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POLYESTERS | NCLUDI NG | SOSORBI DE AS A WW‘ METHODS FOR MAKI NG SAVE
.Field of the Disclosure This disclosur pol yest/eNeveanzer 2002 0ds
of making 5 polyesters, and nore specificallyst0 pol yesters containing an

| sosor bi de lg and net hods of making them Background | osure
The di ol %36/%%& anhydro-D-sorbitol, referred to herei na?iceﬁmmgg/goﬁ&

i sosor bi de t heOLYESTIERS INCLUMDING 1SOBDRBH}E;1A§dAt§HDM\QN®ME%AND y made
from 10 renewabl e resour ces, METHODS FORMAKING SAMEches. For exanpl e,

| sosor bi de can be made from D-gl ucose by hydrogenation foll owed by -

aci d-catal yzed dehydration. O4 .. H O O OH | sosorbi de has been incorporated
as a nononmer into polyesters 15 kiplstofdhe®is¢lesurge t er epht hal oyl noieti es.

ey APLE) i IO o) ERIE RS R el b PR, S50
(s gengrally Mé&é@dahaﬁorém@d@ézy & m?@étérssmhammgl @O%@é@ﬁbﬁ’&a have poor

reactivity and are sensitive to acid-catalyzed reactions. See, for exanple)
D. Braun et ahoiety@nd metheids cfimeaking them. 334, pp. 298-310 (1992). As a
result of the poor reactivity, polyesters nade with an isosorbi de nononer
and esters of terephthalic acid are expected to have a relatively | ow

mol ecul ar wei ght . 7 Novenmbgh -RA3ander dR bikioauRCT/ US99/ 07009 -2
The diol 1,4:3,6-dianhydro-D-sorbitol, referred {o hereinafter as

isosorbide, the structure of which is illustrated below, is readily made from
10 renewable resources, such as sugars and starches. For example,
isosorbide can be made from D-glucose by hydrogenation foliowed by

acid-catalyzed dehydration.

/ )

OH

isosorbide has been incorporated as a monomer into polyesters
15 that also include terephthaloyl moieties. See, for example, R. Storbeck
et al, Makromol.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-catalyzea reactions. See, for example, D. Braun et al.,
20 J. Prakt.Chem., Vol. 334, pp. 298-310 (1992). As a result of the poor

reactivity, polyesters made with an isosorbide monomer and esters of

terephthalic acid are expected to have a relatively low molecular weight.
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Bal | auff et ail Polyesters (Derived from Renewabl e Sources), Polyneric

Mat eri al s Encycl opedia, Vol. 8, p. 5892 (1996). Copol yners containing

‘i sosorbi de noi eties, ethylene glycol ° noieties, and terephNegémér 20026t i es
have been reported only rarely. A 5 copol yner containing these three

noi eti es, | Rygby,s4B7st he nole ratio of ethylene glycol to iso |
about 90: 10, was reported in published German Patent Appli Cgﬁ@nﬁﬁ%%é

1,263,981 (1968). The pol yner was used as2a m nor conponent (about 10% of
a blend with polypropylene to inprove the dyeability of polypropyl ene

fiber. 1t was mrglguftyt BEPolyStarel(Derved abhoRepbéwabRES Hyrcet e PRphER at e,
et hyl ene glycol, and isosorbide, but the conditions) which were described

only in generalMaterials EnsyelrpegiabMot &, ipoABIMH1IWP)not have gi ven a pol yner
havi ng a hi gh nol ecyl ar, wei ght . . Copol.yners. .of t.hese t hr ee, nononer s
were described agai ﬁogglyp&rgﬁpp&;{lm&ﬁé%'%sqr@d-ﬁégmgﬁg%r%ﬁggpﬁgﬁyclohe gl ass
transition tenmpgsighiad anddeRphtifo@ HRELHERhald BEER$ESONE BmysaﬁéN.bAde
nononer content up to about 200C for the isosorbide terephfhal ate

honopol yaer. Thepplymansontainipg diesectheeermnpieting, ineabidhripe reslepatihaf oyl

di chl oride i | yt i ith.the diol . Thi t hod .yi d
Copol yrrer wi ¢ h SEREEUTYS PR AR 0 3k, o RRR JH SEL i was
obtained in th%vﬁg{dﬂwateﬁ{Raﬁxiwehimti,m,dgw@é@d FHRONSy et W%Tsidd§6d

relatively | ow n conpared agai nst ot her polyester polynmers an
copol yners. Furashemjndriveswopeny (ahasit WwHI%) obel bldng with polypropytenarer i zat i on

and were thus free of digthylen | ycol noieties,as a product of

pol yneri zat i on.'mBE%’eF&he@S?%'L%'IP? F%'%%’@PY'EF‘? gh?r. 2l W '??8?% dbelkar | sruhe
(1994 38 5L Cuiberifalionlot irlotndPRkent IBLMIE oS40 89 6rcolahd

1109- 1243 (199617 rigelioftgf tirle ﬁﬁ%li%? 172 ﬁgctrﬁﬁ%esgﬁmgr'%ces'g&}%@e?he
preparation of Huotheesdratitionss ehidh were desanibedrdndy i gendrhltemedrutiid on of
aqueous stoving | acquers. The pol yesters are prepared with an al cohol and

an aci d. One 30ubficatios. werld pptdiavierdivenpRohener haviag aiHgh madesuat ol .
However, the e venber 2002 WD 99154375 PCT/ US99/ 07009 -3 average
nol ecul ar wei gh "the polyesters is from1,000 to 10,000, and no

pol yester actually Qopohiniérs®f thebcasdivid tineemhonahenoiveteydawsibeddail). S.
Patent 3,179 M;gcgnetisy?\r/vihgreesit aars)roobcser.%?vsedf t(t)1rat %h%eg'ggse rgglgittiior? I?er(r)1];)erature Tg of
the copolymer increases with isosorbide monomer content up to about
200°C for the isosorbide terephthalate homopolymer. The polymer
samples were made by reacting terephthaloyl dichloride in solution with
the diol monomers. This method yielded a copolymer with a molecular
20 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 glycol
moieties as a product of polymerization. See R. Storbeck, Dissertation,
25 Universitat Karlsruhe (1994); R. Storbeck, et al., J. Appl. Polymer Science,
Vol. 69, 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
facquers. The polyesters are prepared with an alcohol and an acid. One

30 of the many preferred alcohols is dianhydrosorbitol. However, the

5



conpressi on nol ded nmaterials. Al so, described therein are hydroxyl 5

cont ai ni ng pol yesters. These hydroxyl containing polyesters are listed to
‘i ncl ude pol yhydric al cohols, including 1,4:3,6-di anhydr oso¥ biovember2002n)
however, the highest nol ecular weights reported are relatively low, i.e.
400 to 10, ¥O,998B® no pol yester actually containing the PCT/US99/07009

1, 4: 3, 6di anhydrosorbitol noiety was nade. 10 Published PCT Applications WO
97/ 14739 and WO 961 25449 descri be chol est-eric and nematic |iquid
crystalline polyesters that include isosorbide noieties as nononmer units.
Such pol yest easetageanelecalar welight o iherpolpestees: isviesing @D 0aked! &0Q0 nand

i sotropic. Sunmary, of th . scl osure 15 ntrary.tp the teachings and
.expect ati ons {‘Hé%f}(m %g‘é%ﬂypct?&??' ReA ?’ﬁ%}ﬁ%oﬁ?%ﬁétppgﬂeﬁy W‘?&tmﬁagc, i.e.
sem -crystalline ands ammeRPgUT 9043 @HcHiBES 4 frbysdsifor ieprepPRotest er s
cont ai ni ng terephthal oyl noieties, ethylene glycol noieties, 1sosorbide
noi eti es and, coptpressidr gnoldidenbtdriate Alsgcdésanbedtthersimar hydrdkyly

synt hesi zed in npl ecul af wei gh that are 20 suitable for meking fabricated
product®) sucKkCRBIFNG ﬁ@{yeﬁ@\‘?gr EE%S%EWPM,COH@'B@& sRiREaredsted ® and

fibers on an i-lm%ﬁ% i S4-Qa0di 1 he ent
i nvention, parl icu gél?'hyy (?ﬁzé'g%%%ﬁ gag?ﬁﬁ?h%%é@glatalgggﬁlsge%ﬁ'dp‘g%ﬁﬁ he pol yner
conposi ti on t inatvevsr, dies highest Mokcalayweightt reportedtard relateely s, yechosen so

that the final 25 polyneric product contains the desired apmounts of the
vari ous rmnomﬁ‘podﬁi1953,/00dé‘é‘F’ﬁﬁ’oﬁ’cily%t%a‘éﬁi‘ﬂyn?ﬂrﬁ?'"Sﬂ%‘ﬁﬁt%“@fvﬁ'rmnorrer units
derived from g di : g Yol se of the volatility of sone of the
nononer s, inc?’bagil S{gro?ssﬁgﬁélgbrlgr}cg\qu%ansﬁ%ggg.endi ng on such vari abl es as whet her
the reggtor is seaPablighedePCTAppidationy \WEs 07 M1 738dndCedb2eugacy of the

) 7 Novenber 2002 WO 99154375 PCT/US99/07009 -4 distillation colums used
in synt hesi zi §gseie ghlosierc apd mematictiqridestatiine polyestersithabingludec| uded i n

ot ati on ACSPHI0S Bbifles ALrRORENES! SO0 EREHTADF EEITTG, ™
et hyl ene gl ycqbw aitfled @s0eighticandatendthisotipio/nmeri zati on process) the

nononers are conbi ned, and are heated gradually with mxing with a catal yst
or catalyst mxture to a tenperature in the range of about 260C to about

300C, desirably 280C to about ?_géSC. Thitﬁatﬁl ¥ks)t may be included initially
with the reactants, and/or may '_ frote tines to the mxture as
it is peated. 10 ThpntahAlyhk tHaGHngRAndexpasihfidtthashhlebegaCct i on

proceeds. The heating and stirring are continued for a sufficient time and
to a suffici empublighgsendbhe paor ganigotaopig, ivd. semi-enysiallindandiasnérphaus on of

v ght to-be et et RghRRISPY BT g Dol Mo e, of er rod -
enbodi nent, t@%;g%}r@@pc&fmaréﬁsghgds@rsmé rhBiBéd 88d ] dhtiohaip di¥ti§leres 1 n_t he

range of about t0 about 50 mole % (nole % of the total polymer). The
pol ymer may algheol moielgs axeveadily syhthmsizedrinmolecyaheeightothat iace di aci d

ieti h f le, .t derived f ' ht hal i id,
2.5+ 1 ublindi caBORYPer BERHD (2baalEy LR Ush By aisrags Rofles.
2, 6-napht hal .ef}ﬁ&lb&@kag,%hastsgdqd?ﬁﬂefr%ngmhﬁgggi gafjpoxyl i c acid) and

4, 4' -bi benzoi c acrd, at conbined levels up to about 25 nole % (nole of the
total polyner). | nThaepretess@mhditivonsdftiepresenhinventorylpacticulantiveer uni ts
are present in anounts of about 5 nple %to about 49.75 nole % The 25

pol ymer may alaeowdsebmenamersysetdepepd an theiralyrasr campesitemiralis t he

met hod of man r Is A 0, js @ | is in the
range of abou'tg e%ﬁ%&ﬁpg%ﬁfq%ﬂ%ﬁ%qn%@ggﬁ%figéﬁw ﬁﬂgélép})\r%a? gaﬁr)‘irtgﬁdé gﬁ%‘odi ment ,

i sosorbsde i s polygasid plodutheortaihy mites desired@udlstsiof thé earieugmopbn@diout 0. 25

mole % to about 40 nole % One or i )
units, desirably with equimolar amounts of monomer units derived from a
diol and a diacid. Because of the volatility of some of the monomers,
including isosorbide, and depending on such variables as whether the

reactor is sealed (i.e. is under pressure) and the efficiency of the



7 Novenber 2002 5 nore other diol nononer units may al so be included in
amounts up to a total of about 45 nole % O course, élel of the percentages
are dependent on the particul ar application desired. Si r alpNovemBersner |
equi nol ar anmounts of diacid nononer units and diol nononer units are
present in tWeIHYer. This bal ance is desirabl e to achi eveecanisoghroos

nol ecul ar wei ght. The pol yester has an inherent viscosity, which is an

i ndi cator of nol ecul ar weight, of at |east about 0.35 dL/g, as neasured on
a 1l (weight/volunme) solution of the polymer in o-chlorophenol at a

t enper at ur e ofdigBGtiod kbEimnehesahin syrabesizing the pelyhfdrcsame of tie sone

applications, such as so 0 E) cal articles and coatings. For other

appl i cati ons, SORAMES @SM gl eQd” |eﬁﬁ%$%?\tttg9|b§85§l“?%/°6§heat | east

ot o & Sr SdifmehElBh Rosh BB ToIIEN B iMiBRATRE 1S retiBR 23 a1 !east
are

about 0.5 dL/ neede many o er a I ca ottl es,

films, sheet, protdedwy Mais is)parficuiaihetrupiodedssentggiofoltamel iposorBRicer may
achi eve inherent viscositjes that are even hi gher. In a first aspect, the
i nventi én provides at'ﬂepﬁlr)(mqr@@tlﬁamr%e% s pesemerpale sRbispandi ng: (1)

combi ni ng 1N & LeaGHal oAJINONR, HRRI bith batall & SR Hba IR SLY

optionally, on nononmers contai nrng an a QC|d

noiety; a WHQ@Hpe@@tWinSth@Qaﬁ@e of hpben26MICyiecdbo BEDSC, dedifaBRES0°C
conprising an isosorbide npiety; optionally, one or nore other nonomers

conprising a diosiboub?893C. Ahd C@tﬂ'i'fdrfaﬁy pe includerbimttially avitbrthsiregctantsi, et hyl ene
gl ycol noiety, tha n tion catalyst .suitable for.copdensing
aronmatic di aci?fg/(ér 'El'aﬁl ﬁﬂecgeda?{be ?’25"%%5%]%&%’3? H"%Fﬁ)%fté ﬁ gal d

catal ysfp to a fiepRaRktised Hidid RIIdifled APtheabidh §@c@eﬂ?”?ﬁ8rh%ah

pol yester polynmer having at |eéast terephthal oyl noieties, ethylene choI

moi eti es and iaukglitting ererepriiniuss forlaesidiicientdinde hadte agsuffszlemnu nued for a
sufficient tinme to yield an otr pi.c e having an in rent

vi scosity of atpmpg&%tyred@g&pr qflv3wit rFH‘Q?(ﬁLﬁy %ﬁ@ﬂp@oofaécgsir% ants, to

(wei ght/vol U”%Mel%%l Hfolt@ﬁ‘ fyrr$élf' %%M@#énb%@nﬁ@d&!&%@ﬂ' toHe @

tenperature of” 25 venber In a second aspeCt, the invention
provi des an i Smﬂﬁabhi for pmw@tmncataﬂomnosiumg t er epht hal oyl noi eti es;

ety s alycol  NBRRTERTSq SEeBAEPHE: HEt BuTbe 'oiﬁ%eb’%%%%&ha”u%'@fe‘sﬁﬁe or
or e other i dhoRHLAE in IREFAER SXalbuObYPRS SoBB. Al ANGHERaY, of scosi ty

of at | east abou nmeasur e sol uti on
of said pol yesmertoiahpolymelr))r'rdnphmiwneamaa/ alemrp'e*jmiemmomhtsm@nelon raorehi r d
aspect, the invention S an.isotropic est er, conpri si.ng

t er epht hal oyl HDPERF t'c ??’&F&‘P’Pf}es ShH s ngFré melegthasearyediion ;
hyl |
ethyl ene glycok HRhSﬁd QBtfhPé]ﬁ itdrbodliRt AW 8ns. tl%ﬁ %rﬁ&hﬁetl os

i sosor bi de noi &t I es; n y, one or nore ot

wher ei regsai d p@n@@,ﬁmphﬂ&aimdmﬂrboeyﬂc agidcasi- haptuhalehebleaﬂioxyﬁma@do 5 dL/g
when neasured as a 1 % (wei ght/vol umeé sol ution of said pol ester in

o- chl or ophenol ang 44’ ?Wﬁé@'&t%‘% 8t combinegdevsls ga toabewt &t (rpple

Preferred Enbogi scl osure The isotropic pol yester polyner,
described in d(gtéa?ﬁﬁégmglopvélpﬁrr'g "be nmade by the nelt condensation of a

conbi nati on of nonaner sref@rrddembodiraents ethylereglgtol eadbnameinits 48 1 sosor bi de
noi ety and terephthal oyl nmoiety. Small anounts of other nononers may be

aﬁded during tprespol lyrafnwﬁ% pbab@ut Eole 8o it abrIt4d. Axmgle Br-obilket s duri ng
br esent2 n_ oty eb ey SR dieiine G G38yEE Y ERpedRRE R kDL § T0°

nol e % to abouhmeffbdofRafufictui®tBeHrRd@itallldietRilens gReoMbRti¥s iPinhaut 48
nole % and even nore preferably about 25 nole %to about 40 nole % The

pol ymer may al @ogemﬁtaaout‘@mevh!ﬁl%rt@@%aﬁ meladber units. Depending on the
nmet hod of nmnufacture unt f di et e col . nppnoner units is in
the range of about gpﬁ%ggego g@ptggog{mﬁr@ d/gp‘y esentInie AbEPeRINg 2 Wo

