used With or Without 
mechanical crimping. 

[0022] The present invention also relates to providing 
?bers With and Without a skin-core structure. For example, 
the hot extrudate can be extruded at a high enough polymer 
temperature in an oxidative atmosphere under conditions to 
form a skin-core structure. 

[0023] The present invention also relates to providing 
?bers for making nonWoven fabrics, such as cardbonded or 
spunbonded nonWoven fabrics. 

[0024] The present invention also relates to providing 
thermal bonding ?bers for making fabrics, especially With 
high softness, cross-directional strength, elongation, and 
toughness. 

[0025] The present invention also relates to providing 
loWer basis Weight nonWoven materials that have strength 
properties, such as cross-directional strength, elongation and 
toughness that can be equal to or greater than these strength 
properties obtained With ?bers at higher basis Weights made 
under the same conditions. 

[0026] The present invention also relates to providing 
?bers and nonWovens that can be handled on high speed 
machines, including high speed carding and bonding 
machines, that run at speeds as great as about 500 m/min. 

[0027] The present invention relates to a spinnerette com 
prising a plate comprising a plurality of capillaries Which 
have capillary ends With dividers Which divide each capil 
lary end into a plurality of openings. 

[0028] The present invention also relates to a process of 
making polymeric ?ber comprising passing a molten poly 
mer through a spinnerette comprising a plurality of capil 
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laries Which have capillary ends With dividers Which divide 
each capillary end into a plurality of openings so that the 
molten polymer is formed into separate polymeric ?bers for 
each opening or the molten polymer is formed into partially 
split ?ber for each capillary, and quenching the molten 
polymer to form polymeric ?ber. 

[0029] The plurality of capillaries can have a diameter of 
about 0.2 to about 1.3 mm. 

[0030] The plurality of capillaries can comprise a capillary 
upper diameter Which is less than a capillary loWer diameter, 
and Wherein a junction betWeen the capillary upper diameter 
and the capillary loWer diameter forms a ridge. The capillary 
loWer diameter can be about 0.2 to about 1.3 mm. The 
capillary upper diameter can be about 0.6 to about 3.0 mm. 

[0031] The ridge can comprise a ridge Width of about 0.04 
to about 0.8 mm. 

[0032] The dividers can comprise a divider Width Which is 
about 0.1 to about 0.4 mm. 

[0033] The spinnerette can further comprise a face having 
the plurality of openings, and Wherein the dividers have 
divider ends Which are ?ush With the face. 

[0034] The dividers can comprise a divider height Which 
is about 0.2 to about 2.0 mm. 

[0035] The plurality of capillaries can comprise a ratio of 
a capillary upper diameter to a capillary loWer diameter 
Which is about 4:1 to about 1.5:1. 

[0036] The plurality of openings comprise tWo, three, four 
or more openings. 

[0037] The divider can have a tapered Width. 

[0038] The polymer preferably comprises polypropylene. 

[0039] The polymer ?oW rate per capillary can be about 
0.02 to about 0.9 gm/min/capillary. 

[0040] The polymeric ?ber can have a spun denier of 
about 0.5 to about 3. 

[0041] The plurality of capillaries can have a diameter of 
about 0.2 to about 1.3 mm. 

[0042] The spinnerette can be heated, such as electrically 
heated. 

[0043] The polymeric ?ber can have a substantially half 
circular cross-section or a fat C-shaped cross section. 

[0044] The polymeric ?ber can be self-crimping, and the 
process can further comprise mechanically crimping of the 
polymeric ?ber. 

[0045] The polymeric ?ber can comprise a skin-core poly 
meric ?ber. Moreover, the polymer can be extruded in an 
oxidative atmosphere under conditions such that the poly 
meric ?ber has a skin-core structure. 

[0046] The present invention also relates to nonWoven 
materials comprising polymeric ?ber made by the process of 
the present invention, to hygienic products comprising at 
least one absorbent layer, and at least one nonWoven fabric 
comprising ?ber made by the process of the present inven 
tion thermally bonded together, and to polymeric ?ber 
produced by the process of the present invention. The 
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present invention also relates to Wipes, Which can be 
hydroentangled ?bers of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] The present invention is further described in the 
detailed description Which folloWs, in reference to the noted 
plurality of non-limiting drawings, and Wherein: 

[0048] FIG. 1A is a bottom vieW of a ?rst embodiment of 
a short spin spinnerette according to the present invention 
involving 2-Way split capillaries; 

[0049] FIG. 1B is a cross-section taken along line 1B of 
FIG. 1A of a capillary of the ?rst embodiment of the 
spinnerette of the present invention involving the 2-Way split 
capillaries; 

[0050] FIG. 1C is a bottom vieW of a capillary of the ?rst 
embodiment of the spinnerette of the present invention 
involving 2-Way split capillaries; 

