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a temperature of 25 °C.

SAME

A polyester fiber made from a polymer having ethylene glycol moieties, isosorbide moieties and terepthaloyl moieties, and the method
of making the fiber is described. The polyester fiber is used to form articles suitable for commercial, especially textile, and industrial uses,
and has an inherent viscosity of at least 0.35 dL/g when measured as a 1% (weight/volume) solution of the polyester in o-chlorophenotl at




-2- The polyners currently used for fiber formation are generally based on
conpl etely neWOP348€53ér synthetic nolecules. In contrast, the dPOTUS9M7CIS6-
di anhydro-D-sorbitol, referred to hereinafter as isosorbide, the structure
of swhich is illustrated below, is readily made from renewabl e resources,
such as sugars and 5 starches. For exanple, isosorbide can be nade from
D- gl ucose by hydrogenation foll owed by acid-catal yzed dehydration. OH [err]
[err] [err] OH Isosorbide has been incorporﬁhed as a nonomer into

pol yesters that al so include terephthal oyl nOieties. See, for exanple, R
Storbeck et al, Mkronol. 10 Chem, Vol. 194, pp. 53-64 (1993); R
Storbeck et al, Polyner, Vol. 34, p. 5003 &&?93%. However, it is generally
bel i eved that secondar POMYIEHEER AND DEFOR MAKENG vity -
and are sensitive to acid-catalyzed reactions. See, for exanple, D. Braun
et al., J. Prakt.Chem, Vol. 334, pp. 298-310 (1992). As a result of the
poor reactivity, polyesters nade with an isosorbi de nononer and 15

esters of terephthalic acid are expected to have a relatively | ow nol ecul ar
wei ght. Ballauff et al, Polyesters (DEj B f¥igol wabl e Sour ces),

Pol ymeric Materials Encyclopedia, Vol. 8 p. 5892 (1996). Copolyners

cont ai ni ng i sosor bi de T dis¢lasure gelgies %%Pgﬁ’?ﬁf%‘] fibgsi methods of paking the, pAMG| oy |

noi eti es have be I t e . t ai. ol t hese
three noieties, i nd\%ﬁ?‘%{? rﬁ%goﬁr%%go%t p’op%f*‘g&ﬁ%%%&l&?%o@a%qlggg@nﬁlgifde
\faz 6gbggt1 90510, poBester Mtientithepobyeblet Bhesh (s850ibide MRiieR| tefetthateyiirAdietyhnd

ethylene glycol moiety, methods of making the same, and articles made therefrom.

Backeround of the Disclosure

Polyester fibers are produced in large quantities for use in a variety of
applications. In particular, these fibers are desirable for use in textiles,

10 particularly in combination with natural fibers such as cotton and wool. Clothing,
rugs and other items may be fashioned from these fibers. Further, polyester fibers
are desirable for use in industrial applications due to their elasticity and strength.
In particular, they are used to make articles such as tire cords and ropes.

The term “fibers” as used herein is meant to include continuous

15 monofilaments, non-twisted or entangled multifilament yarns, staple yarns, 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 wihding 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.



-3- (1968). The polymer was used as a m nor conponent (about 10% of a

bl end w th pewbywsapyl ene to i nprove the dyeability of pol yprge*hﬁgﬁmmgaer.
It was made by nelt polymerization of dinmethyl terephthal ate, ethylene

gl ycol, and isosorbide, but the conditions, which were described only in
general terns in the publication, 5 woul d not have given a pol yner
havi ng a hi gh nol ecul ar wei ght. Copol yners of these sane three nononers
wer e described again recently, where it was observed that the gl ass
transition tenperature Tg of the copol yner -2ncreases w th isosorbide
nmononer content up to about 200[err]C for the isosorbide terephthal ate
honmopol yner. The pol yner sanpl es were nmade by reacting 10 t er epht hal oyl
dichloride in sol Uti'TﬂePnyhwi‘MrﬁHnﬂ mmmb&rfo?hiaﬁomﬁd%ieml lbdsed éh
copolymer with a nolecular weight that is apparently higher than was

obt ai ned i n t hecamplgigly mgn-anade g synthetic meleeress r Ingontragiothe diol1,4:3.64 |

relatively | ow o] | of her pol yester, .pol ynmers and .

copol ymers.  Fur tREEBTESBor HeHEh eheteinalie &5350sBlnibe SHE Ridorh e sy
and were thus fieauafars BiI6¥! Readiy madedrorh 2ncWabR! feSurass, Sudl RMgirs ahd
pol yneri zation. See R Storbeck, Dissertation, Universitat Karlsruhe
(1994); R 5t or ktaxches. eFom¢xample, isgspibideReainyheamadsdirem d@-glucdose byoBydrpgenation
1199- 1202 (1996@ U£. Pat ent 4, ﬁé@ 1%4,descri bes a process for the
preparation of plopediby acidcatalyzed debydrafiomt erial's in the production of
aqueous stoving | acquers. The 20 pol yesters are prepared with an al cohol
and an acid. One of the many preferred al cohols is dianhydrosorbitol.
However, the average nol ecul ar wei ght _of the polyesters is from1,000 to
10, 000, and no polyester actually coQ:Hai ning a di anhydrosorbitol noiety was
made. U.S. Patent 5,179, 143 descri bes: aI;brﬁcess for the preparation of
conpression 25 nol ded materi al s. 1 2scri bed therein are hydroxyl
cont ai ni ng pol yesters.

Isosorbide has been incorporated as a monomer into polyesters that also
include terephthaloyl moieties. See, for example, R. Storbeck et al, Makromol.
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



These hydroxyl containing polyesters are |isted to include poll}/h dric
" al cohol s, indY@8¥$§34, 4: 3, 6- di anhydrosorbitol. Again, however, @ﬁ@%@ﬂﬂést
nol ecul ar wei ghts -4- reported are relatively low, i.e. 400 to 10, 000,
and no polyester actually containing the 1 ,4:3,6-dianhydrosorbitol noiety
was made. Published PCT Application WO 97/14739 and WD 96/ 25449 descri be
cholesteric and nematic liquid crystalline polyesters that include
i sosorbide noieties 5 as nonomer units. S_égh pol yesters have relatively
| ow nol ecul ar wei ght and are not isotropic. Sunmary of the Disclosure
Contrary to the teachings and expectations that have been published in the
prior art, isotropic, Ii

I.e., sem-crystalline and anor us onl i.qui.d
crystalline, 10 (1968pdihenplyner W%ﬁl‘{s&?ﬁﬁ ﬁ'@?@?%@%@&&%?@%?é’ ,abg‘?%l ene
gl ycol noieties, i.50sorhi L el , ' e
noieties, are red I}g‘¥§ﬂlﬂ°gﬁle?g? ;(g%ﬁﬁvﬁoﬁﬂed u alP&nv\gﬂl%%Wsrg ﬁg{i&’gﬁé&. susﬂég%}ag °
for meking fabri (b%vtxﬁélt poRHhieeizaticichdinetliyl Rpéphtisdlateethylencs glycol, and isosorbide,

Further, fibers made fromthese polyesters offer inproved strength, .
elasticity and atmésiesondisions; whish were deseribed onlyrin general terme insths publicasion. 15

potential for use in texiiles, and may be .usetul in i hal applications
as wel |. TheJproc d aghhave; gk 2 Bely W%@h@ﬂﬁ@%?%@l beIrOI,O
particularly the am)w@?p E13'Y tikelse sééﬂ@ﬁu&é‘mbﬁ&n@&'w&éheéoribéﬂ Qgalaseeeablyy

- chosen so that the final® pol ymeric product used for manufacturing fibers
cont ai ns the desiwksteanwasblsenied ithat thaglassusansitionrtempenaiure Tgmf dhecepolymes t h

Bacause of 1 he et BT RoSEHEE SIoTOmET ROMBMAIRIO S0RE 0 hefof LissBerBe
o Sependt 19 o sl g s s el e
10 terephthaloyl dichloride in solution with the diol monomers. This method yielded
a copolymer with a molecular weight that is apparently higher than was obtained
in the German Patent Application described above, but still relatively low when
‘compared against other polyester polymers and copolymers. Further, these
polymers were made by solution polymerization and were thus free of diethylene
15 glycol moieties as a product of polymerization. See R. Storbeck, Dissertation,
Universitit Karlsruhe (1994); R. Storbeck, et al., I._Appl. Polymer Science,
Vol. 59, pp. 1199-1202 (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 lacquers. The
20 polyesters are prepared with an alcohol and an acid. One of the many preferred
alcohols is dianhydrosorbitol. However, the average molecular weight of the
polyesters is from 1,000 to 10,000, and no polyester actually containing a
dianhydrosorbitol moiety was made.
U.S. Patent 5,179,143 describes a process for the preparation of compression
25  molded materials. Also, described therein are hydroxyl containing polyesters.
These hydroxyl containing polyesters are listed to include polyhydric alcohols,
including 1,4:3,6-dianhydrosorbitol. Again, however, the highest molecular weights



pol ymeri zation reaction and renoved as the reaction proceeds. This is
particul ar| ywos84584 et hyl ene gl ycol and isosorbide. 25  PCT/USISFI015

pol yester may be forned by any nethod known in the art. Preferably,
however, -the polyester is fornmed by solvent or nelt polynerization. The
choi ce of -5- nmethod may be determ ned by the desired anount of

