Abstract: -An apparatus and process for applying finish t'o-an'

filament array in

bundl e.

radi al , pneVWfd

Titl e: PROCESS AND APPARATUS FOR CONDI TI ONI NG OF NELT{EP NN@%EE@@E :
ed

a quench systemwth air directed inward to the fil anent

The apﬁlicatOr may be used inside or proximate quench zones in a

spi nneret (20), a quench zone (80) Iq&ghgd bel ow sai d spi nneret

wher ei n

cooling gas is directed in

o an expanded fil anent

i nsi de said quench zone (80), and an applicator (60) inside or

quench zone (80) FEIufiEt &t 2E
delivers the finish to the expanded filament array (50).
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FIELD OF THE INVENTION
The invention relates to a method for the

production of polymeric filaments, the filaments, yarn,
and other articles produced by the method, and an
apparatus to improve filament quenching and fiber
uniformity while delivering conditioning oil to the
extruded filamenté. '

DESCRIPTION OF RELATED ART
Most synthetic polymeric filaments, such as

polyesters, are melt-spun, i.e., they are extruded from
a heated polymeric melt, i.e., a polymer delivery
source. Melt-spun polymerié filaments are produced by
extruding a molten polymer, such as polyethylene
terephthalate and related polyesteré,'thIOugh\a
spinneret with a plurality of capillaries, which can

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

$8833 or cross -flow quench system The apcTpsnaéns i ncl udes a

(20),
array (50)
bel ow sai d

AP PR CAFFEIGY) OB dFLTSHEY BATENALf i | anent and
- 17 Decenber

The filaments exit the spinneret and are then cooled in

a cooling zone. The details of the cooling and
subsequent solidificatioh of the molten polymer can
have a significant effect on the gquality of the spun
filaments, as indicated by inter-filament uniformity
and their ability to be collectively drawn in tow form
typical for staple processing. '

A commonly practiced cooling technique, referred
to as radial quench, includes cooling of an annular
array of filamentslby introduction of a cooling gas,

~usually air, -radially inward to cool the .filaments.
Buch cooling air typically originates from a o
cylindrical porous media, such as a screen, outside the

apnular filament bundle and flows inwardly through the
screen perpendicular to the filaments. Subsequent to
cooling, the filaments pass over a rotating guide,
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WO 01/88233 PCT/ USOL/ 16010 TI TLE PROCESS AND APPARATUS B«%@B@&{ O\II NG oF
MELT- SPUN MATERI AL 5 FI ELD OF THE | NVENTI ON The invention're

met hod for the production of polyneric filanents, the filaments, yarn,
and other articles produced by the nethod, and an 10 apparatus to inprove
filament queeohissrg and fiber wuniformty while deliveriwmgngongoiol oni ng oil

to the .extru I IPTIO\I ATE ART 1 I\/bst synthetic
d‘?ﬂlél‘i a%?gghg frp%égRo tg: Eq— Qs spuf % q1é l—t

polynerlcfllanent tes ; hey are
extruded. from®& t‘?@&ﬁ@&rﬁﬁlwpé ]rﬁsltto theesplnn&nﬁof-y}@fenéel ivery source.
Mel t -spun pol yimerdle fiusanbmtes: dberqicddces dyderexbr Uchdguadm®lden pol yner,

such as pol yetyl @012t ed %@t ¢ Bodelalated golyssters, ¢ hrough a

splnneret r I|ty of ar i range in nunber, for
exanpl e, f\r,gom%?j%tag %ESO‘PO }iebb(% CRRePE SRR it §169<ﬁ1qaﬁg spinneret and
are then cool edngunt &fceurlmg:bmem:e Bhé deteddlsinef fleweadbnng and 25 :
subsequent solilichi aati angfrichf: MRhk:e8s PO} YifRle 920 D248 ﬁ%ﬂ gni fi cant

effect on the aaual tx(t) the spun filaments, as |n I cate

inter-filament uni orm¥y and their ability to be coI | ectlvely drawn in
tow form typical f8rastapie@lprovessiing. pBO-esscdrmopdtadysiagti ced cool i ng
t echni-que;ia efigyinedete aB1dmdial ﬂlé%m?,splﬁiﬂﬂidaﬁeﬁ@é)' IiR0af an annul ar

array of flla d nof coollng as sually air, radially
i P¥|b£ﬂé#% %8%%9 d1n ng

inward to cool c00|n alr 11y orlglnatesfroma.l
cylindrical pd%aé?&% fedea, Hs&élﬁ %@egeiaeewveo@pgquqﬁy dhraecdy fi | anent
bundl e and f| ewsienwar gbrye tamdotighh her &ciReRnpespefdilGukesr t o the

filanents. ququﬁ@aht%ﬁqggl DGzl B 14 | RS AR O YElaciholiO 811 N0

gui de ]1 17 Dece
as 1t passes over it. The applicator roll is

stationary and positicned off—center with respect to .
the center line of the moving filament bundle, which
Creates a fixed and somewhat inclined thread path. 1In
. -operation,-the filament bundle is céllapsed against the
- 20 applicator rdll 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. 1In this type of configuration significant
25 turbulence can be created by the filament bundle
collapsing against the applicétor roll.
There is an ongoing need to improve inward-
SR - directed quench systems throﬁgh improved methods for
” stabilizing the filament bundle,_eliminating'or
30'1reducing air turbulence, reducing filament movements
 'and inter-filament mass variability, improving
orientation uniformity of continuous filament
, processes, ‘improving liquid finish appllcatlon,
‘1ncrea51ng_product1v1ty, and lowering production cost.




| WO 01/88233 PC T/ USOL/ 16010 which applies finish oij LLament s.
Such quench air delivered internally to the spinning ?ﬁ?é?§§%5r39@@|e nmust

| ater be renoved in order for the bundle to be consolidated for further
processing. Quench-air 5 renoval fromthe bundl e can produce a significant
amount of air turbulence and threadline fluctuation, which are.

significant sources of undesirable filanment wvariability. In a typical
comerci al process for producing 10 polyester filanments, freshly spur
.,filaments, in an array or bundle corresponding to the array of
capillaries '"in the spinneretsuMPMRYORTHEUNWSNTIORNr ough a quench zone-and
then over a tangential applicator roll which applies a finishing liquid to
each filament 15 Hs29°prdyige Wik thsgrdeeds;thereij@royslsd p erocess apdappapys 9t at i onary

and posi ti oneehd@fdning@M@puynkitBriiespect to—the center |ine of the noving
fi%anent bundl e, _which creates a fixed and sonmewhat 'inclined thread
path.. In operQ@FBW?m{ﬁ%mﬁmmﬁﬁ%ﬁFSBﬁﬁﬁ}%@W@SEbﬁﬂﬁﬁ?&ﬁhﬁgﬁmﬁgﬁwﬁﬁé 20

appl i cator r adifh theusk BCLfMe dppifeafor & @By Md bttt exkBR fofahd §BMYhat ure of
the applicator -roll neans, furthernore that the gradient according to
whi ch the ndFf6FIaPsshaht s are quenched, i.e., cooled, is also fixed. In

this type of COnﬁhgyﬁﬁhhﬁﬂmﬁ&ﬁm&MEEQmEﬁ@éﬁﬁﬁ@ﬁyhﬁﬂﬁ&kﬁ%ﬂmﬁ@mﬁ%ﬁﬂ&ﬁﬂ by the
filanment bund%e col | apsi ng agai nst the applicator roll. There is_ an

ongoi ng need SPQSEPHBISERPATS it legpthoPhivefiegs @ mrdyctiapdn dpotentiebagplitidepr oved

meohods for sFfRkinkhtzitgiohd) §hEdebyile Alankbi deQueRhéd th Aok ehifdfm BAndegduci ng ai r
tur bul ence, reduci-ng_filanment novenents and inter-filanment mass

variability, inpr R Higt2sBehbaPEEsnbMVERIoR BIOVIdes BFL SHmne ABELY fof ament
processes, . ispiphifYédhGnldusipdipndricTiShen®iRdihdidk i on, i ncreasing productivity,

and | owerin roduction cost. 5 1Q
g (B a Spinneret%aving a plurality of capillaries;