991 54375 PCT/ %gb@%@%e %r@eeéfea&wtnés%néf%e&@&@@bﬁ% 40 Ol §r % and

nore preferably e %to about 5 nmole % D ethylene glycol may be
produced as a by product of the polynerization process, and may al so be
added to help



accurately regul ate the anount of diethylene glycol nononmer units that 5
are in the polyner. In a preferred enbodi nent) isosorbide noieties are
present in the polyner in anmounts in the range of aboNbvémids 2002e % to
about 40 nmole % preferably about 0.25 nole %to about 30 nole % and nore
preferably about 0.5 nole %to 20 nole % Depending on the application, 10
i sosorbide may be present in any desibable range such as 1 nole %to 3 nole
% 1 nole %to 6 nole % 1 nole %to 8 nble %and 1 nole %to 20 mole %
Cne or rmrenﬁ%}éﬂ(?herddia'mmwnnymawm iRALAQANA anbuhe u?nsw&tgpl in anounts
up to a total of about 45 nole % preferably less than 20 nole % and even
nmor e pref er abdbput ¢Smoldfsan 15 nole % even nore 15 preferably | ess than 10

nmol e % and even re preferably less than, 2 nple % EX | es of these
opti onal ot her  dPoEOURD AL of fie ReaesPieeh s deledertnhe PRRORBI S naving from
3-12 car bonaﬁmﬁﬁorﬁmr@&vrl)egraw@hswwﬂ &REmbIaF Abintd 6F ddi@~- OH, where n is

an integer from 3-12) including branched diols such as )
2, 2- di met hymopoBepuroisand diadImonoimer ynits gre presantdn #g ppjxmerhdbémedi - met hanol

byt ot BB R0 A e P M"Y ene ol veol:
1,1-bis[4(2-hydr qrwg&E@s}teﬂha@aﬁnme}eshycis&ksﬂy,a\wﬁibh is an indicator of

9, 9- bi s[ 4- (2hydr oxyet hoxy) phenyl ] fl uorene; 1, 4: 3, 6-di arghydromanni tol;
1, 4: 3, 6di anmplfclagiveight, of ghlcastabewifyfr depyasipsaspied op3 1% a preferred

enbodi nent , ter thal . nohet | [ is in the
range of ab{)‘&{lgl?ém%)%ﬁ@ S%%tl%ﬁgﬁ%t&wér?ﬁpgo %?&r%@%gbratgﬁg?g%%sgbout 40
nmole % to absi@. Bis Mefentaisevsan ivaurhcipitebesouid ypplibstitns Aduchas sorfe t 0 about 50
mole % (nole % of the total. pod1¥rrer . The polynmer may al so_include anmounts
of one or noplcabartigles apdpeatings.di ercatberapplinstiens, sachsascempact disgs, @ anpl e,
those derived fromis ] [ WS e 991 54375
PCT/ Us00107 006 PhT s ﬁgg’? E@Q@ﬁ? F‘@&Je@i“d‘,ﬁ/ g ,‘%P&Z%’éhgﬁ@%f ?ﬁ‘%ﬁ&?ﬁ ic acid,

2, 6- napht hal gesstiescaichax yi legst abod 0. 2d[//gnaphdeded fresingatkexyl i ¢ acid, and
4,4' -bi benzoi ¢, acid, at conbined | evels up to, about 25 nole % preferably
up to 10 noRRPliatiohs{e gpbettics.dHmp, sheet moldipgtesis) nbPEhayprorsFEngRHhf t he t ot al
polymer). 5 - of : r ent on the
particul ar glgﬁo?}%g{efgﬁyglé@f?gelgy E%gﬁ\?é%EQEQEﬁg%\/eg#ﬁggﬂ?ml ar anmounts of

di aci d nmononer uhi 4 Sirsanspedi, dle invendion ipraviddss: metbopforpeaking n t he pol yner.

Thi s bal ance is desirable to, ach% %ve ﬁ hi gh nol %cul ar wei ght. The pol yester
has an i nhePHEStEs ROLYRSTCPMBRISINGH (1) comRining in axeaciong MPBOMAT oyl ar wei ght, of

at | east abe&hp@s@%a el hthASy | TRASY! S5lioRBIIR ohe OVRIOBNSth¥OhbRBer§ Ol Ut i on of
the polyner in o-chlorophendl at a tenperature of 25C. This inherent

vi scosity i songihinganamematyy diseifmnagp! 4 BanPBAOMNIsLA alydencopt i cal
articles and, coatings. For other a i i uch. as. i scs) an
i nherent vi %%’8@?’?9‘6%1’ 22000 C%“B’il?‘g}% ?'g%%%(g&?? r“iod‘?ctpﬁ?pg’ﬁ’%?@%ﬁ% ﬁﬂer ent

vi scosi ti esni€othecdeforhet comphisiag beiol apiéty Caid cpiidndlly, g monbaick | es, fil ns,
sheet, nolding resin), The conditions can be adjusted to obtain desired

i nherent vi QBRSNS digthvieneglyqobmoretywith a poslenratiog saalyshiwtablegher t han

0.65 dL/g. r i i L,aher ent
Vi scosi ti estngBg&éF,s Bg%g&ﬁ%ﬁcg&a%ﬁsoéﬁhiglgﬁl%%%ﬁ gzl_)/HgEg%n d g{/gl\r?ﬁ%x:n%ﬁer. 20 The
nmol ecul ar wendybdid catalystrtoaltégperaturenediSciedo golyertizy said nehesdrs intve | nher ent

viscosity of the polynmer in.solution or the nmelt. viscosity is used as an
i ndi cator of pﬁ@ﬁgg{,ﬂ’% mgEhayife at&?r"t ‘FFF@LB?_ %H‘t"‘%f’fﬁ@&?ﬁ %Wé)?l nher ent
viscosity i smoiBRe Hﬁ&flo&%b&i@?nd?&@@?&h&_@ﬁ%ﬁidhﬁdﬁ@% R\coRtSled . forh th a nol ecul ar
wei ght corresponding to an inherent viscosity of about 0.35 or

sufficient time to yield an isotropic 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.



25 nore being sufficient for sonme uses. Hi gher nol ecul ar weights,
corresponding to inherent viscosities of about 0.45 or nore, nay be
.required for other applications. Generally, the inhetHotember 2002

vi scosi ty/ noi ecul ar weight relationship can be fitted to the |inear
equation: log (1V) = 0.5856 x log (Mv - 2.9672. 7 Novenber 2002 N O

991 54375 PCT/ US99107009 g The inherfent viscosities are a better indicator
of nol ecul ar wei ght for conparisons of sanples and are used as the

i ndi cator of nolgcplas d/\ggg gat mbeswini ?mﬁjggnqgaﬁ Rl tgfs of the

i nvention can be ma(fg %y ny’ of 5 se% al r?et hods.oBTt%)F}%r oduct conpositions
vary sonmewhaimptesientdiephthaloyt heiaties;gpdionalbd pthenatoimeitit drdcid moietiése anount  of
di et hyl ene col noieti.es that are present in.the | yner.. These mnet hods
el ude. t neAPHEgs el3hoIgRoiEst gt inG disal Sigte: B0 HORliFs hbes of
terepht hal i gyamfly 2R 0B MorObREF diBFindRtibslabheFaY shE pBlyesietas akhe reaction of

t erepht hal oyl 10 dl chloride with isosorbide and ethylene glycol is readily
carried out inbgregovisdosity gf atHeashabontr@3$ dliig whewmeasired a8 491% t ol uene} in the
presence of, a. e, such, as ri.din whi ch neutral izes HJ as it is
Pt oduced. TGl Ra e B il PRt ing digbidel Afieliperaltie 7
Pol ymer Sci gnipec, vol . 59, pp. 1199 -1202 (1996). O her well-known

vari ations using 15 terephthal oyl dichloride nmay al so be used (e.g.,

i nterfacial pol yles thirdtaspae}, thoinveitéompneides an iselyors¢ pplygsitre stirred toget her
whi l e heating. Wen th | ymer is e usi the acid chlorj.des, the ratio
of nonomer ffﬁ?l?rés‘?gntefel? ﬂ'%foé%{]{?feuﬁﬁ’l %Pa‘rys 0&%5@,&0“{3%@ déaﬁffgmglél?ﬁ’ue rati o of
reacting noaRYRLS glyENahsitREse oplidifilly adibMyRhe BROSITRbIStiI6S) Modedide0 t he 20
reactor is about %he sane as ?he desired ratio in the product. A

st oi chi onet moistiesjuand aptenallys onerer raprg|othan diad impd¢ties iwherds baidbl y used to
obtain a hi | ecul ar .wel ght Ly . 1C | made by a
ol pol ymeRyariraRe pf ey Ve olRl tend UGaRE L ARE SR AT 7

t er epht hal i g 1Bciwebight/veluimes) Bylutidd of siid pbllybdtatie o-chidoplhienol aray i ncl ude the
free acid or dinethyl ester of any other aromatic diacids that may be
desired in terwepdng®E2eiC.pol yner conposition. The diacids or dimethyl
esters are heated with the diols (ethylene glycol, isosorbide, optional
diols} in the presence of a catalyst to a high enough tenperature that the

nonomer s conbi mMetdikdDysehig idnasfshdPrefitbddimbddimsnts bhehe Dikdlgwner s, and

finally polynmers. The pol yneric product . ) .
The 1sotropic polyester polymer, described in detail below, may be

made by the melt condensation of a combination of monomers containing an
ethylene glycol moiety, an isosorbide moiety and terephthaloyl moiety. Small
amounts of other monomers may be added during the polymerization or may
be produced as by-products during the reaction.

In a preferred embodiment, ethylene glycol monomer units are present
in amounts of about 5 mole % to about 49.75 mole %, preferably 10 mole % to
about 49.5 mole %, more preferably about 25 mole % to about 48 mole %, and
even more preferably about 25 mole % to about 40 mole %. The polymer 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

about 0.0 mole % to about 25 mole %,



7 Novenber 2002 WO 991 54375 PCT/ US99/ 07009 g at the end of the

pol ynmeri zation process is @a nolten polyner. The diol npononers (e.g.,

et hyl ene glycol and isosorbide) are volatile and distill frovveMeer 2eoet or
as the polynerization proceeds. The nelt process conditions of the present
i nvention, P¥i5éiifarly 5 the anpunts of nononers used, depearusm/otée

pol ymer conposition that is desired. The amount of diol and diacid or

di ret hyl ester thereof are desirably chosén so that the final pol ymeric
product contains the desired anmounts of the various nononer units,

desi rably wit hpeefaiaby 825anelentestoggboud A8 magle (ki and mere peederabln®.Lhe di ol s
and the diacids. ,Bgcaus frth olatilit f so of ,t he, nononers,

i ncl udi ng i sos8I4¢ g%?o ﬁ%fﬂd%HFﬁ%%i)gﬁlﬂeﬁﬁ)gﬁ%%g&ﬁ?irﬁagg p&%d'\'/ﬁ?éjt?'ise?%tyhe

reactor is Seagf‘dhddt ofthd déql%ﬂﬁaﬂi&rﬁé@éé?&, aatmbalseltd S48 Mipt he '
distillation colums used in synthesizing the polyner, sone of tﬁe nononer s
may need to beacouataletediiatexdbessneuntiof didtdemmplygolahondreepuhijsithait zat i on
reaction and renoved by distillation as the 15 reaction proceeds. This is

particul@rly tAlRINNE Bhe glycol and isosorbide The exact anount of
monomers to be char gr?ggﬁ'é’fe?reﬁaérﬁb&d{h@'nt,ri@@ébtrﬁﬁe'n%iét?&dér'eypr@%@mﬂgd by a
skilled practitioner, but often wll be In the ranges bel ow. cesses of

et hyl ene gl ycolpobymtkriis aswuntsien thieaaffe déabowati). 25 oivde Hetdh) alamd 4the excess

et hyl ene glycol and isosorbide are renmoved by distillatjon or other neans
of evapor ati on e /hPTB r?‘ﬁ'ﬁﬁ%?éﬂf St?ﬁ—’ ’r“@&?co?’iteﬁbﬁl"bééegﬁg‘? L/"I'éf‘aﬁi‘ﬂrﬁal ic acid
or dinethyl ter | i b o i wgegh i %t ki t 50%
to about 100 ﬁf@gtm%@tp(?g e@Sb’ﬁy’% rﬂn@%e& t@)g'pggglﬁg 0 'éne%ﬂ%énc o of' the
di aci d b nonoigsserbid@manrise preegeih any tdsitabie ramgeisndrasbemale ¥ ®pti onal

di acid monomers. |sosorbide is desirably charged in an amount of about 0.25
nol e % to aboutMAsFendImBole, %o fupelechnp dr@la ‘ot R rpele % endl! melu¥ttoof di aci d

rononer s 10 Uil 1 S 50 el PRGNS Syt honighd 3,1 Lo

made in situ. | ené col 1S a I's C 30 anount

up to about 20 iBAkdedm@mbinttstupitala wiEWItabolt 46 ARISI% YRRy less thBlRvenber
2002 WO 991 54375 PCT/ US99/ 07009 - | O Ethylene glycol is charged in an

anount in the Rargeledh, andeves masedreterabininssthandd mole %, evessinpebl y 20

o al% anar G apleSs i OB B8 AP NGt orreRbihly Vi 2L "

nononers. 5 ThendlangeExnvgas opthddecoptionansiher abPuMey iicotbidealiprasise of the
wi de variation in nmononer | oss duri ngﬂfol yneri zation, depending on the

efficiency of dikyend gly¢as hasingriremantl eethep atome andthavingothergmpindalr ecycl e
systens, and are onl imation. Exac { S, of nonmers that are
c%arged to a s6@@?4}?%@%&%E‘g{)%I&'hgééhPé%gné'%gé%?ﬁmu?i%%‘ggﬁwpon are 10
readi |y deter mppagbHa dlolSlsuchesd ZQthﬁrhbiﬂyﬁﬁ'g-prgg_ﬁnédISk eRl dr tRAsyRL i zat i on

process of the invention, the nononers are conbi ned, and are heated
gr adual 2§ wi t h cytiehexanddidmeathaaolangsmixtures af theyas anil itansdsoroess; t enper at ur e

L Lne range of b oiahe 2020t 22 B o F)dexy ey PRty propand; TA%bi£0° The
(2-hydroxyethoxy)-phenyljcyciohexane; 9,9-bis{4-(2-
hydroxyethoxy)phenyljfiuorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-
dianhydroiditol; and 1,4-anhydroerythritol.

