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ABSTRACT 

Robust homo?lament ?bers are meltspun from a differently 
shaped dual capillary spinneret design to induce differential 
?ber morphology to produce crimping. Crimping may fur 
ther be aided by quenching and draWing of the ?bers. 
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DUAL CAPILLARY SPINNERET FOR 
PRODUCTION OF HOMOFILAMENT CRIMP 

FIBERS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to lofty 
nonWoven ?ber Webs. The present invention relates speci? 
cally to lofty nonWoven ?ber Webs of homo?lament crimped 
?bers and dual capillary means and method for producing 
the Web. 

BACKGROUND OF THE INVENTION 

[0002] Webs of homo?lament crimped thermoplastic 
?bers are useful for various ?uid handling or retaining 
materials and the like because of their open structure, 
resiliency, and economy of manufacture. Particularly, the 
use of a single thermoplastic polymer in the making of the 
crimped ?bers is good for economical and consistent manu 
facture. HoWever, the present state of the manufacturing art 
relies largely on bicomponent ?laments to induce the desired 
level of crimping in a consistent fashion leading to certain 
compromises in the consistency of fabric characteristics and 
economy thereof. 

[0003] In the knoWn art several attempts have been made 
to produce crimping through shaped ?bers. Spinnerets hav 
ing shaped ori?ces or multiple ori?ces to produce the shaped 
?bers are also knoWn. HoWever the knoWn art suffers in 
several regards. First, the knoWn processing of the shaped 
?bers is not a robust process in that the ?bers are not 
consistently shaped or the component parts of the ?ber do 
not hold together Well, resulting in less predictable Web 
morphology and attendant functional characteristics. Sec 
ond, the degree of crimping derived from using a single 
polymer to produce a crimped homo?lament has not alWays 
attained the desired level. 

[0004] Therefore, there is a need in the art for a robust and 
easily accomplished means and method of manufacturing 
homo?lament crimped ?ber Which has a high degree of 
crimp and good predictability of the ?ber shape and crimp 
ing to yield the desired nonWoven Web structure. 

DEFINITIONS 

[0005] Within the conteXt of this speci?cation, each term 
or phrase beloW Will include the folloWing meaning or 
meanings. 
[0006] “Article” refers to a garment or other end-use 
article of manufacture, including but not limited to, diapers, 
training pants, sWim Wear, catamenial products, medical 
garments or Wraps, and the like. 

[0007] “Bonded” or “bonding” refers to the joining, adher 
ing, connecting, attaching, or the like, of tWo elements. TWo 
elements Will be considered to be bonded together When 
they are bonded directly to one another or indirectly to one 
another, such as When each is directly bonded to interme 
diate elements. 

[0008] “Connected” refers to the joining, adhering, bond 
ing, attaching, or the like, of tWo elements. TWo elements 
Will be considered to be connected together When they are 
connected directly to one another or indirectly to one 
another, such as When each is directly connected to inter 
mediate elements. 
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[0009] “Disposable” refers to articles Which are designed 
to be discarded after a limited use rather than being laun 
dered or otherWise restored for reuse. 

[0010] “Disposed,”“disposed on,” and variations thereof 
are intended to mean that one element can be integral With 
another element, or that one element can be a separate 
structure bonded to or placed With or placed near another 
element. 

[0011] “Fabrics” is used to refer to all of the Woven, 
knitted and nonWoven ?brous Webs. 

[0012] “Homo?lament” refers to a ?ber formed from only 
one predominate polymer and made from a single stream of 
that polymer. This is not meant to exclude ?bers formed 
from one polymer to Which small amounts of additives have 
been added for coloration, anti-static properties, lubrication, 
hydrophilicity, etc. 

[0013] “Integral” or “integrally” is used to refer to various 
portions of a single unitary element rather than separate 
structures bonded to or placed With or placed near one 
another. 

[0014] “Layer” When used in the singular can have the 
dual meaning of a single element or a plurality of elements. 

