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cI|p t o- cI|p di stance is neasured. 65 4 EP 0125112 Bl
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Crinp‘index= [err] 5 where [err] is clip-to-clip distance in the
free-hangi,ng state. Tow denier is calculated fromweight of the 90 cm {3
ext evded | engt h sanpl e. Aver agEPd@1 28 112 B | anent is calculated fromtow
deni er’ and the nunber of filaments in the tow. Tensile Properties (T and.
[err]) WRShadpogy Panbdﬁpamh el ongati on zak and tenacrt at 7% el onga ron
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ACS — Crystal Size .
Apparent crystallite size {ACS) is measured as described by Blades (U.S. Patent 3,869,429 Col. 12} with
60 some modifications. High intensity X-ray source is a Phillips XRG-3100 with a long, fine focus copper tube.
Diffraction is analyzed with a Phillips single axis goniometer equipped with a theta-compensating slit and a
quartz monochromator set to exclude copper KB radiation. Diffracted radiation is collected in step scanning
mode in 0.025° steps with a 1.5 second per step count time. The digital data so collected are analyzed by a
computer and smoothed by a running fit to a second order polynomial. Crystalline polyethylene
65 terephthalate filaments show a clear 010 diffraction peak with a maximum at about 18° and a minimum at
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at mosphere*using a Du Pont 1090 Thernal Analyzer with a Du Pont 1910 m
scanning cal orineter attachnent. Sanple size was 5 + 0.2 ng and scanni ng
rat &_was [err] per nminute. 65 5 EEPOO2E25 3121BUPS Long- Peri od Spaci ng
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tagr mal i ze spurPolvnenindigxaguereisersapane FontaiRing 100 ghr sWivEe pIHA theyyjspqsfie.@fdhe gojvant at 25°C.
W ndi ng was ,s cr ent that -transm ssion of CuKa radi ati on approached [err]
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i nci dent and tdﬂﬁ rﬁa,csladbéﬂﬁamsr)or déié ilidreisk Yaused By shrinkagadn it dye\batht (. aboil-off
pI ane about thﬂmhago.mraosb Howieer (ko ofitbel inygntioh chaiven fowr BRS @hd guchfeotrertion sy ygpally
ah/and t he smtm'ee Wth the X-ray tube operating at 45 KY and 20 na and
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[ nstrurrent aleo r exag6004, enaylbengededr i od S acr n d, is calcul ated using Bra
Law, d = A/ 2 si n Aalitgptingstapdardsis prgea gbiﬁ"t "ggzé@'"ﬁt""t"ﬁ%y ﬁ%"t"%ﬂ F6HN ization
| ong- peri od pelRmaAethviens ehigrida toyield pyre 5‘?% ing 32 radiation (1.54 A).

. Measured | ong- pprches RfiMbAY SONELi NMBs depends on the experimental nethod.
For exanpl e,ssa phot ogr aphi c-f i | miramesbepsd8GTthprme +cth e eg?’Ué'r’a slightly

different result fromthe on| onet er roc dur e desc ficall
met hods can be c T’i"l?fo e V\E‘%@‘a ‘ﬁm Eﬁbwo"? "ﬁ.{gﬁ 5 ‘%%rgé%ayr‘i" rﬁa’er
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and s pun at and refer to polymer components other than ethylene terephtnalate umts iacid co ph niass
otherwise specified, “composition” is defined as weight % of ethylene-diacid repeat units. For example; 1o
filaments derived from dimethyl glutarate comonomer (DMG), the polymer composrtton is defined in termsI

65 of weight % ethylene glutarate. For dialcohol modifiers, the composition is specified as grams dialcohol
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about '1500'ypm (1372 meters/mns) to 4 dpf. The spun filaments are
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and seich @ébirquelsitismwt fully ungerstiobd/why the steam-annealed filaments prepared by this invention have
such an improved combination of properties, it is theorized that it can be attributed to a novel fine structure

in which high amorphous orientation and high amorphous chain mobility occur simultaneously. Consistent

with this belief, it has been found that the better steam-annealed fibers of this invention have a higher long-

period spacing (LPS — the average distance between adjacent crystal centers along the fiber axis) as

65 determined by X-ray, than filaments having similar tensile properties and percent crystallinity but annealed
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al | prepsimedosa inaarstie properties;so detdawne (rétradtionsiif MY ok léss ereigatprally prefarad.iitos 3(thR)
and differing retractions during annealing (PRUD), to show the variety of
property conbi nati ons that can be obt# ned by steam annealing, and all
showi ng a very good bal ance of orientation and dye-rate. Itens 6-7 were
prepared fromfilaments containing 1.0% DEG and 0.2% [err], of 3.2 dpf,
spun at 1900 ypm (1737 nmeters/m n) 40 As conpared with the products of

LLhe steamanneal ed.. . ..ocompome. .

v




préduéts of the invention generally have a | ower surface trinmer c’onten't.,
better crinpability and a higher dye rate. \Wen another portion of I[tem
Tabhke /1B, was dried at 1250 (i nsEEadm'D‘m B1 had the followng

properties El ongat i.on )
6o ScT mﬁ,ﬁzﬁg @g? t ;"e By o o R PR Wb i B L

T nunber r|ed at [err] tt'g(a,%,gp@rtles were: DPF 1.47, T 6.6. .
gpd T7 2.0 TguslmAEbﬁagaéthomoae&%so péflanivnts o%%lﬁﬁm-dydmobglyrﬁeré?&ﬂltagiﬂgcc
and RDDR 06‘Xa§$yleﬁd3bdmmrswmlsoﬂnﬁhlmtd 3%'Ebdlwu nﬁ@lson_fmlalovﬂ'rh@%m# tethylen€Xlutasate " T"

Sﬂﬁﬁgsd?%fjm e ik I e ”ﬁ"%ﬁm

which is agam ne structur paraneters whi ch are al so
plotted in H‘hgmmp’édmvdof&emfhsacuabamchmmqmlsyupbtaed sp‘unlimmssvhmbrae koikted mto
rel ative f@bfy{:ﬂ@ufiby-cwdvmvnthpmamm e holl vith dispgrpedn &vafqﬁ?d

appar el - pRieAAZadpt ramercalgaionicy é&ézz"l‘*ﬁa‘f'°=&:%m‘s e L
provi de. piagaEa e n%mia o e%ﬁ.f‘afanéi Qoo Gk stg%ﬁcanavmea& 16Hse of the
gener ajsl yedaimkkesal fibed! I€is Eaﬁnsmnbat highdr iexiRaudl is'dbRfes, even it ationisiyes! forthe test item
properti e@ftlaﬁrlevenhwvwvdr con@aimed 4Qia hssdaeb dve sitasahanfthesgemimefcial fikgrvi ng a | ower
p| I li ng tg tTé?ng'H '“P ,4‘5% :g"f'!fb?’ E%fE"ﬂ'PR'Sssé%t?P %s“%"fxe % aﬂft
'“Cﬁmlﬁ& Lve atﬂ%al lﬂb@éj

d' sadvg,nt agahe BMiticality\&¥ tﬁeW:ﬁH@ﬁi $HoGRA - by i H Yole id?l?lt&fﬁﬁ'@éﬂdﬂl which
properti eWerefnatihmttccranvpadle Braham.tlandshbhevmmtcam impoemants inclye cbtdtxyuetuthe

rel ati ve tiandelantetas smwrtbve" besand ingshirinkpge. | ower vi sc05| tﬁ{ﬁ,@é& | s used
hi
ngl