25 In a preferred embodiment, the number of terephthaloyl moieties in
the polymer is in the range of about 25 mole % to about 50 mole %, more
preferably about 40 mole % to about 50 mole %, even more preferably
about 45 mole % to about 50 mole % (mole % of the total polymer). The
polymer may also include amounts of one or more other aromatic diacid

30 moieties such as, for example, those derived from isophthalic acid, 2,5-



15 catal ysts depend on whether the diacids are polynerized as true acids or
as dinethyl esters. The catalyst may be included initially with the
‘reactants, and/or nmay be added one or nore tines to the m XNov&mbe 20021 S
heated. The catal yst used nay be nodified as the reaction proceeds. The
heati ng andwewdss3rhig are continued for a sufficient tinme angcggsedozfdo
sufficient tenperature, generally with renoval by distillation of excess
reactants, to yield a nolten polymer havifhg a hi gh enough nol ecul ar wei ght
to be suitable for nmaking fabricated products. Catal ysts that may be used
i ncl ude sal ts fufandigarGaxylidpciding,5zhiopRbnedbarb8rylicGagid ah8-rEiphtisaletedis
acetate salts and oxjdes) includi | ycol 25 addycts) .and.Ti al koxi des.
These are gene?%{gwﬁlﬁﬁﬂﬁl’ :Z%C‘ Fﬂ&'tgg'te%e\éﬁérqwh%ﬁ@ i fpd 4 8¥PIGr

"conbi nation or q dbeRd @ r i C a
skilled practi ?@ghé?&@ﬁg{egﬁg?g%%@cat al ggﬁﬁggoﬁ’bﬁggé%ylgﬁc@nﬁ?ﬁ%s

di ffer dependi %g narevdrefehatsly tipstodibaat 8 maladagmoles% of theltgtabpolya’dras t he

‘free diacid or as a _dinethyl ester. Germanium and 30 antinony containing

catal ysts are the nBSEOWSET 8% petne perenigges s derrenbrodhepartivulary
Pl US99107009, J0% AFBR 8B Hed O FRARLBIY XfoRlvd:Eq RRoHFmdhE BP3RR1d ©F
speci fic uses <ai TBOI’ speciTiIc sets"0 propér?| es. or uses ere a

partial ly cryshinbhiee upith wierdiblsmossmeednitasrel mresentanthepblgatkrampidever age
containers) such as hot fill or cold fill bottles, fibers, and filns, the
pol yner 5 wi | | balenee i desiedletaachienma highomelesutaryveight. t he range of about

0.1 %t bout 10% I % . L 5% . npl basi f
i sosor biodg (r)nl;i eti e()sTRélgé@% ?%3&3%?; thB%lhet%%??&@g@ﬁWgﬁ%l#aaﬁngglgggor?ﬂ? e? ﬁlylse(rze
gl ycol {pi eti emoleuftt wlight ter £11684t sl & 3DbY/g0a8 mdasufedbrdt1% on a nol ar

basis of diethylene glycol noieties, and not nore than about 10 2 %on a
nol ar basi s of (weigkyvalime) selten esthespRlyimasino-ghloyenhsiek ahe temperatizeol . For

the bottle resi 0 di. aci anpri.s ter hal oyl ieties at, a |level
of “about 35 % Ph2souT M 5SRO SIS sERERT el Fof aiepbbEs ot Bonat |
di aci d noi eti egoRk Jptiksl Sti0ks Endl@ RSt FéPoffePBpplidEAbAS, ki & Where the
optional aromatic diacid noieties nmay be derived 15 from

2, 6- napht haf enedinpactxtissd, a0 inbértnt visopsityhefldboubhGidddL/g istpredétred.z biighemci d,
and m xtures t}v}z‘reof..For . i cati,ons where it is desirable t ave an

amor phols pol y HBRTe yisFoste Gir gegded Janmegy qlier 4 FalRde ofetlen
Soour 509 by TEPAShePl raaRgzeiei Wb ebjolid fok b A ooty 2 to,
an anmount of desired inherent viscosities up to at least about 0.5 and desirably higher
than 0.65 dL/g. Further processing of the polyester may achieve inherent
viscosities of 0.7, 0.8, 0.9, 1.0, 1.5, 2.0 dL/g and even higher.
20 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 measured by the method described previously, with a
molecular weight corresponding to an inherent viscosity of about 0.35 or
25 more being sufficient for some uses. Higher molecular weights,
corresponding to inherent viscosities of about 0.45 or more, may be
required for other applications. Generally, the inherent viscosity/molecular
weight relationship can be fitted to the linear equation:

log (V) = 0.5856 x log (Mw) - 2.9672.



about 10 %to about 48 % on a nolar basis, optional other diols such as

1, 4- cycl ohexanedi net hanol %oieties are present in an anount up to about 45
% on a nol ar basis, diethylene glycol noieties are preésent 7iNovembappogyt of
about 0.0%to about 5% preferably 0.25 %to about 5 %on a 25 nol ar basis,
t er epht hal o\¥O ¥61%8i es are present at a | evel of about 25 %PCH/USBUINS0 %
and ot her optional diacid noieties, such as 2, 6napht hal enedi carboxylic
acid, isophthalic acid, 4,4'-di benzoi ¢ ac d, and mi xt ur es t hereof, are
present in anpbunts up to a total of about 25 % on a nolar basis. 7

Novenber 2002 mgmesa@msmﬁ;qasmmbe@@r indigatgsial fmle@ﬂéfs\@e@@hﬁbm tions

Serm - cryst al 11 HOMPRIRR A eBSAE0 P 3Ry 35 0m MENGER Ity o
anneal ed abovepbhghr gl ass transition tenperatures) but are armr phous if

they are cooled rapidly fromthe nelt. In general, the 5 conpositions that
can be semi-crystal Spn@ @frtbeﬂomﬁ(;ters@f@m/gwantmrz@an barmarse beehyloéne

ht hal
et ol et hat | SRR NG, AV B RGO LB TaR: FanisPe U s s REPE ey on
though they may,hge mcdRsedséd pahcliibipisthesiBountirdiethiieNe ghkofr ystal I i ze.

10 The nelt polynerization process of the present invention’s desirably
carried out usmtgetmstthatarm presagt indke potynie. gTheste methods ineludplthdal at e) as

br of erred cat algARen SN BIMBHTers Y e EId SHEULSE PR Eh Al 'ethr ally
bel ow. These a ido TRehE HHP&S'

pol yet hyl ene térepﬁ?hal at e' U’{? é??%é Prléegsé\gnof ﬁteﬁeés)ﬁﬁﬁesfﬁ%%gh bt ai ni ng

hi gh notecul ar diehiayide with igosorbide sod pthmmﬂggiynolvls md)m/ dalvedlostdhyosur es by

ot hers who have rked with i sosorbide esters n view of the
general |y hel d%&%&'ﬂ%{hedﬁgwﬂ‘ﬂs 42 58 ﬁf‘ﬁ/?/‘ﬁgoﬁ@“%ﬁ%}é" tRE\PFESSRES O 2 es and

esters of secopdal e th RNYRIMANMETALGRSIAR HEPELRYS rfoata&g:wpﬁThese two

processes are SOITE erent and are Cri

Ter epht hal at e Brmels&a lbrddshrlse@limﬁesmrbebk ehal. s). dqupl.iRalyraet Stienteyosdkt eps)
terephthalic acid and the OE'[I onal diacid nononers) if present, are used as
their di net hyl 926PRst&® 48P \f&?%ﬂesomleﬁ“fﬁ"r'l&o“ﬁh‘b@ﬂﬂ“gﬁsés@g 1-2 Wt % free

oo b i ¢ i RETAPfionbRBedhay Bispthduded ey, REHAH Ry RER-ARATY ) O
t er epht hal at e) of the mn@messem SipBrbestiesd wgeeh@’fwm@awmml yst, which

causes exchange of _ . ) i
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. Therefore, the ratio of monomers charged to the

20 reactor is about the same as the desired ratio in the product. A
stoichiometric equivalent of the diol and diacid is desirably used to obtain
a high molecular weight polymer.

The polymers can also be made by a melt polymerization process,

in which the acid component is either terephthalic acid or dimethyl

25 terephthlate, and also may include the free acid or dimethyl ester of any
other aromatic diacids that may be desired in the polyester polymer
composition. The diacids or dimethyl esters are heated with the diols
(ethylene glycol, isosorbide, optional diols) in the presence of a catalyst to
a high enough temperature that the monomers combine to form esters

30 and diesters, then oligomers, and finally polymers. The polymeric product



7 Novenber 2002 WO 99154375 PCT/ US99/ 07009 -13 the ethylene glycol for the
met hyl group of the dinmethyl esters through a transesterification reaction.
‘This results in the formation of methanol, which di'stills eWovehpehg002
reaction flask, and bis (2-hydroxyethylterephthal ate). Because of the

st oi chi onet W 9955437hi s reaction, sonewhat 5 nore than two nopegusfoneiohy! ene
glycol are desirably added as reactants for the ester interchange reaction.
Catal ysts that bring about ester interch&nge include salts (usually
acetates) of the followi ng netals: Li, Ca, My, M) Zn, Pb, and conbi nati ons
t hereof , Ti (ORt4he vhébethR palymeriahtion procespisteamioltgn Dotynist. Fhecdibbon -at ons,
and PbO The catal yst conponents are generally included in an anount of
about 10 ppm teRMIBERS (86h. HpMENPAlycel pRE IospHlidR) arervalatile pad distiller change

"I ncl ude Mh( OA P‘"&?ﬂ : c is the abbreviation for
acetate, and ﬁ@@fhﬁgﬁ%ﬁ%ﬁsﬁﬁgé . 2)3%%8%(2%%8%‘%“ on catalyst in the
.second stage of thegheansit Fmsprceﬁsniabtmf&ﬁa greéént ihventione panryidiy added now
or at the start of the pol ycondensation stage. A catalyst that has been
used wi 8h par tthe @maunis glopanameredsed. slepgpd @ndhe palymrersiompgsition thatl Co(11) ,

at | evels of abqut. 5 h. These were used.in the form
of Mh(I11) acet'ﬁﬁ@s'f%(grttﬁ?/gﬁﬁd bt éﬂ%o%ﬁ F%égicgf é éﬁgtqsé vﬁptée[oé,ar%l t hough
other salts ofydsigblyamesamtaltisatafe Maxl fdlftﬁeh@pﬂﬁﬁl@t cEbRis theldesfbgnge is
desirably brought about by heating and stirring the m xture of reactants

under an i ner taraeunds phtheeygrioug. momrgrenideis) dasirallyrwithreguiroolpr eswungs f r om

roomtenperature to a tenperature high enough to j.nduce_.the est

i nter chgﬁge { ﬁ@ﬁ“%@"@ﬁﬁﬁﬁﬂgﬁ% &%‘go@(fﬁmgega%g%ysﬁ?ﬂfﬁ&?ﬁbﬁd

distilhg out Qbldiie 6fedmiesf thENfohéAels), %Idcﬁng?fs@ébh%‘idé{ dnddiepéngmgbout 250C
d of net hanol evol ution can be

unti|l nethanol evol'ution stops. The en
recogni zed by an sliobprariabldseasovbetheathe reaptor in sealed(i.«. icundergiressuredssel . A
smal | anmount of addi.tive havin .boi lin oint of 170 - 240C 30 may be
added to tne cocdhedidanainidie situdion somls ieadn Sunbsdrnalon n . S 7
Noverber 2002 S43ERN HGTRHAL A nde 1 | ' dto

hel p retain vcﬂ tn? € conponents in the egsel %a{ngﬁﬁ&HgﬁgFF%ey&n@% t he
packed col um.befimiragdi thevlyrostizdtieniraactionaardl removesidny distiftdtionl &ofhel s or

di rethyl terephthal ate at  t eratures hel ow 300C. Preferably) the additive
has a B®iling "BaFHAN" @P%%ﬁ%sr%ﬁﬂﬁ R%@,“agyrtFHPé’?f r&ﬁ%?eaﬂllﬂj‘o'vﬁ"l(%i n the range
of 170C to 24Q€, o"?t?gei s used in an anount between about 0.05 and 10 Wt %
nor e preferablysbe ween about 0.25 and 1 Wt % of reaction m xture. A
preferred additiveThe dxatt ampdnbofapbhdrabente. betimrged xaapatticulac! ude

Bi phenyl ether, diphenyl sulfone and benzophenone. O her such_solvents are
descri bed in Weactonis readibidetgrmineddye skilrd pisgtitiones. but offancwilliesinher eby

i ncor por at ed Qp{eg%{rggers%q&”' gig?éﬁgog%éﬁ%g@%a&émt% irﬁgg&toii nalj s comenced by

addi ng a pol ycon ation ¢ stering adge For the

transegberifi Grisirably @abajeds ind fiod ¥rEGSERYIERe aBic! Aisd Rosebd@he: of a 15
sequestering agent and is normally added 1n an anount of about 10 to about

100 ppm of phdepiesed by digtilation of otierEaaps of eveporakion asdhe An exanpl e of a
| d ti tal.yst is. i | | i.de,. whi ch b d at
Povit “of 100 dRuB beadich hEBRth y i rhufel Boid P iBelh To (Voical iy

carried out ategphthalate is desirably included in an amount of about 50% to about

100 mole %, more preferably 80 mole% to about 100 mole % of the diacid

25 monomers that are charged, with the remainder being the optional diacid
monomers. Isosorbide is desirably charged in an amount of about 0.25
mole % to about 150 mole % or more compared with the total amount of
diacid monomers. The use of diethylene glycol monomer is optional, and
is often made in situ. [f diethylene glycol is added, it is charged in an

30 amount up to about 20 mole % of the total amount of diacid monomers.



20 tenperature from about 250C to 285C. During this tinme) ethylene glycol
distills out of the reaction due to condensation of the bis(2-hydroxyethyl)
‘terephthalate to form pol ymer and by-product ethyl ene'gl ycalNovehibeh2062

col | ected agvga”ggﬁgi | | ate. The poiycondensation reaction descri bed above is
pref erably carried out under vacuum which can be appli eBCHHFO7¢%e
reactor is being heated to the tenperat ure of the pol ycondensation reaction
after pol yphosphoric acid and Sb(l11) oxide have been added. Alternatively,
vacuum can be ied after the polycondensat|on reaction rafure
{eaches 2800 -EBblsns oSy Hiatoel S R ERRS AL it iHeange GteBBiES e bip « he 30
application of i ; WA i i s 7
Nbenbor 2005 WEHaRTmEEs J0sIIAFp0¥RaR A SosRtdd @?ﬁyﬂ“"ﬂaé‘%‘?& t he
desired nol ecuhenomergfand thewgitibpakatbepgdiolkaatemhasyed incareameuntup tie el t ‘
viscosity to a pre-deter m'one(ﬁ | evel , This is observed as an increase in the
tor que needed 2RU{IRE naele P dhediasd FONARIERR-ai n stirring. An i nherent
viscosity of at |eagte %r@fe ifon RS ALY an: YoyiAaaRdbud BAndL/ 9 Of
greater can be achieve this nmelt polynmerization process w thout further
efforts at raiwideganiatiesin atonceiegghidss daingeolymerizatany depending loartpes, t he
nol ecul ar wei ght can be increased further by solid state polynerization,
descri bed bel efficiereypheistifiationgalymps spd séherkingseotirecysiy Radirecydde d process

estori 11 cat i oro by g o) BB HFGABLPE " ESAR FHEERS o BRnohtdial ot ) “ana

ot her | ow nol el afe aRirgbd teatspesific Fes@br icesbhiede Akpéacifit cambbyitigh avat ed
pressure (autogenous pressure, about 25 to 50 psig). Instead of a two-fold

excess 16f di ol '€pdiy datgrminediby axkitled pragiionero% t o about 60% of diols

(et hyl ene glycol, isqsorhbide .and ofher diols, if .any).is.,used. The

i nternedi ate ester iIpﬁﬁ%meéﬁp%l?@g&%%thrgprgcgﬁ(fﬁhg '@Yé/rﬁﬁngg}?emgfm@ﬂfce not
enough di ol i sapr®@w@slhed Qracary fe@ g R Wilh mixBIPRIN Bdatfystcird. The
catalysts are also different. No added catalyst is necessary in the
esterificati oncatelystinixitrezo a temprsatuce uhesange of sbewl 260°C(te.apout Sb(111) or

Ti (| salts) is..still. desitab to achieve hi gh ol ecul ar i ght
pol(y\r:)er. The) c%@a?’ygfas‘f _Y?%@ ég%agﬂufgéi’}éhiﬂ‘\ﬁe?%%caﬂg’ﬁﬂf‘%éﬂﬁwegmi ght can
be addeg aft erc4thigsRiedfentii dipvhether 8RS liaeiis P& pblyntezeBasCAW SALHSRE! Y
charged with the reactants at the beginning of the reaction. Catalysts that

are useful foraR8imaikylirestershildgie catblystumay beengbded mitiptty withi thect |y from
terephthalic acid and t diols include the acetate or other al kanoate
ol 1o of Gt 1 RPN Ay Pa s sl THg SBE I 16T 7 8y 4

(where Ris a I ' i soi ubilized
oxi des of thegza@éhgé{7T%\%%%gﬁwz%gzﬁ%%ﬁ%ﬁ%%gggﬁ %ég%%r(‘) 0%%%%j i G net al

salts may al soltiehestedy addstiving aré cohbseedivd actufferierddinad gad $o an t he

preparation of | yesters is well known in the art. The reaction may be
carri ed%ut i rﬁ‘&ﬁ@é?té?@pﬂ%"b'é‘?' %”PFQM‘%'“? eempyal Eé@&@é‘r‘% Of $XG88Acti ce on a

| arge scal e, i L 1 : nd

i nternedi ate p’rreggﬁ%‘ttsg?%&%ﬁ%hﬁglﬁ ?%I&n%réggﬁgg%tfgg&%g\gp @?ﬁ@%ﬂ%‘feasi ng

t enper at ur es. waight festhe buitate ésrsmakihg falsritehpodaots. cat al yst may be char ged

to a reactor at roomtenperature and then graduall Y_ heated to about 285C as
b

pol ymer forms. The @Rlabsty hat maydhn veed inctule saiRé LbiCadaitMnoot Ry about
250C, and a Vagugh ! ée,tmTi, such as acetate salts and oxides, including glycol

25 adducts, and Ti alkoxides. These are generally known in the art, and the
specific catalyst or combination or sequence of catalysts used may be
readily selected by a skilled practitioner. The preferred catalyst and
preferred conditions differ depending on whether the diacid monomer is
polymerized as the free diacid or as a dimethyl ester. Germanium and

30 antimony containing catalysts are the most preferred.



90 desirably applied. Esterification to form

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

el evated tenperatures (between room tenperature and' about Z2Q8ventbet2bb2
under autogenous pressure}) and polyner is made at tenperatures in the
range of abowbo@ifG to about 15 285C under a high vacuum (| §$5,dddahyedd
Torr, preferably less than 1 Torr). The vacuumis needed to renbve residual
et hyI ene glycol, isosorbide and water vapdr fromthe reaction to raise the
nol ecul ar wei ght. A pol ymer having an inherent viscosity of at least 0.5
dL/ g, and 20 generalthe mpnbmeabouipo@itiﬁﬁodtHegpazlameloes ctedsepvied spacifihe direct
pol yneri zati on process, W thout su cHJent agl id state polynerization. The

progress of thélsﬁél%mefpf SRRGIBH SelS P! PECRESHEOWED BSES Whersed Paltialiy osi ty, which
is easily obser ﬁga%%tp@&"f‘% gpgtsfgg% S o ELSHAL feef@of_jﬁn%é%% stirring of

the nolten pon yrrerlza Ion ynmers can be made by

the melt condengatainerspsoctesas hdeficor duid fibottieshfibersgaad filméighe pblymercosi ty
of at Least about 0.5 dL/g, and often as hllgg as about 0.65 dL 3 or greater
wi t hout Bur t herwill generaiNhavamBGPames FOMRasHER iy thejwnsei af @porb@iss tarhi s

corresponds o g, FobOYeIRRL, 2002, %8&'8‘%& BT NSIRIREA0 s 7 ol ecul

wei ght that is y app cat ons products) .