[0015] “MeltbloWn ?ber” means ?bers formed by eXtrud 
ing a molten thermoplastic material through a plurality of 
?ne, usually circular, die capillaries as molten threads or 
?laments into converging high velocity heated gas (e. g., air) 
streams Which attenuate the ?laments of molten thermoplas 
tic material to reduce their diameter, Which may be to 
micro?ber diameter. Thereafter, the meltbloWn ?bers are 
carried by the high velocity gas stream and are deposited on 
a collecting surface to form a Web of randomly dispersed 
meltbloWn ?bers. Such a process is disclosed for eXample, 
in US. Pat. No. 3,849,241 to Butin et al. MeltbloWn ?bers 
are micro?bers Which may be continuous or discontinuous, 
are generally smaller than about 0.6 denier, and are generally 
self bonding When deposited onto a collecting surface. 
MeltbloWn ?bers used in the present invention are prefer 
ably substantially continuous in length. 

[0016] “Meltspun” refers generically to a ?ber Which is 
formed from a molten polymer by a ?ber-forming extrusion 
process, for eXample, such as are made by the meltbloWn 
and spunbond processes. 

[0017] “Member” When used in the singular can have the 
dual meaning of a single element or a plurality of elements. 

[0018] “NonWoven” and “nonWoven Web” refer to mate 
rials and Webs of material Which are formed Without the aid 
of a teXtile Weaving or knitting process. 

[0019] “Polymers” include, but are not limited to, 
homopolymers, copolymers, such as for eXample, block, 
graft, random and alternating copolymers, terpolymers, etc. 
and blends and modi?cations thereof. Furthermore, unless 
otherWise speci?cally limited, the term “polymer” shall 
include all possible geometrical con?gurations of the mate 
rial. These con?gurations include, but are not limited to 
isotactic, syndiotactic and atactic symmetries. 

[0020] Words of degree, such as “About”, “Substantially”, 
and the like are used herein in the sense of “at, or nearly at, 
When given the manufacturing and material tolerances inher 
ent in the stated circumstances” and are used to prevent the 
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unscrupulous infringer from unfairly taking advantage of the 
invention disclosure Where exact or absolute ?gures are 
stated as an aid to understanding the invention. 

[0021] “Spunbond ?ber” refers to small diameter ?bers 
Which are formed by extruding molten thermoplastic mate 
rial as ?laments from a plurality of ?ne capillaries of a 
spinneret having a circular or other con?guration, With the 
diameter of the extruded ?laments then being rapidly 
reduced as by, for example, in US. Pat. No. 4,340,563 to 
Appel et al., and US. Pat. No. 3,692,618 to Dorschner et al., 
US. Pat. No. 3,802,817 to Matsuki et al., US. Pat. Nos. 
3,338,992 and 3,341,394 to Kinney, US. Pat. No. 3,502,763 
to Hartmann, US. Pat. No. 3,502,538 to Petersen, and US. 
Pat. No. 3,542,615 to Dobo et al., each of Which is incor 
porated herein in its entirety by reference. Spunbond ?bers 
are quenched and generally not tacky When they are depos 
ited onto a collecting surface. Spunbond ?bers are generally 
continuous and often have average deniers larger than about 
0.3, more particularly, betWeen about 0.6 and 10. 

[0022] “Surface” includes any layer, ?lm, Woven, non 
Woven, laminate, composite, or the like, Whether pervious or 
impervious to air, gas, and/or liquids. 

[0023] “Thermoplastic” describes a material that softens 
When exposed to heat and Which substantially returns to a 
nonsoftened condition When cooled to room temperature. 

[0024] These terms may be de?ned With additional lan 
guage in the remaining portions of the speci?cation. 

SUMMARY OF THE INVENTION 

[0025] A homo?lament crimped ?ber is produced by join 
ing polymer streams exiting through a dual capillary spin 
neret design. Differently induced shear in the different 
polymer streams results in differential tensions in the joined 
halves of the ?lament. The ?laments may further be sub 
jected to differential or directed quenching Which provides 
for setting the crimps in the ?laments to further induce the 
crimp. The ?laments may also be desirably draWn out in the 
spinning processing to achieve a substantially round shape 
Which results in a robust and predictable ?lament. 

