; CDEFCHe3eOxOvvwAyl z6$TXWD 02/ 04719 PCT/ US01/ 21545 TI TLE OF I NVENTION 5 -
METHOD OF PRODUCI NG POLYMERI C FI LAMENTS r BACKGROUND OF THE | NVENTION A. .

Fiel d of {mea¥@ntion. 10 The present invention relates tppmghiessfor | A>
maki ng pol yneric filanments, such a I Nﬂmmilanents, havi ng | ow den
spread. The invention al so relatesjm&mmmmmm other articles fornmed from
such filanments. 15 2. Description of Relgiged Art. Many synthetic polyneric
filaments, such as polyesters, are nelt-spun, i.e., they are extruded from
a heated polyneric nelt. Mlt-gErLPOy MNvENTFIdManents 20 are produced by
extruding a nolten polyner, such as pol'yethyTene terephthalate and rel ated
. polyesters, through ﬁE&ﬁbﬁn@;vebnbbbbmspbaf.@hnki:fcoirxﬁﬂﬂbh&$r'esz whi ch can
range in nunber, for exanple, fromabout 20 to about 300. The fil anents
exit the spinneret and are 25 then cooled in a cooling zone. The details of
the cooling (quenching) anBA&REREHNBNPFSEBHEJINVENTLIGN of the nolten pol yner
can have a significant effect on the quality of the spun filanents, as

i ndi cated by denign ggre d agd inter-filament uniformty. 30 Methods of
quenchi ng i nélrude™¢Fo8sOf| b® FAUERFi%Rand pneumatic quench. Cross-flow
quenchi ng i nvol veShel pwepgneoahi-agt e rebasyer s6l MeBEbA8SFand from one

side of a fr .y _extruded.filanmenta array. Cross flow quenchi ng has
general |l y be@%ﬂkégo 8gy8§rﬁﬁn§¥igﬂg?£%5 §H§¥n@§rPﬂ YEPHRE as puller roll.
speeds (al sofkhewmnts," havhdgahalw dprtds" spndadonerhaesnireheiord to as

Spi nni ng spe Lacrea e S a | | t "gross-fl ow
quench” prov?ggé ?%gggégtE§agg?8Bbgg§/8ﬁﬁ£r agféﬁg%fzgg%ﬁeéc§FEW501 /21 y5
the | arger afbaht §1épmesbling gas required by increased speeds or

t hr ough-jput . Anot her type of quench is referred to as "radial  5quench” and
has been used for_comerci al manufacture of some polymeric filanments, e.g.
as di scl osed?by KHERCFAPEEOnPaf. RegatadiBEto71, and by Collins, et al. in
U-SiPat- Nos. 5a2ﬁﬁn?4§yﬁﬁﬂe5528%o%§§er%@ £b1§mé%@§,0§ﬁéﬁdbé| queﬂch" the
cooling gas | ir ed inhwar t hrough a quench screen _systemt hat

sur rounds thgé%ggﬁﬁékgkt?ﬁﬁe@eigfﬁﬁﬂﬂtafyearrﬁggysﬁﬁﬁ 8§5F¥§§§g§§ﬂ%rnally
| eaves the qaehebind pypsvmerbhy padsi ngMedbunmbth pbeyheliaocefit samentsof the
guenchi ap a oygh irc r fi nts, the
ormiS" ot of GuBnoRora e ekt Pha ! Ao T el bt R bR A e cent i al 1y
sinmilarly ifPreh¥ethranest heyenntaglataoandi relpbed eoyyesteceangul ar, oval,

or otherw setwrbigBohr eppandiras! wichapedl sHsl pEpdbRJI-s6E EERrSYSt enst hat
direct the coggkggcgas I nwar ds towards the20filapentary array.ln the
<

1980's, Vassl Rd¥828S ndBe™ugRF 1 | ESht FFPPBLEmefire™mi APPHE kP gh- speed
spi nni ng of pol ghentcBdbamemhs AhHadéscs oseiltt besespifinéhet and are

resul ti np d. fi AL S_ i Pat ent . 87,610.254, 691, 003;
5 034, 167 5?%%%,9%8?g§ﬁgﬁn%rg°§%§%ﬂt??“€h5?@€i,éﬁgaé%% @bpERTi ng

appl i cat i onsco9tirg, 1guenthéddtt ahdr subsequest andl D91 547a85dnfofed Apri
12, 2000. Theggepabentsa gb§9@ege?gﬁsh§@@ageg§ Ciffegﬁtgﬁffeﬁ@eéﬁbﬂhgas

surrounds the freshly-extrude | aments t ontro elr tenperature and
attenuation BRELEF¥sOfnEle eppBsidiagerhen aystefscapadneyhdeBiare known
aspneumati c ggesal anhdsphteirngil&hEst BACESBLhieguenchi ng net hods include

t hose d ri bed i@ EHS.Patgnt No.. 5, 976, 4 %ﬂ Pneunattf spinning.is a
process i ch not'®5RPHSqOENEHERPHBI nbRELAe | FERRAT 51Oyt Tafsdt educes t he

spi nli ne t enandnpneheatby guneucdi ngChets ef powdyaenvhiygahavpreegssability.

I n pneumatic I,aaLn . Q0| L Rg 1] anen ravel khg in the sane - 2
WO 02/ 0719 p%??ﬁ%ﬁ%/gﬁgiéﬁgiéé%thﬁﬁgfggﬁé% e%g¥é?%u§ﬂga E%ﬁd%?? wher ei n

t hespeed i s edrerefl adfbgshlyakstipudet| f1Tameneasy oaraayt enfevasure are
controlled b e ; e ' spSect i.on he
condui t uhi b -cangrencriad baklarhopati PIBLER, BhySEOATEI R E bt T
Thegas My bERPAPREHLEEdLAEMENBSoPUKDPE Tobht $BASAA| dAYERACkEOWURS .
Pneumati ¢ queptbhfgathlovset@E” SRhANEHESPERES +OFEXEE§St8f agbout 5, 000

npm 101t has been.found t5a§ or certain t%pes ofgolégeric filaments cool ed
by sone pneufRtPE GHeRBREGE! ehRVCatnERE2ERRI RFCBESEnRL 1 RI BRtHEL i ner eases,

t hepr oduct i vihgtandrpesefisabghehyhof prbei déd atkat Vet eaae Sto dbEow O

i ncreased deni er spread of the '15produced filanments. The increased denier
spread isbelieved to be at least partially due to increased gasturbul ence
due to increased voNMMMWNNM”MﬂMLreqUired forcooling the larger filanments in
t he pneumati c quenc h i nceeases non-uniformty of

t he20f il anments. Thus, a Aeeg+ exists for a process, preferably ahi gh-speed
process, for producing nelt-spun filamentshaving a | ow deni er spread, and
accordingly inprovedproperties.25 SUMVARY OF THE | NVENTI ON | n accor dance
with these needs, there is provided a nmelt spinning process for spinning

o o o




- 4 WO 02/0.4719 PCT/USO1/ 21 S.~s In accordance with these needs, there
is provided a nelt spinning process for spinning polyneric filanments,
conpri si nyopassimg a polyneric nelt of a 5 polyner fornedpragpeger nore
chai n-branchi ng agents through a spinneret to formpolyneric filanents, v
passing the filanents to a pneumati c quench zone, wherein a cooling gas is

provided to I n cool the.filanents, wher the cooling gas is
directed 10 %§%t§a§§%% %%Ohgt ?%&Pﬂoﬁaﬁsr?ﬂﬁlﬁFgeEY|6HCBFaFﬁ@

filaments. | AP&EESr @ansaraph- phése needs, there is also provided a melt
spi nni ng process m;atﬁgtfn I LI conpri si, sing a

. polymeric_melt of a 15 E?fﬁ% B éﬁgghﬁaggpgﬁgg%g d g ©f 6Pm ﬁ%‘lig ric
filanent s® ha@lRYR déﬁﬂe?‘aﬁebeﬁpl ufe tfebooemmengtall mpae§angutaeofi | anent s

to a quench zofie, pohemeiricars0ahbAgs0asg LS PLOV he,f s to
cool the fi Iamént tj\’;rller EICI’I the ¢ Sgn b %Q aggglggﬁa Bytir\"llé%:s{%nd 20

accel erated ' thgagangodlﬁe&?Foﬂ7és ?H@ BYr%%%lbﬁsofthélflian%n$s

wher eby a yaPatfonsd Braantbespaﬂdusegsé;tament§nh@ﬁ1§ Q?ﬁéeéfSPread of

| ess than 2. wl-g g Héﬂ E"“% the e needs, is also provided a nelt
spi nni ng procéess or pro ci % 2%08 F)FedPE t?l hﬁﬁ?geﬁatpﬂﬁrQSdenler
spread df0 befbwoupbut Quenohpscseay gpssemgthlapobyresindsethe of a pol yner
having a | ab b 22. 5 t h,a spinneret to
forntpoIyner?%agﬁign%%%gﬁhggsg%%gﬂéﬁﬁg¥?l%%€%¥s to % qﬁgﬂ%h Z0%& wherein a
30 cooling g88rrd bYo@?EEGStBh?h@u¢n¢bh@®tSE$tam by passitdeddih anents,

wherei n the woehi ﬂﬁegﬁﬂhﬁeﬂtée%ﬁg &9 tha &&eﬁé‘ﬁlﬁﬁvﬁ%%%' n the same

direction as %Qﬁ ion of the filanents
PCT/ US01/ 21525 FRYd co BhnR eCIF I FReRECHE RS, L1 Hpent 8, atke tr1wi ded a
met hod &f5 pr bdadltaig gué;teht ei s yappr&eyate deth@rsérﬁéeeyseém than about