(b) a polymer delivery source which is arranged to communicate with said spinneret and
15 _ deliver molten polymer therethrough to produce a continuously moving array of 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)  abase plate having a peripheral edge which corresponds to the cross-
25 section of the array of moving molten filaments; and
(i) atapered shapcd body portion, the tapered shaped body having an
- angle beta(f) 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
R '_p_late, and |




15 20 30 SUMVARY OF THE I NVENTION I n accordance with LG%§ nqﬁg? b?ere i's
provi ded a process and apparatus for conditioning nelt- %ﬁW’ @tal. The
present invention inproves quench systens by stabilizing the filanent
bundle with the use of a finish applicator to easily and uniformy extract
fromthe systemthe delivered quench air. The present invention stabilizes
the free filaments as extruded in annular form-and shortens unsupported
filament length. This effects a reduction in the potential anplitude of
filament vibrations, whereby the filaments are quenched in a nore uniform
manner. | n alhvingt safpetmedbyashrblity BViaRt haim pétaedndes tép dmdlshid Spitdini Ng
apparatus for conti nuou uding: - (a) a

Spi nni n s, polyneric filanmepts_jncl

spi nner et ha\I?R‘?BE Uy Y v hyresgeet tb?&lf%??‘b%f;m‘{”ﬁ?ﬂ’é“gﬁﬁ 9“?\‘3’1‘:‘1ttfél‘la?"ver y source
whi ch i s arranged L 8seomdaspdct dctrovbit v aiich pPiden g kRlt sgifting fphiadefornol ten -
poLynmner therethrough.to gr duce conti nuously hgjéing,array %f nol ten
poPymeric fi IBHERE Eonpye B‘%Eﬁ‘ﬁﬁ‘? apgts, ﬁ‘gnw}“ﬁﬁé-go APPIGHOCIGSPRY &} i es in the
spi nner et ; anchouethafigighiaf ligieio R arrdyCof et R SRitizMRAen MR D bélewaduéeh ow sai d
spi nneret and arhan ed tqg receive and cool. the arr%%a$f nmolten filanents as
they nove théP%t] ?té%éﬁ“ 10 IFREY hijream OHeAoliRg ey daest RI%4¥#dy espect to the
array -of noViwlgrein dariTeihapplaaedr éoiprisesl | Ni sh_appl i cator positioned inside or

bel ow t he quench zgne to I[ll .an amount. of "finishing liquid to the array,
wherein said fini L5t &Etg %‘PH%WHS‘PF6§Q§.8§"(W1)‘C C"HS%’g“ It%ﬁ@ ‘W&¥ing a
peoi pheral edgsionbf thharegTof eSPapEBltEfilbRentE a@FS- section of the array of
nmovi ng nolten fil 3 ent @‘? and. gllhl‘%\ at ape(ged shaped body portion, the
tapered shaped bod}y haPidygomion kaying atop ardholpmicRicepfEic r ange of about 45
tap P .
degrees to ahipwith40d cdegeraio t0d bagpRieivitereifl efid B&ioh@ragondiih sapeioquench
air frominside. the %il nt arra 8‘50 tside the arra anpl egtvi ng a top
and bot t om c&FcBFReAe nefiﬁg?@vﬂe’f‘we&% &?8&%&3?%@1% a%dafF‘%IS g %é'.,a wher ei n
sai d bottom ghfries plimhdsdrin Bétapa shid tépundskia peroiekpaeshtoydiyRatiepkqher al
que of the l%a%e : gl ate, and 3 %7 cenber 2004 5 20
o the diréction of movement of the filament array.
In a third aspect, the present invention provides an applicator for applying finish
to a moving expanded polymeric filament array comprising a base plate having a
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;
300 passing the filament array to a quench zone and providing a cooling gas
~ directed inward toward said array to cool the filaments;
. . : . _ 4 } :



25 30 having a surface fornmed by a plurality of lines wn. bet said
top and said bottom tapering outwardly with respect tﬁ?%%e"gﬁeféﬁﬁ]on of
novenent of the filanent array. In a second aspect, the present invention
provi des a nelt spinning apparatus for spinning continuous polyneric
filaments, conprising a finish applicator to apply an anount of finishing
liquid to an array of filanments, positioned inside or below a quench zone
that is arranged to receiye a stream of cooling _gas directed radially

i nward, wherein s&MREFT éﬁ‘“&%ﬂ%a 1Bish aRplprtergEaitioned iy ribelowsade pl at e
having a per g6k 2dne @AQRTMRIAILH c&RIcE BS BRAGS:s bt folIsliver BSish toIRCAIIAMOT t he
array of noving nolt filanents; and (ii) a_body portion having a top and
bott om concentri chl?lggléﬁp?‘ﬁt e piREREuP e ddes aPEpepade aﬁﬂé‘l‘-‘éﬁ“\ﬁﬂ@r ein said
bott om Correaﬁ)@(ﬁﬁdeﬁlanm?ﬁ@ﬂc tihgesthapmpai@fd ned by the peripheral edge of

thg base plate, and the surface fornmed by a plurari of lines drawn
be

L . Y, Y. 0

ween said top SPfHeclEg SpbEPREHS Wﬁ%@?"%ﬂe@&%%ﬂéVr?CG\P%%ﬁIF@'s"é’BE‘tatort o the
direction of hﬁm%,@iﬁfhﬂglegfinﬁlb%nfgé bﬁmﬁus%%@am d0dufl 70l greksan@ 8adothly he present
i nvention prqvides an applicator for applying finish to a nmoving expanded
pol ymeri c fi PeHAsHis aspymjatedgHsohainfeponthp Hiside b the entHds otike skpaed #fer al  edge
whi ch .corr espppfimdrR flldientl 0SS-section of the filament array and a tapered
shaped body portion, the tapered shaped body having an angle (3 in the
range of about TASIYEYPR s PRVIdeditmenifgy ety FratiglePradiersh e aydite ect i ng
aggumul at ed gHegbssai r frominside the filanent array to outside the array
and having a top and bhottam concentric therewith and connected to said

base plate, wheFBilT e Fatrssnd avruagss ke mvention Hifbbecgme pPahape defi ned

by’ the peri PlRemahe ®EGI8d &dschifien BasRIpkat e, and having a surface forned by a

plurality of lines drawn between said top and said bottom tapering
outwardly with respect to the direction of novenent of the filanment array.
In a fourth aspect, the invesgiEpPMECRYPTION GF TBEDRSPVING Ng process for
spLnning continugus polyneric filaments, conprising:. passing a polymneric
niﬂ through a spfhhdridt dipgangetigabyey of aconyentigegl melspigning progespditds:  passi ng
the filament gadafadl¢. t0 a quench zone and providing a cooling gas directed

inward toward said array to cool the filaments; -4 17 Decenber 2004 5 10 15
FIG. 2 is a diagrammatical view of a generzal layout of a melt-spinning process and

apparatus in accordance with the present invention.
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20 25 30 passing said filaments over a finish applicat in or
bel ow said quench zone and arranged to contact the flﬁ;?renﬁsbteggg@{

deliver finish to the filanments. In a fifth aspect, the present invention
provi des a process for applying finish to an expanded array of polyneric
filaments, WoMMI3ing: of polyneric filanments. contact PERfUSIHIGELf i | anent s

with a wetted tapergd. syrﬁsagec%ssasebekéxhalamlem@fq; gihaving an angle 0 in
ees and snmpothly . defl ecting

t he range of aéj l:l.lcaéo g} q} egr

accumul at ed quemich art” fr or%cf:ﬂ’é arrH:? Hétl?o hETBETRT &EVS?t’tcﬁ’é expanded array
The invention also provides filanents, yans, and articles produced

accordi ng to th@EmADnmmsEmtidﬂmN olpj €8it SprEFEARK aamandv@dgant ages of the

i nvention becmpﬁ% f.ro ep?gtéjcgtaal Ioren%rg:%%%%i pte% QN that foll ows.

