HI GH SPEED SPI NNI NG OF MULTI COVPONENT FI BERS W TH HI GH HOLE SURFACE
DENSI TY SPI NNERETTES AND HI GH VELOCI TY QUENCH The present invention
relates to synthetic nulti-conponent fibers, especially synthetic :
bi - conponent fibers used in the manufacture of non-woven fabrics. In
particul ar, the present i nventiort rel ates to processes and apparatus for
“the production of nulti-conponent polyner fibers and filaments at highs
speed and in a densely packed arrangenent. Mre specifically, the present

i nvention relates to multi-conponent fibers produced at high speed using
one or nmore high hole surface density spinnerettes wi'th subsequent high
vel ocity quenchi ng of the fibers. The production of mnulti-conponent
pol ymer fibers typically involves the use of at |east two different

pol ymers which are routed in the nolten state, via a conplex spin pack, to
the top hole of ayf@i SFEDCSHIANENG ONMULTICOMANENT FABERSOWEHSEYGH) ona|
configurati on camnLbeSURItcE DRNSITO SPINNERERTES | ANBHIGH VELOCEYEHEht fi bers

whi ch are extruded fromthe base of the spinnerette. Mul ti - component

fibers can berherppssémt MiVertbn $e1dkie8Nto 8PReAdEid Gl iTdbhpoh@APONENt
fibers" is.used .here {o broadw&l ncl%pe "bi - conponent fibers”, where
bi-ConpoﬁéHFrFPb%?ge?+ﬁ}%kayn etic bi-component fibers used in the

manufacture of non-woven fabrics. In particular, the present
invention relates to processes and apparatus for the production
of multi~component polymer fibers and filaments at high speed and
in a densely packed arrangement. More specifically, the present
invention relates to multi-component fibers produced at’high
speed using one or more high hole surface density spinnerettes
with subsequent high velocity quenching of the fibers.

The production of multi-component polymer fibers typically
involves the use of at least two different polymers which are
‘routed in the molten state, via a complex spin pack, to the top
hole of a spinnerette so that the desired cross-sectional
configﬁration can be obtained for the resultant multi-component
fibers which are extruded from the base of the spinnerette.

Multi-component fibers can be formed in many configurations.
and the term “multi-component fibers" is used here to broadly
include “bi-component fibers", where bi-component fibers include



two different and separate polyneric conponents and nulti- conponent fibers
may have two or nore different and separate pol yneric conponents. Anong the
vari ous bi-conponent fiber configurations are: the concentric sheath-core
type, where a core is made of a fiyst polynmer and a concentric sheath rrade
froma second polynmer is disposed concentrically about the core; a
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One process is the older two-step "long-spin" process which -
involves first melt-extruding fibers at typical spinning speeds
of 500 to 3000 meters per minute, and more usually depending on
the polymer to be spun from 500 to 1500 meters per minute,
bundling the obtained unstretched fibers and temporarily storing
them, and thereafter collecting them to form a thick tow which is
fed through an apparatus, in a second step, usually run at 100 to
250 meters per minute, where the fibers are drawn, crimped, and
cut into staple fiber.

The second process is a one-step "short spin" process wﬁich_
involves conversion from polymers to staple fibers in a single
step where typical spinning speeds are in the range of S0 up to
200 nmeters per minute. The productivity of the one-step process



3 is increased with the use of a nuch hi gher nunber of hol es per
splnnerette conpar ed to that typically used in the long spin process.
-Since the "short spin" process is carried out w thout any interruption
between the spinning step and the gdrawing step, it is nmore advantageous
than the "long spin" process in that higher yields can be achieved w thout
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different thermoplastic polymers are independently melted by
heating to prepare independent spinning liquids, and the two
liquids are separately fed under pressure to spinning holes by
way of independent paths at which time, or just before which
time, they are combined with each other at a predetermined ratio.
The combined polymers are then extruded from the bottom holes of
the spinnerette in the form of multiple multi-component fibers
which must then be qﬁénched to solidify the same.

Apparatus and methods are also known for melt spinning of
polymers to obtain certain advantages in the spinning of bi-
component fibers. For example, U.S. Patent No. 4,406,850 to
HILLS (HILLS '850), which is hereby incorporated by reference in
its entirety, is directed to apparatus and methods for delivering



.a supply of different polyners to each spinning orifice in a spinnerette,
whi.le retaining a relatively high surface density of filanents per unit
area of spinnerette face or surface. . HILLS '850 discloses that the
nost difficult type of bi- componept spinning to achieve a high nunber of
hol es per unit area of spinnerette surface or high hole surface density, is
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orifices {pparatumwlas) methadgedosi spinning multi-component fibers at an

even higher hole surface density. HILLS '074 discloses a hole
surface density of about eight or so spinning orifices in each
square centimeter of spinnerette face area, and the positioning
of the spinning orifices in staggered rows to promote more
efficient fiber quenching. The HILLS i074 patent utilizes one or
"more disposable distributor plates in which distributor flow
paths are etched on one or both sides to distribute different
polymer components to éppfopriate spinneretie inlet hole
locations,
~In attempting to maximize productivity (i.e., grams of

polymer per minute per square centimeter of spinnerette surface



mllimeters apart in a direction perpendicular to the quench air flow, to
produce a resulting hole surface density of 7.9 ‘holes per square centineter
of spinnerette face area (i.e., bottomsurface), or 12.6 square mllineters
per hole. Wth this density, a strong quench air floww thin the first 150
~mllinmeters bel ow the spinnerette was required to prevent marrying of the
fil ament @re@P 3 frRegoRBIFRXMSHEC e t-hEephar agher $RaP)s Wifiliech&kegpéngh
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fibers which are spun at hole_surface densities greater than one
hole per 12.6 square millimeters of spinnerette lower surface.

Standard quench units are incapable of sufficiently cooling

molten multi-component filaments, and this results in “marrieq"
filaments wherein two or more filaments fuse together before they
become sufficiently solidified. Another problem which results
from insufficient cooling is "slubbing" wherein the molten
filaments (i.e., fibers) are not cooled rapidly_eﬂough to
withstand the spinning stress, which results in broken fibers or
filaments. ' '



‘a spinnerette. It is also an object of the present invention to
prevent marrying and/ or slubbing of the nulti-conponent fibers which are
extruded through the one or nore high hole surface density spinnerettes at
hi gh speed. Further, it is angobject of the present invention to spin
fibers which are unlformln Cross- sectlon over the length of the fibers
produced, whilme m%e'ralnn@btjl&&tobheth@bﬂ;?@ééﬁf@&rﬁfer{th%npf:sssﬂﬁ1é0é/€m¢<jr9n
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A preferred ne&##ﬁhﬁ#éuﬁi\hﬁ @@lP?JP§tn9f the present invention to spin

fibers which are uniform in cross-section over the length of the
fibers produced; while meeting the other objectives of the
present invention.

The objects of the present invention can be obtained by
providing a process for high speed spinning of multi—componene
polymer filaments, comprising feeding a first polymeric.component
at a first melt temperature into at least one spin pack assembly;
feeding a second polymeric component at a second melt temperature
into the at least one spin pack assembly; combining the first and
second polymeric components into a multi-component configuration
and extruding through at least one high hole surface density
spinnerette to form molten multi-component filaments; and



greater than about 1400 feet per mnute. In a preferred arrangenent, the
step of quenching the nolten nulti-conponent filanments by blowing a fluid
.at a high velocity conprises blowing a-fluid at a face velocity of about
1300 feet per mnute. Further, the process step of quenching the

mol ten nulti- conponent filaments 10y blowwng a fluid at a high velocity is
pr ef er ablapepehiiagnédehpod tqpemsht intomprnanty finaspensnyy t browigly whifil ithe
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| Further, the process step of quencﬁing the moltenlmulti-
coﬁponent filaments by blowing a fluid at a high velocity is
preferably perforﬁed by a quench unit having an opening through
which the fluid is blown; the opening being at least as wide as a
combined width of the molten multi-component filaments extruded
from one of the high hole surface density spinnerettes, and
having a variable height. The opening of the quench unit
preferably comprises a height of up to about 50 mm.
Preferably, the opening of the quench unit is set at a

height of at' least about 20 mm during quenching. A preferred
maximum height setting is no greater than about 40 mm. In a



top edge of the opening. More preferably, the vertical distance conprises
at |l east about 1.0 centineter. A preferred nmaxi mum vertical distance
conprises no greater than about 10.0 centineters. In a preferred
arrangenment, the opening of the quench unit is positioned at a verti cal

di stance of about 5.0 centineters fromthe bottom surface of the at |east
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speed of ef tgasgtakggﬁtgnnqnnxgh;QQ;e surface density spinherette to a
- top edge of the openlng. More preferably, the vertical distance
comprises at least about 1.0 centimeter. .A preferred maximum
vertlcal distance comprises no greater than about 10.0
centimeters. 1In a preferred arrangement, the opening of the
guench unit is positioned at a vertical distance of about 5.0
centimeters from the bottom surface of the at least: onie high hole-
surface density spinnerette. |
In another preferred embodiment, the quench unit is
positioned at a vertical distance of about 1.0 centimeter from
the bottom surface of the at least one high hole surface density
spinnerette.



m nute, and a preferred range of from about 30 neters per mnute to 900
nmeters per mnute. More preferably, the spinning speed conprises at | east
about 60 neters per minute. Mre preferably, the spinning speed conprises
no greater than about 450 neters pgr mnute. In a preferred enbodi nent, the
spi nni ng speed conprises at |east %\bout 90 neters per mnute. In anot her
preferred enb@diefenaplyhetbpi quénch speet icompisiisesns F eai eindlra£225%.
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For exanpl e one he co one ts can_conprise at |ea ercent, 30
percent dtPHH ﬁ@rc?@r‘i’tre@ﬁ R &t tnei ﬁ'htao?reﬁ?é:rﬁﬁi FWbEGﬁB%%ntt%l ten .
temperature of the fluld which is blown at high velocity by the

high velocity quench unit is about 70 degrees Fahrenheit.
Preferably, the multi~component molten filaments are
produbed at a spinning speed of at least about 30 meters per
minute, and a preferred range of from about 30 meters per minute
" to 900 meters per minute. More preferebly, the spinning speed
comprises at least about 60 meters per minute. More preferably,
" the spinning speed comprises no greater than about 450 meters per
minute. In a preferred embodiment, the spinning speed comprises
at least about 90 meterslper minute. In another preferred
embodiment, the spinning speed comprises no greater than 225
meters per minute. Even more preferably, the spinning speed



filaments. Preferably, the multi-conponent nolten filaments produced
conpri se about 10 to 90 percent by weight of the first conponent and about
90 to 10 percent by weight of the second conponent. Mre preferably, the
mul ti-conmponent nolten filaments cgrrpri se about 30 to 70 percent by weight
of the first conponent and about to 30 percent by weight of the second
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0.06 graghePR6181 P&t €0 P&'square millimeters of the bottom surface.

