WD 02/ 04719 PCT/ US01/ 21545 5 TI TLE OF | NVENTI ON METHOD OF PRODUCI NG
POLYMERI C FI LAMENTS BACKGROUND OF THE I NVENTION 1. Field of the Invention.
10 The pme@emv47inventi on relates to nmethods for maki ng pPCY/WBO/AI545
filaments, such as polyester filanments, having | ow denier spread. The
invention also relates to yarns and other articles formed from such
filaments. 15 2. Description of Related Art. Many synthetic polyneric
filaments, such as polyesters, are nelt-spun, i.e., they are extruded from
a heated polymeric nmelt. Melt- $pHBENQFyFNVENTIONanents 20 are produced by
extruding a nolten pol yner, such as pol yethyl ene terephthal ate and rel ated
pol yest ebs, througMETEG O rRROGUAING ROLUMERTCG RFLAMENTS ari es,

whi ch-can range in nunber, for exanple, fromabout 10 to about 300. The
filaments exit the'spinner L the el [n a-cooling zone. The
details of the cooling (qﬁ?nu%ﬂiﬁoﬁg b 'bg%\éﬁﬂ lidification of the
nol ten pol ynmer can have a significant effect on the quality of the spun

filaments, ag, indicatedso%leni ffeniSiead and inter-filament uniformty. 30
Met hods _of quenchi ng i nclude cross-flow, radial, and pneumatic quench.

Cr oss- f F8w quenc ity BERASINe SsIVRT I Y Tedaitiary teadnatass dosel y across and
fromone sinkiafg pdiesdiv edtraded i ls@ntay YpArelteOr 0ss- flow
guenchi ng has, general I'y been favored by many fjber 35 engineering firns as
pul ler roll aélg}gjértf‘s“t(sal %W% d%%%rh&pé%/ﬁé’id'spgé%"lrﬁ’r?dl%ti nes
referred to aso spElutiery tspeeds)s kave dthereased dlecaukenefd adesl i ef  t hat

"cross-fl ow (%’E'%a%e%\gsdes the best way to blow - 1 WD 02/04719
he

PCT/ US01/ 21 arger "anounts of cooling gas required by increased
15

2. Description of Related Art.

Many synthetic polymeric filaments, such as
polyesters, are melt-spun, i.e., they afe extruded from
a heated polymeric melt. Melt-spun polymefic filaments

20 are produced by extruding a molten polymer, such as
polyethylene terephthalate and related polyesters,
through a spinneret with a plurality of capillaries,
which can range in number, for example, from about 10
to about 300. The filaments exit the spinneret and are

25 then cooled in a cooling zone. The details of the
cooling (quenching) and subsequent solidification of
the molten polymer can have a significant effect on the
gquality of the spun filaments, as indicated by denier
spread and inter-filament uniformity.

30 Methods of quenching include cross-flow, radial,
and pneumatic gquench. Cross-flow quenchiné involves
blowiné éooling gas transversely across and from one
side of a freshly extruded filamentary array. Cross-
flow quenching has generally been favored by many fiber

35 engineering firms as puller roll speeds (also known as
“withdrawal speeds” and sometimes referred to as
spinning speeds) have increased because of a belief

that “cross-flow quench” provides the best way to blow



speeds or through-put. Another type of quench is referred to as "radial 5
quench"” and has been used for commercial manufacture of sone polyneric
filanment syoe2/gu719 as di scl osed by Knox in U S. Pat. No. 4pab&so7as4sand by
Collins, et al. in US. Pat. Nos. 5,250,245 and 5, 288,553. In this type of
"radi al quench” the cooling gas is directed inwards 10 through a quench

t h Such
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cooling gas nornm y passing down wth the
filaments, otRe¥EStPE Guepedrnapparatus. Al though, for a circular array
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i
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i nprovenents in’ t%e h| spee spi mhifg o ymer| c
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not circular, e.g., rectangular, oval, or otherwise,
with correspondingly-shaped surrounding screen systems
that direct the cooling gas inwards towards the

20 filamentary array.

In the 1980’s, Vassilatos and Sze made significant
improvements in the high-speed spinning of polymeric
filaments and disclosed these and the resulting
improved filaments in U.S. Patent Nos. 4,687,610;

25 4,691,003; 5,034,i82; 5,141,700; and more recently in
5,824,248 and copending applications 09/174,194 filed
October 16, 1998 and 09/547,854 filed April 12, 2000.
These patents disclose gas management techniques,
whereby gas surrounds the freshly-extruded filaments to

30 control their temperature and attenuation profiles.
These types of quench systems and methods are known as
pneumatic quench or spinning. Other pneumatic
gquenching methods include those described in U.S.
Patent No. 5,976,431. Pneumatic spinning ig a process

35 which not only quenches the molten filaments, but also
reduces the spinline tension, thereby providing better
productivity and processability. In pneumatic spinning

the cooling gag and filament traveling in the same



direction are passed through a conduit wherein the speed is controlled by
a takeup roll. The tension and tenperature are controlled by the gas flow
rate, thav@odo#ameter or cross-section of the conduit whi chCTostrnb4 the
gas velocity, and the length of the conduit. The gas nay be introduced at
one or nore |locations along the conduit. Pneumatic quenching allows for

spi nni ng spgggéc'tgogxgia?;%ggsg@oeﬁgrgu 0, O%%%%p%l&hggéige@@efound t hat

for certain types of po ric filaments c y _sone pneunatic quench
systens, as PReSdehf efoBErohbed| Punentakeiep caabl; tHee pewdieriandy and

processabi | i t¥mpériherd i L28eRbnt #6TIEASES, tillegd® 16k eased, denker spreads
of the 15 produced filanents. The |ncreased denier spread is beljeved to

be at |east PartFafTyCHuerPesT ACTEESR P hakhe (e PifEhce et gt FetRased

vol umes of gasereggmi velloébty, cand i tige t henditali gef thé armmdsit n thiee pneunati c
guench syst i i on-uniformty of,the 20 filanments. Thus, a
need exists ?%% a ?%%e£%€§%$§$%$a%? yorzlae %]fgrﬁ-rs%e]éo %:rlo%%%s?fcf%? pr oduci ng
mel t-spun fitagreperduhiayi ngneunaw demiencline sl Lewel Secospimging i mproved
properties. 25 SUMARY- LI+ NUENTE G d b agser dance wi th these needs,

there is provided_ a nelt spinning process for- spinning polyneric
filament!® conprikf n@a%alg%ﬁﬂﬁgf%u%‘gl%ﬁi@%ﬁ?r?ﬁl% BPYoI§her formed from
one or nore gyt @NENL AgedPENESo14dIOEHbie SPhdRiEel c t@udsn pol yneric
filanments, $assirg% the filapents to a}[}gne%lrﬁ%i%c guench zone, wherein a
cool i ng gas TEPPBU Y £1° tHRPIST Senitiaes ¢ F0% 95 $2fRit LhSherein the
cool i ng gas psodikcectedy &odtmrdéravesabihitheoBartee di tlemiéron as t he

di rection ofd eagé'é,an%gl Seo VRQIZ §4%&%%%3r%qrérus%r/ga1§4§f It eaccordance wth

t hese needs, ere is also ~provide Spi i Ny~ process for spinning
pol yner il produced filaments. The increased denier spread is

believed to be at least partially due to increased gas
turbulence due to increased volumes of gas reqﬁired for
cooling the larger filaments in the pneumatic quench
system, which increases non-uniformity of the
20 filaments.

Thus, a need exists for a process, preferably a
high-speed process, for producing melt-spun filaments
having a low denier spread, and accordingly improved

properties.
25
SUMMARY OF THE INVENTION

In accordance with these needs, there is provided

a melt spinning process for gpinning polymeric
filaments, comprising passing a polymeric melt of a

30 polymer formed from one or more chain-branching agents
through a spinneret to form polymeric filaments,
passing the filaments to a pneumatic quench zone,
wherein a cooling gas is provided to the filaments to
cool the filaments, wherein the cooling gas is directed

35 ﬁo travel in the same direction as the direction of the

filaments.



filaments, conprising passing a polynmeric nelt of a 5 polyner through a
spinneret to formpolyneric filanments having a denier per filanment above
about 4, waszi4igp the filanments to a quench zone, wherei nPar/wealilng gas i s
provided to the filanments to cool the filanents, wherein the cooling gas
is directed to travel and 10 accelerated in the sane direction as the

direction of therhi hageptiancwhetehytheyar Aekasnmedhtremikhalpsoduced
filaments has a denier spread of |l ess than 2. In accordance with these
needs, therePFSVafied 2pREdeBiB ABYt PERFRAFN§OPr EEBR NG PREYEEELRg 15

pol yreric fiE§ﬂ§ﬂéﬁtE?VEBQF§1Q?HbfbaéBiﬁgdaoéo?9%8¥&caR8§E gr gomprising

passing a polyneric nelt of a polyner ving a’'laboratory relative
vi scosi t }b abpeéym@2. Bhrhnghgh apiphenetetot fofor popphngreci €ilahanest s,

passing the filanents.to.a_quench,zone, wherein 2 ooling.gas,is
provided to %ﬁgl??langﬁPlﬁFr8§rt£1§8@?httﬁ OV?IﬁﬁgHgs%'mﬁﬁﬁg?ﬁgtﬁéecooling
gas is directedahentbr a¥eh giénaecebgept fHek8ihhg &3B8Bidhr g85i 08 as the

direction of the filanments. In_accordance with these_needs, there is al so
25 provi ded BXAéiA8d bP phedhélayepbrykst epofaithehfléamentigni er spread of

| ess than ab 9 LSk g f 1k i ts . f p ester having a
| aboratory rgrétrlglv/% E@lgg%géi&?ggagé\%]egngig%ggggaf g?mE%gbtg%eg#li&I anents into a
yarn. 30 0Theaeceseabsedpinvitdedsbinbadbnéstiyparas, thaddokrbetioardicl es

roduced by these. nethod. Furthey objects, features and advantages of the
Bresent inzeﬁg?oﬁl£$WFn5§coW%e£B%¥r%nYaF?oﬁ?FW%g £P%i FBE BESHRTPEi on t hat
fol lows. 4 Wi 02h0A739nRETLUSOAL 22545, 68426801 aBCEnWht b these needs, there

is provided a nelt spinning process for spinning po“yneric filanents,
conpri si ng- passi nraapepydence weth pheasebnpeflgnerhéventd &ism one or nore

chai n-branching, agent § nbhEoYgInA: 38’ PRSLELs! BolOLTLRGLYAE P ¢ filaments,

15 polymeric filaments having a denier spread of below
about 2, comprising passing a polymeric melt of a
polymer having a laboratory relative viscogity above
22.5 through a spinneret to form polymeric filaments,
passing the filaments to a quench zone, wherein a

20 cooling gas is provided to the filament array to cool
the filaments, wherein the cooling gasg is directed to
travel and accelerated in the same direction as the
direction of the filaments.

In accordance with these needsg, there is also

25 provided a method of producing polyester yarn have a
denier spread of less than about 2%, comprising forming
filaments from a polyester having a 1aborafoiy relative
viscosity above 22.5, and forming the filaments into a
yarn.