di ethyl ene glycol in the final product. In a preferred enbodi nent, the
nunber of terephthal oyl noieties in the polymer is in the range of about
25% to about 50 nmole % (nmole % of the tot al 45 pol yner). The pol yner may
al so include amunts of one or nore other aromatic diacid noieties such as,
for exanple, those derived fromisophthalic acid, 2,5- furandi carboxylic
aci d, 2,5-thi ophreparttdzae tetativelydowei.el 400 16 10,600)tahd ne pelyiesteractiadly\containing d,
2, 7- napht hal enedj car boxyl| i cid,, and .4, 4' - bi benzoic acid at conbi ned

l evel s up to ab‘cﬁ}?'1é§’§r§¥a§ﬁy/&??ﬁ5blé°ai%‘8?tyt%"E‘Qﬁeal pol ymer). 10 In a

preferred enbodi nent , . djﬂ?[' oyl R ' )P nount s
of about 5 nol e'_%to%‘%&%é 9. %5%%°W@@1€z y%r%‘%wn(g?@}gﬁg?%egﬁgﬁan

di et hyl ene gl ycaholstetit adneretfreliliid erystaltinb polyestbre dha indiwdelibsotbidemoidies
amount of diethylene glycol noieties is _in the range of about 0.0 nole %to
about 25 npPe 15smonomer unity; Schpelvestersdhaseiativebiniow meleempveight andareneint
in the polyner i.n ampunts in the range of about 0.25 nole %to about 40
mole % One or MPPPther diol ronomer units may al so be included in
anounts up to a total of about 45 nole % The pol yester has an inherent
-viscosity, which is an indicator of nolecular weight, of at  |east about

0.35 dL/g, as neasured on a 1% (weiSynuheryl ofitiee Disclostieon 20 = of the _
pol ymer in o-chlorophenol at- a tenperatuyre of 25[err]C. _A higher | nherent
rsLosi ty, such a6 mCHaEot tohe e iricracctsons Biak biis et pibished Bube 0. 50

dL/g, is prior art, isotropic, i.e., semi-crystalline and amorphous or nonliquid crystalline,

10 copolyesters containing terephthaloyl moieties, ethylene glycol moieties, isosorbide
moieties and, optionally, diethylene glycol moieties, are readily synthesized in
~ molecular weights that are suitable for making fabricated products such as fibers on
an industrial scale. Furthei', fibers made from these polyesters offer improved
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 process conditions for producing the polyester fiber, particularly the
amounts of monomers used in the polyester, are desirably chosen so that the final .
polymeric product used for manufacturing fibers contains the desired amounts of the
various monomer units, preferably with equimolar amounts of monomer units
20 derived from a diol and a diacid. Because of the volatility of some of the monomers,
including isosorbide; and depending on the method of manufacture of the polyester,
some of fhe monomers are desirably included in excess at the beginning of the
polymerization reaction and removed as the reaction proceeds. This is particularly
true of efhylene glycol and isosorbide.
25 The polyester may be formed by any method known in the art. Preferably,

however, the polyester is formed by solvent or melt polymerization. The choice of



desired for optimal fiber formation for use in commercial applications,
such as text WRIHMAIM act ure. Further processing of the polyestP&T/4HY07015
achi eve inherent viscosities up to about 2.0 dL/g and even hi gher, which
can be useful for the 25 formation of fibers for both comercial uses
and industrial purposes, such as tire cords, cables and the |ike. The
pol yester fibers of the present invention are suitable for use in textile
manuf acture or other commercial applications,_and for use in industrial
appl i cati ons. -6- They may be woven or kni¥ted to formfabrics, or may
be provided in the formof continuous nonofilaments, nmultifilanment yarns or
staple yarns. Detailed Description of the Preferred Enbodi nents aof th
Di scl osure The pomggpt efay teistermimbdbyrtbe Hesired amennirfabethyleng glyrel lgéliﬁ%fe* e
described in 5 detail below In particular, the nmethod of manufacturing
a pol yester conprpidwg- t er epht hal oyl noieties, ethylene glycol noieties and
| sosorbide noieties is desci‘%r%ﬂ%b%ﬁirﬁﬁ{tlth@ﬁuﬁiﬂﬁ' Qf@f@ﬁﬁlagfylmmeg%fﬂeber S
I ndu

from such a pol yner fo!n*hgrg conmer ci al— or strial applications. In a

preferred enmbodi Npgtmeeishi R anges ¥tabout25% e sbown 50 moke % (male &hof tha tathle 10
pol ymer in anount about 33 nole %to about 49.9 nole % %re erablx.37
mol e % to abosit 4polynies). Fhegiolymerghayhalemiseludaamanais fhgng,er my ropgatic

necessary to achieve, the desired results he pol. i 3:] _al so
contai n di et hyl endiagidragietighFsRas f%‘?"tagl.pkfbltbc'éﬁgflﬁ%e Onorﬁﬁ%ﬁ?@fh%gagﬁg

manufacture, the AR ) b 80Ridph¥seicafBORgHEAci) L, 6 Baplithalenddie range
of from about 0.0 1nD ea%ﬁ%%qfacboﬁ%/ 15 & 5.0 nol e9% preferably 0.25 nole %

to about 5 nol e Yadbkylaiuid, 2,3 nephthaensdicrboxylib ecid asid A dbigenzeicacidal y ¢ o
achieve the desired results. D ethylene I roduced as a
by- product of t he cpubinedlevelaupda 2BPclas °¥?%G%%8?§W§8§?H‘Wgry

10 In a preferred embodiment, ethylene glycol monomer units are present in

amonnts of about 5 mole % to about 49.75 mole %. The polymer may also cqntain :
diethylene glycol moieties. Depending on the method of manufacture, the amount
of diethylene glycol moieties is in the range of about 0.0 mole % to about 25 mole
%.

15 In a preferred embodiment, isosorbide is present in the polymer in amounts
in the range of about 0.25 mole % to about 40 mole %. One or more other diol
monomer units may also be included in amounts up to a total of about 45 mole %.

The polyester has an inherent viscosity, which is an indicator of molecular
weight, of at least about .0.35 dL/g, as measured on a 1% (weight/volume) solution

20 of the polymer in o-chlorophenol at a temperature of 25°C. A higher inherent
viscosity, such as at least about 0.40 dL/g, preferably at least about 0.50 dL/g, is
desired for optimal fiber formation for use in commercial applications, such as
textile manufacture. Further processing of the polyester may achieve inherent
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.



to the conposition to help accurately regulate the anount of diethylene

gl ycol nonon®i0 9954438 t hat are in the polyner. 20 I N dS68b% 5
enbodi ments, isosorbide noieties are present in the polyner in amounts in
the range-of from about 0.10 nole % to about 10 nole %preferably from
about 0.25 nole %to about 5.0 nole % although higher anobunts may be

incl uded as necessary to achieve the desired results. Isosorbide is nost
preferably present in the range of 1 nole%to 3 nole % One or nore ot her
di ol nonomer 25 units may optionally be iacluded in anounts up to a
total of -about 2.0 nole % but preferably less than 1 nole % The anmount of
ot her diols included may however be higher as necessary to achieve the
desired resul ts.THeyang irswoven dr&nitiedite fin fabiies; or may Be prbivided di ieSoinef ude
aliphatic allylene glycols having from 3-12 carbon atons and having the
enpi ri cal f or nule@nHnaysaagof m?&mlﬁﬁm@tmmsyrémlwa@yer from 3-12,

i ncludi ng branched diols such as 2, 2-di nethyl -1, 3-propanedi ol ; cis or
trans-1, 4- cyclohexanedlnethanol and m xtures of the cis and trans |soners
triethylene glycol; i p d : ) s PisO188

1, 1- bi s[ 4-(2- hydroxy y

9, 9- bi s[ 4- ( 2- hydroxyeThemo}yqsweﬁbquﬂmﬁheﬂoﬂm&nﬁ'a@unng&ahymaneniesnrtheﬂm

i the pol yast erdel ey B prinS e et Spanyieiring AT SAPPTATE ne
range of 7 om gy Ao BRke. ,ﬁanggg»”egferes desg;gug,g e Aities 12 D°

i ncl uded as necess |eve er aromatic di acid

nmoi eties in the mmvm; as wéll stethe pridessiof Yoriming fibers froar suek ampplygner forase in
derived fromisophthaljc acid, . 2,5-furandicarboxylic acid,

2, 5-t hi ophenedi corBBstsial or indusirial applicatignsat hal enedi car boxyl i ¢ aci d,

el I R B sl A LA

10 polymer in amounts of about 33 mole % to about 49.9 mole %, preferably 37 mole

% to about 45 mole %, although higher amounts may be included as necessary to
achieve the desired results. The polymer composition may also contain diethylene
glycol monomer units. Depending on the method of manufacture, the amount of
diethylene glycol monomer units is in the range of from about 0.0 mole % to.about

15 5.0 mole %, preferably 0.25 mole % to about 5 mole %, although higher amounts

| may be included as necessary to achieve the desired results. Diethylene glycol may
be produced as a by-product of the polymerization process, or may be added directly
to the composition to help accurately regulate the amount of diethylene glycol
monomer units that are in the polymer.

