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FI BER AND METHODS FOR MAKI d of the D scl osure giNdvenfhiep2b@sur e
-relates to a polyester fi bAﬁ“l@%ﬂm @ maki ng the sane, and articles nade
therefrom woopadsi cul ar) t e relates to a fibegeOfsomioR! yester
wherein the polyester has an i s8&&ebi de nD|ety, terephthalo(f noi ety and

et hyl ene gl ycol noiety, nethods o sane, and articles nade

t herefrom Background of tﬂﬂlﬁ"ﬂ]‘ﬂm’%mm& Pol yester fibers are produced in

| arge quantities for use i f applications. In particular, these
fibers are desirable for use inc®@xtiles, 10 particularly in conbination
with natural fibers such as cotton and vvooll-. Cl othing, rugs and other itens
may be fashioned fromthese fibers. Further, polyester fibers are desirable
for use in industrial applications due to their elasticity and strength. In
particul ar, they ar  POE¥ESTERBKEERIANDIMETHODS EOR MAKINGEBAMEd r opes.
The term "fibers" as used herein is nmeant to include continuous 15

nonofil aments, non-twi sted or entangled nultifilanent yarns, staple yarns,
spun yarns and non-woven nmaterials. Such fibers may be used to form uneven
fabrics, knitted fabrics, fabric webs, or any other fiber-containing
structures, such as tire cords. SyrHitldbf thefDibdosire such as nylon, acrylic,
pol yesters and others, are nade by 20 s i nni ngvand drawi ng t he poI ynmer into

a filanment, which |§htsrfbwlqsefw&t¢3rf9@p&wﬁhﬂ metedn of makipe the sament s
together. Thesg,fifels Bl ilbEln! IR P SR Rl A O o FhETYCA Y O
i npart desirable Tharacteristics such as s reng & ds

resi stances hapeiyedteeWh@tinf b polgpstariths ah esokérbiie agoi Eomphmatdyemietw based on
the desired end product to be fashioned fromthe fibers Novenber 2002

WO 991 54534 PCThyisgs glyrolmoieyy , Taashqsts|of making e saspy; [apd agistes frgpde thegefrom.

formation are generally based on conpletely nman-nmade or synthetic

nol ecul es. In contrast, the diol 1,4:3,6 dianhydro-D-sorbitol, referred to

hereinafter as isosorbide, the sBatiglioiR dfihdDiscldsire i || ust rat ed below, is

readi |y made from renewabl e resources, such as sugars and 5 starches. For

exanpl e, isosorbide P@h/ﬂstb'eﬁmiﬁlérefmgdﬁ@dgl lﬂmawnqs;fdr wiganatviaoatyfadl | owed by

aci d-catal yzed d drati

i ncor por at ed adPR" %B?fbsms Raﬁ%ﬂ%o%ﬁc ﬁ‘%?%artet%?"a}? {éj)r "R 1“3‘8@%& epht hal oyl

noi eti es. jgee, Bﬁfcuﬁi‘l?ﬂﬁk@mbﬁau&{ Afth el thibads subfbds @weh ané-@o@hemmhmém'

| 94, pp. 53-64 (1993) R Storbeck et al, Polynmer Vol. 34) p. 5003 1993 )
However, it |rsgsg@ﬁeztmrllgmbemyehee@shlhmd foug theseafihera) Futibtrs pglvcsieratébers

i sosor bi de have ctivi.t re.sensitive to acid-ca z
reactions. See? t?‘g i 935 | ¢ IE)){nd% ﬁ‘?‘Ppé‘fatE’I“S due g tthe" 5&3%“)' aéﬁé?-/ﬁ:“g‘h Vol .
334, pp. 298- 31 phriitPDR ) they A2 WBed RSHhite ﬂlclém&@@ﬁré&ﬁ&téd@ fopes. POl yesters
made with an |sosorb| de nonomer and 15 esters of terephthalic acid are

expected to have a bk aerinyefiyers oas usod benginas meanightinclBie doaufijoust al |,

Egl:ggfgg;gé( Der Icrno?n | rt‘%pS] gggg“@%g@%ﬁgﬁi }nultlﬂa:Xent yaFns N?tg;‘iale yarn% spun

yarns and non-woven materials. Such fibers may be used to form uneven fabrics,

knitted fabrics, fabric webs, or any other fiber-containing structures, such as tire
cords.
Synthetic fibers, such as nylon, acrylic, polyesters and others, are made by
20 spinning and drawing the polymer into a filament, which is then formed into a
yarn by winding many filaments together. These fibers are often treated
mechanically and/or chemically to impart desirable characteristics such as
strength, elasticity, heat resistance, hand (feel of fabric) and the like as known in

the art based on the desired end product to be fashioned from the fibers.



Copol yners cont ai ni ng i sosorbi de noieties, ethylene glycol noieties, and
terepht hal oyl noieties have been reported only rarely . A gNpRJeKBRF 2002
‘containing 20 these three noieties, in which the nole ratio of ethyFene
gl ycol to isosorbide was about 90: 10, was reported in published German
Pat ent AppWNa®¥sH®a No. 1, 2b3, 981 8 Novenber 2002 WO 991 58&58ds99/07015

PCT/ US99/ 07015 -3 (1968) The pol yner was used as a m nor conponent (about
10% of a blend with polypropylene to inprove the dyeability of

pol ypropyl ene fiber. It was made by nelt pol ynerization of dinethyl
terepht hal ate, ethylene glycol, and isosorbide, but the conditions) which
were described only in general terns in the publication) 5 would not have
gi ven a pol yner having a high nol ecul ar w%ight. Copol yners of these sane
t hree nononers were described again recently, where it was observed that
the glass transition tenperature Tg of the copol yner increases wth

i sosor bi de nonomer Therpodyperg gutrentiyised farder famatipe ajesgegerally based on

t ht hal ate h | . Th | de,. ting 10
tor epnt hal oyt ARG Bt SREE oRATB T Sl O RS M A5 Mot hoo
yi el ded a copolyaRirdVDtddrsitodlDieRGdab heRimRbr Ai8dsottid@RRAGARNY ohWa@r t han

was obtained in the German Patent Application described above, but still
relatively | owsuhustratedipplomeds segdibnmadofromrrepawaplestesoureas| sirobras sagads and

copolynmers. Further, these pol yners .were nad | utio olynerization
of were thus BRI o CRERReHEoRaE it it Bim I8 elico by Bulenasfet

pol ynmeri zat i ong 15684 By aGliRaRREK ddliyas@bhat i on, Universitat Karlsruhe
(1994); R Storbeck, et al.) "J. Appl. Polyner Science. Vol. 59) pp.

11 99- 1202 (1996). U.S. Patent 4,418,174 describes a process for the
preparation of polyesters useful as raw materials in the production of
aqueous stoving |acquers. The 20 pelyyesters are prepared with an al cohol
and an acid. One of the many prefertedyal cohols is dianhydrosorbitol.
However, the average nol ecul ar weig of 0 he polyesters is from1,000 to
10, 000, and no polyester actually i niywg a di anhydrosorbitol noiety was
made. U. S. Patent 5,179,143 descri ¢ ocess for the preparation of
conpression 25 nol ded materials. Al sO,Hdegcribed therein are hydroxyl

cont ai ni ng pol yesters. These hydroxyl conO& ni ng pol yesters are listed to
i ncl ude pol yhydric al cohols, including 1,4:3,6-di anhydrosorbitol. Again,
however, the highest nol ecul ar weights 8 Novenber 2002 WD 99154534 -4
PCT/ US99/ 07015 reported are relatively low, i.e. 400 to 10,000, and no
pol yester actually containing the 1,4:3,6-di anhydrosorbitol noiety was
made. Published PCT, |.i i 7114739 96| 25449 descr.i be

chol esteric and ne#&%’?fgﬁ%ﬁ bgﬂg'éy}%’?"é’i‘ %‘angs %é%y%asége’?’go ‘ﬁ’éﬁg?elrsnt%?h{dséo

i sosor bi de noi gitiu@s i@EphiATGMRioidiEE [ Soe, fBfCRampley RS b@ibeckay @, Mukddmye! y | ow

nol ecul ar wei ght and are not isotropic
10 Chem., Vol. 194, pp. 53-64 (1993); R. Storbeck et al, Polymer, Vol. 34, p. 5003

(1993). However, it is generally believed that secondary alcohols such as
isosorbide have poor reactivity and are sensitive to acid-catalyzed reactions. See,
for example, D. Braun et al., J. Prakt.Chem., Vol. 334, pp. 298-310 (1992). As
a result of the poor reactivity, polyesters made with an isosorbide monomer and
15 esters of terephthalic acid are expected to have a relatively low molecular weight.
Ballauff et al, Polyesters (Derived from Renewable Sources), Polymeric Materials
Encyclopedia, Vol. 8, p. 5892 (1996).
Copolymers containing isosorbide moieties, ethylene glycol moieties, and
terephthaloyl moieties have been reported only rarely. A copolymer containing
20 these three moieties, in which the mole ratio of ethylene glycol to isosorbide was

about 90:10, was reported in published German Patent Application No. 1,263,981



Summary of the Disclosure Contrary to the teachings and expectations that
have been published in the prior art, isotropic, i.e., sengpngldmbé ddope and
-anmor phous or nonliquid crystalline, 10 copol yesters contai ning
terephthalqyl noi eties, ethylene glycol noieties, isosorbide noieties and,
optional | y,WAP¥HM ene gl ycol mpieties, are readily synt heBCTaIg9d/a7015

nol ecul ar weights that are suitable for making fabricated products such as
fibers on an industrial scale. Further, fibers nade fromthese pol yesters
of fer inproved strength, elasticity and abrasion resistance. In particular,
such fibers show good 15 potential for use in textiles, and may be useful
in industrial applications as well. The pryocess conditions for producing
the pol yester fiber, particularly the anounts of nononmers used in the

'‘pol yester, are desirably chosen so that the final polymeric product used
for manufacturi fihers contains the desired anounts of the various
nononer units, (ﬁg& e{‘lg%??/‘ym Wa%&i?ﬁﬁﬁﬁéwn%mﬁogefﬁga‘?%‘h&?gg erﬁ%?lgmgo
‘derived from agi |18 GhBrovBafkea a8 ink ifib¥r O f the
nononers, i ncl G‘gilh%) l)?)gg%)g?rgi ge, ﬁ‘l‘é)ng depe%gimr}l’g&fgﬁly!)ﬁéeﬁ %‘% t%gr o1it ﬁdﬁn%t;i‘da}ct ure
of the pol yest éy mestqrodyroérizahen nbdiowethys teacphtiviéase, rediylignei ghydotidiad isasodbidzess at
t he begi nning of the polyneri Z%ti on reagctjon and renoved as the reaction
proceeds. Thi sbP%‘hﬁﬁ?‘fq' ‘?vﬂsanlhif t"Y‘iE%dwr‘g?%wléﬂég@egf"équ‘ér\ﬂ‘*les‘B’sbBF%}o&e. 25
The pol yester i ant. Preferably,
however, the pwggﬁé?g?i@?g%ggpt%@%{? 2}Llth&g\rliNorlr{:sﬁrﬁtlzrr:ﬁ?g}{r{r’\erization. The
choi ce of 8 Novenfepolgmoss dlthé3® ki BrtecindnduRe® Jerdddescritedraghinadcendy, be
determ ned by the desired anmount of diethylene glycol in the final product.