' The multi-~component molten filaments can contain varying
numbers of components, such as two, three, four, etc., and these
components can be present in various amounts. For example, one
of the components can comp;ise at least 10 percent, 30 percent or
50 percent of the total weight of the multi-component molten
filaments. Preferably, the multi-component molten filaments
produced comprise about 10 to 90 percent 'by weight of the first
component and about 90 to 10 percent by weight of the second .
component. More preferabl?, the multi-component molten filaments
comprise about 30 to 70 percent by weight of the first component
and about 70 to 30 percent by_weight of the second component. A



”splnnerette hol e and the extrusion rate of the second polynerlc conponent
I's about 0.06 granms per mnute per spinnerette hole.
12 Optionally, the process further conprises the step of feeding at
| east a third pol yneric conponent 13 athird nelt tenperature into the at
| east one spin pack assenbly for nmbi nation with the first and second
pol yner | prefepordneabbdihentn ppbdetesniuliticempebasht fhdBten filamehte .
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and at | east one g for fe conmposli tion
Fhrough (HRF APIRSEETSAIDRIEN NHPES o f A kuns 1 SERREIoR IAce Biotheude
an array bifrstolpcdymetrlici covppoasht conprimrs st dedsat abeast 0 0E gt ipeitni t

for quenchifpd MerakhaRaeFeRte Oho®! 450 ¢AY téxtr‘f:@'IBﬂn?Q%I g# R (b dhy | he

nolten nmult] -conponent filanments exit the at |east one e
density ShmsTS §°mP8n8PFeEPﬁ“9EF§e~Tbr%§/e]rﬂas§l GHOUEN A - FAr 9XARY RFAT t he
mul ti- comnnma‘m dex @pinherette hélef er abdne prefexrhbligastheneasimamch unit

conpri ses, Lﬁ%%rh%‘ékﬁgo%ntﬁgeﬁwgtt 5 i c&ﬁl\p&;ﬁ% etc&ﬁgxs{sg%] igluench

uni t bloms face veloClty,, an P&cE S Xed
greater than about .06 grams per mlnute per spinnerette hole and
the maximum extrusion rate of the second polymeric component
comprises no greater than about 0.06 grams per minute per
spinnerette hole. 1In a preferred embodiment, the extrusion rate
of the first polymeric component is about 0.02 grams per minute
per spinnerette hole and the extrusion rate of the second
polymeric component is about,0.02 grams per minute per
spinnerette hole. .

In another preferred embodiment, the extrusion rate of the

first polymeric component is about 0.06 gfams per minute pef
spinnerette hole and the extrusion rate of the second polymeric

component is about 0.06 grams per minute per spinnerette hole.



13 width and a variable height. Preferably, the height is variable up to
“about 50 mm Preferably, the variable height is set, in use, to at |east
about 20 mm Preferably, the variable height is set, in use, to no greater
than about 40 mMm In a preferred enbodi ment, the variable height of the
face of the at l'east one quench uri®t is set at about 35 nm

Preferably, toptfonxexriyy dine @rocbesatulerRst OREpEURIRCRUNEtpage IS at*
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at | east abouThélébjeets pef hhenm:eseandlavgnei@n race radrspe obtafinabl abioyt
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el enent ows a hrough  the face at _a face Ve OCI%{ east about
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fluid through tﬁrL?ace vel 00|t¥ per m nute.
PreferabPFVGFﬁé°Gr|%Pﬂﬁr%ﬁ%ﬁm%ﬂ seykEesd Pﬁlﬂlﬂhrﬁﬁﬁﬂptﬁﬂ§nmé@§ SF a
vol unet r imix 1kdt-eofpoabntt pSDinentiFid ameAt specoRpAlé tng at least one high

hole surface density spinnerette; at least one feeding element
for feeding a first polymef composition through the at least one
high hole surface density spinnerette, and at least one feeding
element for feeding a second polymer composition through the at
least one high hole surface density spinnerette, to extrude an
array of molten multi-component filaments; and at least one
‘quench unit for quenching the arrangement of molten multi-
component filaments, as the molten multi-component filaments exit
the at least one high hole surface density spinnerette, to
effectively prevent slubs and marfying 6f the multi-component
filaments. - ' '

Preferably, the at least one quench unit comprises a. face
having an opening through which the at least one quench unit
blows a fluid at a high face velocity, and the face has a fixed



14 The apparatus preferably conprises at | east one angul ar nounting

el emrent for angularly nounting the at |east one quench unit with respect to
the at | east one high hole surface density spinnerette, for directing high
velocity fluid toward the bottomof the at |east one high hole surface
density spinnerette at an angle of3fromabout 0 to 50 degrees. Mre
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one quench uni . ) : )
element for blowing a fluid through the face of the gquench unit

at a face velocity of at least about 110 feet per minute, and a
preferred range of from ébout 1000 feet per minute to 1600 feet
per minute. More preferably, the driving element blows a fluid
through the face at a face velocity of at least about 1200 feet
per minute. It is preferred that the driving element blows a
fluid through the face at a face velocity of no greater than
about 1400 feet per minute. In a preferred embodiment, the
driving element blows a fluid through the face at a face velocity
of about 1300 feet per minute. Preferably, the driving element
blows a fluid through the face at a volumetric rate of about 300
cubic feet per minute. '



15 such that the vertical distance between the bottom surface of the

spi nnerette and the nearest edge of the face conprises at |east about 1.0

cm Preferably, the vertical nounting el ement nmounts the at | east one

guench unit such that the vertical_,distance between the bottom surface of
. 14 )

the spinnerette and the nearest edge of the face conprises no greater than

about 20.0 cmhwbégpafeﬁegapfafeﬁmWQfam kedi SEaJTJEQS'@O&’EH' 13@ greater
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16 prefera%f °% he S 8ast -one e surface densi
splnnerette. In a preferred embodiment, the at least one angular

mounting element mounts the at least one quench unit at an angle
of .about 23 degrees with respect to the bottom surface of the at
least one high hole surface density spinnerette.

Preferably, the apparatus further comprises at least one
vertical mounting element for vertically adjustably mounting the
at least one quench unit with respect to the at least one high
hole surface density spinnerette, such that the edge of the face
of the at least one quench unit nearest the bottom surface of the
at least one high hole surface density sbinnerette is at a
vertical distance of from about 0.0 to 20.0 centimeters measured
from the bottom surface to the top edge. . Preferably, the
vertical mounting element mounts the at least one quench unit



spinnerette conprises at | east one hole per 5 square mllineters of the
bottom surface. A preferred enbodi ment of the apparatus includes at |east
one high hole surface density spinnerette which conprises at |east one hole
per 2.5 square mllineters of bottgn1surface Optionally, the apparatus may
I nclude at | east one high hole sur dce density spinnerette which conprlses
aL | east gnenhr.ﬂaec fate Oreftiqadr @isthhiaebetwedf &J@b@@ﬁ:bﬁ%ﬁk‘ﬁi@ée?f the
The inven t a aracteristics there re
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for nore spinn
component filanments as they are extruded from the at least one

high hole surface density splnperette, wherein the at least one
horizontal mounting element mounts the at least one quench unit
at a horizontal distance of at.least about 4.5 centimeters
measured from a nearest molten multi~component filament to a
center of the face. Preferably, the horizontal distance
comprises no greater than about 5.5 centimeters. In a preferred
embodiment, the horizontal distance is set at about 5
centimeters.

The at least one high hole surface density spinnerette
comprises a bottom surface through which the molten multi-
component fibers are extruded, and preferably comprises at least
one hole per 8 square millimeters of the bottom surface. More



stations, each of which requires polymer punps, punp drives, tenperature
control neans, polyner piping, quenching facilities, takeoff rolls and
bui I di ng space for housing the equi pnent. Accordingly, even small

i nprovenents in the nunber of filggents extruded per spinnerette are
inportant in terns of ultimate product cost. - A nunber of patent
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Fig. 2 illustrates a face view of the opening of a quench

unit according to the present invention;
- Fig. 3'illustrates'a partial left side view, taken along

lines IXII-III and III'-III', of the apparatus shown in Fig. 1;

Fig. 4 illustrates a spinnerette for providing the multi-
component fibers according to the present invention; and

Fig. 5 schematically illustrates a bottom face of a
spinnerette -for providing the multi-component fibers according to
the present invention.

In making fibers, if a substantial drop in the number of
fiiaments per spinnerette is tolerated, much less fiber



are about 250-325[err]C. Moreover, for processes wherein bi- conponent
filaments are being produced, the nunbers of capillaries refers to the
nunber of filaments being extruded, but not necessarily the nunber of
capillaries in the spinnerette. 17 To acconplish the objectives of
obtaining nulti-conmponent fibers at high speed, preferably in a short spin
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from such fibers. The processes of the Gupta et al. application
includes melt spinning a polypropylene composition having a broad
molecular weight distribution through a spinnerette to form
molten fibers, and quenching the molten fibers to obtain
thermally bondable polypropylene fibers. The processes of the
Gupta et al. application can be used in both 'a two step "long
spin® process, as well-as in a one step "short spin" process.