30 There is also provided filaments, yarns, and other
articles produced by these method.

Further objects, features and advantages of the

present invention will become apparent from the

detailed description that follows.



passing the filanents to a pneumatic quench zone, wherein a cooling gas is
provided to the filanments to cool the filanments, wherein the cooling gas is
di rected wa0204519ravel in the sane direction as the direcPCDUS@i21545
filaments. In accordance with these needs, there is also provided a nelt
spi nning process for spinning polyneric filanents, conprising passing a
pol ymeric nelt ofIa d5cpelignee whtbughese spéanel ethepefl s mppolydedi c
filanments havingga deni er per filanment above about_4, passing the

filaments to*a™guenth 2@y MASFers 59%9%??%@1@%3P?%Ym%¥b%ided_to t he
filaments toreoahehbs, fLLAPBNE Sng. PRSE LA ANSoLPALLDG @aP-isedirected to

travel and 20 accelerated in the sane diTtection as the direction of the
filaments$ whetebgrafgumadf bromdofie opr ttherpr odatedoréntammtagdss a deni er

spread of |le h N1 ordance with these. need there is also

provi ded a n%ﬁfggﬁﬁn%i%él%ﬁég%ésg ofoﬁ?d%%%Yﬂﬁrﬁg g%f@%%??%’filanents
havi ng a denpass$ng eelde of i baheiit s abOUL PneGaPit SqignPassbng, a pol yneric
melt of a polyner having a | aboratory relative viscosity above 22.5
through a spVRRERER RoCPBFHPOPFHFErT CPFPYEARML O thaskikmentes 59 anents to

a quench ZO”@ooMMEﬁQiPifaﬁ&n&@?'&ﬁ&r&f&léﬁePEQHiﬁﬁ Qstfgd&%%égggﬁ array

to cool the filanents, whereln the cooling gas 1s drirecte ravel and

accel er dtled to thavednendthectawa dbrédeioni asctheondofedthiofidBnEms. - 5
WO 02/04719WEQ£/U801/21545 I n accordance with these needs, there is also
provi ded a nethd8°%FS produci ng pol yester yarn have a denier spread of |ess

than about 2% compristasddeedi ol fhdaiemtsadr omnar-pol yesigs having a
| aboratory relative viscosity above 22.5, and formng the filaments into a

yarn. There PEO%Ided pr cve Hedshinaingiprogessnstonnspotlhng polymdms produced
by these met ApflydQ: EUr EORE- P1 85 Sasd 28 U S50 AP APV ARLAYES, of the

15 polymer through a spinneret to form polymeric filaments
having a denier per filament above about 4, passing the
filaments to a guench zone, wherein a cooling gas is
provided to the filaments to cool the filaments,
wherein the cooling gas is directed to travel and

20 accelerated in the same direction as the direction of
the filaments, whereby a yarn formed from the produced
filaments has a denier spread of less than 2.

In accordance with these needs, there is also

provided a melt spinning process for producing

25 polymeric filaments having a denier spread of below
aboﬁt 2, comprising passing a polymeric melt of a
polymer having a laboratory relative viscoéity above
22.5 through a spinneret to form polymeric filaments,
passing the filaments to a quench zone, wherein a

30 cooling gas is provided to the filament :array to cool
the filaments, wherein the cooling gas is directed to
travel and accelerated in the same direction as the

direction of the filaments.



present invention will becone apparent fromthe detailed description that
foll ows. BRI EF DESCRI PTION OF THE DRAW NGS 15 Figure 1 is an illustration
of a singv@orzodge pneunatic quenching system which may bepCcTasd/iiMst he
present invention. Figure 2 is an illustration of a two-stage pneumatic
guenchi ng system which nay be used in the 20 present invention. Figure 3
is a graph illustrmat 'taagoklaaneel attBnshiepe hetwsentHenkersspread (DVA) and
relative viscosity LRV) for a 127 denier - 34 filanent, round cross-
section DMI 56Pyéfiﬁ9| enBetBPepREhRIaEECHBIyRRLYeSEeF| Yars Bave a graph
illustratin e S t r ,spr a tive

Vi scosity (¢ E@? ?O%EEE§§5BEE%F§§ %ﬁ%g ggﬁggeﬁt ?gﬂ éE%?% s?ggégé on DMI
poIyethyHﬁnefuéamphtbaEabm pobypirgestan EEﬁAthD DESGR&EE&QREéEaHfEé

| NVENTI ON  The pres nventiop relates to a nethod maki ng by pneumati c
spi nning a nEffs gﬁﬁﬁyp8k9¥§r%8'gfiFE&EﬁPrWé99ngﬁﬁ Eb%ﬁﬂﬁﬂFﬁr gﬁ?e%d The

pr esent invga&hon also relates to a nelt-spun polyneric - 6 WD 02/04719
PCT/ US01/ 21545 fil ament having a | ow deni er spread nade by the nmethod of
the invention deséhebediBepékn. PTREigeEsERlanARBAL oO¥aThaveatdupthenat
increasing 5 o e gqPbe spun can reduce the denier
spread of thSEE§8§E%e§§??¥g%én%p tﬂg%égﬁét%gerconlng t he probl em of high
deni er sigr ead foqurtherobthCpsocéesEQreEhEnﬁeadv htbhgeendt tlseused herein

generically, 10 and, enconpasses fibers (often referred to as staple),
al t hough synPh&PFE 6PVﬁEEE°8rglbi é?ﬁ?m? aEP@ﬁ%PEdfFﬂWtF%?Iy in the form

of Contlnuouaeeahygaraesc£n%éﬂsﬂt§h§§ EbeYopke nel t-spun (extruded). A
group of filanments are conmbined to forma yarn. The method of

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is an illustration of a single stage
pneumatic gquenching system which may be used in the
present invention.

Figure 2 is an illustration of a two-stage
pneumatic quenching system which may be usged in the

20 present invention.

Figure 3 is a graph illustrating the relationship
between denier spread (DVA) and relative viscosity
(LRV) for a 127 denier - 34 filament, round cross-
section DMT polyethylene terephthalate polymer.

25 Figure 4 is a graph illustrating the relationship
between denier spread (DVA) and relative viscosity
(LRV) for a 265 denier - 34 filament, round ¢ross-

section DMT polyethylene terephthalate polymer.

30 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method of
making by pneumatic spinning a melt-spun polymeric
filament having a low denier spread. The present

invention also relates to a melt-spun polymeric



15 the invention may be used to nmake any type of yarn, such as. fully
drawn yarn, partially oriented yarn (POY), or staple. Preferably, the yarn
made is wanrdghdy oriented for later texturing by nethodBCkRusewR1s45 t he
art. Any desired texturing nethods may be used 20 including false tw st
texturing, air jet texturing, and drawtexturing. The filanents may be
produced to havemany desingda towsdesteti spréad|waiagby otnd, meviabd

trilobal, and al | oped._oval . Any, nelt-spinnabl e pol ymer can be used 25 in
the present 8FOE§§s}n ﬁEFhﬂ?n@eﬁﬁ¥§B§@e?§P3hﬁ' pol yol efins. Preferably the

polyner is a pol ygabepresdhe PRVY¥EELLE BalebEodnBOPRRE! YHBFea§PRY! YNET,
m xture of polyester, biconponent, or chain-branched pol yester. Useful

pol yest ers i RBeudéspesiey hgf eblee 3pot vrephthabat 8punR- Gy redige rihet hyl ene
t ht hal at t h | " 3= GI! | ybut yl
erephthal a 8e?$%¥2§£¥gégg¥€g€§§lgfgﬁuég ﬁ%f%%%,t, ther@glybutylene

terepht hal ate ne napht

pol y(cycl ohexyeenedingt byt epedpblemepht hadiat @enipol ybtasd i deynd pbhy( et hyl ene
azel ate), pol y(butyl ene WO 02/ 04719 PCT/ US01/ 21545 terephthal ate),

pol y[ et hyl enBt2¢7-HaphtRafate)], poly(glycolic acid), poly(ethylene

succinate), pol yteehybene~adi patedr Pol wieshyleae, sebacat €311y

pol y(et hyl ene sebacate), poly(decanethyl ene adi pate); pol y(decanet hyl ene
sebacat )0 pahg(carprpasses phat - L iberes h{Pbreni otberoved)to as

ol ara-h n akaon I t hyene_oxybenzoa ,
Doy bahyt orgEasyornzant flugh AIN0N.: DO M PNERS ROGERERSI D). 1)
pol y( hexanet pyépaeet ef ephi hnl vt £, tpe| Fotecoretdyt eneoud epsPhhdal at e) ,

poly(1, 4-cyclohexane dinethylene terephthalate) (trgns), poly(ethylene
1, 5- napht hal 5 &§menpd| §F b RGY etee 206l haphiuhal exeyuded) y( 1A 498oUp ©

ol y( 1 4 cycl e GenEs oy Aa T anes For Bpht TaTa: o) 117 ane§™ % &S hods of
maki ng tlive pohgnensenused maythe psedend nakendnyntywe &hioyarmn the art and
may include ggghugg g&lfgtg£¥3589a§g:cgég% §ify ggggnted yarn
(POY), or staple. Preferably, the yarn made is
partially oriented for later texturing by methods known
in the art. Any desired texturing methods may be used
20 including false twist texturing, air jet texturing, and
draw-texturing.
The filaments may be produced to have any desired
cross-section including round, oval, trilobal, and
scalloped oval. Any melt-spinnable polymer can be used
25 in the present process; including polyesters and
polyolefins. Preferably the polymer is a polyester.
The polyester can be a homopolymer, copolyﬁei, mixture
of polyester, bicomponent, or chain-branched polyester.
Useful polyesters include polyethylene
30 terephthalate(“2-GT”), polytrimethylene terephthalate
or polypropylene terephthalate (“3-GT”), polybutylene
terephthalate (“4-GT”), polyethylene naphthalate,
poly(cyclohexylenedimethylene) terephthalate,

poly(lactide), poly(ethylene azelate), poly(butylene



chai n-branchers to formthe copol yners and terpolyners, 20 as known in the
art. For exanple, a suitable polyester may contain in the range of about 1
t o about vBOMDIE19 of et hyl ene-M sul fo-i sopht hal at e st rucPOT/@R0WRA1F45S,
wherein Mis an alkali netal cation, as described in U S. Patent No. 25
5,288,553, or 0.5 to 5 mole%of lithiumsalt of glycollate of

5-sul f 0-i sopbéhaph€hatiate ps F65¢[EbRAlbRe (1), B-nEkohenildoe) B, 607, 765.
Filaments of the'invention can also be forned fron1ané two polyners as
descri bed aBoV®(Fhrecksc cariel "BPLypbighenet praGERse) arranged 30

si de-by-sid i t rr . egl eful is
polyethylengp§£ g%%?%?%%?eg?ﬁéﬁgéﬁ'fﬁgggg§ﬂ%%%g%£ %%%%%%%%ﬁby ei ther the
DMI or TPA pobgésshutenessebbedtbil opolAldecasetylane adipatebr anched
pol ymers which. are di scussed in_detai el o - 8, _ WD 02/04719
PCT/u501/215ﬁ%1%ﬁ§e$?%%€§¥f% et fig ?ﬁ%éﬁ?ioﬂg%yédﬁ%ggayar%gp%?"usefu

deni er spreadim&ERy BhrSPLEREAcLENS) |, | SoBy (BasL BydPdx{benaborgy end deni er
variability of a yarn by 5 calculating the variation in nmass at regul ar
interval s al@hgnehe palv{ctavices VuYPabrPsEg) i sPeraserRE %S running yarn

t hrough a capaci j he_J us mass in the
Sl'or - The t ebeobhhaiathy, SPLEP(LEPRaREEnyt 8nl CeOBhA ERROS M
subsect izans 3O WK héx aeashy earat seeyphyhflbta) , bl el docasebieyeen t he

maxi mum and m ni mum nass neasurenents within each_of the eight subsections

are aver agedteteRieRatprend PeLY fbchra¥al akexspep\Alimetbel et age of the

aver aged dif i vided l ong._ 5 240 m
of the yarn. Toery oot san be Chndtat o oh anr Y ek 00 DA T ALK orets & Cut and

Wi gh/ Deni er p¥ay i athphendcz e§soaphthatstahenpohyéi |l 48l e from Lenzi ng
Techni k, Lenzi

non 20 unifo?ﬁ??gggﬁy 5§é$¢|@%éggggﬁéh%?ﬁ%g§$ﬁ§$%§$é§§?$%5}ﬂggﬁ gakgirZZm
processityg opolfielfilapenbheAdUiibn8alil Methylene
terephthalate) (trans).. Methods of making the polymers
used in the present invention are known in the art and
may include the use of catalysts, co-catalysts, and
chain-branchers to form the copolymers and terpolymers,
20 as known in the art.