In a pref erred "8I VA Abserteqdha| thaglpssgrangitipn grmneatess| Teef the perolymer he
polymer is in t I 9 & . 9 L he
total 5 pol ymetr1 ?eaf%er\g &F&%ﬁpﬁm&gﬁg%%rﬁ%ﬁﬁhé&%ﬁﬁg%@ éofoqgirl]eglsoo/‘gfo(?{r’rlg%e ot her
aromati ¢ di aci deroptitiedlite homupdlymer. The polyaiepksmpledwe mislei byadadtingm

i sopht halic acid, 2,5furandi carboxyhc acid, 2,5-thiophenedicarboxylic acid,

2, 6- napht R8I endIpRIvhadY dighlorileip solption with phadiplanernnecs-b dRisimethetyigldednd

4,4' - bi benzoic I i . A 9 % of the
total pol yner) a%%(q?lx?{%%&lgﬁgfrg@?%%@é@%@g:ﬁ?naé?]fap%g%#gy é%ggg{hg%(ﬁag %Jﬁg"r%{r units
are present inigtheuGdrmanParboApplization destribad abbood)tbud LIV il 1%w Wik pol yner
may al so contain diethylene glycol noieties. Depending on the nethod of
manuf act ur e, t [§eMaRFedARaIBT office Poly pterePolypers pndrenelyneass.i Susthery Hgs¢ ange of

b . le 9 9 . 3. f '
cosorbi de 1 BPRTRRTREH kR Waelulh pbR iRl Rie E P IRE BB o 2

nmol e % t 0 18boutgly0i Mbilefedas {odaut ofpoigmetifaiondiset RYSIBERK, DidskHatiiRy al so be
included in amounts up to a total of about 45 nole % The pol yester has an

i nher ent vi scodimiyersitihKapsmuge 8994k & cerbeckofet #plle ApphPolanerriciense, at | east

about 0.35 dL/ a > % (wei ght/vol une) solution 20 of the
pol ymer m o-chﬁ,oog'g%g’ﬁoﬁi%gtengigé%ér ature of 2SC. A higher inherent

viscosity such as atu.$ gasint alaogit 74debritls/aGrodessSop iR Prapanitioh 08pslyadast 0. 50
dL/g, is desired for optimal fiber formation for use in commerci al
applications, swuefhl asgavevai¢rials imhnraductioe of Mueouscstovirpleeasrsndhef t he

pol yest er y achi eve inheren | scositi.es,up t bout. 2.0 dL/g and even

i gher, wiboh cavengsaLorar it AEABuq BRaaaR GRCH mameny it
commer ci al - usesiicaRéls i@ hatykitaabrbRbl mer,meﬁg¢ hole@ulaPieignt @kt es and the
| i ke. The polyester fibers of the present invention are suitable for use in

textil e manuf agoiyegensis fromd;00030©,000,and ap pblyesitri ashslly emrdaifimg ause i n

i ndustri al appISJia(}'g%ons 8 .Novenber, 2002 6 They may be woven or knitted

to formfabric rﬁ%fifb‘é%l YAy YEE 3R t he form of cont i nuous

monof i [aments, nul tif §| BAGRS, 1Y81 7P aQEritdsA r@cey@fopﬁreﬂrﬂ;a?mt)hmcgﬁg.e in the
invention provides a fiber conprising a polyester, wherein sai ol yest er
conpri ses er ephdltial roytenatei Alsoedescriiztlitiareih laye, hydrexybcomainiag polyesterar omat i ¢

di acid noieties; ethylene glycol ieties; isosorbide moieties; and,
optionally ones"a'ieserﬁi‘yrdép"é’ ﬁ%ﬂlg‘ﬂ‘ingpgg‘ﬁﬂgtsia@sl}s‘%&‘ ydepatvhrydiat Yediods has an

i nherent Vi scosj&iya; ats ¢ 9ashv@ORHio?- : r

(wei ght / vol une) éso(}‘g%ll’oh’%? sa d p(")kflg})gsgg?lg’h{n&gxp%ﬁfhgrqﬁo%ﬁgr{ﬁ?e%?arg"&gms
tenperature of 25C. In a second aspect, the invention provides a nethod of
making a fiber, wherein the fiber conprises a polyester, said nethod
conprising: a) formng the polyester; b) spinning the polyester into a
fiber; and c) drawing the spun fiber; wherein the pol yester conprises

t erepht hal oyl noieties; optionally, other aromatic diacid noieties;

et hyl ene gl ycol noieties; isosorbide noieties; and, optionally, one or nore
ot her diol noieties; wherein said polyester has an inherent viscosity of at

o, o P r— N o



8 Novenber 2002 6a In a preferred enbodi nent, ethylene glycol nonomer units
are present in the polyner in anounts of about 33 nol e% t @ pERWibet 2082

- mol e% preferably 37 nole%to about 45 nol e% although hi gher anmpbunts may
be incl uded ssary to achieve the desired results. Th [
conpositi on“?r);g;?ysgél%go contain diethylene glycol nononer uni tgcp/&%&ﬁ%'isng on
the nmet hod of nmanufacture, the anount of diethylene glycol nononer units is
in the range of fromabout 0.0 nole%to about 5.0 nole% preferably 0.25
nol e% to about S nol e% although higher amounts nmay be included as
necessary to achieve the desired results. Diethylene glycol may be produced
as a by-product of the polynerization process, or may be added directly to
the conposition to help accurately regul ate the anmount of diethylene glycol
nmonomer units that are in the polyner. In preferred enbodi nents, isosorbide
noi eties are pregRRed b rtiBgveRPloW)RE. 400 t810,000,%nt Ao pbEestan@tialy cortsifingbout
0.10 nol e% to about 10 nol e% preferably from about 0.25 nole%to about 5.0
mol e% al t hough the lgkdo-diaddrosorhigl heiclywasydeds- as necessary to achi eve the

desired results. Isogorbide.is most pr r re J e, range of 1
nmol e% to 3 nol e% Onguélﬂsll’ﬁ‘&g?&ﬁ@?atg’l“g&%rﬁ{)%?aﬁimgéfggl‘{“%pqefc 1y be
included in anDYRbBsibit 4rfd remb®d Bhui@trnahaife pdlyesteRItBXondhite i§s6bRIARGK1dsESS
than 1 nol e% The anount of other diols included may however be hi gher as
necessary td aclhb ewsombreuniesPudopalyssiers kave Elatmyshelowgholehidaroydigid aad arstrieer

8 Novenber 2002 .WD 991 54534 PCTI US99l 07015 _7_ diol units include aliphatic
al kyl ene gl ycol £M8%°ng from 3-12 carbon atons and having the enpiri cal
formul a HO- CnH-n-OH, where n is an integer from 3-12, including branched
diols such as 2,2-dinmethyl -1, 3-propanediol; cis or trans-1,4

cycl ohexanedi net hanol and m xt ur esSwhmaheofthe Disclbsencans i soner s;

ft
L1572 owy Coo ) B ay s eEss R e e RS m e
9, 9- bi s[ 4- (2- hy drigx ¥ e tiRrehik PHE bl S RfRend ]anﬁiﬁlfﬁs & mnmaegggpmesﬂ :

1,4:3,6-dianhydroiditol; and 1, 4-anhydroerythritol. Terephtha noi eti es
i n the pol yBst ercopalyesteangmtdimogic2éphBtion hheidies rtitylaeglypobhercald, ysosorbidee
range of from about 40-50 nole %. al f hough hi gher anmounts 10 nay be
included as nec&®Y&tS aP‘g 0_38?1‘?"21\)'?8‘?‘%@}38%§g’f%ld“ﬁ%8§?§i s .re“gil}ﬁ&m‘é‘?s&%‘éﬂ ¢ diacid
moi eties in tNe AkyiRLweidhls HA%KE bR hBGhH drichod pBUATPhRN ot ABSS on
derived fromisophthalic acid, 2,5-furandi carboxylic acid,

2, 5-t hi ophenedi cantxbeiyial scakec iFdith@, Sbaphabiafrematiese polyostors ioffemmploved

2, 7- napht hal enedi cargox hc aci.d, and 4,4'-bibenzoi G aci ﬂ bat conbi ned

level s up to abdtiEng hgtognd sbesionaesisfanset Hepatigiss; sugh fbes shgve 29ed o, of
the total RglyMorenhiBPHG RhARE andFRL Yy sBRY iniRalsnEh UflfdafshsneGRASAr Y L0
achi eve the degﬁ{oeeg resulllrgtgs. It ?’sanpre erang }tnﬂat Sequ?%l 21r esmount's of

di aci d nmononer uni t s Thagrateslconditioneior producang the ppiyestenfiber rpattiomlaplyl therer i n

order to achieve a high nol ecul ar, wej ght and hi gh_i nherent viscosity, which

g
provi de a | ower ASKURSOAGOneRers useindhepriyesia. 3¢ desirably ghasep so thaf thefweht ur e
(Tg) than, for , | Eﬁﬁ!ﬁt : d
has an i nherent %ﬁgﬁ%@l %r%c%ﬁg'#r?{gﬁgﬁa%l n |cd§tﬁtsragog lnﬁoﬁ%eg?%%/ﬁﬁmge@g% i%%? at
| east about 0. 35vatibhgmomsandrmaits) pederablyavith dquimslagindunad ofiynoswet wiitson of t he
pol ymer in o-chlorophenol at a tenperature of 25C. Preferably, the inherent
viscosity i% at degxed framasiol@nd g dicidy Bagause of thervekatiljtyof sawepﬁmsmnomers,
viscosity of ab - 1. B i jr eGht
normal 'y not rreg}s{%}}légg %Oroégltd %’ya;ld Idg %@E{&&tqheex{%ﬁﬁg? gﬁ‘%‘?‘ég@fﬂ} pc?fl ietsﬁé’
pol ymer in sol utdofiie oFtheliénoffkd ar¥ dei@BiytiMcludedifi @fcedsatale hapitingigd Sth®f
nol ecul ar wei ght. For the present polyners, the inherent viscosity is 8
November 2002 WPpodgngirston pestontagd oerongd3s thy reaptian prosepdsy Thireis partisularly
descri bed previaous!|y, .wth nol ecul ar . wei ght corresponding to an inherent
vi scosity of abgu e%.egﬁﬂle&ﬁgglc% an ?°§9rb%her nol ecul ar wei ght s
correspondigsg to i nheriRipolyéits£Ray bé R¥med bhny ARthbd RAGM indhd art dbfeteratlp,
preferred for conmercial applications, and nol ecul ar wei ghts correspondi ng
to 5 inherent vilyoeyet thepobyestais fern@ddydblvgntay nielipadymerizatord Eheatholteghier
are desired for industrial uses. Cenerally, the inherent
vi scosity/ nol ecul ar weight relationship can be fitted to the |inear
equati on:



log (I1V) = 0.586 x log(M-") - 2.9672. The inherent viscosities are a better
i ndi cat or of nol ecul ar wei ght for conparisons 10 of sanple d as
the indicator of nolecular weight herein. The pol yesters uge'\gpv'?gﬂﬁgﬁéeb?he
fibers of twedonygpti on can be nade by any of several met holgr;i('?‘. The (f)r_oduct
conpositions vary somewhat dependi ng on the nmethod used, pa Tee4y % in

t he anobunt of diethylene glycol residue that is present in the polyner.
These net hods include the reaction of the diol nmononmers with the 15 acid
chlorides of terephthalic acid and any other acids that may be present. The
reacti on of terephthal oyl dichloride with isosorbide and ethylene glycol is
readily carried out by conbining the nononexrs in a solvent (e.g., toluene)
in the presence of a base, such as pyridine, which neutralizes HCl as it is
produced. This procedure is described in R Storbeck et al., J. Appl.