The productivity of the one-step process is increased with the-
use of about 5 to 20 times the number of



 fibers. .The present invention is directed to various fornms of fibers,
including filaments and staple fibers. These terns are used in their
ordinary commercial neanings. Typically, herein, filanent is used to refer
to the continuous fiber on the spinning nmachi ne; however, as a matter of
‘conveni ence, the terns fiber and ¥l ament are al so used |nterchangeably
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to be extrtude pol yner ion o conponent
fibers |¢P@P@#ﬁﬁﬁPﬁlkiﬂﬁ?téoﬁrﬁgéﬁbﬁgo?FQﬁRﬁ n e ng@peresopol ypr opyl ene
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i s ethyl ene V¢¢“gcqgmgkgﬁg the Apﬂﬁgggﬁes of obtaining multi-component
fibers at high speed, preferably in a short spin process, the
present invention provides a sufficient quenching stream to the
extruded polymeric fibers in the vicinity of extrusion from the
spinnerette, For example, beéause the standard quenching
mechanisms do not adequately quench multi-component fibers
extruded through at Iegst one high hole surface density
spinnerette in a short spin process, problems such as married
filaments and slubbing of filaments ensue when the surface
density of holes in the spinnerette(s) from which the fibers are
extruded exceeds the hole surface density of a spinnerette having-
about one hole per 12.6 square millimeters of bottom surface
area.



the preferred enbodi nents are directed to bi-conponent fibers, the
invention is not to be so limted, and applies to nulti- conponent fibers
having three or nore polyneric conponents. Simlarly, although the
preferred configuration is a core-gheath configuration, the invention is
not to be limted to this configuration, and applies to any nulti-conponent
confi gur at i on®Si HEpBdhREeine o vieameltilohelotensyyincs idemsity" asThe %

po: ymalri @pPadpestbi spinherdetex| raldﬁd:h@ar&e@-finpﬁ%@le widh@{raf_aaavhggs'gtpar r ow
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pol ypr opylugtace density of at least one hole per 12imm" of bfbtomesyreraised

herein, td¥e shahmeRak¥BEr TRHE! tEEss NAPORIBESty Y aLhP U, R WARES, such as
copol yners .and . ter gol yrrera,hand, m Xt urep.; (incl udi bl en and al |l gys
produced By Y ng 2EEp AP EF " BRF R GPHYr FPnGUanER MRS hauipp. apdpce
exanpl e. weloqitlyywmér atahesshpdd@efttiopiol.yners of ol efins, such as propyl ene,

and these copglypRi-eic8lafONi Al Hrdfd U mPoR ' €
di scussed in theﬁgbo&e- maslnti onelcszllr aé) N c,atei onsgﬁgﬂgp??%% ?efs@?%r exanpl e.
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listed in the aforenentioned recomrended “procedure). y practicing the
process Of:ih@rsveddnt inEeEARLEA, BAKE YIS HiEnALRETHorYies LuRbipSsofi ons

using melgilefrsn processes, such as-a long spin or short spin process
Socor®ing o, Ui SR AVERCLGN, 1L | DSA b IUTILS PSRN e
© fibers, including filaments and staple fibers. These terms are
used in their ordinary commercial meanings. Typiéally, herein,
filament is used to refer to the continuous fiber on the spinning
machine; however, as a matter of convenience, the terms fiber and
filament are also used interchangeably herein. "Staple fiber" is
used to refer to cut fibers or filaments. Preferably, for
instance, staple fibers for non-woven fabrics useful in diapers
have lengths of about 1 to 3 inches, more prefefably 1.25 to 2
inches. ' ' ST ‘
The polymer materials extruded into multi-component
filaments according to the present invenfion, can comprise any
polymers that can be extruded in a long spin or short spin



hol e surface density spinnerettes for excellent productivity resulting in
reduced cost of production. For exanple, for a typical short spin

process for the extrusion of sheath-core fibers having pol ypropyl ene cores
and pol yet hyl ene sheaths, with the core conmponent bei ng pol ypropyl ene and
t he sheat h conponent being polyethyﬁene t he pol ypropyl ene bei ng extruded

at a mel tleeper abuaerettap %%od’&f&[ &iHe @uaRd-EBRpORLYE MM SR dICIIRG ™
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mul ti - conmplotiate fidreras opfrecshaath spomft kguration in which the core is
polyester and the sheath is ethylene vinyl acetate. Although
the preferred embodiments are directed to bi-component fibers,
the invention is not to be so limited, and applies to multi-
component fibers having three or more polymeric components.
Similarly, although the preferred configuration is a core-sheath
configuration, the invention is not to be limited to this
configuration, and applies to any multi~-component configuration,
including the above-mentioned'configurations.

The polymeric compositions to be extruded can comprise,
polymers having a narrow molecular weight distribution or a broad
molecular weight distribution, with a broad molecular weight
distribution being preferred for polypropylene.



hi gh speed through at | east one high hole surface density spinnerette,
according to the present invention. A first- polyneric conponent is fed into
first inlet port 1 and a second polyneric conponent is fed into inlet port
2 of spin pack 3, the first and second conponents being fed from separate
metering punps. The spin pack 3 sBbwn in Fig. 1 is for use in making bi-
23 conponent fFinetiser, (kﬁluyvﬂInpxeansptnepaékmfﬁbdyMkﬁiﬂdalbdeknlet for:
pr ocessi oly. t d_ be eﬁ f du0|ng
tr,_conp§%28?6?Y%§$£ |t|o ,%% |%98h ig ﬁﬂf acce nDre than three
pol yner i ESEBAPYRRFE s ?Qﬁ W&%@??ﬁﬁn&¥9ﬁ1HﬁPﬂg E%ﬁﬁﬁﬁmﬁﬂdfQH%QVSppeeée??@n can
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known spln S I 074, .r .red to ove
whi ch caf” ngﬁéed§#%h¥%%wg%?é%g}S%ﬁﬁﬁqf cgbgkik VA, 4;:?' Sang" §§cﬁﬁd
~inlet popropylenteadnd htlegmh caeiymers z:aanqoueﬂxweramrcmsr eopponeuts,

pol ymer i eueﬁrraenenagetelgemsé&]@nectncéaﬁbbwesmén@mﬁ@ﬁ%rl\e%uon&:&sen
support &ds gcreens 70 and 7' for filtering the polynmneric

conponen %Foﬁf out TPF of¥ M %avities 5 and 6, respectively. Bel ow the
screens 7' an@h@' meatefhocexmcb@c wM@)d@bﬁesbdébeedwsaeidu sisotiet@rmandd9' ' .

An array aefcofrhewgdtétgs@utmﬁbwt ARiRi6hOf, ESE doTWrRIILTRS !

conponent) and B (for the secaon yneri c conponent) 1's arran 8 In plate
10. - Sl ot SOPRITARR F1foraPRlyet %tﬁt&ﬁér Pl @gewm BUT #958&¢ti vel y to
separ at elaj fdelrievier cohaitioss @nitls exend istledmini the capmraning: ibhedespect i ve

aperture | | ate' 12 i s di sposed i nmedi ately beneath
(i.e., d%ﬁﬁgﬁngéfgfiggkggépébp Distributor plate 12 includes a regular

pattern of in@¥vPgasFigaRs 4xe R{IEHAf Fm PBeserhglpwntidhednfob¥ecei ve
a respectspi@ininanpblofetheohpositidmivdgng melt spin processes, such as

a long spin or short spin process according to the present
invention, fibers and.filaments can be obtained which have
excellent uniformity and can be produced using one or more high
hole surface density spinnerettes for excellent productivity
resulting in reduced cost of production.

For example, for a typical short spin process for the
extrusion of sheath-core fibers having polypropylene cores and
polyethylene sheaths, with the core component being polfpropylene

- and the sheath component being polyethylene, the polypropylene
being extruded at a melt teﬁperature of about 250°C and the
polyethylene being extruded at a melt temperature of about 230°C,



pol ymeri ¢ conponent through a respective netering aperture A At both ends
of each dam 13, there is a distribution aperture 14. Dans 13 and
distribution apertures 14 are preferably etched (nost

24 preferably, by photo-chem cal etching) into distribution plate 12, with
dans 13 being etched on the upstreéd side of pI ate 12 and apertures 14

bei ng et chrd éw@rgs{%s“éiovgaregﬁgmé decoln gf QAN 8L €12 o LONeVER.
distribution plate can orne ods SHeR 388 drilling,
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conponent fr er|n apertur sg 8 ig gnerette | at e grOV|ded wth
ndi
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conponents are first brou ht to ether into desired con uration at the
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are extr udeddéqoartepmmcn:gxdmﬂyeal%of the Fibger$ exsitairschttwaspbinabratvéew

of a bottomegysf Q&ﬁe (éyﬁe t?’ué a%%)l %c%gil:ﬁge;’?ﬁé etv%gxﬂaﬁ ?ﬂ% oR"EaghpLs i N

Fig. 4, when viewed from tom _up pi nnin ar € arranged
in staggeVE&cFoRECFEF?qmﬂﬁﬁﬂg(ﬁﬂﬁ%@ﬁﬁﬁ§ eFFPﬂl%ﬂ%gchFQﬂlq yodexs&he above
producti vicopditions wle)sermdﬁ:sjm [ othereptwoi ag wotest idershwanild fuse

together before they became sufficiently solidified; and
slubblng, where one or more fibers would break under the spinning
tension due to poor tensile strength caused by insufficient
solidification.