Pol yners with |l%§frbid@hﬁ61@ﬂésVatﬁﬁmﬁggte%hwmw%@n@mm}ﬁt)asﬁofdeSl red, as
for conpact discs. OQther applications, such as bottles, require a still

hi gher nol ecul a&thwenglgtycommﬁim plpiy 00 t%EMe@féfeg'apw 25§/o tcs@ts@:ttﬁ de, and

terephthalic agjd havi SQSQ n t 0. 250t out
1% on & ot e SAarCs MRS B BefSidnk Aled RuiBie e iRmeiedet aBadl b,
solid sygte polywopsh é&hbl@nbaab%f@thdl nGIged) 5uBR lds NAlCyERhEZRM AR after
extrudi ng, cooling, and pelletizing, is essentlally noncrystalllne The

mat eri al can benethdeok dror-tbepottig tasins, ﬁ}ﬁfﬂléaﬂmﬁ{gﬂﬂﬂse{sc&e@pﬂi\aleﬂperature in
t he range of about . 115C bou Qr_.an t nded od of tinme (about
2 to about 12 HBRELESS aﬁﬁ%vq?ﬁgabgél%¢sp£qqu£§ BRNG al%aﬁpoduct can
then be heated togam{ﬁgr Qr&ﬁﬁ»’c &sae%@bﬂéseat@vé@o?% ttBeaHHi’llt %5 5) dh ael ght .

The process worKs best for low levels of |Isosorbide (about nole %to
about 3 nole %mollaebasnsewhbze t}b\elqm@nalrarmﬁlamcmcad et sTmag beainrlvydvmth | ow

| evel s of isosorbide, The al sg be talljze rior to solid
state pdPyneri féﬂ'f’@rﬁ‘ﬁ?pmh@%‘%gl'ﬁarg\?’%’ﬂc éc'pelsgpf’bé?' Bin?‘ ‘gdf) IRRIFOIG o

pol yesters whi }ﬁﬁ bfzation. Such sol vents reduce the gl ass
transition tenperat ure OWI ng for crystallization. Solvent induced

For apphcanons where it is desirable to have an amorphous
polymer, such as would be used to make transparent optical articles, the
amount of isosorbide moiety is in the range of about 2 % to about 30 % on

20 a molar basis, the ethylene glycol moieties are present in an amount of
about 10 % to about 48 % on a molar basis, optional other diols such as
1,4-cyclohexanedimethanol moieties are present in an amount up to about
45 % on a molar basis, diethylene glycol moieties are present in an
amount of about 0.0% to about 5%, preferably 0.25 % to about 5 % on a

25 molar basis, terephthaloyl moieties are present at a level of about 25 % to
about 50 %, and other optional diacid moieties, such as 2,6-
naphthalenedicarboxylic acid, isophthalic acid, 4,4'-dibenzoic acid, and
mixtures thereof, are present in amounts up to a total of about 25 %, on a

molar basis.



20 crystallization is known for polyesters and is described in U S. Patent
Nos. 5,'64,478 and 3, 684, 766, which are incorporated herein by reference.
The crystallized polyner is subjected to solid state riol y méNovaiben2tg2

pl acing the peltetized or pulverized polyner into a streamof an inert 25
gas) usual | Wa¥¥dtgen, or under a vacuum of 1 Torr) at an elpevraisesio7009

t enperature, above about 140C but below the nelting tenperature of the

pol ymer for a period of about two to 16 hburs. Solid state pol ynerization
is generally carried out at a tenperature in the range of about 190 to
about 210C for a perSade of thedsewdonpasitiomsap.euthase Havmgsisoﬁnbdje“etslgbéls 30 are

obt ai ned by heating the pol r, o abouyt 195 .to.about 198C for
November 2002 \WblefH 523 gfl@@'ﬁ@ﬂ%@w?ﬁ%‘ ligg § iey ar %dswlléf@mld

state pol yneri Ztﬁéé'n%a 8B tlef aﬁe atnfaealera@do%tm&kggeasamsfnpeggﬁge{%uﬁedL/ g or -

hi gher. 1t shou cour be apparent to tHose sKki e Art that

ot her addi ti vesutraye bmarpimduaiédmaymrbhmorasrdeaemﬂy ftompibe intélonis. geriteaie the
additives 5 include pI asticij zers; gnents; flame retardant additives,

particul &rly~, COSRAFENS dhaheanybe é?ﬂl’é‘PwéFﬁi“rter?’&rS}QWd?rﬂﬁﬁté@zeéLﬁh as
triphenyl phOSp{}fbtl)gﬂHgféer{gtI%F% tﬁﬂeﬁ%&:ﬁ%;o%lﬂ%ﬂsa:?o @LPRTs éé:g&,rt%lr rrrr‘%gg mal

stabilizers er rocessi ng

nodi fiers) fl owsnbarsitagticekliHat vaﬁamrtmﬂspatemgsmgemysaammatblacr ease
crystaliinity, and 10 the like. Qher possible additives include polyneric

addi tives i ncl wpalymsa&Yendnoughivey raay ke gxPpwid/igonditions sineieo wiie s,

ol efins includi I f| ns, polyam des, ethylene vinyl acetate
copol yners and tﬁ%é%g lé)%taclﬁhl S invention is further illustrated by the

fol I owi ng non-1im time LyrpLlyEserizkbofpPearise f Thepleabiiimuenfdeigul ar wei ght s
are estimated based on inherent viscosity ﬁ V.), which is measured for a 1

% sol ution (wt dascrammarmd pel ysirg eitherdigietid epleen.g.adimethghper at ure of
25C. The | evel nent [6 ressed as based on a
conpari son of tﬁﬁr ﬁ?yﬁ% r%?cq?'ﬁt 3\% Rme W%tcﬁic'a@is a%}grgi %S?&?' the
di met hyl terephyrhadat ®aits é\ﬁh‘%ﬁ&bh@ﬁ'c@t fﬂt@l)anaw@re%a@oﬁawhsc"rh@eaorfer I's
used. Exanpl e The follow ng polynerization reactants are added to a
4-liter are described generally below. These are analogous to the well known
15 processes for making poly(ethylene terephthalate). The usefulness of
these methods in obtaining high molecular weight polymer is surprising in
view of the disclosures by others who have worked with isosorbide
polyesters and in view of the generally held expectations that secondary
diols have low reactivities and esters of secondary alcohols have reduced
20 thermal stability. These two processes are somewhat different and are

described below.

Dimethy! Terephthalate Process

In this process, which is carried out in two steps, terephthalic acid

and the optional diacid monomers, if present, are used as their dimethyl
25 ester derivatives. In minor amounts, e.g., 1-2 wt %, free diacids may also
be added. 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 interchange catalyst, which causes exchange of



pol ymeri zation flask fitted wwth a jacketed Vigreux colum wth air
cooling, 25 a nechanical stirrer, and a water-cool ed condenser: dinethyl
t'erepht hal ate (780.133g), isosorbide (70.531 g), and et hyl Noveinpen2002
(531.211g). The reactants are present in a nole ratio of 1: 0.12: 2.13,
respecti vel wo obay@at al yst is al so charged and consists of M@f}uggg,@ tate
tetrahydrate (0.296g), Co(ll) acetate tetrahydrate (0.214g), an Sb?(fgl 1)
7 Novenber 2002 WO 99154375 PCT/ 1JS99I1 07809 -19 oxide (0.350g). This
corresponds to 85 ppm manganese (wei ght of netal as a fraction of the

wei ght of di nifehathylbRE epjtiohfrakhe methyl gromp 6Pl diinelnd e31drs Riolighrd | nony .
The flask is purged with a streamof nitrogen while the tenperature is
rai sed to 150(Canseasterdficaten ser@iononhis sraults irsthegfosmation of meteandand bat h as

avoruton of WoERASdR ok e Rt b S AT oBIS ool | et ed s ¢ he
reaction is fy g&%ai&%‘éﬁ b da0s8 2P theO¥RIchidiRethPYf s RfacBBR! Sorhawhsel ¥ 2

hours. By notin en t'he tenperature drops at the top of the Vigreux
colum 8§t is posstldretvomdteserfrithgdend glyenbarefdesirabiyt addesl asvedaianten,

i ndi cating th&ifinish of tp'e first step of the reaction, which is the
transesterifi PAtNS RS MACIANGE L3P di met hyl terephthal ate. At this point,

82 ppm of phosphorea{saé,}s‘isM%nb%bbh@egt@rmt%han@@tm%&r 'Lﬁuaryd .
e In~t . whi ch

solution in ethylen ycol . his case, 1.8540 of the solutio
has a concent acdtates) of thedfolBdying metalst Q0 CafMd.IMpoEZgpRbsarmbri ¢ aci d sol ution

is used. Heating, js continued,, reaction is heated to 285C over a period
of about 2 hoﬁ?@b'"@&@ﬂ%mqrgo‘gH&B’}gpmﬁ?%@ﬂ ﬁlefré?{#é{'tgrQHP)"a\YH& m tan be

about 2 h A G be
T owstt he- neatPe 1aM5pur PBY,YPREEARRL Fombblefe it eRelll TRLEed 0 o

time (about 1@ &vanrunt d0athauti 10gpprhits abborel 0wl éhefegtedchtatlises forl s of
and a | ow nol ecul ar wei ght | polci/mar forms, Once the reaction reaches 285C,
it is placed esgeintorebanas inclyde MasOAs). GPAGY BELANIARVheIPAGacuum
It is preferr I - r -Ehe nolten pol yner
i s heated undt (r:{hé%g ﬁ%@%%@éé%%@a%@u%@ﬂ%% &18;{%fl Tt-E’e pol ymer

achi eves 25 spbllytenddiisatioh atdlys 05 tHeydecanddedgs of thedebytion preferasige i n
torque of the stirrer. Wien sufficient viscosity is achieved, the

pol ynetd zat i ofib(IH) exidpp@ay berrpdasenaw gsrt the staref the pelyeerdrnsatiad bath. The

| t | i t || etj , , | | i d
from the r! ackiediy 75 PRdRSe ol NaBBsehalst 8 haionat] Bl BECASES P, for T o
| ai d out on apagéd!Bh e BEMN(IN &Y CvEl); alledsls ok abodt S UeabEIt RAP2 WO

99154375 PCT/ US99/ 07009 -20 nitrogen stream the polynmer is heated to 115C
over a peri odppin, éapbull besewerauaed i thedorm paMn({bhpestatatetrahydrad@ot her 6

h . Thi | | | f tjall tallize, t t hi
reatment, tnenggrlirediae PaneBi. ABoPLhEr HEpLE 4 Fedlsed) again
over apgeri odnpRfy dsdBHBedd t0 190-195C and held at this elevated

tenperature for "another 12 hours. This effects a solid-state polynerization
and al | ows t he nol Estérinterabiagbe is desirably brought about by heating and stirring

the 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

25 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 overhead
temperature of the reaction vessel.

A small amount of an additive having a boiling point of 170 - 240°C

30 may be added to the ester interchange to aid in the heat transfer within



to be significantly increased, as judged by the inherent viscosity (I.V.)
of the polymer solution in ortho-chlorophenol. The solkution I.V. of the
‘material increases fromabout 0.5 dL/g to about 0.7 dL/g duNowgmbée09al i d
10 state polynerization. The nononer unit conposition of the polyner,

det er mi ned PEHdHN NVR, is about 3% i sosorbi de 46% et hyl eRETHFPOB09 1 %
di et hyl ene glycol, and 50% terephthalic acid, all expressed as a nole % of
the polyner. It is noteworthy that the ahbunt of isosorbide in the pol yrer
is 15 approximately half of the anount that was charged, when conpared wth
the anount of thereatiiondnediuacand taRelpdetain vPRSilosmnaenaRis if timvessal t he

distillates, cially.in: o s of. 1.sosarbide in
t he pol yner bf)ﬁgﬁﬁngygpé'éﬂggs"“p ﬁﬂgtp%l‘%@??%ﬁ'gelﬁﬁ%ép 8%'2%%%}"?86@:@ y of the
distillation ooteth@wihesasials on difmeihgliterépitharteatieethdraturée bBlogcess. A 20
skilled practitioner can readily establish specific process details

accordi ng to t3P°Ehdtretarablysthecaddiiive hes adwding poidt greptardbamn704,ums, and

the Iike. Exanple 2 The fol.|ow,ng nono 1) ded _to.a 5-gallon reactor:
terepht Ral i ¢ dePEF pr§?-96§§‘}’9’8!h"iwb%mea%?{®1§t@g%%aﬁda@{?r‘ﬁ/‘l’% A% col, 25
3,808.5g. The 4 83Ghawesh 8bBHES BBtarid 1 GwiD) Snbrt prefdthibil bddwdén a%og:ﬁ,
respectively. Catal yst conponents are al so added at this tine, as foNows:

Co(11) acet at e0.2btandHyat %t of reacBabmixtarel Alprefetiedmdditeve iS. 103g. The
t al t t d t bal t. 7 ti ,
xpr ebsed as. (RGP IRalRDE. DlBREXFBAGS PROTR SRNePghear: TERM hal i
7 Novenber Zo%lf\é@g%%ﬁﬁﬁ%ﬁgéﬁé%%&%%h'ﬁ@v% Gre ﬁTé"&?criB%HﬁW.S.zat' on
wth a istillat

reactor is equippe racti onal ion colum and a Stirrer.
The reaot or i sPatenpé @995, thd cadentsaafvhitieare hereby incatporaded pgi g of
nitrogen pressure. The tenperature is raised to 265C over a period of about
five hours whifefeTBRe® reactants are stirred. The 5 pressure increases to 70
psig during this ti : i ; d of this
time period, the pr@s%‘?cgnlﬁs%tt%%yed HggEt"%@hsg‘z“’ﬁ@?gsemgﬁhg‘ﬁet hyl ene

gl ycol di stillpdiysundehsaticraedtatyst dhe atsmpesiringeagest faitheé ai ned at 265C.
Wthin an hour, the contents of the reactor are a clear, viscous nelt. 10
The excess pr danisestarificatipn catalyshr Pplyphaephericnddd is ap xampleodl af et hyl ene

| ycol ,and pol i Ld € J | i ed into
tg hg rea torl.o %%%g%?' Bé!saggﬁgéﬂgéégg@%wﬁ%egm"gﬁggp orngégé?ggtl {g{mpof |
phosphor ous  coggr ad0Wpihof peosphicatils pér grersfrtimbityl teraghtéialatdhgnr eactor is

t hen placed under vacuum while the reactor is heated to 15 the
pol yneri zat i onexashple ohapolycondgnsationtertatystisi antimgryr(libroxigga.evhishemayxcess

diol conti nue.bégg%éj%%{s{rrﬁtv?g%@gwm 8{)031 41&;%?%15 reached within an hour.

