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POLYESTERS AND METHODS FOR MAKI NG SAME Field of the Disclosure 5 This

. disclosure relates to polyesters and methods of naking  pbiNgwnpker£002,g
nore specifically to polyesters containing an isosorbide noiety, and

met hods ofy, o them Background of the Disclosure The di

1,4:3,6- d|a§ﬁ§§§g D-sorbitol, referred to hereinafter ﬂgﬁ%%ﬁs t he
structure of which is illustrated below) is readily nade fron1renemab|e
resources, such as sugars and starches. For exanple, isosorbide
fronlD-qucose by hydrogenation followed by acid PCT/USQQlOGSSSNHW“WWmMNHWm
dehydr ati on. 1" Novenber 2002 WO 99154119 -2 OH - H

PCT/ US99/ 06535 | sosor bi de has been incorporated as a nononer |nt

pol yesters that al so include terephthal oyl noieties. See, formNNWMHMWHMMM
Storbeck et al, MakronmoLChem , Vol. 194, pp 53-G4 (1993);

al, Polyner 5 Vol. 34, p 5003 (1993). However, it is generally belcowsed

t hat secondary al cohols such as isosorbi de have poor reactivity and are
sensitive to acidcatal yZesbsORBIDECONFANINO POLYESTERSD. Braun et al., J.
Prakt.Chem, Vol. 334, pp. 298-310 ( 1992 ). As a result of the poor
reactivity, polyesters mad&ND MEBEIOPSOSORIMAKINGIAME and esters of
terephthalic acid are expected to 10 have a relatively | ow nol ecul ar

wei ght. Ballauff et al, Polyesters (Derived from Renewabl e Sources),

Pol ymeric Materials Encyclopedia) Vol. 8, p. 5892 ( 1996 ). Copol yners
contai ning i sosorbide noieties, ethylene glycol noieties, and terephthal oyl
noi eti es have been reported only rarely. A copolyner 15 containing these
three noieties) in which the nole ratio of ethylene glycol to
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Field of the Disclosure

5 This disclosure relates to polyesters and methods of making
polyesters, and more specifically to polyesters containing an isosorbide

moiety, and methods of making them

Backaground of the Disclosure

The diol 1,4:3,6-dianhydro-D-sorbitol, referred to hereinafter as
10 isosorbide, the structure of which is illustrated below, is readily made from
renewable resources, such as sugars and starches. For example,
isosorbide can be made from D-glucose by hydrogenation followed by acid-

catalyzed dehydration.



i sosor bi de was about 90: 10, was reported in published German Patent
Application No. 1,263,981 (1968). The pol yner was used as a m nor conponent
"(about 10% of a blend with pol ypropylene to inprove the dyesviehibey2002
polypropyleqﬁ)&hgﬁg. It was made by nelt pol ynerization of 20 di nmet hyl

t er epht hal at'e; et hyl ene gl ycol, and isosorbide, but the conBfTUEIWY653xNi ch
were described only in general terns in the publication, would not have

gi ven a pol yner having a high nol ecul ar wei ght. 1 Novenber 2002 WO
99154119 PCT/ US99/ 06535 -3 Copol yners of these sane three nononers were
described again recently, where it was observed that the glass transition
tenperature Tg of the copol yner increases-2d th i sosorbide nononmer content
up to about 200C for the isosorbide terephthal ate honopol yner. The pol yner
sanples 5 were made by reacting terephthal oyl dichloride in solution with
the di ol nononers. This nethod yielded a copolymer with a nol ecul ar wei ght
that is apparently higher than was Qbtai ned in the Gernan Patent
Application described above but stilt rfElatively | ow when conpared agai nst
ot her pol yester polymers and copoly rther, these polynmers were nade
by 10 sol ution polynerization and free of diethylene glyco

noi eti es as a product of polynerizatg ee R Storbeck, D ssertation,

Uni versitat Karlsruhe (1994); R Storbectktet al., J. Appl. Polyner

Sci ence, Vol. 59) pp 1199-1202 (1996). u. ©Pat ent 4,418,174 describes a
process for the preparation of 15 polyesters useful as raw materials in the
production of aqueous stoving |lacquers. The pol yesters are prepared with an
al cohol and an acid. One of the many preferred al cohols is