Pol ymer  Sci ence y Mli mathe d¥rmingli B9 thd &’&ﬁeoqg'néunlgp&)ethyglpgry B lipdimoun

vari ations using terephthal oyl dichloride my al so be“use fe.g.,
interfacial pol pmeuctzati on), or the nmonomers nmay sinply be stirred together
whi | e heating. Wen the pol ymer is made using the acid chlorides, the ratio
of monomer units in {%%pfﬁf%ﬁﬂt?ﬂ‘bﬁg‘lniﬁﬁbrm‘i RIS of t?‘l‘fé"%"&%e‘teﬁé‘ thstio of
reacti ng nonone Tk ot | AeTATe t he
reactor is abouE) §pﬂéplss§lr?r§{egrg%eﬁoef agglgtizrs Z‘Ej!o%gt&lgtos in ?ﬁ@g@g%gﬁﬂek%l

st oi chi omet 5i ¢ @dlyimeal aMie pofynidtnagialio iaclddedinamindsf 9RO 61 Mbleyothdrlatonipticused t o
obtain a high nol ecul ar wei ght pol ymer. 8 Novenber 2002 WD 99154534 -9
PCT/ US99/ 0701 Sdimgid wpwpgh tsafprarampisethpsedieringd Fomasophtheliq asd.iZut i on
process, in whi j [ ' ' tefr. i i,d or

i et nyl 1 or ephirigroSafe SREERTbp e BLABR S FEERE MR G BRUE DL ) ecter
of any other ar ogBbiyicdiciic i2dBniphétaldiadicbod@igiatiddaridy, 4 gb@obicesidat pol yner
conposition. The diacids or dinethyl esters are S heated with the diols

(et hyl ene gl ycoICme@é%&Vblisﬁé}oéﬁﬁ“ﬁé?\&lm%"("dﬁ@)e Yorof thedotg} eadymen. of a cat al yst
to a high ough temper re.t ] r i ne .formesters and
di esters, tei ﬁen ol i ggprpe? gxfei"eéﬁg er %%’%'ﬁ'ﬁ“’%gﬁ@e%rggfcg%ngnop%ﬁrtyﬁeu? ' p;r)ers%dr(’:t at
the end of the RpAlYMELE Dt ©hdl HAB2BoMtAOT 5HMIE 80 TRl polRher nlditaléd @htain
mononers (e.g., ethylene glycol and isosorbide) are volatile and distill
from t he react odictylengeglysol peistics dpepsnding op thsomethied ofthanudsaciure, the pmewiess of

these diols is desirabl har ged .to the reacti.gn obt.apn, a,pol.y.ner, and
he-amount s st BSURGDRA S5 SR W e 5ERE ol hal GoPRiR o B SR

pol yneri zati on wgssel, such as the efficiency of the distillation colum
and the efficiency of nononer recovery and recycle. Such nodifications in

t he anount 950f nonomdng ragfarrechembaduaentpisesocidelis measentiin thetodyradran awownts st i cs
of a reactor are readily .1 S e Jpractitjoners, in the art.. Further,
skilled practi til%h-x&rgn%é)rgalg%légﬁ%nogét/ﬁo %ﬂ}ét Ol{gglgr{f)'u pe Sli‘mgré:cqr‘lheég onent
desirably char gegbromeRtMitsRALY Al§3bAinchuBeEinQindufts up ioh 1018 dFAbNTBE ntfle Vhe

i nvention. The above described nelt polynerization process is the preferred

met hod of maki ng t he Tholpylyesterdag an inhdrent visdweidly,iwhicheis an lindicataroyd erpdicnipr
comonly assigned.U.S. 2 | i i No. 091064.844 (Attorne ket No.
0323S8- 001 ), g H%C&Lgbd?féf @B%E?‘éﬁ’ﬁ}%‘wﬁﬁé‘?eéﬁ%‘f °%é§%{_é‘1€tgﬁ‘85$§)ﬁ§%°§‘&m“on
processes uyi NG JHiEINherts beRIYr e ll%t%f@nﬁeﬁﬁ@r%f%@'td.% Bfghdr Rh&eft! SO

summari zed bel ow. Di'nethyl Terephthal ate Process his process, which is
carried out in tweostyageh, ashtlea hbdial0i4d didg, rederably laele2d abmitiOoTdadl/gliisci d
nononers, if present,_ are, ui%gﬁ%s their_dinethyl ester derivatives. The
diols (e.g., etHiFFEOpPRIERA IRAGorBaas Br bieyn soamarclal aPRICEHORShRChARet hyl
ester of the ar quRfi faf@GR. FortferprolelBhN thé FEIFRN RitlyBlcRilkvé Rinkf: Presence

of an ester
viscosities up to about 2.0 dL/g and even higher, which can be useful for the

25 formation of fibers for both commercial uses and industrial purposes, such as tire
cords, cables and the like.
The polyester fibers of the present invention are suitable for use in textile

manufacture or other commercial applications, and for use in industrial applications.



8 Novenber 2002 WO 99/54S34 PCT/ US99/ 07015 -10 interchange catal yst, which
causes exchange of the ethylene glycol for the nethyl group of the dinethyl
-esters through a transesterification reaction. This rgndldmberpobbe
formati on of nmethanol, which distills out of the reaction flask, and bis
(2hydr oxyet hyl t erepht hal ate). Because of the stoichionetry of this
reaction, sonewhat 5 nore than two noges of ethylene glycol are desirably
added as reactants for the ester interchange reaction. Catalysts that bring

about estem,i ' : ual ol | owi ng
metal s: Li Th%ﬁ&%&é@@\fl\l}%@n %@lﬁ’g&oﬁhﬁ%ﬁﬁﬁ h‘g‘tr#%yn@ecﬁhgfrdggh H]%‘if%@ {1 where R
i s an al kykogmuops hanofiigments, thalti€idanhai yaino e stapledaiiBO. The catal yst 10

conponents are generally included in an anount of about 10 ppmto about 100
ppm Preferred Hht 8IS asnsce fic ipeendioniprg\adesiiaits cOmerisiag amepyeres z, Co( OAc) 2,
and Zn( CAc j ; L ati far: . i nati ons

t her eof . Tﬁéepo %@%ﬁ@gﬁiﬂ?ﬁgﬁ”ggﬁéﬁéé?ﬁhﬁggm?%egﬁﬁhggﬁgh s?ggggof t he
reacti on, pthef amoalfaliy diabid thbietiess iethylenagyycbbmadttiest isasbthidd hyictes;at t he start
of the polycondensation stage. A 15 catal yst that has been used with
particularﬁvgdﬁﬁﬂp Qg 9§ moxe %@%éobﬁo 3?’§“E?mﬂﬁTBP?b§ﬁHr@ﬁ@Pl), used in
the amount ;e 3bMEosRP ot t RRDUbouk @3 T A mehbgeg a8h ¢oPr ef erably used in
the formof Wn(l1) acetate tetrahydrate and Co(11) acetate tetrahydrate,

al t hough ofWweightdadlume)solution of aard polyestesinmayhlatopbernyd atis tethpeEgwreof i nt er change
IS desirablﬁﬁgrought about by heating and stirring the 20 m xture of
reactants @ r an inert atnosphere (e.g., nitrogen) at atnospheric
pressure from I §OMIEAPSIRLUIR ihferfioh PRRSAALLAERDY ghmsmgqfhﬁeg i nduce the
ester interchange (about "150C). Methanol is fornmed as a By-product and

di stills owmherin thadibeecmnmises 7ipelyestex said mathodywmjusingy apfeamerg the about 250C
until nmethanol evplutian stops. The end., of t hanol eyol uti gn can be
Fecount sedPByeRSpbI NG s BH e FEMHEAdOrADLF Hanireihe i 5cc | on vessel
A smal | amymefeiPfhe PBlyasHEE EdnY iR éthiitl B nhdiEEsPOItIFnaly, cHI- 240C may be
added to the ester interchange to aid in the heat transfer within the
reacti on newimatcaintid moletiesy eihwlenerglycol moidtiesdersotndnmeidtias;tand, vessel t hat
may subl i ne Lq;ﬂ th%(gaqﬁggtergowqug%gmmggg%sﬁg %g%%%? %£FCT/U899/07015
11 col urm P MR dC T VTR & e ™5 and Ht 2% P B cohol s or

di met hyl t gitept hidt@ite ofiht legytaBaAIEEH /peltewnidfized S efigy abl y, the additive
has a boiling point greater than 170C, nore preferably within the range of
170C to 246%ie P IBC) S BRionof 5610 RRbISHET Bt-SRBroPRBRANE B lcpeETReTCioh % nore
preferablyzg ween 5 about 0.25 and 1 w % of the reaction mxture. A
preferred additive is tetrahydronaphthal ene. O her exanples include

Bi phenyl et her, IiBh fifinsped,thé diventisitprloeidesp baplettend@ohprisiigdhe Sol vents are
described in U S  Patent 4,294,6956, the contents of which are hereby

i ncor por at 88enRf thisinyeaterandratdeasborsefher fikse selected opdhe 1R i s conmenced by
adding a_1QReltG 8F dRRAL!MRrL 8@ Aborishd Woolifiern0t added at the beginning
of the process, dnd a sequestering agent for the transesterification

cat al yst. Pol yphos fdupthi aspeut,i the inyestiorepravideeamértialeseqpeisingrthagaglgent and i s
normal |y agggg iq?an anpunt of about 10 to about 100 ppm of phosphorous per
gram of di Of THSINNEMIAR,| ate. An exanpl e of a pol ycondensation cat al yst
is antinmony (11 a @hdSpectthCiavERIbnRRoUa&TarPdrtidle nfadR Ifroph thbFibkPOf t 0 about
400 ppm The pol ycondensation reaction is typically carried out at a

t enper at ur &hi§ myantadyout 250C to 285C. During this |ime, ethylene glycol
distills out of the reaction due to condensation of the bis(2-hydroxyethyl)
terephthalate to form pol yner and by-product ethyl ene glycol, which is

col l ected as a plitsiled|Deatgptichdf theP R kadHenimbnte Of tRdvikilosurdescri bed above
is preferably carried out_under vacuum which can be applied while the

reactor is bei nghppalyesierfiper gad g epthadafumanugactyring the Fapaord dascatbedn react i on
after polyp &’e%&%i‘ﬂ{lb&. ?ﬁk&i@&?ﬁ?&};ﬁh})d%}‘h}%ﬁu &%ﬂn§§§8{y%ﬁgled- Al ternatively,
vacuum can be applred after € polycondensation reaction tenperature
reaches 2806&mprisiBderephthatoy erietieasethylemegltolmesietidsaind isvsabide! er at ed by t he
application of vacuum_ Heating under vacuumis continhued until the nolten
pol ymer r e HtOpiss iyeserdedy agvelb pethg PEgcesiet iRtming {?Psmfyomé%’g%i zed by an

i ncrease | olHﬁrﬁﬁkﬁeﬁjéﬁﬂﬁ&%ﬁdBphmu?ﬁﬁ%&ﬁﬁ&ﬁﬁh@ed | evel . This is observed
as an increase 1n the torque neede or e stirring notor to maintain 8
Novenber 2002 WO 991 54534 PCT/ US991 07015 -12 stirnng. An inherent viscosity
of at least 0.5 dL/g, and generally up to about 0.6S dL/g or greater, can
be achieved by this nelt polynerization process without further efforts at
rai sing nol ecul ar weight. For certain conposition ranges) the nol ecul ar