[0051] FIG. 2A is a bottom vieW of a second embodiment 
of a short spin spinnerette of the present invention involving 
a 2-Way split capillary in Which the spinnerette has more 
capillaries than the ?rst embodiment; 

[0052] FIG. 2B is a cross-section taken along line 2B of 
FIG. 2C of a capillary of the second embodiment of the 
spinnerette of the present invention involving a 2-Way split 
capillary in Which the spinnerette has more capillaries than 
the ?rst embodiment; 

[0053] FIG. 2C is a bottom vieW of a capillary of the 
second embodiment of the spinnerette of the present inven 
tion involving a 2-Way split capillary in Which the spinner 
ette has more capillaries than the ?rst embodiment; 

[0054] FIG. 3A is a top vieW of a capillary of a third 
embodiment of the present invention involving a 3-Way split 
capillary in a short spin spinnerette; 

[0055] FIG. 3B is a schematic cross-section taken along 
line 3B of FIG. 3A of a capillary of the third embodiment 
of the present invention involving a 3-Way split capillary; 

[0056] FIG. 3C is a cross-section also taken along line 3B 
of FIG. 3A of a capillary of the third embodiment of the 
present invention involving a 3-Way split capillary; 

[0057] FIG. 4A is a top vieW of a capillary of a fourth 
embodiment of the present invention involving a 4-Way split 
capillary in a short spin spinnerette; 

[0058] FIG. 4B is a schematic cross-section taken along 
line 4B of FIG. 4A of a capillary of the fourth embodiment 
of the present invention involving a 4-Way split capillary; 

[0059] FIG. 4C. is a cross-section also taken along line 4B 
of FIG. 4A of a capillary of the fourth embodiment of the 
present invention involving a 4-Way split capillary; 

[0060] FIG. 5A is a bottom vieW of a ?fth embodiment of 
a spinnerette according to the present invention involving a 
divided capillary Which modi?es ?ber cross-section in a 
long spin spinnerette; 

[0061] FIG. 5B is a cross-section taken along line 5B of 
FIG. 5A of a capillary of the ?fth embodiment of the 
spinnerette of the present invention; 

Jan. 8, 2004 

[0062] FIG. 5C is a bottom vieW of a capillary of the ?fth 
embodiment of the spinnerette of the present invention; 

[0063] FIG. 6 is a graph shoWing a cross direction bond 
ing curve of a nonWoven fabric made from short spin 2-Way 
split ?bers of the present invention Which have been 
mechanically crimped; 
[0064] FIG. 7 is a graph shoWing a machine direction 
bonding curve for the nonWoven fabric of FIG. 6; and 

[0065] FIG. 8 is an exemplary illustration of ?ber having 
a fat C-shaped cross-section taken from a microscopic 
photograph at 400 magni?cation of an 11.2 denier ?ber. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] The particulars shoWn herein are by Way of 
eXample and for purposes of illustrative discussion of the 
various embodiments of the present invention only and are 
presented in the cause of providing What is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to shoW details of the invention in more 
detail than is necessary for a fundamental understanding of 
the invention, the description taken With the draWings mak 
ing apparent to those skilled in the art hoW the several forms 
of the invention may be embodied in practice. 

[0067] All percent measurements in this application, 
unless otherWise stated, are measured by Weight based upon 
100% of a given sample Weight. Thus, for example, 30% 
represents 30 Weight parts out of every 100 Weight parts of 
the sample. 

[0068] Unless otherWise stated, a reference to a compound 
or component, includes the compound or component by 
itself, as Well as in combination With other compounds or 
components, such as miXtures of compounds. 

[0069] Before further discussion, a de?nition of the fol 
loWing terms Will aid in the understanding of the present 
invention. 

[0070] FILAMENT: a continuous 
eXtruded from a single capillary. 

[0071] STAPLE FIBER: cut ?bers or ?laments. 

[0072] FIBER: ?lament or staple ?ber. 

[0073] DPF: Weight in grams of 9,000 m (9 km) of 
?lament. 

[0074] DOFFER: a device that transfers material 
from one part to another part of a teXtile machine or 
carding machine. 

[0075] COHESION: the ability of the ?bers to hold 
together, determined by measuring the force required 
to slide ?bers in a direction parallel to their length. 

[0076] CPI (“crimps per inch”): the number of 
“kinks” per inch of a given sample of bulked ?ber 
measured under Zero tensile stress. 

[0077] TENACITY: the breaking force divided by 
the denier of the ?ber. 

[0078] ELONGATION: the % length elongation at 
break. 

single ?ber 
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[0079] MELT FLOW RATE: determined according 
to ASTM D-1238-86 (condition L; 230/216). 