di anhydrosorbitol. However, the average nol ecul ar wei ght of the polyesters
is from1, 0Q0 to 10,é8¥rbiantasbdepnliyesperatatbsal hynomst mitmpoyesters that

di anhydrosorbitol noiety was nmade. 20 U S. Patent 5,179, 143 describes a
process for thel§n Bshdatewpbitaled muieias. cpeedptetmalce . aiterbepk gbal,

d i bed th i tal pi )
Contai ning ol JA2uBRELENERLG FOF Bl PRISTCH oo bR BERTKRMIL i ng
1, 4: 3, 6-di anhydr®s®4 lpy 5003 (fER8)N, Hbweesrelt.is hbretlly ibefi¢varbihac sécndaey ght s

reported are relatively low, i.e,, 400 25 to 10,000, and no pol yester
actual |y cont aid¢ahply stichmasyisgs btﬂ%’?ﬁﬁﬁj@%d?ﬁ?tﬂ‘ﬁ‘ly arst areysaRgLivede acid-
Publ i shed PCT i i 9 [ h steric
and nemati c Ilg'%?%b%erac{/}set% gﬁ?ﬁ%ﬁ%%ﬂfég%?aerﬁ@gt pgﬁ%\%?ﬁ%e g tle ‘éS)OEOOZ WO
99154119 PCT1USRpp62E5316 053920 de ampistiticf sSh@pooorsagtvity polyestets Gtade

pol yesters have relatively |ow nol ecul ar weights and are not isotropic.
Summary of t he itsen $9aPEIEMOPAMEr PHdEHER €4 PRINIHA ACEFEREFEAOL hat
have been bl iished, Bl eh\EwBRUBEBE beidr OHfBUE et b, PoiyRITL (BENRIA! | I ne
and anor phous or nonliquid crysta PEhe, opol'yesters’'contal ning aromati c or
alicyclic diacifbfiRepleiveble Sb@cesp Polyingsricmatdriis Bhbydiepatia evdles, gr e
readily synthesized in nol ecular weights that are suitable for making
fabricated prodififs(1988kh as fil ns, beverage bottles, nplded products,

h d fib ' i al. sc . . it f th
oresent 1 nvent: on, - ENRFRDIRE0 iRishroide o AERasE BREOLERREE (e
pol ynmer conposididerédghihalby rigisliéLHave bee@ @piHedodnlypmMeREr A cBpdi9fier abl y

chosen so that the final polyneric product contains the desired anmounts of
the vari ou® noreantainingitbese Wees meigtipswin whiehdherpicle ratimohetbylene ehisohtsr

units derived froma. 15 dial & diacid. Beca . of t volgtjlity of
sane of the mn'a?r%qu'fjei%?cﬁ %ﬁ“ﬁgﬂi@oyﬁs&eﬁgﬁeg%gﬁﬁﬁg‘ﬁg@%%% gﬁ%ﬁ%vari abl es
as whet her the Agarhfién No. $283881((119688). 1 Phe! PHFIR VRRSUER) afBGnihbe
efficiency of the distillation colums used in synthesizing the polymner)

some of the noneTepenent &hted il O%)lof aiiendidith paolyprepyiese o impreve &g nni ng of
th I i zat i : i 20 d,. dDb istillati t h ti
b oceeds. Thi o SERHIR SR ERPOVERs EbET liedtadt Phansibbr Eelfatatiof °2°!' "

20 dimethyl terephthalate, ethylene glycol, and isosorbide, but the conditions,

which were described only in general terms in the publication, would not

have given a polymer having a high molecular weight.



In the polynerization process, the nononers are conbined, and are heated
gradually with mxing with a catalyst or catalyst mxture to a tenperature
‘in the range of about 260C to about 300C, desirably 280C tchlﬂembeU?OSC
The cat al ysfo ssr)¥9e included initially with the reactants, and/or be
added one or more trines to the mxture as it is heated. The ’83?93’%’& used
may be nodified as the reaction proceeds. The heating and 1 Novenber 2002
5 stirring are continued for a sufficient time and to a sufficient
tenperature, generally with renoval by distillation of excess reactants, to
yield a nolten pol ynmer having a high enough nol ecul ar weight to be suitable
for making fabricated products. In a preféerred enbodi nent, diacid noieties
are present in the polyner in an anount of about 50 nole % (nole % of the
total polyner), diol noieties other than isosorbide are present in anmounts
of about 5 nole %t@o;aib;andarszkﬁtﬁésemdxme%reando:hmnemnbé@edemiribeae@ame