wei ght can be increased further by solid state polynerization, described 5

o - a o




8 Novenber 2002 WD 99/54534 PCT/US9910701 S -13 In a batch process, the
reactants and catal yst may be charged to a reactor at roomtenperature and
then gradually heated to about 285C as the pol ynmer f g Nevenlbe 2002ssure i s
vented in the range of about 200C .o about 250C, and a vacuumis then
desirably applied. 5 Esterification to form

bi s(2- hydroxyet hyl t erepht hal ate) esteags and ol i goners takes place at

el evat ed tenperatures (between roomtenperature and about 220C to 265C
under aut ogenou ISorl bRk t.ures in the
range of about §y§@%?%HQE%ﬁPagﬁﬁﬁﬂﬁh@gﬁagﬁﬁﬂg Ovacﬁﬂﬁﬁ%%ggggﬁ 5% 10 Torr,
pr ef er abl y tHegmdyrhdran athodmts 0§ abotit 83 waniefério asoud@dadolet, pefaraklyr3dsi dual

t hyl 10 gl |, i id f t ti t i
he” ol eculie?ya gt TRARU prAtoReh B ARFBh b FELBBARTy of al | Cast
0.5 dL/g. 3BdsAPPRS RhleYe HR deSirdPRUSID T folyrfer c%ﬁfﬂ)ogﬁpﬁ-ﬁﬁ?'%]’s%d by the

direct polyneriZzation process, wthout subsequent 'solid sfate
pol yner i zatorsain digtkyleneog)yed snambnteh enipo | Rependingtondhe mathodof f ol | owed by t he

melt viscosit whi ch is easjl.y.obseryed by the torque fhat is.15 required

To i nt ai Febbfapirn o e Sk shediE i Rbmouemer RS Babe Bt 5601 1S at o

Pol yner i zatopiatdat ¥ 0Bicle%ad ab&ift STEmBRIE phdfelaBR OB inofdh deslomt fon process

descri bed above having an inherent VISCOSIté of about 0.65 dL/g or greater
f

wi t hout f umolede, altheughhkigher agmwptsanay bninchided asggcessanygtioyaebieve theosor bi de, and

t erepht hal i,c.agi d viing sosqrbikde 20 in.an.amunt o bout 0.25%to about
100 on o ndruef sSele DIRRIGROGHE PdR e AR Bher e s Sr Cher by
sol i d stat golgfleyip@ionzRbdcas).or A2 HeraddetCdiréoagqo e d¥Rigosifioh YoRelpzat i on, after
extruding, cooling, and pelletizing, is essentially noncrystalline. The

mat eri al  cascuselysemlaie the amapat af dipthyleny ehisal mamomer yngs that aregaithg ure in t he
range of apgqhw 15C to about 140C for an extended period of tinme (about 2
25 to abou lours). This induces crystallization so that the product can
t hen be heat ed imprafenedenibodinentd, évoparbideun@ieties arapeerit ethepobendrar wei ght .
The process 8 Novepber 2002 WO 99154534 -14 PCT/ US99/ 07015 rks best for
| ow | evel s THAMQWSEHT Fege P?éﬂﬁnﬁ%ﬁ"to-w molery tatput L0 gi9kRres @ef?\f%%é‘/ % because

the pol yestgh, MHovbh.ab &3 t(fT?de%t @@%b%martnoqgg\gﬁés&v%%u&% '

rféq,%orbide. The
pol ymer may al so be crystallized prior to so tate polynerization by

t reat nent wicluded as pécassaveloyachmue thealegiert refults. dedspasdeisspossuch as acet one,

whi ch 5 induces .crystal.li.zation..Such solyentsg reduce the glass transition

Fenper at ur BITCBYY PHRFOMIP G PR & L PIR0F fo, 3 FRlsRe.” BB SEmers ot

crystal | i zgione#et enits ftfbha]ﬂ)ﬁbé/ﬁféhﬂéé iPifors 88 8Cd loRRGf bboud29  Pat ent

Nos. 5, 164,478 and 3, 684, 76b, whi ch are hereby |ncorporatedd§€ reference.
t

The cryst amoleadbuppreferablyiless dham lempledo.t Bhaanpwt of ather disls,ipelp i on by
DA . N e
placing F{/ap%%bér%te't&ggr g§n %%#Lséﬁ{/foza%ﬂleggh}éﬁ d‘}e&gfs. pLid

b ﬁg}g{ an inert
gas, usual nirtrogen, acuum o orr, an ef evat ed
t enper at ur eéhe ophional ol®C but bel ow the nelting tenperature of the pol yner,
for a period of about two to 16 hours. Solid state polynerization is
generally carried out at a tenperature in the range of about 190 to about
210C for a period of about two to about 16 hours. Good results are 15
obt ai ned by heating the polynmer to from about 195 to about 198C for about
10 hours. This solid state polynerization nmay raise the inherent viscosity
to about 0.8 dL/g or higher. Fiber Production The nononer conposition of
t he pol yester polyner is desirably chosen to 20 result in a partially
crystalline polymer. This crystallinity is desirable for the formation of
fibers, providing strength and elasticity. As first produced, the pol yester
is nostly anorphous in structure. In preferred enbodi nents, the polyester
polymer readily crystallizes on repeating and/ or extension of the polyner.
In the process of the invention, fibers are made fromthe polyner by any 25
process known in the art. Cenerally, however, nelt spinning is preferred
for polyester fibers. 8 Novenber 2002 WD 991 54534



-15 PCT/ US99/ 07015 Melt spinning which is nost commonly used for pol yesters
such as pol yethyl ene terephthal ate), conprises heating theg ppeiBRr 2b@2 f orm
a nolten liquid, or nmelting the pol yner against a heated surface. The

nmol ten pol yger orced through a spinneret with a plurali of fine

hol es. Upona§3ﬁ¥%%% with air or a non 5 reactive gas streadﬁ TYEPOHASsi ng

t hrough the spinneret, the polyner solution fromeach spinneret solidifies
into filanments. The filaments are gathered together downstreamfromthe

spi nneret by a convergence guide, and nay be taken up by a roller or a
plurality of rollers. This process allows filanents of various sizes-and
cross sections to be forned, including filaments having a round,

elliptical, square, 10 rectangul ar, |obed or dog-boned cross section, for
exanpl e. Follow ng the extrusion and uptake of the fiber, the fiber is
usual | y drawn) r j Wel ] i m.zing
desirabl e pr ope‘? tQ F‘é’gg)s{%dé ;gﬁg%t[&gar%%gﬁeg]ycgfs?ﬁgfngﬁgo&xfgAgiQtS’r Bg? ﬁ%)@s;a')??s, whi ch
i ncreases el asth&inigthe amgirishlr fengiila HOFOgHS| -0, wgenmyls beimegeefrom 3 02bi nati on
wi th takeup by using a series of rollers, sone 15 of which are generally

heat ed, as knowcludinghgansped digls spehasigel- é'&ﬁ‘éhyéﬂé SaPrepyRARlCIArdHasilt-t he

f fib f bout
800 o 6000 mot Sy ASHSERellyhOFRMIES JToHe CuRtits RorRRC FiMing LT

size. For textipe-tipl2-badrodyshoxg)sheial propine; aldﬁsﬁam hpdroxy-i | anent of from
about 0.1 to about 100 is desired. 20 Preferably, the denier is about 0.5

to 20, nore pr eﬁé?’ﬁ’ﬁl"}ﬁnlﬁl]qyci@e’i@e O hisl 2 hX‘B?xXCHWﬁXXPF‘F'H/IUﬂ&BW’F,Cla‘ﬂ Péns the

fiber should b ferably about
1010 10,0, nodpiERleD 1340 abB SR, Rt R HRE T 2P0 Y, Pog”

size and strength ochace;fmmdSynnsmawphn tiapbIBstaing fahge frb10\B83BmMolangl buhe
appropriate size of the fiber can readily be determned by one of ordinary
skill in the 25aramrefqareblyaw\egawmféram qbett 40%0 mylecoralhapgh hghariamenetst ar y
material is,anmena Sl thro h eof dd nal
processi ng§eqU| lrt%? mCPUdeaj ecessggqﬁgedev q}r’ ec?sfrg(grerslltﬂet;sp ieat o% Ar'aecc']ctqjl ring
a continuous fl}naimag 1nttae<§¢1meyaﬁda:mddf A9 sichRid, fob Beanipié, ange dak vedn@dmer i al

8 Novenber 2002 WO 99/ 54534 PCT/ US99/07015 - | 6 subsequently ngé be
converted from sophthalicyagids2 Sfueandsaboxidie aydv A5 tthicobgyrdikaroowycaicle 2 6ni st

texturing conditi r.Qces, he, ar rticular, it
is desirable to" ?gﬂ}aéegg%lc onysh%r ??Cesg'?aé’a St‘jgn?dncar hc a%ng af)’?lév 4 %8fter

feel and to enhgdgeau thiabiald levély upto ddat fo xlﬂsre%tp;eﬂafaﬁ@tﬁwveernfwmm Pheni di ng
better insulation and 5 water retention in the case of textiles, for

exanpl e. The fi Me@@hfmyal phlymst,@lthough highenpmounss mawbe inghidpy ag #rRsefsatyse twi st
nmet hod, air jet, ed\ge cri ggar crinp or stuffer box, for exanple.
| TR cut

Al ternatively, cut into shorter lengths, called staple,
whi ch may be pr ocessaqls prefeable that dquinfbldtdntdufe @ﬁt&ﬁaﬂomrdﬁﬁ@mm& the

best nethod of crinping or tw sting based on the desired application and
the 10 conposi t nonomtr urite afe fyegent iAfthepoiyrenmapidsnio achievé a bghanaeleaildri ni shed

b t hod t he .d f In t
DixtiT e thi's M fefigh gty SRy P o et i St eh et g s
such as anbp st abises RERIHA ’terﬁﬁefi‘ifﬁrer(?t PhER RS rexadplel SN (el RAE | e'rc%)%’ﬂ%’late)

antioxi dant's, pignents, dyes, stainfresistants, antim crobial agents and
the like, IS vvhThhpalyata;fpqurhaamlmcreadglmsu}t, méhidhdiekn anditatvanfimotectiae
fibers. For industrial applicati the fibers may be treated to |rrpart
addi ti onal desi Wébgh&r?ﬁﬁéégséﬁl?%‘{t Pg’g s measursdana h% (eighp/velpmg) sglution

shri nkage, for N may
be used either g};%&h%c H‘F oremtB Ié '? ﬁﬁlﬂ?e%éebggﬁ@gee{)g%eg {?gerfi&gﬁg t@%%ﬁk}cﬂ[‘

appl i cations su&hc@s;tyhsemtledsmb‘oabﬁ #E dLfgoM&Dprefipabrl gl anduittrénd wiscdsuty roif aboungs,
for exanpl e, h tenacity fiber can be used in industrial applications
such as hi % st%éng‘tﬁ‘sfdﬁﬁ}ﬁdcs t ar paul i ns, sall cloth, sew ng threads and
rubber reinforcenent A Ty e fiber
of the invention may hée)ﬁlgjséec gtr%ngﬁﬁl n8 &?‘ﬁ narrl{tﬁltﬁ'rgtl IP&BE&’?FQ

especi al |y cott gihepsndvisemity ofthe[paryﬁ'neeui solutiohloe tRahslewEb@sity & WBedhedi cal |y 25
resistant fiber which is generally resistant to nold, m|dew, and other
probl ens i nher emtdigatorodmeleenlar msight Forple meseyémlﬂnemtb@rnhﬁwmweqosm Bvi des
strength and abrasion resistance and | owers the cost of material.