2% conpri si o] anent y er having a Iaboratory
rel ative . v‘lpglé%s%% g%iei§zs%ml];?tﬁi¥o+ﬁlﬁbe Iﬁ’e{?m?%‘l‘%ﬁgﬂ.’sa??ﬁb %8 yarn.
There is al s®pr @wrdebah | anent sregeamguland otdkr &rtdcheswipioduced by

t hese nmet hody; p r dvanta es of the present
i nvention vmd‘lﬂl éﬁeggﬁgg%oggjéﬁgi?r%%%& 5?3{1%‘19 TH ST TPER oW SHER® f ol | ows.
BRI EF DESCRI P ON e G HE IRAGe NGE1d 598 ginwands stowaids utslne ation of a

si ngl e stoagef phevsnt &gy gaeRghl Ng system whi ch may be used in the present
invention. Figure 2 t@ an #) ustration of a two- stage pneumat i ¢ quenchi ng
system whi ch nmay Bd 7RV the REHHRNE 394 FAe grade gigri Biganta graph
i I'1ustrati ngimpeovehentsnihi phdeh igenssesd edpsinag 4OWY1pnd-1el ative

viscosity (LRM e%ht%a%g% glleg fcgse 3t_ézl%e| | ane ttgl?r ou%gitg](r:r osssection DM

pol yet hyl ene ter e po |IIustrat|ng t he
rel ati onshi plBR¥ERA eh@mnts@rneadj(savgatamt Nebsat i4v,66 877 ,SKZCIS-I ty (LRV) for a
265 denizgr -4 3¢9fi bawens ojp% cr n e t.erepht hal ate
pol yner. 30 DETAI LED DESCRI PTT ON dr%'sfl'éfci%{)/ mg% rée/%rgt Y i'fvention
relates to a nethottdf %W%W%W%@@mwl Ja74fr;ellst4 sﬁ:uireqool yneric

filament havmdﬂ'golseiroy\sﬂem% S epgl/ saFh& y 6siendg ;gyﬁn_[tlp%t I {elr]at es to
i I'anent having a

a nmelt-spun ric 02/ (1719 PCT/ USOL/
| ow deni er s%@%%%e%ﬁ%mbf/ ‘Hf%% o‘éf‘ ISRt /P 899 bed herein. The
present i nventersbyayas f murcourdd uh&:rﬂ&hﬂgﬁ%}tﬂmd&@cﬂ)ﬂérﬁéﬁs tte pol ymer
to be spyn c@bn tﬂ&(‘% &£ fdde oduced Iament t her eby
overcom ng the ﬁgjél emﬂfe &cﬁtﬁﬁéraaglpér)eaad:%no S5tocesses. The
term"fil arre'Tff"t““'SEi= stYRe® Merauengferrardteud ﬁndlmlea:’mb@camqaasmm @t fibers
(of ten ref ergieshiif 86 SEARE)or asjE;lt}gﬂ% SYHhghi §>rpe n¥aﬂ$trc]$ are generally
meric a

prepared initially.in the f orm of. conti’nuous_ pol nments as they
K

are nelt-spdi? R S5t hodsy ridift e hhosr Mes aridashrinl Abd to form a yarn.

The met hod o}?aﬂéntt hﬂbl ey 2911 6 PEBIRY meute&qct e RY o 350 e% such
as fully-drawn ré% par#| al I | en ar n (PQY), or st a ref er abl Y,
p

t he yarnmaels Oéltt&ntféég-taﬁﬁ :bur?e &®s known in
the art. Anyrejiam¢@¢hemmmmdimj$ma§tI@eh@eq;x&ﬂdlq{gj@e@gefral se tw st

texturing, Od&ét{‘?ﬁe\grér{w pIa})ncd ssa% xturi ng The filanments may be

produced to ave an iTed Crose- sect indd SPIRANG; 1 i | obal ,
and scal | opdeh®epolimy Ias tarsﬂplﬁiﬂmeeltpctlx}am@rlm@ ilve tisediame



25 in the present process; including polyesters and polyolefins. Preferably
the polyner is a polyester. The pol yester can be a honopol yner, copol yner,
m Xt ure ofygPRlest er, bi conponent, or chai n-branched pol yggtfisosas ul

pol yesters include polyethyl ene 30 terephthal ate("2-GI"), polytrinethylene
terepht hal ate or pol ypropyl ene terephthalate ("3-GI"), polybutyl ene

terepht hal ate, ,("4-GI"), polyethy] ene napht hal ate,, ,
pol y(cycl oheﬁﬁ%%di%ﬁ?% Seder%’ﬁl‘?ﬂ‘*ﬁé’l & EONFNH( Mhewed® EhSol yet hyl ene

azel ate), polsgaad yleront rddR - 47 takeRTHYIOL/ 2 The kSriaephiidal at e) ,

ol y[ et hyl en 7- ht hal at e I colic acidq), polyethylene
. guc%:/i[ nat g) , S:((ﬁ%‘feetrh%%lpuerr?e aé‘?ﬁ é#(&%&q&é%%h%’?ngafegégﬁ{)g)a%% Syet hyl ene
sebacat e) 5 palipmdcanetrhyd myes -giqidton) o fpdlhy( decdnethwhdnd sebharcatle)
pol V(. al pha.pnealpha By Popl AAChafekn BY YERAIR N OXY bgazoat €)
(akono), pol y(et hyene oxybenzZoate), polye h>}/)I ene ~i sopIrllt alate),
pol y(tetranetdfA Y R ditinesunes ato opsl prhevasetippasionseedpirchal at e) ,
pol y(decanet Heerorickriiepht halaainfki P ehehtidney ahabexare disgRhhyhene
t er epht hal atg (et({ ans), polyethyl ene 1, 5- napht hal ate), pol yethyl éne
2, 6- napht hal &5&° sde’g(efPCZF S %I%&Hﬁﬁ’@ﬁ’e“@%t hyl ene
t er epht habat e) (ci S, and Berpdopntl, 4heytclfelrexhirdame teipaet kyfl ene

t er epht hal at e) ( S). -=:Met hods of i t he polyners used in_the present
i nvention ar ?ﬂ(lhoi[vm%% 3% s q:sar?c?o %%CISSH@ 5 uﬁ‘e‘%l&f WSy st s,
co- cat al yst s sy@t@mshaias hlenceeriert off ahwm tfid acentl Wmereaaed,t eheol yners,

20 as known i rf:. >i§rggl , 'S Yi I I r_nay contain in

t he range of ﬁa}%@uu?t?‘{lg}g%%{f nﬁ%g_a%%#t&?%ﬁé:ﬁ% ﬁgé%&gﬂtsopht hal at e
structural usiScFeages.eidnavtics ipergaegd denigr cpriead ods tdescribed in U. S.
Patent Nos 2%RdiBPF1dMertd t THR MRIRSQkd lhiiR sphleapf ;¢ ycol late of
5-sul fo-i sopIi_'tteHgil ic acid as described in U.S. Patent No. 5,607, 765.

Fil anents of GVReH GIf Gn 18esd Pertdeidy AUSmteny ek 3560y #86s as
dezcr ib bed gbmtﬁrﬁulmcbﬁ-diﬁhhﬁﬂ 1HeireeEedn &l umkis @fe@al%i @q@?@gd £3Q

si de- by-si de or -i.n_a . sheath-core .arrangenent. . Especially useful is

pol yet hyl ene C[Oé)rlé%ﬁ F4 ea?éar@ggT)ef.ﬂa Spef Lh§ %@Wﬁf:e@uﬁﬁc@i ther the
DMI or TPA pregyedssn,aswhdedt riirrent alselsowmonAlusd fusefitly arfe tdéleai n br anched

pol ymer s i iscussed in detail below _ g _ WOO02!/U 171 J

PCT/ Usmfysfgl%“%r%r%cess of the invention produces yarns of useful denier
spread. Denier sprgws (BvAedsd eximigs flor ¢f Prisgesisonprededdiiyer

variabi ity ofigh-Y¥dedord LUl Re-ddl i¥ef h@hitQRpud FBSanhcsegul ar
intervals . along the yarn, Denier varjabilify is measured by running yarn
t hrough a ca%ﬁc"il‘?‘@r %115 daRET SES5ENds A6 ARE TS DSYaABBFSVRESs i n t he
slot. The tesircgmmieed.s el ectronically divided into eight 30 m subsections
10 with pBasurements every 0.5 m Differences between the maxi num and

m ni num mass neasurenents W bMparRacor ofui henerghtosubsections are
averaged. Denier spread is recorded as, o DVA,_ a percentage of the averaged

di fference di vi dedhPaderdangeadd thaddiegeomgedse Whsre 15 naovided t he
arn. Testin Yolglet / t i.c, Cut and
z‘éi gh/ Deni er %ﬁlﬁ%ﬁ%ﬁ%@ Slasgsft%%%%tng}a@gl( é?%&g%}rlrl%m Lenzi ng