20 In preferred embodiments, isosorbide moieties are present in the polymer in
amounts in the range of from about 0.10 mole % to about 10 mole %, preferably
from about 0.25 mole % to about 5.0 mole %, although higher amounts may be
included as necessary to achieve the desired results. Isosorbide is most preferably
present in the range of 1 mole% to 3 mole %. One or more other diol monomer

25 units may optionally be included in amounts up to a total of about 2.0 mole %, but
preferably less than I mole %. The amount of other diols included may however be

higher as necessary to achieve the desired results. Examples of the optional other



15 % of the total polyner, although higher amounts may be included as

" necessary to WOWWE34t he desired results. It is preferable thaPCBEYSIWVIIDES
anounts of diacid nonomer units and diol nononer units are present in the
pol-ymer in-order to achieve a high nol ecul ar wei ght and hi gh i nherent
viscosity, which provide a | ower shrinkage rate and hi gher 20 gl ass
transition tenperature (T[err]) than, for exanple, poly(ethylene .
terepht hal ate). The pol yester formed has an igpherent viscosity, which is an
i ndi cat or of nol ecul ar weight, of at |east about 0.35 dL/g, as nmeasured on
a l % (weight/volune) solution of the polymer in o-chlorophenol at a

- tenperature of 25&£rr].C.. Preferably, the inherent viscosity is at |east
about 0.45 dL/g. dipkenifsrin¢ladesliphati¢ alkylene glygelshiaving ffomy 3d¢2 cathonatargs and (. 5

- 1.5 is desired., The pol ecul ar .wei i orggl Ly not. neasur ed di tly.
Instead, the i nhel?aé’mg@g_f@é’_gﬁaélf%?mgﬁobéﬁ%aﬁ? W_XSISIWPBFP Sger%?én%-g t
viscosity is usediafmdfify tridtbheddidls sfich 49 CdihRiny 18| Vhroparediol! S oPEARKENE- |

pol ymers, the inherent "viscosity is -8- nmeasured by the method descri bed
previously, wi th eyciohlezanedimethsnod hnd mixtnres b thiti cisjartddrams isoniers; dricthylene glyicoly
of about 0.35 dL/g_or. nore. H gher nol ecul ar wei ghts corresponding to

i nherent vi scosi tg’gsblﬂﬁ'(%‘t y ﬁﬁg)g@glgeng_ Wmﬁgﬂé@és[g‘r(éﬂa‘r%é "~ for

commerci al applicgt.j . Aol Ot ARONGN e 143 6
i nherent vi scosi t%éﬂ@?h%ngggk’é@%%?gg ?‘gt“g&o’%ﬁd’ angﬁgl&éﬁl%‘%&%& 1’<'§11'r'3é6
desired for i ndusdiani@fdroragitolEng:BGHdisnhydisiditslpaiden4-anhgdroerythyitsiol ecul ar
wei ght relationship can be fitted to the |inear equation: L&%él V) = 0.586
x log(Merr]) - 2.9672Terepthalaapaisties indhepolyester mayrangd Eomeds-) aolatopbutof

Imr)]ljlegglt g; \glfei ?rg} e%:rglrpa e%ﬁl&h?@%népég ?f frorgfabgl?t%l- _ m%ﬂeq%? é&oﬁ%ﬁgig?ér zgnqgunts

10 may be included as necessary to achieve the desired results. Other aromatic diacid
moieties in the polymer, if desired, may include, for example, those derived from
isophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, and 4,4’-bibenzoic
acid, at combined levels up to about 10 mole %, preferably between 0.01 and 5 mole

15 % of the total polymer, although higher amounts may be included as necessary to
achieve the desired results.

It is preferable that equimolar amounts of diacid monomer units and dio!
monomer units are present in the polymer in order to achieve a high molecular
weight and high inherent viscosity, which provide a lower shrinkage rate and higher

20 glass transition temperature (Tg) than, for example, poly(ethylene terephthalate).
The polyester formed has an inherent viscosity, which is an indicator of molecular
weight, of at least about 0.35 dL/g, as measured on a 1 % (weight/volume) solution
of the polymer in o-chlorophenol at a temperature of 25°C. Preferably, the inherent
viscosity is at least about 0.45 dL/g. Most preferably, an inherent viscosity of about

25 0.5 - 1.5 is desired.

The molecular weight is normally not measured directly. Instead, the
inherent viscosity of the polymer in solution or the melt viscosity is used as an

indicator of molecular weight. For the present polymers, the inherent viscosity is



The polyesters used to make the fibers of the invention can be nmade by any
of several ™e0bwsks34 The product conpositions vary sonmewhat dﬁéﬁlﬂgéfﬁﬂoﬁn t he
nmet hod used, particularly in the amount of diethylene glycol residue that
is present in the polyner. These nethods include the reaction of the diol
nononers with the 15 acid chlorides of terephthalic acid and any ot her
acids that may be present. The reaction of terephthal oyl dichloride with

i sosorbi de and ethyl ene glycol is readily carried out by conbining the
nonomers in a solvent (e.g., toluene) in th& presence of a base, such as
pyridi ne, which neutralizes HCl as it is produced. This procedure is
described in R Storbeck et al., J. Appl. Polyner Science, Vol. 59, pp.
1199 -1202 20 mdastied by tha hethodwdescriketbprevivasly atitioa molecnlag wegght pht hal oyl
dichloride may al so be used (e.g., interfacgial polyperization), or the
mononers may si GPTESPORAIBE e AR hETsHLYiIRROBIGA ﬁ‘@“ﬁ&é? g onpere. dgheso| yer i s
made using (he aeh iRl e SordsBndifl lodn eI VARGt Ul ot foakl bbb iF0 B BEHE!

pol ymer is about € sane”as e rati react ng nonorne

Therefore, the meprefepled fortRimidcial@plicstions, dndendleadirweigtts diedshbondifg &ANE
as the desired ratio in the product. A stoichionetric equivalent of the

di ol and di &ci dénhpzens viscosjties aflabent 0.8 8k ztte 2 ildg.rangd emenyhigher ase desied feri ght
pol yner. -9- .The | yners c sQ, be de a, el t pol rizat.i on

P ovess. i n whi CHASHI e Cenratahe Hhgenl VestY wplehish werest Hirtigghip an

di met hyl terepht,glfRg to AR%indASQuafoh: | Ncl ude the free acid or dinethyl ester
of any other aromatic diacids that nmay be desired in the pol yester polyner

conposi tion. The diacids or di miag{iV)ediB6xlag@My)-2.96Fated with the diols
(et hyl ene glycol_, i.sosorbjde, .optiopal dipls) in the presence of a catalyst
to a high enougWW%’%WF@‘?%&P?H@‘MW@&@f&Pﬁﬂ“% “feéé’f‘g‘?rrﬁ%glagﬁ%nsand -
diesters, yfen Qrlanpes ad 28 Hsdd Ahd iaReloy BPiBlecliaPwBRht ke Product at

the end o

The polyesters used to make the fibers of the invention can be made by any
of several methods. The product compositions vary somewhat depending on the
method used, partiéularly in the amount of diethylene glycol residue that is present
in the polymer. These methods include the reaction of the diol monomers with the

15  acid chlorides of terephthalic acid and any other acids that may be present. The
reaction of terephthaloyl dichloride with isosorbide and ethylene glycol is readily
carried out by combining the monomers in a solvent (e.g., toluene) in the presence of
a base, such as pyridine, which neutralizes HCI as it is produced. This procedureis -
described in R. Storbeck et al., J. Appl. Polvmer Science, Vol. 59, pp. 1199.-1202

20 (1996). Other well-known variations using terephthaloyl dichloride may also be
used (e.g., interfacial polymerization), or the monomers may simply be stirred
together while heating. -

When the polymer is made using the acid chlorides, the ratio of monomer
units in the product polymer is about the same as the ratio of reacting monomers.

25 Therefore, the ratio of monomers charged to the reactor is about the same as the
desired ratio in the product. A stoichiometric equivalent of the diol and diacids
generally will be used to obtain a high molecular weight polymer.



t he pol ynerization process is a nolten polyner. The diol nononers (e.g.,
et hyl ene gl ycWO %##3#sosorbi de) are volatile and distill from PEBUSSTOLS
as the polynerization 10 “proceeds. Therefore, an excess of these diols
i s-desirably charged to the reaction to obtain a polyner, and the anmounts
must be adjusted according to the characteristics of the polynerization
vessel, such as the efficiency of the distillation colum and the
efficiency of nmononer recovery and recycle. Sych nodifications in the
amounts of nononers and the like in accordancé with the characteristics of
a reactor are readily 15 made by practitioners in the art. Further,
skilled practitioners can readily determ ne the anount of each conponent
desirably charged to afie pelymess¢agralsohecmade hyoa meht polymeerizatigmprocess, inghich

ot hott of maki ng. BRI aRea i otberResRA R SAREAST FlentBbt e by
commonl y_assi gnediddie Bfrec ack Bl iiiithRskPor Y it abdfiarlcAlibalneN: Rag ket

No. 032358-001), incorporated herein by reference. The nelt polynerization
“processes using didesitedyh theqodydsten pblytmer somipositia Hleadiacidsnod dimethyl esters are
summari zed bel ow. D nethyl Terephthal ate Process,In this process, which is
carried out i twhealehyiR the @P@;&ﬁtﬁwﬁw glvsel, isosorhideneptinal ‘%0%%‘% B aresenceala
nononers, if pres ' ' | '
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obtain a polymer, and the amounts must be adjusted according to the characteristics
of the polymerization vessel, such as the efficiency of the distillation column and the
efficiency of monomer recovery and recycle. Such modifications in the amounts of
monomers and the like in accordance with the characteristics of a reactor are readily
15 made by practitioners in the art. Further, skilled practitioners can readily determine
the amount of each component desirably charged to any particular reactor to form
the polymer of the invention.
The above described melt polymerization process is the preferred method of
making the polymer and is described in detail in copending commonly assigned U.S.
20  Application No. 09/064,844 (Attorney Docket No. 032358-001), incorporated herein
by reference. The melt polymerization processes using dimethyl terephthalate and

terephthalic acid are also summarized below.