Therefore, it is ideal for use in textiles 8 Novenber 2002 WO 991 54534
PCTNS99/ 07015 -17 and ot her conmercial applications, such as for use in
fabrics for apparel, home furnishings and carpets. Further, the polyester
pol ymer of the invention may be used with another synthetic polynmer to form
a heterogenous fi ber, ther eby pr OVI d| ng a f| ber W|th 5 |rrpr oved properties.

o o,



application Serial Nos. 091064,826 (Attorney Docket No. 0323S8-005) and

09/ 064. 720 (Attorney Docket No. 032358-008). The heter ogeng@usemb&esogray be
‘fornmed in any suitable manner, such as side-by-side, sheath-core and matri x
desi gns, as&hﬂ)mn in the art. 10 The polyester polynmer of the invention may
al so be use ">#¥¥m a bl end which may be used to produce aP§T/B889/0A%viI ng

i nproved properties. Exanples of polyners which may be bl ended with the

pol yester polyner of the invention are those found for exanple in

co- pendi ng application Serial Nos. 09/064,826 (Attorney Docket No.
032358-005) and 09/064. 720 (Attorney Docket No. 032358-008). 15 Further,
the fiber may itself be nmade by any nethodgknown in the art using

i sosor bi de-cont ai ni ng pol yesters such as those described in copending
application Serial Nos. 09/0b4,826 (Attorney Docket No. 032358-005) and

09/ 064. 720 (Att . B T. i i tion,
i ts manuf ac'g ur e%%%ﬁ*%%gérghegg)dg?g@%??%gﬁ’ﬁlé’ ‘Pﬁ?&?&?‘éﬁ“ﬁ%%&ﬁ |hgv$(r)1| : g\r/]\,i ng

non-1imting exasmspendimxrmalisierdl @ispedity B8 abom bSsWLAE ovmbehHigiRre estimated
based on inherent viscosity (LV.), which is neasured for a 1 % sol ution
(wt/vol une) of pwilstar weights.coREMOBHAG Hoinherentayiscopiey @l al leasigbonidds diyvg

| evel s of catalyst ¢ ents are,25 .expresse rt er mllipn (ppm,
based on a conpé?el psrst%ggffﬂ’tr %mwgcba}_l% p%l*ca{? e e %%S\ﬁ%hw‘%ﬁes S\%rlregsﬁ‘tmdg?g {é)i t her

t he di net hyk t efgRRnbakedsRico bf iuePBdNA o R, ardieivendigher £8€ d¥iree formonomer
is used. 8 Novenber 2002 WO 99154534 -18 Exanple 1 A) Pol ynerization

PCT/ US99/ 07015 Tsastriel wsehi Genepallyy thernherant siscosetsiomaelprudar avesghh rdetipnslyp gan
4-liter polynerizat, fitted with a jacketed Vigreux colum

approxi mat el y 1ke%h5§g§%%§ﬁ%“§ﬁ%&§ﬁ8 5 inch in dianmeter with air cooling, a
mechani cal stirrer, and a wat erjog@nhedo.sgndenpser ) - diogez hyl terepht hal ate
(780. | g), isosorbide (62.6g), and ethyl ene glycol (504.7g), which
corresponds to &hainhsranhyisepspies are adettgrandipatonof moleeulan Waghtdér agpariyonscet at e

tetrahydratie (0.296 L cetate.tetrahydrate (0.2979), and Sb(111)
oxi de (0. Sdég) ioisaéﬁ%gsagﬁ lreg%Sg?asl'%'Féndé%a ?ré)gﬁ%og%fgsatrgﬁe_é%'%gﬁ hanganese
(weight of metal 10 gge polybsdét LA t&nakd theWbesHr uf indédiRh ¥ bd RREPEY Hipl at e) ,
90 ppm cobalt, and 330 ppm antinony. The flask is purged with a stream of

ni t rogen whil e twlfieeveripwthedsr Ehd produst saupasyions 9@ ysemewhatgispéngishgodn theo

h . usi f1yj dj d. hath heat i di t hanol i
Cont i nuousty cortaidhes safRRg i R el St MR AU sebibe Bbsoafignt s
By noting when theetRResatThes: HeBoss inéludd e tQRHS ot the dibPmYhah&YXvitahem,

it is possible to determne the end of nethanol evolution, indicating the
finish of tlhe fiacwitchinridps oftetehlihalsasid and,anwhoibehadids thhtemay bresenkrTHe cat i on

phosphor ous i o defftt PheionbRBR SReS i snesehie A Shiterr B wsncity
et hyl ene gl ycol .colif2dlolit By Eatinin® tedfiéhoRierLRl HRRRAPRY 1161udd) $h iﬁla)ﬁ?éieme:cﬁe

approximately I m of ethylene glycol is 20 used. Al'so at this tine,

ni trogen purge iabas¢,epghes.pyHidiat, wigch seutrahzds H@ds whis pedaceda dinaprosedgreadual | y
applied. The attainpent of full va uﬁg tﬁeeeragli | e t_han rr. . takes
approxi mately 1 dl%ﬁ‘?’%d Eﬁhﬁi Sl’fﬁr%f:ﬂi%taﬁ PP I = Sﬁ%kégr@’ﬁ%gﬁelazpéd to
285C. Al 0 AT i Ngodd)i Driter WRII-IGHWY VaRRioHb YGRS tefiphitialdy? diRhioride Rty ish @Y

nol ecul ar wei ght pol'yner forns. The nolten polyner i's heated under vacuum
at 28SC for 25 aBedife.2, ihtetfaaal pplymarization) e thoingnenera ofay singdy beftinrad ent nel t
viscosity, as determ ned 2y an increase in torque of the stirrer. Wen
sufficient viscdepgtherwdilgbgatingay  the pol ynerization is stopped, and the
flask is renoved fro = 19
PCTT US89/ 07018 The. oo ﬂﬁ“‘%@?‘?‘#@f’ﬂ“ﬁ é’rgr%‘ e %{Hrﬁoﬁ'mht%ﬂ’gg’ft as?ﬁglé’ﬁ S‘?’é‘arnd. The
sol uti on i nher entnitgirsthe prddyct(folymierad aonetheairae asthe raiothf4¢actihg mondmhersnononer
unit conposition of the polynmer, determ ned by proton NVR is about 3%

i sosor bi de,2544% Ehergfpisntbe gatio S mongmers; changpd @n%e §agton s abgpdhesame asthont hal i c
acid, all 5 exprges: . % Of (L4 . - i naTable 1. It
s ot evor thy ¢ rergratd P EBu A abidfoRelac Bhivall H1RLRO aBRE - G
hal f of the anbUgshefallaiviNBsusias odin atigimeREWar weight polyrhdte anount  of
terephi halic acid. Unreacted isosorbide was found in the distillates,
especially in the ethylene glycol. The anmobunt of isosorbide in the polyner
by this process thus is very dependent on the 10 efficiency of the
distillation or other separation nmethods that are used in the process.



A skilled practitioner can readily establish specific process details
according to the characteristics of the reactor, distill atigoweplgérpgoand
ot her equi pment used. B) Fi ber Making The above produced pol ymer was ground
and dried at 130C overnight in a 15 vacuum oven. Rods were made fromthe
pol ymer by YPP¥4M acing it in a nmold which was then heat ed®CAEePOWENt | €
pressure froma plunger. The pressure was provided by a hydraulic press.
When the pol yner began to soften, nore pressure (S00-1000 | bs/in2) was
applied to conpress the polynmer into a hard rod. The ingress of noisture
was reduced by encasing the equipnent in a Lucite' box which was 20 -
continuously purged by a flow of dry nitrogen. Spinning was imediately
carried out on a single filament spinning machi ne. The polynmer in rod form
was nelted by pressing it against a heated "grid" which was conical in
shape with a hole at thela ex, Tt]e lgrachi nl?e te erfltur,es were sl ow ¥ ai sed
until the melted pol VIFPPDIPS FAAS00F Pads bng Bl RobmeEZatgndrogers fhahish es ent
25 exanpl e, thi§eQ68ebmpshent is28REr terbPRNAY Yo 61 M&%th}rh@&pﬁihﬂéﬁﬁ@ak@hﬁ?gh a
bed of 801120 shattered netal, and finally energed fromthe single hole

spi nneret capi | ingluge thg i@ eciddir dimettiey! eaterofany3dtier ameptic Thesidshrad oglipat  was

0. 30 i 8 _November .200 99| 54534 - 20
PCT LS00/ 07015 Giied e IRsster pRISBRF GROPLTE AW O STERAFSER %5 50
meters per 4n nuﬁé%te(i'mlmthe dRes@ihyndighyc8N $sodibRie! Sddal ldo1g) iH?nel(]g%‘%e?ce c')At: a

orientation single filanents of about” 69 denier per filament
t enper at ur e scacatalps tavabigh tooyphdcupaatunethatthe menvwspracombinerto foom esubzsmduent

drawi ng. A fiber. sanp| e s al so de. at the imym 5.take up spee

boost bre i or dUESED BBt el FRgh MR BoE BHIEPE: RELL PE RS Shun
fiber propertie . e o Ol

filament drawi ng‘exﬁgg"{ﬁg??@ﬁ’ﬁg&gsnﬁﬁﬁﬁég%d' raw SR?"?@I 5\,1]%'? %nﬁg][(@ %ﬁgg'glﬁﬁeet ween
each roll. The glybdmndvassatbide)ere Molatle antl diptil frsn thy redver se themdlymicagaidno

devel op the maxi rum fiber tenacity and crystallinjty. The hot shoe
t enper at ur £ 10PQ8%dsi hhe efepra&§é¥f‘§segsﬁﬁ<§°w%esg shraefg e IFFFICRIS way,

a single filanmepy.,; Jr Sfaqhe ANGumIRub 3 abddldi £ %ﬁ% itol 1. A
sanpl e was test%al}qgﬁmm r’t ens?fie properti ega ssfcns AS'IJI\%tg{erﬁs]t @%% 0 t]D3822.
The tests were ofthepalymerizanoa vedsek suchnshhgeffligendyesfghddistiliatiofcsiumaiand tiend

the results are exhibited iin Table 1 Exanpl eg 2-13 15 The conditions_used
to spin and dr afiiSIeRsY Sfrmanomu ecovery apd gy ele n eRchyBPYIREFIORE e ARPHHE Ohf t he

invention, as %éorﬂérs%ﬁk?th%?&yli& A8 dafOSAE (R RRGLEAGR s o Feaé\hf:?re PLgf¢nt ed

in Table 1. Fu r, conparative exanples using conpositions o
pol yet hyl eng t eraphibhpractitiphedne tHaraes divréer, iskillddprlactitionerklvas ecapidy gereinifnd ber s
were produced and spun in the same manner as Exanple 1 using the conditions

set forth 20 i ntheasountof eagygampongpt iesigrbly ehaggedite AR PHUEHATEASEN 49 Fgm

birefringence a j [ . the drawn fibers of Exanples 1 A and B,
2A, 3A, 4A, 8B, %RQ%?E%F?%&%TFA and Conparative Exanples 1 and 2, which

are pol yet hyl ene t er epddtoat désejibedlielt bolyaierinpapeecesyis thegpréfehed methas of
measured by x-ray scattering with a Leitz O thoplane 25 Pol ari zed Li ght
M croscope wi t hiakmgthapolymer ang irdaseabeddn dplail impppending perampply assighedd) $i ber s

was measur by X~ I ay: t j f heCh ld:h0&_Rhase W j.aaku
Rot ati ng T;Z;ge gé\ it B{m}ty‘g'? ﬁﬁa%%‘*“r (/(“gmérlg er?"ee%osclk%ﬁg ’ Ol(3 2% @?1 lﬁ fagh&gl Sﬁé‘ %elglve
by reference. The melt polymerization processes using dimethyl terephthalate and

terephthalic acid are also summarized below.