Referring to Fig. 1, an apparatus is shown for high face
velocity quenching of multi-component fibers which are spun at
high speed through at least one high hole surface density
spinnerette, according to the present invention. A first
polymerlc component is fed into first lnlet port 1 and a second
polymerlc component is fed into inlet port 2 of spin pack 3, the
first and second components being fed from separate metering
pumps. The spin pack 3 shown in Fig. 1 is for use in making bi-



dense a pattern as possible. The density achievable is limted

25 by geonetrical constraints which govern how cl ose the conponents can be
pl aced next to one another without interfering with each other. In this
regard, standard hol e surface den%ity spi nnerettes have a hole surface
density of up to about one spinni hol e per 12.6 nmR of spinnerette face
(i.e., bobhpoment f&ider s eapthiogla 1hgl, easspiacsadentivingspi BRerat teset ncl ude

for exa"%? ?wé&‘é‘fﬁé taestrpgeespfxgmégueéﬁgnms oul%sbgf ggs PQLe per 8
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single coggsgeggmgo§kﬁg flberiﬁgga&cgiong the%$|$$(£ole surface density

splnnerep f Oor production o -conpone Ts, a standard quench
system was foundRebepeinmdesifiighl 4 .andrdrd Aetahbed)rmrsippcsovediigwt g

fibers ext kHQQH éga mcheéﬁbm@seow hace1d8881 1 BRINECLOLL ere¥bi£hg
The standard quench system

resul t ed |n n narrle
o Leq R aPaKaE, BREER: AT e a8 ERG A BRa e Pyl a1 Sanehatn o5
i nches | gigsandnd@Ssenchdsimiaie parie arradged tbhroughe topclatant wadocity

profile %ﬁ%@ﬂ thal Peeguga&wepoqh%e&-qcl £BfLBnOheL N, AR agedRef erring

back to Fig. 1, aratus | s uses an 1 nprove uench system
accordlnﬁaﬁétﬂﬁé Br@seﬁ?s??ﬁﬁﬁﬂﬁ¥¥1 BGF 28RafPPROT} i Rlateyfd hedesnacpBr)fer s

are dry bheadad7$epﬁonteiycemﬁnd1uhesmeuymeeladdompaménﬁs1ﬂ&o@@ﬁblaueus
process ghdpeapl Qévi@feé'ésé and Sz%“s%’é%t&%i ?éf&?st %Qe 9. 9'

separ ate reserv0| r directl ove thro an ex
and 7*'!''are a serles of side-by-side recessed slots 9' and 9".

An array of floy distribution apertures A (for the first
polymeric¢ component) and B (for the second polymeric component)
is arranged ‘'in plate 10. Slots 11' and 11'' are aligned with -
apertﬁres A and B, respectively to separately deliver the first
and second polymeric components to respective apertures.

A distributor piate 12 is disposed immediately beneath
(i.e., downstream of) plate 10. Distributor plate 12 includes a
regular pattern of individual dams 13, with each dam 13 being
positioned to receive a respéctive branch of the first flowing
polymeric component through a respective metering aperture A. at
both ends of each dam 13, there is a distribution aperture 14.
Dams 13 and distribution apertures 14 are preferably etched (most



26 shown). Each of the first and second polyner blends is fed through a
separate extruder (not shown) and extruded as first and second nolten

pol ymer conponents, respectively. The first nolten polyneric conmponent
is introduced into spin pack 3 thrgygh inlet port 1 at a first nelt
tenperature and a second nolten polyneric conponent is introduced through

i nl et porm"ezf%nakﬁ-}’se@m@msbt-cnenpeahtenr.@linﬁd)t hottghdEsgributidmgiyadeess.onl y

one spin pﬁckua:h Td’éﬁ\sl fi\éemellﬁa b8cROA &R i %s‘t‘r@a&egméngf %’ t]l,é]CJ!ZUde two

or nore s S aral,l el proc nul ti - conponent anents.
Waen pol y%l’cgp “ne! er?d bﬁéf‘ﬁyfegﬁ%e‘g g ?fgetg‘eagc’t"’l’i‘étﬁngnﬁi‘i’% ‘&%rrponents,
the nmelt d¢espeitattuiras pdirdenaiznt aHowevar . abimttr 260ienr pCatad1230drral«Ly
respecti Vgl Yeormed bvﬁ%trﬁ@rt ?nataehgr@ﬁeﬁ £9ROIY fa]rm a&%agaﬂge%ﬁ& Hhd.he

spin pack 3 as described previous g a_densel'y ‘Ppacke
mul ti - conpBFeHt O dtaeH Finge AEAa FETEXRY ude"&“f rq}rﬁ"srﬁ-lbt‘iﬁllﬁﬁ HéPE@ gkowR ke
bott om suréﬁcﬁlmsmﬁm qm&@okas dhey conmivn entrberaunide topabi ed i nt o

mul ti-co r.at erge by wei ght
of first ﬂggg@%;{n%\;&{)ﬁ alb Gt S}% ?Qt%mi{égg‘e}ﬁ?qg% %%mé’he%q 9ségo conponent .
Pr ef er abl §°1Y1h%r reRRReNent rddmta‘BBHFIQO @%W%&Q@‘erﬂa@y fibeght of first
conponent to am@tu;?&ﬁéanstlm&eenarba wl@fétﬁfmﬁqw%lﬁegpwemlcﬁ

Rerght | of SPTF ot CUUOHN 5 B85 L0t Bof CERY By \PEHYIGF Bagaiaed o &

conponent prescriffgd dgntimitey regedyeothepaecond pehliymiertiice componenbnporrent

fibers argeg¥tinglesbdriaipdd1®.SPispAnRErbetesp@e 3G HreiaBquiith an
array of spinning holes 16 extending entirely through its
thickness. Each spinning hole 16 has a counterbore 17 which
forms an inlet hole at the upstream.side of the spinnerette plate
1S5. The first and second polymer components are first brought
together into the desired configuration at the inlet hole 17, and
fibers having the desired multi-component configuration are
extruded from spinning holes 16. ' )

Fig. 5 is a schematic of a view of a bottom surface (i.e.,
face) of a spinnerette such as the one shown in Fig. 4, when
viewed from the bottom up. The spinning holes 16 are arranged in
staggered rows to improve quenching efficiency. For increased
productivity, it is desirable to form spinning holes 16 in as
dense a pattern as possible. The density achievable is limited



27 30 mimn to 900 nm mn. More preferably, the spinning speed conprises
at | east about 60 neters per mnute. Mdre preferably, the spinning speed
conprises no greater than-about 450 neters per mnute. In a preferred
enbodi ment, the spinning speed con$r| ses at | east about 90 neters-per
mnute. In another preferred enmbodfhent, the spinning speed conpri ses no

greater tﬂyﬂbégﬁétgﬁkﬁﬁscBﬁEtP&f&%éawﬂ%@ﬁ1d3y%%npﬁgfeéf@%?’“ﬁg] 5H%J% P
pe Ot € pre erably,

speed co%lH ?}t gast about 100 neters

t he maxi z’& RiPfiGIspest EBnpre sHWRHegMédhertt haRenbRANd 65 thetedch per
m nute. otherfhe Inatkisf regardsi sramsfarndhaanal tsureeapwexﬁ&n{y bers fromthe
SPi i g ol bR des bRl 2bRYt e Os e 4 et 39 \nergld e hole

e
for each caonponent - he_conponents are co |ned § £Oboucf a B 50 ratio
by wei ghtSP‘i’H‘Wef‘é’tlfeeﬁeErrBBdF iRt O ERENPPESEFS ckRIR n(llm?mrekpft@gmon rate

for each-suufgeanentreias ablagh RoD2 g Mhde Wnsil&gnﬁﬁiﬂhéﬁeb@é§ Mta.md&g
conmponent r I n i tl1o rererre
bo lf o et%%e prfr% gg éQQQQHés Tt ‘83| o af: Srgﬁﬁﬁh 1

enbodi men ef maxr num ex
about 0. d@bﬁrﬂnﬁrn gp@m” spi Fiomanet tes bawiog tl*hbe cmmmtdsen@ne;lesnbpned at

about a S&m‘iqadm |§ézb)‘é wemshthave beeupaasgéhé&swﬁ OB AR RLANLRY hol es
the mul | at_el yenched by high face
veI ocity “I“ft |“r?§‘ Fé efﬁea‘i’%%% %‘\‘m%'f@ngﬁ“%bgifﬁ 29 .up 'I"H?e one
t enper at Lh@-%)qufn@ f6l mind kxve brpr mosstibdef for £Pngbe aboyionent fibers.
When using the high hole surface density spinnerettes for
production of multi-component fibers, a standard quench system
- was found to be undesirable and did not adequately solidify the
fibers extruded from the high hole surface deﬁsity spinnerette,
which resulted in slubs and/or married filaments. The standard
guench system included a standard rectangular cross blow box
faced with a foanm pad 35 inches long and 25 inches wide, and
arranged to give a constant velocity profile of 330 ft/min along
the entire length of the face. . '
Referring back to Fig. 1, an apparatus is shown which uses
an improved gquench system according to the present invention;
For example, first and second polymers are dry blended
separately, with respective additives in a continuous process and
each of the first and second polymer blends is fed to a éeparate
reservoir directly above a feed throat of an extruder (not



50 F to 90F. A preferred m nimum quench fluid tenperature at the face 22

I s about 60[err]F. A preferred maxi mnum quench fluid

28 tenperature at the face 22 is about 80[err]F. In a preferred exanple,

t he quench fluid tenperature at the face 22 is about 70[err]F. Spin
finish is applied by a kiss roll (not shown) after the filanents have
solidified. The filanents are drawn between septets (not shown) into astow
and the tow is preheated before entering a stuffer box type crinper (not
shown) in which the filanments are 26éinped. The filaments are next air

cool ed on a conveyor (not shown) and overfinish is applied through sl ot
bars (notheHdwm) . EAFRePhathe ef iXsto\and iseicondc anlpeenpplends iis sjoday formon

the Itowf &Eﬁr@hght 3eget>5rahe @ftmTh r (Eidtalslhbwntmenal és’e\ﬂﬁﬁﬁh & aerFse ﬁltflstl Aha
stapl e fibers .an e syste owmn in Fig is a
preferre& ean m°l ? $O}%%§ T st s |QV%nf%8 nkb i nore than one of
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exhaust afs’iibicenpdnkari Bylangeted Wit yb2obylene and polyethylene
are used as the polymeric components, the melt temperatures are
maintained at about 250°C and 230°C, respectively.