Dimethyl Terephthalate Process
In this process, which 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



5 nore than two noles of ethylene glycol are desirably added as

react ants fowadesasgt er i nterchange reaction. Catal ysts that ﬁf’lj/[%}svﬁﬂﬁ t
ester interchange include salts (usually acetates) of the follow ng netals:
Li, Ca, My, M, Zn, Pb, and conbi nations thereof, Ti(OR)4, where Ris an

al kyl group having 2 - 12 carbon atons, and PbO The catal yst 10
conponents are generally included in an anount of about 10 ppmto about 100
ppm Preferred catalysts for ester interchange include WM(QAc)[err],
Co(OAc)[err], and Zn(QAc)2, where OAc is thel@&bbreviation for acetate, and
conbi nati ons thereof. The pol ycondensation catal yst used in the second
stage of the reaction, preferably Sb(111) oxide, may be added initially or
at the start of tiierdhahecaeddesiskich basts@Rhane bT the ethylémd %1/2&01&&%6 fithyreen
used with particularly good success is based on salts of Mi(I1) and Co(ll),
used in the anmurgroey 0@8@mmﬁwlt%tmgheﬁapweaﬁemom&@nar disgesisimbl y

dinthe f £ M(].] te tetrahydrat d || tat
et rahydrate, al (R mRivhefRERA. whch AR A RS retinn Ak B G
Ester i nt er chang&,yisoxyemlterephthiae) IBécadfUfithdMoldRBiefy oF tils ?éa'bﬁ%ﬂt, 38mEWat20

m xture of reactants Undér an inert atnosphere (e.g., nitrogen)

at nospheri ¢ pr essmore thandwormaoles ofstindent glyeol are desirably edded aseedeiapls fonthegistet o
i nduce the ester int rchangetpglabou_t 150C). Methanol is forned as a

by- product and dilB¥renRRESIGECUI. t he reactor. The reaction is gradually

heated to about 250[er ' NG| .
met hanol evol ution can(IE e ér{ggﬂgggﬁé}%%gésé& ro5’"?‘%}3&%}8@%&&?@5\?%3%%“%) of
~ tenperature of thie fiRoinOmetats 6] Ca, Mg Vh) Z:gPblaid cmisifativad ticreof, TIEORYY a

boiling point of 170-240C nay be added to the ester interchange to aid In
t he heat transferwhgre Riipan alky} graup hevingradi 12rmathen atoms and Pho: Jihe cotalyst i | e

conmponents igy th eco\xln%soxslgxits gr%%%neggﬂy FURIGEAT A rloudn? 51 G £6 ppmto out 100 ppm.

Preferred catalysts for ester interchange include Mn(OAc),, Co(OAc),, and

Zn(OAc)z, 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 Min(II)
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 femperatme 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



colum. The additive nust be inert and not react with alcohols or dinethyl
t er epht hal at e R 9%¥fer at ures bel ow 300[err] C. Preferably, thePregdiseonmihas
a boiling poeint greater .than 170[err]C, nore preferably within the range of
170[err]C to 240[err]C, and is used in an amount between about 0.05 and 10
w % nore preferably between 5 about 0.25 and 1 W % of the reaction

m xture. A preferred additive is tetrahydronaphthal ene. O her exanpl es

i ncl ude di phenyl ether, diphenyl sulfone and benzophenone. O her such
solvents are described in U S. Patent 4,294,956, the contents of which are
hereby incorporated by reference. The second stage of the reaction is
comenced by adding a 10 pol ycondensation catalyst if it was not added
at the begi nni ng obluine Theculditive mustbainsetqnd sivtreactgritlyalnohdiner ditethyl

transesterification catalyst. Polyphosphorjc acid is. an. exganple. of -
sequest eri ng agenﬁerﬁﬁmhaé%%mq%‘ﬁﬁﬂ Bwiwﬁa&' ?Hﬁmgo?heéag&veW't‘ oilipg ¢
100 ppm of phosphqt.: 0, ' t lneo
pol ycondensati on ggig%%ﬁ;%ﬁ?@l %b%?%?%&abi&m cdeﬁ,?l t&ﬁ#%%gror%y ?@rs%g gf 5%@
| evel of 15 106 vised am an hmA 0 brpyeen Bbeutndy aahilews %, nwte preferiblo between

typically carried out at a tenperature from about 250[err]C to 285 err]C
During this tfne, sbewy Ihandgl yt Y ofdhe teaction wixtuiss A pretered additivedue t o

B e Tyt oA EBME,  eBLOBRANE bGP B P oo
The pol ycondensat 'aﬁ&‘béx%ghéxﬁ%e.d%'s@(ﬂ%&%&ré desefiBEEIAD Sy Paidht 4,804, 934, the
under vacuum which can be applied while the reactor is being heat ed to the

tenperature of t heomehtsofmidrhsae henaby ingotporatediby mferpudey phosphori ¢ aci d and

Sb(111) oxide have been_added., Alternatively, vacuum can he applied after
the pol ycondensati on r dX€Spemdstagsof thepactio é%‘l’%m%é%y aggngg_a In either

case, the 25 r | oSt : t | - :
Heat i ng unde r1 0 vac g’g%lbfs?&él gﬁ@ﬁ%@ﬁ ﬁff(xﬁga%ﬁoet aﬁﬁﬁﬁﬁ%@%@& ?i;tg\é %gi&ggh eand 2
desired nol ecul ar sedqiegfeting ugem forthe tamsgsterifichtioy catalyist CPalgpisplivricdueidiglah

viscosity to a pre-determned level. This_ is observed as an increase in t he
torque needed for ekplsiof aspapsterng pgens andhishoamally added in an amount of about 10 to

about 100 ppm of phosphorous per gram of dimethyl terephthalate. An example of a

polycondensation catalyst is antimony (IIT) oxide, which may be used at a level of

15 100 to about 400 ppm.

The polycondensation reaction is typically carried out at a temperature from
about 250°C 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(III)
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 is accelerated by the application of vacuum. Heating under vacuum is
continued until the molten polymer reaches the desired molecular weight, usually
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



-12- stirring. An inherent viscosity of at least 0.5 dL/g, and generally up
t o about. ‘0. 6BOdE4s3Hr greater, can be achieved by this nelt pﬁlﬂﬁgg%ﬁ?gion
process without further efforts at raising nolecular weight. For Certdln
conpositi-on ranges, the nol ecul ar weight can be increased further by solid
state polynerization, described 5 bel ow. Terephthalic Acid Process The
terephthalic acid process is simlar to the dinethyl terephthal ate process
except that the initial esterification reaction that leads to )

bi s(2- hydroxy- ethylterephthal ate) and ot he}¥2-l ow nol ecul ar wei ght esters is
carried out at a slightly 10 el evat ed pressure (autogenous pressure,
about 25 to 50 psig). Instead of a two-fold excess of diols, a snaller
excess (about 1GQtiring. atwinheiBAOfiscobityloHatdedsto. 5\l Ay and psrendlly usiombot de and
other diols, if an %L/i s used. Thg intermedi ate esterification product is a
m xture of oli g&*@%’ /g OF Breatensan Bp achisved by this el nolyaperizagion prasespiveithout

Catal yst i s nectRtl ohfnd fSising okAUR WabR, FoF Btalf adthicgfllfimgcl 8

ation rea

pol'ycondensat i ofindladuddredight@alibe inbkabdd! turthér bli solitstatepdlpheriZatioh, described
desirable to achieve a high nol ecul ar wei ght polyner. The catalyst that is
needed to adhi eweloa.hi gh nol ecul ar wei ght 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 nolecul ar wei ght ww%&@ romterephthalic acid
and the diols include the acetate or other alkanoate salts of Co(ll) and
Sb(111), oxides of SHhelérgplthalic@eid prpcessiscimilirGRtke dimlethyd teRephthadate prdcpds

group having 2 to 12 carbqn,_atons as wel| as glycol solubjlized netal
oxi des. The use S¥¢cPf Hesedniy 's@ﬂcé%ﬂ%qemtﬁﬂq?%é%"’é YO of

polyesters is m%hlylt%&ﬁ%afa{é) bhE oL tow molecular weight esters is carried out at a slightly
10 elevated pressure (autogenous pressure, about 25 to 50 psig). . Instead of a two-fold
excess of diols, a smaller excess (about 10% to about 60%) of diols (ethylene glycol,
- isosorbide and other diols, if any) is used. The intermediate esterification product is
a mixtute of oligomers, since not enough diol is present to generate a diester of
‘terephthalic acid. The catalysts are also different. No added catalyst is necessary in
15 the esterification reaction.
A polycondensation catalyst (e.g., Sb(IIT) 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(Il)
*and Sb(III), oxides of Sb(III) and Ge(IV), and Ti(OR), (where R is an alkyl 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.



