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The invention relates to a nethod for the production of polyneric
filanments, the filanents, yarn, and other articles produced by the nethod,
and an 10 apparatus to inprove fil anment quenchlng and flber uniformty
mhlle dellverlng conditioning oil to the




extruded filaments. DESCRI PTI ON OF RELATED ART 15 Mbstt&hecdmahidr@0psél yneric
filaments, such as polyesters, are nelt--spun, i.e., they are extruded
from a heated polyneric nelt, i.e., a polyner delivery source. Mlt-spun
pol yneric fwbapgniss are produced by extruding a noltenpRkYBfe Such as
pol yet hyl ene .20 terephthal ate and rel ated pol yesters, through a spinneret
with a plurality of capillaries, whi @& range in nunber, for exanple,
from200 to up to 10,000. The filanments exit the spinneret and are then
cool ed in a coolremysz ane archRervd adboaidosp@todRe o afhtRgmantreRLsubsequent
solidification of the nolten polynmer can have a significant effect on the
qual ity of the spun filanments, as indicated by inter-filanment uniformty
and their ability to be collectively drawmn in tow form typical for staple

processing. 30 A comonly pragtiredrCoRt i AQEeeGR que, referred to as
radi al quench, inclydes cool.in of filaments by

| _fT%E%EgTTﬂWﬁﬂjﬂ_"“aTra
i ntroduction of a cool rAYYAS™ * 8 {Caf rrethog; ngijhmard to cool
t he-fil ament s. PT&sH ie800F mplainericy fidatmbyt or itdien & snefitem wa38 cyl i ndri cal
porous nedi @, SHEMARraasEiARs, pRithwiedebl e daRULAT dHd agent bundl e and.

flows in I'y he. screen _perpendi cular to -filanments.
SubseqUeﬁ?iﬁo 3@%%%#%E,E?H€P " %ﬁ%hageggs%w%vg?ng ?%igg?ﬁﬁ guide, - 1 17
Decenber 2004 W}W&gzs@mwﬂs@nimogendwm@ﬁnapm &o theish oil to the
filanments. Sucdwiguetecdhfibimendeli vered internally to the spinning filament
bundl e nust |ater be renoved in order for the bundle to be consolidated
for further processing. Quench-air 5 remval fromthe bundl e can produce a
significant anount of air : The fluctuation, which

are signi fixant solostssyfthehilesiqlapeeiti fments, such as

polyesters, are melt-spun, i.e., fhgy are extruded from

a heated polymeric melt, i.e., a polymer delivery
source. Melt-spun polymeric filaments are produced by
ektruding a molten polymer, such as polyethylene

.20 terephthalate and related polyesters, through a
spinneret with a plurality of capillaries, which can

- range in number, for example, from 200 to up to 10,000.

The filaments exit the spinneret and are then cooled in
a cooling zone. The details of the cooling and

25 subsequent solidification of the molten polymer can
have a significant effect on the quality of the spun
filaments, as indicated by inter-filament uniformity
and their ability to be collectively drawn in tow form
typical for staple processing.

30 A commonly practiced cooling technique, referred

' to as radial quench, includes cooling of an annular

-, array of filaments;by introduction of a cooling gas,
usually air, radially inward to cool the .filaments.

' Such cooling air typically originates from a _

35 cylindrical porous media, such as a screen, outside the

o apnular filament bundle and flows inwardly through the
screen perpendicular to the - filaments. Subsequent to
cooling, the filaments pass'over a rotating guide,



variability. In a typical commercial process for produtiRgcembed 2004 yest er
filaments, freshly spuxj,filanments, in an array or bundle correspondi ng
to the array of capillaries' in the spinneret, nove continuously through

guench zone“@ngﬁgg en over a tangential applicator roll ¥W&ﬁﬂ plies a
il

f|n|sh|ng liquid to each filament 15 as it passes over pplicator
roll is stat|Hh&#ya@ﬁdlsésﬁvn@hedlbﬁﬁlGéﬂtéﬁlmw¥msre§$et¢qtencnhe center

line of the nn&iﬁgid’lllhaﬂ‘eﬂtlrbi&ﬂhﬁlyw ehe Qﬁﬁﬁh@@ 8i fdmeed and somewhat
i nclined threaguﬁgﬁ r@% §Emoveﬁe %gen%ogqﬁgl%wnalcolIapsed
0 app |cator

agai nst the 2 fo Tecelve" nlshlng qU| The
stationary nat?ﬁG¥QHS°9H€a%$ﬁﬂﬁqéafEWtHQElPrﬁﬁﬁﬁﬁ#ng f uPESRITBLE that t he
gradi ent ac®torzémyyaflo fwhincthd bendD®|dsenpitodwdent sigriersgsanched, i.e., -

cool ed, al s X t i cant 25
turbulengz caﬁgggﬁ%rggt31ﬁéggzigg¥ﬁfgﬁéngw%gé%ﬂyﬂ@ kﬂ%ﬁgbggﬁé agai nst the

appl i cator rol Y21Fharg PL9 bi PrREEd°t RSBl e MRS i r ect ed
quench syst ensvatiedaghtiaproved methods for stabilizing the filament

bundl e, elim natingnok @pp{@ugbﬂgﬂ@mlt%f&g@%r pESeing filament
novenents . and Hptege mass v?% iyl ngrOV|ng orientation
uni fornity of Conti nuous e&ﬁﬁn TS0 e TREL T HABFOY g™ *Qui d fi ni sh
appl i cation, EFﬁ@Wé8§|h@mﬁkb@9€r¢$9qn¢lnanﬁaH@mearngypﬁbduct|on cost. - 2
10 15 20 25 3Q-abilbeeeabein 2004 SUMRRY, %@Eobﬁ%ﬁﬂi@ through

" a quench zone and then over a tangential applicator
roll which applies a finishing liguid to each filament
15 "as it passes over it. The applicator roll is
stationary and positioned off-center with respect to
the center line of the moving filament bundle, which
-creates a flxed and somewhat inclined thread path. In
-operatlon, the filament bundle is collapsed against the
- 20  applicator xroll to receive the finishing liquid. The '
stationary nature of the applicator roll means, '
" furthermore that the gradient according to which the
molten filaments are quenched, i.e., cooled, is also
fixed. In this type of configuration significant
25 turbulegce'can be created by the filament bundle
collapsing against the applicator roll.

There is an ongoing need to improve inward-
directed quench systems through improved methods for
stabilizing the filament bundle, eliminating or

30 reducing air turbulence, reducing filament movements
and inter-filament mass variability, improving
orientation uniformity of continucus filament
processes, improving liquid finish application,

increasing productivity, and lowering production cost.

a



I n accordance with these needs there is provi ded a protkedeceanker20p4r at us
for conditioning nelt-spun material. The present invention inproves quench
systens by stabilizing the filament bundle w th the use of a finish
applicator to easily and uniformy extract fromthe systemthe delivered
guench air. The present invention stabilizes the free filau eats as
extruded in annular formand shortens unsupported filanent |ength. This
effects a reduction in the potential anplitude of filament vibrations,
whereby the filanments are quﬁ%@%ﬁm manner. In a first
aspect, the present inventio i ng apparatus for
spi nni ng cont i NUOWSadoEkiyHTe fiith tiiesd BRI there ispedvidid B@rocts hndarppiafiBeret having a
plurality of cc&aﬁ!il | ar i &S, 'é)?‘)ﬁ a 1poI ynmer delivery source which is arranged
to comuni cat®®WEHERT FPEPTRE et and deliver nol ten pol ymer ther et hr ough
t o5pr od ucg_ a co mh'f. Eﬁ@&msinymﬁﬁﬂ 'iﬂi);goﬁfé f]ﬁﬁﬁcl@fylsﬁﬁl_k be Etgabipfﬂlg/ﬂﬁeﬁjaﬁlcxﬁtiﬁu?dm nt 3
correspondi ng .to, the arrangenent of capillaries in e spinneret; an
characteri ze%”%v]?e ?Sﬁfﬁaaé’a%]ga}?gﬁcé% ﬁoeeaﬁlg'&“fliu qu{éﬁl?)b"é‘ltrﬁ% Hitge YR et and
arranged to rdekeradeuartakool the array of nolten filanments as tﬂey nove f
t her et hr ough by assing a cool i.n s.npnard with respect to_the array o
movi ng 111 ament s TPRETH SRR FHUReRRpPrE ARBr e A e BEm 8 bel ow
t he quench zah&tehourBposteddilamem tenpthoThif &fftcs hiré‘@lcﬂidgﬂhl td plbﬁnﬁdn ﬁmﬁ[tﬁc&y :