Dimethy! Terephthalate Process

In this process, »_vhich is carried out in two stages, terephthalic acid and the
25 optional diacid monomers, if present, are used as their dimethyl ester derivatives.
The diols (e.g., ethylene glycol and isosorbide) are mixed with the dimethyl ester of

the aromatic diacid (e.g., dimethyl terephthalate) in the presence of an ester



8 Novenber 2002 WO 991 54534 PCT1US99/ 07015 -21 detector using Ka radiation.
The nmeasurenent of birefringence divided by orientation i 8 Roveasaireoef the
"normal i zed birefringence of the fiber independent of the draw ratio and
orientationywdbedsgssd 0 be understood that the above described enbodi nents
are illustrative S only and that nodification throughout may<et2¥*?b one
skilled in the art. Accordingly, this invention is not to be regarded as
limted to the enbodi nents discl osed herein. TABLE 1 Spun Rber
propertbsDrawn fi ber properflesResin Anal ysts Exanpl e¥d SOS Charged to
Reacti onExtrual On Tenp (' C) Taketl p Speed (npn) DPF Thaolty (gPd) longatlo (
% ) Modulus | APd) Draw Ratio pPF Tenacity (.gpd) Elongation ( %) Modul us
| gPd) NO& shoe tenmp ('C) 1 2Shrinkage nset Tmp("'C / g (.Cl Trmp (©C 1V
interchange catalyst, which causes exchange of the ethylene glycol for the methyl
group of the dimethy! esters through a transesterification reaction. This results in
the formation of methanol, which distills out of the reaction flask, and bis (2-
hydroxyethylterephthalate). Because of the stoichiometry of this reaction, somewhat
5 more than two moles of ethylene glycol are desirably added as reactants for the ester
interchange reaction.
Catalysts that bring about ester interchange include salts (usually acetates) of
the following metals: Li, Ca, Mg, Mn, Zn, Pb, and combinations thereof, Ti(OR )y,
where R is an alkyl group having 2 - 12 carbon atoms, and PbO. The catalyst
10 components are generally included in an amount of about 10 ppm to about 100 ppm.
Preferred catalysts for ester interchange include Mn(OAc),, Co(OAc),, and
Zn(OAc),, where OAc is the abbreviation for acetate, and combinations thereof.
The polycondensation catalyst used in the second stage of the reaction, preferably
Sb(III) oxide, may be added initially or at the start of the polycondensation stage. A
15 catalyst that has been used with particularly good success is based on salts of Mn(1I)
and Co(Il), used in the amount of about 50 to about 100 ppm each. These are
preferably used in the form of Mn(II) acetate tetrahydrate and Co(II) acetate
tetrahydrate, although other salts of the same metals may also be used.
Ester interchange is desirably brought about by heating and stirring the
20 mixture of reactants under an inert atmosphere (e.g., nitrogen) at atmospheric
pressure from room temperature to a temperature high enough to induce the ester
interchange (about 150°C). Methanol is formed as a by-product and distills out of
the reactor. The reaction is gradually heated to about 250°C until methanol
evolution stops. The end of methanol evolution can be recognized by a drop in the
25 overhead temperature of the reaction vessel.
A small amount of an additive having a boiling point of 170-240°C may be

added to the ester interchange to aid in the heat transfer within the reaction medium

and to help retain volatile components in the vessel that may sublime into the packed
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30nonel2D248100@Bo8d.25 and 1 wt % of the reaction mixture. A preferred additive is
8502813A36%2922515t 0. 616721535116263t t 60none1al0462662141613B2935033. 4D
6136242 B15 41 ttphudrempbieienco Qs sxpmpdesgpciudn diplepyl qher, diphenyl sulfone
3262916Dnone13D2 54 41 34 ~Q A WA 29 -0 th 00
N O TABLE 2 é‘?&ﬁé’ﬁéﬁ“‘s‘%“s’%’r g(?@]é' %%5‘ g’ 'gfb"é%aé% g%%‘&*ééds’"@- Sé??’u‘%‘ﬁ%é‘gg 56, th,

rati o birefringeseent9bf @hichhiedierddyrisdorpuratebyReddraird) tenacity el ongConp Ex
1 *00.4787.30. 20. 9820. 20366615497, 8Ex ,
| A57.1887. 10. 1850. 98Tb¢ 8880, thgreagtion is commenced by adding a

1B57.1887. 10.1860, 9770. 1 903791266.67. SEX .
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9A1823. 79166. 00. 064Q.5090. 12573 .
951823.79168.oo?g?§8pg&%ﬁf%ﬁ%%?é@@ﬁi?%fﬁ%&ﬁf@gFgwfFE@B“B?&?f%&%%%ﬁ&i%%ﬁ
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5 1. Afibédb corpdisabeyt #00minyest er, wherei n said pol yester conprises
t er epht hal oyl noi eti . nore. ot her ,ar i c diaci

noi eti es; ethylene gﬁ@&ggfyh%]%g{lﬁlaﬁg? Qﬁggt'b(g’(rﬁ Hipéfé’“?‘rﬁ?r}grfﬁi %‘é&?gﬁwe&?peg%?r%ﬁg? ly

one or nore ot hgpodlizgheC to 285°C. During this time, ethylene glycol distills out of the reaction
due to condensation of the bis(2-hydroxyethyl) terephthalate to form polymer and
by-product ethylene glycol, which is collected as a distillate.

20 The polycondensation reaction described above is preferably carried out
under vacuum, which can be applied while the reactor is being heated to the
temperature of the polycondensation reaction after polyphosphoric acid and Sb(1Il)
oxide have been added. Alternatively, vacuum can be applied after the
polycondensation reaction temperature reaches 280°C - 285°C. In either case, the

25 reaction 1s accelerated by the application of vacuum. Heating under vacuum is
continued until the molten polymer reaches the desired molecular weight, usuaily
recognized by an increase in the melt viscosity to a pre-determined level. This is

observed as an increase in the torque needed for the stirring motor to maintain



5 noieties, wherein said polyester has an inherent viscosity of at |east
about 0.35 dL/g when neasured as a 1 % (wei ght/vol ume); sol létl&}gm%ferﬁ%

pol yester in o chlorophenol at a tenperature of 25C 2. Thewl pber "accor di ng
to Claim1, wherein said terephthal oyl noieties are derived from

terepht hal i AWYr di methyl terephthalate. 10 3. The fi bepcawsewaddisy t o
Claiml, wherein the polyester further conprises diethylene glycol

noieties. 4. The fiber according to Claiml, wherein said one or nore other
diol noieties are derived fromaliphatic al kyl ene glycols or branched

al i phatic glycols having from 3-12 carbon atons and having the enpiri cal
formula HO- CnH2n-OH, 15 where n is an integgr from3-12; cis or

traps-1, 4- cycl ohexanedi net hanol or m xtures thereof; triethylene glycol;

2, 2- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] pr opane,

1, 1- bi s[ 4( 2- hydr oxyet hox henyl 1 evcl-ohex ;

9, 9- bi s[ 4- (2- hy&‘?'ﬁ%ﬁe?‘ﬂé ep"ﬁé%?/‘%s]‘%“ﬂg‘p%aﬁ ?g!d,%g.’é,“%gﬁfeéﬂ}"/yﬂ‘r‘8ﬁﬁﬂ‘ﬁi tol;
1,4:3,6-dian hyd0.(5!5Q!LT/g)J_)r;CFr@d’terJ-caﬁ%WﬁliEQ@rWthfslrﬁ@i poéﬁrﬁga&aﬁmsmfcbéwmapor di ng
to Claim4, wherein said other diol noieties are derived from

ci s- 1, 4- cycl ohefurthedetiertso raasing molasulan waighty dios hertaameeinpasitirameges.dhe mi xt ur es

t her eof . 8 Novenber 2002 W0D,99/54534.-25 PCTI.US99/07015.6.. The fi ber
according to d morlﬁcffar Wﬁ'@ﬁ}e?arq bseé?cae%fj‘ffugﬁgrl byo‘cf%lggﬁl en%oﬁgng?@ﬂﬁ?’i‘%sﬁlbﬁgi d

noi eties areg depped fromisophthalic acid, 2,5-furandi carboxylic acid,

2, 5-t hi ophenedi carboxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7

napht hal enedi car boxylic acid, or 4,4'-bibenzoic acid. 5 7. The fi ber
according to Claim6, wherein sai dTon i TRL e ot her aromatic diacid

noi eties are derived fromisopht haf-F%aﬁ‘gq—H,—g—-%%ht hal enedi carboxylic
acid, 4,4'-bibenzoi CTREIetbphiMalidThoid PFoRSss i \GMART 1o tBe ditdiehyi 'té?%fhti?a%é’gx@l:&g to
Caim1l, wherein said inherent viscosity is fromabout "0.45 to 1.0 dL/g. 10
9. The fiber acenegithet thoinBiadesterdficanibereactonsthatdeddshebs@-hydregesi ty is from
about 0 50 dL/g to.0.70 dL/g. ,10. The fiber according.to Claim1l, wherein
274 t er opht har GOV R a i LSEmo e RO 51O g S GHIEND +o 50
mol e % of 381 d pRLYESHREsuPA alhoRtddRE pRERIB LG 3536 56 p8R). Shites SfAwdlBRENt I N
an amount of from aboht S(l)l?éz(iat ggl 0. Opm)l e 15 o? '?fle ng)yester, Sa;iiwg et hyl ene
gl ycol noi eti es ezress pirdraler smablemexcassiabuut d6%fto aboua bOK) oBRiolsdethPlede pigtd, % of
sai d pol yester, .sai .iso(gor bicge ; iet)i.es arff, gr esenb. in an _anpunt of from
about 0.25 to 18O8ThiJEEPBFr Ard! pRnyeusedr The perasfligtegsiraficaian Prodickisi es
are present in an,RRUdiolabmiR. difeaidPlough d; nOlo sefbidheR i r. 1.
The fiber accordi n‘g to (310l irrrrll 1b,l wher eior?%sa}%wo]?ﬁser ig% émt)ai etl%lsg%togre 20

di et hyl ene gl ycodrepivhabt iaed. iThe eatalgsto smetalsopli fferentb det added carally st 19aa@kssany id

ol yester. 8 vember 2002 .
poly 15 [t\l?e esteri 1cat120n reaction.

A polycondensation catalyst (e.g., Sb(III) or Ti(IV) salts) is still desirable to

achieve a high molecular weight polymer. The catalyst that is needed to achieve a
high molecular weight can be added after the esterification reaction, or it can be
conveniently charged with the reactants at the beginning of the reaction. Catalysts

20 that are useful for making a high molecular weight polymer directly from
terephthalic acid and the diols include the acetate or other alkanoate salts of Co(lI)
and Sb(III), oxides of Sb(IIl) and Ge(IV), and Ti(OR)4 (where R is an alky! group
having 2 to 12 carbon atoms), as well as glycol solubilized metal oxides. The use of
these and other catalysts in the preparation of polyesters is well-known in the art.

25 The reaction may be carried out in discrete steps, but this is not necessary.
In practice on a large scale, it may be carried out in steps as the reactants and

intermediate products are pumped from reactor to reactor at increasing temperatures.