[0080] Before referring to the drawings, an overvieW of 
the present invention is in order. The present invention 
relates to spinnerettes including a plurality of capillaries, 
With the capillaries, preferably each capillary, including a 
mechanism for stressing the polymer so that When the 
polymer is extruded from the spinnerette at least a portion of 
the polymer is divided. In this manner, When the ?ber exits 
the capillaries, the polymer is at least partially split such that 
the resulting ?ber has a cross-section that is missing a 
section thereof, such as eclipse shape, or is split, such as by 
being completely split to form a plurality of separate ?bers. 

[0081] Expanding upon the above, the mechanism for 
stressing the polymer melt can stress the polymer melt 
sufficiently so that the resulting ?ber comprises a plurality of 
separate ?bers. In this manner, the ?bers exit the spinnerette 
almost as a single ?ber. HoWever, the ?ber does not com 
prise a single ?ber, but comprises a plurality of ?bers, such 
as tWo or more ?bers, that are physically next to each other. 
Separation of these physically proximate ?bers can be 
obtained by appropriate temperature and quench conditions. 
For example, ?ber With the proper melt How can have a 
sufficiently high intensity quench to cause the ?bers to 
separate. HoWever, the quench intensity is preferably loW 
enough to avoid unacceptable ?lament breaking during 
spinning. 

[0082] The present invention further involves methods for 
making ?bers using spinnerettes according to the present 
invention. The present invention also involves ?bers Which 
may be made by use of such spinnerettes, nonWoven mate 
rials made from the ?bers, and articles incorporating the 
nonWoven materials. 

[0083] The spinnerette of the present invention can 
include multiple capillaries Which each can have an end 
Which is separated by a divider into a plurality of openings. 
For instance, the ends of the capillaries may be separated 
into tWo, three, four, or more openings, such that the 
polymer Would be split into tWo, three, four, or more ?bers, 
or caused to have a partially split ?lament resulting in a 
modi?ed cross-section, e.g. notched ?ber, such as an 
eclipsed cross-section, such as a fat C-shaped cross-section 
as shoWn in FIG. 8, WO 01/11119 and Slack, Chemical 
Fibers International, Vol. 50, April 2000, pages 180-181, 
Which are incorporated by reference herein in their entire 
ties. 

[0084] When the molten polymer passes through a given 
capillary and strikes the at least one divider, the polymer 
melt encounters added shear and caused to divide into 
separate ?oWs or substantially separate ?oWs Which form the 
separate ?bers or partially split ?bers. The spinnerette of the 
present invention may alloW production of ?ne polymeric 
?bers at relatively loW loss in production rates. Thus, the 
spinnerette of the present invention can economically pro 
duce ?ne polymeric ?bers. For example, ?ber as small as 1.2 
dpf or less, such as 1 denier or less, or 0.75 denier or less, 
or 0.65 spun denier or less may be economically produced. 

[0085] Another advantage of the present invention is that 
the resulting ?ber may be self-crimping. For instance, in 
accordance With the invention, the crimp pattern of self 
crimped polymeric ?bers, such as having a half-circular 
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cross-section, may be very sinusoidal and uniform, a pre 
ferred feature for uniform fabric. The self-crimped ?ber may 
also be mechanically crimped Without a prior draWing to 
preserve desirable ?ber properties and of the toW. It is 
preferable to mechanically crimp Without a prior draWing to 
have reduced processing costs. 

[0086] Looking at the present invention in more detail, the 
at least one divider of the present invention may divide the 
end of a corresponding capillary into a plurality of openings 
Which form separate channels. Thus, the at least one divider 
may comprise a bridge Which is connected at tWo or more 
locations to the side of the capillary. 

[0087] The polymer How should be suf?ciently stressed, 
such as being signi?cantly restricted or even prevented, at 
the one or more locations Where the tWo or more of the 

plurality of openings are connected to each other, so that the 
divider divides the polymer into separate ?oWs or substan 
tially separate ?oWs Which form the separate ?bers or 
partially split ?bers. 

[0088] As the polymer exits the spinnerette, the separately 
formed ?laments may be physically proximate, e. g., being in 
contact With each other. Without Wishing to be bound by 
theory, one of the contributing factors for contacting of the 
?laments may be die sWell. Thus, as noted above, the ?ber 
does not comprise a single ?ber, but comprises a plurality of 
?bers, such as tWo or more ?bers, that are physically next to 
each other. Separation of these physically proximate ?bers 
can be obtained by selecting proper ?ber melt ?oW rates and 
quench conditions. The average melt ?oW rate of the ?ber is 
preferably of a suf?ciently loW value that the ?bers are less 
sticky, such as preferably less than about 30, more preferably 
less than about 20. Moreover, shrinkage, ?oW instability, and 
stress induced surface tension effect may contribute to ?ber 
separation. 