Techni k, LenzZiiigmefutst,r iompA=-i4861d phdsdwgdeéniperl yaerdad med tdesi mabl e, as non
20 uniformties in a filanent nmay present problens_ in the downstream
processi Ag ofpotslﬁg“qﬂ? Iéﬁﬁ?ﬁrge ftﬁ?d‘I A En & )V‘,"rf)eoﬁh&éﬁi’arag"&héé’@ BEERLEs hi gh
texturing spagffuddy NNESSur&Ot FJr@D pcARhe¥ich ¢5Manén@ls bul k or cover

in fabrics forned fromthe filaments. The present 25 process can provide
yarns havi ng RREAD L sk tgrantab bt 22 peumestier aivlepchegonehan about 1.5,

nore prefera hout , t. preferahbl.y | ess than about
©1.0. As showtwmlyer#ef%lsrguér rekgé%ﬁa{lnqd gf,]g t%ﬁ:’e%r}%wgré%tdhgodgﬁe EﬁéaImc? £ e denier
spread that cmolbeld) fillamarads, kerpidit eHeelcoeandict igers ilhdisamedline yarn
can be fornmed fromany desired nunber of ' filanments. If the dpf is above
*'5, then pPef dradiiAMee Yurthe Samg ddFectdarmassuths ddrassdonof tiveanent s,
-9 WO 02/, 144 RCT/ US01/ 21S-~s nore preferably about 8 to about 100,
nost preferably about 10 to about 70 filaments. In sone enbodi nents of the
invention, the 5 filanments have a dpf above about 3.4 dpf, preferably in .
the range of about 3.5 to about 15.0, nore preferably about 4.0 to about
12, nost preferably about 5.0 to about 9.0 dpf. However, the present
invention not only relates to | owering the denier spread of high denier 10
filament yarns, but also relates to decreasing the denier spread of a | ow
denier filament yarn, e.g, those with a dpf |ess than about 3.5, |ess than
about 2.0, or less than about 1.0, which may already exhibit an acceptable
deni er spread. Regardl ess of the dpf, the 15 full range of DVA di scussed

I I T o, o o o




., i ncrease the

30 Additionally, as explained in Exanple 2, pneumatic spinning and the use
of a chain branching agent can have a synergistic, effect in reducing
deni er spwepsdosvdi | e all owing for the use of high speed, tgraredy2idsr easi ng
productivity. Thus, the invention also - 10 WO 02/ U- 4719 PCT/ US01/ 21 SOS
relates to increasing the productivity of a polymeric filanment production
by addi ng a chai n ff anchb AgA9enf: a0 RNUTRId£3] |ohsRd nid ngp ddre fil ament.
5 Any chai n branching agents which can increase the nelt viscosity of the
pol yner to gipmovidediesimelt depimrinpreaateasm e wEdnifie miameticanches
can be added u_];in the formation of the initial polynmer c%lrﬁ aéterward to
SBERRy RS TP IRART Y o MBSt hdadent s are any
agents that resigmed thhiRegHONGRIrSlerd 19| s8I dl ycF Base; tdheemiscosity
of the polyner. They are general Is%jcrrul ti functional conpounds, containing
three or nor F UG iR HERET stickhrenthahosg |abadr Hox ywas g sther

groups. Suitah) al rﬁngni en i.ncl ude i ptily riqrel litate,
pent aeryt hri ?%l%ng%t%?&&ac% , e I—P%cﬁ% 'aéﬁ}(jé,%clrry?raet%({ﬁlorﬁ aaénel,ére

tri met hyl ol etghane,degl yoertine, fiTdanmmsic BeicbandHe i filnoidrrm] esters

t hereof, trinmethylol propane,. tetraethyl sjilicate, pyronellitic 20 acid,

phl or ogl uci ng’t’ar,‘e’%fd'f o%fgy%??;q’d?%cﬂ?eg é}dﬂ(ﬁ%eiﬁzf?r}:%‘éﬁﬁclﬁ% agents known
in the anbh. Ri&ierdtedain HancMdR AN SR Es thaseihate A5e sdequatel y
stable in nmonomer form during processing and polynerization and In

pol ymeri ¢ f ortrhealufi yagndmrsmtwhereldb agrawm rprread fuaom e rosbswdg. See
U. S. Patent .. 3.576,773; 4,092,299: 4,113 704; 4,945,6151; 5,034,174 and
5, 376, 735, a%ﬁﬁﬁﬁaﬁ R3S B 15 EF pdiRFe ioeﬁmc]eeé(svot’rba%zlpp. 728-734,
1999), . all of whi cth EcdrEMiROrAiad hespl mduad efreihce; s forggescriptions
of 30 useful chain-branchers. The chain-pol ynmers can be nmade by techni ques
known in the Bfevided & pre}lersrbnekim dreerSofLQheFoReein®n, the chain

br anchi ng .ag i i trinelli N 02/ 0719
PCT/ USOl%ElS%Wﬁie&gﬁg%%f\ﬁ% Qyéo MJt:&Jhe@i&h%/rEeln IleosrPﬂ%%(% eci’fn%leo“bol ymeric
filament is aapoltyer hyteneriehephtdsd aie papylesteric thel i id@nent nmay be
prepared by any suitable 5 synthetic pathway known jn the art. In
particul ar, tﬁ*%lwe?’i” ﬁ’é?‘?é’n‘?g n%yl%éo’fﬂ P ARE Y] REYSHISHE 3RRY i n
synthetic patimeys:K:25udh epagh hoedy ald Vi Sne derarithal i eapolest ers

which are (1) "DMI", the ester interchange of dinethyl terepht halate with
ethyl ene 10 ¢P3R®ING dree (DI lamgurs the r@mngorewie t grlepreialac acid with

et hyl ene gl yc i, t abl gl;lg'h i 'ﬁﬂ’? i the art nmay be
used in ezi%t heér%%lyn e?él[léé %%tﬁﬂ/ay. %R/r?g%oqﬁgérrenirgls 0 e%k%]g%@eyat%u??%%ly hi gh
viscosity w ttioutfEdanénton, obhebadim thanohesinglugad 5id adihectgpwa ti es

i nherent in the ‘%il'rﬁg)r cess ihat g{%v,e rise to branches, thus increasing

viscosity. ThE'® FERRT ST SR hiP Jritk e3AMS (RAerR FlotParae ddf ti onal
functional copndSoRASE-EO i RcessS, not those inherent in DMI or TPA
method. In a preferred 20 enbodi nent wherein the chain branching agent is
trimethyl trimellilatccendanes ety drese aregridd hdllere by desormde by

either t ; P ) i t._of the chain

br anchi nrgé%aggg]f&#a%&gegu@ée%%%@ep %%@%é ﬁ%@%ﬁ% '—’brrrése% €

invention. A demiewlspraadndfi bess titmurdbod ciw efdandt velyg i fermases the
relative vi scglsﬁ% of tEe 1Eol ynmer to th§1rej ative viscosity which,
corresponds t SR PRI R P YSPr A2 3 SLAPPERRTBr vt dpf  of
the fil anment, ; ‘ CESS, Rar aneter s
such as spi nn‘irﬁ%ccys%ie%}éﬁ?:%?geigﬁ1 g%mi@?égﬂg{e%? ?fggleia%ﬁ%&gbout Ii)a.aO%is
desired for tywerdilaments represented in Figure 3, then the effective

anount of, the chai,p_branchi ng agent w/l t hat, whi ch increases .t he
rel ative 3 scosity 3F°¢ h%s-agﬁo r%% Ogjiba‘mi?%éi"i‘%%ksa’ﬁil i C
filament to aypthcPSs ptE¥ucEQ bR X P&, mabewd . 100 to about 10, 000 ppm of

crosslinks can be used. In a preferred enbodi nent wherein the chain 5

branchi ng agent i sFY¥FRe¥ hgbleetsre| featitess tard pivartages sopdiyaeri zed
i ng about : i ri trimellitate
l(J?)In tghe w:i g%gggeéﬁef%g%ﬁg?‘%s@%b%\%&gé ﬁé%é%%%%tf%%%r o:aqui vlal ent

crosslinker péetgyibedofepotimpetion lthdo fdiElewdr anchi ng agent is needed if a
polymer is chosen with high enough LRV and fil anents of how enough dpf are
made to obtain a suitable DVA. Preferably, the LRV of the polyner, whether
or not chain-branched is greater than absut 22.0, or greater than about
22.5 or 15 greater than about 23.0 to give the desired denier spread. In
the process of the invention, the polymer is nelt-spun through a spinneret
usi ng known techni ques. The spun filanents are then quenched by pneumatic
20 met hods. Generally, pneumatic quenching involves ,supplying a given
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i nner surface for the upper portion of the annular chanber 52 and through
whi ch the pressurized cooling gas is blown radially inwards fromthe
annul ar cha®aurro 14 WO 02/ 0719 PCTI US01/ 215~s 52 i nt o m7gdwe2ifsbel ow a
spi nneret face 17 through which zone 18 passes a bundle of filanments 20
which are still nolten, having been freshly-extruded froma 5 heated nelt
in a heated spinnimg facdeddddnaugh Heles {diots Shawe iy thevaRiganer et
face 17 which is centrally located with respect to the housing 50 and is
recessed frord (el § @R reang gradesss famismg npecle )1 ymedanhi ch t he housi ng