present in the pol Ymer i n_anpounts of ut nol e to about m) e %

course, all of"eERRIY,¥IEER It ARSORFEEV (L g‘éﬁﬁ@n@aéﬁ“?H%'“B%lt?m%raé‘t"e catlon
desired. Desirghly, ohﬂ\’é‘?Yr%rea?ék%ﬂ‘?k%%o ?[L un| ts and
di ol nmonomer units a|ye present 1 n the polyner. e5| rable to

achi eve a hi gheoosiCefoutiay isasoriie. teﬁmttmhmeaﬂﬁmpdimean Thehmlymnér vammplesi ty,
which is an indicator of nolecular weig of at least about 0.35 dL/g, as
measured ch a WStE(MEAYRY redttngdsr %‘Qﬁ"i’ﬂrﬁ”%\‘oric’r?e'”p‘iﬂ"yl?é‘rwi*h the €Al or ophenol
at a tenperat %Snﬁrﬁwe?ssefhg mé’\thbcﬁ]gﬁdﬂ?ﬁa & 6&9&'& WithS §Y Jch%g%v’gl%ﬁtQHa§ngne
appl i cations, such as some optic artlc coati ngs t her

appl i cations, sphentty mgh@ahhndvamsbtamedumh&r Gletman %&smtAppM:aMn | east
about 0.4 dL/ IS gref erred. Hi gher inherent viscosities, such as at | east

about 0.5 dL/ gd%?'rcé' Adaheve PH?Sthﬁ?t‘ﬁ?'Né‘PWé{mﬂ’i ‘EPJY‘P%fﬁQ aaaingt offrt | es, fi | ns,

sheet, noldin

i nher ent vi scgp ?‘?éégpg%%#éasp%ﬁdeQWﬁﬁ% Lﬂf @%é&@gt’ﬂée: I n entl on
provi des 1 netdwetidropolymkiirgtion Jrel wesd mmw@eydfefetaplﬁpelgwdmg mdietles)as a
conbining in a reactor one or nore nmononers conprising a diacid noiety; a

nonomer conpr i RPAYCER] Pobwresizstiae. Ssedt yStogreko Risssration dInwaisitat

conprising an t ty,Su e for
condensi ng. dr sl §1ogh & SrtbaCeP el AR T A GRCE ShELYE b0 TR
catalyst to a tegmpered (mo@esufficient to polynmerize said nononers into a
pol yester polyner having at |east_said diacid noieties, said jsosorbide

noi eties and sai d d¢FeFati4. 4. &4 égscrmeéraepr@cga$ @rﬁ'é%f’fﬁfﬁj'r?%orb@ntl nued
for a suffdcie i nher ent

Vi scosi Ty SOYEUER LieRsyBRaleralsinthe pRAEAGH B 2 P Bin

(wei ght/ vol unelpcgeérdt iTas pllyestdre ab@lpmﬁatr@m wiith a0 gibblesiepidearobcidl Gne of
tenperature of 25C and with the proviso that when said one 1 Novenber
2002 5a or nori@erannRieierEshplicPRelads diaghydiogoripbt flowgvele thAY#abPc acid or

o ety i s not St Bk il e oifls @R S R 4 TRloRor TUBED. Hhd BOkHReg o
In a second asgggally édmanhm@emnaaﬁy&b@umd@sm@rety gekmade pol yester

conprising diacid noieties, isosorbide noieties, and one or nore other diol
moi et i es,20her ei n sWiSd Patenidst i, 143 deseritestreprosess fasdbe iprgpasatien of east

about 0. 15 dL/ ht of said
pol yester in ow%gﬁ'ﬁg%%@dgﬁ n%ﬁ?'aﬂ% éléqjvﬁgggql{eé%e%ﬁé a\/\ﬂ}wj Oﬁ(gi provi so
that when sai deshtaipind pEWeteRS THeBe gL céﬁtﬁmﬁ%eﬁ&p@étbﬁd anel ist&piod one or
nore other diol noieties is not derived from et hyl ene g or is derived
from et hyl ene l@pwelpowwdanatq@bﬁlsdlr@ludmgﬂd ?e ﬁtdﬁh%ﬁ@&ﬂr thlhé\gaWent i on
provides a filmor sh eco E)entlon In a