5 make the The IR aﬂef ?fé "s""‘"f &G STYV
Feam anﬂ@@iﬁﬁ%g §"€§1§ﬁlﬁg BRI 32 o )

| ower f*han fipthe @B hy\ﬂr&%sﬁi ean s-fwds,armanete Cite T) Ty & O abere/doaiad bﬂ;u
Thus, foron;geqo;;ghgneutﬂm ?Bh'lﬂlh ;%:nmmr '.‘I&OQ urlaI Hg{;’t’gem:t: g%:ﬁ!q:gﬁgg?pg&;!;:gL‘PUD
of filame ! Hint @ﬂgﬁ
di oxyet th f%ﬂ&"'['g’?%ng‘gﬁﬁ'&i‘ﬁ‘?? Padh & %""93?1 LAl v at | east 97% of
such r¥dical's, and having a relative viscosity of fromabout 9 to about 14,
wth a [err] of greater than about 1.1 gpd, preferably greater than 1.2
gpd, a T + [err] of greater than about 5 gpd and Iess t han about 8 gpd, a
dry heat shrinkage ([err] -of Iess than about 10% a "D' nunber 65 of |ess
than afout 3.8 and greater than about 1.8, and a trinmer "T" nunber of |ess
t han about 25. As 10 EP 0 125 112 Bl se this I ndi cated, the
surface trinmer content can generally be expected to be higher than for
filaments of conventional viscosity. Such dependence on the rel ative
viscosy of the tensile propertles (T + [err]) and of id, the
the surface trinmer content ("T" nunber) is represented graphlcally as in
Fig. 5. These relationships can al so be represented mathematically, e.qg.-
kﬂ4~ 3.31[err] 3.31 1n (RV) - (T
+[errp[err] 0.1 Because steam annealing according to the invention
provides crinped anneal ed filanments having an i nproved bal ance of
properties, this provides a way to inprove sonewhat the tensile strength of
|l ow to nol ecul ar wei ght polynmers, while inproving the dyeability, and al so
providismg filanments of |ower flex resistance, i.e. inproved '
pill-resistance, as shown in the follow ng Exanple. Exanple 2 Filanents of .
pol y(et hyl ene terephthal ate) honopolymer (0.7% DEG, and 0.3% Ti Q2 with 0.2%
in a 15 tetraethyl silicate added to inprove nelt viscosity as
taught sby U. S. Patent 3,335,211 to Mead and Reese) of about 12 RV having
3.8 dpf were spun at 1810 ypm (1655 neters/mn) and collected. A conbined
bundl e of 33,400 filanments was drawn in a single stage in the spray zone,
but otherw se treated essentially as |out described in
Exampl gp1. (3.2 Process conditions and properties of
filaments anneal ed wi thout steam for conparative purposesand the
20 with steamat the indicated pressures are given in Table 2. The
significant inprovenent achieved by steam annealing can be noted in the
tensil egproperties, shrinkage, and dye rate, as well as reduced flex life,
|nd|cat|ng better pill-resistance. For the honopol yners containing very
little DEG a high steampressure of ab8ut 150 psig (1100 kPa) or even nore
is generally used to obtain the desirable | ow shrinkages, which are
preferably not nore than 25 8% Al though such | ow shrinkage can be obtai ned
by ot her nmeans, the |ow shrinkage has not previously

ems !




ad ‘ been obtained with the desirabl e bal ance of
properties, as disclosed herein. Simlarly, for copolynmers containing srfall
anount s of nonionic nodifiers, EFs G12611281 nafter, the shrinkage is
significantly affected by terrperatuTr . Esenti ally the sane procedures as §
in Exanple 1 were used to rral“a";o o) I:EJ'% E*’%Ebp the follow ng 30 Exanpl es§
varying the conpositions of poly Y and t he process conditions as di scussed
and shown in pheydabl es. Spinning speedsj,of 19
used for sonmB—teias—Many—g he—s-apl-as—wi-t-h c-e-eeH-REg—3—8%
drawn vi a usi Ageesss ngl e stage equi pnent simlar to that described by Vail
(U.S. Patent '3D§16,486) but with all the draw taken in _the second stage
spray i ' : zone. Tenp%‘?%lturez'?jn thé"sar,aw 28he vva’s“"adj usted for
best operabil pgyp and ranged from gggt o 9dg |t gigg 35 glgown ¢4 t hose
skilled in the art that experinentation is frequently needed to achi eve
~ good draw opefRbility with copol y#8%s. AR88 east2.88 snmaRB8 anpu2A8 of | et down
( PRUD) , aboutP1 t@Pa%% in the steam annegling zone is“ggn'erql desired for
opti mum pr op-_er'ﬁs'e . Yois. preferred for

ypm (4737 ngter

A SR AR ER e e i S - o

A dry heat shrinkage Of |esS than
filaments to h@ngiped in woven fabrics. 4¢4g . 168 18 - 198
Exanple 3 In-Table 3, the properties are conpared of crinped fil anents
prepared fronfpesrdaters cont ai ni ng higher proportions of dioxy-di(ethylene }
oxi de)...obt ai nggk by addi ng. di et hyl > glyeal  ( to no r feed, so :
that the total content of DEG in ?’Eipolﬁ#er \[/\)59’2; 4%E'Eé; wei ght. The i
. filanents conpigpged pol yner of RV ®D. A mgpreseshativeszrinpay sanple had af °
\*zel‘f_ﬁBlting poi nt_of JAerr].' Item1 is a control prepared 45 wi thout '
st eam anneal i id9%nd has a satisfa® oril ¥3 ow sgrf‘i nkag®! but 3¢l so has | ow
tensil e propegi, gﬁon (;me_ dyeabi l.i tyn,4 s supgrior tyo that of a hgmopol yner.
The usual reason tor nodi fyi ng the honopolyner is to |ncrease dyeability.
Conpari son of Tktwetgpdl and 2, nade zmder senewhadedi ff es.®nt dwaw conditi ons,
shows the inprovement in dyeabil i't7y and tensile Fl)ropert.i es, and thus the £
i nproved bal 8% properties obt ned B steafdanneal?ng (1#%em2). Item2 F
i s al so superpg8 1bfeigayapar abl e hogy rol I gnneal g produgts inghal ance of so
dyeability and tensile properties and in crinp index. Al though.ltenms 3 and
4 % bot h anbersityelg/celsi Ng conpar aBé& pr esIur est.a8b satidsat ed1.892cam the

dyeability of ltem4 is inferior to that of Item3 because |ltem4 was
over dr awn. Thﬂ%‘?R opti mum processf’ﬂ@2 con®iP® onP¥an &%t er AP4ed

enpirically byrigiRas’ i Ng the propegiies ofy the pesultigg filgpments. It
shoul d be noted that the tensile properties of Item4 are superior to those
of Item 1. 55SCT (ppm) o 1 1M @kanpl 24 Table 4
shows a conpatisqn, of {he properti of crinped filanents prepared froma
copol yner of %%Tﬁagdef‘&shyl ene terep%{shal at%), contai ni ng” about™ 3% et hyl ene

. glutarate (1.R86@hutaryl radical s)sdy addggng di mgt hyl g} utarate conmononer
SDMG), and 1.2% DEG as inpurity, so with total WVMOD 2.9% and 0.2% Ti 2,
spun at 1900 YA 1737 neters/nin)=to 3. B5dpf fi%ament!d? of about 20 RV,
whi ch were drawn, eal ed 60 and i nped essengally desqr, bed in _ E
Example 1. A reprugg’gﬁt ative cri-r'rpe%{fi be(ra'shad ag‘FreI ti n%?po-i nt%'sof [err].
Thi s conpari s'on Nalrbes an | nproveneat in prioperties that7 can be obtai ned by
annealing with steam at higher pressures. Item 3 shows a significantly

i nproved shri YRIgRe® 6Fvs8b, over 1tent2 (1099, al t Hdugh tffe tenperature of the
sat ur at ed. st egEa\waR i 1), Whereas the

di fference i n—sheinkage-bet-weenr—-bS R Ssha-e Yot0—+0%) ,
despite a ri shll exqentnseamiaonesledfand all dded atd°¢. be not ed al sothatthe LPS 11