BRI EF DESCRI PTI N agra ical”view of a
conventional RAYNRE rﬁﬁﬁ?ﬁaﬁ%ceé’?lﬁﬁﬂ PehfErabysing e gegiyed
di agrammat i calrahae\wefvzasc@emeyadt laay ettpeftdrenst talsfitnpo Ay tor ocess and

apparatus in ASEALIIEE ol Lo 2 ESERlod MeOLT A1} La el 2004 WO
01 88233 1CTUSL T T6000 BF s A cr%sps ect TL’o viz‘ew o?mé finish

appl i cator i nPEceBrhd V\‘f\’nr%’hscf‘ﬁié’epfl%%%taq ﬁ"\%ﬁ‘t“?‘%"r\ (NPETAIED DESCRI PTI ON
OF THE: PREPERREDaERBODIINVENTS, wiH muEt&calpltlﬂem spindepect@dta zonvent i onal
mel t spi nni ngwappases s, obbl Eg511pek ¥EET mvhﬂﬂtérh%nﬁ%%éf%@ relative

vi scosity at e of about 20C bo e the nelting
point is sup %té:g{{?g q“lhlé 8 | S PRABPTYET %lsg rcelrﬁgl ﬁé iP"Ext ruder (not
shown) -10 to &‘eébl ﬁtw 1 CW%WgnHFﬁO%émaPTI-an% ﬁﬂ‘é@@tatprate 2 with

200- 10, 000 capfisl bass@as thtbaghtd @enph| ydlfen 8 a@Xtintdeduddd eggh the
spi nner et 1l atge2 méﬂjj %t@élcutaé If‘at Lt élre%agﬁ a%m&ﬂgz&?es of ,near - anbi ent

tenperature is quenc screen 8 and i ntroduced to 15 the

a
nmelt streams tfﬁ’ﬁg g ]eanl?%ﬁea i ﬁfhé UL PR 1AL EBFSH PPPanent s 5. The
filanments 5 absopdit dstedcanchdir eughta imttatdogtaeitl Withsta rotating roll

fi niSh‘ ‘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 yarn 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. Furthermore, the
point of application is generally statlonary and cannct

35 be optimally posgitioned for 1mproved process or product‘
- quallty e

' The present 1nventlon prOV1des ‘an. apparatus and
process that allow for the production of melt-spun

A=)



applicator 6 and convergence guide 7 into a yarn.9. Ay h%%rﬁ@%l on 4
may be included after the gquench zone 20 3 to reduce t Tence sed by
anbi ent room conditions. The yarn 9 is w thdrawn fromthe guench zone by a
pai r of .unheated feed godet rolls (not shown). The rotating roll - finish
appl i cat or Y0 0V358¥1t j al | y imersed in a liquid bath, achCEU#$1@8 application

of the coatingriiGi®s I I orres i n contact
with the roll. fTihagMa'I ql 1%%0?%%?&%%&5&& ﬂﬁgﬁt%i\%%rkﬁé y as the

coating |iquid Lo, P ?atae Al giergh ﬁk’%ﬁf“hf"éﬁ%oalt%éhff??%nt bundl e to
achi eve uni form‘w\ﬂetag@ B@uAddi filbnenkybundiel. abhdy trypddeturs due to

contact vari a@m@{tmfsyét@n t}in%\(rﬁl iAG%Hd hagedd:s b@ngs@a(ce%\%leveﬁ&l rturbulence
as fllarrent ar essc% e rotatin finish

appl i cat or 6 ur er‘ nor e, gnlg?%“t of’g%:p{]pqll ‘catfoh g%‘?f%r ally
stationary and® %55385‘5% épﬁpmmtegobwqmném tetﬁenemqgﬂovéﬂhepr ocess or
product qual i tinvebtéoprasent iOMerdd @B PAOMI10GEAM aRRatat Usmgand'  process

that allow forgdheq n n cenmber. 4 WO 01/88233
PCTI USOL/ 16010 f>f‘| reréﬁ?%%éér? Fﬁ%r%% %‘é‘“ﬁc%’m“ Q‘%e 15Hi ?ﬁdu%q}edfrmty in, for

exanmpl e, ‘a r adFEPGuERTHFEY §88F W’t%oél f0 Ayreyt ef Cilamerest o Tas annul ar
filament buhdlszstamyisadisal noguehtitesly 86 espdtrounhivinghe ardictap be used.

See, for 5 exa&fﬁiﬁartkﬁan%%ﬁ:ea&rﬂps Tﬁeléépﬁéémé &5Qh%4§res%%]<é 5, 288, 553,

each incor porat e% hgrgl n nge ence. inyention 1s not limted to
radi al quench 8YSTENR a‘??dl afRgepet ﬂé%eduISB?‘ B 98LiPEdw, pneurmatic, and
ot her quench %%P@?éﬁ%e%s@@ctloaﬁomctangalmay owhlf idtanents.loHyeas10 systemis

al so not |imtieg hppsyﬁwfslbama&daw&&m&tadnyex@&m&daarﬂ angat array. The
appl i-cat OrlSOf CICJ?I%EIQ'EE f:L!I.nr\n/e?n SI Or% gﬁ%{% be gda”g’ﬁgi’a%m% used in various

geonetries, such as rectangufar, oval appl_l cator is
pl aced wit h| n an e?ﬁ%ﬁﬁé&oﬁrﬁwc f#at can be used in the :

invention involves 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 positior.

25 . U.8. Patent Nos. 4,687,610, ‘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 fllaments to.
30 . control their temperature and attenuation proflles
.8uch quench systems can be used in the present
o invention. Pneumatic quench involves 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 them =

generally passed through a tapered device having a o

pagsageway that converges to a small c1rcu1ar exit on

"the bottom of the device, thus acceierating thé.air:as




15. contacts the filanments of the array to apply finisp, ec%%%%??f)&?w quench
that can be used in' the invention involves blow ng cooling gas
transversely across fromusually one side of a freshly extruded :
filamentary array. Miuch of the cross-flow air passes 20 through and out the
ot her si de ovVOLHe82B| | anent array. However, dependi ng omcwEsdiogso f act ors,

sone of the aite b i,hed the fil nts,.and be carried dowmn with
t hem t owar ds agtu ers_rg%ﬁl,&é}%@%hplg:%sa |‘?T\"7l nargénmrf:’%tngl?%l |y at the base of
each spi nni ng B&é‘?ﬁtiuﬁﬁityz%%ﬁé;.e pay et AlEsstueapslo 6P 2691, 003, -
5,141, 700, - 5, DU iT8Y fance 58242481 lcachtémcidr paeatechridier ei n by reference
in-their enti r_ggyenﬁggﬁéi'gge a3 afBRegenENt nelrechni ques, commonly referred
to as "pneugratl c q#ﬁgch wherehy gas surrounds the freshly extruded
filanents td 30 controfPRHE TS SfiptiarTventin? SererridtisntProfiles. Such
quench systens2eRky beyudesiiad theiphiexentl forbet folmmePieamedy-c quench -

i n?/ol ves int rf)m%mlg gp@@Sfi;Liaﬂ]egtsz&rgetQ%%@a a,liggi é}[},’_ejf £ ef rog1 V\ﬂi cg5a

pol ymeric nmul tj £}l ane MEer ges: e val upe of air_and the
filament bundl JLéir%lh%lltl ﬁgggislugr% o%ﬁ ed” gtsrltcﬁé‘_m aal-n;a Fg}?‘?%aﬁe §ERetAl |y passed

t hrough a t apefrdfeFerel IRty cammpadeaféstnprendt f&mwerges to a smal |
circular exft procesbeéndot tthe abphhecudevECehe tibvsnatselier akpdwid he air as. .