For example, a suitable polyester may contain in
the range of about 1 to about 3 mole % of ethylene-M-
sulfo-isophthalate structural units, wherein M is an
alkali metal cation, as described in U.S. Patent No.

25 5,288,553, or 0.5 to 5 mole% of lithium salt of
glycollate of 5-sulfo-isophthalic acid as described in
U.S. Patent No. 5,607,765. Filaments of the invention
can also be formed from any two polymers as described
above into so-called “bicomponent” filaments, arranged

30 side-by-side or in a sheath-core arrangement.
Especially useful is polyethylene terephthalate (PET).
The PET can be prepared by either the DMT or TPA

process as described below. Also useful are chain

branched polymexs which are discussed in detail below.



| ow deni er spread permts high texturing speeds, evenness of coloration,
and uniformty of bulk or cover in fabrics forned fromthe filanents. The
present XB0pregess can provide yarns having a DVA of | esspC€harorvaAabsut 2.0,
preferably | ess than about 1.5, nore preferably |ess than about 1.2, and
nost preferably -less than about 1.0. As shown in Figures 3 and 4, the

| oner the dpf, thenkopebcthe d€niBe spieadibhapreancbe 38rabtafned, keeping
ot her conditions the same. The yarn _can be forned from any desired nunber
of filanent §Sefilt AENdpr PBr8&Beve BenifeEnsprepdr ABVY) t he™ ayBeasEEef or med

from about 5 o Aot 200 ARRSLS: vax9 Y010/ 4710, BET/IG01/ 21545 rore

preferably about 8 to about 100, nost pretfera 0 about 70
filanmentss | radongachbgdihentverdbttibe inveatsoatr rhgubafti iatentslbave a dpf

b bout 3.4 d f b I, the.rar f ,about 3.5t bout 15. 0,
ﬁn?gep?e?graBﬂ?nggEBﬁf§%Fg(?ob§8égf Y??léggggﬁgeﬁgrﬁg?ﬁuﬁﬁgung.guto about

9.0 dpf. Fbw@mghinghga@he§ﬁ@bugﬁvgnhbgacmeéroahat,r@h@&ﬁsrégpbﬁasring the
deni er spread of high denier 10 filanent yarns, but also relates to
decreasi ng t ke tHenieptsprangoss mapgwidehher sipfanefibeyheat eagplehose

with a dpf |ess S tk a 2,0, .0 ; n about
1.0, which ngé a ?ggaéggghﬁgyid§k§§§3e3ﬁ28|ggﬁéﬁi%B ?péé%ggé e%ggdless of
t he dpf,1@¢ hewith febkutrangetef eD¥AydbseusisedDabbeeenaasbbedbtanneheby

appropriate selectionpgf rocess conditions, such as . speed and_pol yner
[

viscosity. THE*pIETer BATYRs MREF e MEBEHICTREE St HetheRi 8RChsPfead i s

related to tReevesgasi k¥pAbcthBnROLYBEEverigedl | bhHSEFALEH LA 1he Exanples
and as shown in Figures 3 and 4, as the relative viscosity increases, the
deni er sprezdcofdedeapol ynBVRe fi bameantdeger efstbe dverafede, a pol yner

shoul, be” ChRSaRILLCe L 90 ATBYIDLIY, Loe gl MERCsSBIAPLE Y I oIt

15 240 m of the yarn. Testing can be conducted on an
ACW400/DVA (Automatic Cut and Weigh/Denier Variation
Accessory) instrument available from Lenzing Technik,
Lenzing, Austria, A-4860.

A low denier spread is desirable, as non-

20 uniformities in a filament may present problems in the
downstream processing of the filament. Additionally,
low denier spread permits high texturing speeds,
evenness of coloration, and uniformity of bulk or cover
in fabrics formed from the filaments. The present

25 procesgs can provide yarns having a DVA of less than
about 2.0, preferably less than about 1.5, more
preferably less than about 1.2, and most p}eferably
-less than about 1.0. As shown in Figures 3 and 4, the
lower the dpf, the lower the denier spread that can be

30 obtained, keeping other conditions the same.

The yarn can be formed from any desired number of
filaments. If the dpf is above 5, then preferably the

yarn is formed from about 5 to about 200 filaments,



branchi ng agent to formthe polyner, or formng the initial polynmer with a
hi gher viscosity by use of other polynerization techniques known in the
art, suchwa@e2/o040d yneri zing further to increase pol yner cheCvukergsss. 30
Additionally, as explained in Exanple 2, pneumatic spinning and the use of
a chain branching agent can have a synergistic, effect in reducing denier
spread, whiheral boefagabdy &heutse ob &bght speed, mbhergbyreifI6TEasi ng
productivity. Thus, the invention also - 10 WD 02/04719 PCT/ US01/ 21545
relates to i AEPERsIAgEPhRPRRBAGRt F4i29eBESa pol yneric filament production

by adding a chai nthr ggghi Bﬂbé&?ﬂémté”gfP’E‘l‘é‘é‘”?ﬁ@r&?t%é’nmﬂé‘i ng the filament.

5 Any chain branching agents which can increase t viscosity of the
pol ymer tho givéaméetdesaveda dehi @pbowpraaduitad. bedptedordheratbiay nitdbr anches

can be adde uli the formation of the injtial polyner or ftefrward to
i ncrease thegggséégg?yofoag%g?r%dgl%9e %9uﬁoi%h§1ﬁaﬁ?%ﬂ%ﬁ?ﬁéf%ék¥ns are any
agents that aeact a0 htotHEoWPNOPEINSt Obr&BEYABIy t&bdREr ®ASEd he viscosity

of the polyner. They are generally nultifunctional conpounds, containing
three or nor@PPWhc?i BnaPL gr oipeevetichthy PYRpeRy| IneaREpERy| notorowky er

groups. Suilablgeds €61 ByDEEAGNENG A9SILS LiFLddlet il Nl L el T T tate,

pentaerythritol, trimer acid, Trellitic aci y pr opane,

tri met hyll®ol ef hhamenyl ygens nebut tal sesrelaces amddecidamiond orted esters
thereof, trinmethyl ol propane, tetraethyl si|ljcate, pyronellitic 20 acid,
phloroglucin%??l%%d§%£§%€d?gqﬁiﬁ%%e&e %ﬁrpﬁhéﬁme%$éy Br afichi fd*fent s
known in theyath.aRisf eréed tiedai dbdianchs N agentsadl £dose, ¢ haty are
adequately stable in nmonomer form during processing and pol ynmerizati on and

in pol ymeri c1&®8f ntlai | ecwer ke i owaiclzonay akrerdy aerh¥it st processi ng.

o0 .S, oLl IRt 080, AR 0P 8 10, 900, 116
1999),. & | Hhlwhratgaref DVA discussed above can be obtained by
appropriate selection of process conditions, such as
speed and polymer viscosity.
The present inventors have found that the denier
spread is related to the viscosity of the polymer. As
20 illustrated in the Examples and as shown in Figures 3
and 4, as the relative viscosity increases, the denier
spread of the polymeric filament decreases. Therefore,
a polymer should be chosen with a high enough LRV to
give acceptable DVA. The melt viscosity can be
25 increased by any desired method, such as using a chain
branching agent to form the polymer, or forming the
initial polymer with a higher viscosity by"uSe of other
polymerization techniques known in the art, such as
polymerizing further to increase polymer chain length.
30 Additionally, as explained in Example 2, pneumatic
spinning and the use of a chain branching agent can
have a synergistic, effect in reducing denier spread,
while allowing for the use of high speed, thereby

increasing productivity. Thus, the invention also

- 10 -~



i ncorporated herein by reference, for descriptions of 30 useful

chai n-branchers. The chai n-pol yners can be nade by techni ques known in the
art. In av@oréoiyed enbodi nent of the invention, the chaPaT/s@mkisng
agents includes trimethyl trinellitate. - 11 WD 02/04719 PCT/US01/ 21545
In the enbodi nents of the invention wherein the polyneric filanent is a
polyethyleneréeaeabthalahereaghngstﬁé pkbdu&th&mﬁytoﬁaﬁ belpmepated by any
suitable 5 s¥ heti ¢ pat hwa no%n ig the art, Bartigular the filanent
may be prepafé aH?“ElPH@ﬁUS 1PRePYWB HAPH as?ﬁ?ﬁ@t €2pshARdys9fBF preparing

pol yet hyl eneanhebﬁgﬂhgéhébﬁ19015%§§.h§f1§ phisch;apgehl) "DMI™, the ester
i nterchange of dinethyl terephthalate™with ethylene 10 glycol, and (2)

"TPA", tHe react|bnyoﬁhaenephahahﬂng agedtmnwhlehhyhenengtyaeé thay
SU|tabIe chaln br agen |n t e ar be used |n ei t her
PLRIERERS, SaE ngl e Veabhs 8gH3

synt hetic papﬁ Mers o ave a gl ?gﬁ Viscosity

wi t hout add|EEﬁme@fsphaaa baanbheﬁsedue thet enkha bﬁanehéseaahnherent in
the DMI process that give rise to branches, thus increasing viscosity. The
chai n- branch@@éeéfdﬂﬁénﬁrE?@n?OFW9EhPPoﬁfaFEeaHHFFﬂéﬁaP01YGﬁ€tPBnaI

compounds adgedetathe, B 968s8aaB0EnENIsEcoLARG! Bt abli DU 9Ly IP8. et hod.

In a preferred 20 enbodi nent wherein the chal n”branching agent 1s
trinmet hylo t r Chelihi batechthg pgbyeshyrenenyeagphthathae rﬁaytbﬂlnhde by
either the DgEFor t he TPA, path Any sui.tabl e nﬁﬂ t he,_chai.n

br anchi ng ag Rﬁ?mSE‘ﬁ%ear.HO KBehoFOnePChERES FthBF8§éH¥ 95

i nventi on. Atﬁ@lp@myae@nnumhe¥5a@a geRuprh1 Wy el cekfiaeti¥ahy i ncreases the
rel ative viscosity of the mer to the relative viscosity which

corr esponds p@mp@n@déesppéaaé@hngrtbpﬁ@aar Thrs fungtionaii grovbsthe dpf
of the filamgnty ag hkoi 1th8a%%8339f Bl ¥ QFEr §$oéﬁg the pLOgEss
npl e, a

paraneters suc as s nnNirnNg~ Spee exa éni er - spread of
about 1:D§6|shdesibednchmngthgehtbamanlsdeepremenhyd teifeglieaBe, t hen the
pentaerythritol, trimer acid, mellitic acid,
trimethylolpropane, trimethylolethane, glycerine,
trimesic acid and trifunctional esters thereof,
trimethylolpropane, tetraethyl silicate, pyromellitic
20 acid, phloroglucinol, hydroxyhydroquinbne, and other
chain branching agents known in the art. Preferred
chain branching agents are those that are adequately
stable in monomer form during processing and
polymerization and in polymeric form during formation,
25 spinning, and further prbcessing. See U.S. Patent Nos.
3,576,773; 4,092,299; 4,113,704; 4,945,151; 5,034,174
and 5,376,735, and Journal of Applied Poly. Science
(Vol. 74 pp. 728-734, 1999),. all of which are
incorporated herein by reference, for descriptions of
30 useful chain-branchers. The chain-polymers can be made
by techniques known in the art. 1In a preferred
embodiment of the invention, the chain branching agents

includes trimethyl trimellitate.