Fourth aspect , "OHEY BB itlet il T STRR b8 Bt [flafval i o o0

conposi tizn of iof 11,800, BHRINM Bayeéter §cthbf|§ BoRapfed thel 8.3 S apdHHyBrb g sNgi des a
fi ber nmade of the conposition of this invention. In'a sixth aspect, the

i nventi on provindedy masopddeal artl cle made of the composition of this

i nvention. Detailed i n of the f E of the

Di scl osure The isotf ‘ﬁ'isg ﬁ%‘lfé?e‘ﬂ‘:%'er'?ﬁ‘éﬁs ge/:ﬁ{e‘g&q %{éﬁﬁ(ﬁ%@%ﬁg bel ow, may
Ge e, by, tNeqitibe HRRARIRIARIthaf: AN CAAAR. by BRARTRER ifRlal " N0 &

di ol noiety, an isosor a nol ety and nol et anount s of 1
Novenber 2002



WO 99154119 PCT/ US99/ 06535 -b ot her nmononmers nmay be added during the

pol yneri zation or may be produced as by-products during the reaction. In a
‘preferred enbodi ment, the nunmber of aromatic or alicyclic diNgvefhb&PpEid €S
in the poly § out 50 nole % (nole % of the total polynper). 5 Exanples
of desirablgﬁ%?g%?gpnnieties i ncl ude those derived fron1napﬁFﬁé@$V@§¥

t er epht hal at es, isophthal ates and bi benzoates. Specific exanpl es of
desirabl e diacid noieties include isophthalic acid, 2,5furandi carboxyiic
acid, 2,5-thiophenedicarboxylic acid, 2,6naphthal enedi carboxylic acid,

2, 7- napht hal enedi car boxylic acid, 3,4'- and 10 4, 4'-di pheny! ether

di carboxylic acid, 3,4'- and 4, 4'-di phenyl-4sul fide dicarboxylic acid, 3,4'-
and 4, 4' -di phenyl sul fone di carboxylic acid) 3,4'- and

4, 4" - benzophenonedi car boxyl i ¢ acid, 1,4-naphthal enedi carboxytic acid,

4, 4' met hyl ene bisisopside hevigligscacmphomgt uatecSdch polyesters have reiatively low
traps-1, 4-cycl ohexanedi car boxylic acid, cis-1,4-cyclohexanedi carboxytic
aci d, 1,2-bi s(4MaeadabyRighke?isky PN asRioDnIC.4' - net hyl ene- bi s(benzoi ¢) aci d,
traps-4,4' stilbenedicarboxylic acid, fumaric acid, dinmer acid,

resorcinol diacetic acid, and sulfoisophthalic acid, and 4, 4'-bibenzoic
acid. The diacid does not need toShendsyiof @tk Disatosues epht hal i c acid or

di ret hyl terephthal ate or from ot her conpounds containing a terephthal oyl

noi ety. Smalt anount &optrapotathpesringsnand axpaesdations thakhavedaanpyiiehede. g.
1, 3, 5-benzepetricarboxvl i jd.. Furt o i tiech . Lic", it
i s nmeant to§i ncl"ﬁ@'ée é)l'J s rﬁt%&é@"%r%ﬁa e %rpytg“'ﬁé%gﬁ idcnq%rgﬁggiﬁgé,$ﬁ?a®é¢ ,
aromat i ¢ conpougastailids tdopalyediend Edntaimia] Afehedticorgfiovdc didtid nietie grd
enbodi nent, diol nonomer units are present in 25 anmounts of about 5 nole %
to about 49.75 mfietieapgd spsprilemerties age seadiy syothesizedsn malecudr nor e

preferably abou 9 : mle. 9 e erably
about 25 nole %Weigﬁwéggﬁzﬁ aﬁ%ﬁg@@&%r 'ﬁgtgﬁaﬁberr@gtegcrg?opg%ag&%hea%E'§£§00ed as a
by- product of t beveeigertitigaimadedpaeRets, shosts andl fileysohen iROOAriaNacaR). 54119