WD 991 54534 -26 PCT/ US991 07015 12. The fiber according to Claim1l, having
an initial nodulus of fromabout 20 to 150 gpd. 13. The fi } to
Claim1, having a denier per filament of fromabout' 0. S tgﬁgﬁgﬁggﬁgb&ghe
fi ber according to Claim1, having a cross section selected fromthe group
consisting'%99gﬁﬁéhlar, el liptical, square, rectangul ar, crregaesoveBaped.
mul ti-| obed and dog-boned. 15. A nethod of making a fiber, wherein the

fi ber conprises a polyester, said nmethod conprising: 10 a) form ng the

pol yester; b} spinning the polyester into a fiber; and c) draw ng the spun
fiber, wherein the polyester conprises terephthal oyl noieties; optionally,
other aromatic diacid noieties; ethylene gjycol noieties; isosorbide
noieties; and, | S optionally, one or nore other diol noieties; wherein
'sai d polyester has an inherent viscosity of at |east about 0.35 dL/g when

measured as a 1 % i ght/vol une olution of said polyester in

o- chl or ophenol .aéf‘i (éersﬁglﬂﬁréa%?"ﬁﬁgé‘fa%é‘.'S?ﬂ'ﬁxg%ﬁﬁpzﬁgﬁ%&%&cﬁrﬁé“108‘ Caim
15, wherein forghgratdi€amPihie slaBlial GHERHel $EHoul P S°8)as SRIPIIh &Foinks. arHeeact or
a mononer conprising a terephthal oyl noiety; optionally, one or nore other
nmonomer s cont ai priessyreain ventodrat the radgeaof abonb2 ¢ ;.0 aband 3607€T, awdarpadusinng then

et hyl ene gl ycol m)iﬁ%%; @ gmonormer conprising an isosorbide noiety; and
optional Iy, onedSI2¥rEPISAher nononers conprising a diol moiety with a
condensati o cat al ysg&ifidaabh & hah bEPRARRSH R IeRERhL G ERGE d5d Siidnter

gl ycol s; and 8 hbve%ber 2002 WO 99?%4%%4)%C¥?U8885078 5 -27 (b?gheaiing
sai d nononers andesgdadat at elewdtyds enperafuiréssihpiercan thog sulpkratire add dboup2ildfjGeoi ze
said nononers intQ a polyester polyner haying at least a terephthal oyl

moi ety, et hyl eng%mgff gé{lg}'sa’ﬁ%fs‘ffgbgeffﬁwglwr&w AN ATRRCFAT 18 Bt i ng
s _continued fopnge SEfblCIBRE 16 bl RS Bhdbr 3 Vi gD

i nherent vi scosiatnge ;é)f bat | east abOlt.lt Odf:}g (%Ir_/ 8%9@2?2%#@ fads}goarﬁl %
(wei ght / vol une) prefdraltly Izss thiin $ diod). pOhyestiem is nceded tl romopheesidhialathydene

tenperature of 25C._ 17. 'I_'Eeagget hod according to. Cl aim 16, wherein heating
sai d nonomi?s f &WEHetsosoRRifiG RSV aET yapPRom dharepdlionite Faisathe mofeqelab wright r ent

removal of by-pr Od“C@g?;&néiéaﬁ;}}gBﬁ {n@teh Pl s o) 8fat€ié/a§!8(9ﬁ% rﬁps%‘?%bd %%eraﬁp%p

nmet hod according to ereln sald nonomer

t er epht hal oyl nmi syt 0.65 defgeintbieakhievaldiydhe didect pblymeakhiot paaesy; dithgutt 0
Claim 18, wherein water and unreacted nononer are renoved while said
nononer s pol ymefybsequentsobid statepolyragrizatiom cbsrripgrgss teg rolynarzatigheandien sai d

nononer conpri sj lgﬁn - i I |3, I ate. 21.
The met hod acco?dgfgﬁgd%gq alglpn%g'g%élt?;\herlg'?%e%rsépﬁdanol Qaéi%{hgrtl‘?rggéc{ﬁgédémnorrer
are renovedswhi teguised @ maimainestisrinod fithemoken pdymerlha cordtiimepmaccordi ng to
Caiml S wherein said one or nore 20 optional other diol noieties are

derived from aliphatic al kyl ene glycois or branched aliphatic glycols

having from 3-12 carbon atoms and 8ayi 8¢ilPY Lhbsal formula HO CnH2n- OH,
CW—H?% -1,

where n is an integer from 3-12;
Polymers can not be made by the melt condensation process described above

having an inherent viscosity of about 0.65 dL/g or greater without further treatment.

Compositions of ethylene glycol, isosorbide, and terephthalic acid having isosorbide
20 in an amount of about 0.25% to about 10% on a mole basis may have their

molecular weight increased further by solid state polymerization. The product made

by melt polymerization, after extruding, cooling, and pelletizing, is essentially non-

crystalline. The material can be made semi-crystalline by heating it to a temperature

in the range of about 115°C to about 140°C for an extended period of time (about 2
25 to about 12 hours). This induces crystallization so that the product can then be

heated to a much higher temperature to raise the molecular weight. The process



8 Novenber 2002 WD 9915453a -28 PCTIUS99/070 t 5 cycl ohexanedi net hanol or
m xtures thereof,; triethylene glycol; 2,2-bis[4-(2hydroxyef Revembieonh ]
“propane; 1, 1-bis[4-(2-hydroxyethoxy) phenyl] cycl ohexane; or

9, 9- bi s[ 4-(2- hydr oxyet hoxy) phenyl )fl uorene. 23. The nethod according to
daimil S,&éﬁgg‘gﬁ% said optional other 5 aromatic diacid niffEV$REHpe
derived fromisophthalic acid, 2,5-furandicarboxylic acid,

2, 5-t hi ophenedi carboxylic acid, 2,6-naphthal enedi-carboxylic acid,

2, 7Tnapht hal enedi carboxyiic acid, or 4,4'-bibenzoic acid. 24. The nethod
according to Caim 16, wherein said terephthal oyl noieties are present in
an anount of about 40 to 50 nole % of sai-g4pol yester, said 10 optional
other aromatic diacid noieties are present in an anmount up to about 10 nole
of said polyester) said ethylene glycol noieties are present in an anount
of about 33 to v . I Gyl j ieli.es are
present in an g%ng(ﬁ%te%{agfoﬁge%g%s SS)(%M(?%?%MN%’I%S! %%?1 %geg%gbgg?@gsrﬁal% ,/o’and
sai d one or nDbecadidtae pdiyesdternmysedlliss nareegsily sdthtlow levals odisoysrbidep t o about
2.0 nole % of said }]3_O| yester. 15 25. The nethod according to C ajm 24,
wherei n sai d one or IhePRlYBehBRY alsg e pystatiizedprgrdo gplic 1i3te BAYMETVR N boi et i es
in an anount o 3 i e r The. pet hod
according to C}rg#ﬁ']e&%?’ﬂpg?%lﬁtg‘?eq)yc@ar?ﬁ‘??lg%nrtlz&jip%?& gtlgﬁs/si’ %ﬁtafﬁae&?r% e’e‘?ﬁﬂcg‘ra wei ght
of sai d pofyesimicd\crestdlligatvhaSeactpsllyenBredigt itarglasaﬁkaﬁ?s?ﬁonTﬂempafahin@m(g),
according to Caim 26, wherein said solid state pol ynerization conpri ses:
(a) crystallizrheiagifer gpstaltization. Folvertdnduced eryptallisafiapds kaown for olyestpir at ur e
in the range o ; 40C, M)y 991 54534
-29 PCT/ US99/ 0 ﬁggﬁ%ﬁ%ﬁg’apﬁngggg{ﬁ&pg&%g ezrmduirgiGer’ @ggﬁ%%%ge%rn a stream
of inert gas aincempotit@Vey fdertugper at ure above | 40C but bel ow the nelting
tenperature of said polyester to yield a polyester having an increased

i nherent viscosity. TE@prymaxz%pwmea@é@mentqafbwtselld:staiemobrmfmm@mweb}nplsgnm
heating stgp ( iS5 [rri .out . rature of about 195.t0 198C for
about 10" KE0r & Mesheisel¥ bR Aol S FRREH B By BRe el Bl

i ncreased i nhepeihdey h va@fim ¥f 1 Tomfat b alstat@dRitipeRnhE aBbvedl 4080 butlk@owraichod
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of synthetic f "Bers, c,scﬂo{oﬁ Y™ AR Moo Fisere MAG T AR ] yiclg C(r)b%risi ng

the staple bl eqd/oér Higigirm 32.

Fiber Production

The monomer composition of the polyester polymer s desirably chosen to
20 result in a partially crystalline polymer. This crystallinity is desirable for the
formation of fibers, providing strength and elasticity. As first produced, the
polyester is mostly amorphous in structure. In preferred embodiments, the polyester
polymer readily crystallizes on reheating and/or extension of the polymer.
In the process of the invention, fibers are made from the polymer by any
25 process known in the art. Generally, however, melt spinning is preferred for

polyester fibers.
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is desirable to increase the surface area of the fiber to provide a softer feel and to
enhance the ability of the fibers to breathe, thereby providing better insulation and
5 water retention in the case of textiles, for example. The fibers may therefore be
crimped or twisted by the false twist method, air jet, edge crimp, gear crimp or
stuffer box, for example. Alternatively, the fibers may be cut into shorter lengths,
called staple, which may be processed into a yarn. A skilled artisan can determine
the best method of crimping or twisting based on the desired application and the

10 composition of the fiber.

After formation, the fibers are finished by any method appropriate to the
desired final use. In the case of textiles, this may include dyeing, s1zing or addition
of chemical agents such as antistatic agents, flame retardants, UV light stabilizers,
antioxidants, pigments, dyes, stain resistants, antimicrobial agents and the like,

15 which are approprate to adjust the look and hand of the fibers. For industrial
applications, the fibers may be treated to impart additional desired characteristics
such as strength, elasticity or shrinkage, for example.

The continuous filament fiber of the invention may be used either as
produced or texturized for use in a variety of applications such as textile fabrics for

20 apparel and home furmishings, for example. High tenacity fiber can be used in
industrial applications such as high strength fabrics, tarpaulins, sail cloth, sewing
threads and rubber reinforcement for tires and V-belts, for example.

The staple fiber of the invention may be used to form a blend with natural
fibers, especially cotton and wool. In particular, the polyester is a chemically

25 resistant fiber which is generally resistant to mold, mildew, and other problems
inherent to natural fibers. The polyester fiber further provides strength and abrasion

resistance and lowers the cost of material. Therefore, 1t 1s ideal for use in textiles
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and other commercial applications, such as for use in fabrics for apparel, home

furnishings and carpets.
Further, the polyester polymer of the invention may be used w:th another
synthetic polymer to form a heterogenous fiber, thereby providing a fiber with
5 improved properties. Polymers which may be used include those listed in copending
application Serial Nos. 09/064,826 (Attorney Docket No. 032358-005) and
09/064,720 (Attorney Docket No. 032358-008). The heterogeneous fiber may be

formed in any suitable manner, such as side-by-side, sheath-core and matrix designs,
as known in the art. )

10 The polyester polymer of the invention may also be used to form a blend
which may be used to produce a fiber having improved properties. Examples of
polymers which may be blended with the polyester polymer of the invention are
those found for example in co-pending application Senal Nos. 09/064,826 (Attorney

Docket No. 032358-005) and 09/064.720 (Attorney Docket No. 032358-008).

15 Further, the fiber may itself be made by any method known in the art using
isosorbide-containing polyesters such as those described in copending application
Serial Nos. 09/064,826 (Attorney Docket No. 032358-005) and 09/064.720
(Attorney Docket No. 032358-008).

The fiber of the invention, its manufacture and properties are further

20 illustrated by the following non-limiting examples.