The molten polymeric components are processed by the spin
pack 3 as described previously and a densely packéd array of
multi-component molten fibers are extruded from spinning holes 16
at the bottom surface of spinnerette 15. The components may be -
combined into multi-component fibers at a ratio of from about 10
to 90 percent by weight of first component to about 90 to 10
percent by weight of second component. Preferably, the ratio is
from about 30 to 70 percent by weight of first component to about
70 to 30 percent by weight of second component. A preferred
sheath-core embodiment comprises a ratio og about 50 percent by
weight of first component to about 50 percent by weight of second
component. '

The spinning speed or épeed at which the multi~component
fibers are extruded from the spinning holes may range from about



provi ded for renoving the quench fluid as it passes through and around the
array of nulti-filaments 18. 29 :
The at | east one driving elenent 23 is preferably a centrifugal fan which
overfeeds the system but other equivalents may be used, e.g., a turbine,
etc. Flow control elenent 25 controls the anmount of fluid which is ,
i nputted to quench nozzle 21. Preferably, the flow control elenent 25 ks a
butterfly val ve, but other equival ent valve neans may be used in place of a
butterfly valve. Waste gate 26 (shgsn in the open position in phantom

di sposes of any excess fluid which is supplied by the driving el ement 23.
Nozzl e 213PsmiBintd 280 apfiaimt us MsOreyipx eifgrprdvt athememinmigie|soeedt 27,
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are |nter%gnnected as nnuﬁé unit 30 a zle 21 is fixe
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screw, Welds 18hs0t BBbuLdsb ViRd €dits PN H i TEARS. améhZP%@éfJ@wl ng
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t he preferably, the maximum spinning speed comprises no greater than
about 165 meters per minute.

The rate of extrusion of the multi-component fibers from the
spinning holes 16 is from about 0.01 to 0.12 gm/min per
spinnerette hole for each component when the components are
combined at about a 50:50 ratio by weight. In preferred
embodiments, the preferred minimum extrusion rate for each-
component is about 0.02 gm/min per spinnerette hole when the
components are combined at about a 50:50 ratio by weight. In
preferred embodiments, the preferred maximum extrusion rate for
each component is about 0.06 gm/min per spinnerette hole when the
components are combined at about a 50:50 ratio by weight.

‘Upon extrusion from the spinning holes 16, the multi-
component fibers 18 are immediately quenched by high face
veloéity fluid exiting from the face 22 of quencﬁ nozzle 21.

The temperature of the fluid exiting from. the face 22 is about
50°F to 90°F. A preferred minimum quench fluid temperature at
the face 22 is about 60°F. A preferred maximum quench fluid



face 22 fromthe nolten filanents 18 is neasured fromthe nolten fiber
nearest the center of face 22' to the center of the face 22'. The nozzle is
novabl e froma horizontal distance of about 0.0 up to about 10 cm A
preferred m ni num horizontal distance

30 for high face velocity quenching is about 4.5 cm A preferred maxi num
hori zontal distance for high face velocity quenching is about 5.5 cm =|n a
preferred enbodi nent, a-horizontal distance of about 5 cmis set.

Adj ustnent of the vertical nountingzgel enent 29 noves the face 22 nearer or
further away fromthe botton1surface (or facg% 15' of spinnerette 15. The
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form on the tow after it ex1ts the crimper. Finally, the
filaments are cut into staple fibers and baled. '

_ The quench system 20 shown in Fig. 1 is a preferred
embodiment of the instant invention. However, more than one of
the quench units may be employed for.batch processing and other
equivalent configurations may be used for achieving the desired
results. Quench unit 20 includes at least one driving element 23
for blowing a controlled fluid flow through flexible duct 24 into
quench nozzle 21 and finally through the face 22 of the quench
nozzle where the fluid flow is directed into the array of molten
multi-component fibers or filaments 18 to quench the same. The
preferred quench fluid is air,_but other fluids, such as inert
gases, for example, may be used ihstead 6f, or combined with air.
A standard exhaust assembly 40 having a gated opening 42 is
provided for removing the gquench fluid.as it passes through and
around the array of multi-fnilaments 18. '



- stream ex

mounting el enent is fromabout O degrees (i.e., quench stream substantially
parallel to | ower spinherette surface and perpendicular to direction of
extrusion) to about 50 degrees. A preferred m ninmumangle is about 10

degrees. A preferred nmaxi num 31 angle
-i's about 35 degrees. An angle of about 23 degrees is one of the nost
preferred settings. Quench nozzle 21 is provided with height varyisng

means, which is adjustable for varying the height of the opening at the
face 22 of the quench nozzle 21. Hepght varying nmeans 33 is preferably a
flat plate which is angularly variable by adjustment of height adjustment
mechani sm 34. Thre dteilgnstadinestméningeecheminsmas i erefabbpla screw drive
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t he appar gri¥inakelergrh@d-i nes III-III and III'-III' in Fig. 1. For

effective Nozzle 21 is mounted to apparatus 50 via horizontal mounting
element 27, angular mouﬁting element 28 and vertical mounting
element 29, all of which are interconnected as mounting unit 30
and to which nozzle 21 is fixed by mounts 39. Pitot tube 31
measures the pressure of fluid passing through nozzle 21.
Mounting unit 30 is fixed to apparatus 50 at 32 via bdlts, screwv,
welds or other eéuivalent anchoring means. Horizontal mounting
element 27 is adjustable via adjustment element 27' which is
preferably a screw drive but may be a turnbuckle arrangement,
rack and pinion arrangement or other egquivalent biasing
mechanism. Adjustment of the horizontal mounting element 27
moves the face 22 nearer or further away from the array of
extruded molten filaments 18. The horizontal distance of the

- face 22 from the molten filaments 18 is measured from the molten

fiber nearest the center of face 22' to the center of the face
22'. The nozzle is movablé from a horizontal distance of about
0.0 up to about 10 cm. A preferred minimum horizontal distance



guenching it is preferred that all of the nolten nulti-conponent fil.anents
are subjected to the high velocity quench which is emtted fromface 22.
Accordingly, it is preferred that the width w of the face 22 is greater
than the width w of the array of filanents extruded froma high hole
.surface density 32 spinnerette 15.
In practice, the face 22 has a fixed width of at least greater than abeut
18 in. A preferred enbodi ment conprises a fixed width w of at |east about
21 in. Another preferred enbodi nentspuses a quench unit having a fixed face

wi dt h of t '. appr opr i teI ad'usin he f
hei ght of quenﬂﬂJi nozz and Fpgﬂpg%ﬂ?rg? ﬁ% éu@ Bhemt
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velocity gboat %emsdmabo alQiefflerFed aRbo@imd 2R YaoitBhRad &i‘é‘g@nfg from
about 1000 0.1600 ft/mn. Mre preferably, a mninmumface velocity

ft
I s about ‘iEoﬁé’?'ﬁ e Nbt éseﬁ‘r eferably, a maxi num face velocity is about
1400 ft/mn. Ammmmﬁ eaf diltsodiergricailnobudeing ekindmy 20f mblresqtukrachacmi t
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about 1300 ft/mn, the quench nozzle ejects fluid vol'umetric’'rate of
about 300°th%¥???¥ﬁ?Fe 5. Iq?gaW&EFlFBlnB}%F%ﬂ%§U9§/?ﬁ@séPFBe2?h§rﬁmé§%ﬁt
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of prior 3ot.ape HOVIASH fJ & rXAIRLRE dr Ak DodtUn RULRSEES18F of
the spinnerette. The nozzle is movable from a vertical diétance
of about 0.0 up to about 10 cm. A preferred minimum vertical
distance for high face velocity quenching is about 0.0 cm. A
preferred maximum vertical distance for high face velocity
quenching is about 6.0 cm, with a vertical distance of about 5.0
cm being one of the most preferred settings, and a vertical
distance of about 1.0 cm being another of the most preferred
settings.
Ad]ustment of the angular mountlng element 28 varies the angle
o between the direction in which the quench nozzle directs a
quench fluid stream D and the horizontal direction of the
spinnerette lower surface 15'. The angular range of the angular
. mounting element is from about 0 degrees (i.e., quench stream
. substantially parallel to lower spinherette surface and
perpendicular to direction of extrusion) to about 50 degrees. A
preferred minimum angle is about 10 degrees. A preferred maximum



conpari son. EXAMPLES Al'l exanpl es share
the foll owi ng common characteristics: Bi - conponent fibers having a
sheat h-core configuration were obtained by nelt-spinning under the

foll owi ng conditions: a core conponent was H MONT fi ber grade pol ypropyl ene
-having a MFlI[err] of 20.dg/ mn, a weight-to-nunber average nol ecul ar wei ght
33 distribution of 4.3 as determ ned by size excl usion chromat ography, =a
solid state density of 0.905 gmcc, and a nelting point peak tenperature of
- 165[err] C as deternined by di fferenfi al scanning calorinmetry. A sheath

conponent vasg A flber ade poI g | ene_(a copol yner of
et hyl ene &t 5bﬁsne Ef havi %ﬁgﬁgﬁﬁ1[ %an?3 g% ISP starde of
density ofth® WY @WﬁéerraﬁdsathEmQ$ng p0|nt peak tenperature of 126[err]C

The pol ypropyl geneds nexskidded 8t @r&?icieci %m_w fb4ERL 0L a AP O £rr]C and
the pol yet hyl ene was, .extr ged at a np ature of about” 230[ err] C. The
to. pol AP AST GanB AT AP BnEPE TR 1 G e L9Hon oBeSRE; SRKeRg: Ak (he
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they were In a core COﬂ uration:

15, 744 hoIQe% rtﬁlq?ﬁtomhuﬁ@nlemcanm%?nwmrﬁ - 1 Ihephedghs a#aaﬁ‘gwtn a
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conponent e ex rusion rat each conp onent
used. Fig. 2 shows an end view of face 22 and the effect of

height varying means 33 upon the height dimension h of the face.
The height h is variable by height varying means (e.g., plate) 33
up to a height of about 50 mm. Preferably, the minimum height of
the face opening is set at about 20 mm. Preferably, the maximum
height of the face opening is set at about 40 mm. A preferred
embodiment includes a height setting of about 35 mm. Variation
of the height of the face opening varies the area of the opening
which is inversely proportional to the face velocity of the
quench stream exiting the face.