50 abuts. Fil -I'le;zm o i.nue fromzaone 10 18 out .of t nchi ng system
. through a tub%l ore%le ’byé%?"h)exrﬁiSnlﬁ1 '%@ﬁﬂl%%ﬁéﬁ@fﬁl&ﬁ%@% g}geﬁ | anent s,
down to aspulgdryniet |f@ned Mr@uIdiRe &S prat Ghaih -WrdreHieilgedentike
w t hdrawal speed of the fjlanments 20. Proceedi ng down bel ow the cylindrical
quench 15 sysftié‘?ﬁ‘%%‘, & P FMefRintte it aesl ymelge thid@mentishr ough” a short
tube 71 of the Sk, vHE Al 5t Aet Vil d %ft"ﬂ ch system 55,
and pass pre]tlgar ablryg‘;throu%h aé&% apert:c{j aggjgﬁlgnr?%f?d Qﬂ'{e ore eneegri ng a tube 73
of smaller i mbraremin ¢ aeileimamrhsexitsepdiowides] aw tdie X lbotdntrm 58 of t he
Gi ve desired FERLITE ST ettt B0 wile SRE G bIarhavo Cieehast
har denedibef (i didell 8aY & Hd & dtb &iAb et bV L 1A r M8 d REY thgave the
tube 73, their speed will already 25 be the same speed as their w thdrawal
speed at the figlamegu:s Providing a tapered entrance 72 to the tube is
optional but pref i.s, bel..ev t hat an. appropri at el y-t apered
entrance to the t%r{eea%n%go]{%aenscet ﬁJel‘-‘j‘b%gj(?(?eq é’reftqsdn%&eoq%elsc S’long gas, and
may reduce tuymiielee.a Tepel eientinaN¢aodadd Was dpivhibrepdisadriw th
taper angles of 30, 45 and 60, the optinumtaper angle depending on a

conbi nati on of FAREYrS. SRURMES 519 AFSRINE im@e ey ignymeditasdt & has been
found vegy - R R/ AR | d 35 thi t ube of
about 1.25 i r?cfﬁleysfne(& Z}QC%%?&aréqer hasgéﬁ%s}%fe@?%@c?}eﬁg Zﬁ(cit]ia\?/ne 31/:'% It is
pref erabl e t H@vire & clerofent hpent Ubidl dneniotalzpec edbdwdo 45 frarssfimomthlee

spinneret. The to0 f the tube shoul d be aced about 80 cmor |less from
the top of tr#eeljtalfgeé&sar'}:ci)ﬁ&%’fgl V3 ¥ss “ﬁfﬁ:r?]ﬁb(ijtc%’i‘% IA¥e 1$hape of the
tube 73 that prowifdd®sid itk diaRigions nerd nofe aildankeyt®f, cylindrical
cross 10 section, but may vary, especially when a non-circular array of

filaments is “BRTtidedherifireling gamstidhcdraqisnss 0 tatedngudar, square,
oval or gphergy LHSSSHGLH O : I i i i ons. are shown
in Fi gurg 1: a15 A - Qjedng}q1 @eaﬁﬁgﬂtﬁe%érﬁésgm&g I%‘?%ﬁ%n%g?et face
17 above t he fldilgmerB s, Qlerdbsa aarrhdighied theonhditghtorafkduced

cylindrical nch _screen system 55 (extendi from.the face 16a to the top
of the inner W é}meé'éz)sf erhafﬁj ‘;Z/(#ﬁeir (%:fﬁ?&‘fﬂ%%t%%rbﬁt t he hei ght of
short tube 71; C2 mn Guimneeddrite haRe teightneddts haiaht i¢f diapered section

72; and C3.- Tube height, the height of the tube 73 of 25 restricted
di anet er t hatPEistad thaneldolsmHigiyag mranass dar @miuaing he zone 18. In

Figure 1,cth i ; I V] Sy st conti nue down
to the erisve?CEi(}Ili 24@ %%%megﬁﬁesh%\ﬁ%df ir%gé%’le}ﬁte%u%ﬁ%r? ﬁ)efle er:)Laot""h fromthe
30 heated spiatmartet2 ,sadngetis speasheadindha rdllyn#driis Mdle w8 as the
surface speed of the driven rqll 34 (disregarding slippage), .this speed
bei ng known RTAERRREER Loy i€ BNt iGTAS {BUePREEe shown in

the drawi ngs)zm, § iﬁ_ﬂx%ug'{ﬁ HeRSHd D AR 1R difnerikd £11Mnkl2/ O 1719
PCT/US01121s~5 solid filament's 20 before they reach the driven roll 34. As
shown in Fi &SNS Heg e ns sy Ueh chiquersels yasinam iehensdnpri se t wo

stages, €,0. intv.aduce to the filaments jin two-|ocations, a gonverging
“ section ??6 féoérnglalg1 Igearsgtafsngp]f%veldael ,togﬁ%‘ea f@@rﬂ%ﬁ% '”r?df/rﬁyvg:l"gicﬁé’(isecti on in
tube 119. A fihstfiStaagnhaniaireiddb i cbslaerN G age Ghadey 106 are 10
each forned in the cylindrical inner wall of the housing 107. The first

stage chanbert7@s} dndjArerlarntrd |ig fhal oW ireghiisresst thes and
suppl i es gas . 'Iﬁf_’mtq{ . ntrol the tenperature of the
filanments 114@&5%&%&\ stagez f(]:]h;a éé}t%.i'% is located 15 between the first
stage gas inlet 108 and a tube 119 |ocated 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 | ower portion of the
first stage chanber 20 105, separates 4% first stage chanber 105 fromthe
second stage chanber 106. A first stage gas inlet 108 supplies gas to the
first stage chanber 105. Simlarly, a second stage gas inlet 109 supplies
gas to the second stage chanber 106. 25 Note that there can be a single gas
inl et supplying one or nore chanbers; and the nunber of gas inlets can be

v o o e o o r 1



. the filanents

25 system through a short tubular section of the inner wall 103 before
passi ng through the first stage converging section 116, along with the
first stage @®@tivng gas, which accelerates in the fil amentpcfi@eghisdsrection
as the filanments 114 continue to cool. 30 A cylindrical perforated tube 117
i s disposed below the first stage converging section 116 and between the
first stage gas i|ntetydO8-ahdd he SN SLAGRHaS ALY (103 g The
cylindrical perforat ead tube 117 1's located centrally vﬁtlhsllga%tsﬁe second
stage - 1s PO A IR SO rdRiSiny qrasest el 67addokewer a t he
perforated tube 117 can be |ocated as desired to provide the desired gas to
1 Fanent ST AR Ha 93 e s e GHP™S AL oA g
cylindrical immesmevdd fddn iz ﬂ&%&f&b@ia%ﬁé}"% HHIHI R RALQRAL ed tube
117. A second supply of cooling das is provided from the seconél st age
. supply inlet VOEFQRA FibraRais tde %a@ﬁ%r%}gﬂingwéhﬁylﬁﬂd:me@ﬂs gerdcorat ed t ube
117. Between §he first and second 10 stage converging sections, 116 and |26
respectively,”1s a tubular section 125 forned by the inner walls of the
conver gi ng secti orrtdfe afs tdlesce niranckdifieiremds3, vexids ,diaaetthe4 and
hei ght L2. The tuhul ar section 125 and the convergi ng section 116 can be
forned as a 1@9%9?% Rﬁ%ﬁt‘:e&f Mo, -ate pieces that axe connected
toget her g of or -exanml& i tdHRAYING. f QA UR SRRy DMy e straight
as shown in Figure 2 or tape€red. The ratio of di anetg%rsém tﬂ;q;yf}d IS
general | y D4/IDXeERWS dncergriaie vabllly H/ddii<GharztByE nese tdfe such a rati o,
the speed of e cooli ai.r_.can in sed. The second stage cooling gas
passes throud#]ehi%leﬂeséec %f%jtpa{:g’eorb%ﬁ}?&rg @Ection entrance 126, with
dianeter D5 created by the exit of tubular section 125 of the first
convergi ng section 116 and the 25 entrance of the spinning tube 119. The
termspinning tube is u L F i e apparatus having
a conver ging/ di vergi hg-&ar{ angeenty.;; rapl t t ryion of the
tube has such an ar r%emnt.qﬁe uﬁlpsle?grxeajetﬁcﬁﬁgf&% ﬁe%ﬁ%ﬁ% nsg fbe 119 is
| ocated i n . Bteunetinterdrothing face e whielcwlayndrd ased nnerchaal | 118, A
second stage converqqi Nng section 126 of length L3 and an exit dianeter D6 is
formed in t h&IFEHT 1Bt tube 119, and is followed by a diverging
section 127 of |engtdute, 2 ales Gl GrMBhtra g iR &f itQfo-Waldgerf the - 19
WO 02/ 0719 PCT/USOL/ 21S-is tube 119, which extends to theend of the tube
119, whi ch ha@reimasde @enmiad DY stRie whichemys bel sdeghvie tihe t ube 119
t hr ough e i i 7 _and are taken 5 up by a roll 104 whose surface
speed istzltaer %}dé%%%@aﬁ\ﬁé r@v\%r?' speed of the filanments 114. The speed nay be
nmodi fied as desiretigiref®eriablay grdph ridlduskidtingdrinee redlatd ohighfigce speed
of above 3, 5Q0 %n% Tge average vel ocity of the conbined first and second
stage 10 gas _Et'i dEEs ST | G atr}da\)@ladﬁlfvé‘ctvlléﬁqﬁgrttyhe second
stage conver gimay)seeds ) 1526 fn dhen LediaasRhias AR eelddid gas noves
through the diverging section 127. The second stage cooling gas conbines
with the firstestige oIy afdyliena Hersgdurid Isttagecdomeer.gi ng 15 secti on