- 11 -



effective anount of the chain branching agent will be that which increases
the relative viscosity of the - 12 WD 02/04719 PCT/ US01/ 21545 pol yneric
filanment wooabowt 23.3 LRV. For exanple, about 100 to abpOr/u@/086 ppm of
crosslinks can be wused. In a preferred enbodi nent wherein the chain 5
branching agent is trimethyl trinellitate, the polynmer is polynerized
usi ng about 0.0851hotabouibBd2r&nby owetpbt ialehbeohr rABBYh thenellitate
(on the weight_of the polyner) or about 3.4 _to about 9.1 m croequival ent
crosslinker petyBearrofipsmgner 1518 RelrR&PHIBRENERFABNERRAREES needed if a

pol ymer is th g d i t (o] dpf
are nmade to gg?i?%tg&éuF?gb?lf%@%?EPrgyegng LQEEH §¥N£n¥ %%29%% %ner,
whet her & nsYnthatmebpanhheg ksowgreatEhethan.abmntpaitmeumargrEBeer t han
about 22.5 or, g ater han about 25.0 tﬁ give ;Eﬁ desi red, deni er

spread. In tﬁ W Bes T2yt FhBrFﬂﬁﬁﬁél ¥, SthBEpoPY §YorBRifspun t hrough
a spi nner et ggnaae&mew@atﬁﬁaysqgee prabgreﬁganuyéeﬁplénére then quenched
by pneumatic 20 nethods. General ly, pneumatic quenching involves supplying
a gi ven vol ukerephtbellphg pasvestess| whheh pskykd)i CDFE! ankhe. eAhgrgas may

be used as a, ﬁggk ngegkughwggﬁﬁiOggasghgﬁgla p&?LgrgP%¥1§ge because

air is readi y “aval s nay use i nstance
st eam ori@n gmycblgaandsmgh asPAl{ r opgenrehbtibaquEr edrbpraustief the
sensitive nature of the ymeric filanments, especially when hot and

freshly extPGdedWith sﬁéﬁhﬁﬁ?cgégpﬁ%ungAﬁﬁeSBéBPP%Q §B31Bnd filanent 30
are passed tﬂiaﬂeﬂlﬁgcgggﬂttk}a@@ﬁem the égﬁeﬂ?ysbgcegﬁa%heg%%& takeup

roll. The tension an erature are contro e gas w rate, the
di aneter or SYnSheSectp@hhwaytheDMEnHQEYmahschftenthd%e at eigalslyel ocity,

and the lenghggﬁfvgg%oggggu%gthThE

adéltlon of chain branches, due

15 to the impurities inherent in the DMT process that give
rise to brancheg, thus increasing viscosity. The
chain-branchers of the present invention are additional
functional compounds added to the process, not those
inherent in DMT or TPA method. 1In a preferred

20 embodiment wherein the chain branching agent is
trimethyl trimellitate, the polyethylene terephthalate
may be made by either the DMT or the TPA pathway.

Any suitable amount of the chain branching agent
may be used in the polymer used in the present

25 invention. A suitable amount is an amount which
effectively increases the relative viscosity of the
polymer to the relative viscosity which co%responds to
the desired denief spread. This is a function of the
dpf of the filament, as well as the type of polymer;

30 and the process parameters such as spinning speed. For
example, 1f a denier spread of about 1.0% is desired
for the filaments represented in Figure 3, then the
effective amount of the chain branching agent will be

that which increases the relative viscosity of the

- 12 -



WO 02/ 04719 PCT/ US01/ 21545 gas may be introduced at one or nore |ocations
along the conduit. Preferably, the gas is accelerated through or out of
t he quenomoag1by t he use of a 5 convergi ng or tapered SBCT/USHL216845 by use
of a tube of restricted volune. Pneumatic quenching allows for spinning
speeds in excess of about 3,000 npm e.g. above 4,000 npm or above 5,000

npm  Exanpl epo0imsui t-akbk e apraumabi §bdQr Spanyi ﬂﬁv@tﬁggseﬁ?ﬂgﬁéﬁte”& whi ch

may be used, are disclosed in U S. Patent No. 5,824,248 48 patent),

which is i ncabpbEale@ herabaubylPePBPenp@® ahdcueSsligkei ahnNee 09/ 547, 854
filed April 200i.0* pch. | | L ncor por at heyein, by reference.
Bedaumit @ HoehgntSo BubBashert P PhetacE e Matte

Any of the 15 pnéuna décri I'n ac ction can be
used. Preferpednentadi agshs iBctudfedhgl ngkeéme3l agetept bod pslyhbust rat ed

in the 248 patent and,a _two-stage nethod of 09/547,854. An exenpl ary

s

singl e stageSnBPhYUSFLZeA ustrdt eBorh Bi §B8Pet@ aRaUBN0293&xRYpl ar yt

two-stage melBegniSokl bust eatfdrihp FLOWRE 21 caVBi [Ent PR dGUIGRS OF Figures
1 and 2 are annular, they can be  adopted to other shapes. AS shown in
Figure 1, thehsi pglemsrhigerpabontt Bec4ghienghouppar at micrpagiidabent
cylindrical hggggggnigrmhggh Lo&ngfan 55 annul ar chanber 52 that is
supplied wi tfi pressurlzeB c%oﬁlng g%g B'6Wwn i n through an inlet conduit 54

which im fornmed N6 aRa@ut Brafi¥hingr agahtwakl nbdabl' 1hea pousheg H9. The
annul ar chanber 52 has_an annular _bottomwal|_ 53 attached to a cylindrical
i nner wal | 66h°80navitRenfiglheenpughi BRV opnghEl hanants ehahPeremoudhpel ow a

cylindrical gyengh.sgLagn:sy Roath LNgsat hep. . rf for the
upper portionﬂof tﬁe an%uFarébgﬁ%nb%r gétgﬁ%étﬁ?%ﬂghpﬁ%?%ﬁé?ﬁg’pgggsurized
cooling gasLRY bFEowheradimhty, i whatdsrfoomohechaimiarantasdets- 14 WO

02/ 04719 PCT/ US01/ 21545 52 into one 18 bel ow a spi nneret face 17 through
whi ch zone 1§r53§§55§5a8uﬁ8P8£0?§fﬁraﬂﬁn?geﬁﬁeﬁhggﬁga? out 22.5 or J

15 greater than about 23.0 to give the desired denier
spread.
In the process of the invention, the polymer is
melt-spun through a spinneret using known techniques.
The spun filaments are then quenched by pneumatic
20 methods. Generally, pneumatic quenching involves
supplying a given volume of cooling gas to cool the
polymeric filament. Any gas may be used as a cooling
medium. The cooling gas is preferably air, because air
is readily available, but other gases may be used, for
25 instance steam or an inert gas, such as nitrogen, if
required because of the sensitive nature of the
polymeric filaments, especially when hot aﬁdffreshly
extruded.
In pneumatic spinning the cooling gas and filament
30 are passed through a conduit wherein the speed is
controlled by a takeup roll. The tension and
temperéture are controlled by the gas flow rate, the
diameter or cross-section of the conduit which controls

the gas velocity, and the length of the conduit. The

- 13 -



still nolten, having been freshly-extruded froma 5 heated nelt in a heated
spi nni ng pack 16 through holes (not shown) in the spinneret face 17 which

is centravdy2o47ocated with respect to the housing 50 and pPeTsEKEES4sd from
the face 16a (of the spinning pack 16) onto which the housing 50 abuts.

Fil aments 20 continue from zone 10 18 out of the quenching systemthrough a

tube forned Bys imh¢ banehtweblicé8 sbabnesubtousds Lbeatibasestsngdown to a
puller roll 34, the surface speed of which is terned _the w_thdrawal speed

of the filanEhBsCoBIUItPr oBEBAPREPHSWNCBEI S3Ft he BGFRLEFRESE quench 15

system 55, the,bLLAMBR SuFBYEPARS. oBLALK! b¥RL YLyt PhEUGR. geshort tube 71 of
the sane internal "diameter as the “cylindrical Qquench system 55, and pass

preferably thnueygpiagt apetedesedt fentiOn, befoby vaeepfng wubabef 73  of
smal | er internakrdigngter and extendi ng bel ow the 20 bottom 53 of the
housi ng 50. Th& FaratrvE spEEds of the gas and filaments can be varied to

give desired resphtamathe &iikasebhg 201wik! fpreépiabl Mghayeedd ready
har dened before they |eave the tube 73, in which case, when they |eave the
tube 73, theP¥C8fEe@TwWAPPULI PelB) PBMpectfle 3BAESSHERBCAEPTNePF Wit hdr awal

speed at the pgll 53400Prayi di Bg.AniaRered gntLance 12,50 the tube is
IS e?| ?

optional but preferred. ved that an appropriately-tapered
entranceld o sbhéntibg mabbbHesahfiesgbtawsel ehathomapf béhesedol ang gas, and

may reduce turbul ence., Tapered ent ces_t u have_been used, wth

t aper anglesdbﬁc§6?e§518nﬁ‘§0,g?ﬁ@nggﬁ?nUETgaéegggaﬁg?EBdgﬁgﬁﬂ?%g on a

combi nati on @hitacter sncOrpyberef nabeuh Byl ReRefdnbeChhqdiageter has been

found very - 15 WO 02/04719 PCT/ US01/ 21545 usef ul IQ practice. A tube of
ed

about 1.25 i Aekésl(¥o2 0BAp4di Bhet Eiladsharsd been2d ehicktively. It is
oot erabt© (Bl 06cboBe0L LHonk Hler Sy TR CARBRED Lo ELLRLOM e
the top 18 t pectimbeic methods, decribed in the background section
can be used. Preferred embodiments include a single
stage method as illustrated in the ‘248 patent and a
two-stage method of 09/547,854. An exemplary single
stage method is illustrated in Figure 1 and an
20 exemplaryt two-stage method is illustrated in Figure 2.
While the devices of‘Figures 1 and 2 are annular,
they can be adopted to other shapes. As shown in
Figure 1, the single stage pneumatic quench apparatus
includes a cylindrical housing 50 which forms an
25 annular chamber 52 that is supplied with pressurized
cooling gas blown in through an inlet conduit 54 which
is formed in an outer cylindrical wall 51 Of the
housing 50. The annular chamber 52 has an annular
bottom wall 53 attached to a cylindrical inner wall 66,
30 at the lower portion of the annular éhamber 52, below a
cylindrical quench screen system 55 that defines the
inner surface for the upper portion of the annular
chamber 52 and through which the pressurized cooling

gas is blown radially inwards from the annular chamberxr

- 14 -~



and preferably |less than about 64 cm The shape of the tube 73 that is of
restricted dinensions need not only be of cylindrical cross 10 section,
but may we®@y20gspeci ally when a non-circular array of fiPanERtIf21545
extruded. Thus, for instance, tubes of rectangular, square, oval or other
cross- section may be used. The follow ng dinensions are shown in Figure 1:

15 A - Quench2dehey Aekght, 18hBeh6kght spinhBeerSphnBel gt thagggd7 above the
face 16a; B = Quench screen height, the helght of thecylindrical quench

screen syst effpbsh( aRpendif ngaseefm ehbundheeclicfileonenest 2p vhieheatraner wal |
66); and 20 (.. i , igh hei t_ tube 71; Q2 =
et o SEsFLBRSEEL! (Rab s BebarErolheylekabhach Bhgh'y LU0