EP 0 125 112 Bl of Item3 (126 A) is significantly larger than those of _
Itenms | and 2(114 and 115 A), showi ng the significant change in fine ?

structure. Exanple 5 Table 5 -shows the useful properties of crinped
filaments obtained by steam anneal i ng poly(ethylene terephthal ate)
contai.ning 2.1 % of pol yet hyl ene oxi de of 600 nol ecul ar wei ght, and 1.0%
DEG so with total WMOD 3.0% and 0.2% Ti 2, spun at 1900 ypm (1737
meters/mn) to 3.36 dpf filaments of about 22 RV, which were drawn,
anneal ed and crinped essentially as described in Exanple 1. A
representative crinped 14




sanple had a nelting point of [err]. The excellent dye rates and |low _
shrinkages ‘can -be noted. As conpared with hot roll anneal ed products '
(conparabl e | evels), the steam aEPe@ $251M@dBdts general |y have | ower 47
surface trinmer levels, better "D' nunbers and better crinpability. Fig. 2
shows rel ati onshi ps between LPﬁ_Kand ,A’CSL&Q_ H:?EF of the invention fromthe
foregoing Exanples. Itens with PG } I'ng. below the |ines HK and
KJ were madgesino@nneal tegperatuges belgow [erg] (belgpw 150gpsi g) and have
hi gh resid i . , i i i |y
have rel ati Pekgsshi gh dye rates, those falling outside the area H JK have

t he sane or poorer bal e 15 ori ati and rate_than those
wi thin the gﬁ)ga. This i saﬂég\?i denf'g%)y co%%tari ngﬂuD" 'ng%gers ¥ t he Z'ngl es.
Fig. 3 showprye! ati onshi pgegbet wopgy t heggeat i 0 gy ACSo® LPSpezand wagght %
crystallinity calculated fromdensity for itens containing 1 % or |ess DEG
Best filamedPB fall withidB% he 28%a LMEP. |128Bs hypd8 hesiZ4d t h&id4s
steam anneal, fi hers of the_invention have an usu '~ hi nmor us free
20 vol une (\kﬁlsséﬂ(s?'avors dye rate) while al so’ﬁgvi ngMg%od ggahogi I emé?operti es
and | ow resmemglecghri nkage— 1t i s-believed thas the paraneags s | mogl GS. 2-4
reflect this good bal ance of fine structure properties. Exanple 6 Table 6
conpares t h&®{&berties of¥crinpg@¥ fil d¥fents & RV of?about®20 fr &k
pol y( et hyl eg.gpg,ggse- 25 phthal ate) containing 5. 7% ethyl ene glutarate from
DMG conmononer, 3.5%glutaryl radicals and 0.7% DEG (WMOD 4. 2%, and
\Q/2% err]. APFepresentatings cringed sangd e hadisa nehs?ng poént ofiaBerr].
Thére is a surprising i nprovenent in dyeabili t¥ for the filanments_that have
been steam 3i#% ed accor 8i'ng t 0%t he i ffenti of%over BBt h urfdnneal 8§
filaments (htgpyl) and fibgnentsyannealed with saturaged stigam at jhower
" pressures ltem 2). Al t hough Item 2 shows an i nprovenent in tensile
_ properties Gloogatibintelunannedl ed 3@ produst (ltewh 1), ke shrimkage 2s
‘unacceptably high, and the_low LPS shows the differepnce in fine structure
fromthe filx'ai" ﬂ?%‘”anneal g‘d at t%e ni gr?ezr pr eg'gur es &Rcor disr?g to tflis
invention (lgpgh&k) 3 and 5) 4Al thogigh 1t gy 4 haggl ow tggsile propertipes, as
conpared with Itens 3 and 5, these tensile properties are conparable to
thosé of |t OHS1196Ehtklyet tMe dye Tate of6 Item 2 is fa¥ superfor, sBowing
that the prqcess,of. stea nneal.j,ng a din ot L nvention c lead to
usef ul prodg’S?séwfﬂ%gi de ﬁsg prg'oiagt clqgﬁns g%ngxa 7 1‘% e 7"SHows the
useful propapbres of criggsad figgasgent s.osf pod.ogeet hylogne t epgpht hededt €) of
about 22 RV containing 4.6% pol yet hyl ene oxi de (PEO of 600 nol ecul ar
wei ght and GrimpiEex (WOD 5229 af® 0. 29%88Ti 02, 28pun a9 1900 %pm (17287
met er s/ m n) sE?gﬁ'm e filamegts Wnis&h we5§;:l drawpl annegg.‘ ed ang cri rrp‘,gd 40 at
- several drawrdtios and anneal er retractions. R representative sanpl e of
w~Crinped towchgl. inaek @) 251.28C. These filaents,7zscont ai-hi ng exen nore PEO
than those in Egarrpl e 5, show a further inprovenent in properties,
especially &8Wate. Examfe 8 45 Tal e 8 &nparesthe pHoperti®®s of
crinped filg s of two cationically dyeabl e;qgopol yners ofgqpol y-q34et hyl ene
t er epht hal atg‘ cont ai ning the indicated anmounts of ethyl ene sodi um
~sul f oi sopht tref sueberand of 3BEG a#4l t he 68MOD vabues, &d comtsai ni n§00. 2%
[err] spun at,k 1900 ypm (1737 meters/mn) prepared in_essentially sim.lar
- manner. A co'ﬁ'p%{?'?’g“én of 1f%8ms 3 dhd 4 s¥ows tHE inpr.aQ/emant &ntendile
‘properties nveeNrdi i ty abtai ned by uge of high anneal i ngsgst eamsgr essures
according to the present invention. A 50 representative crinped sanple had
a nelting p&CBLPHRatjoer r], -wher eas~such - sanp¥® of Item 2 R a ndlting
poi nt of 2586—2€—Fre—dirfferemceT T rme—Structure s denonstTated—by—the
hi gher LPS val ues of the filanents prepared according to the invention. A
- conparison of these results with those in the followng Table will show
that the steam annealing of the invention can allow substantial reduction
in copolyner content without sacrifice in dyeability. 55
Exanple 9 Table 9 shows a conparison of the properties of crinped filanments
of cationically-dyeabl e copolyners of poly(ethylene terephthalate) of RV
about 17 containing 3.0% et hyl ene sul foi sopht hal ate (2.4% sodi um
sul f oi sopht hal oyl radicals) and 2. 2% D5 as inmpurity, (WVMOD 4.5% and 0.2%
ferr], spun at 1900 ypm (1737 neters/mn), prepared in essentially simlar
gannner. A representative crinped sanple had a nelting 60 point of [err].
B "provenent in d ty for Item 3 over the unannealed filanents
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pressures of saturated steam (ltem 2) also leads to an increase in
shrinkage over the unannealed filanents (Item1). A particularly good gg,e
rate,is obtained with a | arge gpt@g3a@s pr2dBti ng the annealing step, as
shown in Item4, where the retracti %B was about 12% although this increase -
in dyeability may be acconpanied bg %@ Ss in tensile properties, so
| et downs (retractions) of 1093°81°P¢! 'E%'EIE% e%@h& ally preferred. Item 3 has
12 EP O Lgemnd.2 Bl a good bal gnce of ytensilg propgrties gnd dyeability,
and is 70% } } _ ' d
filaments. Haewpt e 10 Tabl e 10A conpares the properties of crinped
filaments of tionically-dyeabl e _copolyners containing 5 1. 6% et hyl ene
sodi um sul fo’fdégpht halate (1.3% s P um f ol saﬁ%t hal %)%"I r adi’@al s), 2.4%
et hyl ene gl ugrupat e (1.4% gl ut ar yg.g¢' adi @aks) f pegn DMpgpand }.e8% DEG as
inmpurity WMOD 4.0% A representative crinped sanple had a nelting point of
[err]. The fT@Raments accordi ng t36% he i2fdent i 873 agade* hav@4?nproved
dyeability. ' aling at | rp sure ais t he i nkage. The i
di fference i'ﬁ'tnsﬁﬁneegg?%ucture is1§gai n iﬁgwn bf/“é he 3?15% in%}hs. to The &
crinped t ow Anneditremp.®c) S cut to gg5 i nciez(38 mEd St apdee andgeapun into yarns;
which are knitted into fabric. The fabric is dyed without carrier at the %
boil with di¥ferse and with cati®® c dyé4 and'®dnpart® wit H-6Byed 2. 25 dpf
comer ci al tionically dyeable | yest staplg (Ty 64 e by E |. du
Pont de Nermcﬁrs and Conpany). Fi I%%rrent F’énsi I 2&.% operl%?)i es gﬁg dye results
are shown i, Tgpdl e 10B. 1t is seam thatashe dyrsrate2and thezdye bath 2
\»'f_e;)ghaust by the_steam anneal ed filanents are significantly superior to thoseg
of the i5 confer@PH fiber. It i $5surprPding thht hi §fer exPlust is
obt ai ned, evg (Mebd) (kAL i onic dyes,g for the testgitemgf the pnvention whichg
contai ned 40% | ess reactive dye sites than the commercial fiber. The 1
rel ati onshi g9"betmbeen LPS and AC2sfor the itensoof BEeanples26 to 10 are
shown in FI (;g,ﬁ éterrs of the invention fall in the area STUV. The
criticality of I'H8%¥e parameters i¥ eviddit froMthe T&bles. Ptens within
the area hawppgxcel l ent dye ratghgri erggbi onglagd ancge@nd |gpagr esi dual
shri nkage. 2o . The criticality of steampressure is clearly shown by