Pol yneri zati on I on continue f an additional 2 - 3 hours, at

which tine the torque sblyéditierishtio® Fed@ianlie ypicalyeatedcont ategl | evel . The
pol ymeri zation is stopped, and the nolten gpgmsr is extruded fromthe 20
i

react ord0 cool e¢npanatucshbspperhout?B8°Edp 286t usiegrthis tirsrathylene alycohe

| de i | e..1 bef l,id stat | i I | t
P oharent vi scoUpts R oh i E308% gER 0 siidnbali b G Brsainthtfe
pol ymer, det ert@}é;t?ﬁhaxtepf&f&ﬁm Mﬁne'tanafbyt;%bga%thyl@h@gwépaIWrﬁc@%i d, 50%

i sosor bi de, 3% yl'ene 25 gl ycoi, 46% “and di et hyl ene ycol , % Its
i nherent vi scosollegtedsas adiséilated further from about 0.5 dL/g to about 0.7

(é!(_g?ri)l gsil-ng t Pe7s§0 soé;/g S atse . rgléé/ﬁ{g}l?z ésifggegggg\?g%r&e?esmg@s used in
25 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(lll) oxide have been added. Alternatively,
vacuum can be applied after the polycondensation reaction temperature
reaches 280°C - 285°C. In either case, the reaction is accelerated by the

30 application of vacuum. Heating under vacuum is continued until the



Exanpl e 3 PCT/ US99107009 Purified terephthalic acid (7.48 kg)) isosorbide
(3.55 kg), and ethylene glycol (1.70 kg) are placed in a stainless steel
stirred reactor preheated to 70C under nitrogen purge at at7ruseher 2002
pressure. The 5 reactor is equipped with a packed distillation colum. The
nononmer conWYOSP/s43eh corresponds to a nole ratio of terepht hpdi/gsadfbddo

et hyl ene glycol: isosorbide of 1:0.61:0.54. The reactor was heated to 285C
within three hours and the reaction m xtlére was kept under a positive
pressure of 50-60 psi. During this tine) a distillate of nostly water is
col I ected fromokén poennaakeadheotieesidid molechizr waight! esmdiyabisgnigefches at

| east 275C and the terephthalic acid js essentially consunmed, as determ ned
by a cl eari ngPyenin@epsait hemait visepslty i 2 prarpeterained lexele dThisiés ger mani um
“(I1'V) oxide ca A IS ; ' [ gl ycol

(0. 100N Ge02 é@%‘%ﬁéednégéﬁjg‘g%e.as‘irﬁ'gﬂ?eg%ﬁ?%ﬁe;én&)%tdrrgﬁ? §H§@?p¥é§’pﬁ%r an

addi tional 20mbntainitireisy. Ahenisresswseodity dfiaeléamotsaﬁl.rgsahe@%@ﬁbll§/0 1-2 mm
of mercury for a period of 1 hour and an additional distillation fraction

i s col I®ct ed. upta abokrlr}89 dlfe of gEraterrMPO ackieved byithisde)t resin i s extruded

into a water bath, .cut | | 1.et [ i . _The resin has a
gl ass transi tP@P{"{eé'%‘i?rgg{?%gggw%fgbﬂ%ﬁ‘&ggﬁgﬂrs‘uﬁ'gFagﬁpgﬁ(g‘%@?[ yye Lo. 43 du/ g
(measured at 2@r 2&faih BompbsifonWarhesthb dedIbeuIaPweRdt caRbltih&Bhsed he monomer
conposition of the polyner is neasured by NVR as 49.5 % terephthal ate, 30.3
% et hyl ene gl fusthier by sotd slate polynelizsting) dercripeddelow.esi due, and 18. 2

i sosorbi de residue, expressed as a note % of the polynmer. Exanple 4 25

D net hyl terephthalate (10.68 kg), isosorbide (5.79 kg)) ethylene glycol
(4.88 kg), manganese (I|1) acet JRehikhafic AlidP@chiaced in a stainless steel
stirred reactor under nitrogen purge at atnospheric pressure. The reactor

i s equipped with aTpatdrephitasic iacldaprooas<is|aimmlar {bHbe wimetnyt conposi ti on
corresponds to a nple . ratio of dinethyl terephthafate: 7. Novenber 2002 WO
501 54379 PCTI BERNDAGELPIOsSSE e PR ALNGIBIE! PO AIAdeBRion teh3. 0 72 The

reactor is he ; 4Rl Fls&ﬁﬁh r hour and
to 265 oi/er t eggg&g lsﬁ%ﬁ?fjm&/?}rﬁ%@t I's %‘]%%Qdm%ﬁpﬂ@e{’ h%t? “{é@iﬂmst :Jy

met hanol i s cesteecikarhriiedout ditca pligikiycelevdtadipresiiute (autbgenianperessuree r eaches
284C, pol yphosphoric 5 acid is added to the reactor, The anpunt of

pol yphgspﬁgri 38 izl:i5 ﬁoé%a%fg%gf"@ﬁ‘facf%f 2 fyo-fRyd @P‘C%‘Fﬁ)%fpﬁiﬁllsoa§m"ltjﬂéf mani um (1V)

oxi de talys ) { 0 i i : 0. 100N
o001 T ety xeishi(@Bom 10,1885k 8o of Bld (Myore BBHL TSOMEBhg | - S00N,

1 nm of ner cubthepdiils,af pepiivdsed. Tne iltermedialhesterficdtionrprotiuétus e i s kept
under 1o vacuumfor three nore hours, and an additional distillation
fraction is cBixtde @plighmess: §iace BRheAAHAN dol isdrespddo ggneitea Af t er war ds,

r i 1945 H18C% BRbEAS . e
into poll cts SRachet keepHirafedtid “FicaiEs STt Wifledl. M Rlodfon °"

t enper at ur e otathf8Cisarstespahinehe eisterifisation taactibn 0. 43 dL/ g (neasured at 25C
ina1l5 1 % (wv) ortho-chl orophenol solution). The nononer conposition of

the pok§nmer is meadumobgopgenprtioncatolyst %-@-e_ﬁé)ﬂm Aaliiva salis) is sl et hyl ene
o1eb 155 o TS0 PGS G v TSl o

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 that are useful for
25 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(lil), oxides of Sb(lll) and Ge(lV), and Ti(ORY), (where R is an alkyl

group having 2 to 12 carbon atoms). Glycol solubilized oxides of these



Example 5 20 The foll ow ng nononmers and additives are added to a five

gal lon reactor, constructeg of 316 stainless steel, that is equipped with a
reflex colum, packed with stainless 316 Pall rings, dnd a7wavembeezdced
condenser: Di et hdgl terephthal ate, 11.65 Kg; isosorbide) 4.384 Kg; ethylene
gl ycol , 3. 720R¥5Bhanganese(l1)acetate, 7.02 g; antinony oxiPEEUSIFOWOAS g;
and 1, 2, 3, 4-tetrahydronapht hal ene, 125 m_. A nitrogen purge is placed on
the reactor and the contents are heated t/§ 250C within 180 ni nut es, then to
275C during the next 60 mnutes. During heat up, a distillate is collected
that consists maiglsalisimayalseme Usethehhe Hee pEHiasesndwthelsatabstscindse270c,

pol yphosphoric _aci.d._i i iggp';m "/ nmber 2002 WO 991 54375
PCT/ 1 3599/ 07003%653321%?“86@@%%@{%@ o4 mSNno'Tn tgﬁ%\s(-ghor ous. After reaching

275C, the pressure iTRsirggctidiemagant edried olsifulisteteOstdp, bumtieik igmoCUry over
a period of 240 m nutes. The reaction mxture is kept at this pressure for
240 minutes andegessedyi tinanastics e pllargescalead tmanbe sakied @dirglepsiase the 5

t t i i t 5C t t_ yi i d

pr odet ern ned M tEC S 0P dery st PRl bl faPTBRAEES 2 constant
agi tator speed @fct6Paf iRBledsiy tefferMMurdsS 1hid btdh \Wrédbs8l the0@abtahts anddr essure
of 60 psi and the polyner is extruded through a 0.125 i nch dianeter die

into a water tcetalyst Maebeehgrgead tota mpadtor et hasp peroperatwe emddbenet s and
dried in an oven at . 100C, f 0 rs. The. pol r is. found to.have a gl ass
transition of 8 Wgﬁaﬁ%(g@%lé%q%t%%cﬁéﬁqﬁﬂeg@? S'ojh%)éeiﬁé‘rrer‘ﬁ nute. The

i nherent Vi scogbhdl iNRRS vaRSE bNatbuPOOFORNEPSLt Z80°€55nd laSvddufity dlihgn The
pol ymer conposition, determ ned by proton NVR spectronetry, is 50.6%

t erephttal i ¢ adediratgy eppied. 17. 6% i sosorbide 15 noieties, 29.9 % et hyl ene
gl ycol noieties and 9. % di et hyl ene gl ycol iefies. le 6 The

fol I owi ng pol yreri z&Stesifica %%i%ﬁl@n%{?@'%ya’a@&vr&%ﬁ‘&f t%&é&’qpﬁéﬁﬁrﬁﬁ'i'\dcapaci ty)
Hastal | oy B po g&lh g@{.dl £achiWedditd 1 N iMs, Hastall oy B)
wat er cool ed rQ‘ uxbco 5%’% p%ackeaar%\n&étt% gg%%@s@s@%eﬁeéﬁ%@, a stainless
steel helix agitéraperataie ariccabouwt 288X E€rte 266t @ dndendetogenownprelsguieg ssnd

di met hy( terephthal ate (78.02kg), isosorbide (15. 42kg)é and et hyl ene gl ycol
(49.90kg), whi ERIYERRIEMAsieat leFReralyres indpe range af akpld@75°C tpabdule cat al yst

i s al so,charge LSt [ t 5 (£9.579),
Co(11) B orar ﬁ?§f“?éﬁ‘§§?§?ﬁe@2 %C.‘Jz\@é)(',&%ﬁfi‘?‘s (??'ﬁ) p%%ré@@%@g%\gxa)f Thi s
corresponds t o T8%r) pfienacganes mepded gbitemnbvermdsiduahettyldrieagiycain of t he

wei ght of dinmethyl terephthalate), 90 ppm cobalt, and 375 ppm antinony. The
stirred react ofSQSSURIBRRNAWRETF YeRPRiAm the mackianifaiss WadB@t‘)?CMﬁfl e the
tenperature is ',ged to 250C over a period of four 7 Novenber 2002 WO
991 54375 PCT/ U 7009 -25 hours. The reactor is jacketted and uses a

t enperat ure control lrAeghlytet havinglapoinhsiest eintesityeoflat kiasn0.5widiguand Met hanol
is continuously collected as the reaction is heated above approxi mately

150C. B30 not i ngenpenlytupetorahigsi Ofudldamans aghievad bypthedlirache packed refl ux

“ndicat i ng ¢ ho PppARaizayPn drptast BiGytotsPafed sl SIS RonfifARe™, e
transesterifi cahieqitogfessitt thié poyniitatibaBAmBE foiRIwRRNBNMeahelt vi%tcos#gy,s poi nt,

77 ppm of phosphorous is added in the formof a pofyphosporic acid solution
in ethyl ene gl ydich isleasiliobseased bylthertarqut thalds sequitsdde, maintaim stiamga
concentration of ,10. 9?.( g P . per 100g of

of the molte pol)})mer.

25 Solid State Polymerization

Polymers can be made by the melt condensation process
described above having an inherent viscosity of at least about 0.5 dl_/g,
and often as high as about 0.65 dL/g or greater without further treatment,

measured by the method described above. This corresponds to a



10 pol yphosphoric acid solution is used. Also at this tine) the nitrogen
purge is stopped. Heating is continued. The reaction is heated to 285C over
a period of about 2 hours. Vacuumis then gradually appli et NeSémbers2002

m tivane vacuum punp with 20 horse-power blower. The attai nnent of full

vacuum pr |l ess than 1 Torr) takes approxi mat el I ing 15
o iR 'stills o 1 Rttt 1

this tine, ne glycol distills oft, and a | ow nol ecul ol yner
fornms. The m)lten pol ymer is heated unger vacuum at 285C for about 2 hours,
until the polynmer achieves sufficient rrel t viscosity, as deternined by an

increase in r s achi eved,

t he pol yneri m%;{ﬁar%elgpgthég &ﬁ{a le eﬁﬁr (g)‘rﬁbiﬁgﬁng ég“lo%e({ hr ough a
heated die abrd&&téyotptcﬂymer“éhmmmmmémﬁsccgﬁt'mm @lgo beshadadf t hat when
cool ed through imrersion in a cold water trough can be chopped into

pel | ets. Thedpsirsdnas fpecompactiscsdr PR@r apelicatigns. surheas betdes N@adr um heat ed

to 120C. The cool ed a Qun The 25
sol ution i nh&®HE @F@Elaéﬁg{,m()fec\y?w&&?t (9%&’ Q%’éﬁs tgﬁgﬁg(ﬂ_ ' The
monomes  uni t jGRRGSS td meeépmmldaé&wnamngdﬁsémuawaménwm%maN&@ is about
6% i sosor bi de) 42% et hyl ene gyl col, 2% diethylene glycol) and 50%

t er epht hal i c 025%l to aboufemmm(é@ basigwhay havst theitanpletylaeweight i s

nal 1 of the. AiFseARec MARST by Sl ST PolkERreag, O Rt ed® by RBermer
2002 WO 9915?3% ggﬁéﬁga%é?@%dmé%éﬁﬁ\‘g”bn@fpell@l'iﬁrliﬁ‘tlé‘é’séént%‘ﬂg‘il\onunreaCt ed

i sosorbide i in the distilTlates, especial in the ethylene glycol.
The anount otnjstaikira. bTId@mahemai@apdie,nmredeby:nn-lcn@tqjhmmbssheahng;ltlte avery

dependent on the effici of th J tion. or er se t| on et hods

that e ueetpmehie R Trstderaoout T15¢ B i rgtedoian skieaden =,
tablish t f th

Feactor i SBFNPY Bl BB L T e R A S ol o

i's prepared thataha\/ﬂpochjcnnhmthdmbéhaatekjdofa mucle pighteh &emperatmrel torraiseact or (5
gal ui val ent ratios are also

t The 10 t
changggx: nwgnﬁrgé%%ﬁ:éf é’if)é’jigétseﬂtf‘opﬂﬂ?r‘%s W$%9§é1 lf@'g%’r levels obiseserbide osor bi de.
o AT s o RS RIPRI RS 9 6 Akl 38k) v ﬁé@éﬂe%eg)?iy%gg& and ethyl ene

egcoI (4,88 whi ¢ correspon sto a 72:1.43 are

chargesl to tkeystalidsanoieeasilyiwiti law leaslbiodisossrbigé.ore al ong with the
catal yst consistin g of Mh(l1) 15 acetate tetrahydrate (4.76g), and Ge(lV)
oxide (4.fi6g). TANS P@bf’?@s'ﬁéhé§QQﬁ eystaizedpaepimeall $1al8 ght of netal as a

The. ger mani uleBaaHen B fSathRAtYh 2Bk AT R0l bofBth BPRoBRRFE e o1 ycol
(0.100 N GeOxyHich Rubyéeosseiliizatbn. Shckeblientyredlico the glass pladsitonaci d in
et hyl ene glycol is
temperature (Tg) allowing for crystallization. Solvent induced
20 crystalfization is known for polyesters and is described in U.S. Patent
Nos. 5,164,478 and 3,684,766, which are incorporated herein by
reference.
The crystallized polymer is subjected to solid state polymerization
by placing the pelletized or pulverized polymer into a stream of an inert
25 gas, usually nitrogen, or under a vacuum of 1 Torr, at an elevated
temperature, above about 140°C but below the melting temperature of the
polymer for a period of about two to 16 hours. Solid state polymerization
is generally carried out at a temperature in the range of about 180° to
about 210°C for a period of about two to about 16 hours. Good resuits

30 are obtained by heating the polymer to about 195° to about 198°C for



20 added in a simlar way as before) in this case 9.6nl) which has a
concentration of 3.45g P per 100ml of pol yphosphoric acid solution, is
used. The polynerization proceeded in a simlar fashi on as7 bet@nber 200pever,
the resultant finished resin did not achieve the sanme inherent viscosity
within the WOAM/4Y¥Fme. In this case a solution I.V. of 0.42BCTASI7@E
observed. It was al so observed that the nononer unit conposition of the

pol ymer, determined by proton NVR, is abd8t 13% i sosorbide, 34% et hyl ene
gyl col, 3%diethylene glycol, and 50%terephthalic acid, all expressed as a
nmol e % of the gbytridyhourae Thig enld state palymetzation mayrpisedbé ovharentsonewhat

|l ower in this case.tganbgrggi 0 sll y E)b erved but 7 Novenber 2002 WO

991 54375 PCT/ U460 Y0800 BI/ar SIGNEE. of i ci ency of the differing
reactors rather thagshhadpsf dlise BEISppdréAt) MoSe el i trid S MR IcEhd:S
prepared in a way simlar to the first except 5 that a larger reactor
(100gal) equi ppdditived mag betiacinbed sn theeprlesantcdamposibenst Theser additivesed. The
mononmers charged are such that an |{sqsorbide content in the finished

pol ymer Boul d BEluBepipeikersiaments: fme relrat aqaivas paricuisor bi de woul d

be distilled o I ng: I i L ethyl terephthal ate
(197I kgl) ) sosozr’%?%6?@9@%%@5%%%%p%y?@ﬁgégﬁ%%fé% %5 kg) gl ong with
t he cat al yst s: trighehiphespiaié ereirdorciity dgents, fuch ds glass @ibétst )heraed at e

tetrahydrate (54.1 g) and Sb(I]l) oxide (88.5 g) are used. This corresponds
to 82 ppm mangdiabiigerssyitiayigletdiohh stpblizerspracepsing aidh. drpactusediietshe sane

anal ogous. vay TaVEppangAd SRS RidE G MORTITIRIERE ciefbl.cid o *"

et hyl eng gl ycoihd likeacdier pussiblchaiditB@spneiuaé pBlyntericsadtiivessaguemiger t he
transition netals after the transesterification step and before the
pol ycondensat i @roEeraUiduicherysiah pelyaryss diupronelgmess. wiefingdndudingreyctic al so

simtar to the i ; Pal r el l.etized to give
clear) colorl egl%ﬁﬁ%ﬁoﬁarﬁ@%%%ﬁy&n e\%{@gﬁb%’ﬁé%&gﬁ%gggﬁﬁﬁ *”?ﬁ'o a tunble
dryer and under a stThigdiledttioniié fagRn iliustracat By tHeofoldwiRgaysi-liritRgr i od of 4
hours and then held at that tenperature for another 6 hours. This all ows

the pol ymer toexamplesl |y crystallize. After this treatment, a vacuumis
applied to the tunble dryer ulitnmatel é %ﬁﬂ!lg‘” ng a vacuum |l ess than 1 nmm of