Connecting taper herg ape and C3 - Tube
hei ght, tthe heaghti wélthént abredBedf sp2hntagt packetllsdihretigh hbhés causes

the cooling gas,to accelerate out of the_zone_ 18. |n Figure 1, e
filaments ZO?nQFtﬁ?OVE v?ﬂgg?ﬁeSpﬁﬁ%ﬁEﬁts§§?%n¥zcﬂh%Fhuégdﬁﬁﬁt¥%{fﬁe driven

roll 34 whigbcptbswibe fLbpaent 8620ne mbhigt igPgbhahomst hec39:bgat ed
spinneret so their speed at the roll 34 is the Sanme as the surface speed

of the drivehrpsl thg4fa¢di $fegirli RgestpPppaiey, pefkslEpeedtbevingcknown as
th i t hd i I | h L the d i
2 Finish s boReRarrondperi SA5PE" thEl Pt dR o bt I B A emotP et sas et

filamentio 201bedat eotf heher gashchbgdeiyyesmr ohtoddh AstabeWboimedigyre 2,
t he pneumatic_quenching 5 aéiten1nay conprise two stages, ehg. i ntroduce
gas to the ENFaiBRes VAliwkSe| BRati sHsrodnesnvle gf hgaserts ondown 6E9 or

ool 72 Loda HELALE BLY 5, CORNCEOLPALE ML QUTGLSHE LA LA e 1. A
the withdrawal speed of the filaments 20.'°
Proceeding down below the cylindrical quench
15 system 55, the filaments may pass, effectively, through
a short tube 71 of the same internal diameter as the
cylindrical quench system 55, and pass preferably
through a tapered section 72, before entering a tube 73
of smaller internal diameter and extending below the
20 bottom 53 of the housing 50. The relative speeds of
the gas and filaments can be varied to give desgired
results. The filaments 20 will preferably have already
hardened before they leave the tube 73, in which case,
when they leave the tube 73, their speed will already
25 Dbe the same speed as their withdrawal speed at the roll
34. .
Providing a tapered entrance 72 to thé tube is
optional but preferred. It is believed that an
appropriately-tapered entrance to the tube smoothes the

30 acceleration of the cooling gas, and may reduce
turbulence. Tapered entrances to tubes have been used,
with taper angles of 30°, 45° and 60°, the optimum taper

angle depending on a combination of factors. A tube of

about 1 inch (2.5 cm) diameter has been found very

- 15 -



10 each fornmed in the cylindrical inner wall of the housing 107. The first
stage chanber 105 is adapted to be |ocated below a spinneret 113 and

suppl i es wae2/04519 t he filanments 114 to control the tenperaPCT/U8011545he
filaments 114. A second stage chanber 106 is | ocated 15 between the first
stage gas inlet 108 and a tube 119 |ocated below the first gas flow inlet

108 for surrgyadingihhgrhitagent salidpascEhgyoteol . 2AniasALLags yal | 102,
which is attached to cylindrical inner wall 103 at the |ower portion of

the first staye éhampber2basoslsacharat vsedheffeesiveldge Ehahder 105 from
the second 0 Ir g s Ln pplies gas to
the first sﬁgggggﬁggggﬁﬁi%55h§?E§#a?%y?hg g%%%nﬁgs%gge ggggiﬁ %t 109
suppl i es ;asfao Ehemsehendpshageethanbre 466. c25thot eubbashbhibd ebean be a

single gas inlet supglying one or_nore_chanbers; and_the nunber of gas
inlets can bEP2HBH fPEUCt B0 afModF f LBRFLFFPPYLRA EORtPEI Fiei fas flow The

cooling gas £hawppgrkPabdshi skagenganaBeut egul @ped independently by
suppl ying pressurized cooling gas 30 through inlets 108 and 109,

respectively. A c¥hendhapal oguehehtsbeedd thsenbbyolltestrbopedsi ng one or
nmore parts, E%fergbl% a Célingrig?I bger ora%ed tube.and a wire screen
tube, is cen raFP? OB sP'TFonéa=i R the®Fi Y5t ¢ éﬁgrﬁﬁﬁ%bgfoi%S. The - 17 WO
02/ 04719 (PCT5&8016R21 580t "pey f vaay pdespbelal By aweans hen-distiiduting gas
flow radially into a stage. Pressurized cooling gas is,  blown inwards from
first stage pRFay 26sfihpBephsfifsexbridage cHawber faD5iBABARPR oUgh t he

cylindrical gueBchorSEEeennaseerbd! yaddle! Nhpat 20NGeAd2 Lopppd in the
interior cylirndrical wall of the cyFindrical quenc screen assenbly ill
bel ow spi nnesettid8. médybbadheedf nolten filanments 114, after being

extruded through S if eret holes (not shown), pass through zone 112
where the fllanen%gelgﬁ g@ﬁ?ﬂgtglﬁﬁﬂé?oﬁﬁ ?ﬁﬁe%hﬂgpllnlﬁﬁg? e dt sposed bel ow
the cylimgrical ognenchusgéReBelay height, the height of the

spinneret face 17 abave the face 16a;

B - Quench screen height, the height of the
cylindrical quench screen system 55 (extending from the
face 16a to the top of the inner wall 66); and

20 C; - Connecting tube height, the height of short
tube 71;

C, - Connecting taper height, the height of
tapered section 72; and |

C; - Tube height, the height of the tube 73 of

25 restricted diameter that causes the cooling gas to
accelerate out of the zone 18.

In Figure 1, the filaments 20, after leaving the
quench system, continue down to the driven roll 34
which pulls the filaments'20 in their path from the

30 heated spinneret so their speed at the roll 34 is the
same as the surface speed of the driven roll 34
(disregarding slippage), this speed being known as the
withdrawal speed. As is conventional (but not shown in

the drawings) a finish is generally applied to the
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assenbly 111 and between the first stage gas inlet 108 and the second
stage gas inlet 109. Afirst stage 15 converging section 116 is formed in
t he i nt ewopn2/0719 housi ng 107, and nore specifically in theci/useriiss wal

of inner wall 103, between the first stage gas inlet 108 and the second
stage gas inlet 109. The converging section can be |located in any portion

of the appargbusa 291sH6RtEhab béféﬁéetﬁé?tﬁéaéﬁetﬁérdﬁp@sg-r e converging
section can be noved up or down the tube to achieve the desired gas

managenment . Ifere can be one or nore such converging sections. The

filaments 114 conijin o] ng 1 o] I r st age of the
quenchi ng 25 systé%1%ﬁ?%éggha%2ﬁ%%§ ?Ub%%%rHs%c%?%ggo%u?%%hyﬁﬁer wal | 103
bef ore passi agsthmomah tbeptissttedageagesnver gi ninisesduos dd46,tal ong with
the first'stage c?olin gas, mhiﬁh accelerates in the filanent travel
direction astPReft{ FRARAESI14WROhPFAGLORD: cBOPORSBFALRY | PR+l

perforated tybg 214 Le-818pRsedy brLOW Lheyfihrst stage converging section
116 and between the first stage gas inlet 108 and the second stage gas

inlet 109. Thenegryhdeidavepeiforacedionben tdlfeidl9ocaheflivemntral [y within
t he second st - VO 04719 PCT/ USQ1/ 21545 chanber 6. However, the
R88e  oiEmadD D65 0444 % "SlaR, bEs iR

perforated t G oca fesired gas

to the 1fd | aseehstépne@xafiptie bel oMatheaseconsr stale gastlheinlet. A
cylindrical inner wall 118 is |ocated below the cylindrical perforated

tube 117. A SeshaIsiPpty The EoBFEngCeae FRapeeyi Hed 7 ciamesddednd stage
supply il ebe109clyehorgion Aheptasctbe oush Lhe cubindiical perorated

tube 117. Between t frrst and second 10—stage co sections, 116
and 126 respebéi Felgmenss #l4ubal aonsect i the 12&mparatddi-dyof hehdé nner wal | s

of e conve guag.secl gn 16 gloLhe.elbiance danpler, DY sl o amet e
can be fiof MeHeffedn the first stage gas inlet 108 and a tube 119
located below the first gas flow inlet 108 for
surrounding the filaments 114 as they cool. An annular
wall 102, which is attached to cylindrical inner wall
103 at the lower portion of the first stage chamber
20 105, separates the first stage chamber 105 from the
second stage chamber 106.
A first stage gas inlet 108 supplies gas to the
first stage chamber 105. Similarly, a second stage gas
inlet 109 supplies gas to the second stage chamber 106.
25 Note that there can be a single gas inlet supplying one
or more chambers; and the number of gas inlets can be
modified to allow flexibility in controlling 'gas flow.
The cooling gas flowing to each stage can be regulated
independently by supplying pressurized cooling gas
30 through inlets 108 and 109, respectively.
A cylindrical quench screen assembly 111,
comprising one or more parts, preferably a cylindrical
perforated tube and a wire screen tube, is centrally

positioned in the first stage chamber 105. The
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15 single piece or forned as separate pieces that are connected together,
for exanple by threading. The tubular section 125 nay be strai ght as shown
in Fi gurav@ope47iapered. The ratio of dianeters D2 to D4 PeT/gsone1sds y

D4/ D2<0. 75 and preferably D4/ D2<0.5. 20 By use of such a ratio, the speed
of the cooling air can be increased. The second stage cooling gas passes

t hrough the speefidrstagetnbavel gi agmegnsi boredisanteut 126, gsbthlidivaneter D5
created by the exit of tubular section 125 of the first convergi ng section
116 and t he 38%aat+¥ntREB 2t AE2EBI nnPRYSTEHE28d oCOThERY e¥9RF shf nni ng  t ube

I's used to 1gigimt Onh ARl PPLLLOR: Pt t BEAGRPARBLYS) 0 AL AGuSh First

convergi ng/ diverging arrangenent."” Preferably, the|last portion of the

t ube has suchtagearhamgenehf5 affietppeshende ofyledspéahi agenalbe 119 is

| ocated in 30 the interi S ace,_of _the cylindrical .inner. wall 118. A
second stage886ﬁ$%r%?ﬁ§mgigtﬁéi 198° o ?%ﬂ%t#i£3£05mﬁdahne§?? di aneter D6
is fornmed initberiotecidinded bal offalubef 1d89e aptihdrioil &y a diverging
section 127 of length L4, also formed in the interior wall of the - 19 WO
02/ 04719 PCTPESOIN23535mblisel1lp bohPEhSRirRepERE t 5L3 he Anduwdle el t ube 119,

uhi ch has anng| Lo d aiEhen, L7, ZheaftLang0l 3o 1AL AN chbGube 119

t hrough the exit aneter and” are taken whose surface
speed i sl er spintaeet whdhes aadt spleewnbf phesfiheaowgit szddd. 1The speed may

be nodified desj red, , Preferabl the. roll 104 is _drjven at sur face
speed of abo@ﬁeé?SB%en£h£;Wﬁ%tsa$£%a5%9%%lB%i?9°%f the B n irst and

second stage;39 93sesspHsE&asETol NthbecHil ARl r@Yehclli §€644 QN i N the
second stage convergi ng section 126 and then decreases as the cooling gas

noves t hr oughss@ebHY vt §i agd seetvesn u@a.fﬂh%ts%t@ﬂﬂQgé%gbnb©bli@§ gas
o e o Bt kESbn BRSSO 08S, 101" SEERLE sl comver o
and flowa o toheésgifg aadtif9 DRy be feonéd oihethé ntependentdy.

housing 107, and more specifically in the interior wall

of inner wall 103, between the first stage gas inlet

108 and the second stage gas inlet 109. The converging

section can be located in any portion of the apparatus,

20 such that it accelerates the air speed. The converging
section can be moved up or down the tube to achieve the
desired gas management. There can be one or more such
converging sections. The filaments 114 continue from
the zone 112 out of the first stage of the quenching

25 system through a short tubular section of the inner
wall 103 before passing through the first stage
converging section 116, along with the firétjstage
cooling gas, which accelerates in the filament travel
direction as the filaments 114 continue to cool.