25 The reaction may be carried out in discrete steps, but this is
not necessar YWOPKS#P4ctice on a large scale, it may be carri edP©OUPSPA7YSeps
as the reactants and internedi ate products are punped fromreactor to
reactor at increasing tenperatures. -13- In a batch process, the
reactants and catal yst may be charged to a reactor at roomtenperature and
then gradual ly heated to about 285[err]C as the polyner forns. The pressure
is vented in the range of about 200[err]C to_gpout 250[err]C, and a vacuum
Is then desirably applied. 5 Esterification to form

bi s(2- hydroxyet hyl terepht hal ate) esters and oligoners takes place at

el evated tenperatures (between.roomt rajure _and a

265[err] C under alR %B@%@)B@cﬁﬁseg’f:ﬁ?%a,n ?@%W%P@%ﬂéﬁ%ﬁegg&gﬁgm
tenperatures in the 5,]rgrm}ﬂgrm

hi gh vacuum (| esspe%gﬁ% grﬂ?é,}l%re@?a&%?%aﬁeis@u?%gﬁtla%ﬁg‘)ﬁl. The vacgu?n IS
needed to renove bfb%élﬁé?dveﬁtdﬂﬁhmaaﬁgeofabghtymﬂ°Ctbab0nr250ﬂé and @ vaeewn is/heor

fromthe reaction to raise the nolecular weight. A polynmer having an
i nherent vi scosi t flesifabltappliegdt 0.5 dL/g, and generally up to about 0.65
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torque that is 15 required to maintain s
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a ?:onst ant rpm SabsC ﬁnwauﬁgbmwptqsmrbband?ﬂlengmﬂoamad@ﬂt tgmperatiEeLHin thee
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product nade '

A polymer having an inherent viscosity of at least 0.5 dL/g, and generally up
to about 0.65 dL/g, can be achieved by the direct polymerization process, without
subsequent solid state polymerization. The progress of the polymerization can be
followed by the melt viscosity, which is easily_observe___d_ by _t_he torque that is

15 required to maintain stirring of the molten polymer at a constant rpm.

Solid State Pol izatio

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 fiirther 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



by nelt polynerization, after extruding, cooling, and pelletizing, is
essenti al | y womo/s4s84/stal | i ne. The material can be nade sen - pEygisadd7ofe by
heating it to a tenperature in the range of about 1150C to about 140[err]C

for an extended period of tine (about 2 25 to about 12 hours). This
I nduces crystallization so that the product can then be heated to a nuch
hi gher tenperature to raise the nol ecul ar wei ght. The process -14- works

best for low |l evels of isosorbide, fromabout 0.25 nole %to about 3 nole
% because the polyester crystallizes nore -& sily with low | evel s of

| sosor bi de. The pol yner may al so be crystallized prior to solid state

pol yneri zation by treatnment with a relatively poor solvent for polyesters,

such as acet one,waks bést for lowilentloefdsaspshide fonvabiont® 25 Siadt %stolaboutt smoledic e
t he glasstran3|t|onte rafure T al lowi,ng.fqr crystal.lizatijon.
Sol vent i nduced B8 gﬁ?"i eaﬁrys?il%gmrq ?ﬁs‘l%g?é‘gg‘f'g‘?‘)éﬁa‘%ldsqsgr cribed in
U. S. Patent Nos. zjgﬂé}qr 8 g&ﬁg by
ref erence. The crysta po né%bg&gﬂ ecte t(s;s@gﬁ?lég) terﬁgﬁé}{ﬁyd
pol ymeri zation hyeaﬁhanmﬁm ali@lativelyepopesdiednt iO?(j)olyestptsL stechias acktomd, witioh i nto a
stream of an inert gas, usually ”'”Oﬁ;@ or under a vacuumof 1 Torr, at

]

an el evat ed 3t enpaduges erystallizatien. 1Sushe mefuce theglass fransition teﬁ@er@#ﬁé?(g)s ure

ol yror | zat 1 on -SR BE HABUERRE onbtTdiged BypBitiRion v B ety
~about 190[err] tdad@sseriBed i6M.E Pt NosPS 1 6087 Pinde6RY, 766/ hich RO R&tEbyL 6

hours. Good results are 15 obt ai ned by heat i ng t he poI ymer to from about
195[err] to aboupcapdpdiby@efermcabout 10 hours. This solid state

R gher. i ber Pr oduct TRl ERer S AuSTe 150 ek popanspizeief oy plaging:
I's desirably c hQﬁ@ﬁeﬁeﬁzed or pulverized polymer into a stream of an inert gas, usually nitrogen,
" orunder a vacuum of 1 Torr, at an elevated temperature, above 140°C but below the
“melting temperature of the polymer, for a period of about two to 16 hours. Solid
state pblymerization is generally carried out at a temperature in the range of about
190° to about 210°C for a period of about two to about 16 hours. Good results are
15 obtained by heating the polymer to from about 195° to about 198°C for about 10
hours. This solid state polymerization may raise the inherent viscosity to about 0.8

dL/g or higher.

Fiber Production
The monomer composition of the polyester polymer 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
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.



20 result in a partially crystalline polynmer. This crystallinity is
desirabl e f orWOI¥54834 mat i on of fibers, providing strength and BtEESImTONE.
As first produced, the polyester is nostly anmorphous in structure. In
preferred enbodi nents, the polyester polyner readily crystallizes on
reheati ng and/ or extension of the polynmer. In the process of the invention,
fibers are nade fromthe polyner by any 25 process known in the art.
General ly, however, nelt spinning is preferr for polyester fibers.

-15- Melt spinning, which is nost comonly uSed for polyesters such as

pol y(et hyl ene terephthal ate), conprises heating the polyner to forma
molten liquid, or nelting the polynmer against a heated surface. The nolten
pol ymer is forced throbdgit spinsying vaich ismnask cemponlyaised forgolyesiees syehes. Upon

tact with ai - 5 ti . f.1 ' h
e LT b aie Gt S e aAne DA ALSG B35k R
filaments. The fi hLARRM:S (RE FolgRlch Blabtlt b ASAPN AL VIR hReh bbBMcr Meforced
spi nneret by a convergence guide, and nay be taken up by a'roller or a

plurality of roll ¢éireughlhspingeretortisa plukality of fiheahales. SUpén comtacd withsiirerss romel

cross sections to be formed, ingluding filaments having a round, . .
el liptical, sduar Eactiye gas %@péﬁgwaaﬁlpg FIHBBE}F e sa!aamﬁb%'mq!wagrsso;,@mw

for_examl e, ol | ko k8 4 ARMACHRL TS lnehnd bl Bl o7 15

usual Iy drawn, thé I 'Ncr easi ng ecry on an

desirabl e propert de@msteath R6mahé SRkt dY AdoRRegbhR duldeyhiid!fiapdk tkeh ap byl ch
i ncreases elasticity, and strength. The draw ng _may be done I n conbi nhation
with takeup by us 'miérar 8 phurdiy of rallsrs. cFhis progess allows filamenghoicrarignesigesandal | y
heated, as known in the .art

process of fiber FESHETFHENS fﬁl?%«;foﬁng% ?F?E}‘?‘ﬁﬁﬂiﬁ%%egﬁﬁﬁ Iy aﬂé%&é % Eeﬂd"]glr %&‘faé%out
600 to 6000 gt er sedifigular, lobed or dog-boned cross section, for example.
Following the extrusion and uptake of the. fiber, the fiber is usually drawn,
thereby increasing the crystallization and maximizing desirable properties such as
orientation along the longitudinal axis, which increases elasticity, and strength. The .
drawing may be done in combination with takeup by using a series of rollers, some

15 of which are generally heated, as known in the art, or may be done_ as a separate
stage in the process of fiber formation. |

The polymer may be spun at speeds of from about 600 to 6000 meters per
minute or higher, depending on the desired fiber size. For textile applications, a
fiber with a denier per filament of from about 0.1 to about 100 is desired.

20 Preferably, the denier is about 0.5 to 20, more preferably 0.7 to 10. However, for
industrial applications the fiber should be from about 0.5 to 100 denier per filament,
preferably about 1.0 to 10.0, most preferably 3.0 to 5.0 denier per filament. The
required size and strength of a fiber is application specific, however, and the
appropriate size of the fiber can readily be determined by one of ordinary skill in the

25 art for any given application.