PCTI US99106535 -7 nmay al so be added to hel p accurately regul ate the anount
of diethyl e gl ycol Thersaegssuianddionnf the presant ineentising pariculaglsipe es of

car bonat o and G (REORES: Frdd bk hdHe B Bnfb CoRimos Rl B b O
integer from5 3Jedided The ek 6f mbndnidh APAGKEAI chobeh-dalthangei flal

1, 5-pentanediol, 1,6 hexanediol, and 1, 10-decanediol, also including
branched di ol s ebimeric proguciaantains thesdesiggareais of fesvasious monomer

trans-1, 4-cycl ohexanedi - net hanol .and m xtures of the ci nd t i somers;
2 54 4. tet s anebhy b TeyB URL PanBRies BroyiE B loshaty iyl PBfldd A, 4 somer
2, 2- bi s[ 4- {2- hy dicpanat@mxyidp Bataube b0tHY @Nam@y of some of the monomers,

1.1-bis[4-(2-hydrox,ethoxy)phenybhfyclohexane; 9,9-bis[4-(2
hydr oxyet hoxy) p ing lsnsoeride, anddepepdificenydeiovaiiatilesoss whether the

are derived 1roltahl el (eor bRt AGhe BT b fludRay °°
cyci ohexanedi neicBRiMhs uddteindiydthedfty thet pdipagr, semeeofdRe im@fbriégard 5

et hyl ene glycol. Small anounts of alcohols with functionality >2 may al so
be utilized, e.gesirablyircihgecdivrexsaseabing hrannieg of herpalynerizatioa rpaetia r ed

AP L T 2 e e R A
nole % to about 1@ oliis thading®o8oii®d er ably 20 about 0.5 nole %to 20

nmol e % Depending on the application, isosorbide nay be present in any
desirabl e range such lmthelpolginerizetion [Foness thg mbnooiess ase corsbimetieand ate nol e

%to 8 nole % and l e, % to.20 nole . % The | yest er, desirably has an
'nherent vt scostEpeieg Al Wik PEp sdies cHROREPLEIRER BRURIS 2 ot | oast
about 0.15 dL/ gkemBefatdRShtAS lahgdlof about 266 RPaBoR -390 CLddhiraBfy PRPEULD On
al % (weight/volune) solution of the polynmer 1 n o-chlorophenol” at a

t enper at ur 285of 2B6ut 788%¥e Théeatalyst maydmsintiuded amigalguith theeneictants, sone

appl i cations. Fordﬁgplicgtions such as conpact discs, an lnhgrent Viscosity

of about 0.4 dLAJHY PREPEAIERT OPE GEnore tMagtPdhn EixbiR 8s s §opteg 1de

PCTI US99106535 i i jidk | ' r

appl i cations (e.*':g’.‘a"é%{lt% :éggﬁ a#lP??r@,%lfﬁ(géeﬁ me%?%%%%%%?ﬁ? T@%‘e‘gggﬁ%?wons
can be adjusted to obtain desired inherent viscosities up to at |east about
0.5 and desirably higher than 0.65 dL/g. Further processing of the

pol yester may achi eve inherent 5 viscosities of 0.7, 0.8, 0.9, 1.0, 1.5,
2.0 dL/g and even higher. The nol ecul ar weight is nornmally not neasured
directly. Instead, the inherent viscosity of the polymer in solution or the
melt viscosity is used as




an indicator of nolecular weight. The inherent viscosities are an indicator
of nol ecul ar wei ght for conparisons of sanples with a polyner famly, e.g.,
- 10 PEIT, PBT, PEN, PEIN, etc., and are used as the indf)ﬂa‘{%'?b%fzo%l ecul ar
wei ght herein. The polyesters of the invention can be nmade by any of
several nethods. The product conpositi gns vary sonmewhat depending on the
nmet hod used, particularly in the amount of diol that is present in the 15
pol ymer. These methods include the reaction of the diol nononers with the
aci d chl ori désingTire comtinuédodorot suffieipitt hmlecogid ¢ ahbwifictbat wemperatwos or bi de

and et hyl ene gl ycol .1 s readj tried out by conbining .t nMONoOMers m a

2o vent (o, gt atieseriayal bt GRUlsRReto Pt FOERNG R ilE PRI wh ch
neutral i zes phionefShaving 8 m%@d:ﬁs@gh mdlctlR! REGAVES beSsif@bl! fo@eﬁlakin%% R
Storbeck et al., J. Appl. Polyner Science, Vol. 59, pp. 1199 -1202 ( 1996).
O her wel | - kabogated aradacisons usi ng terepht hal oyl dichloride may al so be used