30 A cylindrical perforated tube 117 is disposed
below the first stage converging section 116 and
between the first stage gas inlet 108 and the second
stage gas inlet 109. The cylindrical perforated tube

117 is located centrally within the second stage

- 18 -



An optional converging screen 120, or diffuser cone, having perforated
walls, may be | ocated at the 20 exit of spinning tube 119. Cooling gas is
al  oned twoexbEust through the perforated walls of the di P€Dwse12168ne 120,
whi ch reduces the exit gas velocity and turbul ence along the fil anent

path. Variations of the diffuser cone 120 nmay be utilized to reduce the 25
tur bul ence egbpubdrohnCfhe HpWwewentsthédpeFhertibdnenbe 11l4camybkeave the

spi nni ng tub hrough the .exit__nozzle 123 _of .t he convergi screen 120
ana fron1the?8g&?%% 771 SEAFS31a ﬁﬁ?vﬁéetﬁégndﬁﬁlﬁﬁgag?ﬁlFolﬁgg The _
follow ng di febahenssarersbruipla, Fheue® 2he 38cbnd SHEHEhgdgl ay height is

the difference between the spinneret face and the punp-block bottom
surface 2122 134aFnst AwRYEANERECRSUSTRET 1071 abLi8; 18 locabadhbeteeen hei ght

[ h ti t ' [ ayenpch sc L@ssepbly 111; - 20
h% BZ?OZ?&Q(E%%Y%gg%%gﬁgéglngyfé%%ggésgg%e ggEVeréi%gggeétgg%p#%ngth; L2

- First stageftobeliragghs D2 prévidedsfage thaveegong seagéosugplyance 5

dianeter; D3,--Fir st age convergjng sectjon tubular section entrance

di aneter; D4191%|riégsP§g§058ﬁ9%rg#ﬁgggﬁcF$Bﬂu?ﬁbE$%rCY%%E@Fb%a%X|t

di aneter; 10p&bforsec@ndubbage7conuergb8 SRSt FOPsENLh@Ns8oHiameter; D6 -

Second stage converging section exit dianmeter; D7 - Second stage diverging

secti on *éki t SERAFreteRVESinadeest iowpt | bhal avdnyes gregpscr tealy engs h. casd
iRy be |t ofuees 9. 198206, 109, Eaeasndonily slagl geplETL oLl 1 o25o
above at nospberverpiegsseet abho 6igofjasht oeh€rance diameter D3,

exit diameter D4 and height L2. The tubullar section

125 and the converging section 116 can be formed as a

15 single piece or formed as separate pieces that are
connected together, for example by threading.

The tubular section 125 may be straight as shown
in Figure 2 or tapered. The ratio of diameters D2 to
D4 is generally D4/D2<0.75 and preferably D4/D2<0.5.

20 By use of such a ratio, the speed of the cooling air
can be increased. The second stage cooling gas passes
through the second stage converging section entrance
126, with diameter D5 created by the exit of tubular
section 125 of the first converging section 116 and the

25 entrance of the spinning tube 119. The term spinning
tube is used to refer to that portion of the apparatus
having a converging/diverging arrangement.” Preferably,
the last portion of the tube has such an arrangement.
The upper end of the spinning tube 119 is located in

30 the interior surface of the cylindrical inner wall 118.

A second stage converging section 126 of length L3
and an exit diameter D6 is formed in the interior wall
of tube 119, and is followed by a diverging section 127

of length L4, also formed in the interior wall of the
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sucked into the second stage gas inlet 109. The sane or different gases
may be introduced in the first and second stage gas inlets 108 and 109.
Vari at i ore0 01/047® t wo- st age apparatus can be used 25 as PepTSIlm&IS n U. S
Serial No. 09/547,854. For exanple, the apparatus can have two or nore gas
inlets, and one or nore gas outlets. Also, tube 119'can be a straight

t ube, and notubecliude whectorweegdagte veegend ofeehieorubkt 119, 0nly

i nport ant thag;tgg appar atus have 30 at | east one converging section to
accel erat e t W&1cBobPEngrgs¥itTRdagetsy R%-n EPgutédemerssh URAEEt ed or

heated del ay (ff {gRet 8 BEYHARARNERLEEY £ TRE JhERALN Dy ahg UO-02LQ4719
PCT/ US01/ 21545 and tenperature of the delay may be varied to give desired

cool i ng speetirobyt ke rbilllag@rt whoAkt enrfaerchrgd tibetbirmadenhs are

d, 5 j.nterlaced a nulti-fil bundl '
Cachni ques KHOMFAUERREES Kty CHECEF ST HHE 42 mobABA PR nbStoad such

as wi ndi ng bpeusedefitai aki aesidetivenpweAdensl9;, sRengbe1dipye;wi nders. For
exanpl e, vyarn can be wound on a multi-end, automatic transfer, 10 turret
wi ndup manuf S&LUEBd by ABEHFEG CAGSPREAS BherBOVECANBRO @RmanyRe The produced

filaments ca Qr [ | ti- El Sg- n f LES, ot her
articles. Thgvgggger??gghgggdg?okgﬁa%g@?gﬁggef%%gef?Pgngggéﬁalggggethe
present .10 nvgasiesninereaseasinedhas fidbinens: tbaawlt ddskonibBTin thegr ans,

is neasured at a ratio of 1.7 tine and at a hﬁater t enper at ure of
8Rtaf

ra s,
180 C. Draw°té&fd oﬁ@%geu§88V§§9énﬂe§§GFé°8flaﬁi 6R. deBFg@SE&nsi on may

be neasured @B &nPTkodQ9nbr BBT%B§EQnthoh§§tEngaﬁve§P§H augktaghe from
Lenzi ng Techni k. Tenacity (Ten) is determ ned as the oag In grans at the

poi nt of failldfe afHedeecand Eyaghecdening. gakl ongbiten WIEE)the t he
per cent incrgasgel Bchgaotloting! B8V 3L AL LOEORA' Bkagh LBLLYULGsnJen and %
15 section 126 to assist with filament cooling. Cooling
gas temperature and flow to inlets 108 and 109 may be
controlled independently.
An optional converging screen 120, or diffuser
cone, having perforated walls, may be located at the
20 exit of spinning tube 119. Cooling gas is allowed to
exhaust through the perforated walls of the diffuser
cone 120, which reduces the exit gas velocity and
turbulence along the filament path. Variations of the
diffuser cone 120 may be utilized to reduce the
25 turbulence exerted on the filaments 114. The filaments
114 may leave the spinning tube 119 through the exit
nozzle 123 of the converging screen 120 and from there
the filaments 114 may be taken up by a roll 104.
The following dimensions are shown in Figure 2:
30 A - Quench delay height is the difference between
the gspinneret face and the pump-block bottom surface
122 against which the housing 107 abuts;
B - Quench screen height is the vertical length of

the cylindrical quench screen assembly 111;
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25 measured according to ASTM D2256 using a 10 in (25.4 <c¢n) gauge |ength
sanple, at 65% RH and 70 F., at an elongation rate of 60% per mn. DVA %
i s nmeasumed oze47dd scussed earlier. QL/ Q2 are volunetric ai pPCTAUSORR21MSasuUr ed
in cubic feet 30 per mnute (CFM to chanbers 105 and 106 of Fig. 2
measured using a Brandt B-NZP 1000 Series Gas Flow Sensor. %J was neasured

as follows: An Uster-Testet Stadbdebntermiud asédci een byedgthyeger Uster AG
CH- 8610, - 22 WD 02/04719 PCT/US01/ 21545 Uster, Switzerland may be used to
neasure the test Yarn Féyehnesagentpe|{eeatirregularity of nass val ue.

The percent indig tQSF%P?Ea§P§$é 85n€@%§%§?¥%@%'9€%fé8€}£H?? 5 nean nmass

of the tested sanple an rong I n e overa materi a
uni form t5. desthéngr; nay be done follow ng the ASTM Met hod D 1425. The

tester's Rotofil ister unit_was set to provide S twists to the yarn and
its pressure adjué?ga fbrﬁgtsﬁﬁg%p??ﬂ%%¥Q£%glﬁﬁﬁp+%nt%%b§ @rare root of the

vari ance of gthetifAssn¥ashati @nsméeeApl i zed by the mass nean val ue and
expressed as a percentage. Like evenness it is a neasure of yarn al ong-end
mass or denier vaPfabi FLF§t 352gaberayeryineg| eeFvEow|elslay (LRV) neasures

the ratio Oée%9§03b§95?t813&§ﬁ8§1ty of a polymer solution to the absolute
vi scosity of the solvent, or € fatio of the efflux tines of the polyner

sol utioritand t he D5olveatond at&aanotrFenskey viscoleh eentsazes 200) at 25 20
C. The polynmer so]lution was an 8% wei ght/vol unme (4.75% wei ght/wei ght)
concentrati o#*3f€58TE. The sol vent used is hexaf | uor oi sopropano

containing 100 ppAy subfubhg 8€hde LRV EFgPhg|idC@IoMBSSi¢S the weight in
grans of 25 9000 neters of yarn. Denier Ts Treasured by forwarding a known
| ength of yadhamekenbly 45 neters, froma nultifilament yarn package to a
deni er reel and D7 - Second stage diverging section exit diameter;
15 and

I.5 - Optional converéing screen length.

Gas may be introduced in 108 and 109,
independently at atmospheric or increased pressure.
Also, gas may be forced into the first stage gas inlet

20 108 above atmospheric pressure allowing gas to be
sucked into the second stage gas inlet 109. The same
or different gases may be introduced in the first and
second stage gas inlets 108 and 109.

Variations of the two-stage apparatus can be used

25 as described in U.S. Serial No. 09/547,854. For
example, the apparatus can have two or more gas inlets,
and one or more gas outlets. Also, tube lig:can be a
straight tube, and not include the converging/diverging
"section. It is only important that the apparatus have

30 at least one converging section to accelerate the
cooling gas.

The delay A in Figure 6 can be an unheated or

heated delay (often termed an annealer). The length

- 21 -



wei ghing on a bal ance to an accuracy of 0.001 g. The denier is then
cal cul ated fromthe neasured weight of 30 the 45 nmeter |l ength. Yarn denier
was neaswed2uging the Lenzing Techni k ACW 400/ DVA (Aut oper/Us01Q1t45and

Wei gh/ Deni er Variation Accessory) instrunment. P1/P2 in H20 are the first
stage and second stage pressure respectively, neasured at the walls of -

23 WO 02/ 04448 P&hp&p0ih2d548 ehanel sy 145y apd 86iéa £b0givdeUsing an

Al nor Model S30 micronmnoneter. Pl/P2 are actual gauge pressures relative
to at nospherf@sised| gerliegpepatdrelishenbilanpekature of the Dowtherm

heat i ng vapor. mjggtg¥agge3?ﬁ%ﬁ§g_gﬂgififgmeﬁyérgygdé t%@gegetal bl ock for

pol ymer transport n pi nning nmeter punp an e~ spf nni ng pack.
Pol yner tenpenbtuteced, aatdewouedups ea reatt hgf DI amdft t ben@bé yneing
tenperature ol before the spinneret gl ate. _.The invention is

in the melt
furt her illutg?é?g‘é‘q% KRG 57 | ol ng* hon-P%i EFRAGTeS albPestP 15 EXAMPLES

Exampl e 1 TheeEhbgCtaRf HLEOLYER s YEBCHS | iYn@In&epy ehsSPbeadyFoF i ohow and
Hi gh Denier Filanments 20 In this experinment, a two-stage pneumatic

quenchi ng sydrévignagigesesi pedsnbodee apdivet usndered Worhexafekence to

Figure 2, was ed_to.nelt-spin the | | owing al Ly ayail able
polyethyleney?gﬁe%%%hg?aWéuégl§%E?sm%ig%a$%%’b?ﬁgﬁﬁgﬁﬁﬁ'%%%%% %?’(1) 25 a
127 deniter -td34rétlabratp (dddaB4)tbawd nNgy aBsehayi A8 (Réssoséid- (LRV) of
23.3, (2) a 127 denier - 34 filanment (127-34) having an LRV of 21.8, (3) a

265 deni er -LSﬁnePilﬁﬁﬁﬁﬁnYé65-34) having an LRV of 23.3, -and (4) a 265
doni er - 34 111 amepl, (265,340 PEYLAGneD LEY BL BdfeqS0ndbinlifatents had a

round cross-section. ynmers used were DMI Crystar 3956 (3956) and
DMI Crystar B891smeiB915yamnai | fdbelds pnaid | otiDePomtt Bryesar, O d Hi ckory,

The properties used to characterize the filaments
15 of the present invention were measured as follows:
Draw tension (DT), in gramg, is measured at a draw
ratio of 1.7 times, and at a heater temperature of 180°
C. Draw tension is used as a measure of orientation.
Draw tension may be measured on a DTI 400 Draw Tension
20 Instrument, also available from Lenzing Technik.
Tenacity (Ten) is determined as the load in grams
at the point of failure and divided by the denier.
Elongation (% E) is the percent increase in length of
the yarn at the point of failure. Ten and % E are
25 measured according to ASTM D2256 using a 10 in (25.4
cm) gauge length sample, at 65% RH and 70 ° F., at an
elongation rate of 60% per min.
DVA % is measured as discussed earlier.
Q1/0Q2 are volumetric air flows measured in cubic feet
30 per minute (CFM) to chambers 105 and 106 of Fig. 2
measured using a Brandt B-NZP 1000 Series Gas Flow
Sensor.
%U was measured as follows: An Uster Tester 3

Model C manufactured by Zellweger Uster AG CH-8610,
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TN. The filaments produced were partially oriented. - 24~ WD 02/04719

PCT/ US01/ 21545 The pertinent processing paraneters used and the filanent
charact ew@nt/esiare shown in Table 1. The other featuresrPof/usti2igasenchi ng
apparatus are as 5 described in Exanple 1 of U S. Serial No. 09/547, 854.
Exanples B, D, and F are conparative exanples denonstrating the adverse
effects | ow Ukseasi Syihasrbtanddeayebespsedd toTheabutrst thal Eesti yapants A

and B, is a conparison which shows that for a 127 denier_- 34 10 filanent,
as the rel at FY& F§§o§ﬁt9riﬁ&P€3§e%FrﬁﬁélaﬁéﬁVeP sPRESIVEBYR) déBfeases.