Fig. 3 shows a left side view of a portion of the apparatus
taken along lines IXI-IXII and III'-IXI' in Fiq; 1. For effective
quenching it is preferred that all of the molten multi-component
filaments are subjected to the high velocity quench which is
emitted from face 22. Accordingly, it is preferred that the
width w of the face 22 ié greater than the width w' of the array
of filaments extruded from a high hole surface density



o

Conparative Exanple 1 The extruded filanents were quenched by 2000
ft[err]/mn of cross blowair at 70 F from a conventi onal cross-bl ow quench
unit located just below the | ower surface (face) of the spinnerette (i.e.,
the top edge of the conventional cross-blow quench unit was flush with the
I ower, surface of the spinnerette). The conventi onal- cross-bl ow quench unit
consi sted of a 34 rectangul ar box
faced wit-h a foam pad 35 inches long and 25 inches wide, arranged to give a
constant velocity profile along thesentire length of the face equal to
about 330 ft/m n. An exhaust unit, having an opening 2 inches w de and 25

i nches | orfPing'efeEFRdéd - onIPheracHicef e fader d@ebadi hafibmd wipiiusidfe atthe

side at whicdsd beegtieBChndAi Ab¥@E POSIA] ONEHreFRSredhansba ikt Wand i edl a
static pressure of .0 g i nches OL wal er,. Th§f|.l anents _were taken around a
free wheeld ig *ESd¥EAFBI F Ad2EVARAEE AABRRT &Y 1% anAngEhep7PngRTEed _
Under t he efimddrestdusiesns, geanchbirispiaving ac dlikddnbacbewidtiabdt sited. The

quench ai ryyas iapadedyat g,to sufficiently cool the spun nolten fibers
before they were conbineq into a_single tow. Accordi ngly, married filanments

resulted, as wEl 2RETOPEBBLRGY TR T VW LaGs Beioht’ of Taerghmaraie t

used was tie manElaw chatrdasmeahsd2sn Conparerichy anExamsl eagablaledich air

rates of 4000 encP000 L e (Phnsehesh O A Al £l SIPEE A .25 72101 10
velocity of at least about 100 ft/min and preferably within a
range of from about 1000 ft/min to 1600 ft/min. More'preferably,
a minimum face velocity is about 1200 ft/min. More preferably, a
maximum face veldcity is about 1400 ft/min. A preferred
embodiment includes a setting of the quench unit to provide a
face velocity of about 1300 ft/min. At a face velocity of about’
1300 ft/min, the quench nozzle ejects fluid at a volumetric rate
of about 300 £t’/min.

" In order to more clearly describe the present invention, the
following non-limiting examples are provided. Two examples of
prior art are provided (i.e., Examples 1 and 2) for purposes of
comparison.

EXAMPLES
All examples share the following common characteristics:
Bi-component fibers having a sheath-core configuration were
obtained by melt-spinning under the following conditions: a core
component was HIMONT fiber grade polypropylene having a MFI,., of
20 dg/min, a weight-to-number average molecular weight



tried in an attenpt to establish suitable spinning conditions. In one test,
the lower half of the quench unit was closed off to increase the air
velocity to approxi mately 600 ft/mn. None of the above conbinations of
conditions was capabl e of establishing acceptable spinning conditions as
marryi ng and/ or slubbing of filanments always resulted.

35 Exanple 3 The extruded filanments were quenched by 300 ft3/nmn of air
blown at 70[err]F across the threadline through a quench unit as shown in
Fig. 1. The quench unit was situat3d 5.0 cm bel ow the | ower surface (face)
of the spinnerette. The quench unit was set to have a rectangul ar face

openi ng 35 FR Y BY 55 4 Ac REs IGFRED SRR VR SRl €x<al=appr oxi mat el y
23[err] fewrotuydcrondl, andocaiidedtavaadessite ont.aonsokmybe, | suerasurface
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resul t ed. @about 250°C and the polyethylene was extruded at a melt
temperature of about 230°C. The two polymer streams were
transferred through a spin beam jacketed with Dowtherm at 260°C
into a spin pack. The spin pack maintained the polymers as
separate melt streams until just before the spinnerette where
they were combined in a sheath-core configuration. The
spinnerette used has 15,744 holes of 0.012 inch diameter with 2:1:
L/D ratio arranged in a rectangular pattern with a hole density '
of 2.5 mm per hole. The polymers were spun in a 50:50 ratio, by
weight, of core component to sheath component. Tﬁe extrusion
rate of each domponent was 0.021 gm/min/hole.
Co iv
The extruded filéments were dquenched by 2000 ft’/min of
cross blow air at 70° F from a conventional cross-blow quench
unit located just below the lower surface (facei of the
spinnerette (i.e., the top edge of the conventional cross-blow
guench unit was flush with the lower surface of the spinnerette).
The conventional cross-blow guench unit consisted of a



Exanpl e 4 Spi nning was carried out under the sane conditions as in
Exanpl e 3, except that the draw roll speed was 129 nimn, and the extrusion
rate of each component was 0.-025 gm m n/ hol e. Continuous spinning was
satisfactory and no slubs or married filanments resulted.

- 36 Exanpl e 5 Spi nni ng was carried out under the sanme conditions
as in Exanple 3. except that the draw roll speed was 129 mmn, and the,
extrusion rate of each conponent was 0.022 gnf m n/ hole. Continuous spinning
was satisfactory and no slubs or mggried filaments resulted. Exanple 6

Spi nning was carried out under the sane conditions as in Exanple 3, except
that the "GCARPEULRTsBREIEARRY 1P hyaifpammad RE drERasi beng and @5 each
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side at which the quench unit was positioned. The exhaust unit
was run at a static pressure of 0.9 inches of water. The
filaments were taken around a free wheeling Godet roll and over a
draw roll stand at 107 m/min.

Under the above conditions, suitable spinning could not be
established. The quench air was inadequate to sufficiently cool
the, spun molten fibers before they were combined into a single
tow. Accordingly, married filaments resuited, as well as
slubbing.

Comparative Example 2 .

The quench unit used was the same as that described in
Comparative Example 1. Quench air rates of 1000 - 3000 ft’/min
of cross blow air at temperatures ranging from 60°F to 80°F were
tried in an attempt to establish suitable spinning conditions.
In one test, the lower half of the quench unit was closed off to

" increase the air velocity to approximately 600 ft/min. None of
the above combinations of conditions was caéable of establishing
acceptable spihning conditions as marrying and/or slubbing of
filaments always resulted.



37 CLAIMS 1. A process for high speed spinning of nmulti-conponent
polymer filaments, conprising: feeding a first polyneric conponent at
a first nelt tenperature into at | east one spin pack assenbly;

feeding a second pol yneric conponent at a second nelt tenperature into the
-at |east one spin pack assenbly; conbining the first and second

pol ynmeric conponents into a nulti- conponent configuration and extrudi g

t hrough at | east one high hole surface density spinnerette to formnolten
mul ti-conmponent filanents; and 35 quenching the nolten nulti-conponent
filaments by bl ow ng a fluid at a hi gh vel ocity across the direction of

ext rusi onE¥@meke- 3l ti-conponent nolten filanents, to effectively prevent

sl ubs and mar ryhagefridel muumee\@@paeeetquéxka@dﬂﬁy 3002 £ /m i & £13GESS

accordi ng I8Ny uenc t he nDIten nultl-conponent
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~to 1600 festl pas amgledd.at approx1mately 23° from horizontal and aimed
'~ towards the center of the lower surface of the spinnerette. The

opening of the quench unit was situated at a horizontal distance
of approximately 5 cm. The face velocity of the air through the
quench -unit was approximately 1300 ft/min. An exhaust unit
having an opening of 2 inches by 25 inches was located on the
side of the extruded filaments opposite the side nearest the
guench unit. The exhaust unit was run at a static pressure of
0.9 .inches of water. The filaments were taken around:a free
wheeling Godet roll and over a draw roll stand at 107 m/min, and
the extrusion rate of each component was 0.021 gm/min/hole.
Continuous spinning was satisfactory and no slubs or married
filaments resulted.
Example 4

Spinning was carried out under the same conditions as in
Example 3, except that the draw foll speed was 129 m/min, ahd the
éxtrﬁsion rate of each component was 0.025 gm/min/hole.
Continuous spinning was satisfactory and no slubs or married
filaments resulted.