126 to assist wt ' t, cool i ng. i as 1 erature and.flow to
inlets 1%§ and Zogﬂr%‘%la%gfclosﬁtar (ﬁliag)dq S%géﬁg%&%ﬁﬂ%% An 55 a1to“‘ﬁ’é‘lScij"::“é’nver gi ng
screen 120, wetdiddrusigniGanespdead n@wer faidated amhies virpdiey ocated at
the 20 exit of_spinning tube 119. Cooling gas is allowed to exhaust through
the perforat etFR¥) 1 0% 13RS datifser &fngfl%me%i AP §E®$he exit gas
vel ocity and ' aggatgp : rj-atj of the diffuser
cone 120 may %%%f%aé%q%e%ﬂt}?eéﬁéhe 2 t%%aé:\néggog erted on the
filaments 114. The filanents 114 may | eave the spinning tube 119 through

t he exit 3laozzl e 123 of '

e G 0 here the
‘filaments 114 may be e Eﬁﬁ““%%ﬁ% ?@ M di nensi ons are

By o ——t04—F4 SV
shown in Figure 2:7130 presddtenalvaial ivh haligted £d he wlichor ece between the
spinneret face and the punp-block bottom surface 122 against which the
housi ng 107 dPRKERIY BPY KRR gt rasimrigigy e mesl trtspurepoilyaleriengt h of the
cylindrical qpepeh scr . e A WO, 02/0.1719 PCT/ USOL/ 21S~S
L1 - First stage co%e%ﬂnr?:aegﬂ%ﬁi%ﬁﬁ r?%qLefd Fiﬁé pgteggeélttube | engt h;
D2 - First stageercoineraidty et wnta arde -SplirapRilgmer®3 - First stage
convergi ng section tubular section entrance dianeter; D4 - First stage
convergi ng section tubular section exit dianmeter; 10 D5 - Second stage
convergi ng section entrance dianeter; -D& -- Second stage convergi ng section
exit dianeter; D7 - Second stage diverging section exit dianeter; 15 and L5
- Optional converging screen. length. Gas may be introduced in 108 and 109,
i ndependently at atnospheric or increased pressure. Al so, gas nay be forced
into the first stage gas inlet




20 108 above atnospheric pressure allow ng gas to be sucked into the second
stage gas inlet 109. The sane or different gases nmay be introduced in the
first andygapaRsest age gas inlets 108 and 109. Vari ations pfpidag{4e- St age
apparatus can be used 25 as described in U S. Serial No. 09/547,854. For
exanpl e, the apparatus can have two or nore gas inlets, and one or nore gas
outlets. Al 'ses; el Galy RE 13w e 1 ,s‘r-%ﬂé%d %‘E‘iﬁ%& el yile e
convergi ng/ diverging section. It Is orﬁy i nportant that the apparatus have
30 at | east arfe tdenJverginig sedssmritedadestedmat e t he cooli ng gas. The del ay

Ain Figure 6 can, he an unheat.ed or_heated del a ften . terned .an
. anneal er). The Ier?STeh Rreffn% %eé‘ztﬁfﬂﬁ?a"ﬁﬁﬁbéé’(l/ ~45 4T EFper at ure
of the debay dry ‘Hgsatit8d Jf0 e Algaidred &R ispairspeesh efedft@ fleament s.
After quenching, the filaments are converged, 5 interlaced, and wound as a

. multi-fil anerfieBERIPAEheh dmiRprsgashbvin ianae &hereRyy desired
w nd-up neth EglacQ: 1 NG rictd niven
W nders or s&g’n e"glr%}#g% %ﬁ}gé%k\(@rﬁg{xl%%ﬂ%% %tpgfaer?df)?o%gllﬁ Yon a
mul ti-end, awtdmat iperdaesrssfser, 10 turret w ndup nmanufactured by Barmag AG

(Renschei d Lennep, .CGermany)._ The produced fi]anents can be formed into
mul tifilaments, y%,t?lﬁ'ﬁr‘lfé-sﬁ,a“ﬁﬁ'a: ot%rusﬁ4 %ﬁr@sm B dires used to
charact efibze difie dridcvprtisesl 2@ fie Ay egsiter PRI QY WY @ gTRasUred as

follows: Draw tension (DT}, in grans, is neasured at a drawratio of 1.7
times, and atst@rmhent.eralitdigugtatymd heft 8P yrrsw aengemeded lysed as a
measure of orientation. .Draw.tensi be asured on a DTl _40Q Draw
Tension 20 | r%]ierpuar#Eeré) ,lné%’sl(?\%a-il\yaﬁrh%q‘ben?goﬂ Egﬂcﬁ)& O POYEIREES y (Ten)
i s detern nedkidsanidittd ead dHe e nall d-hRpi (xtefudead) ur @ apdud wrded by
the denier. Elongation (% E) is the percent increase in length of the yarn
at the point B¥lamantg areraemindied karfoms any@asir-ed s siatiheg 1 ASTM

D2256 uskRAg i ) I 659 nd 70 F., at
an el ong%?i oﬁjgé;tlerﬂf)%rg%(?él gﬂegiy %q%\?ﬁn% Pnsa%s?s,r etg}péas%dé'l) ?cgtfgised earlier.
Ql/ Q@ are volaun rdse i1y |drssvrmaeastit ebdrt icldiyc dréeint3@ gerrnm nute (CFM
to chanbers 105 a>nd Z06 of Fig. 2 neasured using a Brandt B-NZP 1000 Seri es
Gas Fl ow Senstro¥ oy RSt ed L5913 . TS SRy ™RSS ér° 3 Model C
manuf act ur ed fuZel 1 Weaar ddtled] A% A Gext122ng HYOMtHREL known

PCT/ USOL/ 21s-4s Uster, Switzer|and nay be used to nmeasure the test yarn
evenness W% ok |Gheadrt « r dgut Aeairest tmgsinigiaaethindspaeoeie iusdiccat es t he

anount of, snass, deyd atd from.t. Egg_qp- s of  t. ; I nd is a
strong i%gi c?[%‘(l)r o‘#ﬁ%g&olvsreera‘{l%%at%erl al™ urm f oaﬁrﬁ tt‘{/éec %tgeg{tﬁ%gl%%ggf d;‘ done

fol |l owi ng t helsSdiMaimichd) 1425. The tester's Rotofil twi ster unit was set
to provide Stwists to the yarn and its pressure adjusted to get 10 optinum

We UKV is the s & IHFHETS MY R iRFRBIGHY i Heyss anyr idesiigest

normal i zed bycitdies MRS BN MAHE RN ERH e/ %3 IRBJ08NLaRe. Li ke
evenness it is a nmeasure of yarn along-end nmass ‘or denier ‘variability. 15

Laboratory rescallapead soasl + y AryRWe Heapitesblve podtyime wfcarhdeabseidut e

Vi scosi t y, -of ol.ut i to the absol ute wiscgsity of,the solvent,
or the ré?i o] %?%éler%?qseuxt tparg(%seso ! tlh%calp%cfly%rposérleustoﬁe é—"r{ﬁi the solvent in
a Cannon- Fenskel wolsehired er Kxsderalfll) tHe Fp13nez iBhe pdlyr@iteiol ution was
an 8% wei ght/vol une (4. 75% wei %%)/wei ght) concentration at 25 C. The

sol vent used TR RL¥TSH50i Sohrivh ah SRR MR g CARP IR oulHdEUESaci d.
Deni er or |ingar 6@%@5 t he e | f a?%éd*&io%r fayarn.
Denier is rreasur%d y %%ﬁ'm@dﬁ%ﬁgek%ﬂ;'ﬁjﬁ%%ﬁl %% yarn, su&fl%lsgyeé% neters,
froma nul ti fUsefehtpglrespack dgectwla mEhyerhylesie and wei ghing on a '

bal ance an_accuracy. of 0.001 9. The denjer .is then calculated fromthe
* measur edg&ei ght™ %%ba}/]tah‘ée Q?'rf%]f g’r' I@g‘f%ﬁlw gﬁ‘e tr]r"@;lﬁ'ﬁ’eed usi ng
t he Lenzi ng T&e hub ik VA kW 1B d te Qi3 .ameh Vi BRalenéar i ation

Accessory) instrunent. P1/P2 in H20 are the first stage and second stage
pressure respeRtenieilal s stited™ ) + molygtihylgne mephthaj@ten/ 0.1 719

PCT/ USQOL/ 2l a. %Q?!- 198, i\g. ' nor Mbdel S30

m cr omanonet eé&}éwgﬁ%ﬁg% ua gaug?;eﬂnbdr:ée)sstu%%#ﬁ#g%&ta#vég to atnospheric. 5
Bl ock tenper apale(isctide) emuehalaetieyldnd hezddmttdier pdisatbuty eapor . Wit hi n
the heating cavities surrounding the netal block for polyner transport

bet ween the spinning neter punp and the spinning pack. Polymer tenperature’
is a thernocoupl e reading of 10 the potyher tenperature in the nelt pool
before the spinneret plate. The invention is further illustrated by the
following non-limting exanples.



15 EXAMPLES Exanple 1 The Effect of Polyner Viscosity on Denier Spread For
Low and Hi gh Denier Filanents 20 In this experinent, a two-stage pneunatic
quenchi ngwgyelgie as descri bed above and illustrated with pcgf@erfgst 0
Figure 2, was used to nelt-spin the followi ng conmercially avail abl e

pol yet hyl ene terephthal ate pol yners prepared by the DMI process: (1) 25 a

127 deni - .34 fil t ((127- | I i I L f
23 3. (2) o EFREHR A B fe e B IR 5T (g a
265 deni er - p3Ayf (idlgmeiti o 265-d34) pedwt (kg 1an doeV safccAdhake)and (4) a 265

denier - 34 filament (265-34) having an LRV of 21.8. 30 The filanents had a
. round cross- K& GEh S 6l Jus 8P WS NIPRE FEP2C25636 (3956) and DMT

Crystar 3815 j f E. | i-elkory, TN.
g gog R d:é'fé‘/g.@ﬂé’"@e%acra%@), o 1M arfeh %%e \%gqgg;t%; o