[0026] The dual capillary design for producing a crimped 
homo?lament ?ber according to the present invention has a 
?rst capillary and a second capillary spaced apart at a 
distance suf?ciently close to have a single ?lament formed 
from concurrent liquid polymer extrusions from the ?rst 
capillary and the second capillary. The capillaries share a 
parallel border Where they are adjacent each other and are 
speci?cally shaped to maximiZe induced shear. Speci?c 
shapes of spinneret ori?ces and methodologies for using 
those shapes Will be further elaborated on beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs a knoWn apparatus of the general 
environment used for manufacturing ?laments according to 
the present invention. 

[0028] FIG. 2 is a schematic representation of a cross 
sectional vieW of the exemplary ?ber forming dual capil 
laries of the present invention and surrounding elements of 
a meltspun die. 

[0029] FIG. 3 is a ?rst exemplary dual capillary design for 
producing crimped homo?lament ?bers according to the 
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present invention. FIG. 4 is a second exemplary dual 
capillary design for producing crimped homo?lament ?bers 
according to the present invention. 

[0030] FIG. 5 is a third exemplary dual capillary design 
for producing crimped homo?lament ?bers according to the 
present invention. 

[0031] FIG. 6 is a fourth exemplary dual capillary design 
for producing crimped homo?lament ?bers according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0032] The present invention provides a method of pro 
ducing homo?lament helical crimped nonWoven Web. The 
present invention is usable With meltspun polymers knoWn 
to those skilled in the art and most surprisingly Works Well 
With polypropylene polymers. In general, the means and 
method of the present invention comprise using dual shaped 
capillaries for inducing differential shear betWeen polymer 
?oWing in a ?rst shaped capillary and the polymer ?oWing 
in a second differently shaped capillary. The method may 
further include differential or directed quenching of the 
?laments. The method may also include draWing the ?bers 
to a round cross sectional shape While still in their plastic 
state. 

[0033] In a preferred embodiment of the present invention, 
the ?bers may be formed of resin Which is preferably a 
thermoplastic polypropylene polymer. Other polymers such 
as, but not limited to, polyole?ns, polyesters, polyamides, 
polyurethanes, copolymers and mixtures thereof might also 
be used in accordance With certain aspects of the present 
invention. 

[0034] FIG. 1 shoWs an apparatus of the general environ 
ment used for manufacturing ?laments, or “?bers” as used 
synonymously thereWith, according to the present invention. 
Apparatus 10 has a ?rst assembly 12 for producing spun 
bond ?bers in accordance With knoWn methods. A spinneret 
14 is supplied With molten polymer resin from a resin source 
(not shoWn). The spinneret 14 produces ?ne denier ?bers 
from the exit 16, Which are quenched by an air stream 
supplied by a quench bloWer 18. The air stream differentially 
cools one side of the ?ber stream more than the other side, 
thus causing bending and crimping of the ?bers. Crimping, 
as discussed in general hereinabove, creates a softer fabric 
by reducing the “straightness” of the ?bers, betWeen bond 
points created in the thermal bonding step, as Well as 
?ber-to-?ber bonds. Various parameters of the quench 
bloWer 18 can be controlled to control the quality and 
quantity of crimping. Fiber composition and resin selection 
also determine the crimping characteristics imparted. 

[0035] The ?laments are draWn into a ?ber draWing unit or 
aspirator 20 having a Venturi tube/channel 22, through 
Which the ?bers pass. The tube is supplied With temperature 
controlled air, Which attenuates the ?laments as they are 
pulled through the ?ber draWing unit 20. The attenuated 
?bers are then deposited onto a foraminous moving collec 
tion belt 24 and retained on the belt 24 by a vacuum force 
exerted by a vacuum box 26. The belt 24 travels around 
guide rollers 27. As the ?bers move along on the belt 24, a 
compaction roll 28 above the belt, Which operates With one 
of the guide rollers 27 beneath the belt, compresses the 
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spunbond mat so that the ?bers have suf?cient integrity to go 
through the manufacturing process. 

[0036] As shoWn in FIG. 2, die tip 70 de?nes a polymer 
supply passage 72 that terminates in further passages de?ned 
by counterbores 74 Which are connected to capillaries 76. 
While schematic in nature, it Will be appreciated that FIG. 
2 shoWs dual capillaries 76 Which are individual passages 
formed in the die tip 70. The differential capillary shapes are 
more clearly seen in FIG. 3. Generally, it is preferred that 
the capillaries of the present invention have a length to Width 
ratio of betWeen about 4:1 to about 12:1; and more prefer 
ably betWeen about 6:1 to about 10:1, With length being 
de?ned in the direction of polymer How and Width being the 
capillary diameter. 