[0089] In addition to the at least one divider, the capillaries 
may include mechanisms for increasing the shear stress of 
the polymer. For instance, the capillaries of the present 
invention may include a loWer section and an upper section 
Wherein the loWer section has a diameter Which is less than 
a diameter of the upper section. The junction betWeen the 
upper section and loWer section forms a ridge Which facili 
tates the splitting process by increasing the shear stress of 
the polymer exiting the spinnerette. More speci?cally, the 
narroWer conduits created by ridges increase pressure drop 
Which is balanced by increased shear stress. 

[0090] The ?bers made by the spinnerette of the present 
invention may be in various forms such as ?laments and 
staple ?bers. Staple ?ber is used in a multitude of products, 
such as personal hygiene, ?ltration media, medical, indus 
trial and automotive products and commonly ranges in 
length from about 0.5 to about 16 cm. Preferably, for 
instance, staple ?bers for nonWoven fabrics useful in diapers 
have lengths of about 2.5 cm to 7.6 cm, more preferably 
about 3.2 cm to 5 cm. 

[0091] The ?bers of the present invention may have dis 
tinctive cross-sections. For instance, if a round capillary is 
divided into tWo half-circular openings by a center divider, 
the resulting polymeric ?bers may have a substantially 
half-circular cross-section. Thus, half-circular cross-section 
polymeric ?bers may be obtained by splitting one stream of 
polymer into tWo ?bers. Alternatively, if a round capillary is 
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trisected into three piece-of-pie-shaped (i.e., triangular With 
one curved side) openings, the resulting polymeric ?bers 
may have a substantially piece-of-pie-shaped cross-section. 
Similar cross-sections may result if a round capillary is 
divided into four or more openings. It may also be possible 
to have a capillary end Which is divided into several (e.g., 
three or four) circular openings (preferably arranged sym 
metrically in the capillary opening) in Which case the 
resulting polymeric ?bers may have a substantially circular, 
small diameter cross-section. 

[0092] Still further, if the divider can be shaped to provide 
different stresses along its length to obtain partial splitting of 
the resulting ?bers, Whereby the resulting ?laments Will 
have a cross-section that has a portion of the cross-section 
missing. In such an instance, the ?ber can have a fat 
C-shape, such as shoWn in FIG. 8. Such a ?ber cross 
sectional shape is particularly preferred due to its resiliency 
When pressure is applied to the side of the ?ber, and ?ber of 
this shape tends to face non-symmetrical quench resulting in 
self-crimping ?ber. 
[0093] The resulting ?bers may also have a skin-core 
structure. In this regard, the spinnerette of the present 
invention is particularly suited for the short spin processes, 
such as disclosed in US. Pat. Nos. 5,985,193, 5,705,119 and 
6,116,883, the disclosures of Which are incorporated by 
reference herein in their entireties. The spinnerette of the 
present invention, hoWever, may also be used in long spin 
processes, such as those disclosed in US. Pat. Nos. 5,281, 
378, 5,318,735 and 5,431,994, and a compact long spin 
process, such as disclosed in US. Pat. No. 5,948,334, the 
disclosures of Which are incorporated by reference herein in 
their entireties. 

[0094] The present invention also involves methods of 
manufacturing nonWoven fabrics as Well as the products 
thereof. The fabric produced from the ?ber of the present 
invention is preferably very bulky, soft and uniform. This 
?ber is not only a superior ?ber for cardbonded processes, 
e.g., for a coverstock application, but it also can be a good 
candidate for spunbonded processes since due to the self 
crimping nature of the ?ber one can obtain a cohesive and 
uniform fabric. 

[0095] Referring to the draWings, FIG. 1A shoWs a short 
spin spinnerette 10 for making polymeric ?bers in accor 
dance With the present invention. The Width and length of 
the spinnerette depend upon the throughput requirements of 
the spinnerette. It should thus be noted that the various 
dimensions of the spinnerette and parts thereof, respectively 
given in the folloWing refer to a typical spinnerette used in 
commercial production and may be different for spinnerettes 
used for other (commercial and non-commercial, e.g., 
experimental) purposes. 
[0096] Spinnerette 10 can have a Width (SW1) of about 
200 to 700 mm for long spin and about 500 to 700 mm for 
short spin or more than 2,000 mm for spun bond. The 
spinnerette 10 can have a length (SL1) of about 50 to 200 
mm for long spin and about 30 to 100 mm for short spin. For 
short spin, round spinnerettes are also commonly used. In 
that case, the diameter of the spinnerette can range from 200 
to 500 mm, preferably from 300 to 500 mm. Preferably, the 
capillaries Will be in the portion of the spinnerette compris 
ing the outer 30 to 50 mm of the diameter. 