17 Decenber 2094 a%g%gﬁz%%g%%%a{n%G %é);;oiﬁtefggyﬁ Jhrough the

passageway and creating an ) noving air streamto exert
a pul ling for cCEYHERRIRY 93 FaFheh 5 Pafeiredtanbe. A% éAuBlS ng t he
filaments in afeml pf & dlletappanetuss ecofilshm.i nThatecamlicannhes used to apply

any desired figishngrotdrdyt B8 £ 11:30BA s@tedYwnidl ashhiye s filanents

are treat with suitable finishi oLl tg.reduce frictipon and elimnate
static cﬁ%r ge déVel %aﬁeorﬁ R Cfr}goﬁhﬁhmgﬁ‘e@dsﬂ 18t Hbcessing. The

appar atus of tRRETEnbelrY dihe Serppeitivee obfarmdéarbialy del | vering ‘any type
of finish or conditiomAmgxeinbleiy kebodsméntC BRCER HRes8land) t he
!apparatus of the present invention is depicted in FIiG.. -
2. .Molten-polymer havingrthe-desired relative
©20  viscosity is'supplied from a pblymef delivery source
using an extruder (not'showh) 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 quench zone 30, preferably beginning within about 5 mm.
' to about 45 mm from the spinneret plate 20 and
extending downward towards £inish épplicator 60,
preferably from about 100 mm to about 1,000 mm, with a .

uniform or profiled air velocity directed inward to the
30 filawent array 50. The portion of the quench zone
_CIOSest to.the spinneret plate'zo may also incorporate
=~ @& heating device or delay portion to delay cooling for
enhanced product attributes. A covered section 40 may .
: be included after the guench zone 30 to reduce o
35 turbulence caused by ambient room conditions. o L
'~ The apparatus of the_invention includes™a finish_" M   o
. applicator 60. The finish applicator 60 can'be.és‘ﬁ' E
close as about 120 mm to about 200 mm below the_

o




formof a dilute aquedus enul si on. The conditioning OHDe?er@?r fS bly in a
3&?

liquid state,

which. is defined 15 as any oil or mxture 0

th a

solidification point below the tenperature of application. An exenplary
the process ‘and apparatus of the present invention is

enbodi nent of

depi cted | NWEP@ES2332. Ml ten pol yrrer

havi ng t he desi r edPCEUSMIM® 20

vViscosity is s | i ed fr deliv ource an extruder

(not shown) toggpsnelrr?t gcﬁtelozo w%EE e PF‘*—%%%%% gP?""%]pqr’hﬁ?s plate 20 wth
200- 10, 000 caﬁbwtar%f?@smmc%lah@gtg&@o imn babeedhehepd gt &hgquench
and i nt r oducedgtendeochi| a0EHorakl ayoH0 £l bw 12 preufREtt z;aeﬁckBO preferably

23?223: gg (vjwomg%sﬁbp%hé .1.4110 ﬁBPﬁﬁt%? ol ine“ﬂgc nnﬁéf

mmto about®1

t owar I nrs I cator

pl

screen 80

ate 20 and

rom about 100
%‘Pi“ea 30ni F%’F rﬁ 51’-V$ﬁ‘_§ﬂnleé“daﬁii FO%FOCI ty directed

inward to the 8Pidudratreatray rdaymbler,Théepordficomredf ditnsquaneth zone cl osest
to the spinneregge @1%E§h2Q%Ma%B§Ol1éecgﬁp&5éatr%ng@ Bealddadatio ce or del ay

portion to de

|;’il% Hﬁi E(g aﬂ_éee Ero duct attributes. A covered
section 40 may’ be FRcPETRY Ja?fot’ei"’ t HE QUERCH S &30 r educe 35

t ur bul ence caud&eensycanbThntrnedenredrepl i caizrTHemappiorat nsigfainhe. '
i nvention imcl ugles - £ dahdnd séépaﬂati&at Qhi 0. emgtgléhél&lﬁé)@dﬁator 60 can

be as cl-ose as

01/ 88233 PCT/
bei ng - about

splnneret
lies in th

17 Décenber 2004 WO -

15‘%33%/ %8%%%(;@%%%8}:3 3%Jpoélnt glgpzfyst%faﬁ‘ ’f’ﬁtéh |5rl’l 88 ed 1 ocation

ZW%?Pﬁeabout 400 mm bel ow the end of the quench zone 30.
For a cross-flow ornpaesmgltsrg quetah appysdamr tbeididlicsh applicator 60 may

be | ocat ed i nsigle. 8. he: auenchezane, 3o Eafped s BLVED 4Rk Ut er

he preferre

ni sh applicator

di apget er,
Z%gg E%e??%&&t}\ Y FaReARSEE 12D 0B of RENRRSSUL er - DSt
fil arrent di rrermnmonTheS pr efegriphelralp phiye atant adi neusfaors 1aitetai N -

- contacts the filament array. Thus, the base plate

- should have a cross section corregponding to that of

20_

the array of filaments, such that the array of
filaments can be. contacted The body portlon preferably
tapers outward as shown in Fig. 2.

The shape of the finish applicator 60 maf'vary

. with desired process applications and polymer type, but

30

- 35

a tapered shape is especially desirable so as to remove
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 gquench air in a

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
peripheral delivery slot 13 for dellverlng finish to
the expanded annular f£ilament array is connected to a |
peripheral fiber contact surface 11 on an outer _
surface. The finish applicator 60 may additionally -




10 inter-filanment separation, which permts entrained ‘F’fjf_r)ece%el?‘%o@?g ly.
extracted fromthe systemwi th mniml turbul ence. An exenplary finish
applicator - 60 is shown in greater detail in FIG 3. The applicator
includes a 15 base plate portion A and a body portion B. The base portion
has a peri p¥@epads2a8dge contact surface 11 that = cont act Bcwiseiddoieanent array.
Thus, 'the base_pl at.e shou]ld have a cross section corresponding to that of
the array of f?‘?ré{:r?éﬁ*t g, KR IEnIR ST TRE Srr &y SFTOE° ﬁxFSﬁ’gnts can be.
contacted. Thefbudh-portion preferably tapers outward as shown in Fig. 2.
The shape of the fitheshiap iagat DFatlR BRYcMALY m¥iddeadesig ed process

appl i cati ons. y R but tapered shape.is especially desirable
so as to reno\?%gpp%%]tt%g&‘dfe%&%?:?%%e%l%ﬁc |Ihegaralm?‘.re _net %Pe%rgsrgrrgd t apered - '
surface snoot hFie dePLéerondagautha fdlapentf pempynéidag the fil anent array
to outside. |nptdimcpiefeinddo eahod wRatagdldcapptitnkasesfmpe provides a
gradient . 'sur t r.a N f quen Lr 1n.a.30 radially
uni form nanneréf%ﬁlgt?gneir}g or 9%%16%{7&5‘%;5%(1 %g’é&qug%m@ l%%/le an angle J3
rangi ng from aBOUHE176 B % b TP VAL gP b ddionRPRLiGREOFr B 188 angl e
rangi.ng from abd@me89s t ceralieutis&D. daheekmeaknmat perefderted @nbodi nent, a

flat plate@ssappoy: 1o-hav my%§§£§£im ahadghiyeey glot 13- for
delivering fl.n} Sr&ito %he .exgand(g annul ar fi I%ment a:t_ra , LS connected to
a peripheral i DEr EontHct " BGPYEE S TEGH Un POUTRT" Bt taEte- TFhe fi ni sh
appl i cator 60 FHRpPoRHdRYT o1val Ry=d beDedaptrat t2004va\0IR1£88233 PCT/ USO / 16010
contain a draidiadecaper tal @plér -dfm eAOME: @ie8ssnt farphgh. The finish

applicator 60 can hg oyl ed on a, gUpPOr %ha%ﬁnlfé LLARASdh 9L |1 near
nmovenent to insert g {T‘I%ggbappl I cator |£to the 11 'rrgjn array gﬁh ng
product i ort°an® &LPEMBVER e dBb eaforriandedstn Fyamagiast §Ehon in the -
Spi nni ng process toAnininireaint@ticaence with the normal path of the '
L threadline. 1In the preferred location, the finish
‘applicator 60 stabilizes the free filaments 50 as
extruded in amnular form, shortens the unsupported =
20 filament 1eﬁgth, and reduces the amplitude of f£ilament
vibrations, whereby the filaments 50 are solidified ox
stabilized in. a uniform manner.
The filaments 50 contact the finish applicator 60
on the wetted circumference of the finish applicator 60
25 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
30 radially outward to the peripheral delivery slot 13;.
"Liquid supply can be provided by,Aincluﬂing but ﬁot—
limited to, a tank, a metering pump, or a pressurized
header. The support arm 12 and peripheral fiber contact:. 
_ surface 11 can be coated with a wear resistant ceramic
: 35 oxide or other suitable high,étrength material, Which_f;?;i - _
' ' operates to protect the applicator wear surfé&es.from:;l; f” _4_
continuous sliding contact with the moving'filaments;.f;'
Examples of such surface treatment for improved wear ;t3  hi3 




device all.ow ng for renoval of the applicator fromth anen can be
used.. The.linear notion device or 10 support arm 12 ﬁgﬁeﬁg"ﬁ’&?@?‘%ned and
adjusted as - required for inproved process or product quality. The support
arm can al so be adapted to nove the finish applicator 60 up or down in