conpari son @&CTTable 10A, Itens -3 @nd 4 @i ch we& e. nadd® wi t h 26onpar abl e draw

rattos. ltem4.s very signifjgant | nprove ts i.n dye rate/orienta-

tion bal anc«reeeﬂwgﬁ%%m by "D’ nﬁﬁ% r ahjl'P in s‘l“ﬁgF kad@fgeaThe" coordi nates &
of the area drsdltndes(%6)) G 2 and STV in KRG 4 @ge simylar (g5 to 150 A and
124 to 150 A resgpectively) but the ACS coordinates for filaments with WD
3% are shiftA8 WYy about 3.5 A 6S5Presefite of Bbnonorr inc®ases ACS :

significant IL¥SP$’t_ changes LPS OnJM\b sli glla ly. |15h t he 1L,9I I ovm'ﬂg Tabl es, 4
pol ymer conpositions, filament tenacity ferr] and [erT] were rounded off to

7 aone deci nmal wdigt &% Crigstdthe Tabl es. 4omal | aplg screpsnci es g1e. 9., s#. 1 units)

“<bet ween a sum and its conponents is explained by this rounding off versus
cal cul at i on$\CRLBIfitti%e act ual val#8s detdPmi ned@nghi sBppliedlal so to val ues
for machi t0; I ' ' g tio. 30 35
40 45 50 55 60 65 13 EP 0 125 112 Bl TABLE 1A . :

B A e n el
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B

I—Tormpol ymer (0.5-1% DEG) |tem No. . 1 2 3
5'Proeess MDR 2.92 2.91 )
2. 91~ 2.:91 PRUD EP 0125 112 BY  0.99 0.99 0. odhf
0.99 TDR 2.89 qwz 88 2.88 2.88 2.88
Press. (kPa) “H " DEG)}—12R¥ 1130 1480 Tenp.
([err]) . omopolY 58 185 108
Properties DPF Item No. 1.65 21.52 3 1.50 1.49
1.45 T (gpd) A _ 5. 1 5. 7 — 0. 2 6.2 6.7
[err] (gpd) rocess 2.0 2.3 3.4 3.1 3.7
El ongation (% MDR 24 2508 3.68 309 19 19 T +
[err] (gpd) 7.1 8.0 9.6 9.3 " 10. 4 BOS
0 PRUD 7. 4 2.4 099 3.1095 13.95 2.2 DHS
([err])(% 14 11 A 8 Density
(g/ cc) 18  1.37 1.388 3%%390 2% 1.392 RDDR
0.052  0.049 0.pR2 (kpa) 0. 046 0. 043_Cr i rfaad ndexsig 32
37 31 30 27.5 SCT (ppm. : 0 1
11 47 5Xe@pyf¥) . | ndex (% — 193 20 199 31 45
60 - ACS (A o 4 53 . 51 57
- LPS (A Drier {*C) ; ég 80o5 80 177 _ oD
‘Nunber Propertids 6 3.5 3.6 3.4 3.3 "T"
~Nunber <1 <1 2 7 7 i ght %.
LOryst al _ . DPF 30 42160 1.8% 186°. ACS/LPS Ratio °
- .55 .5 - excepjg 1 stgam anneal ed, and all
dried at [err] 14 3r|i"1!”"6125112 BL TABLE %é Horm%olyrre?%(o 5-1 % DEG |tem
“No. 1 T, (gpd) 3 25 5 25 . 6 7
'Process MDR 2.92 2.92 2.92 3.04 2.76
2.52 2.52 PRUD CElongation (%) 0. 99 320,99 B8 0. & 0. 96 0.93
.0.97 0.93 TDR 2.89 2.89 2.89 2.93 -2.58
. DHS {196°C 7.5 3
12.45 2. 34 Press. ?IéPa) ) - - - 1480 1480
1480 1480 Tenp. (D@hsity igice) - 1370- 13%  1.39% 198 198
1198 198 Drier ([err]) - 90 25 135 90 90
90\ 90 Properti &PPpF °°P555 0075 , B%8 163  1.43
1.57 1. 40 1c4.§, Tnda@Pd) 2251 24 58 50 6.5
6.0 5.7 6 17 (gpd) 2.0 1.2 1.2 3.4
2.5 3.0 ZSGTEpmhgati on (% —24 49 28 86 33 14
26 19 2 err] (gpd) -_ 7.1 4 6.2
9.9 8.5 %’Vs""[’ AT BOS ( 37 s 7.4672 0.9 0.5
1.6 1.5 ACS (A) 2 DHS ([errlsis(%. 65 &6 7 5
7 5 6 3 Density (g/ cc) 1. 368 1. 385 1.384
\F. 393 1.396 1. 3894 1. 398 © 130 137
“D" Number | a7 28 24
“T" Number SR 13 23
Flex Life . : 9611 ‘5198 6324
Weight % Crystal 29 56 50

ACS/LPS Ratio .59 .50 47

17




RDDR °

0. 049

18

~0.052 0. 046 0. 034 0. 042 0. 062 3

0.065 Crinp | ndex. 32 30 28 29 20 BT
28 SCI (ppm | 0 6BP 01258982 B1 116 55 35

25 Cryst. Index (% 20 - TABLgZ 75 - 72
73 ACS (A) 49 Copolymer'Contalnmg Add¥dl DEG, WMODZ85% B 64

69 LPS (A) 100 138 - 131
134 "D' Number item No. 3. 6 4.4 1 6.2 8.5 4 2.6 3.6
3.0 "T" Nunber <t 7 58 16 10 6

5 Wei ght % Cr yst alfreeess. - 41 48 - 48

53 ACS/ LPS Ratio 319 - 54308 .4& 3.19- . 49
.51 15 EP 0125 112 Bl TABLE I C Homopol yner (0.5-1% DEG) |tem No.

1 2 PRED 4 0$8Pr 0c 844 VDRO.99 0.99.