(e.g. interfacia al meriztion‘ﬁ r .the.nononers Lml.y be stirred
Logether whi e nik PirderEibacitns Foci Mo dRI A2 T B BBt el o | des,
the rati o ofn dRoRTABSULWIhsle 0B (thblR % bOHHeGbtaPsIlyMEr), disl MbRuEs sther same as
the ratio of reacting nmononers. Therefore, the ratio of nononmers charged to

t he react or thag isgseibide are presers imamppets gbabaug d male VotojaboutD. pywalede, A 1

the o1 ol andhi s gue SEicieko At AR potser B ShOMTEREMEDSINIE PT

wei ght pol yeeto abbhed peblesr ©featrsa) Alofhke patentdpes aredeipendent ywrthiei zat i on
process, in which the acid conponent is either terephthalic acid or

di met hyl 5 Patispiat ariicajondrgired-sBestably, hewess qayamelppamentyiotstiagid pet hyt
ester of an (=Tl that i i I ol ymer
conpositi on%‘@h@%?@%ﬁg q%?l di &nﬁéPﬁiggg?gégggklﬁeﬁa%%?}ﬁé%cﬂémgi ol s

(et hyl ene glisydrsirable soahidyie ddhiglombleonlat wedight.s in t he presence of a catal yst

to a hi gh enough j Fters and

enperature that the, nononers, conbine to forme
di esters, then 16L8P e hes aﬁhfg’erff"r‘iéﬂsFV“aoW jehpgan *PHEE‘B’GIO H’é’?%cB 3r oduct at

the end of W%?gh&@fﬁ%ﬁit%%i‘lt%5351£’/%?§§m£%uﬁ:d%'at B4 (Q@ilgﬂﬂ%lum}-)he diol
nmononers (e.g., ethylene glycol and isosorbide) are volatile and distill
from t he readtibon aftht pelypet ymechlatrophangrad e éauizratiteefP28PE. phiscess conditi ons
of the present invention, rticularly the 15 anmpunts of non rs used,
depend on t HICESH yies @ ahablrenar somd nrlicHis, Sigh a5 Fme AR OFIeH of and

diacid or diaﬂ@&cth‘ﬁ'ngﬁﬁ&!’otﬁéi‘%ﬁﬁl%ati@ﬁ@, sE@Sds' RRIpYctCdIRS &b ifRerbMBiscokigy T 1 nal
pol ymeric product contains the desired amounts of the various nonomer
units, desi ohdtlpashplaut 8cudlip lisprefemedntighet inhorephmiscasifiasssughpas gddastr om t he
diols and the diacids. Because of the 20 volatility, of s of _t.he
mononer s, | A Ty Racieata oy ek et & R Il et ner

t he react or motdiagadser). Furtker processiag bf e @sBste) may acHibe ighdremti ency of the
distillation, colums used in synthesizing the polynmer) sone of the nononers
may need t oVieosities thafae eyendyghsss at the begi nning of the pol ymerization

reaction and re Vool Stk LI at | : r J | This is
particularly trlrlglyg?ir i 0 %&’I tlr}%l(azllugl!"ﬁgn ?goté%stﬁ ﬁgﬂ)q‘g@ %’%@F%ﬁ n:t[erof
nononer s t opblynehacawetising: a(lpacdmbiningr in eaataetori sne emdimoye dabromemed by a
skilled practitiqner, but often will be in the ranges bel ow.. Excegses of
diaci d, di oFHRESINE sl JEOISK s a (RORAMRICRIMRLISIG BhipyuRide maiefdBiper 2002