[0097] The spinnerette 10 has capillaries 22 including 
capillary ends 20 (FIGS. 1B and 1C). The number of the 
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capillaries 22 primarily depends on SW1 and SL1. The 
higher SW1 and/or SL1 the more capillaries 22 can be 
present. 

[0098] Although capillary ends 20 may be arranged in 
essentially any pattern so long as there is enough space 
betWeen the capillary ends 20 to alloW proper quenching, the 
capillary ends 20 of this ?rst embodiment are arranged in 
roWs and columns (FIG. The length of each space 
betWeen the roWs of the capillary ends 20 (SPL1) is, for 
short spin, preferably about 0.2 to 3 mm, more preferably 
about 0.4 to 2 mm, and most preferably about 0.5 to 1.5 mm. 
The distance (EL1) betWeen centers of capillary ends of the 
roWs nearest to the edges of the spinnerette is preferably 
about 0.5 to 2.0 mm, more preferably about 0.7 to 1.8 mm, 
and most preferably about 1.0 to 1.5 mm. 

[0099] The length of each space betWeen the columns of 
the apertures (SPW1) is preferably about 0.2 to 3 mm, more 
preferably about 0.4 to 2 mm, and most preferably about 0.5 
to 1.5 mm. The distance betWeen centers of the capillary 
ends of the columns nearest to the edges of the spinnerette 
(EW1) is preferably about 0.5 to 2.0 mm, more preferably 
about 0.7 to 1.8 mm, and most preferably about 1.0 to 1.5 
mm. 

[0100] It is noted that FIGS. 1-4 are directed to short spin 
spinnerettes and FIG. 5 is directed to a long spin spinnerette. 
One having ordinary skill in the art folloWing the guidance 
set forth herein Would be capable of directing the disclosure 
herein to either of short spin and long spin spinnerettes as 
Well as spinnerettes for spunbond, such as using dimensions 
associated for long spin for spunbond spinnerettes. Thus, for 
eXample, the length of each space betWeen the columns of 
the apertures (SPW1) and the length of each space betWeen 
the columns of the apertures (SPW1), for long spin, is 
preferably about 0.2 to 10 mm, more preferably about 0.4 to 
8 mm, more preferably about 0.8 to 6 mm, and most 
preferably about 1 to 5 mm. 

[0101] Referring to FIG. 1B, the capillaries 22 have a 
length (CL1) of preferably about 2.0 to 7 mm for short spin 
setup and about 20 to 60 mm for long spin setup, more 
preferably about 2.5 to 6 mm for short spin setup and 35 to 
55 mm for long spin setup, and most preferably about 3 to 
5.5 mm for short spin setup and 30 to 40 mm for long spin 
setup. 

[0102] Referring to FIG. 1C, the capillaries 22 have a 
loWer diameter (LD1) of preferably about 0.2 to 1.5 mm, 
more preferably about 0.3 to 1 mm, and most preferably 
about 0.4 to 0.8 mm. The loWer diameter (LD1) has a height 
(LDH1) of preferably about 0.2 to 2.0 mm, more preferably 
about 0.6 to 1.6 mm, more preferably about 0.4 to 1.4 mm, 
and most preferably about 0.4 to 1.2 mm. The capillaries can 
have an upper diameter (UD 1) of preferably about 0.6 to 2.0 
mm, more preferably about 0.7 to 1.5 mm, and most 
preferably about 0.8 to 1.0 mm. 

[0103] The junction betWeen the loWer diameter (LD1) 
and the upper diameter (UD1) forms a ridge 24. The Width 
of the ridge 24 (RW1) is preferably about 0.04 to 0.15 mm, 
more preferably about 0.06 to 0.12 mm, and most preferably 
about 0.08 to 0.10 mm. 

[0104] Although the capillaries 22 of this ?rst embodiment 
have a circular cross-section, the cross-section of the cap 
illaries 22 is not limited. For instance, the cross-section of 
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the capillaries 22 may be diarnond-shaped, delta-shaped, 
ellipsoidal (oval), polygonal or rnultilobal, e.g., trilobal or 
tetralobal. 

[0105] The capillaries 22 have dividers 26 Which height 
extends into the capillaries 22 With the divider ends being 
preferably ?ush With the spinnerette face. In the ernbodi 
rnent of FIG. 1, each of the capillary ends 20 is divided in 
half by placing the divider 26 at the center of each capillary 
end 20. Alternatively, the dividers may be placed off-center 
in the spinnerette apertures. Taking into consideration that 
the short spin process quenches ?bers quicker than the long 
spin process, the Width of the divider 26 (DW1) is preferably 
at least about 0.15 mm for long spin setup and at least about 
0.1 mm for short spin setup, more preferably about 0.15 to 
0.4 mm for long spin setup and about 0.1 to 0.4 mm for short 
spin setup, and most preferably about 0.1 to 0.2 mm for short 
spin setup and about 0.2 to 0.3 mm for long spin setup. 