2.75 2.92 .10 2.94 74 P 0.96
0.94 0. 90 TDB. 90 0.90 TDR Pt TR 2 e 2.65 2.74
2.79 2.64 Preés.4iPa\nneal Press. kBa 1440 1480610 1480 1440 1480
1510 1550 Anneal Tenp. ([err]) 199 197 198

199 202 DPF Temp. (°C) — 1.597 188 54 198 1 46 1.54
1.65 T . : 5.6 6 . 8 6.0 5.7
. L 90

‘T7 (gpd) Drier £C) 2.9 B g o, 0 s 1.7 T +
t[err] (gpd) Properties 8.5 9.1 9.1 8.0 7.4 DHS
’(196(:) (% 6 6 5 3 3 "D

t Number RV 2.9 2.920 26 2057 20 o1 T
\Niimber 11 13 8 6 RDDR

: 161 1.56 141
0. 057 0.055 °F6. 053 0.064 - $logs &

" 61 76 T(Gﬁd) 38 24 Densésy (g/&&)* 6.6 1.3942
1.3921 1.3965 3968 1.3995 Cryst. Index (%, 70 -
72 73 vWP’ 79 ACS (A2 - 29 -6 2666. 5 64
67 1 Ioigation vl A 31 19 14D 17134 138
137 146 i gEh 3@ Cr%;/,stal 49 47.5 51 51
54 ACS/ LPS Rati o Crimp index LAT5  — 475 28 485 32 52 .51
16 EP 0125112 Bl TABL Homopol yner (o 7% DEG) - 12RV I te
2 AR S
3. 09" PRUD Densng (glce) 0.99 _ 0.4 1_3@7 95 TER

3.05 2.93 2.93 Press. (kPa) - 1340 1510

' SCT (ppm) — 46 — 73
RDDR 0.054 0.07% 073 057
T + T, (gpd) 6.6 9.4 8.3 9.2

. - “D” Number 5.9 33 3.7 4.3

N

T “T" Number —_ 7 <13* 12
Cryst. Index —_ - 75 73
ACS (A) - - 70 69

) Lps(A - - 136 132

Weight % Crystal - —_ 50 49

B ACSILPS Ratio — — 51 52

*agtimated




([err]) - 193 199 Drier ([err]) -
3 80 Properties_DPE 1.60
55\/ 1 56 T (gpd) EP 0125113 Bl 4.5 4.2 %
err] (gpd) 1.7 ‘TABLE 45 2.5 Elongation (%
2 21 DHS (¢opbiyrher From DMG and DEG, WMOD 2.9% 3
nsity (g/ cc) 1.370 1.395 1. 395 RDDR :
. 056 0.075 oftemdlocr i mp Index 2 332 24
b3 SCT (pprr) Process 49 86 Cryst. Index (9
R7 72 ACS (A) 55 65 65
| PS (A) - Press. (kPa) 94 130790 10237 " M2OONumber
4.7 2.8 2.4 "T" Nunber 13 23
Flex Life Temp. °C) 9611 51068  63%% vei fht % orystal
29 50 L PS Ratio .59 . 50 .47 17
EP 0125112 B1 TABLE 3 Copol yner Contai ni ng Added DEG V\MZD 2 35% | t em No.
1 2 3 T7 (gpd) 4 Process MDR8 26 3.19
3.08 2.84 ' 1 D 0.94
0. 99 0 95 ToR 14T 68 3 1479 31 2.82 |
3.15 Press. (kPa)  DHS (196°C) - 121440 10 1480 1480 Tenp.
([err]) - 197 198 198 Dri‘er ([err])
130 90 RODR 90 Proper +88s RV°94
20 20 2 20 DPF 1.61
Yy a7 1.56 i Nymber ) a1 34 §'.24 6.6
V5.6 6.6 T7 (gpd)"'r" Number 4l.2 — 2.9 2.6 2.6
El ongation (% 31 19 24 17 Crinp | ndex
28 3 Pensity (g/cc) 32 DHS ([erﬁa} (%1.385 1.392 7 6
9 7 Density / - 1. 39 1. 387 1. 388
SCT (ppm Hat i %) _ 48° 76 1 5%% 73 RDDR
0. 054 . 0. 075 AC33A) .057 T + T7s8gpd) 67 62 6.6
9.4 8.3 9.2 AD Number 5.9 3.3 3.7
4.3 "T" Number LPS (A) . 114 16 1326 12 Cryst.
| ndex - 5 1 73 4£CS (A
S, - 70T % CVEY Lps (A) “ o i i
136~ 132 ACS/LPS Ratio 51 58 49
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Vi ght % Cryst al - - 50 49 ACS/ LPS

Rati o .51 .52 *estimat ed EP,O
125112 Bl TABLE 4 Copol yner FEpro 26 12 ﬁBEG V\MZD 2.9% 1| tem No.
1 2 3 Process Pr ess nga) 790 1070

1200 Tenp. ([err] 188 Properties ¥
%egr] (gpd) EopolymerContammg PEO (I1§)andODEG (}%EW&: (3£‘ti T + [er rl% (gpd)

7.9 temNol.1 DHS([err]) 1 2 3
6 RDDR - 037 - 094 11 D' Nurmber
4.1 3.4 Process 3 2 “T*  Nunber
- Density (g/cq_-),,e kP 1.3§ ;48385 12000 39 &ryst Index (%
65 s UR8L Acs(n) a0 3 :
62 LPS (A) ~ Temp. (°C) 11788 19815 188  12@88V\éi ght %Crystal )
44 .51 46 ACS/LPS Ratio .51 .58
.49 19 EP 0 P9$%%4> B1 TABLE. 5 Copol yrrer Cont ai ni ng. PEO (2. 1% and. DEG
(1%, WD (3. &%3gplif €M No. 23 1oz 23 3
4 Process Press. (kPa) 29480 140 1200 . 1200
Tenp. ([err]) T+T,l(gpd) . - 19879 188 76188 80 188 Properties
[err] (gpd) ' 23 2. 2.3 2.5 T+ [err]
( gpd) DHS (196C); o - 7 £23 7.% : 83.0 DBS ([err])
ca 3 4 RDDR 8 8 RDR 13 A2 1 .12 .13 ¢
.12 .11 "D" Nunber 2.6 2.7 2.9 2.9 :
T Nunber “D" Number - - 5 26 - 8 27 29 .28 3 Density (g/cc)i
%388 1. 388 " Nu 1 377 1. 388 Crsyst. Igldex '(% 3 72 i
67 63 BB ACS (A) | 66 63 61 i
65 LPS (A Density (g/cc) . - 137388 1388.. 1377 1261388 127 Wi ght % CE
Crystal . 49 45 42 - .47 ACS/ILPS Ratio '
.50 .48  Cryst. Indgg(%) .51 20 72 67 63 70 :
ACS (A) 66 63 61 65
LPS (A) . | 132 132 . 126 127 : | g
_. Weight % Crystal e 45 42 a7
ACS/LPS Ratio 50 48 49 51
oy
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0125112 °B1 TABLE 6 Copol yner From DMG and DEG, WVOD 4. 2% | t em No.