VD 991541 t o BEThUSIHLATAIS confhritil e 56Smodkichila dlbaldeftiohsosor bt de

is desirably renoved by distillation or other neans of evaporation as the
pol ynmer i zat caalysienitablo dopgondensittg dineids andodidls; ad @ bieatinig spidcinanereeysi n an

amount - of agg&J tsaig 'cgtglygmoea temperature sufficient to polymerize said monomers into a
polyester polymer having at least said diacid moieties, said isosorbide moieties
and said other diol moieties; wherein said heating is continued for a sufficient
time to yield an isotropic polyester having an inherent viscosity of at least about
0.15 dL/g when measured as a 1% (weight/volume) solution of said polyester in

o-chlorophenol at a temperature of 25°C and with the proviso that when said one



to about 150 nole % or nore conpared with the total amount of diacid 5
nononers. Diols charged in an anmobunt in the range of about 100 nple to

- about 300 rmole % of the diacid nononer. The ranges gihvievenger2882 nononers
are very wi de because of the wide variation in nonomer toss during

pol yneri zati on) dependi ng on the efficbency of distillation colums and

ot her kinds of recovery and recycle 10°3ystens, and are only an

approxi mati on. Exact anmounts of nononers that are charged to a specific
reactor to acimom/moaompmouoinmsmgnmdﬂmtdu mnicty & teeeptihalic deidesmdimethyby a

skilled practi er Jn the polynerization rocess € NDNoners are

conbi ned, aWEFPg ’@oort‘j’r%{dﬁ P HORGMGHS ﬁ‘?‘QP Asing,pqqther ‘Q%‘t PP 15410t ¢ at al yst
m xture to &gl gwe&qt 4h leh@%ﬁgh@t efn@r&%ﬂ&femadlept 260C to about 300C,
desirably 280 bout 285C. exact conditions and the catal ysts depend
on whet her the dIna(a dscande agmcynml zwnttentpmmdamids igtrogpsc dmhwtwl esters

or diacid chloride. ,The, cat. S initiall

react ants) SHBREYnEAcKh n?;f’d%g% bsr%o’ﬁtég E’%F? n@’gi PR tohén?ﬁ%x(\ﬂh?:r dlé)é it is
heat ed. Themgaiial Wherdf sdRrEsbly@Yerifas ARAhRdred vascobibe of galhitaBon ®@¢seds. The
heating and stirring are continued for a sufficient time and to a

suf ficient @Ie/lgp\éh%n meaguretbaepdi% ;ﬁwmghta{vcﬂem)/acplumn ef saifl| pokydstsn i 11@)f0 excess
reactants

to be sui ta'f)tt %%Pg?norlrﬁkgﬁléﬁﬂ%g {’) lé)iggac %IH’E it ePTQ lsegﬂég @?Psgatdﬁ‘ﬁ vve| ght

used incl udg Rkl re0derivied ffotn té\/%htlﬁ\ﬂ]@ylzﬂud BRe oShoreBthefRiol #életids, is SUCh as

acetate salts and oxides, incl ng gl adducts, and Ti al koxi des. These
are gener al hat denivesh fiom ethplene glycahor i riged fom @hr:laneaggygol and anotlis nat i on or
sequence of cgtalysts used may be 1 Novenber 2002 WO 99! 54t 19
PCTI'/U899/t’> 5 -11 readily selected by a skilled practitioner. The
preferred catal yiia @id d8p&h,ahé Reat@ithrbiidesa fish beshedepadebngeon whet her the
di acid nonomer is pouynerlzed as the free diacid or as a dinethyl ester or
as a di aci deanpasitiopeof thisénveptiemrer conposition of the polyner is chosen for
speci fic uses 5 i r e ere a
partially crysta ?%gﬂhg@@&ftﬂéﬁw SIreéwHéﬁP@&kk@% OE%Ingﬁcg‘Q%d bever age
cont ai ner s, catigdsitich dfahisfinvention. col d fill bottles, flbers and filns, the
polymer will generally have a nonoper tion in_the range of about 0.1
%to about 10% %ﬁ@géﬁteﬂ ShsveRsongR YIRS a?o% I@st?&iﬁtl%f SOBIPEFIGRSE s of

i sosor bi de ﬁ&&ﬁ%nlo For applications where it is desirable to have an
anmor phous pol'ymer, such as woul d be used to make transparent optical
articles, the arrhlmﬂxthfaspecmsbc biveatioropreviges an opticahartickemgadeaff thedbout 2 % to
about 30 %on a f&g .Sone of these conpositions (i.e. those having
i sosor bi de %ﬁ“@%ﬂﬂﬂﬁf lsfgmpgg% than about 12 9% are semi-crystalline if
they are cooled slowy fromthe nelt or if they are anneal ed above their