The fil anent were partially oriented. -

. PCT/ USQ1/ 21S-pt8. yTlte qeanettimdemep reedessitey parcdivet.edohased adphat-lve fi | ament
characteristigs are.shown i.n Table 1. The other features of .the quenching
apparatus ar éﬁzﬁ‘? Y&@§&31§é—&‘qtﬁ“§anﬁo yl(p@rralj_hé{d%géﬁy:b&nz%_te 9/ 547, 854.
Exanpl es B, Daldib)F A £ Ad \Exy@eHilf%)Jepylst (ekhiyignche adver se

effects I ow viscosity has on denier spread. The first pair, filaments A and
B, is a conparderdihiHiadie)shdmsl it et fagtetivilEnaddfirephthed at@.f i | anent, as
the rel ati,ve Vi S| i es, i spr, \é@] es. This
rel ati onghi pffdslsﬁé fﬁ%‘ll ¢a %{/l%ﬁepﬁ:gs%erh%e%%qr?%)gu gﬁg/(g@ ereﬁqgl 1%%%ead % vs.
rel ative vi saastdphthBlets6conblpailr, 4 fovdaixsane alithe®hyilenga 15 conpari son
whi ch shows that for a 265 - 34 filanent, as the relative _ viscosity

i ncreases, t e lahiad et Has &L YHIRE EE&@IRd Tpa markF hales e
q wi . i 1 " h |
conpared wt gbpilgﬁ‘sé%ﬂb@'i 6 ﬂéﬁ{@{?lsa@ﬁ”%diy (t]]o’ ddl-ustrate that |ower

20 spi nning e used to achieve an“evén |'ower denier spread. E
and F are gr aphilcaidsy riepares ethinest Lyl dhie Urereblashadetiedr (csiprleadn® vs.

rel ati ve_viscosity. Thus,. i.ncreasjng L s|ightly reduce the spinning
speed th& cé?Ps]t}Ve%/]us‘}e'oC%%th%}fﬁJldq{?egh‘ﬁ{“etgﬁﬁr}ei?gt raditional processes),

but greatly ragtgasidie enierarsd) cadlethadds of WRIBHPDEHR: polymers

ci nfni ni nf nf ncQcfl cpcflcocflmt. s- C/OM_ac_a~c D ~ ~~ ~na~-~X

"X ~.x ~ - ¥65@iin -the pIgMeRt SnveAtiena¥e Mow-dipdhe art and
L 1731 7Cv-a0t AR SO OO 00 = 17 w0 7 oA Ry & Ly
- VM-NVVCNCVCoirg Dh fivtandtie MCx o- £ the NVPSINNMNNGOend-rteerpcdiymersy’ cZo o
~ ~0 00 %%E-'és V}«;r\llc;v\\z/n.~>1j\x/90t eOl\éDthl\l.NNNNNO Efl ~W-~.n
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-gulfo-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 polymers which are discussed in detail below.



O 1- o~ Mo~ M~ Ma~ Mo~ Mo~ MaMMCMMW G ~V~~NNNNamvm u~ PCT/U SO1 /21 S. IS N
WO 02/ 0-1711 PCT/USO1 /215-4S Exanple 2 The Effect of Polyner Viscosity on

Deni er Spyugaghisle H gh Denier Filaments To show the effectpcq?ugopﬁ{sqgsi ng

viscosity on the 5 denier spread of high denier polyneric filanents,

polymers were nelt-spun by a two-stage pneumati c quenchi ng process as

descri bed above a il strate i.th reference to Fiqgure 2. The first four
pol ymers were que%éeoIEL %%c%sns aogfp\é%}é? ulsnvcﬁe%tclrolrbepcr o|dr?1 Sarﬁﬁrensl of U. S

Serial No. O9%seiff;BSenildwe dpfddd pPolnereiemasosdrl @VA)hE 5 aMBneRiziieat us,
but wwth a 6" by 1" stage 1 cone, so the first stage tube height L2 is 6.

. The fol | owi ng®¥ dthe coYRRS ¢l | PR |\ bl et IRA éhe/a%t dpht hal at e

pol ymer s re g § éjaeﬁ% 4 I;\{rqq%? r -section
pol ymeri c\gfei I%gfr%fnt S: j(r% Ota}?%g‘,@ po tf/\{e?%)]ﬁﬁ’leﬁga%éér epht a la%lemgﬁgﬁo ymer

. obtai ned fronMmhdrte yamhendelmenm cadr Al tGo.is Itehsuxdd ghina, (2) a
DMI Crystar 3956 polyner, (3) a.TPA pol yethyl ene terephthal ate pol yner
obt ai ned fron?lfﬁl%ﬁ)oﬁfﬁr%u%%l?e%%%/c%gf *{Jt%f‘.' T StSFRANASSyzhou
Jiangsu, P.Rt&hind, iadithddando etk O By sd st 399 PER 0I4MI1e A

pol yet hyl ene terepht hal ate pol ymer was pol yneri zed using the TPA
pol yneri zat i ok rokgetronirl Dy Rbi(ided yiast@re figeth i) oyi ssdoserddianscal

Labor at ory, 25 ' chi t, trd ' itate, in an
amoun; of Canott bele AR ik Y a3, in PR d¥enddd TIe s €

obt ai ned fr onmdximubudiod t mGi padmrmads dndd elktsenthe atsiae. ealdie gfer t i nent
processing paraneters used and the 30 filanment characteristics_are shown in

Tabl e 2. The £35S FHovRUIPFRIEHDHPXE RRTAGED t HRRLSE FRESDrdhchi ng
id i i | iall
agent provi desgssdyced; dend %vpﬁ%aegge/rﬂﬁt% c‘% l}gg%g{g{dopart'a y

oriented, and intended - 27 0-171 r further
texturing. Asdsbfgremcdadleidedthe tise afevaghanasdraliwiy ntheagéntlenl | ows
for good _deni spread_t o be obtajned, while high speeds.can be maintained,
since it 4% r?%? rﬁe% ST VW | ng{fee%"sjen? KT i Re Pt HEEE M@ as i f no
chai n branchi sonegevae(Butshskic GQPECiAd Opdiyn/bdre PA/DO setdy| ene
terephthal ate polymer with the chain branching agent provides a polyneric
filanment haviPeCeEIN Hehrerruppriacevabbple . 510w e imhiBeduritor spread

i's |ower thanLéHﬁrh%O Abiedned pidgpoth the TPA and DMT pol yet hyl ene
t erepht hal ate pol ynmers w t hout ‘a chai n branching agent, even those with a

hi gher LRV than the Ldri debienchedegpd| yesdesiradlet iamatdry; as shown in
T nd ho RS ELOY £ LELSRILL L5 BOLMTEC Al L 40 e
provide a filaswaétWedh Broodssony ebf sphagilamed:. AMADH hAALY . f. .
~(t-.,rrrrxxxxx~i ~MWwWa>D~ N' 7QL.1 C J MNC=a ~M-d' ~f ODUN OOOOQL( 7N _ W N
--0 -0 VO ' 'logMerigrrread prRYming Npjghotexturing speeds,
evenness of coloration, and uniformity of bulk or cover
in fabrics formed from the filaments. The present
25 process 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 degsired number of

filaments. If the dpf is above 5, then preferably the

varn is formed from about 5 to about 200 filaments,
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Quench To determ using a chain tjranc_ ¥ and _
pneumati ¢ quextehing,0 fid amilt War & ilisammeed using a si ngl e stage quenching
system as descri bed above and llustrated with reference to Figure 1. 127

Cdenier - 34 fil ameft SRS &HRA I"tt(?r &hitha dventigfentdener e obt ai ned by
using thespnetiMBidntIPIHMV % dpf above about 3.4 dpf, preferably in

the range of about 3.5 to about 15.0, more preferably
about 4.0 to about 12, most preferably about 5.0 to
about 9.0 dpf. However, the present invention not only
relates to lowering the denier spread of high denier

10 filament yarns, but also relates to decreasing the
denier spread of a low denier filament yarn, e.g. those
with a dpf less than about 3.5, less than about 2.0, or
less than about 1.0, which may already exhibit an
acceptable denier spread. Regardless of thé.dpf, the

15 full range of 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 =~



10 systemto spin (i) a DMI PET honopol yner from Crystar and (ii) PET

i ncluding a chain branching agent. The PET with the chain branchi ng agent
was the seppag7hat used in Exanple 2. For the first fil gggnisopgisghown in
Tabl e 3, the 15 pneumatic quench systemas illustrated in Figure 1 was used
with A=1.0", B=5.5", .Cl=2.5", C2=2.0", C3=15.0", and the spinneret tube
exit =26.0" andi e 03 fndrdlioidleidGa0RRNG L AN, S5onhpuid 0 Tabl e
3, the pneumatic quench systemas illustrated in Figure I was 20 used with
A=1.0", B=5.5filaplers: Prodixipi @t byCHABLG a sphawrereranchinpeagsitt = 24.5,
and tube 73 =1.0". The pertinent .pr o.cesstibtP% %alr ameters used and the

. filament char¥&t #1EHTes @ e B iRt i Srd -13e1% 1 ystrated in Table 3,

the use ok a chai by afneded Bhrdh IHP Higen d ety ned:s idtefee tfiy med into

the filanents, ior oduces significantly reduced %V, and allowed for higher
. spi nni ng spedtEltTHEl sgRAIEY F i el RRLMRY SugEve ovhe dlestedanpl e

vari ance nor i ; us%{mﬂ a f_ﬁ $ ge. The
30 .sanple nertgér!lﬁllzegid re%g‘n}?ne byeet e s'umnf(}}ee;gnﬁl Vi gﬁgﬁﬁcokgesﬁﬁagf%eﬁs di vi ded
by the total sl elwoimg .tlihugyreet owero®@he neansidhepdliywerenriss are nore

uniform Thus, _the use of a crosslinker to increase yiscosjty, - 30 WO
02/ 0710 PCT/ VS 5% R VHICLEERG ERMiFRTRFIOAR 951 sTiyeﬁ’gq]eg'stage

pneunat i g oSy stigMn TaRd 1Bl e fRsdntod Dnewm} i folMenchindtg A «Chaih Branchi ng
Agent on ProductivityChai n Branchi ng Agent'Spin Speed (npm Draw Ten (g)Draw
Tensi on YCVPGt yerevroriemge =it we KOGy i pwremtesthfMscosity of