rein said fihish .applicato onprises: (i).a base aLe having a
\;,)Vg i pher al ed’ééﬂﬁﬁfﬁcvﬁbrgg‘r“?’@a’ﬁ’ifﬁﬂﬁw?@a“feﬁ'@ ag:rcé;g - eds‘B@t“i‘o(S%mB#"“P "% ray of
{mvi ngdm)lht endf ibl gmeﬁtssgspmdae(piésénti&wbrg.ﬁtﬁlpmgidahaﬁl?ﬁsm @@ir?ﬂu@it’)br : th
aper ed shaped ho avi ng .an . e beta($) in e range of abou
degrees to aﬁ?)lﬂ?mﬁ%hﬂ'éoélﬁg@?n%c?ﬂ%ﬁgﬁstlﬂ?lﬁ}ém efl ecting accumul at ed quench
ai r from i nsi{(g)e spineerétibheineapluslityenf cipdllaigs;si de the array and having a top
and bottom copncentric.therew th %fn}g conneﬁgfed to sati d.tgas&ﬁ:gl ate$ Iﬁﬂ\:herei n
sai d bot t om COrFESHERELFY SSHEHEREY S ARANESH I SRS ith jaifl frinnstef pasher al
ed§e of the keaser mpltal@lymeentherctroukh tdptoee e pheihu@ BB 4ndyinkQrripof molten

polymeric filaments corresponding to the arrangement of capillaries in the spinneret; and

characterized by:
(¢)  aquench zone positioned below said spinneret and
arranged to receive and cool the array of molten filaments as they move therethrough by .
20 passing a cooling gas inward with respect to the array of moving filaments; and
(d) a finish applicator positioned inside or below the
quench zone to apply an amount of finishing liquid to the array, wherein said finish
applicator comprises:
(i)  a base plate having a peripheral edge which corresponds to the cross-
25 section of the array of moving molten filaments; and
(ii) atapered shaped body portion, the tapered shaped body having an
angle beta(B) in the range of about 45 degrees to about 170 degrees for smoothly
deflecting accumulated quench air from inside the filament array to outside the array and
having a top and bottom concentric therewith and connected to said base plate, wherein
30 said bottom corresponds in shape to the shape defined by the peripheral edge of the base
plate, and



20 25 30 having a surface forned by a plurality of |in€&Ddcameri2étdpeen sai d
top and said bottom tapering outwardly with respect to the direction of
novenent of the filanent array. In a second aspect, the present
i nvention-provides a nelt spinning apparatus for spinning continuous
polynmeric filaments, conprising a finish applicator to apply an anount of
finishing liquid to an array of filanments, positioned inside or below a
guench zone that is arranged to receive a stream of cooling gas directed
radi al ly inmq{ wh a base plate
ISIII“

d. rei.n said finish l.i cator co i ses, (i

havi oo 5 por Haing a PREREIMRER dielhd Be BB 068 ehns SO TR LS S stitbafohr s no
array of novitagrinpbiteadfyivwitirespes to tha dirdction ofmdethyntpod itk ifitimensartang a top and
bott om concentric ,therewith ﬁj conqected to sai d base pl ate, ﬁg rein said
bot t om cor r 68 ponds™ AR CHAHRED01° RFEnGRERECRRPTiAEA 1) TRE S BERBREI edge of
t hé base pl atspinnipdortineos polymeds filamems chyprisingal fiishrabplicaf tolabplean dr awn

bet ween said top .a said.hottomta outwardly with r ect to the
direction of afﬂ?@%tr?gﬁfﬂsﬁflg P‘il]uéé ﬁoiaflﬁﬁ@ﬁ‘%ﬂﬁweeéff pqsﬁloﬁe‘itlﬁﬁl‘?ecf’rgglgg@tq}wrfc e present

i nventi on pr eeshalhst iguaraapsl th eatios a stamayd pdofing gasfdiradtedradiblly iawasdyi ng expanded
polymeric fil anent ay ¢ ising. a base plate having a peripheral edge
e v i aplialr Somp

whi ch 'Corresp‘% 6n of the filanent array and a tapered
shaped body porti di), &baepapdndds spaphealudgywhialytorgspndantiearddsi n t he range

of,~ about 45 degrees to about. 170.degrees for snoothly deflecting

ac@umul at ed c?ﬁcgﬁgﬁ?%??myfogglﬁwinﬁﬁoggnﬁ]ﬁ@c%f’laﬁ nt array to outside the array
and having a top il bbbdygrrtiondardeni topand btomnohdentiad connected to said
base pl ate, vmeré

base, plate, MBSLA,%: 0] s g LRAPERSEn  RuPRRER ek oa 31APE, 01 1o,
plurality of the shepse c&ﬁmﬂrbybhetmeip]gmr&laii@b df die basechlagiank the tiirfane fo&perliyrvg
outvar o .1 PRPGls b TS5 2 TRASHERRs Bl BGRE 21"
sginni ng  cortb thedoegiop of morerrent dfithedfii@mins arrayonpr i si ng:  passing a pol ymeric
the fi1ament arr o SO0 BB s ToRE AN BB RS SRy TBREn i oot ed”
i nwar d t owar do g &ioding expayddd@olyewtic filmeidtialrayrenisising 4 bask plaidamempar 2004
peripheral edge which corresponds to the cross-section of the filament array and a
tapered shaped body portion, the tapered shaped body having an angle 8 in the range of
20 about 45 degrees to about 170 degrees for smoothly deflecting accumulated quench air
from inside the filament array to outside the array and having a top and bottom
concentric therewith and connected to said base plate, wherein said bottom corresponds
in shape to the shape defined by the peripheral edge of the base plate, and having a
surface formed by a plurality of lines drawn between said top and said bottom tapering
25 outwardly with respect to the direction of movement of the filament array,
In a fourth aspect, the invention provides a melt spinning process for spinning
= continuous polymeric filaments, comprising:
" passing a polymeric melt through a spinneret to form an array of polymeric
filaments;
30 passing the filamnent array to a quench zone and providing a cooling gas

directed inward toward said array to cool the filaments;
-4 -



5 10 15 20 25 30 of polyneric filanments. passing said T4 De¢reniies 2004r a
finish applicator positioned in or below said quench zone and arranged to
contact the filaments and to deliver finish to the filanents. In a fifth
aspect, the present invention provides a process for applying finish to an
expanded array of polyneric filanments, conprising: contacting said
filaments with a wetted tapered surface of a finish applicator having an
angle 0 in the ralpgssingfsaialﬁtnutentéﬁvaﬂeg’mfshapminataﬂmuﬁmﬂc'd(in odglosesidand snoot hl y
defl ecting accu ated.quench air i de_of the
expanded arr uenf Zor%er?\l}%n 1"6% 3Ic‘§%tacﬁ[h3waﬁl§§'t8fa n‘?{é’r‘?glrﬁe§ﬁnlhlé%%e gﬁﬁcﬁ%tl cles
produced accor di ndn $ Gifth tdpectphopresst mﬁlntmmowdd:sj agedc8ss f&xe@plymgsﬁn&hcb

advant ages of thea éf&\éegtl n,w |l BEecoma parent fromthe detailed
description tRSEFOI 10w (e R THE DRAWNG FIG | is a

di agranmati cal vi ewntadfting sddfiilmadts oilh wmédtta;&:rndrsmfzmg ofs HicietssppActbr appar at us.

FIG 2 is a diagranmii vi e enera f a i Nni ng
process and %aw FetES ﬁﬁrrllihgé%ngr 8@3#8%‘%‘1?% e?sﬁ%a%%g@r#gﬁc?f\fgﬁf@%(ﬁﬁ 4a 17
Decenber 2004eﬂ@1ﬁ)g1¢cﬂﬁiﬁﬂ&ed3ﬁ5hch dirSEa e Qikile tdh&outdde f the expasisd st | onal

view of a finksh appld.cator in accordance with the present invention.