The resulting filamentary material is amenable to further processing through
the use of additional processing equipment, or it may be used directly in applications

requiring a continuous filament textile yarn. If desired, the filamentary material



m nute or higher, depending on the desired fiber size. For textile

appl i cat.i onswoaoksdser with a denier per filament of from abo bout
100 is desired. 20 Preferably, the denier is about 0.5 to%&’s}ﬁ)’{r@lé
preferably 0.7 to 10. However, for industrial applications the fiber should .
be fromabout 0.5 to 100 denier per filanent, preferably about 1.0 to 10.0,
nost preferably 3.0 to 5.0 denier per filanent. The required size and ,
strength of a fiber is application specific, however, and the appropriate
size of the fiber can readily be determni nedlsy one of ordinary skill in the
25 art for any given application. The resulting filanmentary material is
anenabl e to further processing through the use of additional processing
equi pent, or i tsubseguétlyuasybeiconvetied/from afpyamad atextured gainrthroygh known
continuous filament textile yarn, If desired, the filanentary materi al

-16- subsequent |fglsaiiskiexuEng epnditions o pihgr progessesdmeovingn she arft Iynagtiaplaryit

the art. I par it Besipletp plefebbbine BN IrRE 164 S biiiac RFEP RELAOITT |
fiber to provi d%nﬁa&eftﬁ@&iﬁtgeifﬂwﬁbewm%mﬁm&ag rillinggbe@ér ihfifatidnbds to

breat he, thereby providing better insulation and water retention in
t he case of 5t extwitersetehtion imdherpase of rixtiles; forexampls: (The fibérsmeaytthercfareped or

twi sted by the false tw st t hod, . air. et dge, cri.np, .gear crinp or
stuffer box, for"%ﬂﬁré"."lsﬁﬁﬁﬁ%ﬁs\? ,mFﬂ’é’stﬁb@?@d FUBe &5t AP 8T shor t er
| engths, call ed g3 LG IBY ARG VRARE By Be ¥iifto shofté]
arti san can det esﬁn%?eglgs%(’hfgp est}ﬂ?}et h%g ofggrl npi ng g}r, tvmﬂslti ng %gﬂsléﬁ ol the
desi red appl i catcalied staysle tviisich fhay be provpsssd iritoa yafm. tAskifledatisan/daheletermine
formation, the fjbers are finished by any nethod appropriate to the desired
final use. In tHaebestmeiodod empEg oritjsimghgsed HEI“EF‘Q‘E‘”H%?%‘,“‘%‘MWW

addi tion Oﬁppheq%ﬁﬁbﬁﬁgﬁgfﬁwﬁﬂﬁp'as antistatic agents, flane retardants, UV
| i ght stabilizers,

After formation, the fibers are finished by any method appropriate to the
desired final use. In the case of textiles, this may include dyeing, sizing 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 appropriate to adjust the look and hand of the fibers. For industrial
applications, the fibers may be freated 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 furnishings, 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, it is ideal for use in textiles



anti oxi dants, pignments, dyes, stain resistants, antimcrobial agents and
the |ike, 15WO94MF¥Mnh are appropriate to adjust the | ook and R&ETAISS0T0RE
fibers. For industrial applications, the fibers may be treated to inpart
addi ti onal- desired characteristics such as strength, elasticity or
shrinkage, for exanple. The continuous filanent fiber of the invention may
be used either as produced ,or texturized for use in a variety of -
applications such as textil® fabrics for 20 -17- apparel and hone

furni shings, for exanple. H gh tenacity fiber can be used in industrial
applications such as high strength fabrics, tarpaulins, sail cloth, sew ng

t hreads and rubber reinforcenent fqor tires and.V-belts, .f exanpl.e. The
stapl e fiber of tand otheyepmmsrriphapricatious suskyas ioF H?eénm?% ?}HRK’E%I{?PQ
fibers, especially _caott ol. In particular, the polyester is a
chemcally 25 ﬁ@ﬁ’é‘fg%%"a?g?\é{r&v\hi ch is generally resistant to nold,

m | dew, and ot her prolghgiker,ithdsslgeiteripolyhadrof e ihvéion makite ysed ydtht anotier ber
further provides strength and abrasi on resistance and | owers the cost of
material . Ther ef aiyatheti¢ polymied tcformarheteregenqus fiker; thereby praviding g{ibep ata,
commerci al applications, such a r use.i,n fabrics.far r 0 .
fur ni shi ngs and dmpﬁ%‘tegprmﬁr??fe OYR &S’I’Mﬁé eBﬁ?ﬁﬁ?fg?de(a)@g%}lggt?dn@ecﬁf%dﬁng
may be used with J@as%a 6L, 100/052! 8087 A ttbihel Dotket N6 103D 9SE005)mfli ber

t her eby provi di nga%gﬁgl er w %ﬁ 5 |rrprggved p?operties. Pol yngsr)s whi ch may
be used incl ude t@meet Ti0stabmey DogkehNoNQBR2361008)at TherheBwogeneonsoliber may be

09/ 064. 826 (Attorney Docket No. 03235 8-005), ar{)d Q9/ 064..720 %ﬁbtorneg .
Docket No. 032358fopbed in apyesuriahle magasre e asisiserbyriide: sheathsForg gnfl magy designs,
sui t abl e manner, suych | de: by-si de, sheath-core and matri x designs, as
known in the art.® o“%%nmed&'The pol yester polyner of the invention may

al so be usedig o form arid gilglester polymer of the invention may also be used to form a blend

Lo 1

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 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 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
(LV.), 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.



whi ch may be used to produce a fiber having inproved properties. Exanples
of pol ymers wovebussay be bl ended wth the pol yester pol yner etrhikesnrers

i nvention are those found for exanple in co-pending 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 nade by any
met hod known in the art using isosorbide-containing polyesters such as

t hose described in copending application Sﬁ?l al Nos. 09/064.826 (Attorney
Docket No. 032358-005) and 09/064. 720 (Attofney Docket No. 032358-008). The
fiber of the invention, its manufacture and properties are further 20
illustrated by the fol I owi ng non-limting exanples. Exanples The pol ymer
nol ecul ar wei ghgéa—fgﬂb—estl mat ed based on inherent viscosity (I1.V.), which

i s nmeasured forég 1 ?@n%%(m/vol ume) of polynmer in o-chlorophenol at a
t enperature of [ert evel s of catalyst conmponents are 25
expressed as parts pP¥he followittpdlpReization $&0taAi3 afe £00ER 36 h IqRterPolyMierizBba Nt
of the nmetal with the weight of either the dinmethyl terephthal ate or

t er epht hal i ¢ acflask ﬁitqdemh M}bertednﬁlgmmhmappremm 14 inch¢8longendpi8e 1 A)
Pol ynmeri zatjon Th |10 rizati ctants ar e adde 0 a

4- Iiyter poI'Ji/rreH“fﬁt“f%ﬁmF{g& ‘%ﬂ? g ‘t‘ﬂ‘eg\l} ?tg’ffr A SIS

approxi matel'y ldyig Qﬁ%%?%nh@t!ﬂ?l &gx g{agatﬁgso 1gméaf 1&3‘ %ser %Pleﬁé%l Icol

cool i ng, a mechani stirrer, ter-¢oo conde

t erepht hal ate (@@7gg)wh1c}scmmspmmﬂs tq Sﬂmﬂigx)atloaﬁd inlmfIZerBe Alcyalykt c(ﬂMﬂ(II/)g)

whi ch corresponds to a nole ratio of 106 catal yst of Wn(l1)
acetate tetrahydrate (0.296g), Co(II) acetate tetrahydrate (0 297g), and Sb(III) oxide

- (0.308g) is also charged. This corresponds to 85 ppm manganese (weight of metal
10 - as a fraction of the weight of dimethyl 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. Duﬁng 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.



acetate tetrahydrate (0 296g), Co(ll) acetate tetrahydrate (0.297g), and
Sb(111) oxi dé’V% is also charged. ‘This corresponds to 83PGEM§99/07015
manganese (wei ght of rret al 10 as a fraction of the weight of dinethyl

t erepht hal-ate), 90 ppm cobalt, and 330 ppm antinony. The flask is purged
with a streamof nitrogen while the tenperature is raised to 250[err] C over
a period of two hours, using a fluidized sand bath as a heating nmedi um .
Met hanol is continuously collected as the rf_sfy_tion- s heated above
approximately 150[err]C. By noting when the tenperature drops at the top of
t he 15 Vigreux colum, it is possible to determ' ne the end of rret hanol

evolution, indicating_the finish of.the fi se f t.he whi ch
is the transesterifi c FBWIB‘EP?]’HB“*H}SJ@OX ﬁ@q?( ?}Hﬁh %\F utog ¢ j s
poi nt, 91 ppm of; %111@, a‘ﬁ% f rdt/ef The RSh¥H Qpﬁgorlc acid
solution in ethylene gI yCco ( I'S cg%gm Oﬁdﬂ% f)ﬁﬁ o{r1|c acid

m xed W th approgomposition df thie polymet tdetmmeglbyqﬂbtonm is abumﬁﬂ'/o isdserbid,
this time, the nitrogen pur e is stopped. Heating is continued vvhlle a

vacuum i s gr aduaf#%e ekylenegy °°Fh%ﬁe§1@ft lepaglycal and10% \ﬁﬁ‘éﬂ%ﬂ% lably 1ess
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under vacuum at 285TC for about 2 hours, or until the (golyrrer
achi eves suffi ci sas chaged, wvlmwgmpyredazatlﬂbcemum térgphthalicasid adnreacted or que

of the stirrer. Wen_ sufficien 0 | ev p zation
i s stopped, and quéorp}cfésv&asl fgm?‘i:W&b%g‘ ?’bﬂﬁﬁ FF@C?Q ﬁ’z?tqﬁhyq eg&%’r{e%h% cooI ed
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T ot o
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A skilled practitioner can readily establish specific process details accordmg 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 overnightina
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
1bs/in2) 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),



5 expressed as a nole % of the polymer, as shown in Table 1. It is

not ewor t.hy t MQ9%M84anount of isosorbide in the polyner is a%ﬁg@gﬁ?ﬁgy
hal f of the anpbunt that was charged, when conpared with the anount o
terephthalic acid. Unreacted isosorbide was found in the distillates,
especially in the ethylene glycol. The amobunt of isosorbide in the polyner
by this process thus is very dependent on the 10 efficiency of the
distillation or other separation nethods that are used in the process. A
skilled practitioner can readily establish é%bcific process details
according to the characteristics of the reactor, distillation colums and
ot her equi pnent used. B) Fi ber Maki ng The above produced pol yner was
ground and dri edaod theFibeswhich wastortieginawn,rwas tdléen up ap §0 meters perminRedmpre) e

made fromthe polyner by first placjng.it.in a mold which was then heated
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whi ch was 20 conti nuously purged b%/ a flow of, dry nitrogen. Spinning was
q

i mredi at el y 2ar r take vpgpeespossibien order iq oliiina feglifordray dewarand do mepmargthey ner

in rod form was t Si it I_ns i dt whi ch was
conical in shape%ﬁgeégﬁoa%éﬁgt i?ﬁgbg%ggia%%a@gﬁgﬁse@p tures were
slowy raised until tRgglefilafnP@bwip waipifoifled 6n bailat Ma@Uis Wifhshoiol €.