Hg. The'heat | ng i s 25 continued and r maxi mum of 213C. It is then

held at this el eva_tmeP@Wﬂ@r&h@é@uﬁaam@m@b% eSimaeBrsRsed®nShierbt hour s.
This effects a solid-state polynerization and allows the nolecul ar wei ght

to be signifi ceacosityi(h¥r)ewbid is measwigedobg i%hsolutnar(whivolumseosfty (1.V.)
of the polynmer _solution in ortho-chl qrophenol. T, utjon I.V. of the
mer a7 NBOUTSGIT SshPreh et &3 e b eh Soo ks VBis s sadist { om
about 0.5 dl/0cb@MpBREMS dfe ExfilesdelUdd Bom BEsSPbh b crihatidoR! of TRE Wedton.
Exanple 9 This polymer is prepared ina simlar way to that for anple 8 5

except 2that t hef theounetat with tieé aleightef eitbarihgatimethyb tefephthalatesul t in a resin
with a sonewhat increased i%osor i de caontent. Thus, t@h(ﬁ only alterations
e

are in the anolffePhalicadd, gerrNaing PR ich mogpgner s ys amount of M(I1)

acetate tetrahydrate catal yst used, 79.2 g corresponding to 90ppm Mi(I1l)
cal cul ated on the sane basis as in the above exanple. The

Example 1
The following polymerization reactants are added to a 4-liter

polymerization flask fitted with a jacketed Vigreux column with air cooling,
25 a mechanical stirrer, and a water-cooled condenser: dimethyl
terephthalate (780.133g), isosorbide (70.531g), and ethylene glycol
(531.211g). The reactants are present in a mole ratio of 1: 0.12: 2.13,
respectively. The catalyst is also charged and consists of Mn(ll) acetate
tetrahydrate (0.296g), Co(ll) acetate tetrahydrate (0.214g), and Sb(iii)



10 transesterification and pol ycondensati on are repeated as has been just
descri bed. Also, the finished polyner is pelletized, crystallized, and
solidstate polynmerized in an identical fashion to the prevy dissemsanioe.
This results in a polynmer with approximately 3 nole % i sosorbi de content.
Exanpl e 10WO9B7§ exanpl e descri bes a bl end of isosorbi dercyos®ionecag
polymers with nucleating agents and gl ass fiber. The purpose of nucleating
agents is to increase crystallinity and9 hereby inprove the thernal

resi stance (heat deflection tenperature) of the blends. The pol yner of
Exanpl es 6, da@xidarid.380g).eT keotdespbodetddd ppint mahganasecwaightng nagent- sodi um

20 bi carbonate (Al dric and. gl ass.fiber type 1 PPG, Pittsburgh, PA)
usi ng the LeRS@(f T%CZ‘OBPE}'RF w;@mipwg@a@@%@tqﬁ@) @?53 pé’é’i“g{bﬂ&nqﬁ@ Then,
the bl ends a &?EDJT nol di ng
machi ne as d%g%kpgg%t‘t H?@‘a%m#%&@éalvﬁﬁdé %éﬁgrb?@nﬁp (fga c) are
heat treat edtHenteaiperatare astramctoftﬁwem\,ranamemd o:tbn@hmmalmatlons and

results are sunmari zed bel ow. Novenper 2002 WO 99/ 54375 PCT/ US99/ 07009
-29 Tdble 5 wdﬂsq*mapéﬁat%ﬁﬁdm}rﬁgo@ﬁmueh(m g‘h@m% dHpPgen BERanpl e

iggg)éir{? l?,?oé @gﬁr-&%‘%%%g%@’r?ﬂ%%%&%ﬁﬂeé@@: Mehandl 13030 0di um

bi car bonat eOcd@tirtdud 86tednsy the reaction is further heated to 250°C over the
nmodul us( Mpsi )i . 191. 2 261. 28naD638t ensil e elong @

bk(% 1. 941. 86aurse Bf ggnmggte@hg ihogirs. By noting when the temperature drops

(151 b) @oco hdb 3651 e vitqueERIEIRR oihie F fetormine e p8sf @ max. 1 oad

(200 ?@63052%%6%%63%&15@%?&% fivisk of tHeARE! &igp & Wréa@ﬁ&\
(-20C) 314302294nanab3763Mul ti axi a g}))act | oad{ | b) @ max. | oad

(- 400) 315321 nbinhdn dmsirerpestelificgtion qf qst@a*andsmnemyl ter¢phthalatee Ahder st ood
D e ooN BaE o MRBhR DT Boddd BRI, "%t )
this inventi ggiybRogiHoricadi®sblagsh deditdfere diyddtdid Mis case, 1.854g of the
solution, which has a concentration of 10.91g P per 100g of
15 polyphosphoric acid solution is used. Heating is continued. The reaction
is heated to 285°C over a period of about 2 hours. Vacuum is then
applied. Alternatively vacuum can be applied gradually after the
polyphosphoric acid solution is added, which allows the heating to 285°C
to proceed faster, and thus requires a shorter time (about 12 hours).
20 During this time, ethylene glycol distilis off, and a low molecular weight
polymer forms. Once the reaction reaches 285°C, it is placed under
vacuum if it has not already been placed under vacuum. It is preferred to
achieve a vacuum of less than 1 Torr. The molten polymer is heated
under vacuum at 285°C for about 2 hours, until the polymer achieves
25 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.
The molten polymer is extruded and pelletized, or the cooled
polymer is removed from the flask and ground. The chopped, ground or

30 pelletized polymer is laid out on an aluminum pan in an oven. Under a



15 the enbodi nents di scl osed herein. WD 991 54375 -30 What is clained is:
PCTI US99/ 07009 1. A nethod-for making a pol yester pol Wrer conprising: (1)
conmbining in a reactor a nononer conprising a terephthal oyl7 Nevesibér 2002
optionally, one or _nore other nononers containing 5 an aromatic diacid

moi ety; a noN9MEP*3dnprising an ethyl ene glycol noiety; a noRfdiHey907009
conprising an isosorbide noiety; optiona&éy, one or nore other nononers
conprising a diol nofety; and optionally? a nononer conprising a diethylene
glycol noiety, with a condensation catalyst suitable for condensing
aromatic di acini§oggiisiieameolne Pojymenis heatedind i n§ Q' pefirshelr4hauws sai d
catalyst to at |, &) ' 1. s into a
pol yester pol r %é\%ex%§5®%F{eéarﬁ?&{yg#rtggﬂf%@{gg{éFﬁg}]r}?iﬂls!ggg%rheene gl ycol
moi eties and igghaREPfiske IpAtibBscrysaizel Raitits eatrhed, tre seyhbniged for a
sufficient time to yield 15 an _isotropic polyester having an inherent
viscosity of dilaceshista sherm b n¥sanr andhesterdeagqin syens pgrad of 4 hours,

{emper abur e of02Se 1515° AR M B il ¥ER AR el ot PRGIREY a2neles

process furthernjsnetattes sslidstdt pofimediationand mbes dhe hitteiardvdignt | ng and
the 20 concurrent renoval of by-products by distillation andl or

evapor ati on. 30 bEngigmiécanly inereased ngs jusiger diyrihe inharentaliscosiy d-\irbabmer
accordingt o ra e st Sk PrERPeh TeCe AiGY oTB%, roved whi f e
sai d mononers pglefERlcdasedrom abbet 0BtdI9¢ tAas8ND. NALIPAGARY teSoligher ei n
sai d nmononer
10 state polymerization.
The monomer unit composition of the polymer, determined by
proton NMR, is about 3% isosorbide, 46% ethylene glycol, 1% diethylene
glycol, and 50% terephthalic acid, all expressed as a mole % of the
polymer. It is noteworthy that the amount of isosorbide in the polymer is
15 approximately half of the amount that was charged, when compared with
the amount of terephthalic acid. Unreacted isosorbide was found in the
distillates, especially in the ethylene glycol. The amount of isosorbide in
the polymer by this process thus is very dependent on the efficiency of the
distillation or other separation methods that are used in the process. A
20 skilled practitioner can readily establish specific process details according

to the characteristics of the reactor, distillation columns, and the like.

Example 2
The following monomers are added to a 5-gallon reactor:

terephthalic acid, 8,638.9g; isosorbide, 911.9g; and ethylene giycol,

25 3,808.5g. The reactants are present in a mole ratio of 1: 0.12: 1.18,
respectively. Catalyst components are also added at this time, as follows:
Co(ll) acetate tetrahydrate, 1.825g; and Sb(lll) oxide; 3.103g. The
catalyst amounts correspond to 50 ppm cobalt and 275 ppm antimony,

expressed as the weight of metal compared with the weight of terephthalic



7 Novenber 2002 conprising a terephthal oyl noiety is dinethyl

t er epht hal at e. 7 Novenber 2002 WD 991 54375 -31 PCT/ US99/ 07009 6. The

met hod according to Caimb5, wherein nethanol and unreact e NoOwROIBRE 2002
removed whil e said nonaners polynerize. 7. The nethod according to Caiml,
wherei n sai WPMIGdHSs further conprises adding an additive tpcsas®/opiocess
to help retain volatile 5 conponents. 8. The nethod according to Claim7,
wherein said additive is tetrahydronaphtXdal ene. 9. The met hod according to
Claim1l) wherein said one or nore optional other diols are selected from
t he group consicit i Tige pdlysderiphtion reattras kglipped glithcofractioml iistifiatiend

al i phatic glycols having fro -12 carbon atons, and having. the enpirical
Formii & HO G PRUTRRENIAGHEER TEe SrAGAF Bquroed Biin3niogenpad heh ciose
trans-1, 4-cycl ' tw- X o fid gl ycol ;
2, 2- bi s[ 4-(2- H@Qggg@@?ﬁ@y phenny?‘?ﬁi|cs)lrmlc€;';(')a-I;HeE';et%nw}é%ﬁ?é is it 2652

1, 1- bi s[ 4- ( 2- yer axypeadbd of phottcinig faurs Wdtile the ecac®artis lairs [strréd- Mhdr oxy 15

et hoxy) phenyl Jf l uorene; 1,4:3, 6-di anhydronmannitol; 1,4:3,6-dianhydroiditol;
and 1, 4g anhy d PERTSH@ McreAses s 7 Ommria 3@?‘% 15, bE6y 85 ﬁétec"g’céi‘%ﬁ‘ tAkes wher ei n

sald one of MyseOPhd A8 EndYr s tILHBI 1k BRIsdarPRehRiLBLEM bm the

group consisting of 1sophthalic acid, I car boxyl I ¢ aci d,
2, 5-t hi ophenegiskarWaletland &Bylene dlycd) Gistilafioitheaaactbr al hexginperaigied)
2, 7- napht hal enedi car boxylic _acid, and 4,4'-bibenzoic acid. 11. The net hod

according to @ maiﬁtqmem&?éﬁ?f?sMvimifhgﬁéi%r»sthaicentqm& obtbe reRctR@®Bs such
that said ter%pé}jtr’h\%g&ds rﬂBft.et I es are present
10 The excess pressure in the reactor is then vented. A solution of
ethylene glycol and polyphosphoric acid (3.45 weight % phosphorous) is
pumped into the reactor. This corresponds to about 50 ppm phosphorous
{(weight of phosphorous compared with the weight of terephthalic acid).
The reactor is then placed under vacuum, while the reactor is heated to
15 the polymerization temperature of 285°C. The distillation of water and
excess diol continue. An ultimate vacuum of 1 Torr is reached within an
hour. Polymerization and distillation continue for an additional 2 - 3 hours,
at which time the torque of the stirrer reaches a pre-determined level. The
polymerization is stopped, and the molten polymer is extruded from the
20 reactor, cooled, and chopped.
This polymer is nearly identical to the polymer made in Example 1
before solid state polymerization. it has an inherent viscosity of about
0.5 di/g. The monomer composition of the polymer, determined by proton
NMR, is as follows: terephthalic acid, 50%; isosorbide, 3%:; ethylene
25 glycol, 46%; and diethylene glycol, 1%. lts inherent viscosity is
increased further from about 0.5 dL/g to about 0.7 di./g, using the same

solid state polymerization procedure as was used in Example 1.



in an anount of about 40 nole % to about 50 note % of said polyester, 25
one or nore optional other aromatic diacid noieties are present in an 7
Noverber 2002 WO 99/ 54375 PCTI US991 07009 -32 anmpunt up to aiNowember 2a02e %
of said pol sai d ethyl ene glycol noieties are present in an anpunt
of about 10Wn§f’92§4%5t0 about 49.5 nole of said polyester, di QGHEHEH ycol
nmoi eties are present in an anmount of about 0.25 nole %to about 10 nole %
of said polyester, said isosorbide 5 noi'éties are present in an anount of
about 0.25 rmlg %to about 40 nol e of said polyester, and said one or nore
ot her diol noi re present in an anount up to about 15 nole % of said

pol yester. 12. Theﬁlﬁ?ﬁ@@@er@&ﬁﬂfaﬂb%d(‘?ﬁf?@)msje%ortY)@@((‘}'SB gyléhdrmnormrs 10

are included in ambunts such that said terephthalo noi efies are present
in an anount atthyboetlydsl (rhﬁ(bkgx)aare mmmtm&ostaw%@/steél saied patipest er, one
or nore optional other jacid noietjes ar SPresent i n_an anount up

to about 5 nolRseb /@%ﬁdé%gg %PQ%&?'&P?GEQPEH%?W IO PEISSHER efP@s are
present gin an ?ﬁapene&{; 1%‘3\/1&9 14 kBd GidifafRPLbIufth. %H@hﬁn&ﬁ}%m sai d

pol yester die es are present 1n an anmount of about
0.25 ol e % t oatpusition omteSp%d& tcsalmblpmbty(eetterepmahld: agdsethylate noi eti es
are present in an anount of abog 25 nmole %to about 30 nole of said

pol yest er, and@¥okeisogpibide gl E'PIQQSO afte Thedsanior Wasitaed eS8 e wehibout 10
ol e % of sai gppgy AR Bhd tﬁé’réa?tmf)mﬁxﬁﬁé Qe R Aher bng ,pbgmg @ébgsﬁsopwt her

conprising increasin ecular wel of "sal id state

pol ymeri zat i orp0- Mpsﬁ Feurires mnmecaﬁwtmgtetm nﬁbﬁlynwéiér sswtweetea fﬁcﬁhd solid
state polynerization conprises: 25 a) crystallizing said polyester by

heatind0sai d e pasked caldma. tAfiasdhamaltlemparatere sergbestat lgastR73%GC to about

transi 11 on' 1 erie BEAFEPBATR Sl sbde il R, &0 RINFER 08, Pon: *and
7 Novenber 20QReaMRAGO R4 Addctiod kit USRBAGEA0 felehséreahd BerahidnPOVyest er

under vacuumor in a streamof inert gas at an el evated tenperature above
about 140C butoxists eatalyR(3n@f 8) isgddedas asaludonin sHiyiEneqptolé81180Nt o yiel d a

copolyester haé’éﬁge r)‘/léﬂ%%ﬁ)?(:%?eﬁlhérgggét%rﬁtm&ltusr%% ‘stisfed for an additional 20

15 minutes. The pressure in the reactor is reduced to 1-2 mm of mercury for
a period of 1 hour and an additional distillation fraction is collected.
Afterwards, the reaction product, a viscous resin is extruded into a water
bath, cut into pellets and dried in an oven. The resin has a glass transition
temperature of 116°C and an inherent viscosity of 0.43 dL/g (measured at

20 25°C in a 1% (w/v) orthochlorophenol solution). The monomer
composition of the polymer is measured by NMR as 49.5 % terephthalate,
30.3 % ethylene glycol residue, 2.0 % diethylene giycol residue, and 18.2

% isosorbide residue, expressed as a mole % of the polymer.

Example 4
25 Dimethyl terephthalate (10.68 kg), isosorbide {5.79 kg), ethyiene

glycol (4.88 kg), manganese (I{) acetate (4.76 g) are placed in a stainless
steel stirred reactor under nitrogen purge at atmospheric pressure. The
reactor is equipped with a packed distillation column. The monomer

composition corresponds to a mole ratio of dimethyl terephthalate:



5 15. The nethod according to Caim 14, wherein said heating step (b) is
carried out at a tenperature of about 195 to about 198C for about 10 hours.
16. The nethod according to Claim 13) wherein said i nherent7 Noveaher 2§02 S
increased to at |east about 0.8 dLIg. 10 17. The nethod according to CI aim
13, wher ei nwewgkapal yester conprises from about 0.25 nole %pbp RR04Heol O

nol e % i sosorbide noieties. 18. An isotropic polyester conprising

t erepht hal oyl noieties; optionally) othes-aromatic diacid noieties;

et hyl ene gl ycol nnieties 15 di et hyi ene glycol noieties; i sosor bi de

noi et i es;  andetQRiNeAPddIisosuBides of PN &320.721 THelleablr & hestedWhenero sai d
pol yester has an inherent viscosity of at |east about 0.35 dLlI g when

measur ed as awmhl%tbm rgmr slel Atoverdhatnexhhesr and & 369 9@%”(*@8 riext

Secor o e kod R B lntaina F e EBRABRs SoPdistiT R, « o
about 50% of &@aaa@a%mml AYter Y Rinhssrafid r@aéwésaéwt BB!ybﬁo@&%ﬂc 10 nol e

% of said one or nore optional other aromatic diacid noieties.
99| 543% - 34 Zcitdy edted toemxezreaomu%@mm d@olyptespboric agilds pol yest er

Fer epht hal i o SEWSASPL (0 T SHrERSBAPF o ao AN U V) @ SRebsbol yester
according to ¢ a5 ;'sgadd’gﬂeéseé '%oﬁﬁ‘sbg in ethylene glycol (0.100N GeO, in
ethylene glycol). The pressure inside the reactor is now reduced to 1 mm
of mercury over a period of two hours. The reaction mixture is kept under
10 vacuum for three more hours, and an additional distillation fraction is
collected while the temperature increases to 285°C. Afterwards, the
reaction product, a viscous resin is extruded into a water bath, cut into
pellets and dried in an oven. The resin has a glass transition temperature
of 106°C and an inherent viscosity of 0.43 dL/g (measured at 25°C in a
15 1% (w/v) ortho-chlorophenol solution). The monomer composition of the
polymer is measured by NMR as 50.1 % terephthalate, 33.5 % ethylene
glycol residue, 2.6 % diethylene glycol residue, and 12.9 % isosorbide

residue, expressed as a mole % of the polymer.