4. The process according to any of the preceding clains, wherein the

step of quenching the nolten nulti-conponent filanments conprises bl ow ng

air at a high velocity across the direction of extrusion of the

mul ti-conmponent nolten filaments. 5. The process according to any of

- the.preceding clainms wherein the quS ching the nolten nmulti-conponent
filanments by blowing a fluid at a h'gh velocity is perfornmed by a high.face

vel ocity quench unit having a face opening

38 through which a fluid is blown, said face opening being at |est as w de

as a conbined width of the nolten nulti-conponent filanents extruded from

one of the high hole surface density spinnerettes, and having a vari abl e

hei ght. Ex@mpleThe process according to claimb5, wherein the face opening

of the high f C I rLses el bqut 440 to 50

o7 O SEEp IS AY SR Wil WBARR LRSS Ml i Boh 3Y ey el

t he quen@H?ﬁglﬁhé NBXELPE rthat - ﬁ&nﬁoﬂﬂlaﬁéﬁ@swﬁﬁ Rovi/mjra Rindi §hat a

hi gh vel @Q'tﬁ:idsb.ﬁnp?éf:@r@?dea{fbh acdmp@:lmemceageboontygﬂ;&m;hda@t having a
face openl ough own, .and t qﬁ%“ﬂ? face veIOC|ty

e onP o RopbUESE 0o i i W [t it e Bt Bna RS ST o data el

centi met érid afieohst hesnkbedst nolten nmulti-conponent fil anent, neasured from
a centerEgémbﬂg_Bace openi ng.

Spinning was carried out under the same conditions as in
Example 3., except that the draw roll speed was 129 m/min, and the
extrusion rate of each component was 0.06 gm/min/hole.

Continuous spinning was satisfactory and no slubs or married
filaments resulted.

Although the invention has been described with reference to
particular meaﬁs, materials and embodiments, it .is to be
understood .that the invention is not limited to the particulars
disclosed and extends to all equivalents within the scope of the
claims.



8. The process according to any of the preceding clains, wherein the
quenching the nolten nulti-conponent filanents by blowing a fluid at a high
velocity is performed by a high face velocity quench unit having a face
openi ng through which the fluid is blown, and the high face velocity quench
.unit is positioned at a vertical distance of fromabout 0.0 to 20.0
centineters froma bottom edge of tIBY at | east one high hole surface -
density spinnerette to a top edge of the face opening. 9. The process
according to any of the preceding clains, wherein the quenching the nolten
mul ti-conponent filanents by blowng a fluid at a high velocity is _
performed by a high face vel ocity quench unit having a face opening through
which the fluid is blown, and the quench unit is positioned at an angl e of
about 0 to 50 degrees with respect to . horizontal, with the face opening
being directed toward a center of a bottom surface of the at |east one high
hol e surface density spinnerette. 10. The process according to any of

the. precedi ng gl ai g5 pr¥BELS] eoi!hﬁi%iveéryéuaﬂg;ptmimel beNmtk i LeSRTRAnENt

filanments by blowing a fluid at a, h .
39  vel oddy™eE ﬁé&?SFHﬁﬁ'b§°ﬂPﬁ+§H%?%ce vel ocity quench unit having a
face openi ng t feeddngnwhi chratf polyimémaic ngpupdrempeaat ar €isstfnebtabout 50 to
oLertIF (Celdddiure theo 181048651 aﬁ&ﬁ{%& LQs2%19% the preceding
: feeding a second polymeric component at a second melt
"temperature into the at least one spin pack assembly;

combining the first and second polymeric components into a
multi~component configuration and extruding through at least one
high hole surface density spinnerette to form molten multi-
component filaments; and

quenching the molten multi-component filaments by blowing a
fluid at a'high velocity across the direction of extrusion of the
multi-component molten filaments, to effectively preient slubs

and marrying of the multi-component filaments.

2. The process according to claim 1, wherein the quenching
the molten multi-component filaments by blowing a fluid at a high
velocity comprises blowing a fluid at a face velocity comprising
at least about 1000 feet per minute.

3. The process according to claim 1, wherein the quenching
the molten multi-component filaments by blowing a fluid at a high
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conponent nolten filanments are produced using a | ong-spin process. 12.
The process according to any of clainms 1-10, wherein the spinning speed
conpri ses about 60-225 neters per minute. 13. The process according to
any of the preceding clains, wherein the at | east one high hole surface
density spinnerette conprises a bottom surface through which the nolten

mul ti-conponent fibers are extruded,38 he at |east one high hole surface,
density spinnerette further conprising at |east about one hole per 8 square
mllinmeters of the bottom surface. 14. The process according to claim
13, wherein the_at |east one high hole _surface density spinnerette

conpri sesV&tOF LB t CHRRASThe Hér fdugdsatiafef 26¢ | Vedmcdity ohnghisgbot t om
surface. fraf.abdite 1IOTeRretagear diimytieotanys0bd téer PWacadini@ec! ai s,
wherein the extrusion rate of the first polyneric conponent conprises from
about 0.01 to 0.12 grams per mnute per spinnerette hole and the extrusion
rate of the secbnd ihﬁ3RERQQ§%xﬁﬁﬁﬂ¥9%ch&ﬁpﬁnxegfathnﬂpﬁhd&ﬁiMQ ¢lazmgl ans

per HLDUt@héeéiﬁptmﬁﬁﬁﬁﬁﬁfbﬁrddhnchﬁﬂé-thznﬂomﬁfﬁeﬁ@l@%uéHﬂydﬂlnEo any of the
pr ecedi ng rein t uenchi_ng the ten nul tj - conponent

filament sfg%?r{npgﬁtsse\ggﬁnﬁeﬁeaﬁ 3113’“@&9”8&' n§tt ﬁggﬁ%ﬁ’t‘é‘?ﬁ‘?ﬁﬂttyl ACERESnERe

fil ament sdasechonuef eextuision e dhenmuilitiagenpsnent mxitand€d 16meRtshe at

| east one high hole surface density spinnerette. 17. The process

according to apy of the preceding cl.ains, wherein the multi- conponent
molten fil anents at®® bﬁ’gg‘iﬁﬁﬁ)ﬁ&ﬁ%qﬂil@@r $oaRBY cBRpERR PrAsARingp clg ims

wherein the quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high face
velocity quench unit having a face opening through which a fluid
is blown, said face opening being at least as wide as a combined
width of the molten multi-component filaments extruded from one.
of the high hole surface density spinnerettes, and having a
variable height.

6. The process according to claim 5, wherein the face

opening of the high face velocity quench unit comprises a height
of about 20 to 50 mm.

7. The process according to any of the preceding claims,
wherein the quénching the molten multi—comﬁonent filaments by
blowing a fluid at a high velocity is performed by a high face
velocity quench unit having a face opening through which the
fluid is blown, and the high face velocity quench unit is
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40. 70 percent by weight of the first conponent and about 70 to 30 percent
by wei ght of the second conponent. 18. The process according to claim
17, wherein the bi-conmponent filanents contain a polyethyl ene sheath and a
pol ypr opyl ene core. 19. The process according to claim 17 wherein the

- bi -conponent filanments conprise a pol yester sheath and et hyl ene vinyl
acetate core. 20. Appar atus for 3% gh speed spinning of nulti-conponent
pol ymer filanments, conprising: at | east one high hole surface
density spinnerette; at | east one feeding elenent for feeding a

. first pol £ sjtion through sai.d _at |east_one high hole surface
density s%g%ﬁ‘égg{q?%,één%qﬁr’lzeo s ésftgé‘ﬁfanagefgﬁ’éﬁtd“?%rt“f eeding a second
pol ymer ceapbireters thiroudgiha diehrgst a@dteonpuhbt jhctmpenentr fEHdamdansi t y

Spi nner et heashPe@Xt Foilen Ak dr@) fOft HEDIclaeR Erglea&agcorrponent filanents; and
at | east one high face velocity quench unit for quenching the array of

molten nmulti-conponent filanents, as the nolten nulti-conponent filanents
exit said at |@astThaecphiggshdaadimceodenyi by sthé npeedddihg tclains,

effective e ' f 10 | - o) fil anents.
i vel ¥ ePEEYCPhe S g_or?}?{]% T YWd1E R mh\lliﬁénghﬁboﬁgﬁ@a{iejl%neg{t HENT S

21. The apparatus _a to claim 20, wherein said ea “on€ hi gh
face vel o&PYigdeRchltit tatdhptidesedocdty RavPREIArReR Pvpediied tacsugh
whi ch sai dredbcliegsgquenen higit fleoeinelodace guenthgushfoljiowmiat lied at a
high face Mel@ciLypi5ghd LRSSl figh FaldeXGd18LEED JUERGOBI S0 Means for
varyi ng a herght of the
positioned at a vertical distance of from about 0.0 to 20.0
centimeters from a bottom edge of the at least one high hole

surface density spinnerette to a top edge of the face opening.

9. The process according to any of the preceding claims,
wherein the quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high face
velocity quench unit having a face opening through which the
fluid is blown, and the quench unit is positioned at an angle of
‘about 0 to 50 degrees with respect to horizontal, with the face
opening being directed toward a center of a bottom surface of the
at least one high hole surface density spinnerette.