In the present 25 exanple, this occurred at 287[err]C. The pol yner was
then filtered thskeeshbetveasngaakirodoThe fibetwias drawn invbyestages wsing ithesecgndestageged

e by ushnot iU Sy B Bty Gl 1
which was tg@gbe ki theFSsdnflRplOwate JPCTHRE §66°0 S this WiySa 6B 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 in Table 1.

- B es2-13 _
15 The conditions used to spin and draw similar fibers 2-13 from other polymer
- compositions of the invention, as well as the resuiting 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



These conditions were found to give low orientation single filanments of
about 69 denVWQIYPME34 | | anent (dpf). A tenperature scan was na®ETIUSIPPMASICe
the opti mum spun fiber for subsequent drawing. A fiber sanple was al so nmade
at.the maxi mum 5 take up speed possible in order to obtain a feel for
draw down and to neasure the spun fiber properties. In the present case
that speed was 2500 npm Single filanment drawi ng was perforned on nodul ar

draw units with hot shoes between each roll.,fhe fiber was drawn in two
stages using the second stage to devel op the maxi num fi ber tenacity and
crystallinity. The hot shoe tenperatures 10 used in the present exanple

were 90[err]C and 160[err]C. In,this y, a single filanment w | | ected
and small sanpl eéletﬂ‘}fmﬂlﬁ'é?ﬁml‘?%@%}a&gF Fggmewrglaﬁ%ébm@&%ﬁ%ﬁsﬁh s
tensile properties; usi:Ng: M%u? ATeTe R 2 fes _

on a three inch g°§‘§§%hﬁlgh§’ts‘l£‘ a %‘éﬁ’}ggpr al n?g‘gﬁéeﬁg&}cggpt&sﬂ%r}?@%ﬁ%
in Table 1. Exangh&8ras rhfio 4Ad orienfation. The conditions used to spin and draw
simlar fibers 2-13 from other polynmer conpositions of the invention, as
wel | as the resul ting It isrteibeangersioed that the abpee deseibed aanhadients areplinsteative

Furt her, conparatiye e | es..Usi ng, conposi tions of pal h n

t er epht hal a'?g) arq,p\f%?“ég%ﬁnfré‘a&iﬁﬁatﬁoz{% u%ﬁ"“?‘ﬁ%@'e“ﬁ%ﬁ E?r%&\‘/‘ Sﬁl%él’%{h\%eaﬁé pr oduced
and spun in the sgum,dRAYChiARvERBIRS fotko Be rdpdrded Qs HRIA td Heentditherts h 20
in Table 1. Table 2 provides additional data regarding birefringence and
orientation of thiisdosedmefeitbers of Exanples 1A and B, 2A, 3A, 4A, 8B, 9A
and B, 10A, 11A and Conparative Exanples 1 and 2, which are pol y(ethyl ene
terephthal ate). The birefringence of the fibers was neasured by x-ray
scattering with a Leitz Othopl ane 25 Pol ari zed Light Mcroscope with a
Berek tilt type mcroscope. The orientation of the fibers was neasured by
X-ray scattering fromthe crystalline phase with a R gaku Rotating Type
generat.or having a two di nensional (2D) position sensitive




-21- detector using Klerr] radiation. The measurenent of birefringence

di vi ded by g @Esgdsi ON i s a neasure of the nornalized birefrpegeswarans the
fi ber independent of the draw ratio and orientation. It is to be understood
t hat the above described enbodi nents are illustrative 5 only and that
nmodi fication throughout may occur to one skilled in the art. Accordingly,
this invention is not to be regarded as limted to the enbodi nents
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[err] [err] [err] [err] [err] [err] [err]

[err] [err] W@p¥5458&rr ] -24- What is clainmed is: 1. A {;c-ﬁﬁ,ﬁ”mo
conprising a polyester, wherein said polyester conprlses t er epht any

noi eties;. optionally, one or nore other aromatic diacid noieties; ethylene
gl ycol noieties; isosorbide noieties; and, optionally one or nore other

diol 5 noi eti es, wherein said polyester has an inherent viscosity of at

| east about 0.35 dL/g when neasured as a 1 % (wei ght/vol une) sol ution of
said polyester in o- chlorophenol at a tenﬁ@?ature of 25[err]C 2. The
fiber according to Claim1l, wherein said terephthal oyl noieties are derived
fromterephthalic acid or dinethyl terephthalate. 10 3. The
fiber accordingﬂmmLﬁiﬁhhnﬂiﬁmherein t he polyester further conprises

~di ethyl ene glycol noigeties, 4 The fiber acc rdi,n o Caim1l, y\/ner'el n
said one or nmore othér di o} fIRE OMIPESING APO eF?IBg?léPP hygsier compnses ene

aving the ompi ireeapsiabiciogopiaiaty *?’e”%%gmef’”“’&aﬁ@“ﬁ% AR ¢

ethylene glycol moieties; isosorbide moieties; and, optionally one or more other diol
5 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 in o-

chlorophenol at a temperature of 25°C.

2. The fiber according to Claim 1, wherein said terephthaloyl moieties
are derived from terephthalic acid or dimethyl terephthalate.

10 3. The fiber according to Claim 1, wherein the polyester further

comprises diethylene glycol moieties.

4. “The fiber according to Claim 1, wherein said one or more 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,

15 where n is an integer from 3-12; cis or trans-1,4-cyclohexanedimethanol or mixtures
thereof triethylene glycol; 2,2-bis{4-(2-hydroxyethoxy)phenyl]propane; 1,1-bis[4-
(2-hydroxyethoxy)phenyljcyclohexane; 9,9-bis[4-(2-hydroxyethoxy)-
phenyl]jfluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4~
anhydroerythritol.

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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15 where n is an integer from3-12; cis or

trans- 1, 4- cyW@9s48edi mmet hanol or mi xtures thereof; triethyPERAISIPNTDS ;
2, 2-bi s[ 4- (2- hydr oxyet hoxy) phenyl ] propane; 1,1 -bi s[4-

(2- hydr oxyet hoxy) phenyl ] cycl ohexane; 9, 9-bi s[ 4- (2- hydr oxyet hoxy) -
phenyl | fl uorene; 1, 4: 3, 6-di anhydromannitol; 1,4:3,6-dianhydroiditol; or

1, 4- anhydroerythritol. 20 5. The fiber according to Caim 4,
wherein said other diol noieties are deri ve&; rom cis-|

, 4- cycl ohexanedi net hanol , trans-1, 4-cycl oheXanedi net hanol , or mixtures

t her eof . -25- 6. The fiber according to Caim1, wherein said
optional one or nore aronmatic diacid noieties are derived fr 051 [ so?ht halic

aci d, 2,5-furandicar bbxyl i Fheber acoonding o ian bavheasip §aig qptiongaljage or more

2, 6- napht hal enedi carboxyli¢c acid, 2,.7- naphth I.Galrb ' '

4, 4' - bi benzoi c ad .a%§)a¥a°1 moiches ?edenvﬁcﬁﬁoéjilgéé)r ﬂ%@é%@&i %gwg%%b%x%@
wherein said one Jr ; | 4cidlioghsbhil &eiRarbakgliciasid,ved- f rom

i sophthal i c aci d,'“ag’,%?ﬁgﬁﬁ'@éﬁ‘gﬁlgﬁ%’g@wc%ﬁoﬁiﬁﬁ acid, 4,4 ?bi benzoi c acid,
or mixtures ther agfhthflenedicabioaylic baid, axrdletrhibengoicacd. ai m 1, wherein said

I nherent viscosity is fromabout 0.45 to 1.0 dL/g. 10 9. The
fiber according to Caim8, wherein said inherent viscosity is from about
0.50 dL/g to 0.70 dL/g. 10. The fiber according to Claim1, wherein said
terepht hal oyl noieties are present in an anmount of from about 40 to 50 nole
% of said pokyester, aid ghbfibepicRbRlingEtodTlaim 6, wherein sail areeorpars ethter i N an
amount of fromabout 0.1 to 10.0 nole % 15 of the pol yester, said

ethyl ene gl ycol muineaticaliacid mojstiss everderived fomvisenhthabic apidy Géﬁﬁb@a@&e@b 49.9
mol e % of said p%l g)scglhec:réci(iqll,g-ﬁige%szglrcl%l ,oﬂ%‘iﬁﬁl"eg%e%o?i present in an

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

from about 0.45 to 1.0 dL/g.