Example 5
20 The following monomers and additives are added to a five gallon

reactor, constructed of 316 stainless steel, that is equipped with a reflux
column, packed with stainless 316 Pall rings, and a water cooled
condenser: Dimethyl terephthalate, 11.65 Kg; isosorbide, 4.384 Kg;
ethylene glycol, 3.724 Kg; manganese(ll)acetate, 7.02 g; antimony oxide,
25 4.18 g; and 1,2,3,4-tetrahydronaphthalene, 125 mi. A nitrogen purge is
placed on the reactor and the contents are heated to 250°C within 180
minutes, then to 275°C during the next 60 minutes. During heat up, a
distillate is collected that consists mostly of methanol. When the reaction

mixture reaches 270°C, polyphosphoric acid is added in an amount



5 ethylene glycol noieties are present in an anount of about 10 nole %to
about 49.5 nole % of the polyester, said diethylene glycol noieties are
present in an anount of about 0.25 nole %to about 10 nol & BPvEMhea;2002

pol yester, said isosorbide noieties are present in an anmount of about 0.25
nol e % to abwotysdgs7pol e % of the pol yester) and said one or moreswhohme 90
diol noieties are present in an anount up to about 15 nole % of the

pol yester. 22. The isotropic polyester addording to Ci aim 18, wherein said
one or nore other diol noieties are derived fromaliphatic alkylene glycols
or branched al gghrbieht @ 264! mghldphasphiarous 3Afier czadbing 2791 thed having 15
the empirical fornula HO C-H2~ OH,  where n, i n in{;e er from3-12: cis or
traps- 1, 4- cycl oresefefsiHa heferctor 'Srﬁegf’ﬁ?%éo 3?@?‘&9, oY RYFEAPEGPY ol -

2,2-bis[4-(2-h y i % t thi for 240
T b1 o 4- (2 nyuPA0SEDREE, TRSRYRAGH RPANG io kept at this pressure for
9, 9- bi s[ 4- ( 2- hygrateseitioxy xodidoya!distilatecinaction, i4 callécied mtyigrtoaanni t ol ;

1, 4: 3, 6-di anhydroiditol; or 1,4- anhydr%r%t&ri toL.. 20ﬂ.§,3. The i sotropic
pol ye;s_teSdQCCQSwnngrzttpre@éalﬁ?qg) ?%&-fe ard r%ﬁ?'gv‘éfo rr_ffZG ¢ 8nal ot her
aromati c di aci ieti i intai

2, 5-furandi car 196%?'1‘38“@%93&\%4@%%‘?%8r?rgﬂggltté:lg@borxéwﬁd gcgi d,mtam .

2, 6- napht hal en%ingpgr@gggétbﬁsp@n%diof 20 mprnAthktreatten exdiilleanbitix pitiogeado d, or

4,4' -bi benzoi c acid. Novenber 2002 WD 991 54375 PCT/ U§9a§g,7009 -35 24.
The isotropic poeyasesf 68gshand the pelymeaisepidegHarign 2 8 EphiPRlI oy

noi eties are present in an a f | & %t nol e % of
sai d pol yester ,d(?g@pipr(ggq |n6%3{w%€¢1té$u%rfg?n§% Pé@gﬁga?csﬁrgﬁ%lggﬁ Pg%lé%rﬁ]gopr esent in
an anmough up t g, ARUANPAEY B dh Blersai 10T fesi0aiours. Taepotirhw iedeurgd ycol
noieties are present in an anmount of about 10 nole to about 49.5 nole % of

sai d pol yest er ,todmve aigleshirhesitonbf ¢t b7 Grwhenireeasyyred gt adwating satgrPfarount  of

about 0.25 nole %¢to abou nol e % qof . sai Y- T o rfi de

moi eties are pr&@n’t‘erirﬁ'"éfﬁ?'as%%ﬁﬁeﬁnqé’bsé%tsg\ﬁgégﬁlﬁ%g lra/oofdg{l%ggﬁgﬁ@é? mol e %
of said polyestg L% Otrhehoflintdr dophsiditesh, Hetarhendd B Rétoh NMR anount
up to about 10 %Dpé?%]g'gﬁ%sa d polpygvster. 2‘? The i sotropi cﬁg’ol yest er

accordi ng to O gientdmetwyhisi.6%sterephthalisracid sroietinset! 7 & dsasodlifieved from
ci s-1, 4- cycl ohexanedi net 0 transl,4-cycl ohe i m xt ures
t her eof .1526. TH@OI%@ﬁr%ﬁatggEﬁhj% %IVCQJEB'%ﬁ?ESnﬁgr%/‘l’a?rﬁﬁtt@g?gﬁ%gg bn said 15

opti onal ot her %i c diacid noieties are derived fromisophthalic acid)
2, 6- napht hal enedi carboxylic acid) 4,4'-bibenzoic acid, or m xtures thereof.
27. The isotropic polyester according to Claim 18, wherein said polyester
has an inherent _viscosity of at |east about 0.40 dLIg. 28. The isotropic
pol yest er accorﬁﬁi@gﬁoﬁﬂ aim 18, wherein said 20 terephthal oyl noieties are

present in an amountrof fcfi‘lB@M{éqpél %rﬁ'élvi?at%ﬁt‘éa%% aRDa i@ 80 g d

pol yester; said one or nore nal other aromatic diacid noieties are
present in an ag@Mmhumabaciahélastaloyd polymesiaationprtactet fdtedanith ar € deri ved

f i ht hal i id) 2,6- ht hal [ b | i id .4,4"-bib [

aci d) orsom xt ur e daseiloydnipte; st emestas rybpansranbslaplsdalEd
an amount of abut, 38,0l e L0 1R WA SR, & Wah-coaied dbldeRséeina sai d
di et hyl ene gl ycB'I"g?Ttﬁ% IeSare presernt

by-pass: dimethy! terephthalate (78.02kg), isosorbide (15.42kg), and
ethylene glycol (49.90kg), which corresponds to a mole ratio of 1: 0.26:
2.00. The catalyst is also charged and consists of Mn(ll) acetate

25 tetrahydrate (29.57g), Co(ll) acetate tetrahydrate (21 43g), and Sb(lll)
oxide (35.02g). This corresponds to 85 ppm manganese (weight of metal
as a fraction of the weight of dimethyl terephthalate), 90 ppm cobalt, and
375 ppm antimony. The stirred reactor (50rpmj is purged with a stream of

nitrogen while the temperature is raised to 250°C over a period of four



7 Novenber 2002 WO 99154375 PCT/ US99107009 -36 in an anmount of about O0.25
nole %to about 5 nole % of said polyester; said isosorbide noieties are
present in an anmount of about 0.25 nole %to about ‘5 nol e YdNevembéR2002
pol yester; and said optional other diol noieties are present in an anpunt
up to aboutwdmims % of said polyester and are cis 5 PCT/US99/67009

1, 4- cycl ohexanedi net hanol noieties, traps-1, 4-cycl ohexanedi net hanol

noi eties, or mxtures thereof; wherein gaid polyester has an inherent
viscosity of at |east about 0.45 dl _Ig. 29. The isotropic polyester

according to khakMTh rewblRr @ icReitst had eBbE habepkratoictomolBEeHAI§SeNt in
an anount of about 45 mole %to 10 about 50 nole % of said polyester; said

one or nore dpopsiatenyabeérheatingenedium. aliethanol ist¢andindpuslpcoentedias an
"anount up to about 5 nole of said polyester. and., derj.ved, fr
i sophthalic a@’ied?a%t,'%'a? & Qﬁgﬁﬁa %BP%)M?HGQ' % g{‘e%),'ﬂo{-"ﬂﬁ B’Qﬁ?g% acid or
m xtures ther ' irf afd A A1aRe t8h YBE h@Hirefuaks) $ ' amount of
about 10 nol eﬁai%eéél%gabodlﬁl 49.5 ﬂr)mre eo}(?é(}% sari du pol gljg{snteie‘r%{BOSSIaslﬂ)()jél | et hyl ene

gl ycol 5npi et i dsteemimephe sadtofimethanahexmutios, indicating®th2Sinisbl of the fisstabout 5
nol e % of said polyester,; said isosorpide noietjes e present in an anmount
of about 6 naftEPHf W%P”G‘Gg@l’é g BN t?:f“‘;?@k'?’éé’?&}e, d!iﬁ’ﬂa@%i d other di ol
noi eties are LaldbhEhi NSO Uttthishdit &P SR ote R is SRl | yester
and are 20 ci@ﬁ%?ﬁ@é%e:boﬁ%xanedi -neltcthanb? %gﬁlettio%s, pho L%f'S%%bgdW

traps- 1, 4cycl thedpen ed arpriyphosiporiviaeid sdution imethylers glyivel. elafthisiaseThe

| sotropi c pol yester accordin aim 18, further corqori Si nggan additive

g to d ]
wherei n said t phitBejselution) whiGhnasa copeqyieation of I19-1q Bipsr d8Rg of
rei nf qr.ci ng [ : Ll zer I kal.et: 1 : Llizer,
[ rrpac?’r Ormdi f?‘g@%’?o% ?&g%lﬂ?g%\@gg& %ﬁgseﬁ:ﬁ’él%@‘é{t ﬁé%?'&depgf%%‘gr? géﬁ g@c‘%r ding to
Gl ai m 30, wheigaitdpgsal. dHeatild iswontinugh aThefredstion. is heatddoer8HC RS WO
991 54375 -37 PCT/ US99/07009 32. An isotropic pol i/est er conprising
t er epht hal oy Perisiceel akout gfiqhaMagpuet isdremgadyelly agpligd dsingiaanuls ;

sosor bi de. ol B RugBRUR 2B oscsRREPHIGRRE Bid ERgMRTRLRR: o
wherei n sai d RRWwRsRefdi@dhalesk that @ Mord talespproXintteldt! HRASDWpgUt 0.5
dL/ g when neasured as a 1 (weight/volune) solution of said polyester in

o- chl dbophenothisatimg, ediisseglyed digtils off, and a Iqwenolsetiappyetghb oblyswrer

according to %rrzrilis.mr ?\’g mcﬁ\{%%rpedlymgguis%eated under vacuum at 285°C for about 2
hours, until the polymer achieves sufficient melt viscaosity, as determined
by an increase in torque of the stirrer. When sufficient viscosity is
achieved, the polymerization is stopped, and the reactor is emptied

20 through a heated die at the bottom. The molten polymer emerges as a

strand that when cooled through immersion in a cold water trough can be
chopped into pellets. The polymer pellets are dried overnight in a rotating
drum heated to 120°C.

The cooled polymer is removed from the flask and ground. The

25 solution inherent viscosity (1.V.) of the material is 0.64 dL/g.

The monomer unit composition of the polymer, determined by
proton NMR, is about 6% isosorbide, 42% ethylene gylcol, 2% diethylene
glycol, and 50% terephthalic acid, all expressed as a mole % of the
polymer. It is noteworthy that the amount of isosorbide in the polymer is

30 approximately half of the amount that is charged, when compared with the



pol yester conprises about 40%to about 50%terephthal oyl noieties and a 10
total of up to about 10 note % of one or nore optionalother aromatic
-diacid noieties. 34. The isotropic polyester accordi ng to 7ONevemi®s 200Rer ei n

said ter ephtwg%éhggoi eties are derived fromterephthalic a(é)(g_r/ﬁ]g%@_l%t hyl

t erepht hal at e. . The isotropic polyester according to
wherein said ethylene glycol noieties are present in an anount of about 10
nole % to about 49.5 nole % of the polyester, said diethylene glycol

noi eties are present in a unt. of abouyt  0.25 le %tqg about 10 mole %
of the pol yesté?",oué‘éphtelr%‘gétsggq aeldndiniep §dé§%‘3°ﬁp”'a§é?1 ound i3 the ount  of

about 0.25 20 %0t E%Qw i 9 e I Fof i<H4D L4 one or
nore ot her di oFBlr[r'g?teé%’l (gs ar el&aﬁ&%%%ﬁleﬁeﬁygﬂbm? Eﬁﬁ&:’@ Oa{t')out rqﬁgéﬁ%te % of
t he pol yest er. thdSpolyer by dhis gpocegzothye ¢ eery alependemigort the@flciondyp of thieer ei n

said one or nore other diol noieties are CF%:‘ri ved from al i phatic al kyl ene
glycols 25 or Bistikiiauorethghaeparary duteotsinehgre vesd -the pragessn At ons and

havi ng the enpifi L v : A i 3-12;
Crs of 07 NoveklEF Pl U eAHE S SR R8s LAY Hocbidify

- 3straps- 1, 4- cysiHehehaaediisiideirthk reactor, xistilletor beiuapis; ahd ties liwd.ene gl ycol ;
2, 2-bi s[ 4- (2- hydr oxyet hoxy) phenyl ] propane; 1, 1-bi s[4-(2-hydroxy

et hoxy) phenyl ] cycl ohexane; 9, 9-bi s[ 4- (2- hydr oxyet hoxy) phenyl ] fl uor ene;
1,4:3,6-dianhygroHan%tol; 1,4:3,6-dianhydroiditol; or 1,4 5

anhydr oerythri . - The isotropic polyester according to C aim 32)

wherein said one or TRelsecofd eRamipl@isfepaeanmblwaydsiafiat tdmkehprse ar e
derived fromisophthalic acid, 2,5-furandi carboxylic acid,

2, 5- t hi ophenedexes3dhgl @ smabenreazt@-(Agehmhayi@reucanadiykiglusedach e

2, 7- ”apﬂ)t hal en?edaig%%rt %%X/laie%t ?é:tio%’ are also changed in order to prepare a polymer
with a greater content of isosorbide. Thus, dimethyl terephthalate
(10,680g), isosorbide (5,787g), and ethylene glycol (4,881g), which
corresponds to a mole ratio of 1:0.72:1.43 are charged to the reactor in a
similar fashion as before along with the catalyst consisting of Mn(il)

15 acetate tetrahydrate (4.76g), and Ge(lV) oxide (4.66g). This corresponds
to 100 ppm manganese (weight of metal as a fraction of the weight of
dimethyl terephthalate) and 300 ppm germanium. The germanium oxide
is added in the form of a solution in ethylene glycol (0.100 N GeO» in
ethylene glycol). A solution of polyphosphoric acid in ethylene glycol is

20 added in a similar way as before, in this case 9.6ml, which has a
concentration of 3.45g P per 100ml of polyphosphoric acid solution, is
used. The polymerization proceeded in a similar fashion as before,
however, the resultant finished resin did not achieve the same inherent
viscosity within the given time. In this case a solution |.V. of 0.42dL/g is

25 observed. It was also observed that the monomer unit composition of the
polymer, determined by proton NMR, is about 13% isosorbide, 34%
ethylene gylcol, 3% diethylene glycol, and 50% tefephthalic acid, all
expressed as a mole % of the polymer. The extent of isosorbide

incorporation is somewhat lower in this case than previously observed but



10 or 4,4'-bibenzoic acid. 38. The isotropic polyester according to Claim
32, wherein said terephthal oyl noieties are present in an anount of about
‘45 nmole % to about 50 nole % of said polyester, sai'd opti ohNoverhber2002
aromatic diacid noieties are present in an anount up to about 5 nole % of
sai d pol yeswenys4sss sai d et hyl ene gl ycol npieties are presenicrivssamrogsount
of about 10 nole to about 49.5 nole % of said pol yester, said isosorbide
noi eties are present in an anmount of ab@it 0.25 nole %to about 30 nole %
of said polyester, and said optional other diol noieties are present in an
anmount up to pifledis the dgffidiendp off ths aliftbringl neastoes ratBér Ban tAd @olydsdrr opi ¢

pol yester according to Caim38, wherein said other diol noieties are
derived from 61381, 4- cycl ohexanedi net hanol , trans

"1, 4- cycl ohexanedi net hanol , or m xtures thereof. 40. The isotropic polyester
according to Claim39) wherein said optional other aromatic diacid nononer
units are der gygghpid @m i sophthalic 25 acid, 2,6-naphthal enedi carboxylic

acid, 4,4'-bibenzoic acid, or m xtures thereof. 7 Novenber 2002 WO
991 54375 -39 PCT/ UShetlirbexample iTpeepased g me pinjlastodhe dicexgeply to C aim

, wh i i | h i nh i i f | b )
Gt o e Bl At 1e40p0 B0oBh LANERRR Wit 8 SEihibYs Sleefipeiitipdory’ © *°
t er epht hal oyl sfipéEtiREd ATReRhBRGHErS dhaifed BRUSICIPthatBR Wosbmhig®! € % to 5

about 50 nole % of said polyester; said one or nore optional other aromatic
di aci d noi et i esntentinghedigishedpolymemnwould bep! molefa@sseming thab oswei af
pol yester and,are derive

2, 6- napht hal eH&diNRYt 5859 f‘{er‘g{&"h,sb%}t {']%lg: cﬁfeﬁﬁli(iﬁquglgmizgﬁioqﬁ AF §HER: t her eof ;

j nmol e %

o about 10 48 g A T A R S ePP oy et s
are present 135 kg) along with the catalysts: Mn(ll) acetate tetrahydrate (72.1 g),

Co(ll) acetate tetrahydrate (64.1 g) and Sb(lll) oxide (88.5 g) are used.