"the fil amsweorsszay. The support arm 12 nay be manual |8CT/ysoesomt i cally, 15

or electrically driven and_arr ed in, an nner such ,as to. mnimze
i nterference vgetsﬁsFﬁIec%dwnﬁ&Fd%ﬁ%’d&Fa‘H?él %ﬁga‘é?ﬁcir éep‘?‘?‘f‘tll%‘ Bfeferred
| ocation, the dhineméhm aphiorcatwrind® stidsi.| tibsnitureofreblifciohaments 50 as

extruded in anithated OriirtshoRdQNS ché NE-rdRASHRRY (2dc RO Juehanent |ength, and

reduces the a I|tu e_of flla nt __-v erepy the filanents 5o
are solidified or stabid |f neh E%}‘fortr%rgrg%nf@% Fi*F&ment s 50 cont act

the fini sh Sapflacéatbrt®o OPéﬁaHﬂ?l @e@t@dméeeéewaﬂéﬂaéw off MRELER ni sh
applicator 60 oﬁﬁn@ﬁeﬁd‘lﬁdp&ﬁ.l@ﬁ&itabuﬁdm a@OﬂIﬁ@.queﬁUh:flﬁg.?Qnal wher e

finishing oil €, t 2 ri pheral delivery slot
13 supplied byﬂ?lrrl:Fg %qgagyggi%gegg ere % ‘%}éﬁgt he inlet 14 noves

upward through a &&pHr fn&ﬁé%@rOESS%rﬁfaFﬁeHPpr“@@éeB%e tid1ABORESB0 radially
outward to thé&opbavphersadindéhd vemgishoin &3cesdicqfurd syfpengecan be provi ded

by, . i.ncl ugi ngar%%dé@tby |d'rmrér?q_~otl€23 @rta%ﬁl;{r FoEL %ﬁé nﬁnﬁ'é?{p or a

pressuri zed heag Theos g e\ﬁ‘g a]lﬁé agg per gg cont act
surface 11 cafPBa &3 ed Wit i Sk S) ﬁn?p xte or ot her
sui t abl e hi gh tot pepditde merepiaitle Whneh propecat e§h90pqa$ﬂd?tleat ofhe applicator.
wear surfaces theofin LN bpbpUots: o 60i 19 dféeemﬁﬁedesrhtﬁél&ﬂaMéﬂtg filaments.

Exanpl es of s eat for [o emper 2004 WO
Uefle LR, SLeataRRLsLored oRC oK ear 1o Cegerp

01/88233 PCTI r8si stance T ncl anodi zat | on and vapoor deposition
of chromidm &HEreR HUMEhER X iPaE, PesitdRPuniwt S@Fﬁlkl&h SPRPEr i des:
Furthernore, whehalswngenents deibhebeptenchuiedd fent @rhivgetr om t he out si de

of the filament 2Lk ay ibacht ifalesxoperaki on-2nd.g! Lginahgs handling of

rmlten
stability resulting from the finisgh appllcator allows

for improved process coutinuity, higher coolant flow
_ 20 rates, increased capillary densiﬁy'on the spinneret,
| and therefore, increased production capa01ty
The finish applicator 60 is preferably radlally
symmetric, =much that liquid delivery is spatially
uniform and evenly aﬁplied'to the advancing filanents.
25-_Application 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.
' fiber as compared to traditional roll applications.
After application of the finish, the filaments are
‘30,.gathered by-a suitable gﬁide‘70 for cdllectioﬁ onto-
bobbins or in a can. The collected filaments can then
be wound to form a package of continuous filament yarn
- or otherwise processed, e;g., collected as a bundle of
parallel continﬁous filaments for processing, e.g., as
35 a continuous filamentary tow, fox conversion, e.g., '
~ into yvarns or other textile proce531ng . _'" e_
' The above description and the following examples
give details of polyester filament preparation using a

- 10 -



or unquenched filament bundles as the quenching and 7”b§ n?t?e[?2b8 tion
processes are decoupled. After initial process start-up, en il aments
50 have a spinning tension in excess of 20 ng/ deni er 10 provided by driven
rolls or aspirators, the finish .applicator 60 is inserted into the

spi nni ng t hweaddsime to produce accept abl e final produstrusolfiggoosition of
the finish applicator 60 is determned by the filanent count (which is a
function of thEH&ST efiptsh APPLIRAHHOE, 236C%ieFc hoaihe WERSE M y and positi on,
and spi nni ng spesdtion t Pdlywetex diilbsebes ngsbeypiraldyi peebdwad a hi gher

finish appli catfim ROBhEL CiSbly?EQ? ﬁaﬂﬁr %aéﬁdu&@lﬂgié‘gns%BQQU idey resulting.
fromthe finis %):pllgator g {é oveg‘? cess continuity, higher
cool ant fl ow it ds® PhERset cf”fﬁl Ff ’lr@:{ hEFeSF R Fﬁ%fjrsllﬁ\rﬁ’neret and
t herefore, 3 ncﬁ%@é’@étp?o‘dm Forpkaadi b ynm tine df ametetr appl fderor 60 is
preferably radipldty spsydarBianbeng Stiehh. kBakt |1, d9b dndeh ¥er ¥bdu spatially

uni form and er?'b'@é glplm edfs.h?htusettaqvﬁgf' n&e];:'sl amalnt s. 25 Application of

the finish to an ex iVEr ‘nor e corrpleteflber
surface cover RfEvss Y%\%‘PEF tesepethadateo “@t:eE{?%’Y}PIFFYleﬁé measured finish on.
fiber as conpareephohatad t(PENadr MolT) , applyteainbemaeneAf t er. application of

the finishyg t%rfeghem«ée (P &30 gt rf’heg"‘??;%ct ﬁeabl e guide 70 for

collection onto I ns n a-can. i laments can then be
wound to for m%&¥p g‘ﬁg o(rPEgb)nt"i‘%GEi@b:fl?"’}t&ﬁé‘ﬁt %%ﬁeﬁ’ - ORI se
processed, e. @100@91311@& g lassehdntbes ofuchpas athade poaparadous fil anents
for processi nGrof goly BSh3Dede qga}tebﬁt%tfel)l Q.H@njcﬁ_l},}é EQWh1fuRh-gconver si on,

e.g., intoy A of her ces |n bove description and
the foll owi ng%eré%egfe anﬁt lépieltgyf g@? % frent preparation

using a -0 17 DE¥esiise hEBOQ«-ﬂIV\beO%%ZG-?}hP@W liSGlFQGWL@lC@éﬁFcaI finish
appl i cat or acedr dhagptesdnteiprasdonh manveibose Haloxpshedt fil anents, as

typically pre&@%@@s of a first component selected from the group

con51st1ng of poly(ethylene terephthalate} and
o copolymers thereof and a second component selected from
-20_ the group consisting of poly(tfimethylene
terephthalate) -and copolymers thereof, the two
components being preSent in a weighﬁ 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- splnnable polymers,
| including, polyolefins, polyamides, and polyurethanes.
3 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, aﬁd does not exclude cut fibefs
b (often referred to as. staple), alehough synthetic
'j. polymers are-geherelly prepared initially in. the form
of continuous polymeric filaments as they.are-melt-
" 35 spun. : - ' -

R i



froma base polynmer having an intrinsic viscosity of ﬁpgg@ﬂgx§zgﬁ4greater
are extruded through a capillary 5 of about 0.1 mmto about 0.5 mmin

di aneter and taken up at speeds ranging from about 1,000 minmn to about
8,000 mMmn. Such useful polyesters include, polyethylene terephthalate
(PET), pol ypotyi#ee terephthal ate (PBT.or 4GI), polytrrewtseyiense 10
terephthalate (PTT or 3GI), and pol yethyl ene naphthalate (PEN); and

conbi nati ons thereof, including biconponent polyester fibers such as those
pr epar ed fron1po|y(ethy|ene t er ephEERIEAEE) i ncl udi ng copol yners thereof,
and poly(trinethyl ene ierephibhabiatehowlbe RAepsithal vpathde used with the