DETAI LED DES@&’%FT’%% flt]f’—mef‘%E PREFERRED EMBODHVENTS 5 In FIG | there is
depi cted a convdht invaetonisb progideniiaments ppas, atdisticlddyrédroed oodrfingto havi ng t he
desired rel te! VE Y viscosity at a tenperature of about 20C to about 300C
above the nel |png p0| nt is supplied froma polyner delivery source using
an extruder (notFughmwhipcts Geatipesand pivantpges lof the inwksdtion will bécomappgatent y. spi nner et

plate 2 with gQf: 4R %:EaRIoh iR kcfidws. The MOl ten polyner is

BRIEF DESCRIPTION OF THE DRAWING
15 FIG. 1 is a diagrammatical view of a conventional melt-spinning process and
apparatus.
FIG. 2 is a diagrammatical view of a general layout of a melt-spinning process and

apparatus in accordance with the present invention.
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extruded through the spinneret plate.2 into nultiple 1Theeterghar 2884

Cool i ng gas of near-anbient tenperature is passed through a quench screen
8 and introduced to 15 the nelt streans.that are cooled in a quench zone 3
to formfi‘b@mm 5. The filanments 5 are coal esced andcrhéi@ly 1nto
contact'wth a rotating roll finish applicator. 6 and convergence. guide 7
into a yaxn. 9. A YiBvel &F SeCFPo seSaynde Vifw afict TAPieR the quench. zone
20 3 to reducearniripaiencier eausedhine artbhere poesentcdmtettbns. The yarn 9 is
wi thdrawn fromthe quench =zone by a pair of unheated feed godet rolls (not

Shown) . The 10! g o gl ol 8P 58 Ofrdmer R B LI 020 11 2

aChI rro mUrruUT rcrououTttT Ty T AT AL el A

coal esced il amenfnbFHH & &bres im d@@m@mﬂl EWICPhV@IHE-OP@M melFre finish
appl i cation i ssisiaiegtapparaatk abIMdltt)énaﬁoilhzfér ﬁ@aiﬂgﬂghlel fidid-caust mgrate
through, or wr.ap aoUn dJas: L | ament, Juadl & Lo efiGye i form cover age. 30

Additionally, variabilit occ var i afon Sk thetravellng
filaments and ¥EsEP Ve ebgve t‘ﬂ%r“lﬂ]itéﬁﬁep%éltf Fﬁamllaﬁrﬁw @oal esce in and
around the raddymag dalivefrynssir@pplioatar obtridst hapaosgwrhe - point of

applicatian i ssgangpah |phckt @tﬁp&gr@ﬁl@gdcg@ﬂri%yﬁpﬂﬁegggv% ey ,POSI ti oned

for inproved RIQ¢e duct alit resent In |on provi des an

appar at us and- J% 2@% {0[ ﬁg? SR OW 3PSt heT}t?rB‘EiﬁE‘fI?dﬁ?lgf‘eﬁe’ist spun - 5 17

Decenber 2004 exbr0d¢®8:48ugpOheS@PLIN60410 PleitkaRehtte antitinker oved quench

and finish unifeQtnbtyedn,. &661 k€of hdaddbdbi SHERE éﬁé%h%@With air
ﬁi@@ﬁ

directed |n\/valrsdpglgS 43y ﬁlraSe 2 é beuerjlﬂdIaefméxn%“_‘§ ‘ﬁ%ﬁ guench system

known in the art can e use exa
4,156, 071155, J%6, 3akt shrgans dud: 358 C‘é%]tﬂﬁl |1ﬁc%r<EJfﬁﬂz§f1e€°1Pfér3eFﬁ by
reference The&orm filaments 5. The filaments 5 are coalesced and

brought intc contact with a rotating roll finish -
'applicator 6 and convergence guide 7 into a yarn 9. A
- covered section 4 may be included after the quench zone
20 - 3 to reduce turbulence caused by amblent room
conditions. The yvarn 9 is withdrawn from the quench
zone by a pair of unheated feed godet rolls {(not
shown). The rotating roll finish applicatof 6,
partially immersed in a liquid bath, achieves
25 application of the coating liquid when the coalesced
filament bundle comes in contact with the roll. The
finish application is subject to variability as the
coating liquid must migrate through, or wrap around the
filament bundle to achieve uniform coverage.
" 30 Additionally, variability occurs due to contact
variation of the traveling filaments and excessive air.
..  turbulence as filament arrays coalesce in and around
the rotating roll finish applicator 6. Furthefmore; the
point of application is generally stationary and cannot
. 35 be optimally positioned for 1mproved process or product
guality. o
The present invention provides an apparatus and
process tha; allow for the production of melt—spun‘



invention is not limted to radial quench systens and 1higcemtsw 2084 used f or
cross-flow, pneumatic, and other quench systens used to cool an array of
filaments. The 10 systemis also not limted to systems having a strictly

annul ar filwgenis,array. The applicator of the present pEE‘/YIE‘c{lhko%‘ coul d be
adapted to be used in various geonetries, such as rectangular, oval, etc.,

so long as th&E SPPATEaEB? epysivadeausiabhppd ofindepawaitipravitayin.and 15
contacts the fEbamertplef 4hsaddunaguémappbyed iWlikshair Qiesstdd ow quench

that can be usegiy ttBeaniéh&ﬁﬂfaJrOBiiép{e%VBﬁnﬂeQW By QlilRg gas
transversely- acro%frgm sual ly one side of a freshly extruded
filamentary ar 3y “MieR-oF rBsElg 135l §#% Hsayeed:- 2Feehr Evlgh and out the

ot her side ®f exWlie, aleft Rateay. No#Howeues, 0 dependshge4am wadi ous factors,
s_omral 01;] t he ais,zgga,)s5bF S4dH aﬂn:aggpgya%]e@_egg%éﬁf@gt §eﬁéﬂer}%‘é.caf1—fei ed dOV\ﬂ

with themtowa . r_roll,. . is_driven Is usually at the
base of each siﬁer{?zﬁgﬂ %)girﬁtor%.lmégg%.c@. rﬁg’taelntquﬁf}‘gl? WEEF AN 4, 691, 003,
5,141, 700, 5,9%2 2162 BadissBieroguosscddnvi moekpor it edideprtiar by ref erence
in.their entiretggchdegstédie ugad saNAGGANMRAl ardagCBAI flBSenes MBIy referred
Lo as ! pneidml bfsienehasco AR e GRS LSULIQUAES LG, LEShLY. GXl T uded
filaments to 3rg_§ﬁntrgl t hei.r tenperature an: atlt]enu I"'oN"pro ¥l es. . Such
quench syst ens>Fan et kBN 2EREY pr d&entPPLifgERE | ¥h. thenBreRstitc quench

i nvol ves i nt-r otientgon ¢asld be adapome thebowsads ph nrarieust rom which a

pol yneric mulddonfech28BNtsurdl beerBEARSI TNE Mah UNBL Of @br he 35
filament 'bundlliﬁhtgﬁt8 s ol n ge 2T 15 Ther e %%%gla y passed

. e licat l‘:':r E%ungege(ggl.t e d ge
through a tapered device having 3 dEBHRRY TR AFER e ™o a sl |

circular ekt Grtarhe He tfédreenehefdshe casrayhue amdel Eiatsing the air as -
6 17 Decenber 2004cY€:£1713823B8enBCHHIEQ:A] 621 Qsed tid@yes t hrough t he

passageway and;nehdabh g A ves blowing'cooling gas transversely
’ across from usually one side of a freshly extruded
filamentary array. Much of the cross-flow air passes

20 through and out the other:side of the filament array.

. However, depending on various factors, some of the air
may be entrained by the filaments and be carried down
with them towards a puller roll, which is driven and is
usually at the base of each spinning position.

25 7 U.5. Patent Nos. 4,68'7,610, 4,691,003, 5,141,700,
5,034,182 and 5,824,248, each incorporated herein by
reference in. their entirety, describe gas management
techniques, commonly referred to as “pneumatic qﬁench?,

, - whereby gas surrounds the freshly extruded filaments to

30 control their temperature and attenuation préfiles.'

.Such quench systems can be used in the present -

k= invention. Pneumatic quench invelves introducing a gas
in a zone below a spinneret from which a polymeric
multi-filament melt emerges. The volume of air and the

35  filament bundle that is surrounded by the air is then
generally passed through a tapered device having a
passageway that converges to a small circular exit on
the bottom of the device, thus accelerating thé air as

- 6 -



opportunity for the noving air streamto exert a pul | ihBetemiosr 2604t he
still nolten filanment s and attenuating the filaments in a nelt. The
apparatus of the invention can be used to apply any desired finishing oil

to the fil agpilsasy ay. Freshly spun filanments are tre%q.ﬂjswﬁkdgdsui tabl e
finishing oil to reduce friction and elimnate static "charge devel opnment.