2 . 3 4 5 Process MDR .
39« .2.39 2.59 2. gp 0 125412 BRD 0.98 ._
. 97 0.90 0.90 2.34 2.3
.33 2.08 2.34 Press. (kPa) TABLEG - 760 1410
380 1440 Tenp. ([err] Fopolymer From DMG and DEG, WW 2% 196 194 1
97 Drier ([err] 140 0 3 90 4 90 90
roperties DPF b No. ! 18729 45— 447 1.66 ;
%. 44 Tenacity ( @esdpss 3.5 3.9 4.1 3.6 4.7 T7
gpd) 0.9 2.0 1.1 6 El ongati on
(9 49 MDR 39 23 23937 259 2§gbr| mp? ‘lgndex
35 26 PRD 24 21508 0976 DHQdol errbko - 0.4 7
12 6 6 6 Density (g/cc) 1.384 1. 387
1.396 1.391ToR 1.39 SCRT (ppss 232 -233 208. 234 35
28 30 RDDR 0.15 .16 2 0. 26
). 21 T + [err] ( Py KPa) Is5 60 5.9 18 13805 5 94434_ 6 6.2
Cryst. I ndex (%remp. ¢c) —70 18 _ 8hgs 194 197 76 ACS (A
| 65 76 - 70 LPS (A) -
111 131 Dner(—"C) 130 "D' ¥unber 90 80 498 3.6
P. 9- 2.7 .5 "T" Nunber - - 12
11 9 Vi dT‘FYR?’t’CFystaI - 47 55 - .
51 ACS/ LPS Rati qpf 178 . a1 14758 1:66 1.44 .54 21
=P 0 125 112 Bl TABLE 7 Copol ymer Cont ai ning PEO and DEG WVOD 5. 2% I tem
. Tendcity (gpd)  2° 35 39 4% Proddss Préds. (kPa)
200 1480 480 1349 Temyg ([err) 0 16188 . 197
97 193 Prgf®dties [err] (g%d) 20 12 1.4 1.5
.6 T + [err] (gmaggat.on(%) %97 39 6.3 26 6377 28 6.7 DHS
[err] ) (N 3 5 8 RDDR
27 27 Crlmplzczex 285D Nehber 2 2.% 2.5
2.9 - "L er = 8 2 4 3
aby 7 12 6 6 6
Density (g/ cc) DHS {1 1.384 1.389 1.390 1.389 Cryst. Index
(B 79 Densitydg/ce) 801384 1381 ACS1.ge® 1391 139 79
7 73 65 :
SCRT (ppm) - - 35 28 30
RDDR ' 0.1 0.16 0.22 0.26 0.21
T + T, (gpd) 45 5.9 5.2 46 6.2
, Cryst. index (%) - 70 81 - 76
. ACS (A) - 65 76— 70
LPS {A) - 1M 131 - 130
“D" Number 438 36 - 29 2.7 25
“T* Number - - 12 " 9
Weight% Crystal _— 47 55 - 51

ACS/LPS Ratio - .58 58  — 54
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22

LPS (A) . 131 138 131 126 i ght % Cryst al
53 . 56 54 48 ACS/ LPS Ratio .55 . 56
.56 .51 22 EP 0 125 1Ep R 125812 EB{:opoI ynmers cont ai ni ng [err]
DEG™ as shown Item No. TABLE7 2 4
Conposi tion NaSC31 _ - ;@ 2.4 2.4 DEG
1.7 1.7 1.7 Copolvmel_:l_(':o?tl O and DEG, V}Mgo 5.2% 31 31
3.6 3.6 PrpgseRs. VDR 1 2 .18 4 2.11 2.19
2.27 PRUD - 09+ —5—96- 097 0.94 TDR
2.11 1.89  Prces® 2.14 Pres. "(kPa) 1270 1410
790 1440 Te rr]) 91 4480 1880 170 197
Properties Ry s bod 1200, o 14890t 4 17 17 DPF
1.71 1.77 Témpl €C) 1. 621887 (gpeh) 197 193 2.2 1.1
1.0 1.9 T +[err] (gpd) 6.4 4.9 4.9 6.5
Crinmp | ndex PmPe"'es34 34 32 DHS ([err] )(Y%
7 1.5 7 R .11 .19
. 14 15 1.6
.12 "2 o TrERBer Rk 2.6 4.6 2.9 "T"
Number T+ T (gpd) <l 87 - 63 6.7<1 De@2ity (g/cc)
1.39 1. 396 1. 390 1.396. Cryst. Index (% g 53
77 ACS (A) DHS (196°C)(%) 4 3 535 . 8 g7 Lps (A
- - %%4 130 Vi) ght %gryst alys 21 -
36 52 ACS}‘E Ratio - - .47 .51 23
EP 0125112 Bl TABUE” Rurfdspol yner CoRTai ni S NaSO2® and BEG WMOD 4.5% I tem
\.No. " -2, 3, 4 3 5 Process

Condi tions MDR T Number § 18 2. 28 2.27 2.36
2.12 PRUD Density (gice) _ 0- 99 1.384 0. 9fizse 1.990 94 1.389 0. 88 0.94
TDR 2.17 2.18 2.14 2. 07 1.99 Press.
(kPa) - Cryst. Index/igd) 79440 8 15589 7440 Tenp. ([err])
- 168 v 200 1 Drieg, ([errg) 140
90 90 AC&?@O 00 72 H 13 _61;

LPS (A) 131 138 131 126

Waeight% Crystal 53 56 54 48

%
: ACS/LPS Ratio 55 56 56 51
s

R R L




Fiker Propérties DPF 1.79 1. 60 1.58 - 1.62 §
1472 Tenacity .(gpd) 3.9 4.4 4.3 4.2 3.9
[ dr Ngpd). 1.0 ER.0125112 B12 1.1 - 1.5 30
Elfongat i on (% 33 17 TABLE 38 : 20 22 Crinp
| pdex 36 Copdiymers containing®¥aS0,l and DE@G.SVMOD as showm DHS ([err])
5¢ 8 4 3 5 Density (g/cc) 1.391
11386 1.395 hemMoo . 1.401 SCT (ppf) 4. -
0 0 0 BP R vion 0.14 0.14 0.17
0} 22 0.20 T + [err gpd) 4.9 6.3 6.5 5.2
5[4 "D' Nunber Nasos 5.0 480 1.8 3. 3?4 28.0 3.2 "T"
Nunber - - <1 <l Cryst. I|ndex
(PH . _ DEG - 1.7 17 81@7 ACS (])3 -
- - 75 LPSEA) - -
i WP vei ght%CrystgaI 38 36 i
- 54 ACS/ LP8BrobR&ss i 0 -
.55 24 EP 0 125 112 Bl TABLE 10A Co[i)ol ymer Cont a| ni ng £err] DMG and.
DEG WWOD 4, 0% | t em M5! L 4
6 Process MpRup 097 2-04d 097 2- 940.94 2.79
.79 2.8 2.7 PRUD 0. 96 0. 96 0. 96
. 96 0.92 PR2 TDR _ 2.1 1.89 2.2 219. 82 2.68
. 68 2.60 2 47 Press. (kPa - 1130 790
\%30 1480 1538 by, (err] fo a0 790 144956 170
36 198 19&mgXecer (O 191 196 135 170 9 90
g0 90 90 Properties DPF 2.42 2.18
3. 25 2.25 Dropgities 2.46 T7 (gpd) 1.1 2.1
1.9 1.9 L2 12T+[err] gpd) 5.3 6.8
4.3 6.1 é" 5.0 Crittp |nde8§< 7 9 31
31 27 BEF 27 DHS {perr])im 1.74 162 7
11 6 3 4 ROOR .10 .14
12 .18 Toiged) .26 "D'2Runbert1 1.0 597 3.3
42 2.9 a5 2.3 "T" Nunber, - -
1 ffsr’(gpd) 1 Den5|?y (g/cc% 49 1.%3s 1. 396
1. 389 1.395 d:ruB.S)FEex 1.39763&r yst . 2d ndex3d % 32 -
70 74 69 ACS (A - -
64 66 9%5 (196°CH%) 70 | pS A) 1.5 8 .7 -
117 125 ABBR 139 Weight % Crygtal 45 - 15 -
47 50 56 47 ACS/ LPS Ratio - -
}55 .53 “BSNumber .50 25 3.8 2.6 4.6 29
~5 “T" Number - <1 — <1
Density (g/cc) 1.39 1396  1.3%0 1.396.
Cryst. Index (%) -, = 53 77
ACS (A) - — 53 67
LPS (A) - - 114 130
Weight% Crystal - - 36 52
ACS/LPS Ratio - — 47 51
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EP 0 125 112 Bl TABLE 10B Conposition% St eam T-64 [err]