[0106] The height of the divider 26 (DH1) is preferably 
greater than the height LDH1, and is preferably about 0.2 to 
3.5 mm, more preferably about 0.4 to 2.5 mm, and most 
preferably about 0.5 to 2 mm, With one preferred value being 
about 1.2 mm. 

[0107] To facilitate splitting of the molten polymer, the 
folloWing ratios are preferred. The ratio of the height of the 
divider (DH1) to the Width of the divider (DW1) is prefer 
ably about 1:1 to 6:1, more preferably about 1.5:1 to 5:1, and 
most preferably about 3:1 to 4:1. The ratio of the Width of 
the divider (DW1) to the Width of the ridge (RW1) is 
preferably about 5:1 to 3:1, more preferably about 4.1:1 to 
3.2:1, and most preferably about 3.75:1 to 3.3:1. The ratio of 
the upper diarneter (UD1) to the loWer diarneter (LD1) is 
preferably about 4:1 to 1.5:1, more preferably about 2.3:1 to 
1.7:1, and most preferably about 2:1 to 1.8:1. The ratio of the 
loWer diarneter (LD1) to the Width of the divider (DW1) is 
preferably about 4:1 to 2:1, more preferably about 3.5:1 to 
2.25:1, and most preferably about 3:1 to 2.5:1. The open area 
of a capillary end, Which in FIGS. 1A-1C includes the open 
areas of each of the tWo sernicircular apertures 28, is 
preferably about 0.03 to 0.6 rnrnz, more preferably about 
0.04 to 0.4 rnrnz, and most preferably about 0.05 to 0.2 rnrnz. 

[0108] In general, the How rate of polymer per capillary 
for long spin is preferably about 0.02 to 0.9 g/rnin/capillary, 
more preferably about 0.1 to 0.7 g/rnin/capillary, and most 
preferably about 0.2 to 0.6 g/rnin/capillary. Moreover, in 
general, the How rate of polymer per capillary for short spin 
is preferably about 0.01 to 0.05 g/rnin/capillary, rnore pref 
erably about 0.015 to 0.04 g/rnin/capillary, and most pref 
erably about 0.02 to 0.035 g/rnin/capillary. 

[0109] As discussed above, a purpose of the divider 26 is 
to increase shear stress and create a pseudo-unstable ?oW 
near the capillary eXit for ease of splitting the molten 
polyrner into multiple ?bers. As the polymer eXits the 
spinnerette, the ?larnents can merge into contact With each 
other so as to be physically neXt to each other such as due 
to die sWell. Soon thereafter, hoWever, and Without Wishing 
to be bound by theory, the rapid cooling due to applied 
quench air causes the ?ber to split into multiple ?larnents 
due to shrinkage, ?oW instability, and stress induced surface 
tension effect. 

[0110] To provide physical separation of the ?bers from 
each other, quenching is desirably accomplished in a short 
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period of time. If the quenching is too rapid, hoWever, the 
?larnent can be broken. The quench air speed of the present 
invention is preferably 50 to 600 ft/rnin. for long spin setup 
and 1,000 to 10,000 ft/rnin. for short spin setup, more 
preferably 100 to 500 ft/rnin. for long spin setup and 3,000 
to 8,000 ft/rnin. for short spin setup, and most preferably 200 
to 450 ft/rnin. for long spin setup and 4,000 to 6,000 ft/rnin. 
for short spin setup. In vieW of the above, the short spin 
setup Will separate ?bers easier than the long spin setup 
because the ?larnent quench is accomplished Within a short 
distance compared to the long spin setup. Because of the 
difference in quench speed betWeen the long spin setup and 
the short spin setup, the long spin setup generally requires 
Wider dividers (greater DW) as noted above. 

[0111] Other variables that affect the quench and separa 
tion of ?bers, is the spinnerette design including the number 
of capillaries and roWs of capillaries, the position of the 
quench noZZles With respect to the ?bers, ?ber rnelt ?oW rate 
and temperature of the eXtrudate. For example, the spinner 
ette for a short spin system usually has less roWs of capil 
laries than a spinnerette for a long spin system. For example, 
for a short spin system Wherein the spinnerette has about 14 
roWs, the spinnerette in a long spin system Would have about 
30 roWs. Moreover, in a short spin system, the ?ber can be 
cooled from an exemplary temperature of about 270° C. to 
about 30° C. With the noZZle being positioned about 2 to 5 
cm from the outermost ?bers, and solidi?ed in a distance of 
about 1.5 cm. In contrast, in a long spin system, the ?ber can 
be cooled from an exemplary temperature of about 270° C. 
to about 30° C. With the noZZle being positioned about 10 to 
13 to cm from the outermost ?bers, and solidi?ed in a 
distance of about 5 to 7.5 cm. Thus, one having ordinary 
skill in the art folloWing the guidance herein Would under 
stand that the intensity of the quench should be adjusted 
depending upon variables including spinnerette design, 
quench conditions, and system setup including long and 
short spin setup to achieve separation of the physically 
contacting ?bers. 