This rel atiopshiBntSin@iapPkeakhy hpBuAECRECH LB BbGYEEidnag-d@NtRL Spread
% vs. relative viscosity. The second pair, filaments Cand D, is a 15
conpari son wheeh mhewsofhahef besae@66amp34 hinbadent, sagonghe rel ative

( ! . : d <. Th d_pai |
be”conpar ed ArERCRRET Do P Hopare e T st SR e A SO P AGeRERE (oo ™

| ower 20 spiagi bg dpaedsolbypwhAgushd heTRClEewedan exep.| owge denier
spread. E and F are graghiqally,represented in Figure 4 as denier spread %
vs. rel ativetfpEesspt fotofhdsViaEREatPAg FRY f8Y §Pi BEPVYSReduce t he

spi nni ng spe@qskaakoceﬂebgayﬁegn@ygkssb&%gsn&ghsajhgead2§8tgégitiOna'
processes), but greatly reduces the denrer spread: WO 02/0471
PCT/ USOLI@1545té¢memdgiEqUr UnLOUn CC) )toCocoCoco _ m Co (D
U%CV ig the square root of the variance of the
mass variations normalized by the mass mean value and
expressed as a percentage. Like evenness' it is a
measure of yarn along-end mass or denier variability.
15 Laboratory relative viscosity (LRV) measures the
ratio of the absolute viscosity of a polymer solution
to the absolute viscosity of the solvent, or the ratio
of the efflux times of the polymer solution and the
solvent in a Cannon-Fenske viscometer (size 200) at 25
20 C. The polymer solution was an 8% weight/volume (4.75%
weight/weight) concentration at 25 C. The solvent
used is hexafluoroisopropanol containing 100 ppm
sulfuric acid.
Denier or linear mass is the weight in grams of
25 9000 meters of yarn. Denier is measured by forwarding
a known length of yarn, usually 45 meters, from a
multifilament yarn package to a denier reel and
weighing on a balance to an accuracy of 0.001 g. The
denier is then calculated from the measured weight of
30 the 45 meter length. Yarn denier was measured using
the Lenzing Technik ACW 400/DVA (Automatic Cut and
Weigh/Denier Variation Accessory) instrument.
P1/P2 in H,0 are the first stage and second stage

pressure respectively, measured at the walls of
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chambers 105 and 106 in Fig. 2 using an Alnor Model S30
micromanometer. Pl/P2 are actual gauge pressures
relative to atmospheric.

5 Block temperature is the temperature of the
Dowtherm heating vapor. within the heating cavities
surrounding the metal block for polymer transport
between the spinning meter pump and the spinning pack.

Polymer temperature is a thermocouple reading of
10 the polymer temperature in the melt pool before the
spinneret plate.
The invention is further illustrated by the

following non-limiting examples.

15 EXAMPLES

Example 1
The Effect of Polymer Visgcosity on Denier Spread For

Low and High Denier Filaments

20 In this experiment, a two-stage pneumatic
quenching system, as described above and illustrated
with reference to Figure 2, was used to melt-spin the
following commercially available polyethylene
terephthalate polymers prepared by the DMT process: (1)

25 a 127 denier - 34 filament (127-34) having a relative
viscosity (LRV) of 23.3, (2) a 127 denier - 34 filament
(127-34) having an LRV of 21.8, (3) a 265 denier - 34
filament (265-34) having an LRV of 23.3, and (4) a 265
denier - 34 filament (265-34) having an LRV of 21.8.

30 The filaments had a round cross-section. The polymers
used were DMT Crystar 3956 (3956) and DMT Crystar 3915
(3915) available from E.I. DuPont Crystar, 0l1d Hickory,

TN. The filaments produced were partially oriented.
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The pertinent processing parameters used and the
filament characteristics are shown in Table 1. The
other features of the quenching apparatus are as

5 described in Example 1 of U.S. Serial No. 09/547,854.
Examples B, D, and F are comparative examples
demonstrating the adverse effects low viscosity has on
denier spread. The first pair, filaments A and B, is a
comparison which shows that for a 127 denier - 34

10 filament, as the relative viscosity increases, the
denier spread (DVA) decreases. This relationship is
graphically represented in Figure 3 as denier spread %
vs. relative viscosity.

The second pair, filaments C and D, isg a

15 comparison which shows that for a 265 -~ 34 filament, as
the relative viscosity increases, the denier spread
decreases.

The second pair may also be compared with the
third pair, filaments E and F, to illustrate that lower

20 spinning speeds may be used to achieve an even lower
denier spread. E and F are graphically represented in
Figure 4 as denier spread % vs. relative viscosity.
Thus, increasing LRV may slightly reduce the spinninQ
speed that can be used (yet still higher than

25 traditional processes), but greatly reduces the denier

spread.
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with reference to Figure 2. The first four polyners were quenched on an
apparatus described in Exanple 1 10 of U. S. Serial No. 09/547,854. The

fifth polwoero4mas spun on the sane apparatus, but w th aP6I/UB§/ZI%455t age
cone, so the first stage tube height L24is 6. The follow ng four
conmerci al l'y avail abl e pol yet hyl end®38 it hal ate pol yners were formed
into 265 deni ghe %@féétfbka@gm . pok gg cpEll aments:
(1) a TPA pol yethy f = b F% Yi zheng,

Yi zheng Chenical Fibre Co., quh DéﬂiexjﬁxkﬁmQﬂnsza DNW Crystar 3956
polymer, (3) a TPA pol yet hyl ene terephthalate pol ymer obtalned fron1 20
Dupont Suzhou Pol yes i Suzhou

China, and (4).a %gc%ﬁéwgﬁﬁ EEQ CQE Sén E%Si% %%?CO l gly%tﬁy?ene

t er epht hal at depbeynepread oﬁohyghrdéﬁﬂeuspﬁgyméfliPﬁaD@h&ﬂeg;ZatlOn route
in the DuPont_ Pol ester Tec?nolo ies' Technical Laboratory 25 and a chain

br anchi ng agBﬂ%Ym? F eth§I M

al so used. Ahheﬁegmgrlxr $58EsBOLYTBE S cYeHEJ ORbS, 88N AT 9N &t o DUFONT
Crystar, A d Hi ckor ennessee. The pertinent processing paraneters used

1

FreP PtEYea LVR-8hagRoPREUBRtABout 856 ppm was

and the 30 WﬂtbnﬁﬁﬁecﬁaﬁacterFsgucs ar e Thewhirat TAblue poliherst abl e shows

i ncreasing v out a_chain ranchin provi d educed
deni er sprea@égﬁlbug?%% ? gn%ﬁtng%F%PB§r§?§??§8%$|éﬂt ﬁamgﬁ% nt ended -
27 WD 02/ 043£9UPET/ 81501421845 obprafiyusther text Biifg. pdSyseenyhe Table 2,

the use of a chain branching agent allows for good denier spread to be
obt ai ned, whPPERhPBhtEpeedBecARPBEREFNt BRRedithsanet Py 1% sergmecessary

to increase th SCQSIi a anghing nt were
Loet " Saoci HrEolhpoes| EieaRi PelUEaas LinBont ol BoLEnE N BT Phe

chain branchfn@lageng poovldemmarcpalyyeavaliabhaepblyeﬂhygeﬁeIOM/denler

spread, aboui 1. % DVA. Th s deni er spread | ower than that
obt ai ned wﬁt%eﬁﬁ? t?ﬁg)éé 3mfﬁﬁ %%F?e%ﬂﬁm% 1nfo 265 denier -

15 34 filament, round cross-section polymeric filaments:
(1) a TPA polyethylene terephthalate (PET) polymer
obtained from Yizheng, Yizheng Chemical Fibre Co.,
Ltd, P.R. China, (2) a DMT Crystar 3956 polymer, (3) a
TPA polyethylene terephthalate polymer obtained from

20 Duponﬁ Suzhou Polyester Co., Ltd. New District, Suzhou
Jiangsu, P.R. China, and (4) .a second DMT Crystar 3956
PET polymer. A polyethylene terephthalate polymer was
polymerized using the TPA polymerizatiqn route in the
DuPont Polyester Technologies’ Technical Laboratory

25 and a chain branching agent, trimethyl trimellitate,
in an amount of about 856 ppm was also used. . All the
Crystar polymers were obtained from E.I. DuPont
Crystar, Old Hickory, Tennessee.

The pertinent processing parameters used and the

30 filament characteristics are shown in Table 2. The
table shows increasing viscosity without a chain
branching agent provides reduced denier spread. All

the filaments were partially oriented, and intended
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terepht hal ate polynmers without a chain branching agent, even those with a
hi gher LRV than the chain branched polyester. Additionally, as shown in
Tabl e 2wWohB0dTIPA pol yet hyl ene terephthal ate pol ynmer w t hp€h@s@iRi1645ai n
branchi ng agent may be nelt-spun at higher spinning speeds, yet-still
provi de a fifafrehUrGier BexteGigdni efs speeadin \Wripbe 047 10heeIpi/ 21545

o opcoon0) L) ey e Fatich P Gt 1 (B A gt i e
F-izzr-rl -1 ,teadb®0ckbbained, while high speeds can be maintained,
since it is not necessary to increase the viscosity as
5 much as if no chain branching agent were used.
Specifically, the TPA polyethylene terephthalate
polymer with the chain branching agent provides a

polymeric filament having a low denier spread, about

X

1.61 % DVA. This denier spread is lower than that

10 obtained with both the TPA and DMT polyethylene
terephthalate polymers without a chain branching
agent, even those with a higher LRV than the chain
branched polyester. Additionally, as shown in Table
2, the TPA polyethylene terephthalate polymer with the

15 chain branching agent may be melt-spun at higher
spinning speeds, yet -still provide a filament with a

low denier spread.
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Example 3

Effect on Draw Tension %CV for Single Stage Pneumatic

Quench

To determine the effect of using a chain branching
agent and pneumatic quenching, filament were produced
using a single stage quenching system as described
above and illustrated with reference to Figure 1. 127
denier - 34 filament polyethylene terephthalate
filaments were obtained by using the pneumatic spinning
system to spinv(i) a DMT PET homopolymer from Crystar
and (ii) PET including a chain branching agent? The
PET with the chain branching agent was the.same as that
used in Example 2.