1.6 (2..8)* DVG | 2.35 - DEG
-1.33_ (1.9) WD EP 01251148 - (4.1) Fiber Properti |
DPF 2. 35 _g. 25 T Zde)

3.9 3.4 20 .. d 1.2

1.1 Elongation(% Copolymer confg' '"gmslgggg} 'Ef%“('\f%q ?'f’f’( % 3
ca 5 26. Item No. T+ [terr] (gpd) 3 a g 5.2 4.5
RDDR — 024 O—Ht—b—Nuormber 2.5
(6.2) % Dye Bat Wrocss&aedta8® M n. at Bol: Disperse Dye 95

90 Cationic Dye 66 Yam,Stre h ( 440
410 40 MPR vam B8 ([?B) (v 22 25" (M 5 * Based

on nom nal conp®8WUli on. C ai ns 1D.99A conbé nuoud.gar ocepsgsfor ggeating a tow
of melt-spun polyester filanents, involving the steps of (1) draw ng, (2)
anneal ing, (3) P%nping and (4) &yi ng2®har a&™ri zed® n t hb¥ t he anneal i ng
step is effecteggkd] pressurized zo of s ate tea a pressure of
at least 1100 kPaQ‘Zk?a)A process acco?ﬁong tgﬁg ai m(ile-.?La,L6 chgirdg&ct erized in

t hat, between t hemri"8i ng and e i npi n$8st eps 19t he 5ol engtiz of the tow is
controlled wthyn t% range of from about 5% extension to about 10%
retraction. 3. R gess accor Mhg to % aim 2 wher@n the®ength of the
tow is control | ggetmodeficiit about 3 to 10%retraction. 4. A process
according to any one of the preceding clains, characterized in that the
.drawn filamentsPBfe subjected td.78he plé&suri Ad8 zon&édf satierated steam

‘or at | east ab?éjntaﬁ%.(Z econds. 3 5. 4.?. A prgcess according to any one of
the preceding clariy, ®har act er i*2Zed i n*that t#8 drawh?filanthts are
subjected to the gp@ssuri zed zoRg of sapuratedassteamyfor a {4 me sufficient
to heat substantially all of the filanments up to at | east the steam
saturation tenp®pragatieni®orr espodddi ng t18 t he sBeam pRBssure22 6. A process
according to any. t he pregeding ¢l ai ns,_,whereip the awn filanents
are subjected t%m?ﬁ@d%{ essuri zed zone zgf sat tFat ed §€eamf | ess than
about 1 second.D@®(196°C) 7. A prosess acgordi ngat o anyzone ofgthe '

DP- 3630- A(EC) precedi na_cl ai ms, wherein the drawn filanents are subjected
toithe pressuri2¥a@he of satufdPed s1-888m for-38bout 14002- 0. W08econds. 8. A
process accor dig@-(wm{emy one of the precedinggclains, charggterized in that
the annealing takes place in nore than one step. 9. % process according to
any one of the fpPRRtedi ng cl ai nsp.1¢har aeigeri zedavn t hag2 t he ddol aments are 65
sprayed with an aﬁ_;?ous solution of a lubricating finish between the

i

anneal i ng and cFiipiMy steps. 2642  335¢p 0126812. B15FABLE 5B Conpositi on%
Steam  T-64  “pr Number 5.0 40 3.2 3.0 3.2 )
co~ “T" Number —_ —_ <1 <1 <1
. -
Cryst. Index (%) - —_ — —_ 80
ACS (A) - —_ . - _ 75
LPS (A) - - — — 136
Weight% Crystai - — — - 54
ACS/LPS Ratio - - - — 55
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[erf] 1.6 (2.8)* DMG '
2. 3p - to - ' 1.33
(1.P) WD - %%%125 "(%fq} Fi ber Properties 15
2)
DPF] 2.35  TABLEAGAT (%gd) : '
3.9 3.4 20 Copolymer ContalmnP élp$(?,l, owﬂ‘d G, WMOD 4.0% | 1.2
1. 1} El ongati one¥no. 1 28 4 28 DHS([£rr]) (% 6
3 ca 5 F——ter—{gpey . B2 > )
0.24 0.11 3MWocess "D' Nunber 2.5
(6.12) % Dye B Exhaust 60 M at Bqil: Dgperse [ye ' 95
90 {Cati onic Da@gh p9‘82 Q,gl 6%§ arn §tq§engt ﬁ'a(GM 27 '
444 410 phOD 096  ¥e&n Dblbs ([errjos(%) o092 092 2

5 % Based on nom nal conposition. Clainms 45 1. A continuous process for
treating a toWDBf nelt-spun pot§ester 282| andf®s, i B8l vi ng% he s#¥ps of (1)
drawi ng, (2) ahne ]d;agg, (3) crinpi ngm;and (ﬂ, dryingy chajggcterigged in that
the annealing 's e'g i'S effected in.a pressurized zone of saturated steam at
a pressure of wmpl E@st 1100 kRa. 2. feeprocems accoaseli ng 198 Cl ai1gs 1,
characterized in that, between the drawing and crinping steps, the 50
| epgth of the Q8if¥)s control I'88 wit hi® t he ¥ange o?rgpfromsabout 8% ext ensi on
tojabout 10% rgpragtion. 3. A process according to Gaim2, wherein the
| epgth of the tow1s controlled to permt about 3 to 10%retraction. 4. A
prpcess accorddhrFg to any one 0242 he pragedi agscl ai 226 charagteriz46d i n t hat
\LJ?La_ drawn filanments are subjected to the pressurized zone_qf satyuyated
stbam for at 1e48d about 0.2 sklonds. 285 135 A p’rsocess1'§ccord' g to any
ong of the pr eﬁgqh;@gd,cl ai ms, cpgractegigzed gg that ghe drggn filgeents are
supj ected to the pressurized zone of saturated steamfor a tinme sufficient.
t o] heat subst artmpdhdex al | of tihe fil @tents 3lp to a7 | east28t he sf&am
safuration tenperature corresponding to the steam pressurg. 6. A, process
according to gﬁ?‘&?@c’of t he précedi ng7cl ai n]s1, wher e“lrn 't hegdr awn tilaments
arfe subj ected ggpat he pressuri zegh zone @4 sat ypated ggeam f a4 | essa2g han
aout 1 second. 60 7. A process according to any one of the
DH- 3630- A(EC) ‘t"dedeng cl ai ns5.7wher ei3® t he4@r awn 32 anen$ are 38bj ect ed
tc_\t«h'e pressur)j ép égne of saturated steamfor about 0.2-Q,6 secpnds. 8. A
prlocess accordi'ng T8> any one of the preceding clains, characterized in that
tHe anneal i ng perkiRSgiRdace i n npggy t hanspge fep. 9.1.38s5proasszs acesezdi ng to
anly one of the preceding clains, characterized in that the filanents are 65
sgrayed with arvsidodesd®) sol utton of =a | ubri®ating 74 ni sh Bet wee®t he
anneal i ng and | qpi ng steps._26 * _C L gM S & 0 125,112 Bl
* C L M S&éé‘(xgo. A process according tsg any o‘rslee of Eﬁe pre??adi ng
clfai s, char actpgriAzed i n t hat—t he fidanent s17are dneged i n136 r el atded
~.condition at a tenperature of |ess than about_[err]. 11. A process
agcordi ng to CVeipbeIBYs®har acTeri zed™in that %t he f ament® are d?i ed at a