10. The process according to any of the preceding claims,
wherein the guenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high face

This Sheet Has Been Replaced

- (MWW

. * [~ L M s *



face opening of said face, wherein said height varying neans varies the
hei ght of the face opening of said face fromabout 20 nmto 50 nm wherein
said fixed wwdth is at | east as wide as a conbined width of the nolten
mul ti-conmponent fibers extruded fromsaid at | east one high hole surface
density spinnerette, wherein said at'C| east one hi gh face velocity quench
unit conprises a driving el ement f o*Obl owi ng a fluid through said faceiat a
face velocity of from about 1000 feet per mnute to 1600 feet per mnute,
and wherein said driving eI enent
41 bl ows i.d thro gh |d ace at unetric rate of about 300 cubic
f eer per ‘fﬁalrﬂﬁ L{y q“ff‘c ‘f’ﬁé axb%‘é?’%ﬁu% fa%%eor?ﬂerﬂj'"tgotaﬁﬁug? Wifhe S0BE
further dmmm%lang'-ea!pere&greoﬂé foreu| pouto LA iteg 9@l°E€neat blownangul arl y
nounting said at | east one high face velocity quench-unit with respect to
said at | east qne h h hol e surface den5|tyqr§})| nnerette, sajd at_|east one
r

hi gh hol e surfidce d&FsPEFCERFNREFRILE Eorhd R &PBoPrBREIIRY & ¥fough
whi ch t hewhextdign the tmltdrpompanefit beebten ef Ebawantad areaptodueed ars immird | Ng

el ement 1 bl east one high face vel ocity quench unit for
directing % é.tgléf()m ty fsl uid toward a center of said bottomof said at

| east one high hole surface density spinnerette at an angle of from about O

to 50 degrees.i2. 23he B%caaaaaaeu*adm@owimt&f mlﬁts ¢l 86 Murdrith
elenent for.vertically

further c I S one e

adj ustablg}’ngm rﬁ’d‘gsfpﬁe cf)ggsf'g%%\e °"6‘f’1 ace vé‘\et(?’rfypﬁﬁeﬂb'h it with
respect to sai d at | east one high hole surface density spinnerette, said at
| east one hi gh 4ol em?éﬂﬁ:.«%@:%sgeaab&ydﬁﬂgn@@rﬁﬁ £ AUHY ipeBladndotipmsur face

Lg_\r/?ﬁgh a¥ %h%:tt]iggtlﬂeg%t g.[eaggf ansogggﬂﬁ?niefé@re ascea ensa.gtgruggghnesxaégt face
. comprises a bottom surface through which the molten multi-
component fibers are extruded, the at least one high hole surface
density spinnerette further comprising at least about one hole
per 8 square millimeters of the bottom surface.

14. The proceés according to claim 13, wherein the at least
one high hole surface density spinnerette comprises at least
about one hole per 0.6 square millimeters of the bottom surface.

15. The process according to any of the preceding claims,
wherein the extrusion rate of the first polymeric ébmponent
comprises from about 0.01 to 0.12 grams per minute per
spinnerette hole and the extrusion rate of the second polymeric
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surface of said at |east one high hole surface density spinnerette, said
vertical nmounting el enment nounting said at | east one high face velocity
.quench unit at a vertical distance of fromabout 0.0 to 20.0 centineters
nmeasured from said bottomsurface to said top edge. 24. The appar at us
“according to any of clains 20-23, further conprising at |east one

hori zontal nounting el enment for horﬂﬂontally adj ustably nounting said at

| east one high face velocity quench unit with respect to the nolten nulti-
conponent filanments as they are extruded fromsaid at | east one high hole

surface dg éﬁ’e:ﬁo'dmrﬁfﬁtste% aiﬁhg S‘toi gtoone T}__OI’I z%rétral . ant%O el enent

nounti ng sald at | east one hi ace ve OC|ty ench o I zont a
~di stance iR $4l@-5.5 centineters neasured froma nearest nolten
rrultl- corrponent filament to a center of said face.

42 The ppagat us accordin 9_an wherein.said at
| east one hi gh €f}lol ?hseurqrézgeesgengl g§&§5?n%%r%?¥ e % |p§§§eglﬂgt Fk)ﬁf@ﬁfface
t hr ough whiheteimehm|quananiing: thenpohten mibek scomporent fdddmeshsd at | east

one hi gh @%&ﬁéﬁé aﬁﬁnéi'ﬁ%’i:‘et]){r &Qbﬂ&ﬁ&ﬁ&“@hé Ukd 1¥edn Q\Qﬁﬁﬁ'-%'oﬁgoﬁgnlceaﬁ about
one hol e 8 square m| |rreter§%ﬁgflsal bott om surface. :

appar at usP hﬁ%‘?‘a‘f%gaﬁ Fhe Jahtex sFAMBORENt £ }lanantsn TR @HtﬁB'li%d
surface denemtyhespinrbszait eneomighshslat shetate adbmntinaepioherpete(. 6
square mllineters of said bottom surface.

17. The process according to any of the preceding claims,
wherein the multi-component molten filaments dre bi-component
fibers and comprise about 30 to 70 percent by weight of the first
component and about 70 to 30 percent by weight of the second
component.

18. The process according to c¢laim 17, wherein the bi-
component f£ilaments contain a polyethylene sheath and a
polypropylene core.

19. The process according to claim 17 wherein the bi-
component filaments comprise a polyester sheath and ethylene
vinyl acetate core.

20. Apparatus for high speed spinning of multi-component

polymer filaments, comprising:
at least one high hole surface density spinnerette;
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43 said face at a volunetric rate of about 300 cubic feet per mnute.

22. The apparatus according to any of clains 20-21, further conprising at

| east one angul ar nounting elenment for angularly nounting said at | east one
hi gh face velocity quench unit with respect to said at |east one high hole
surface density spinnerette, said at |east one high hole surface density
spinnerette conprising a bottom surf#e through which the nolten 3,

mul ti-conmponent fibers are extruded, said angul ar nounting el enent nounti ng
said at | east one high face velocity guench unit for directing high
velocity fluid to rd 2 68N of sajd bottomof said at |east one high

hol e surface dens 5 Sleﬁe%S?Fén%t FReiNg | F€ o B9 RTaBofit r 8t t BO LRk gr ees.
23. The appmrasidisecdhdionght saddyatbfledst mne2rizh, hblet Barfaeapdérss gy at

| oast_one il nUBhng cCh EHEA oA T Rl UlldhAl U3 ABLYGTRYTY 1 NG sai d

at | east one high face velocit uench unit w tQ sai | east
e hioh rancondholaat. coppps Lt IR BTEHEh SAId At AS2St ORe Righ Hole

surface dems&ﬁa;cespiemsajtqt spiooapetsengta dditwera an hacayt BEoMgtahi win ¢ He
ol ten nul g %ﬂhﬁﬁe%%%s ghg extruded, said face having a top edge
near est salofn ottom Surface of said at |east one hi gh hol e surface density
spi nnerette, s@A%W ARASY Cfie hdght fAGe eYelemttisiarnialg uwwditdfar freaschire hi gh

face vel octihy fHeicofMdltah Aulti-component filaments, as the molten
multi-component filaments exit said at least one high hole
surface density spinnerette, to effectively prevent slubs and
marrying of the multi-component filaments. .

21. The apparatus according to claim 20, wherein said at
least one high face velocity quench unit comprises a face having
a face opening through which said at least one high face velocity
quench unit blows a fluid at a  high face velocity, said face
having a fixed width and comprising means for varying a height of
the face opening of said face, wherein said height varying means
varies the height of the face opening of said face from about 20
mm to 50 mm, wherein said fixed width is at least as wide as a
combined width of the molten multi-component fibers extruded from
said at least one high hole surface density spinnerette, wherein
said at least one high face velocity quench unit comprises a
driving element for blowing a fluid through said face at a face
velocity of from about 1000 feet per minute to 1600 feet per
minute, and wherein said driving element blows a fluid through
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44 vertical distance of fromabout 0.0 to 20.0 centineters neasured
fromsaid bottomsurface to said top edge. 24. The appar at us
according to any of clainms 20-23, further conprising at |east one

hori zontal nounting elenent for horizontally adjustably nounting said at
| east one high face velocity quench unit with respect to the nolten

mul ti-conponent filanents as they d3 extruded fromsaid at |east one-high
hol e surface density spinnerette, said at |east one horizontal nounting
el ement nounting said at |east one high face velocity quench unit at a
hori zont alaidi Slaarecatoh abluhedrictpabe Sof caRUtTBIEr subEaSHEQE fdOm a

near est | multi-conponent filament to a center of said face.

25. The apparatus according to any of claims 20-24, wherein said at |east
one high hole surface density spinnerette conprises a bottom surface

t hrough whi ch szhe molet @pparhtiusCaEROREG fidamy @ﬁc@éﬁhgdﬁgvzfa'ﬂxﬁhér‘aaﬂ

one hove SeiERE dRRREbral RO EL oo bR se Tor bl S5 o

appar at usn@ouuing s@ ido a¢l deas25onehkigh nface dfedtocxthreannoheuhlgmimi e
surface iddt SR %ﬁﬁetaﬁzel‘éﬁggrbﬁésh?éh nd RAHur2eY! qRRE Pl € per 0.6

square mlljnmeters of sagid bottom
_ splnnerette, salid at least one hlgh ‘hole surface density

spinnerette comprising a bottom surface through which the molten
multi-component fibers are extruded, said angular mounting
element mounting said at least one high face velocity quench unit
for directing high velocity fluid toward a center of said bottom
of said at least one high hole surface density spinnerette at an
angle of from about 0 to 50 degrees. .

23. The apparatus according to any of claimé 20~22, further
comprising ai least one vertical mounting element for vertically
adjustably mounting said at least one high face velocity gquench
unit with respect to said at least one high hole surface density
spinnerette, said at least one high hole surface density

_ spinnerette comprising a bottom surface through which the molten
multi-component fibers are extruded, said face having a top edge
nearest said bottom surface of said at least one high hole
surface density spinnerette, said vertical mounting element
mounting said at least one high face velocity quench unit at a



1y

vertical distance of from about 0.0 to 20.0 centimeters measured
from said bottom surface to said top edge.

24. The apparatus according to any of claims 20—23; further
comprising at least one horizontal mounting element for |
horizontally adjustably mounting said at least one high face
velocity quench unit with respect to the molten multi-component
filaments as they are extruded from said at least one high hole
surface density spinnerette, said at least one horizontal
mounting element mounting said at least one high face velocity
guench unit at a horizontal distance of about 4.5 to 5.5
centimeters measured from a nearest molten multi-component
filament to a center of said face. '

25. The apparatﬁs according to any of claims 20~24, wherein
said at least one high hole surface density spinnerette comprises
a bottom surface through which the molten multi~component fibers
are extruded, said at least one high hole surface density
spinnerette further compriéing at least about one hole per 8
square millimeters of said bottom surface.

26. The apparatus according to claim 25, wherein said at
least one high hole surface. density spinnerette comprises at

“least about one hole per 0.6 square millimeters of said bottom
.surface. )
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