, NCB92260. 72. 09294, 31, 6230Y, Se415a7x5e9' 1elri 53a : 211'1172312115 Al t haglugh t he

i nventi on has® been GeLct i bed Bb&Ve i Hetat 1Y f8H th rbcfjtrjp%% of
iIlustration,cohpdisndudedsipcth ittt ifee sdo lhek aflhSA by diumer ous

variations and alterations w thout departing fromthe spirit and scope of
the inventi orSeeR i 3RAIHTOREL 1 CFRPEM nPEIFRT Jraps. \RBoHm19 CLAIM
( 5 Vhals | Scied ol tbacn it /H 2100 Rad - AR, P ALY A eess for
spi nning polyneric filanents, Tonprising passing a 1f)ol yMeric e of a
pol ymer f or mededfr aemr winer Dronprter e redok@noie Nyl tagedsid hr ough a spi nner et
to formpolyneric fil nts, 10 passing t filaments to a pneumatic quench
zone, wher ei ntﬁlﬁ%WYﬁ%f%%P?%epr%’ff}‘ﬁeetgj‘ifﬂoe]t%%h?l??an%]rﬁ%ef ool the
filaments, wherehdsideasDO!ddd E@ESEnsctEl 506t esstOrd raveteds, t he sane _
direction as the direction of the filaments. 15 2. A process as clained in
claim2, whererieHaykobPToRpRfas tatmetdedibl¢aes f i peremElitiia single
st age and pas t d i of st cted
di nensi o(r%so toégﬁ%’elr%% e°§%‘%@’g‘§éf' 2%{;%%&% oce sflg(ss@% a?%%dgt{ﬂ%le%l aim1l,
wherei n t he cclodimgonmschingrayémtesl kroowmeid | tlameantss. | Ptedesteafes, and
wherein the gas |s accel erated by a converging section in the quench zone.
25 4. A proce‘g}gaja% R IRy rﬁ%?%"r‘?nalr,efﬁ?‘?%rtré%ﬁp?¥%i?@e§éﬁqf‘g]r¥ ng the
filaments to @M@ YA flonSne F5ARCESr A%y PAbIBSiNgCAdim 1, wherein the
30 polynmer conprises a polyester. _ 6. Aprocess as claimed in claiml,
wherei n the ppPYYmerEdRpenezngolyapdiyeeiele efepht diattee. forgtion WO
02/0:171 CT, 54 : imed.in claiml ein the
chain br%nScPhi %%Jﬁ%{eﬁés %%%rpﬁ%@gﬁfﬁfocg%%ﬁ er '?teﬁctfc'i%ha a%ec%%%?‘cohol :
or ester. 5 s3,RA7QyOTR5S4AG9Z) 299 jri3ct@i m4, 94beI®i N % hes gl s
br anchi ng agentﬁicggri ses trimethyl trjnellitate. (9. A.process as clained
e

inclaimil, w8 $Ey B3P f R LEFRR t Pl APRHRRIPPY an®Fi\Fas a deni er
spread 10 of Less, than,gbowse2yand {6eqf i | MBS PRVEL 8 fleni er per fil anent
of greater than about 4. 10. A process as clainmed in claim1l1, wherein a
yarn forned finoerheraredubedein|byrenefehenca, denr edespripdidis off | ess than
about 1.5 and _a denie er. filament of.less than out 4. 11.. A prpcess as
Claimed B o uPRFET ShaPErRrendiERe  nerhf et R RSTATSFS 7EF f VB ccos: 1y
of above 20 2By #&@chAifteserSons Lhat@dat®, Cl ghna lpraberedd the filanents
travel through the quench zone at a speed of greater than about 3, 500

" meters per m aubedipent 30f Athe obeanihEoR| abhedehain| Branahingaagmnts t he
filaments tra ugh. € a speed of greater than about
4,000 neters %gglgn&%gtg&ég@?gy tIE—l'lE a%?%g%?bduced by the process of claim
1. 15. An article fornmed fromthe filanents of claim114. - 33
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WO 02/ 0-t719 PCT/USQOL/ 215-t5 16. A nelt spinning process for spinning
polynmeric filanments, conprising passing a polyneric nelt of a pol yner

t hrough awgijagewet to formpolyneric filaments having a QR®y1B108"
filanment above about 4, passing the filanents to a quench zone, wherein a
cooling gas is provided to the filanments to cool the filanents, wherein the

cooling gas is dirgct t ; 1§ i e sane .direction as
the 10 direction ofr?tﬁgef?q?ﬁa({n%n s?t@m%efgcbq’gé glr;g}aeﬁﬂ“f%h”ec? erlé(lmttq"nee pr oduced
filaments haspalyentir Sireachtofid espdhatidrlehie tereHtisgliayd ng process

as clainmed in cllai m 16, 1;(]115 wherein the filanments have a denier per fil anent

_ above about F° 138‘?55@%I S P AR Hrkte £E RSPy R aﬁ%tfé‘),l.evm_er ein
the pol ymer comprnsese Rod siildy hapsr? O angphihal atg, £ Rl %ﬁ‘ffe““' ng
process fox producing polyneric filanments having a denier spread of bel ow
. about 2, conpfilAmenR2ongiass mrepraxEd hy iclithdn of thepdlwormaimavi ng a

ol yror ¢ 1§ 1B b ST 4T iR 1S B B Sohe. wherein a
cooling gas itseyumvilierhied gdieyddd e Rihiail ard o(1000iDM3E t had idsamant s,

wherein the cooling gas is directed to travel and accelerated in the sane
direction as ¥Hexharge orf ctimaidirl |teranhthalagse withp ednd.errl9

PCT/ USOL4 2l s~ A h af g 0dus| ol.y.est ere yar e .a deni er
spread oégl esflytztg%ln’ a o(]tijt % rlZ:I%[rrp’r :@.@ngf oértrﬁ(%{g c#fl It}r#ekrﬁ}}{sat\i}arl&rﬁ a pol yester
cont ai ni ng oreciod wibrle eflarrendrginediing agentsui thaliagimdabor at ory
relative 5 vi scositfﬁ/{iabove 22.5, and formng the filanments into_a yarn. -

35 . An_. A99 RAnChIng gaenty kjowry 14 the 3idy mey Renmged dmaither A s, A
l.As. AY. Ao - AY. X i LA LY '

?FGhY%( oqr { m a\ V\]t?'ac]: cpgﬁdgla{'{é?a'] ng]{%%d?a n(‘:e%a%j ?af]tseari ca“{:é:t\]acaﬁuc\%] cayca] ca] ca]

ca] ca] ca] ca U}iata]chdeed tawid]eatUaidill ica} oxdalflosin branches, due

e sipur e i ol eml el e ol saje sherleAl el o) el ol oa

L1 #1835 S BUBASSESifAridhag ) *HHUE *idreakd Rie Al dliGa] cajiea) ca] ca] ca] ca

U c”raljcaljca U.cta Ucrha . . o

J }c;:gl ca cal calts dafRRihen @f dieareneny dapentdgr dumjadditional

[ <l=/ 080000( 12449\%%’&115%1 \’A(/jrorﬁﬁ:g‘uﬂ%sa]acda ecda]tcoa]tchaﬁ é)azj%ca Scsaf] cnﬁtc at]hé) aﬁec ajcalc”alc

a] ca] ca] ca] calwad et al w NG e TR oadidajda) dal ca)med ajwsd 5F55555S666W 7d

] ca] ca] ca] caleatherr] ealnsl valan calna] sl ealinal one S @ERARERARNRD! | | JKKhK
r K} KKMVDOLO

RRORYR\ RAR| writie | Drteads A &)t a5 @ ddje ajRAa|resweaty] ca] ca] ca] cal ¢

g]Rg SAM% S(?\h(%f ?%‘%ﬁ%@ ¢ ad@a@ﬁ?ﬁﬁ%%@aw%ﬁnaﬁhciﬂgc aa]gceé)]tc aj c”a] ca]