common to hi ghltsPe&rs thperall Chs peesadswpy Fhe aeaiayuan of the ' invention
i s capabl e of cppotnatiely rael themoR@ndanirt ¥peehf tbi Bkshe & condi tioni ng

oi |l either as a,epngentrLaLe | Q& fer.ny of, a _dilut e, aqueous emul sion. -
The condi tioni %5 oll 1Is 'gr%?gfrrha E;EH?n.maOlIQFﬁuﬁlaﬁeg%%,é%i ch. is defined 15
as any oi | or AXEPWHEFEE bie SARIES sHY ifdi*eleati on  poi nt bel ow t he

t enper at ur eSof applTh=atbparatAre efehpé ainweanbadiq®nbe ofisdécheopr ocess and

appar atus of tBgpDf es8NHekINENH:i 9 sh Snd@RNCEEdH £F Grent2ar M) t €N pol ymer

havi ng t he desggg&rel ativ SCcosl.t ed froma pol yner

..~20 Vi 1S, suppli
del i very source’ ps%jfrngs'pglﬁ %)‘&W&%F ﬂ%ttz)é%%)mttg‘ U8 epack 10 with
mul ti-capil | ar $2RpiHmer eil ptatwedroe wrirti00- 201 @dOminaps |Staties. cool i ng
gas is passed thanughkiegelugmatt coan@ertBRigRdddlsr edueed to the filanent
array 50 ippa auen 4 ref erab begi nni ng Wi t hi bout 5 nm
to about 420 mnaiscr)om t&g'sgﬂﬁen% F?%?%ﬁ é)%zgﬁeanld%e g%céndlr%é’aag)@\ﬁ%rd t owar ds
fini sh appli caPbrd®Vratpterialdyeying Givabspe OEirksk ombout 1,000 hm with
a uniformor poolitiediagroieledthty aH rseebrcerivraaed 4 idhens0 fil anment '

array SO The Bokdidana0hi i WURHGH: 2008416k 0Sa8L LnadiiEnspl neret plate

20 may al so i ncorporate a%bgsrat_l ngAf,evLce or delay portion, del ay cooling
for enhanced ProdicPrattrihut ¢2. & Al biier EtPiSeciPomh 4F K850 i ncl uded
after the Huengh 3rgneiBoex dipdduecoBBifler Bittlerc eotbdisBdabyomanbi ent room
condi tions. Theoappaedbusti tehferatiM@NbiEOfppliikatges”"a finish applicator
60. The finish appli Cati@:ﬁ qum(bﬂgrgeemaosodiment of the process and
apparatus of the present invention is depicted in FIG.
2. Molten polymer having the desired relative
©20  wviscosity is supplied from a polfmer delivery source
using an extruder (not shown) to a spin pack 10 with
multi-capillary spinneret plate 20 with 200-10,000
capillaries. Cooling gas is passed through a quench
screen 80 and introduced to the filament array 50 in a
25 gquench zone 30, preferably béginning within about 5 mm
to about 45 mm from the spinneret plate 20 and
extending downward towards finish épplicator 60,
preferably from about 100 mm to about 1,000 mm, with a .
uniform or profiled air velocity directed inward to the
30 filament array 50. The portion of the quench zone
closest to the spinneret plate 20 may also incorporate
- .a heating device or delay portion to delay cooling for
enhanced product attributes. A covered section 40 may .
be included after the quench zone 30 to reduce -
35 turbulence caused by ambient room conditions.
The apparatus of the invention includes a finish
. applicator 60. The finish applicator 60 can be as
close as about 120 mm te about 200 mm below the

ks



cl ose as about .120 mmto about 200 mm below the - 7 17DBesrsipdye2002004 WO
01188233 PC fUS01/ 16010 spinneret plate 20 with the preferred | ocation

bei ng about 200 mmto about 400 nmm bel ow the end of the quench zone 30.
For a crossyblpw:ar pneumatic quench system the fini shra8h) éo?@t or 60 may
be located inside 5 the quench zone 30. For a given inner ané out er

spi nner et arr agréizansteplatdhe pmeterrred pakfiensidonoohtidrheeingi sh appl i cat or
:c' Ies in tge raag@atb@toweﬁm @@%Houa:?@% armdbéi?&kltth%ZQ:{eioéf e outer- migt

i anment di nen p red a t or _di_ mensions nmaintain

i nter-filanent &g%par atoiggnggv\,h ¢h® ‘é %ﬁg‘ﬁt?ralpﬁlgﬂmﬁﬂc F6 B easily
extracted f rorrFYW%éa"by§f1§an3t9rh ﬁpnlmtort 6P buAveivee Locdtredekmmiplear y fini sh
appl i cator $0 tke shexwhi songraat eFoflel alikeh Nide®. ald &&%rappl i cat or

i ncludes a 154 a r e r base portlon
has a peri pher dﬂrgk %ﬁ%ﬁptéléa&? acer%?lj'?ajt3 ‘9@% cgn }L&f ltoﬂe Il ament array.
Thus, the base“Pf RECE H&F &§st§%crta|n6ﬁ E%’%W‘@élpémﬂmg t.o that of
the array of fV0armxdt stISfudHJOtghaf thdheuvaerayostf £20ahedtament s can be

cont act ed. Thedhﬂuhélaﬁrtrm ;ﬁre%fa.@f@cb'a)bpﬂ@%é dQHE @Eaﬁ@.% inFig. 2.
The shape of th ame I'i cat or rrg esl red process

appl i cati ons an po yrrer ‘F@ e BﬁYlona # %%1? rg‘ﬁﬁﬁee??aég @& 1y desirable
SO as to renovEe %eﬁﬁélﬂefpﬁsflatcégdcﬁmchhagsmtﬁm hieh priefieat ed t aper ed
surface snoot hty-hiakheets accunulated air frominside the filanent array

to outsi. de In theagrgj{ﬁ# g J? %El%hce aBBl lcatogmshngpe provi des a

gradient “‘surface uench ST th a 30 radi ally

uni f orm nannergreFﬁErt ?J’é?”é‘d 18y FE%m?t:aI Tgﬁa"f%&lc%@y Helpges ave an angle 1
rangi ng frim aipost pl#te tportdboud #i deho@eorttibntbe phefridgeed angl e .

rangi ng from portion has a peripheral edge contact surface 11 that
' contacts the filament array. Thus, the base plate

should have a cross section corresponding to that of
the array of filaments, such that the array of '
20 filaments can be contacted. The bedy portlon preferably
tapers outward as shown in Fig. 2.
The shape of the finish applicator 60 maf‘vary
- with desired process applications and pblymer type, but
a tapered shape is especially desirable so as to remove
+25 the deposited quenching air. The preferred tapered
surface smoothly deflects accumulated air from inside
the filament array to outside. In the'preferred
embodiment the applicator shape provides a gradient
surface for the gradual removal of quench airxr in a
30 radially uniform manner. The tapered or conical shaped.
body 17 may have an angle B ranging from about 170 to |
- about 45 degrees with the preferred angle ranging from
about 60 to about 90 degrees. In a preferred
embodiment, a flat plate assembly 16 having a
35 peripheral delivery slot 13 for delivering finish to
‘the expanded annular filament array is connected to a
peripheral fiber contact surface 11 on an outer
surfade. The finish applicator 60 may additionally



about 60 to about 90 degrees.
assenbly 16 having a 35 peri pheral

In a preferred enbodi meni? Dgcdrbxgr 2004t e
delivery slot 13 for delivering finish

to the expanded annular filanent array.is connected to a peripheral fiber

contact sur{,ggfssiss on an outer surface. The finish apg%%ﬁ%ﬁg&u@

additionally - B 17 Decenber 2004 WO 01/88233 PCTI USO
dr ai nage apert @retalif at grabmgec aprcess 1§ Mcshkemdhe dxceissh appl i cator 60
can be nount edEOx k. support arm 12 arranged for |linear nmovenent to insert

5 the applicator |q%g %l 11a8n§?%t?rrgx urlng roducti on and to renove

the applicator in case ©

motion devi ceS¥RRBH AGRfHY arappged for i-h%e%ppibvem@ tor dmsarie
can be -useds 1%%3Iap@eaeatmﬁIﬁw&odENé(Eilaﬁeﬂﬂ)dﬁ#ﬂ?oﬁﬁrﬁﬁgﬂ 12 may be

posi ti oned ag&mﬁgkg§gg M&& thO£ Jﬁ%r vgdlprocess or product

rt arnrcan a éﬁ% 2FRe’Y i%hi sh
I%Ptaswrr ﬁHEhéprrﬂr-JaﬁIeﬁrO%ﬁ%y Armehg@sﬁdmtla?pm 12 may be:
manual |y, pneuﬁmt:roealallqumgs for eémotali chlthe dppVesatardfadt amged i n any
g Lol 51 Sirf & ug@aferﬁecr.enraatrhmgbﬁorr\care%he Rath of the

quality. The
appl i cat or

manner such
threadlrne

In the preferred | ocation fin's

the free 11 anBiEST507HE 12e>‘3??’u’8%(quﬁta‘?ﬂﬁﬂ &Pds atHeteAorfens the

T KE PRI §™p? ocess.

0 may
contain a

Any |1 near
filaments

appl.icator 60 stabilizes

unsupport ed 20rdduizadnfot dmprhvedmtoceds oes prhéuanpivafiite. ofthki | ament
wheipely ahe ddd anedtise 3Qapf&s $@l hdid il einigtabilized in. a

unlfornrnanner ggag6#aﬁﬁq&§ gxéqutact tQ@ f%%égg%ag licator 60 on the

-vi brati ons,

wet t ed C|rcunf ence

appl cator

“the peripheral

fiber contact surfaf® %ﬂxﬁﬁﬁrér$ﬂﬁﬁ§HVH@3Gﬁ@uéahYbém@Bﬁﬁmﬁﬁﬁéyby r enewed
froma perd pher eledeticsdly dbbterl Zndupptare@ddbynidatlyehadder such .