[0112] The ?ber of the present invention usually self 
crirnps as it is eXtruded from the spinnerette. One reason that 
the ?ber self-crirnps is the very small gap betWeen the 
adjacent ?larnents created by the split. This small gap results 
in an asymmetrical ?ber quenching Which results in self 
crirnping. Another reason Why the ?ber rnay self-crirnp is 
that non-syrnrnetrical cross-section ?bers undergo uneven 
cooling history. Further, if the spinnerette is heated, irregular 
heating may cause crirnping. The irregular heating places 
asyrnrnetrical stress on the material Which causes crirnping. 
For example, if the spinnerette is heated by resistance 
heating, such as disclosed in Us. Pat. Nos. 5,705,119 and 
6,116,883 to Takeuchi et al. the disclosures of Which are 
incorporated by reference herein in their entireties, irregular 
heating caused by different current paths around the ?ber 
may cause crirnping. If the spinnerette is not heated, self 
crirnping Will usually occur but the degree of self-crirnping 
is often different than if the spinnerette Were heated. It is 
noted that roWs of capillaries in the spinnerette are normal 
to the quench, and columns of capillaries are in the direction 
of the quench, and quench direction usually has an effect on 
the cooling characteristics, such as self-crirnping, especially 
With a C-shaped ?ber. 

[0113] The resulting ?bers may have crirnp measurements 
which are favorable to those crirnps created by mechanical 
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crimpers. For example, the resulting ?bers may have a 
longer crimp leg length, a smaller crimp angle (angle 
betWeen the folds along the ?bers), and a loWer ratio of 
relaxed to stretched length. The crimp leg length (distance 
betWeen the folds) is preferably about 0.02 to 0.04 inch, 
more preferably about 0.02 to 0.03 inch. The crimp angle is 
preferably about 80° to 170°, more preferably about 95° to 
165°. The ratio of relaXed to stretched length is preferably 
about 081 to 0.98:1, more preferably about 0.85:1 to 
0.96:1, and most preferably about 0.90:1 to 0.95:1. Any 
mechanical crimping can be used to provide any desired 
crimp, such as by adjustment of ?apper pressure. 

[0114] FIGS. 2A, 2B, and 2C illustrate a second embodi 
ment of the spinnerette of the present invention Which is 
similar to the embodiment of FIGS. 1A-1C and Which is 
intended for large scale production. In this second embodi 
ment, the spinnerette 210 includes forty-nine (49) roWs and 
?ve hundred eight (508) columns of capillaries 222. The 
length of each space betWeen each roW (SPL2) is preferably 
about 0.5 to 1.5 mm, more preferably about 0.8 to 1.3 mm, 
and most preferably about 1.0 to 1.2 mm. The length of each 
space betWeen the columns (SPW2) is about 0.6 to 1.5 mm, 
more preferably about 0.8 to 1.2 mm, and most preferably 
about 0.9 to 1.0 mm. 

[0115] Referring to FIG. 2B, the capillaries 222 can have 
a length (CL2) Which can be the same as the length (CL1) 
of the ?rst embodiment, and can be determined With spin 
nerette thickness. 

[0116] Referring to FIG. 2C, the capillaries 222 have a 
loWer diameter (LD2), a loWer diameter height (LDH2) and 
an upper diameter (UD2) Which are the same as the loWer 
diameter (LD1), the loWer diameter height (LDH1), and the 
upper diameter (UD1) of the ?rst embodiment. The junction 
betWeen the loWer diameter (LD2) and the upper diameter 
(UD2) forms a ridge 224. 

[0117] The capillaries 222 have dividers 226 Which 
intrude slightly into the capillaries 222 With the divider ends 
being preferably ?ush With the spinnerette face. In the 
embodiment of FIGS. 2A, 2B, and 2C, each capillary end 
220 is divided in half by placing the divider 226 at the center 
of each capillary end 220. The Width of the divider 226 
(DW2) and the height of the divider 226 (DH2) are the same 
as the Width of the divider (DW1) and the height of the 
divider (DH1) in the ?rst embodiment. 