Examples

The polymer molecular weights are estimated based on inherent viscosity
(I.V.), which is measured for a 1% solution (wt/volume) of polymer in
o-chlorophenol at a temperature of 25°C. The levels of catalyst components are
25 expressed as parts per million (ppm), based on a comparison of the weight of the
metal with the weight of either the dimethyl terephthalate or terephthalic acid,

depending on which monomer is used.
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Example }
A) Polymerization
The following polymerization reactants are added to a 4-liter polymerization
flask fitted with a jacketed Vigreux column approximately 14 inches long and 5/8
5 inch in diameter with air cooling, a mechanical stirrer, and a water-cooled

condenser: dimethyl terephthalate (780.1g), 1sosorbide (62.6g), and ethylene glyco!l
(504.7g), which corresponds to 2 mole ratio of 1: 0.106: 2.13. A catalyst of Mn(II)
acetate tetrahydrate (0.296g), Co(1l) acetate tetrahydrate (0.297g), and Sb(III) oxide
(0.308g) 1s also charged. This corresponds to 85 ppm manganese (weight of metal

10 as a fraction of the weight of dimethy! terephthalate), 90 ppm cobalt, and 330 ppm
antimony. The flask is purged with a stream of nitrogen while the temperature is
raised to 250°C over a period of two hours, using a fluidized sand bath as a heating
medium. Methanol is continuously collected as the reaction is heated above
approximately 150°C. By noting when the temperature drops at the top of the

15 Vigreux column, it is possible to determine the end of methanol evolution,
indicating the finish of the first step of the reaction, which is the transesterification
of the diols and dimethyl terephthalate. At this point, 91 ppm of phosphorous is
added in the form of a polyphosphoric acid solution in ethylene glycol. In this case,
0.244g of polyphosphoric acid mixed with approximately 1 ml of ethylene glycol is

20 used. Also at this time, the nitrogen purge is stopped. Heating is continued while a
vacuum is gradually applied. The attainment of full vacuum, preferably less than 1
Torr, takes approximately 1 hour. During this hour, the reaction mixture is heated to
285°C. Also during this time, ethylene glycol distills off, and a low molecular
weight polymer forms. The molten polymer is heated under vacuum at 285°C for

25 about 2 hours, or until the polymer achieves sufficient melt viscosity, as determined
by an increase in torque of the stirrer. When sufficient viscosity is achieved, the

polymerization is stopped, and the flask is removed from the sand bath.
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10 efficiency of the distillation or other separation methods that are used in the process.

A skilled practitioner can readily establish specific process details according to the

characteristics of the reactor, distillation columns and other equipment used.

B) Fiber Making
The above produced polymer was ground and dried at 130°C overnight in a
15 vacuum oven. Rods were made from the polymer by first placing it in a mold which
was then heated under gentle pressure from a plunger. The pressure was provided
by a hydraulic press. When the polymer began to soften, more pressure (500-1000
lbs/inz) was applied to compress the polymer into a hard rod. The ingress of
moisture was reduced by encasing the equipment in a Lucite® box which was
20 continuously purged by a flow of dry nitrogen.
Spinning was immediately carried out on a single filament spinning machine.
The polymer in rod form was melted by pressing it against a heated "grid" which
was conical in shape with a hole at the apex. The machine temperatures were slowly
raised until the melted polymer started to flow through this hole. In the present
25 example, this occurred at 287°C. The polymer was then filtered through a bed of
80/120 shattered metal, and finally emerged from the single hole spinneret capillary,
0.020" diameter and 0.030" long. The throughput was 0.30 grams per minute (gpm),
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spun fiber properties. In the present case that speed was 2500 mpm.

Single filament drawing was performed on modular draw umits with hot
shoes between each roll. The fiber was drawn in two stages using the second stage
to develop the maximum fiber tenacity and crystallinity. The hot shoe temperatures

10 used in the present example were 90°C and 160°C. In this way, a single filament
was collected and small samples cut from the last roll. A sample was tested for its

tensile properties using ASTM test method D3822. The tests were conducted on a

three inch gauge length at 60% strain, and the results are exhibited 1n Table 1

Examples 2-13
15 The conditions used to spin and draw similar fibers 2-13 from other polymer
compositions of the invention, as well as the resulting tensile properties, are also
presented in Table 1. Further, comparative examples using compositions of
poly(ethylene terephthalate) are presented in Table 1. These polymer fibers were
produced and spun in the same manner as Example 1 using the conditions set forth
20 in Table 1.

Table 2 provides additional data regarding birefringence and orientation of
the drawn fibers of Examples 1A and B, 2A, 3A, 4A, 8B, 9A and B, 10A, 11A and
Comparative Examples 1 and 2, which are poly(ethylene terephthalate). The
birefringence of the fibers was measured by x-ray scattering with a Leitz Orthoplane

25 Polarized Light Microscope with a Berek tilt type microscope. The orientation of
the fibers was measured by X-ray scattering from the crystalline phase with a

Rigaku Rotating Type generator having a two dimensional (2D) position sensitive
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20 5. The fiber according to Claim 4, wherein said other diol moieties are
derived from cis-1,4-cyclohexanedimethanol, trans-1,4-cyclohexanedimethanol, or

mixtures thereof.
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6. The fiber according to Claim 1, wherein said optional one or more
aromatic diacid moicties are derived from isophthalic acid, 2,5-furandicarboxylic
acid, 2,5-thiophenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-

naphthalenedicarboxylic acid, or 4,4’-bibenzoic acid.

5 7. The fiber according to Claim 6, wherein said one or more other
aromatic diacid moieties are derived from isophthalic acid, 2,6-naphthalenedi-

carboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof.

8. The fiber according to Claim 1, wherein said inherent viscosity is

from about 0.45 to 1.0 dL/g.

10 9. The fiber according to Claim 8, wherein said inherent viscosity is

from about 0.50 dL/g to 0.70 dL./g.

10.  The fiber according to Claim 1, wherein said terephthaloyl moieties
are present in an amount of from about 40 to 50 mole % of said polyester, said other
aromatic diacid moieties are present in an amount of from about 0.1 to 10.0 mole %

15 of the polyester, said ethylene glycol moieties are present in an amount of from
about 33 to 49.9 mole % of said polyester, said isosorbide moieties are present in an
amount of from about 0.25 to 10.0 mole % of said polyester, and said other diol

moieties are present in an amount of up to about 2.0 mole % of said polyester.

11.  The fiber according to Claim 10, wherein said other diol moieties are

20 diethylene glycol moieties in an amount up to about 5.0 mole % of said polyester.
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12.  The fiber according to Claim 1, having an initial modulus of from

about 20 to 150 gpd.

13.  The fiber according to Claim 1, having a denier per filament of from

about 0.5 to 20.

5 14. The fiber according to Claim 1, having a cross section selected from
the group consisting of circular, elliptical, square, rectangular, crescent-shaped.
multi-lobed and dog-boned.

15. A method of making a fiber, wherein the fiber comprises a polyester,
said method comprising:
10 a) forming the polyester;
b) spinning the polyester into a fiber; and
c) drawing the spun fiber,
wherein the polyester comprises terephthaloyl moieties; optionally, other
aromatic diacid moieties; ethylene giycol moieties; isosorbide moieties; and,
15 optionally, one or more other diol moieties; wherein said polyester has an inherent
viscosity of at least about 0.35 dL/g when measured as a 1 % (weight/volume)

solution of said polyester 1n o-chlorophenol at a temperature of 25°C.

16.  The method according to Claim 15, wherein forming the polyester
comprises:

20 (a) combining in a reactor a monomer comprising a terephthaloy!
moiety; optionally, one or more other monomers containing an aromatic diacid
moiety; a monomer comprising an ethylene glycol moiety; a monomer comprising
an 1sosorbide moiety; and optionally, one or more other monomers comprising a diol
moiety with a condensation catalyst suitable for condensing aromatic diacids and

25 glycols; and
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(b) heating said monomers and said catalyst to a temperature
sufficient to polymerize said monomers into a polyester polymer having at least a
terephthaloyl moiety, ethylene glycol moiety and isosorbide moiety,
wherein said heating is continued for a sufficient time to yield a
5 polyester having an inherent viscosity of at least about 0.35 dL/g when measured as

a 1 % (weight/volume) solution of said polyester in o-chlorophenol at a temperature

of 25°C.

17.  The method according to Claim 16, wherein heating said monomers
further includes stirring said monomers with the concurrent removal of by-products

10 by distillation and/or evaporation.

18.  The method according to Claim 16, wherein said monomer

comprising a terephthaloyl moiety is terephthalic acid.

19. The method according to Claim 18, wherein water and unreacted

monomer are removed while said monomers polymerize.

15 20. The method according to Claim 16, wherein said monomer

comprising a terephthaloyl moiety is dimethyl terephthalate.

21.  The method according to Claim 20, wherein methanol and unreacted

monomer are removed while said monomers polymerize.

22.  The method according to Claim 15, wherein said one or more
20 optional other diol moieties are derived from aliphatic alkylene glycols or branched
aliphatic glycols having from 3-12 carbon atoms and having the empirical formula

HO-C_ H,,-OH, where n is an integer from 3-12; cis or trans-1,4-
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cyclohexanedimethanol or mixtures thereof; tnethylene glycol; 2,2-bis[4-(2-
hydroxyethoxy)phenyl] propane; 1,1-bis[4-(2-hydroxyethoxy) phenyl] cyclohexane;
or 9,9-bis[4-(2-hydroxyethoxy)phenyl}fluorene.

23.  The method according to Claim 15, wherein said optional other
5 aromatic diacid moieties are denved from isophthalic acid, 2,5-furandicarboxylic
acid, 2.5-thiophenedicarboxylic acid, 2,6-naphthalenedi-carboxylic acid, 2,7-

naphthalenedicarboxylic acid, or 4,4’-bibenzoic acid.

24.  The method according to Claim 16, wherein said terephthaloyl
moieties are present in an amount of about 40 to 50 mole % of said polyester, said
10 optional other aromatic diacid moieties are present 1n an amount up to about 10 mole
% of said polyester, said ethylene glycol moieties are present in an amount of about
33 to 49.9 mole % of the polyester, said i1sosorbide moieties are present in an
amount of about 0.25 to 10.0 mole % of said polyester, and said one or more other

diol moieties are present in an amount up to about 2.0 mole % of said polyester.

15 25. The method according to Claim 24, wherein said one or more other
diol moieties are diethylene glycol moieties in an amount of up to about 5.0 mole %

of said polyester.

26.  The method according to Claim 16, further comprising increasing the

molecular weight of said polyester by solid state polymerization.

20 27.  The method according to Claim 26, wherein said solid state
polymerization comprises:
(a) crystallizing said polyester by heating said polyester to a

temperature in the range of about 115°C to about 140°C; and
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0- camed out at a temperature of about 195° to 198°C for about 10 hours.

29.  The method according to Claim 27, wherein said increased inherent

viscosity 1s at least about 0.65 dL/g.

30.  The method according to Claim 15, wherein spinning the polyester
into fiber comprises:
10 a) melting said polyester;
b) extruding said molten polyester through a spinning onfice; and

¢) cooling said extruded polyester, thereby forming a fiber.

31. The method according to Claim 15, wherein drawing the spun fiber
comprises:
15 a) heating the spun fiber;
b) exerting tension on the heated spun fiber, thereby stretching the
heated spun fiber; and

c) collecting and cooling the stretched fiber.
32. A staple blend, comprising the fiber of Claim 1 and at least one other
20 fiber selected from the group consisting of synthetic fibers, cotton fiber and wool

fiber.

33.  An article comprising the staple blend of Claim 32.
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