20

25

30

35

as to minimize interference with the normal path of the
threadline. In the preferred location, the finish
applicator 60 stabilizes the free filaments 50 as
extruded in annular form, shortens the unsupported
filament leﬁgth, and reduces the amplitude of filament
-vibrations, whereby the filaments 50 are solidified oxr
stabilized in.a uniform manner.

The filaments 50 contact the finish applicator 60
on the wetted circumference of the finish applicator 60
at the peripheral fiber contact surface 11 where
finishing oil can be continuously renewed from a
peripheral delivery slot 13 supplied by inlet 14.
Finish delivered through the inlet 14 moves upward
through a supply channel 18 and then proceeds to move
radially outward to the peripheral delivery slot 13,

"Liquid supply can be provided by, including but not

limited to, a tank, a metering pump, or a pressurized
header. The support arm 12 and peripheral fibe# contact
surface 11 can be coated with a wear resistant ceramic
oxide or other suitable high strength material, which
operates to protect the applicator wear surfaéesAfrom i
continuous sliding contact with the moving filaments.
Examples of such surface treatment for improved wear



Fi ni sh delivered through the inlet 14 noves upward t htoDetenbes 2ppd y
channel 18 and then proceeds to nove 30 radially outward to the peri pheral
delivery slot 13. Liquid supply can be provided by, including but not

limted to,wgoids?3kK, @ netering punp, or a pressuri Zedpcﬂﬁﬁ%ﬁi/g{om The support
arm 12 and peripheral fiber contact surface 11 can be coated wth a wear

resi stant cer aresis3Bnozi declude atdiEzasind abidevhpgh depoehgidn @t eri al , which

operates to pré{RetiuhNEndRR bEALALMVBRE asSUHiREESud (@M1 $QRY] nuous sl i ding
lLaments. . Exa such_surface treatnent for

contact with th ving_fi | es of

i nproved wear @lﬁrﬁeﬁeg%%téﬁﬁrﬁﬁﬁ% \Rbeo‘il}%é“%ﬁ‘ebﬁ'l‘?flﬁbf k) resi stance

i ncl ude anodi Zt4 eataninydiyom thpositsidn off thehfbismgmtamd/agr al umi num

oxi deh titani udilishte€ Wperatisn des. eﬂilfgﬂﬁ%éﬂpl:i&dltihg & rn%rlge?en_t | of the
quench air enjering s The filanent.arra acilitates
oper ati on andrge_ i.m ng{lgélg%g%g?ﬁ%%t Igg&rir%st &n tI&? ﬁnﬁéﬁ%%ea i | ament bundl es
as the quenchifigighd2rplifathonppiqceasedfys deeseddsedar e decoupl ed. After
initial process stafteupniwieh pileeskistamenug, dkhave Hilspienpsng tension

in excess of 2 mgideni &inkQng Q488 AY LbUEN-F Ayl ﬁlﬁ;a&erg%@ rators, the

finish applicator 6(8 | s dserted.into the spinning threadline to produce
acceptabl ¥ i FACVAABARY 2TiTRR f)cg'sllst PORBRTAEAES £ iTHeshiZisH i cator 60 is
det er ni ned by anpdifptaneift iscowgrrtedhinte itheaspimdingophofadiieedeni er per
o), IS s, gty s, gmSsebomprarspeet,
ouer counts 89 hebd Ssbbhed (0 QllGlpef Ll cBlysaLor postlon
allows for ifatedipidtdssachniataantst thiegherieoerantiliament R0 rat es,
i ncr eased 1Gapidueary aensidlpedty tdnd spsivienct and aspdnhbes efpeea;, i ncreased
production caRa¢h! Yower counts being better suited for a higher
' finish applicator position. The increased spimning
stability resulting from the finish épplicator allows
for improved process continuity, higher coolant flow
20 rates, increased capillary densiﬁy.on the spimneret,
and therefore, increased production capacity. _
The finish applicator 60 is preférably radially
symmetric, such that liquid delivery is spatially
uniform and evenly applied to the advancing filaments.
25 _Apﬁlication of the finish to an expanded filament array
can deliver more complete fiber surface coVerage as
well as better consistency in the measured finish on
Vfiber as compared to traditional roll applications.
After application of the finish, -the filaments are
30 gathered by a suitable gﬁide 70 for collectioh onto-
bobbins or in a can. The collected filaments can then
b be wound to form a package of continuous filament yarn
or otherwise processed, e.g., collected as a bundle of
parallel continucus filaments for processing, e.g., as
35 a continuous filamentary tow, for conversion, e.g., '
into yarns or other textile processing. _
_ The above description and the following examples
give details of polyester filament preparation using a

- 10 -



The finish applicator 60 is preferably radially symrelf Pecersbrrt?00hat
liquid delivery is spatially wuniformand evenly applied to the advancing
filaments. 25 Application of the finish to an expanded filanment array can
del i ver nor ete fiber surface coverage as well as_better consistency
in the masﬁ?ggg%sni sh on fiber as conpared to. tradit FoNAPOeNe :
appl i cations'.colfd=ar rappsh cabl 08atir Bhectdiieho the Jdedsapents -are 30
gathered by a sud.ablg gu} Of ; GO tig 5}) Lns or in a can.
The col lected filaments c%ﬁﬁfte%g?} lé%\%%bgg’ tao?ftgfg%%all agg%‘%eoé) conti nuous
filament yarn 570 Gt harfi RRLYFRECRRERY, 28, intrigsirertasesasy’ @f bundl e of
paral | el conti@wus .5 enegrtestéor gprevesssuddy) thrgugh as c3pillbawgont i nuous

filamentarystode i0hutCODY Gish@NabSud 0.5 hilS VALAS Y Qhheldextile
processi ng. Thg at;:oveeggscrl %t.l on_and the follow 2‘81 exanpl es give details

of polyester fi7anent prepar frentirsl AGORE -1-P° ™A DECRBRME 2004 WO
01/ 88233 PCT/®99 mepin- doshcasefulnpshyesfsirisc anotudeccording to the
present inventélprethPdbyedeephtharmeat SpEBS, bypisalJehepr epared from a base

pol ymer havi ng. [ 0S1 Cowh.SCOSI 4y O hout. 0.5 or greater, are
extruded throug%égﬁgg%%%éarw‘ég %? Qacltn%ﬂtg)%l.l%rrﬁ“ﬁe %Ylgeﬁlc?ut 0.5 mMmmin dianeter

and taken 19p Greppedatatan§rigey riiGH abeed rplgebhydanen to about 8, 000

nm nin. Such useiplithpdhyestrEns ;i ned vdebingoloet bybend ,t enepldial ate (PET),

pol ybutyene  tireppbhahat1¢BBle0 s 1 -4GT) sudiPL¥t L Bselegglfedlo terepht hal ate
> Tan

(PTT or 3GI) @_rg}d%%b) thyl.éne nap tgaiat %_. . &i’E conbi nations
t her eof , i ncl udify %g% (}ﬁ:&ﬁtt‘?ﬁﬁpgé PP BBFSUSHSh CaROVEEE pr epar ed
from pol y( et hyth&areott eprp mob i briaethutenelitsgepbpilarel s t hereof, and
pol y(tri metshyl ene trebephtdtakatf) be udba Rl $hbhainiGANpS usE-MW th the
finish appl'cqgfnfhe present invention may compfise bicomponent
' ‘fibgrs of a first component selected from the group
consisting of poly(ethylene terephthalate) and
" copolymers thereof and a second component selected from
'20l the group consisting of poly(trimethylemne
terephthalate) .and copolymers thereof, the two
components being preéent in a weight ratio of 70:30 to
30:70. The cross-section of the bicomponent fibers can
be side-by-side or eccentric¢ sheath/core. However, -
25 the invention is not confined to polyester filaments,
but may be applied to any melt-spinnable polymers,
including, polyolefins, polyamides, and polyurethanes.
_ The term “polymers” as used herein includes copolymers,
‘mixed polymers, blends, and chain-branched polymers,
30 just as a few examples. Also the term “filament” is
used generically, and does not exclude cut fibers
(often referred to as staple), although synthetic
~ polymers are generally prepared initially in the form
of continuocus polymeric filaments as they arelmelt-
"35_ spun, |

- 13 -



of the present invention may conprise biconponent fi btf Seegmberr20p4t
conponent selected fromthe group . consi sting of polyethyl ene
terephthal ate) and copolynmers thereof and a second conponent selected from

20 the groupogpssizsting of poly(trimethylene terepht h%ﬁ?&)m&@d copol yners
thereof, the two conponents being present in a weight ratio of 70:30 to