This corresponds to 82 ppm manganese, 65 ppm Co, and 375 ppm Sb

calculated using the same basis as in Example 1. The transesterification

process is carried in an analogous way as for example 1. A

15 polyphosphoric acid solution in ethylene glycol is added such that 80 ppm
of P is used to sequester the transition metals after the transesterification
step and before the polycondensation as outlined in Example 1. The
polycondensation is aiso similar to the previous example. Polymer is
extruded and pelletized to give clear, colorless resin.

20 The pelletized polymer is loaded into a tumble dryer and under a
stream of nitrogen is heated to 115°C over a period of 4 hours and then
held at that temperature for another 6 hours. This allows the polymer to
partially crystallize. After this treatment, a vacuum is applied to the tumbie
dryer ulitmately achieving a vacuum less than 1mm of Hg. The heating is

25 continued and reaches a maximum of 213°C. Itis then held at this
elevated temperature for a total of approximately 15 hours. This effects a
solid-state polymerization and allows the molecular weight to be
significantly increased, as judged by the inherent viscosity (1.V.) of the

polymer solution in ortho-chlorophenol. The solution L.V. of the material



in an anount of about 0.25 nole %to about 5 nole % of said polyester; said
i sosorbide noieties are present in an anount of about ,0.25 nole %to about
‘5 nmol e % of said polyester; and said optional other diol ndiNsvembea2d2
present in an amount up to about 2 nole % of said polyester and are 15
derived froWQ@9%43734- cycl ohexanedi met hanol , trans-1, 4- cycl olrexa1sesd7009

nmet hanol, or m xtures thereof; wherein said polyester has an inherent
viscosity of at |east about 0.45 dLlIg. #8: The isotropic pol yester
according to Caim 32, wherein said terephthal oyl noieties are present in
an amount of aledsetromlabous 06 AUgdbabbut.7ndil/g ddriof tsabdlipslayest er; sai d
one or nore optjonal other aromatic diacid noieties are present in an
anount up to RBYREEABNe of said pol yester and are derived from

i sopht halic acid, 2,6-naphthal enedi carboxylic acid, 4,4'-bibenzoic acid, or -
m Xt ures thereof; sai d ethylene glycol noieties are present in an anount of
about 10 nol e Efahml@bout 44 25 nole % of said polyester; said diethylene

gl ycol noieties are present in an anmpunt of about 0.25 nmole %to about 5
nol e % of said pol Yo RYYMELisPreraresripiadimifar weyde thatdoprxaraple 8 n an anount

of abo 6 nol t ot her di ol
noi et i (Lags are rﬁcées/%tnt ﬁﬁgal%}n ﬁﬂl}gﬁb&o?/ \?/Iare;(%%wgg% é@éﬁé‘%@@rﬁ\%@'ﬁmog -40
amount up to mbﬁ sdReWnheintrerised ddchopbitly edhtintamiual hedmily Meskatibpe

ci sl, 4-cycl ohexanedi met hanol , traps-1, 4-cycl ohexanedi met hanol or m xtures

t her eof ; wher ermlmmeoarp@vrvamsormeeahaigﬁzﬁeﬁérﬂkgvuamdbeewcufntaf f east about

0. 65 dL/g 5 to Caim3 further
conpri si ng anﬂ/ﬁHU ??}SFB\A’%{J?’E %agealfgdt%%gp?%cl g &51‘3&89?@{‘9&? %O H?'rent
flame retar daMn(ll?@élBul@fe@ H9thageithe babRI4%h tﬁéelwobéé%m |4 tihavi ol et 11 ght
stabilizer, inpact nodifier or flow enhancer. 45. The i sot ropi ¢ pol yester

accordithg to Geabestardfcalipeasidmalygandensalintl afeepestay asBas been just

Al ALAU9Y A9, Ay 2. Af. 9. % AAF . AA9
. AUS| . AUE. ASL' é@' e it RALRIRRE ﬁ’?ﬂz'%ﬁ"ﬁ (Qcﬁ)@‘ e s a
A@. AU A, . A, 9 frte BBrRSBALS bh Teidd) ﬂa@mwmﬁb&@@b&@@mbewfel ca] ca] c"a
] ca] ca] ca] c’\a] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c”a] cal] ca]
ca PK :~Vm results in a polymer with approximately 3 mole % isosorbide content.
@ F| wr rrgb] X] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] c"a] ca)] ca]calca]calc
ajca]calcalcalcalcalcalcalcalcalcaljcal@!# ') M+ - ;

/1 /0"0d000| wr E‘R‘émﬂlé ¢8] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

15 This example describes a biend of isosorbide containing polymers
with nucleating agents and glass fiber. The purpose of nucleating agents
is to increase crystallinity and thereby improve the thermal resistance
(heat deflection temperature) of the blends. The polymer of Examples 6,
7, and 9 are blended together with the nucleating agent sodium

20 bicarbonate (Aldrich) and glass fiber type OCF 183 (PPG, Pittsburgh, PA)
using the Leistritz brand extruder (Model MC 1866/GL, Leistritz AG).
Then, the blends are injection molded into test parts using the Arburg
molding machine as described in Example 5. The molded parts
(Examples 10a-c) are heat treated in an oven at 130°C for 30 minutes.

25 The compositions and results are summarized below.
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What is claimed is:

1. A method for making a polyester polymer comprising:
(1) combining in a reactor a monomer comprising a
terephthaloyl moiety; optionally, one or more other monomers containing
5 an aromatic diacid moiety; a monomer comprising an ethylene glycol
moiety; a monomer comprising an isosorbide moiety; optionally, one or
more other monomers comprising a diol moiety; and optionally, a
monomer comprising a diethylene glycol moiety, with a condensation
catalyst suitable for condensing aromatic diacids and glycols; and
10 (2) heating said monomers and said catalyst to a
temperature sufficient to polymerize said monomers into a polyester
polymer having at least terephthaloyl moieties, ethylene glycol moieties
and isosorbide moieties;
wherein said heating is continued for a sufficient time to yield
15 an isotropic polyester having an inherent viscosity of at least about 0.35
diL/g when measured as a 1 % (weight/volume) solution of said polyester

in o-chlorophenol at a temperature of 25°C.

2. The method according to Claim 1, wherein said process
further includes stirring of said monomers during said heating and the

20 concurrent removal of by-products by distillation and/or evaporation.

3. The method according to Claim 1, wherein said monomer

comprising a terephthaloyl moiety is terephthalic acid.

4, The method according to Claim 3, wherein water and

unreacted monomer are removed while said monomers polymerize.

25 5. The method according to Claim 1, wherein said monomer

comprising a terephthaloy! moiety is dimethyl terephthalate.
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6. The method according to Claim 5, wherein methanol and

unreacted monomer are removed while said monomers polymerize.

7. The method according to Claim 1, wherein said process
further comprises adding an additive to said process to help retain volatile

5 components.

8. The method according to Claim 7, wherein said additive is

tetrahydronaphthalene.

9. The method according to Claim 1, wherein said one or more

optional other diols are selected from the group consisting of aliphatic

10 alkylene glycols and 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 and trans-1,4-cyclohexanedimethanol and mixtures
thereof; triethylene glycol; 2,2-bis{4-(2-hydroxyethoxy)phenyl} propane;
1,1-bis[4-(2-hydroxyethoxy)phenyllcyclohexane; 9,9-bis{4-(2-hydroxy-

15 ethoxy)phenylifluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol;
and 1,4-anhydroerythritol.

10.  The method according to Claim 1, wherein said one or more
optional other aromatic diacids are selected from the group consisting of
isophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic

20 acid, 2,6-naphthalenedicarboxylic acid, 2,7-néphtha|enedicarboxylic acid,

and 4,4'-bibenzoic acid.

11.  The method according to Claim 1, wherein said monomers
are included in amounts such that said terephthaloyl moieties are present
in an amount of about 40 mole % to about 50 mole % of said polyester,

25 one or more optional other aromatic diacid moieties are present in an
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about 0.25 mole % to about 10 mole % of said polyester, said isosorbide
5 moieties are present in an amount of about 0.25 mole % to about 40 mole
% of said polyester, and said one or more other diol moieties are present

in an amount up to about 15 mole % of said polyester.

12.  The method according to Claim 11, wherein said monomers
10 are included in amounts such that said terephthaloyl moieties are present
in an amount of about 45 mole % to about 50 mole % of said polyester,
one or more optional other aromatic diacid moieties are present in an
amount up to about 5 mole % of said polyester, said ethylene glycol
moieties are present in an amount of about 10 mole % to about 49.5 mole
15 % of said polyester, diethylene glycol moieties are presént in an amount of
about 0.25 mole % to about 5 mole % of said polyester, said isosorbide
moieties are present in an amount of about 0.25 mole % to about 30 mole
% of said polyester, and other diol moieties are present in an amount up

to about 10 mole % of said polyester.

20 13.  The method according to Claim 1, further comprising
increasing the molecular weight of said polyester by solid state

polymerization.

14. The method according to Claim 13, wherein said solid state
polymerization comprises:
25 a) crystallizing said polyester by heating said polyester
to a temperature in the range of about 115°C to about 140°C or treating
said polyester with a solvent which reduces the glass transition

temperature of the polyester allowing for crystallization; and
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5 15.  The method according to Claim 14, wherein said heating

step (b) is carried out at a temperature of about 195° to about 198°C for

about 10 hours.

16. The method according to Claim 13, wherein said inherent

viscosity is increased to at least about 0.8 dL/g.

10 17.  The method according to Claim 13, wherein said polyester
comprises from about 0.25 mole % to about 10 mole % isosorbide

moieties.

18.  Anisotropic polyester comprising terephthaloyl moieties;
optionally, other aromatic diacid moieties; ethylene glycol moieties;
15 diethylene glycol moieties; isosorbide moieties; and, 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.

19. The isotropic polyester according to Claim 18, wherein said
20 polyester comprises about 40% to about 50% of said terephthaloyl
moieties and a total of up to about 10 mole % of said one or more optional

other aromatic diacid moieties.
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21.  The isotropic polyester according to Claim 19, wherein said

5 ethylene glycol moieties are present in an amount of about 10 mole % to
about 49.5 mole % of the polyester, said diethylene glycol moieties are
present in an amount of about 0.25 mole % to about 10 mole % of the
polyester, said isosorbide moieties are present in an amount of about 0.25
mole % to about 40 mole % of the polyester, and said one or more other

10 diol moieties are present in an amount up to about 15 mole % of the

polyester.

22. The isotropic polyester according to Claim 18, 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

15 the empirical formula HO-C_H,,-OH, 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)phenyllpropane; 1,1-bis[4-(2-hydroxyethoxy)-
phenyljcyclohexane; 9,9-bis{4-(2-hydroxyethoxy)phenyllfluorene; 1,4:3,6-
dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

20 23.  The isotropic polyester according to Claim 18, wherein said
one or more optional other aromatic diacid moieties 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.
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5 said ethylene glycol moieties are present in an amount of about 10 mole
% to about 49.5 mole % of said polyester, said diethylene glycol moieties
are present in an amount of about 0.25 mole % to about 5 mole % of said
polyester, said isosorbide moieties are present in an amount of about 0.25
mole % to about 30 mole % of said polyester, and said other diol moieties

10 are present in an amount up to about 10 mole % of said polyester.

25.  The isotropic polyester according to Claim 24, wherein said
other diol moieties are derived from cis-1,4-cyclohexanedimethanol, trans-

1,4-cyclohexanedimethanol, or mixtures thereof.

26. The isotropic polyester according to Claim 25, wherein said
15 optional other aromatic diacid moieties are derived from isophthalic acid,

2 6-naphthalenedicarboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof.

27. The isotropic polyester according to Claim 18, wherein said

polyester has an inherent viscosity of at least about 0.40 dL/g.

28.  The isotropic polyester according to Claim 18, wherein said
20 terephthaloyl moieties are present in an amount of about 45 mole % to
about 50 mole % of said polyester; said one or more optional other
aromatic diacid moieties are present in an amount up to about 5 mole %
of said polyester and are derived from isophthalic acid, 2,6-naphthalenedi-
carboxylic acid, 4,4'-bibenzoic acid, or mixtures thereof; said ethylene
25 glyco! moieties are present in an amount of about 38 mole % to about

49.5 mole % of said polyester; said diethylene glycol moieties are present
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5 1,4-cyclohexanedimethanol moieties, trans-1,4- cyclohexanedlmethanol

moieties, or mixtures thereof; wherein said polyester has an inherent

viscosity of at least about 0.45 dbL/g.

29. The isotropic polyester according to Ciaim 18, wherein said

terephthaloyl moieties are present in an amount of about 45 mole % to

10 about 50 mole % of said polyester; said one or more optional other
aromatic diacid moieties are present in an amount up to about 5 mole %
of said polyester and are derived from isophthalic acid, 2,6-
naphthalenedicarboxylic acid, 4,4’-bibenzoic acid or mixtures thereof; said
ethylene glycol moieties are present in an amount of about 10 mole % to

15 about 49.5 mole % of said polyester; said diethylene glycol moieties are
present in an amount of about 0.25 mole % to about 5 mole % of said
polyester; said isosorbide moieties are present in an amount of about 6
mole % to about 30 mole % of said polyester; and said other diol moieties
are present in an amount up to about 10 mole % of said polyester and are

20 cis-1,4-cyclohexanedi-methanol moieties, trans-1,4-

cyclohexanedimethanol moieties or mixtures thereof.

30. The isotropic polyester according to Claim 18, further
comprising an additive wherein said additive is a plasticizer, pigment,
flame retardant, reinforcing agent, thermal stabilizer, ultraviolet light

25 stabilizer, impact modifier or flow enhancer.

31.  The isotropic polyester according to Ciaim 30, wherein said

additive is glass fibers.
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(weight/volume) solution of said polyester in o-chiorophenol at a

temperature of 25°C.

33. The isotropic polyester according to Claim 32, wherein said
polyester comprises about 40% to about 50% terephthaloyl moieties and a
10 total of up to about 10 mole % of one or more optional other aromatic

diacid moieties.

34. The isotropic polyester according to Claim 33, wherein said
terephthaloyl moieties are derived from terephthalic acid or dimethyl

terephthalate.

15 35. The isotropic polyester according to Claim 33, wherein said
ethylene glycol moieties are present in an amount of about 10 mole % to
about 49.5 mole % of the polyester, said diethylene glycol moieties are
present in an amount of about 0.25 mole % to about 10 mole % of the
polyester, said isosorbide moieties are present in an amount of about 0.25

20 mole % to about 40 mole % of the polyester, and said one or more other
diol moieties are present in an amount up to about 15 mole % of the

polyester.

36. The isotropic polyester according to Ciaim 32, wherein said
one or more other diol moieties are derived from aliphatic alkylene glycols
25 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
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38. The isotropic polyester according to Claim 32, wherein said
terephthaloyl moieties are present in an amount of about 45 mole % to
about 50 mole % of said polyester, said optional other aromatic diacid
moieties are present in an amount up to about 5 mole % of said polyester,
15 said ethylene glycol moieties are present in an amount of about 10 mole
% to about 49.5 mole % of said polyester, said isosorbide moieties are
present in an amount of about 0.25 mole % to about 30 mole % of said

polyester, and said optional other diol moieties are present in an amount

up to about 10 mole % of said polyester.

20 39. The isotropic polyester according to Claim 38, wherein said
other diol moieties are derived from cis-1,4-cyclohexanedimethanol, trans-

1,4-cyclohexanedimethanol, or mixtures thereof.

40. The isotropic polyester according to Claim 39, wherein said
optional other aromatic diacid monomer units are derived from isophthalic
25 acid, 2,6-naphthalenedicarboxylic acid, 4,4’-bibenzoic acid, or mixtures

thereof.
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terephthaloyl moieties are present in an amount of about 45 mole % to

20 about 50 mole % of said polyester; said one or more optional other
aromatic diacid moieties are present in an amount up to about 5 mole %
of said polyester and are derived from isophthalic acid, 2,6-naphthalenedi-
carboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof; said ethylene
glycol moieties are present in an amount of about 10 mole % to about 44

25 mole % of said polyester; said diethylene glycol moieties are present in an
amount of about 0.25 mole % to about 5 mole % of said polyester; said
isosorbide moieties are present in an amount of about 6 mole % to about

30 mole % of said polyester; and said other diol moieties are present in an
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