[0118] To facilitate splitting of the molten polymer, the 
ratios of the ?rst embodiment are also important in the 
second embodiment, the latter being essentially only a 
scaleup of the former. Therefore the corresponding ratios are 
preferably the same in the ?rst and second embodiments. 

[0119] FIGS. 3A, 3B, and 3C illustrate a third embodi 
ment of the present invention involving a 3-Way split 
capillary. Referring to FIG. 3C, the capillary 322 preferably 
has a length (CL3) Which can be the same as that given 
above for CL1. 

[0120] Referring to FIG. 3A, the capillary 322 has a loWer 
diameter (LD3) of preferably about 0.8 to 1.3 mm, more 
preferably about 0.9 to 1.2 mm, and most preferably about 
1.0 to 1.2 mm. The loWer diameter (LD3) has a height 
(LDH3) of preferably about 0.6 to 2.5 mm, more preferably 
about 0.8 to 2 mm, and most preferably about 1 to 1.6 mm. 
The capillary 322 has an upper diameter (UD3) of preferably 

Jan. 8, 2004 

about 1 to 3 mm, more preferably about 1.5 to 2.5 mm, and 
most preferably about 2.0 to 2.2 mm. 

[0121] The junction betWeen the loWer diameter (LD3) 
and the upper diameter (UD3) forms a ridge 324. The Width 
of the ridge 324 (RW3) is preferably about 0.1 to 0.8 mm, 
more preferably about 0.15 to 0.6 mm, and most preferably 
about 0.2 to 0.4 mm. 

[0122] The capillary 322 has a divider 326 Which intrudes 
slightly into the capillary 322 With the divider end being 
preferably ?ush With the spinnerette face. In the embodi 
ment of FIGS. 3A, 3B, and 3C, the capillary 322 is trisected 
by three divider segments 326‘ Which join at the center of the 
capillary 322. The Width of the divider segments 326‘ (DW3) 
is preferably at least about 0.2 mm for long spin setup and 
at least about 0.1 mm for short spin set up, more preferably 
about 0.2 to 0.5 mm for long spin setup and about 0.1 to 0.2 
mm for short spin setup, and most preferably about 0.15 to 
0.2 mm for short spin setup and about 0.25 to 0.3 mm for 
long spin setup. 

[0123] The height of the divider 326 (DH3) is preferably 
greater than the height LDH3, and is preferably about 0.2 to 
3.5 mm, more preferably about 0.4 to 2.5 mm, and most 
preferably about 0.5 to 2 mm, With one preferred value being 
about 1.2 mm. 

[0124] FIGS. 4A, 4B, and 4C illustrate a fourth embodi 
ment of the present invention involving a 4-Way split 
capillary. Referring to FIG. 4C, the capillary 422 preferably 
has a length (CL4) similar to (CL1) described above. Refer 
ring to FIG. 4A, the capillary 422 preferably has a loWer 
diameter (LD4) of preferably about 0.8 to 1.3 mm, more 
preferably about 0.9 to 1.2 mm, and most preferably about 
1.0 to 1.2 mm. The capillary 422 has an upper diameter 
(UD4) of preferably about 1.0 to 3.0 mm, more preferably 
about 1.5 to 2.5 mm, and most preferably about 2.0 to 2.2 
mm. 

[0125] The junction betWeen the loWer diameter (LD4) 
and the upper diameter (UD4) forms a ridge 424. The Width 
of the ridge 424 (RW4) is preferably about 0.1 to 0.8 mm, 
more preferably about 0.15 to 0.6 mm, and most preferably 
about 0.2 to 0.4 mm. 

[0126] The capillary 422 has a divider 426 Which intrudes 
slightly into the capillary 422 With the divider ends being 
preferably ?ush With the spinnerette face. In the embodi 
ment of FIG. 4A, 4B, and 4C, the capillary 422 is quadra 
sected by four divider segments 426‘ Which join at the center 
of the capillary 422. The Width of the divider segments 426‘ 
(DW4) is preferably at least about 0.2 mm for long spin 
setup and at least about 0.1 mm for short spin set up, more 
preferably about 0.2 to 0.3 mm for long spin setup and about 
0.1 to 0.2 mm for short spin setup, and most preferably about 
0.15 to 0.2 mm for short spin setup and about 0.25 to 0.3 mm 
for long spin setup. 

[0127] The height of the divider 426 (DH4) is preferably 
about 0.5 to 1.6 mm, more preferably about 0.6 to 1.4 mm, 
and most preferably about 0.8 to 1.2 mm. 

[0128] FIGS. 5A, 5B, and 5C illustrate a ?fth embodiment 
of the present invention involving a capillary that is split to 
produce a ?ber having a fat C-shaped cross-section. In this 
embodiment the divider is tapered along its length to provide 
a greater stress at one end of the divider as compared to the 
