tenperature of \d6$3 dafi@n aboul. [err]. 55 53 58 50

25




5 .+ 12. A process according to clains 1, 2,4 and 10, charact erltzed |;g
that the towis withdrawm fromthe pressurlzed zone into anbi ent
r’Qgpherl c pressure whereupon tgp @125 ¢12sB4r e rapi dly cool ed by

vaporization of water while they are still under said controlled |ength.

13; A process according to Oaim 12, TABKa}®cterized in that the filanents

are cooled further before c ng. 10 A pracess according to any

one of 5t he precedi ng Clé mr%glll% acterized S}eﬁ% fhnEL e _pol yester filanments

consi st essentially entmasek—yl of di oxyet hyl enes and (2.@¢ epht hal oyl radicals 20

wi th di oxydiethylene oxide as inmpurity. 15. A process according to any one 2

of Cainms 1-13, charact'%!‘(| zed in that the pod3fester—is a copol yner

contai ning at |east 93%gay wei ght of di oxyet{ny eng ﬁ,nd t er epht hal oyl

radi caf%s and is substantially free of 15 "uni'ts with ionic dye sites. 16. A

process according to CIWMAD15, wherein the otther damononer radicals are one

or nore of glutaryl, et hyl ene oxi de) of |ess than 4000 nol-ecul ar

wei ght, adi pyl, and di oﬁg?’gg‘%ﬁﬁ *ene oxide. 17. A process according to Claim.

15 or ¥6, characterizedpen that the pol yesteggscont gipgs at |east 97% by

wei ght of di oxyet hyl ene and terephthaloyl radicals. 20 18. A process

accordi ng to any one ofT{@dinms 11-13, charad®rize®4in that the pol yester

contains at 'l east 93%1bépme| ght -of di oxyet thJ ene qﬁd t er epht hal oyl

radi ca¥s, at |east 1.39% aromati c radical s“containiing an anionic dye site

and up to about 4% of mbit&htmr ganic radicpgs. 1%g A process accordi ng to

Claim 18, characterized in that the aromatic .radicals containing an anionic

\dye site are 5-sodi um QHSHHERE)| sopht hal oyl3 r adi calss. 25 20. A crinped
filamesst of poly(ethyl gngs t@‘g‘ﬁpht hal at e) havg.‘ng atn | ative viscosity of

| ess than about 25 and co ?Yed of at |east “about * 7% by wei ght of

di oxyet hyl ene and teretmohal oyl radical repeaaingamits, the filament

having an inproved bal ance of dyeability and tensile properties conprising

a T7 ok at |east about T.3UGPY and a (T + [&%]) d$2at |east about 7 gpd

and | ess than about 10 ¢gpgh gathBlsgis? [€rr] is tenacity at 7% el ongation and

T is tenacity at break evmingekdion, a dry heat shrinkage at [err] of |ess

than about 10% and a 30 dyeability/orientation relationship characterized

by .a "#&' nunber of | es PisperamPeout 3.8 and ¥ eat er®t han about 1.8, wherein

the—D' nunber = [err] Dy RDDR

wherein WMOD i s the tota wt % of radicals %%her taﬁan di oxyet hyl ene and

t er epht hal oyl radi cal s Ya Stlesgtp@mwiner chai a4 and 49

RDDR =,DDR (DPF/ 1.50)[err] whereln DDR is neasured as described in US-A-4

195 051 and DPF = deni SPMPHS (J961CQHMint . 21. & crinpBd filanent of

pol y(et hyl ene terephth ative viscosity of |ess than about

25 and conprised of - at %%’%gg%' a ’éﬂ{}gg 'tE’L' wei ght of di oxyet hyl ene and

- terephf h&lﬂuw radi cal repeati ng units 45 and contai ning at. Ieast about 3%

“\of ot her ral  radical s 3% r.adi c
V|
dve"st cqm TR AP Pl e e ©
tensil e preediritdd z05e GFeaIfated stegmar ¢ aflbast 60 kPaADOUT 1.1 0pd and a (T +
T7) of at |Zagrocasseatordngtp Glaamtl chsatserlzdﬂantlubbume?\ tgmtawmblerdsunmp[mlste]:s, th@
tenaci¥ yleasthw%f@lt%g? rq* cgw@mnh 'Q"Gﬁafcf{;;}/ 'gytt%e’&knsw etracipq; %eat
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| ess t hl g e%ﬁa&tzs ast the steam saturation temperature cor responding to the steam pressure.

éording to any one of the preceding claims, wherein the drawn filaments are subjected
to the pressurized zone of saturated steam for less than about 1 second.

7. A process according to any one of the DP—3630—A(EC) preceding claims, wherein the drawn
filaments are subjected to the pressurized zone of saturated steam for about 0.2—0.6 seconds.

) 8._A process according to any one of the preceding claims, characterized in that the annealing takes

place in more than one step. .

9. A process according to any one of the preceding claims, characterized in that the filaments are
sprayed with an aqueous solution of a lubricating finish between the annealing and crimping steps.
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la région STUV de la Figure 4.

40. Un filament selon I'une queiconque des revendications 20 a 39, ayant un rapport taille apparente
des cristallites/distance de longue période et un pourcentage en poids de cnstalllmté tels qu'ils se situent 3
{'intérieur de la région LMNOP de la Figure 3.

41. Un filament selon la revendication 40, ayant un rapport taille apparente des cristallites/distance de
longue période et un pourcentage en poids de cristallinité tels qu‘ils se situent a V'intérieur de la région
NOPQR de la Figure 3.

42. Un filament selon I‘une quelconque des revendications 20 3 41, ayant un retrait & la chaleur séche &
196°C inférieur & 8% environ,

I 43. Un filament selon a revendication 42, ayant un retrait 3 la chaleur séche a 196°C d'envuron 3% ou
plus.

44. Un filament selon la revendication 42 ou la revendication 43, ayant un retrait a la chaleur séche a
196°C inférieur 3 6% environ.

45. Un faisceau de filaments seion l'une queiconque des revendications 20 a 44, ayant un Indice de
Frisure d"au moins environ 20, 00 I'Indice de Frisure =

'(o wvendicainncs, dsegieai B0

n Ies qu e|les se situant a 'intérieur de

(66,6 — L,)
66,6

X 100

et ol, pour la mesure de L,, le céble frisé est redressé par application d’'une charge d’environ 0,1 gpd et des

pinces de 0,5 g sont attachées au cdble étendu avec un écartement de 66,6 cm, le cable est ensuite coupé a

11,7 cm au-deld de chaque pince pour former un échantilion d'une longueur étendue de 90 cm,

I"échantillon est suspendu verticalement, en pendant librement de I’'une des pinches de faqon a permettre .
une rétraction a la longueur d’étant firsé, et, aprés environ 30 secondes, la distance entre pmces é I"état

pendant librement: (L,} est mesurée.