30: 70. The cross-section of the biconponent fibers can be side-by-side or
eccentric sheath/core. However, 25 ghesdiggention is not confined to

pol yester fil anment but nmay be,.appll e"g_t‘_o any.pelt- spjnnabl e polyners,

i ncl udi ng, pol yol e |ﬁs,1mf)e51tj§ﬂi‘6“e]§, “84d %O?W\Péfg’gﬁi??’ Ei?“ﬁe term "pol ymers"
as used herei ng?wawaaesn@mmymaexampkw p@ yekr sspibhéngs, and

chai n- br anchedppaieseewsth IPrpHslims in teManampbesy Aksatfigy term

hierren (o s eRelodehety Hhids AN AnAGES: MYet e il ugth [ BeTS (0T en
referred to as stt%phe ,alt ougl% synthetic "polyners are generally prepared
initially in tFETOEm ofte GRPRIRIGHS Opof ¥fer i%c apR| et aszatfey are nelt -
35, spun. 11 140 .Deecabese@04 Mo @ka88233 FCOAHHW 16040 EXAMPLES The

i nvention w |l |iRewthenexenplified by the follow ng non-l1imting exanples. A
melt spinning 5 prqcess wth threadline in contact having a rotating roll
to apply 'PLlOni sh asﬁgﬁ%ﬁsﬁ?\g %llb—?ﬁprfp\%gl%éﬁeaglﬁea%gﬁFFb"FY affe appar at us of
FIGS. 2 and 3, tsiitiReapyanextiae, messuredechriventibesldyanpées according to the
i nvention. . llideepedatied akirhesetoaperti es arminear density and tensile

properties, measurgd,canyenLl anglly & ababed Yy aSIMyrgt hods. - Linear
density was neasured_accor m%nto A@T’%ﬁﬁ d1%7%1‘anc’i—‘repor ed "as denier per
fi | ament 1577 and reported as denier per filament. A
13 Elongation-to-break and break-tenacity were
measured according to ASTM D 3822 where elongation is
- reported as a percentage based .on the original sample
length and breaking force is reported in grams A
normalized by filament denier.
20 '
‘ EXAMPLE 1
This example compares inter-filament denier and
elongation~to-break variability for the conventional
quench control and the current invention. The product
25 was prepared from polyethylene terephthalate polymer
containing 0.2% delusterant composed of titanium oxides
with an intrinsic viscosity of 0.65 as measured in
25/75 trichlorophenol/phencl solution. The polymer was
extruded at 295°C through a capillary with diameter of
30 0.25 mm and 0.5 mm in length at a rate of 0.38
' gm/min/capillary. The extruded filaments were arranged
in an annular array and cooled with quench air directed
radially inward at a speed of 1.2 m/s and beginning
approximately 20 mm below the-spinneret plate. The
35 _quench alr was conditioned to_225C and 65% relative
'humidity and extended for a length of 200 mm. -
The finish applicator was located approximately 1
m below the guench zone for the control and 500 mm

)
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15 El ongati on-to-break and break-tenacity were neasur _GIDSE‘?,‘B‘P%TiQfQQ“to ASTM
D 3822 where elongation is reported as a percentage based-on the original
sanple length and breaking force is reported in grams nornalized by
filament degheiies,30 EXAMPLE 1 This exanpl e conpares i g&ffh hdgrent deni er
and elongation-to-break variability for the conventiona quench control
and the currenpelawéhei gquenchheope @iucbr26haasirpespairacenticm mleyet hyl ene

terephthal ate pﬂ{mappm"gt%trnamn@ce%%qageh%hea@nios@ao&E%ﬁéﬂ of titanium
oxides wth anlntrl nsic vi scosity of ured.in 25/75

trichl orophenol" '?ﬁweno?mescﬁ Gtoh: BBJr’y‘f‘f:’é:Prﬁ/a”‘ge BeEPHd¥at  295C t hr ough
a capiltary w3eggneekytion gd ©. %bmwm@tocgnquqmmngxh at a rate of

0.39  gm m=/ cEpd ldoaBytionkhg 6X1 rewhesibéd amnbs Ve uathangad in an

annul ar arra (o] t [ I, Iy .inward at a
speed of 1. 2y 20 4 J‘D gca\llgrtle ?ﬁgﬂe@l"g £néi 'ﬁgggg cont%%haw %flhe spi nner et

plate. The 35%5&%“‘?&9 t\H&Ql%oncﬁpl'tel Bﬁ‘é%id t“&S’lEE@-’%r’Fd’ GB% relative humidity
and ext ended forlamehenetd apbra@inamalyThes fiyniwehglappld batbreasas .| ocat ed

approximately 1 mrhel ot ﬁtgweéwcmgc abng GOy gk angh 500 mm 12 - 17
Decenber %04 V>O .01/ 88231??5 PCTI ] J OlllgOlO beI w._the guench zone 30 for the

current inventMSH® PRe* JOPRIBHY AR EREt £9 T St{%&P%t 105% of the
outer fil anentdﬁi?%eayunmﬁﬂmﬁl i Clteors-deln \parddctarhadaguebtuslesol uti on of

0. 7% by wei ghtfﬂ@ﬂﬁhtlﬁ]ﬂrﬁglshél denkbe epndiiki Oéucs}gja@_hbncwrprl sed
enul si fi ed sunfAGkanks,,dor Lo puRgse. o hiicli on andsstatic control
|l

within the filanment nﬁnt was
appr oxi mat el y B39 B9 \etigRid] FeHotiepasedroduct Varlablllty was
.15

determined from the analysis of 200 single filament
measurements and is reported as both sample variance .
and percent coefficient of variation (%CV) in Table 1.
The sample variance considers the position of each
observation relative to the mean as the sum of
20 deviations squared'ndrmalizéd by the sample count less
one. The %¥CV is defined as the square root of the
sample variance normalized by the sample mean and
expressed as a percentage. The sample mean is
7 “determined by the sum of individual obsexrvations
. 25  divided by the total sample count. Based on the sample
variance analysis, the current invention reduces
product variability by 35% for elongafion and by 64%
for linear density. 7
The spun product was subsequently stretched and
"30 anmnealed in a conventional dféﬁing process to yield a
staple product with a linear density of 0.96 denier, a
teﬁacity of 6.4 g/den, and elongation-to-break of 23%
. for both control and‘invention.
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The filanents were collected at a speed of 1800 10 nf'HiHeemberB88hi n

w nder and anal yzed for tensile and denier uniformty. The as-spun product
had a single filanment vibrational denier of 2.13, elongation-to- .break
of 220% a ing tenacity of 2.6 g/den for both d test
itens. Pr ogﬁc? v??l ability was 15 determ ned fromthe g %/031:1650%& 200
single filanment neasurenents and is reported as both sanple variance . and
percent coefficient of variation (% \ereniTable 1. The sanple variance
considers the position of each observation relative to the nean as

t he' sum of 20rdeviations—squaredrorralzed—by-+he-sanple—countless one.
The %CV is detined as the squarelroot Ghtrae sarmuervatlmveetnm;ﬁal i zed by
t he sanpl e nmean and expressed as varpaheLnt agey 'Iheazs__amgge MR i $

det er mi ned by fg ym of riI)dIVTlTlFaI Seryatjons {25 divided ny_ the total
sanpl e count. IEQ'S? SR Lil_".cf: w..k. Viir-ante—aralvsi 5228 heloufy i nventi on

reduces prod %nwrr Pablﬁltamesv 55%4‘0@6 el oyt i an aneiizy 64%3f of |i near
density. The spun mﬁm@LmMrlﬁ%@ﬂH@%L%ak%‘ofnge.agéﬁuﬁlgﬁlmgtde ggeanneal ed in a

conventi on drawi n cess to yield a sta a linear
density of D.96 deﬁ[g”g'g)c,t ‘Er’éﬁ%f&?“f’fr“"(f?t“B’e“ﬁ‘°’g‘}“8‘é‘?¥b°‘3ﬁ'tf“f%h§‘a‘f‘? on-t o- br eak of
23% f'or bot h contr etrregtigkeitiarent i on. - 13 17* Decenber 2004 WD 01/ 88233

PCT/ USO 1/ 16010 TABLE 1 Control Current |nvention Vari anceACWari ance%CV

El ongati on-t o- break3518. 42286. 9 Deni PET, filament 0. 0338.50.0125.3 Tabl e
1- Sanpl e variance gnd YV for bre tion and filament denier of 5
product from prior T3+ FRFPEGr LEHISH Rt T iEKolRTPVSEE Wi fornity for

t he 10 higher caplllary production rateg or higher filament
linear den51ty using the apparatus according to the
present invention. The polymer supply, quench and
finish arrangement were identical to Example 1 with the
exceptioﬁ of a capillary diameter of 0.32 mm and a

15 production rate of 0.67 gm/min/capillary.

. The filaments were collected at a speed of 1780
m/min on a package winder and analyzed for tensile and
denier uniformity. Product variability was determined
from the analysis of 100 single filament  measurements

20 " with the sample mean and sample variance recorded in -

Table 2.
TABLE 2
Control Current Invention
, Mean | Variance Mean | Variance
Elongation-to-break 240% 366 220% 217
Denier per filament 3.53 0.087 3.41 0.032
25 Table 2 - Sample variance and mean for break-elongation and filament denier of

_ product from prior art and current invention shbwing better uniformity for the .

current invention.