[0037] According to the present invention, each ?ber is 
produced by the tWo capillaries of a dual capillary design. 
FIGS. 3-6 detail exemplary embodiments of these dual 
capillary designs according to the present invention. It is 
believed that use of differently shaped capillaries to produce 
a single ?ber causes the one side of the ?ber With increased 
shear to have a loWer viscosity and loWer melt strength With 
subsequently higher orientation Within that segment of the 
?ber. Differential polymer structure betWeen the tWo capil 
laries is further believed to result in differential cooling rates 
betWeen ?ber segments, further helping to produce crimp. 

[0038] As seen in FIG. 3, the dual capillary design 112 has 
a ?rst capillary 114 and a second capillary 116. The ?rst 
capillary 114 has an outside border 118 and an inside border 
120 located adjacent the second capillary 116 at a distance 
sufficiently close to cause polymer extrudate from the ?rst 
and second capillaries to meld or conjoin into a single ?ber. 
The outside border 118 is arcuate and extends over about 
120°. The inside border 120 is also arcuate and extends over 
about 120° but has a smaller radius than the outside border. 
The second capillary 116 is shoWn as substantially circular 
such that its inside border 122, facing and adjacent the ?rst 
capillary 114, is arcuate. The second capillary distal border 
124, that is distal from the ?rst capillary, is of course also 
arcuate. The second capillary While shoWn as circular may 
be substantially elliptical if desired. 

[0039] Referencing FIG. 4, a dual capillary design 126 
similar to FIG. 3 has a circular second capillary 128 like the 
design of FIG. 3. The ?rst capillary 130, like FIG. 3, also 
has arcuate inside and outside borders 132 and 134, respec 
tively, but the arcs extend over about 180°. 

[0040] Referencing FIG. 5, the dual capillary design 136 
has a substantially half round ?rst capillary 138 With an 
arcuate outside border 140 and a ?at inside border 142 
adjacent the second capillary 144. The second capillary has 
a ?at inside border 146 adjacent the ?rst capillary inside 
border 142 and of substantially the same length. The overall 
shape of the second capillary 144 is that of a squared-off 
arch, With the distal border 148 of the second capillary 144 
containing a squared-off “U” shape 150 With the bight of the 
“U” extending toWards the second capillary inside border 
146. 

[0041] Referencing FIG. 6, a dual capillary design 152 
similar to FIG. 5 has a ?rst capillary 154 With a smaller 
chorded section of a circular area than the half round ?rst 
capillary of FIG. 5. The ?rst capillary outside border 156 is 
again arcuate While the inside border 158 is ?at. The overall 
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shape of the second capillary 160 is again substantially 
arch-shaped With its inside border 162 being ?at and slightly 
longer than or coextensive With the inside border 158 of the 
?rst capillary 154. The distal border 164 of the second 
capillary forms a “V”-shaped arch 166 of about 90° With the 
point of the arch extending toWards the second capillary 
inside border 162. 

[0042] Further, during processing of the extrudate, quick 
application of the quenching ?uid to both sides of the ?ber 
is believed to best help ?x the stress differentials induced by 
the dual capillaries and aid in overall crimping. Quenching 
?uid may alternatively be directed toWards a particular 
orientation of the dual capillary design in order to affect 
crimping. It Was generally found that quenching directed 
toWard the more highly shaped capillary side resulted in 
smaller crimps. 

[0043] Having thus described means and method for pro 
ducing homo?lament crimped thermoplastic ?bers through 
the use of dual capillaries, it Will be appreciated that While 
this invention has been described in relation to certain 
preferred embodiments thereof, and many details have been 
set forth for purpose of illustration, it Will be apparent to 
those skilled in the art that the invention is susceptible to 
additional embodiments and that certain of the details 
described herein can be varied considerably Without depart 
ing from the basic principles of the invention. 