10 0. 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.

R A A A



anount of from about 0.25 to 10.0 nole % of said polyester, and said other
di ol noi eti ewvaswsspdsesent in an anount of up to about 2.0 nol l<d
pol yester. 11. The fiber according to Caim 10, wherein sai gc%/@ﬁ%fﬁﬂlsol
noi eties are 20 di et hyl ene gl ycol noieties in an anount up to about 5.0
nol e % of said pol yester. -26- 12. The fiber according to Claiml,
having an initial nodulus of fromabout 20 to 150 gpd. 13. The fi ber
according to daim1, having a denier per filanent of fromabout 0.5 to 20.
5 14. The fiber according to C ai2fr 1, havi ng a cross section
selected fromthe group consisting of circular, elliptical, square,
rectangul ar, crescent-shaped, nulti-|obed and dog-boned. 15. A net hod of
maki ng a fiber, whereil2 th&hé fiberaccandingite €laim Iy hhying ar initislancduhes dfdfebm
conprising: 10 form ng the polyester; b) spinning the pol yester
into a fiber; anab‘&tzglt%s\?%?‘{he spun fiber, wherein the polyester
conprises terephthal oyl noieties; optionally, other aromatic diacid

noi eties; ethylene glycol noieties; isosorbide noieties; and, 15
optional |y, one or np1® ot ifhé fiberalccsrdingttb €aimVi) Baing asiehidr pel fl@atmiof idm an
I nherent viscosity of at |east about 0.35 dL/g when neasured as a 1 %

(wei ght / vol une) segw0iSote 24t sai d pol yester in o-chl orophenol at a
tenperature of 25[err]C. 16. The net hod according to Caim15, wherein
form ng the polyester conprises: 20 (a) conmbining in a
reactor a nogoner CONP4i Si PHe AbéraicEitingab €¥dim 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 térephthaloyl moieties; optionally, other
aromatic diacid moieties; ethylene glycol 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 in 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 terephthaloyl
moiety; optionally, one or more other monomers containing an aromatic diacid
moiety; a monomer comprising an ethylene glycol moiety; a monomer comprising
an isosorbide 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

o
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noi ety; optionally, one or nore other nononers containing an aromatic

di aci d noi et WO 8/#S¥oner conprising an ethyl ene gl ycol noi ety;PCI/URINGTAIS
conprising an isosorbide noiety; and optionally, one or nore other nononers
conprising a diol nmoiety with a condensation catal yst suitable for
condensing aromatic di acids and 25 gl ycol s; and -27- (b) heating said
nononmers and said catalyst to a tenperature sufficient to pol ynerize sai.d
mpnonmers into a polyester polymer having atékﬁast a.terephthal oyl noiety,

et hyl ene glycol npiety and isosorbide noiety, wherein said heating is
continued for a sufficient tine to yield a 5 pol yester having an

I nherent viscosity of at |east apout, 0.35 dL/ e asured as a 1 %
(wei ght / vol une) sol ution o@k&P@W&?W%WB&S‘H%H&ItWP“ﬁWC ’
tenperature of 25[grt 17, . : r,qj j i,N
heating said non§ "Tcéénﬁf’r?iwe?%%ﬁ({]d@énglﬂflr%ﬁ&ﬁﬁg &% g&ggngrreeglsl&‘ann% #lt%%sg'a

concurrent renovalreflithklbyIrheitis ethylde glycbymeiety ard isésodidanmisty, evapor ati on.
18. The met hod according to Caim 16, wherein said nonomer conprising a

terepht hal oyl moiety is terveneinsidheatingis continued fore suificient theetordeldd t o

Claim 18, wherein water and unreacted nononer, .are I ennv L l.e i

monomer s pol Yner iPEBfCSthhaV“.‘g an e%fwscoi;ﬂg g‘ﬁ@ttlﬁﬁfga%%’g@rﬁj 4{‘32'%16@?%\“%?8

wher el n_sai d_TONQTEY, GARTySiEE) SokB6R BARbOLsah 8LohidrbpnGP i Wiemperature
. met ho

terephthal ate. 2 according t al m 20, wherei n nethanol and
unr eact ed nononerofazs®C. enoved whil e said nononers pol ynerize. 22. The
nmet hod according to Caim 15, wherein said one or nore

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.  Themethod 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-

AR



20 optional other diol noieties are derived fromaliphatic al kyl ene

gl ycol s or Iwanwsusss al i phatic glycols having from 3-12 car bopcpiQ§57e13d
having the enpirical fornmula HOCerr]J]H err]-CH where nis an integer from
3-12; cis or trans-1, 4- - 28- cycl ohexanedi met hanol or m xtures thereof;
“triethylene glycol; 2,2-bis[4-(2- hydroxyethoxy)phenyl] propane;

1, 1- bi s[ 4-(2- hydroxyet hoxy) phenyl] cycl ohexane; or

9, 9- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] fl uorene, 23. The met hod according to
Claim15, wherein said optional other 5 -2&r omatic diacid noieties are
derived 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 cacystohgkanedamdtbanobor mixuredihersof; ofricthydénd. glyél; 2,2-Bbispt-(2et hod

according to daim 16 erei aid ter t hal oyl "noj eties are present in
an arm:mtg of a I %@@\g%bﬂ:‘)a] %"%’I 15 ?4;934]&311\})/@@9{110@@ enyl] °Yp°1‘8}5"f‘s ?’%ﬁﬁ;l .
ot her aromatic di@&l 2RI Lo._an anount up to about 10 nole
% of said pol ye%gg??ggﬁa?zdﬁ%?ﬁﬁﬁ@y&h@muﬁo%&ies are present in an anmount’
of about 33 to 49.9 nole % of the polyester, said isosorbide noieties are
present in an anmount. of about 0.25 to_10.0 _nole % of said poal yester, and

sai d olne or ][mr e gt h:@lr di Hhe mefhed pecordingtofrlae 46, wherein SQiMﬁPH%lﬂ(‘;he@ about
2.0 % ' ) ... 15 . 25, '
G ai m 24, vier ctpmely 4GRS Gsrictdre derived ropf Boehiadiliaell 23Rt ©

gl ycol noi eti esydid) 225 thisPhenddiirbdxlit Aciab 2\6tnaphthaldabdi-dattkyRdhsld R yest er.

26. The method according to Claim16, further conprising increasing the
nmol ecul ar wei ghnapbthaleagdicaboxpdictacid, by4,4 ebibenzsicacid.pol yneri zati on. 20
27. The net hod according to Caim 26, wherein said solid state

pol ymeri zati on conpri ses:
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 in 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 isdsorbide 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

* [ L L] S *



(a) crystallizing said polyester by heating said polyester to a

t enper at ure iWOE4B3&nge of about 115[err]C to about 140[ er r] BCEUSH/0701529-
(b) heati ng said pol yester under vacuumor in a streamof inert gas at an
el evat ed t-enperature above 140[err] C but below the nelting tenperature of
said polyester to yield a polyester having an increased inherent viscosity.
28. The nethod according to Caim27, wherein said heating step (b) is 5
carried out at a tenperature of about 195[er to 198[err] C for about 10
hours. 29. The net hod according to Caim245 wherein said increased

I nherent viscosity is at |east about 0.65 dL/g. 30. The net hod accordi ng
to C aim15, wherein spinning the polyester into fiber conprises: 10

a) nelting said polyester; (b) eheatngsai polyestervndenvagaing s ined stragpoefgnerd
spinning orifice; and c) cooling said extr | yester, t.hereby formng a
fiber. 31. The g%@ﬁr?@c%/@&f‘értamggm?’ae toye &HQ‘%?"W‘E’Y ﬁwd?%l@w% %"Eﬁ‘%&“&‘ﬁ

fi ber conpri ses: . L Bg; SPiRerkd . exerting
tension on the hgéﬁgglyses%tof¥lglgra:potl¥|égireéggéi{§$%ﬁ:c I ng thﬁ@gﬁoggi%pun fiber;

and c) collecting and cooling the stretched fiber. 32. A stapl e bl end,
conprising the fiber of Claim1l and at | east_one other . fi.ber selected

20 ,
fromthe group consi st28ng &hegwhwbaqcerdmga@r%lmahmwyﬂ heating#ep (Witper |
33. An art %Cl € ch(')n ro|u§ !cltnagte%nrf)%ra%t}rg 8&' gbo% %'gl’ t8f1 99@%?a§§ut 10 hours.

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

viscosity is 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 orifice; 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 35.

AT




-30- 34. An article made fromthe fiber of Cdaim1l. 35. The article

accor di ng t owblogyssss$S4, Wherein the article is selected from i‘cﬁ‘ﬁiébéldﬁls
fabric, high strength industrial fabric, sewi ng threads, and cording fo
rubber reinforcenent. 5 36. The article according to Caim 34,

wherein the fiber size is fromabout 0.5 to 20 dpf

30-
34,  An article made from the fiber of Claim 1.

35.  The article according to Claim 34, wherein the article is selected from
a textile fabric, high strength industrial fabric, sewing threads, and cording for

rubber reinforcement.

5 36. The article according to Claim 34, wherein the fiber size is from
about 0.5 to 20 dpf.
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