- 14 -



current invention. “+ EXAMPLE 2. This exanpl e ill ustr at/eBecqmiler 2004

i nprovenent for 10 higher capillary production rates or higher filanent

| i near density using the apparatus according to the present invention. The
pol ymer suRph ¥yssskdench and finish arrangenent were idF@fri&%@sgeo Exanple 1
with the exception of a capillary dianeter of 0.32 nman ? producti on
rate of 0.67 gmmn/capillary. The filanents were collected at a speed of
1780 mmn on a package w nder andexamgtygzed for tensile and denier

uni formty. Produc rj |I|t afer ned fro sis of 100
single filament mgsé?en}ga %ﬂ"a g fe sa é’rﬂ%%fg] gog%l | e variance
recorded in' ﬁ%ﬁ@ezapmam_qi_:lgno@ﬁtqb@ cordidrirningept] oltained

MeanVvar i anc@NEmNamhanpﬁeErmngaﬁem@hOrbImlo%Q%ﬂﬁé2:&9@&81 Deni er per
filament3.530. %%pﬁi@c%szﬁe;-@ﬂ}fedzl? %{P:lgu Ql?él 68 mean for

br eak- el ongat i anent deni er rom E‘I’I or art and current
i nvention sho %gwﬁ@?iie?n lﬁﬂuleﬁ’}‘%ﬁ}uftb?nt 0 EurP%ri’iEJig tention. -- 14 17

Decenber 2004 SNUIGLL86R233FETLYSOL/ 16D4 DIEGAMPLE BreThbstisxanpl e

illustrates th&ldmh@vxe&b %&@kiﬂléﬁélyf 065 e vapght cat b@BhQiaste@e

condi ti oni Qi‘h %% h@eéo hrbet% resent |n%£t|onr | ative to the
Poe gut &SPORHTY BSgiFLd

control . e applicators descr delivered an
aqueous sol ut i BRSSPt 007 g aiképring Oém%qﬂfqnédosuiﬂf%@tlaﬁls The added
noi sture to theroduck aaBdr \SRFidPPr ThiNBERIDE ih@%lbynd/\l%bgh&eﬂen both cases. 10

Thedf ![ ni sh | ev&}te%lggl&t{fﬁe&ﬂé STJa%B?&%ee& 3% 18 gllipeRergant Lof
condi ti Onlng o égggggrklééplntervals from the process in Example 1.

15 Sample means and %CV are xeported in Table 3 and
calculated as described in Example 1. Results for the
%CV indicate the temporal uniformity of finish

application is improved by the current invention.

20
TABLE 3
Control ' Current Invention
Mean %OV Mean - %CV
Finish level (%w/w) 071 27.2% .069 5.1%

_ Although the invention has been described above in
25 detail for the purpose of illustration, it is ,
understood that the skilled artisan may make numerous
variations and élterations without departing from the
- spirit and scope of the invention defined by the
following claims.

- 15 -



product after drying. The sanple nean and %V were détidesemied 2604m t he
measurenment of 16 sanples taken at different tine intervals fromthe
process in Exanple 1. 15 Sanple nmeans and %V are reported in Table 3 and
cal cul ated as described in Exanple 1. Results for the 9%V indicate the
tenporal uniformty of finish application is inproved by the current

i nvention. 20 TABLE 3 Control Current |nvention Mean % CVMean %V Fini sh
level (%uAmMS:07127.2% 0695. 1% Al t hough the invention has been descri bed
above |r1 25 detail for thwg)y pose of IIust"atl og i s understood that
the skil't ed ArPPEPHRPPRERE RURETOGSOnRPLPTSROIEITES 'r?‘c’ile%tﬁt"é}?%ﬂsi”éns wi t hout
departing fr ey tahpinn&pitaviby aplratigaifeapiliariesie i nventi on defined by the
fol l owi ng cl ember 2004, CLAI MS: . A melt spinning apparatus
For Spt nii ng (o RO RSLS B SR SHick FAREPHE I REris g eaR a spl hner et
hagi ng a pl urspinhdryt 20d delig thélth pe@mex(tharetamagﬂ edducted doviyud Progiag Whi ch i's
arranged-to co ate mnth ald 5 |nn r et nd del i ver hten pol ymer

t her et hr ough #® %{]%@ﬁaef’am% IPmEm %P%@t s HSPREHERB yneri ¢
filanments cortﬂisa@ﬁmaéi ng to the arrangenment of capillaries in the

spi nneret; and.charact erl zed by: (c) a quench zone positioned bel ow said
spi nnér et and"FIATFEELYS: r ecei ve and cool the 10 array of nolten
filaments as (§hayuemieoctdiptitbded beigh shiy s;ﬁﬁﬁaﬁétﬁﬂi -,&raﬁgwltb fbgezg@@dicaumai Wi th

pect to the array of. novin fllarre af| at or
o0t oned | ARG B teB BB E RN e SR ERT S SEORRI RSB 1 1 ni shi ng
liquid to the:nmrrés@yqttd/ﬁieﬁrﬁiyrbfmvﬁgﬁlameﬁtb aappl i cat or corrpr| ses: (i) a base
pl at e havi ng p her.al corresponds e cross-section of
5"t he. ar r ay (O R AGEREPT G PITLTIR € POSHA HFo Jneta FRPEh SFgba. body
portion, the ofapehindligivy e dagywhemit salyl fashapglicetob&ngrisés3) i n t he range of

about. 45 degr ee%i)t a(‘) ba?'sg 85}3 h%zlgg z(a.j Ie)eq{p ergl efdgg w c(:)c;[er:s on e]; lﬂleecctross gcctlon of

15 the array of moving molten filaments; and
(ii )a tapered shaped body portion, the tapered shaped body having an angle beta

(8) in the range of about 45 degrees to about 170 degrees for smoothly deflecting
accumulated quench air from inside the filament array to outside the array and having a
top and bottom concentric therewith and connected to said base plate, wherein said

20 bottom corresponds in shape to the shape defined by the peripheral edge of the base
plate, and having a surface formed by a plurality of lines drawn between said top and
said bottom tapering outwardly with respect to the direction of movement of the

filament array.

25 2. The apparatus of claim 1, further comprising 2 means for moving the finish

applicator info and out of the array of filament.

3. The apparatus of claim 1, wherein said quench zone is a radial, cross-flow, or
pneumatic quench zone.

30
4. The apparatus of claim 1, wherein said applicator is a conical-shaped finish

applicator.
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accunul ated quench air frominside the filanment array 1oD8temBpe1&0phe array
and having a top and bottom concentric therewith and connected to said
base plate, wherein said 20 bottom corresponds in shape to the shape

defi ned by -wbeugessi pheral edge of the base plate, andPE?wgd]gﬁfgﬂ surface
formed by a plurality of |Iines drawn between said tog an sald bottom

t apering out war dl y*ifi ERPRPERECPLt Blale Ldi VREG iGN tBE Hevidkent of the
filament arrayappbicatoThencipdesad USilefent acantbetf sutfhee coapsd si ng a means
for nmoving thewitmicand@digator into and out of the array of filanment. 3.
The apparatus of claim1l, wherein said quench zone is a radial, cross-flow,
or pneumatic quench zone. 30 4. The apparatus of claim1l, wherein said
appl i cator s & cofPaprrR¥vmsad ¢f mishim dppiieratiorsaiy fhessber 2004 WO

01/ 88233 PCTI UsiillitaRd0 corpridbe @pak-aksste Pereprirail civhgrein the finish

appl i cat or i nolaidesd LiLATRIL: CONAGL SULT agencoaled LD ceraic oxi de.
C ,

eriphera .
5 6. The apparatus 0 ai m- erein said Tini st appticator conprises
one or more peritefARPtFhis¥RTaeRy i very slots that conmunicates with a
peri pheral fiber contact surface. 10 7. The apparatus of claim1l, wherein

sai d finisty appli&Rbosyhs-oRAsI &4 %&%qmalsﬂ'm&@&‘g Cal b i&gom 120 mm to
200 mm bel ow sal ;Lis%:nner et. 8. . The apgar atas of claiml, wherein said
finish. 15 applFEardPPE PoLPt oifBfasdrsTHice Farbitdy IFPB20M™m to 400
mm bel ow sai d u@Réhmz derelowgsafthespdpparet us of claim 1, wherein the array
of the filanents being annular conprise an inner and an outer 20 fil anent

array di anet erg t haty, ge%ﬁ{ 'aggst (ii anmeter .of .said fi.nish applicator in a
- B C hi d
range of 70%to 12_0‘%0 ,a{ﬁ?e outer f“ina.n’erﬁ eg?%%yséd'l arfﬁjé Jés:}? 10. A nelt
spi nni ng apparFBUdcRbeT s RAFHELOEH: Anibtencesraryinge frem f39%ment s, -
conprising a fimidsh appialeat said @ueappl yoren anmount of finishing liquid to
an array of , ' ‘
o 9. ' The apparatus of claim 1, wherein the array of the
‘filaments being annular comprise an innexr and an outer
20 filament array diameter that determine therdiameter of
said finish applicator in a range of 70% to 120% of the
outer filament array diameter.