We claim: 
1. A dual capillary design for producing a crimped 

homo?lament ?ber consisting of: 

a ?rst capillary having an a ?rst capillary inside border 
and a ?rst capillary outside border, the ?rst capillary 
outside border being curved; 

a second capillary spaced from the ?rst capillary at a 
distance suf?ciently close to have a single ?lament 
formed from concurrent liquid polymer extrusions 
from the ?rst capillary and the second capillary; 

the second capillary having a second capillary inside 
border proximal to the ?rst capillary inside border and 
a second capillary outside border distal from the ?rst 
capillary inside border, the ?rst capillary inside border 
and the second capillary inside border being parallel; 

Whereby concurrent liquid polymer extrusions from the 
?rst capillary and the second capillary conjoin to form 
a single ?lament having sections of different induced 
shear thereby causing the ?lament to crimp. 

2. The dual capillary design of claim 1, Wherein the ?rst 
capillary is arcuate With both inside and outside borders 
being substantially curved. 

3. The dual capillary design of claim 2, Wherein the 
second capillary is substantially circular or substantially 
elliptical. 

4. The dual capillary design of claim 1, Wherein the 
second capillary is substantially arch-shaped. 

5. The dual capillary design of claim 4, Wherein the 
second capillary inside border is ?at. 

6. The dual capillary design of claim 4, Wherein the ?rst 
capillary is arcuate on its outside border and ?at on its inside 
border. 

7. A process for making crimped ?bers, comprising the 
step of: 
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extruding a liquid polymer from a ?rst capillary having an 
a ?rst capillary inside border and a ?rst capillary 
outside border, the ?rst capillary outside border being 
curved; 

extruding the liquid polymer from a second capillary 
having an second capillary inside border proximal to 
the ?rst capillary inside border and a second capillary 
outside border distal from the ?rst capillary inside 
border, the ?rst capillary inside border and the second 
capillary inside border being parallel; and 

forming a single ?lament from concurrent liquid polymer 
extrusions from the ?rst and second capillaries, the 
?lament having conjoined sections from each of the 
?rst capillary and the second capillary; each conjoined 
section having a different induced shear thereby caus 
ing the ?lament to crimp. 

8. The process for making crimped ?bers of claim 7, 
Wherein the ?bers are polypropylene. 

9. The process for making crimped ?bers according to 
claim 7, further comprising the step of directing quenching 
?uid at both sides of the ?ber. 

10. The process for making crimped ?bers according to 
claim 7, further comprising the step of: draWing the ?bers 
While in their plastic state to produce ?bers With a substan 
tially round cross section. 

11. The process for making crimped ?bers according to 
claim 9, further comprising the step of: draWing the ?bers 
While in their plastic state to produce ?bers With a substan 
tially round cross section. 

12. A nonWoven Web comprising a plurality of ?bers 
made from the apparatus according to claim 1. 

13. A nonWoven Web comprising a plurality of ?bers 
made according to the method of claim 7. 

14. The nonWoven Web of claim 12, Wherein the ?bers are 
polypropylene. 
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15. The nonWoven Web of claim 13, Wherein the ?bers are 
polypropylene. 

16. Aspinneret design for producing a crimped homo?la 
ment ?ber comprising: 

a) an extruder for forcing a liquid polymer through 
spinneret capillaries; 

b) a ?ber forming portion consisting of: 

a ?rst capillary having an a ?rst capillary inside border 
and a ?rst capillary outside border, the ?rst capillary 
outside border being curved; 

a second capillary spaced from the ?rst capillary at a 
distance sufficiently close to have a single ?lament 
formed from concurrent liquid polymer extrusions 
from the ?rst capillary and the second capillary; 

the second capillary having a second capillary inside 
border proximal to the ?rst capillary inside border 
and a second capillary outside border distal from the 
?rst capillary inside border, the ?rst capillary inside 
border and the second capillary inside border being 
parallel; and 

Whereby concurrent liquid polymer extrusions from the 
?rst capillary and the second capillary conjoin to 
form a single ?lament having sections of different 
induced shear thereby causing the ?lament to crimp. 

17. The spinneret design of claim 16, Wherein at least one 
of the capillaries has a length to Width ratio of betWeen about 
4:1 to about 12:1. 

18. The spinneret design of claim 16, Wherein the capil 
laries are connected to a polymer supply passage by a 
counterbore. 