{ini sh appl | cakof oufiho Ll RLGSENL; LOXBOLLON Y FOTRULaE D! component

fibers of a first co onent mthe group - conststing of

pol y( et hyl €ne R'E¥ESHt Hh@%ttéfeémnecéﬁoFW Pﬁ‘é%léi)fa aRPEecond conponent
sel ected from=2ell ke grwiyp féonsh sisl showh POIFYEL ri medshybed iz a

t er epht hal at e)@é‘r&x%@PO"M{H?%ﬁ%&f@Ju%oBf kg | W0anGONPQAERLS Releng present in

a weight ratio, of 70:30 Cross-section o i conmponent
fibers can be ®i d’?rﬁy”%‘?lddéo’ért}éecgé‘ﬁ’f‘i’}%s SHFERTRIDE. EiBwever, 25 the
i nvention i's rgtvegbaftned to pol yester filaments, but may be applied to

any mnel t - spi nnabl ea@@bw@rslberrﬁlopawges raqley@méamaengﬂ apdes, and .

pol yuret hanes as.used herei |ncIu es copolyners
n xed pol yner stenb%edgg‘gerg%%al eaﬁ'f‘ﬁ%%hcodwen %/?r%arsl '30%j ust as a few

exanpl es. éjd‘jttﬁée@é?YFnASWIféﬁ*ﬁ?ﬁ’Eis is used generical ly, and does not
excl ude cut f| ber sLigedt eensefemaednéasdseds hapba)ingaktmsmhpsynt het i ¢

POl yIer's are gener ahi Vodicepal o ilLiLAIL Iiyahlig Form of contipuous

pol'ymeric: %TI anents_as t are ne un. 11 17 Decenber 2004 WO
01/ 88233 PCT/ USO1/ .EL%%‘EH?‘:ER%\ VB B eakf g FBRRAGLLY WeXE be exenplifi ed by
t he - wmeasured according to ASTM D 3822 where elongation is
. reported as a percentage based-onrthe original sample
length and breaking force is reported in grams
normalized by_fiiément denier.
20 '

‘ EXAMPLE 1° 7
This examplé compares inter-filament denier and
elongation-to-break variability for the conventional
guench control and the current invention. The product
25 was prepared from polyethylene terephthalate polymer
containing 0.2% delustefant.composed of titanium oxides
© with an intrinsic viscosity of 0.65 as measured in
25/75 trichlorophenol/phenol 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 0.39
' 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-spihneret plate. The
_357__quench air was COndlthHEd to 22°C and 65% relatlve
_lhumldlty and extended for a length of 200 mm.
The finish applicator was located approxlmatély 1
m below the quench zone for the control and 500 mm

o 12 -



following non-liniting exanples. A nmelt spinning 5 pr op;egécé%gg}aogﬁeadl i ne
in contact having a rotating roll to apply finish as shown in | was
used as a control. The apparatus of FIGS. 2 and 3, with a zone 40, were
used for the exanples according to the invention. 10 Reported fiber
properties wem/idstddear density and tensile properties, romesuidmo

conventional ly ictate ¥ ASTM net hods. Li near densl ty was neasured
according to A]gelfl\iﬁ“b $5FFIRAZP D ot E8T AP EHEER T S VEPF RN The 1 5

El ongat i on-t o- bitiae anel redak- tﬁmemywmr@xedrreasmﬁédomidm ding to ASTM D
3822. where el ongadd @a1hdent @@9&3} ecb@sagppfé&%@ga&l@ll%seé &0 the original

sanple |engt hacﬁﬂeg;bzg W% (r:ﬁe Jss b}j{ ?1 th%dﬁ%n rl%n@{lgcr)c; lized hy

filament denier S exX 51N i'l ament deni er
and ‘el ongati of% (YOBFlé‘Tan@IVélﬂl abt Iqwrﬁﬁ¢%§wlééﬁ¥%ﬁ1§ﬁa¢ta¢y}@ench cont r ol
and the currenfor mhenpixpouseThe Priodueh &5 waatps eparedl fwidnipol yet hyl ene

terepht hal at e Bl WIRLne GORLALTL N .lqleZ%&(g&g%%%gE&Pé +20ppgsed of titanium

oxides wth 2%1 intrinsic viscosit nmeasured in  25/75 ‘
trichlor ophenot? HBIW%%IWPFWm&FﬁéYpb@y@’r widght diy Patle Fag€5295C t hr ough
a capillary wth drasetidameht30wde?Sohbeanel k52 nande bergidly at a rate of

0.39 - gnf mion/ GaRiikl 85 Ya bmlﬁmfﬂ&adﬁalm%édwﬁtéﬁéw%d in an annul ar
array and cool ¢ air_directed radial éﬁ:dnward t a speed of 1.2

m's and begi nnle%l&eraungyorm Yel 250 2Rt B8t SRS 5inRefdt9i®l ate. The 35
quench air wasflél@ﬁ‘ﬂpt:l‘@ﬁ@ét%@n@]z@&mér%%% dBat ¢landhbpprtittoy and ext ended

for a | ength Ofre2@0cpmazdkheahd nixsfakang! i Galaeyves d. @Céy&éh appr oxi mately 1

m bel ow the  qyensh.zane.if Ahat f6°q0bhe! 3994.300,JI1LE7 1, Regenber 2004 WO
01/88233
determined from the analysis of 200 gingle 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 normalized by the sample count less
one. The %CV is defined as the square root offthe
‘'sample variance normalized by the sample mean and
. expressed as a percentage. The sample mean is
: “determined by the sum of individual observations
. 25  divided by the total sample count. Based on the sample
‘variance analysis, the current invention reduces
product variability by 35% for elongation and by 64%
N - for linear density.
: The spun product was subsequently stretched and
" 30 [annealed in a conventional drawing process to yield a
staple product w1th a linear density of 0.96 denier, a
,_tehacity of 6.4 g/den, and elongation-to-break of 23%
. fbr both control and'invention.5 '
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PCT1 1JSO1116010 bel ow the quench zone 30 for the curreptp The
finish applicator dianeter was fixed at 105% of the gll?t e‘%&}lrﬁ)l%b% array.
The applicators delivered an aqueous sol ution of 0.7% by wei ght
conditioning oil. 5 The conditioning oil conprised-enulsified surfactants
for the purwosessed friction and static control w thin e¢heset/ideanent bundl e.
The added noisture to the filanment was approxi-mately 10% by wei ght in both
cases. The filaments were collected at a s’peed of 1800 10 mmn on a

bobbi n wi nder and analy, zed for tendi2B&Eghd denier uniformty. The as-spun
product had a single filanment vibrational denier of 2.13, elongation-to--

-break of 220fp and breaking tenacity of 2.6 07 oth conttol .and
test itens. Pﬂaﬂﬂe(—ﬁFha-bH%—z—y—ta“ igvié % m?f?gppé?m.i.vgﬂg SE{s of 200

single filanent_neasurenents and! Veriampes | s hoerisaepl e %s@m ahce , and
percent coeff|gioifat@bn v pabhpn| (%2 i nj Tablee 1. Jhe sanpkegvari ance |
consi ders the POSI L1 0N of ~each ppSET VAt pn refafive g the meanm as the sum
of 20 devi ati B'H'S'—S-q-bl-gn\,u ASPRRE bed PQ\33th, saaép' oo 'gs-ss—ﬁne‘ The %V
is defined as the §ep1nar~samrp®otm@£eahm%cvaabfpdkelommammmmmlrbfzed by the :
sanpl e means and exBfGRefrh fer At RELERRGRGRon sldhhe BAIRLRIRAG: he determ ned
by the. sum of individual observations 25 divided by the total sanple count .
Based on.the sanpl &¢AFFY4Ate anal ysis, the ‘current invention reduces
product-variability by 35%for elongation and by 64% for |inear density.
The spun product was subsequent|y smmpboiner and. 30 anneal ed in a

t I d t I I
Gonai 1y o0, 06 denfifraaEERe DAL 0o FLARLE ALANEhaL et L TR el

of | 23% fo]r bt ¥ENESnERRI L éﬁH PFRFB’rﬁtllSH ratep Béc]é]rﬁ%’@tl' ie@)ﬂ“ 01/ 88233 TABLE

1 o -linear densxty using the apparatus according to the

present invention. The polymer supply, quench and
finish arrangement were identicai 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/mln 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- _ Tabie 2 - Sample variance and mean for break-elongation and ﬁlament demer of

product from pnor art and current invention showmg better un:{ormlty t‘nr the .