10. A welt spinning apparatus for spinning continuous
25 polymeric filaments, comprising a finish applicator to
apply an amount of finishing ligquid to an array of
filaments, positioned inside or below a quench zone
that is arranged to receive a stream of cooling gas
directed radially inward, wherein said finish
30  applicator comprises
(1) a base plate having a peripheral edge which
. corresponds to the cross-section of the array of moving
' molten filaments; and ' ‘ '
_ {(ii) a body portion having a toP_and‘bottom
35 concentric therewith and commected to said base plate,
wherein said bottom corresponds in shape to the
shape defined by the peripheral edge of the base plate,
and the surface formed by a plurality of lines drawn

e
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filaments, positioned inside or below a quench zone tHaPegesmher 2Bded to
receive a streamof cooling gas directed radially inward, wherein said
finish 30 applicator conprises (i) a base plate having a peripheral edge
-whi ch corrngspgighs to the cross-section of the array oberiiddg nolten
filaments; and (ii) a body portion having a top and bottom 35 concentric,
‘therewi th and 88t B Fovard Fade PrEtwn tapRey cutwaaflHy huitthom
corresponds i resipape to theedshega odebf nedrdmngnt her peel phessdntedge of the
base plate, apdathe surface formed by a plurality of lines drawn - 17 17
Decenber 2004 WD 01/88233 PCTIUS01/16010 between said top and said bottom
.tapers outwardly with respect to the direction of novenent of the filanent
array. 5 il 1An appl dpglticetborfappbyingnd ifinssht a movingy expanded

pol yneric fil @%Mdé&ﬁ?é&yﬁ@@é'ﬁl@&eﬁt basey eb@é%éﬁyt ng%aoerl gher gl dedge
anen nd a body

whi ch corresp t Gr 9ss- sect of th

portion havi %'1%1% t%avmr?d “pBTt Irlic%?ﬁerl éltﬂf’ie?céﬁelsﬁ ’a‘ﬁ gSnnect ed to
sai d base pl atcé'os\ﬁhé?‘étiﬂrPnsaifdtltﬁ)tftléﬁme@*@rarré@iﬂom d podhapertioat he shape
defined by thelavnagl@m)*palan&dlgﬁ:ﬂa:fn thecdase cptidwidndakde surface forned

by @ pl ur abi tcahelL 0P Syl REkwBen. Salflbo, AN sakebot tom tapers

outwardly with respect to t movenment o1 the fil ament
~array, 12. Thgoiﬁﬁﬁﬁ"?:‘%ﬁ%rlno?h?ﬂealtﬁ] the %ﬁpéhdﬁﬂfrteﬁ]ePY E¥prises a
peri pheral delpevépyesdbtedper otielhievbasagplatieni st tihet kernqeanded fil anent

array, and \Ah%%edssyca %@_upmughgkailﬁ uﬂsw slt@leehOBUNiCAt €S Wi th a
peri pher al f| b co tacc% surface on,an surface_of the body portion.

13. The aggl i € Sa‘u P 13PeTF PR HEE 8 f?}éﬁ? PgRt to the

dlreuulon of movement of the fllamenL array.

12. The applicator of claim 11, which further
comprises a peripheral delivery slot for delivering
finish to the expanded filament array, and wherein said
20 ‘peripheral delivery slot communicates with a peripheral
fiber contact surface on an outer surface of the body
portion. '

13. The applicator of claim 12, further compriging an

25 arm having channels for delivery and drainage of said
finish, wherein said arm supports said applicator and
further wherein said arm is connected to said

pexripheral delivery slot.

30 14. The apparatus of claim 11, wherein said applicator

is mounted on a linear motion device.

15. . A melt gpinning process for spinning continuous
polymeric filaments, comprising: ' -

35 passing a polymeric melt through a splnneret to
form an array of polymeric fllaments
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.25 arm havi ng channels for delivery and drai nage of saildBDeceinbér,200der ei n-
said arm supports said applicator and further wherein said armis
connected to said peripheral delivery slot. 30 14. The apparatus of claim
11, wherei weaiigapplicator is nounted on a linear nopippsAfMiee. 15 A

mel t spi nni ng process_for cont i nuous ol ric f|| ment s,

conpri sing: 35 pas&FRgHAE ﬂ:z’i %é#’?‘ge%ﬁr?%r%é‘hgﬁ %%Frﬁ?&?e?n o form an
array of pol yneydvsdfpgamegneding-gds dirgcbed amverd 200mrd0s8id 88233

PCTI USOL/ 16010ax28s sbn@od e nki kmﬁntarray to a quench zone and providing a

cooling gas direct o] ) array.to coal the fllarrents
passing said. fil aﬁgs%m%\fgrg %la:!fanmes%saﬁxﬁ | ca%o a@?l £ oned I n or beI ow

sai d quencl? zd@REH&AENEE righ§EdPedrY dHifagecndie anﬁm%r%@ &odel i ver
finish to the cdithameths.fillGmeilbhe PrdOcosseBs ee! aineh itd ¢hai m 15, furt her
10 conprising #0r R8st he filaments into yarn. -1 17. The process as.
clainmed. in claim15, wherein the finish applicator includes a tapered
geonetry to renove entrained cooling gas and to retain inter-filament' 15
separati on of tthe fheapentesgr rayclaidiedThe gladeess, adirthairned in cl ai m 15,

wherein the Qﬂintt,ﬁéiﬁgfﬂdﬁgﬁ@t%@m%&@qﬁgsﬁﬂn 20 19. The process as
claimed in claim18, wherein said pol yester»conprises a bi conponent

pol yester. 20. The Erocess as clainmed in claim19, wherein said

bi conponent cokipri $88 REIGEESt AR oThFITERAt intladmels f rierednt the group
consi sting of faligheatyl enreokefephidaal at@pezaadg@@wﬂxyrr%srdn&&éeof and' a
second componete,§¢hegt &b 1hEOMd NRGILIURGANSEALLNG 19LL08l V(L1 i net hyl ene

, 15 separation of the filament array.
18. The process as claimed in c¢laim 15, wherein the
polymeric filaments comprise polyester.

20 19. The process as claimed in claim 18, wherein said
polyester comprises a bicomponent polyester.

20. The process as claimed in claim 19,wherein said
© bicomponent comprises a first component selected from
25 the group consisting of poly{ethylene terephthalate)
and copolymers thereof and a second component selected
from the group consisting of poly(trimethylené
terephthalate) and copolymers thereof.

30 21. The process as claimed in claim 20, wherein the
first component and the second component are present in
a weight ratio of 70:30 to 30:70.

22. A process for applying finish to an expanded array of polymeric filaments,
35 comprising contacting said filaments with a wetted tapered surface of a finish applicator
having an angle @ in the range of about 45 degrees to a‘bout 170 d'égrees and smoothly
deflecting accumulated quench air from the inside to the outside of the expanded array
of polymeric filaments.

¢
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terephthal ate) and copol ymers thereof. 30 21. The procésBegember20féd in
claim 20, wherein the first conponent and the second conponent are present
in a weight ratio of 70:30 to 30:70. 22. A process for applying finish to
an expanded bAY%,_f polyneric filaments, 35 conprising 9@@% ng said
filanments VW@? a metted tapered surface of a finish appr 0@%& aV|ng an
angl e (3 in the Bandd lekentbogtrodbced greeesdimy abothe ifbcdegrees and snoot hly

def | ecting accuguhal ad, GweaecAkhe! LAT:LBe LiiskOeol O ddieroutei de of the
nts. 2004 WO 01/ 88233

expanded array of al ric fil

PCTI 1JS01116010" 32% c%”f aﬁr RS BEC%FdFﬁba‘?%ltt%éser%“c%ss of claim
15, wherein thethareér®-fil ament coefficient of variation for |inear density
~of the filanents is less than 60. 5 24. Filanents produced according to

the process of ,glaigy %§ED%€%rr%dﬂcégeacscjaorrB \(__(%bﬁbl I |02% ravimetric
°Ya

finish level is |less as- neasure n produced by
the process, of CEpim r?ﬂ516Wh%lnP§P?e%%“§>rlef W@r@mlstqor@‘dwemwnm process
of claim15. finish level is less than 6% as measured by 3%CV.

10 25, Yarn produced by the process,of claim 16.

26. Polyester filaments produced by the process of
claim 15.
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