For the first filament as shown in Table 3, the
pneumatic gquench system as illustrated in Figure 1 was
uged with A=1.0", B=5‘.5", Cl=2.5", C2=2.0", C3=15.0",
and the spinneret tube exit =26.0” and tube 73 = 1.0”.
For the second filament as shown in Table 3, the
pneumatic quench system as illustrated in Figure 1 was
used with A=1.0”, B=5.5", Cl=3.0”, C2=0.0", C3=15.0",
spinneret to tube exit = 24.5, and tube 73 =1.0".

The pertinent processing parameters used and the
filament characteristics are shown in Table 3. As
illustrated in Table 3, the use of a chain-brancher to
produce the polymers that are formed into the
filaments, produces significantly reduced %CV, and
allowed for higher spinning speed. 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 determined by the sum of individual

observations divided by the total sample count. Thus,

a lower %CV, means the filaments are more uniform.

Thus, the use of a crosslinker to increase viscosity,

CcoO



LOLO 0') 0Oa) C 3 coCY) zcy-)cua a) (DvEnmE c\Ja >, =<CC) 75,SCF-F O
I LL: 2 cl WO 02/ 04719 PCT/ USO1/ 21545 Exanple 3 Effect on Draw Tension
UV for SVogl/et78t age Pneunatic Quench To determ ne the eP€RUSIIGNIS45Si ng a
chain branching 5 agent and _pneumatic guenching, filament were produced
using a si ngﬁé"%?a@ema’ﬁ%nEHFﬁ@r‘§yEF€ﬁ¥§§ 4BsEPFHBEMILBOSEAGR i | | ustrat ed
W th referenggeliQafigUsPsdenl2? denier - 34 filanment polyethylene

terephthalate filanents were obtained by using the pneunmatic spinning 10
systemto spin (i) a DMT PET honnpolyrrer from Crystar and (||) PET
i ncludi ng aret D18 '
was thp.sang as that wused in Exarrple 2. 8|3 the first fllarrent as shown
Table 3, the 15 pneuEm;tafPnpumatml@usrycbmgaanﬂé)ham BrbmbmgwemaanmdlEh\gwe 1 was

VV |J U AU

used with A n _ P =25 "2—” o o ra—tnRe-spiranetet
tube exit =p6.0" Jbsé)'ii%ee:E 1. (Préw \FJaWTﬁ\@/SfogecondP?IY'ﬁ?érrent %a@ﬁ@'h bvvﬁl‘l n
Table 3, the Agent (mpm) Ten (g) %CV Temperature (°C) | perhole | CFM .
NO 3922 60.7 2.09 294.3 1.62 30
YES 4157 59.1 1.53 303.2 1.72 30
5 Although the invention has been described above in

detail for the purpose of illustration, it is
understood that the skilled artisan may make numerous
variations and alterations without departing from the
spirit and scope of the invention defined by the

10 following claims.
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pneumati ¢ quench systemas illustrated in Figure 1 was 20 used with A=1.0",
B=5.5", Cl1=3.0", C2=0.0", C3=15.0", spinneret to tube exit = 24.5, and
tube 73 MO002047The pertinent processing paraneters used abpdr/wkeé/21643 anment
characteristics are shown in Table ( il lustrated in Table 3, the use
of a chain-brancher to 25 produce t%@'ﬁ&—ﬁﬁers that are forned into the
filaments, produces significantly reduced %€V, and allowed for higher

spi nni ng speed The %V is_defined as the square root of the sanple

vari ance nor¥lat bs glaimed k$inpl e nmean and expressed as a percentage. The
30 sanple nean is determ ned by the sum of individual observations divided
by the total sanple count. Thus, a lower %V, neans the filanents are nore
uni form 5 Thus, thenebte mlmnn@spmbm fax iseieasey Weloesdtde - 30 WO
02/ 04719 PCT, 801/21545 ves a nore uni formproduct in the single stage

pneumati ¢ systEMSHEHI e I ¥E19 of Pneumati ¢ Quenching and Chain Branching
Agent on Proghigd gty Bl @ngdn %S oﬁgﬁﬁ&Q’%a%J@w@n Pol ymer
Grs/mn Q gent(npr’r) en (g) “CVTenperature (C) per hol eCFM

NC392260. 72. @QZM@lcm-bﬂmm 611&8@%031@9}2330 fpimndmrigta he
i nvention haEOIbeen escrl be f ngov detail for the purpose of
illustration, Tt ¥ YUndet sto ‘—Hm?%a? the skilled artisan nay make numnerous

variati ans apsbelieriate onsl ahdhouts slepasidngd Iomidiech spind and scope of
the invention defjned by the 10 foll ow ng cl ai ns.
wherein a coéooling gas is provided to the filaments to
cool the filaments, wherein the cooling gas is directed
to travel in the same direction asg the di%éction of the
filaments.
15
2. A process as claimed in claim 1, wherein the
cooling gas is provided to the filaments in a single
stage and passes through a tapered section and a zone
of restricted dimensions to accelerate the gas.
20
3. A process as claimed in claim 1, wherein the
cooling gas is provided to the filaments in two stages,
and wherein the gas 1s accelerated by a converging

section in the quench zone.

25 ,
4, A process ag claimed in claim 1, further

comprising gathering the filaments to form-a yarn.

5. A process ag claimed in claim 1, wherein the

30 polymer comprises a polyester.

6. A process as claimed in claim 1, wherein the

polymer comprises polyethylene terephthalate.
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WD 02/ 04719 PCT/ US01/ 21545 CLAIM (S) What is clained is : 5 1. A nelt

spi nni ng process for spinning polynmeric filanments, conprising passing a
pol yrmeri ovoet/o470f a pol ymer fornmed from one or nore chai reDUSOICNB45g agent s
through a spinnerget_to formpolyneric.filanents, 10 passi the filanents
to a pneumatjl]i: qu‘gn%ﬁo%%%%,as Je%]erp%aal%o%f"f‘ﬁﬁ as‘%ﬁ‘%?ﬁ%v%ac ¥t he
filaments tobrgachitdeadéhagesbiprWer£itirl her Cobbhes fasctsoshrected to
travel in the same direction as the direction of the filanments. 15 20 25
2. A process2@sdclal#Rot n @Faf®¥ar- wherein the cooling gas is provided to
the filanents in a single stage and passes through a tapered section and a
zone of restricted dinensions to accelerate the gas. 3. A process as
clained i5n c8ai mA, pnbeees nas helatoad | g gbsin sl prudvexieth tithd hehdih anent s
in two stages, ~and wherein the gas is accelerated b . converging section
in the quengﬁr?%%%?niuaﬁF%?o% RO G HReE Rt &t %fa?%ﬁ?her conpri si ng
gathering the filanments to form'ayarn. 5. A process as clained in claim1l
wherein the 30 polynmer conprises a polyester. 6. A process as clained in
claim1, whe?ein 2Herogpdymes ebipred ekt pol3iae hyl ereretephttate. - 32

WO 02/ 04719 0. 5 C ied. in claiml erein the
chain brancﬁ%'g&gg#]ﬁ élgerrpg?%@l%?rﬁ%ﬁ %?%%2? uhctTona Sét%yikeaa\,@al cohol ,
or esterno 5 & XYeg ocesms aisowt ad nedd i thel 2d Tadentdheifid 4 hderghad n

branchi ng agent éﬁﬂyrises trimethyl trinellitate. 9. A process as cl ai ned

inclaimi1, Rfer WERGPf greatér than about 4
10. A process as claimed in claim 1, wherein a yarn
formed from the produced filaments has a denier spread

15 of less than about 1.5 and a denier per filament of

less than about 4.

11. A process as claimed in claim 1, wherein the
polymer has a laboratory relative viscosity of above

20 22.

12. A process as claimed in claim 1, wherein the
filaments travel through the quench zone at a speed of
greater than about 3,500 meters per minute.

25
13. A process as claimed in claim 1, wherein the
filaments travel through the quench zone at a speed of

greater than about 4,000 meters per minute.
30 14. Filaments produced by the process of claim 1.

15. An article formed from the filaments of claim 14.
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formed fromthe produced filanents has a denier spread 10 of |ess than
about 2 and the filanents have a denier per filanent of greater than about
4. 10. Awoorvessd as claimed in claiml, wherein a yarn fpembdofxs+h t he

produced fil aments has a denier spread 15 of |ess than about 1.5 and a
deni er per fifPanmehtDBtt PRERNIRANPEBOETS 45100 1SPRPERE RILWESEL G med i n

claim1l, whereifnbhes, POLYPBIsR§ a | aboratory relative viscosity of above
20 22. 12. A process as claimed 1n claim1, wherein the filaments travel

t hrough the quenchagdhedad potyeediofmelkcafea PhhyMaboutreuBO0R net ers per
mnute. 25 13, . e | aj ih ckaiml rein the, filanments
travel throu%%lﬁ%)}%ﬁe%%hﬁé%ﬁeg %ﬁegﬁ%e*dﬂ) mefé? eater thah %%%h?r4, 000
neters per npadtLil3edd. abblansindst pk pduced by the process of claiml1. 15.
An article forned fromthe filaments of claim 14. WO 02/04719

PCT/ US01/ 21545  1B3SA 18| Eh@p hitAighpf okes’ #ernShi fAtiiag Weryeieri2
filaments, conprisy a§a§§l§g9@i@@ay@8r&ﬁe@iiaﬂén@sp@M@S&lt%f&Iﬁéfugh a -

spinneret to formpolyneric filanents having a deniter 5 per anent above
about 4, pasEihgmenesfivaheeais tlhe acoubind gaseiswheretied tcooling gas is
provided to %Paevfila nt s ég Ca?m t he tfilarn::nt wherein tht cool i ng gas
is directed tH7Veraval ARGTAGERrePatBdih FRHES STHESTT TR FONAE the 10
directi an ofdihectibansnt she WhET&bynagyarn fornmed from the produced
filaments has a denier spread of less than 2. 17. A nelt spinning process
as clained in cl aVasa8bY asvaerEeHed el Fomappat Brodueed fﬂaﬁ@r@@ntp%r

filanent ab £ gb . t i i rocess as clained in claim
16, wherei ﬁﬂt%e p&(;ﬁl/%r?ﬁ %’gﬁ%%snﬁé %%?%%%e%é 20 terephthal ate.

17. A melt spinning process as claimed in claim 16,
15 wherein the filaments have a denier per filament above

about 5.

18. A melt spinning process as claimed in claim 16,
wherein the polymer comprises polyethylene

20 terephthalate.

19. A melt spinning process for producing polymeric
filaments having a denier spread of below about 2,
comprising
25 passing a polymeric melt of a polymer having a
laboratory relative viscosity above 22.5 through a
spinneret to form polymeric filaments,
passing the filaments to a quench zone, wherein a
cooling gas is provided to the filament array to cool
30 the filaments, wherein the cooling gas is directed to
travel and accelerated in the same direction as the

direction of the filaments.
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19. A nelt spinning process for producing polyneric filanments having a
deni er spread of bel ow about 2, conprising 25 passing a polyneric nelt of
a pol ynewdayo41gp a | aboratory relative viscosity above 2PCEHUSOwusgh a
spinneret to_formpolyneric filanents, passing the filaments to a quench
zone, whereiA%a 2oBfFRgdgas Pxopreindeactyerhert vpsReRRvar 2 agerbetool 30
the filanment regn i S,6S (] - o] and
accel erat ed ?ﬁr§%§ ggn%éggrgg§#oﬂgggét e’ gé%é%%$g%§o?é%ﬂ%§$iIanents. WO
02/ 04719 PCTEuUSat¢eRiS546ro@0a Poheehodr ofoptatntiggopel yeshereyarn have a
denier sprea of“%ess han abouESZ%%Yconpri i ormn ilanents froma
[ C

f
pol yest er cofitarii R BhHe 8¢ ABra h=9ran IgﬁﬁagﬁﬁﬁtgeL%E¥W§ a

| abor at orsy relatbyecd ¥b66ESREY5AbNG 23rBingnehé of MiAgehbs fhtanents into
a yarn.
yvarn.
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