- eurrent invention.

o~ 14 -



PCT/ USOL/. 16010 Control Current |nvention Vari ance¥CVVary ?qj%
El ongati on-t o- break3518. 4228 6.9 -Deni er per filanment0.0338 g%‘%’%%@% 3 Tabl e
1- Sanpl e variance and %CV for break-elongation and filanent denier of 5
product fromprior art and current invention showi ng better uniformty for
the curreWOIWIBAti on. EXAVPLE 2. This exanple ill ustPGeEso/ ol ity

i nprovenent for 10 higher capillary production rates -or higher filanent

| i near density using the.apparatus according to the present invention. The
pol yner supply, quench and finishZABHESwent were identical to Exanple |
with the exceptioffhb$é exaogiiel i Brystdhasettie Qfopbodstl AL andniayl5 pr.oducti on

rate of 0.67 gmxmtnécggsphlc%ﬁ:xonw tﬁmblmttﬁgﬂ?ﬁf &4l L;sgéﬁfédat a speed of

tensil e _and denier

1780 rﬂm E cka vv|n er %

uni f or ni ty Pr o R H}V‘W;ane’f I¥Edto fsmePRE Unal ysi s of 100
single fil anerﬁherréasm@rmnssdeﬁcmheﬁ ihefigmmpl @ arehFignde anpl e vari ance
recorded in Tadli€eZed MBla:éuao@erlﬂkQ% b ha theQéht
MeanVari anceMe ngat.i on- r 240983662209217 Denier per
filament 3. 530. %@l\ggﬁ%}pﬁg fggga[%to e %}93 d%%he MGAF i &°

mean for
br eak- el ongat i ‘drt 2HAE* faaRERECWEMtELY 0F0 vp@&dwe%glﬁf dm pr¥lorcages-and current
i nventi on Ehowihey £betdterleval f o MiHey fi0dr tike repoktaNtsi WyRHE on. 17

Decenber 2004 ﬁé@cgg_é &ﬁg%%n@g{#ﬁqu Fpg&e@éﬁ\w t‘%‘e Condlexanpl e illustrates

the inproved unif orm tion o Itioning oil
obt ai ned 5 wi¥HHRE eﬁi‘y??ﬁrent an‘?@l&t o 13 REV iferol . The
appli cat ors delterbitkd frbngthe rkaandeddingupé 26 samples taken at -

different time intervals from the process in Example 1.
15 Sample means and %CV are reported 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'currentlinvention.

20

TABLE 3
Control Current Invention
Mean %OV Mean C%QV
| 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 wilthout departing from the
- spirit and scope of the invention defined by the

o

follow1ng clalms

- 15 -



delivered an aqueous solution of 0.70 by weight = emnul Sffgléf%n%%p‘zg(%{ ants.

The added noisture to the filanment was approxi mately y Wei in both
cases. 10 The finish level on the fiber is reported as weight percent of
conditioning oil present on the final product after drying. The sanple
mean and %V were determ ned fromthe nmeasurenent of 16 sanpl es taken at
different tinme intervals fromthe process in Exanple 1. 15 Sanpl e neans and
vV are%ed in Table 3 and cal cul ated as described in Exanple 1.
Results e .%V indicate the tenporal uniformty of finish

appl i catii. on iASmdlN@pRRApRiatid Br HinfRRbntin0NEPolydRric BdmEABLdmptistagnt r ol Current
| nvention Mean%VMean%CV Fi ni sh_| evel E%N/W) .07127. 2% 0695. 1% Al t hough t he
i nventi on ha$®b@EAMBREL T BEYPUBEYO  eapilasey et ail for the purpose of
iIlustrationb)i tapbBmidPedived e0fcd Hatch iserasdelitd Qmamic@anthg Make numerous
vapi ations and alterations w thout departing fromthe spirit and scope of
t he i nvent i oriPBF§gRGdgyer melten pelymeniheigfiuopal] thprodice TsoniHIRTLY POYAS CLAI MB:

1. A nelt spiafsy sncieR pblgbise fleherPdoRRipdadieOR thd thaHgenRAl o EBSill&iet Inl ament s
conpri si ng: \(;a) a spinneret having a plurality of capillaries; (b) a

pol ymer del i VErSP8gEs ce which is arranged to conmunicate with said 5

spi nneret andndélal¥¢Rfizddyt €n pol ymer therethrough to produce a continuously
moving array _of nolfen polyneric filanments corresponding to the

arr angenent ) agpme é?rleé’gmﬁ?ileti H@O‘é’ﬁ?lﬂ%‘l“@fe? ang Arapge QRS ArS aé’é‘d‘o‘ﬂﬁ‘e (c) a
quench zone pasi dfinwhesl fikleaSliéinSRitRAahSh }?dﬂrq)as?h'iﬂgaa%&%gtgﬁs e ve and
cool the 10 array of lten filaments as t%ey nove t herethrough by passing
a cool ing ga¥” mﬁa?catﬁwaﬁé’éﬁiewgﬁbmm@aaﬁiray of noving filanents; and (d)
a_fini sh appld)catiaish BeitichtbOpRRiohddShsitR: 0@ belb® iR\ utlda z6H688 Sfply A @ndu apply an
anount  of fltn}s,tyjnnq, I_C]EUI to the array, wherein said finish applicator
conpri ses:  Offinshing iquid to the array, wherein said finish applicator comprises:

(i) abase plate having a periphieral edge which corresponds to the cross-section of

16 the array of moving molten filaments; and
(if )a tapered shaped body portion, the tapered shaped body having an angle beta
- (@) 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 a means for moving the finish

applicator into 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.



(i) a base plate having a peripheral edge which corres
cross-section of 15 the array of noving nolten fllamen?ﬁ)Bg rﬁ%ﬁgﬁg

t apered shaped body portion, the tapered shaped body havi.ng an angIe beta
($) in the range of about 45 degrees to about 170 degrees for snoothly
def | ecting' WaEEWA| ated quench air frominside the fil aremsoiasmay to

outside the argay ﬁ{gdagggfgdglsamﬁte%lﬁpgal ‘gﬁél%rpncgﬂgeﬂtr{ g therewith and

connected to sai ba%e p at.e oftom-corresponds in shape to
t he shape defl?t‘%}gl Phel FEMisAet it 1elgR" dtoRetvaseracs apatehnd having a

surface for rred"‘”bf;l1 aoyhugtaldtigeof |ines drawn between said top and said.
bottomt aperi ng outwardly vmth respect to the direction of novenent of the

filament ard ayg 25 he par a laim 1, further.conprising a neans-
for moving the fi nII%h 4 ﬁt or flr?ﬁ ghaw_kt?ﬁteiﬂfs"t”ﬁ%%&fl?%}§ of filament. 30
3. The appar. at%@ldtcaéPﬁl ‘?ﬁ‘@rlﬁﬁer@moeamiﬁqmmhhm fiipiahr adi al ,

cross-fl ow, ordelpnz@ar@fa*sl@tsq&ﬁaedex@ﬂﬂlcétesThﬁtﬁané&h%eﬁél claim 1 wherei n

sal d applicat of;.s ed finish .applicator. 17 Decenber 2004 . :
WD 01/ 88233 PC%TlUS%l%%é %lurg gé?’he apparatus of claim1l, wherein the

finish applicator includes a filanment contact surface coated with ceranmic
oxi de..-5 610 THe apfikeatusareius|ad rmlhinwhereiefre$Ai shifd Eiahsh appl i cat or

COMpr i Ses one o1 16ES: DES pBASE Andd B Sl RL! Vet &) eLon! IR hgomUNi cat es.
with a peri phe:ral conta surface. ; e “appar at us of claim1l,

wherei'n said fihirgR "“Bé%el]to a??fr i“P1PBET ¢ oned a distance ranging from 120
mm to 200 mm bel ow sai d spinneret. 8. The apparatus of claim1, wherein

sai d finish 1%.applrheadffarasuQsi (angdh a.«Hest 8GR iARGHNEGL from 200 Mm to

400mbel o sSal apparat us of cla erein . the array
of the. Tl ane%fpggﬁé?%g;%”ﬁ%lgm% APRAIAEE Sndiny e P01 1T arrent

array di amet e RSP BBt Wn%at%éiuepatmcme of said finish applicator in a
range of 70% to 120% of the _ ' '