ca] cal] ca] ca]may} ded cased | a]tded gadloajena wssdd alrc ajleadmadered ca) ca] cal cal cal ¢
ajcal fff Esqi 3k4kl 1 | | mmmmmmn, n2nr nunnnnnnnnoozuoj d_ZUkf a\ V] ca] ca] ca] c*a] ca
] c~a] ca] ? a] cHT PR 1@t crdt c%{‘}’c”éi SR c“%]%]%“%%]"@é’i%lﬂ ca] ca] ca] ca]
ca] c"a] ca] ca]@Bfectively increases the relative visgosity of the
00004odohosO\AoooooprJJ}E)l\/pqpupppppppqq2q5q7qqq{ vpke [\fj.‘(},_Zka a\V] ] ca] ca] ca]
c”a] ca] cha] capeLEen] k2 di e ] veld e & el e i) odlicd] arsdreralsc e a) ca] c”
a] ca] c™a] cal ¢iyal ¢ N . L.Cr ; L. :
s]EsR]sbss]st t } fﬁ\/[ t%%%?ﬁ%iﬁ\gtﬁ%ﬁ%a\ \%hdl_szdk% a \f]‘ir%:g‘ta Ocna]ocf" éL']hcea] c”alcalc
~a] ca] c"a] ca]dp@] ch] tha] £1] afa) ica) = afeclbl] s o] togd e af £ 4R oadena) ca] c”al ca
] ca] ca] caVusuwuuuuuuv&* vOvVRvvVvVVVVVWWY o
©XXT XVXXXRR! y" {%?(f%’f‘?ﬁ?ﬁ_?lﬁ?ﬁ%@ﬂt@‘raﬁ SUR At RN @psed] cdloera) cal e
al cal ca) cal chalgal ol £a] el chaloal crlaghe’ al ) gl cary WYy
yyyyyyzz4z>zAzIl zGzRef zezf zzz{ {N{ Q {{{{
| {vpke ZUj d_Ziskf athg chi bamdnted crepjoed ottadd ajrc /Bl anaje /%) ddjet aJleal] ca] cal] ca
] cal] ca] ca] cal] gfalcal c”a] cal.c” c"alca] ¢tal cglclha- .
ISTCL 108|119 0 Pt TS i OV AR5 e ca) caa] ca
] c”a] ca] ca] cajieda] wiad 61 a] wed<d e  ajiea ] €l o] al ted sl al € \@leca) caj cal cha
] ca] caHR] nT u#gj zSsw7;
d}w ngb] Wd_ZUkfa\ V] ] c”a] ca] ca] cha] ca] ca] cMa] ca] c”a] ca] ca] ca] ca] c™a] ca] cMa]
ca] cMa] ca] cMa] ca] ca] cMa] cal] cal] ca] calcapcta] cal craldDGN W $Y}wr | gb] W d_ZUk
fa\V] ] cMa] ca] ca] ca] c*a] ca] cha] ca] cMa] ca] ca] c*a] ca] c”a] ca] cMa] ca] c”a] ca] cMha]
ca] c”a] ca] ca] c*a] ca] c™a] ca] ca] cMa] ca" >j 4K| 6: >A
Ns~yt ni cAYkfa\V]]]ca] ca] cha] ca] c”a] ca] ca] cMa] ca] c”a] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] cal] ca] cq] ca] ca] ca] c™a] ca s8; '
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_Igﬁh igfﬁchghgér ggc%hat 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 chamber 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 chamber
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(not shown) in the spinneret face 17 which is centrally
located with respect to the housing 50 and is recessed
from the face 16a (of the spinning pack 16) onto which
the housing 50 abuts. Filaments 20 continue from zone

10 18 out of the quenching system through a tube formed by
the inner wall 66 that surrounds the filaments, down to
a puller roll 34, the surface speed of which is termed
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 desired
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 be the same speed as their withdrawal speed at the roll
34. .

Providing a tapered entrance 72 to the tube is
optional but preferred. It isg 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
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gpaced about 80 cm or less from the top of the tube,

and preferably less than about 64 cm.

The shape of the tube 73 that is 6f restricted
dimensions need not only be of cylindrical cross-

10 section, but may vary, especially when a non-circular
array of filaments is extruded. Thus, for instance,
tubes of rectangular, square, oval or other cross-
section may be used.

The following dimensions are shown in Figure 1:

15 A - Quench delay height, the height of the
spinneret face 17 above 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 Ci1 - Connecting tube height, the height of short
tube 71;

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

Cs - 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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the filaments in two-locations, a converging section
116 for accelerating the air, and a
converging/diverging section in tube 119. A first
stage chamber 105 and a second stage chamber 106 are
10 each formed in the cylindrical inner wall of the
housing 107. The first stage chamber 105 is adapted to
be located below a spinneret 113 and supplies gas to
the filaments 114 to control the temperathire of the
filaments 114. A second stage chamber 106 is located
15 Dbetween 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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screen assembly 111 into a zone 112 formed in the
interior cylindrical wall of the cylindrical quench
screen assembly 111, below spinneret 113. A bundle of
molten filaments 114, after being extruded through

10 spinneret holes (not shown), pass through zone 112
where the filaments 114 begin to cool. An inner wall
103 is disposed below the cylindrical quench screen
assembly 111 and between the first stage ‘gas inlet 108
and the second stage gas inlet 109. A first stage

15 converging section 116 is formed in the interior of
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 first stage
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
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of cooling gas is provided from the second stage supply
inlet 109 by forcing the gas through the cylindrical
perforated tube 117. Between the first and second

10 stage converging sections, 116 and 126 respectively, is
a tubular section 125 formed by the inner walls of the
converging section 116 of the entrance diameter D3,
exit diameter D4 and height L2. The tubular 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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withdrawal speed of the filaments 114. The speed may
be modified as desired. Preferably, the roll 104 is
driven at a surface speed of above 3,500 mpm. The
average velocity of the combined first and second stage
10 gases increases in the filament travel direction in the
second stage converging section 126 and then decreases
as the cooling gas moves through the diverging section
127. The second stage cooling gas combires with the
first stage cooling gas in the second stage converging
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 spinneret 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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D3 - First stage converging section tubular

section entrance diameter;
D4 - First stage converging section tubular

gection exit diameter;

10 D5

Second stage converging section entrance
diameter;

D6 - Second stage converging section exit
diameter;

D7 - Second stage diverging section exit diameter;

15 and

L5 - 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 119 can be a
straight tube, and not include the converging/diverging
"gection. 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
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techniques known in the art. Any desired wind-up

method can be used such as winding by use of friction
driven winders or spindle drive-winders. For example,
yarn can be wound on a multi-end, automatic transfer,
10 turret windup manufactured by Barmag AG (Remscheid-
Lennep, Germany).
The produced filaments can be formed into multi-
filaments, yarns, fabrics, and other artibtles.
The properties used to characterize the filaments
15 of the present invention were measured as follows:
Draw tension (DT}, in grams, 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 pexcent 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.
Q01/02 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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indicator of the overall material uniformity. Testing.
may be done following the ASTM Method D 1425. The
tester’s Rotofil twister unit was set to provide S
twists to the yarn and its pressure adjusted to get
10 optimum U%.
U%CV is the square root of the variance of the
mags 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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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 Viscosity 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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<10% "' & §) - |d¥fribed in Example 1 of U.S. Serial No. 09/547,854.
Examples B, D, and F are comparative examples
demonstrating the adverse effects low vigcosity 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 %
ve. relative viscosity.

The second pair, filaments C and D, is 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 spinning
speed that can be used (yet still higher than

25 traditional processes), but greatly reduces the denier

spread.
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65" 1

)
Dg
&

Sg
(B)

-]
J
-3

-~

3)! X 1"
-0.75"
6"x1"
6"x1"
6"x1"
6"x1”

Stage 1
Tube length
(L2)X1D 9wégg

__(D2-D3

QtiQ2

in
H:0
4.0/3.5 | 56/45

3.5/3.5 | 52/40
3.5/13.5 | 52/40

305.0/307.7 | 7.0/3.5 | 53/70
305.0/309.8 | 7.0/3.5 | 53/70
282.0/293.8 | 4.0/3.5 | 56/45

274/292.0
278/231.9
274/291.8

U%CV | Block/ Poly | P1/P;,
T,°C i
65

1.85
1.48
94

1.

U%
1.3
14
1.54

1.18

Table 1
Effect of Relative Viscosity
Ten, gpd/
- 26 -

Elong (%)
25711251
2.38/121.9
2.45/119.9
2.25/117.4

DVA
%
1.00
1.50

7
3.63
1.41

6

Draw
(@)
624
59.0
121.7
129.2
127.3
125.3

Speed | Tension
(mpm)

233 | 4380
218 | 4515
233 | 4310
21.8 | 4480
233 | 4180
21.8 | 4330

LRV | Spin

3956

Polymer
Type
3915
3956
3915
3956
3915

Count
Al 127-34
Bl 127-34

Cl 265-34
D 265-34
E| 265-34
F| 265-34
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<10%G{ Ps denier spread of high denier polymeric filaments,

polymers were melt-spun by a two-stage pneumatic
quenching process as described above and illustrated
with reference to Figure 2. The first four polymers
were quenched on an apparatus described in Example 1
10 of U.S. Serial No. 09/547,854. The fifth polymer was
spun on the same apparatus, but with a 6" by i” stage
1 cone, so the first stage tube height L2, is 6. The
foliowing four commercially available polyethylene
terephthalate polymers were formed into 265 denier -
15 34 filament, round cross-section polymeric filaments:
(1) a TPA polyethyleﬁe 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 Dupont 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 polymerization 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, 0Old Hickory, Tennessee.
The pertinent processing parameters used and the
30 filament characteristics are ghown 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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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 gpread 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 shohh 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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B3
0

53/%65 5 b
= A
[en)

38/37

60/45

Py/P
1.6/3.0
1.6/3.0

28712974 | 2.02.0
287/300.7 | 3.0/2.0
278/295.5 | 4.5/3.5

Block/Poly
T°C
287/294.5
287/300.1

U% CV
3.03
1.54
1.26

U%
1.23
1.00

246

. Ten, gpd/
Elong (%)
2.33/1119.72
2.34/127.20

61
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1.

DVA
%
2.85
1.85
262
1.87

Drawn
Ten (g)
99.2
143.3
129.8
125.0
158.3

Tabie 2
Effect of Chain Branching Agent on Denier Spread

Spin
Speed
(mpm)
4200
4200
4310
4360
4775

LRV
21.3
23.3
21.7
233
22.9

Polymer Type
(all 265/34)
TPA Yizheng

TPA Suzhou

DMT Crystar 3956
DMT Crystar 3956
TPA with Chain Branching Agent
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5 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

10 -+ system to spin (i) a DMT PET homopolymer from Crystar
and (ii) PET including a chain branching agentl 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

15 pneumatic quench system ag illustrated in Figure 1 was
used with A=1.07, B=5¥5",.C1=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

20 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, théluse of a chain-brancher to

25 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

30 .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,
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Chain Branching | Spin Speed Draw | Draw Tension Polymer Gms/min |  Q
Agent (mpm) Ten (g) %CV Temperature (°C) | perhole | CFM .
NO 3922 60.7 2.09 2043 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

gpirit and scope of the invention defined by the

10 following claims.
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