9. ° The apparatus of claim 1, " wherein the array of the
filaments being annular comprlse an inner and an outer
, 20 filament array diameter that determine the diameter of
said finish applicator in a range of 70% to 120% of the
outer filament array diameter. '

10. A melt spinning apparatus for spinning continuous
25 polymeric filaments, comprising a finish applicator to
.apply an amount of finishing liquid to an array of
filaments, positioned inside or below a guench zone
that is arranged to receive a stream of cooling gas
directed radially inward, wherein said finish
30 applicator comprises
o (4) a base plate having a peripheral edge which
- corresponds to the cross-section of the array of mov1ng
molten filaments; and
(ii) a body portion having a top_and'bottom
35 concentric therewith and connected to said base plate,
~  wherein said bottom eofrespondé in shape to the
- shape defined by the peripheral edge of the base plate,
~and the surface formed by a plurality of lines drawn

- 17 -




~outer filament array dianeter. 10. A nelt spinning appas gl 44 Fnbe??O&P' nni ng

-continuous 25 polyneric filaments, conprising a finish appli or to
apply an amount of finishing |iqui dto an array of filanments, positioned
inside or below a quench zone that is arranged to receive a stream of
"cooling gas¥oesEsted radially inward, wherein said fi ncwoymsoappl i cator
.conprises (i) ;a, %éﬁ %Ia& %Otgaé/é&%aldpg heq:{glgegéj twa.’rﬁs} esponds to

t he cross- sectl on o movI ng anen (| i) a body
portion havi ng&PF6p %&%@Fﬁﬁt%ncﬁﬁd@ﬂ%eétt%rtéw £kl %{’i‘?dltconnect ed to
sai d base pl ateeraywherein sai d bottom corresponds in shape to the shape-
defined by the peripheral edge of the base plate, and the surface formed

“by a pluralityjof | mgﬁplggﬁmrapp%mgﬁég%%%glg%Qpa;igedPCTI US01/ 16010 bet ween

said top and sai d bottom t apers outwardly th respect to the direction of
movement of twemeﬂaﬁ@ment%aya‘gmpr@mga&ﬁsea%vh@a%g@rpeﬂﬂreraés‘iﬂewm@ finish to a
movi ng expand%enﬁﬁbmmeciogé L RERR T B AP NPl a5l R a»emﬁ?edmoaye having a
peri pheral edge corresponds to the croSs- sec ion of the filanent
‘array and a t @pEiedheirapedsieedpopohavingin angle/ inhereee Zfisapds Bessesavi ng. an
angl e , 8 in thBoyiaNHEepides @J?%sotﬂ§ dgﬁ&fﬁ@&cﬁ@ma@@%cﬂ&%&ﬁ%ﬁ@&ef or
snDotth defl ecti ng accunul ated quench air frominside the filanment. array
to outside thdlapsmhgirayie onsigds thegamayasg haviee biop ephbiomcantepite thererini t h and

- connected to $gi Qorﬁ@é&i t@ |sﬁ5 Base m&r ﬁh&eﬁ%&ﬂ b@c%ﬁ &ﬂ?e%ﬁﬁselﬁ ReRd® thdsmpare to

t he shape defined by erlg eral ed the base plate, and having a
85

sur f ace fornedle%%ﬂdé’yﬂi!ﬂﬂfﬂﬁllleif%ly fOtherl?é%eRht%\mdbﬁé@g@éﬁrf%ﬁW@)bYand sai d

bot t om t aper i neLAHY YA Mra%ia&weérf‘s%ﬂ%ﬁ aﬁd‘%aﬂi%ﬁﬁh Ea%&ﬁdg%t&}dlmﬁﬁnent of the
fi lament ?rray 12. The applicator of claim1l, whi further conprises a

peti phera delr?SPE‘i"iP@Pélre @rof@@vr%%rﬁuomeﬁﬁwgmvo the expanded fil anment
array, and wherein said 20 :peripheral delivery slot comunicates vmth a

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

portion.

13. The applicator of c¢laim 12, further comprising an.

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

peripheral delivery slot.

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

iz mounted on a linear motion device.

15. . A melt spinning process for spinning continuous
polymeric filaments, comprising:
35 passing a polymeric melt through a splnneret to

form an array of polymeric fllaments,_

- 18 -



fiber contact surface on an outer surface of the body wo[srti on. 13. The
-applicator of claim12, further conprising an 25 arm Ha ?‘Fﬁﬁm??rﬁgﬂ%l s for
delivery and drai nage of said finish, wherein said arm supports said
applicator and further wherein said armis connected to said peripheral
“delivery sve18883314. The apparatus of claim1l, wherepcussai/tomppl i cator

is nounted on a ”Bg‘ééi‘{&o%%n%ﬁf%ﬂeg%'a&Y %Ongléue%ghn% Jocess for

spi nni ng continuous, poly | anent's,” conprising:. . passing a
pol yneric nel Y4018 2 Opi e toreFiGamtaYREt £8Y26E 1Y neri c
filaments; - Eray7tPeseidbehe 200401/ 88233 PCTI[1 SOL/ 16010 passing the
filament array to ga844eRCHaZONE 12RENPE QW B0r £riG@O0LEPY: @asydi rected invard
t owar d salg arora)é.tgéool tggefllane ts; passing Sﬁld fl|af§BHtS over a
finish appli c& 6r - 5°PEs it Bhedf i 8P DT R Saf P4 FERCRTSBIREahd arranged to
contact the fidomvent sshendilaneidls wad €9 mMedhivey fimdshf fPants. 16. The
process as cl a@aimgflehts.cl ai m 15, further 10 conprising formng the
filaments into yarn. 17. The process as. clained in claim15, wherein the
finish applicator includes a tapered geonetry to renove entrained cooling:
gas and to reti&i-n Trf é“rrPFFF%n%?ntC@Smg‘gpléf &Lpoh O ERELR®Y anent array. 18.

- The proces¢® asoobaimbd) ifnreimi mhkS £1ivsstisnihhe vapal ymeric fil anments
conpri se polyester. 20 19. The process as clainmed in claim 18, wherein said
pol yester co ol yester.,20.. The process as clained in

claim 19, mgg&;_ﬁeigﬁad,@oggg%%%ﬁgm% Pt CE8E™ g P’E“Fr‘g ent sel ected
‘from 25 t he grfdapskonsildrangr ghcpolvé et plpened temopphrhatateovand
copol yners t heneok il cBo$ 8P Hh<C ARRONS Mt eh eGiree - £i1amdehe group.
}CQPSIStIHQSOfsggg ééfgnngkhyﬂéﬂgilament array.

18. The process as claimed in claim 15, whexein the

polymeric 'filame-nts 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 polyi_neric filaments,
35 ' comprising contacting said filaments with a wetted tapered surface of a finish applicator -
o having an angle B in the range of about 45 degrees to about 170 ﬂ'égrges and smoothly

deflecting accumulated quench air from the inside to the outside of the expanded array ,

- of polymeric filaments.

: , - 19 -



terepht hal ate} and copol yners thereof. 30 21. The procesge é’é:m(% Hgd in
claim 20, wherein the first corrponent and the second conponent 7are pr esent
in a weight ratio of 70:30 to 30:70. 35 of polyneric filaments. 22.: A
process for applying finish to an expanded array of polyneric fil arrents,
conpri si ng CUMDERSLBNQ. sai d fil arrents with a wetted tappredgsgiwioace of a
finish applicat% E,a an an in the range of about 45 degrees to
about 170 degre a8 tt"’hIWO ’d%‘F @EFPH@%EBM’:H‘%%C&EIE% air fromthe
i nside to the ofttximdSefvwhéreiax phadod ear falament dcodfFibdeabef 2004 WO
01/88233 PCT/ USO44ikkQ30 £d8.1iRkhan®tss cpr 00ueeds aeoRifidngst pudhe process of
cl aim 15, V\herelflq? t%e inter-filanment coefficient of variation for |inear
density of the anents is less than 6% 5 24. Filanments "produced
according to°the process of claim15, wherein the sanple variability of
gravinetric fi8#shHiewednts pregscédanc6¥ns FBackE 9i-Jes4E 10 25. Yarn
pL-gd;gggegg Lnechress aiezcezlg' ThdOsarfle FRINESIEL, 14 YRURAQAUced by -
fi nlsh level is less than 6% as measured by %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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