gl ass transition tenperatures but are annrphous if the_ are cooled rapidly
fromthe nelt. DetalledEesyriptioneof thg R : ab L: the disclogure r yst al | i ne
are slower to cr I t itions o]
that it is easi earfﬁ‘%ias rbé?: pég%é}slgﬁdl%%%ﬁ%&% E‘E@t‘@ il ?ﬁﬂ?ggnsparent
usi ng cryst by thezndit eorclepsatigief & cembmaﬁdimo@hmtdmgts malhﬁlg&thobed to

condi tions under which they can crystallize. The mel t | ymeri zation
process of F’I‘?@t)braés}%}‘?f’rql‘?ﬁ/@ﬁtefyoﬂldl"s iad moigyy Small rai"é’dlm&ﬁ usi ng either

di rethyl esters (e.g.) dinethyl terephthalate) or 25 diacid chlorides
(e.g., terephthaloyl dichloride) as reactants or using the free diacid as a
reactant. Each process has its own preferred catal ysts and preferred
conditions. These are descri bed generally bel ow. These are anal ogous to the
wel | known processes far making pol yesters. The 1 Novenber 2002 WO 99154l
19 PCT/ US99/ 06535 - 12 useful ness of these nethods in obtaining high

nmol ecul ar wei ght polyner is surprising in view of the disclosures by others
who have worked with isosorbide polyesters and in view of the generally
hel d expectations that secondary diols have |low reactivities and esters of
secondary al cohols have 5 reduced thernmal stability. These two processes
are sonmewhat different and are described bel ow. Dinethyl Ester Process In
this process, which is carried out in tw steps, diacid nononers are used
as their dinmethyl ester derivatives. The diols (e.g., ethylene glycol 10
and isosorbide) are m xed wth the dinmethyl ester of the diacid (e.qg.,

di met hyl terephthalate) in the presence of an ester interchange catal yst,
whi ch causes exchange of the diol for the nethyl group of the dinethyl
esters through a transesterification reaction. This results in the
formati on of nmethanol, which distills out of the reaction flask and a diol
adduct of the 15 d|a0|d Because of the st0|ch|onetry of thls reacti on,

1. 2 T T .:_._




1 Novenber 2002 WD 99154119 PCT/ US99/ 06535 -13 about 50 to about 100 ppm
each. These were used in the formof M(Il) acetate tetrahydrate and Co(l1l)
‘acetate tetrahydrate, although other salts of the same netalNoveRYbep2G2 be
used. Ester é@éer change is desirably brought about by heating and stirring
5 the m xt W@ 8P eactants under an inert at nosphere (e.g. MITVWYYBG)S at

at nospheric pressure fromroomtenperature to a tenperature high enough to
i nduce the ester interchange (about 150C). Methanol is forned as a
byproduct and distills out of the reactor. The reaction is gradually heated
to about 250C until nethanol evolution stops. The end of nethanol evolution
10 can be recognized by a drop in the ovepghead tenperature of the reaction
vessel. A small anount of an additive having a boiling point of 170 - 240C
may be added to the ester interchange to aid in the heat transfer within

t he reaction | S L j ' AN j e vessel
that 15 may sggﬁér';e%l nt oért@ﬁgg%g%l?ggé%gmﬁ%% h@ygﬁgiﬁt i'veé'rsmrg{y Et))(g i nert and
not react w thpaidimedlss mr-piollictstduregpee agaoties. bel ow 300C. Preferably, the

additive has a boilin ai nt %r ater than 170C, nore r,efe%ﬁbl%i i.thin the
range of 170G to 248} PEiged Imenta hepY0Rer et CSULYQC Cé%d 10

wt % mnore prefesablyinhed YBHMer RONbol -56maRM mMle % Bf the@BR pBYnedh). M Xt ure.
A preferred additive Is tetrahydronapht hafene.” O her exanpl es 1'ncl ude

Bi phenyl b her ExBnpiengf desirablenbacid dndietiesapblede tieoseQidrivedsfoernd sol vents are

described in U S.  Patent 4,294 956, the confents, of which are hereby

i ncor por at ed by?2PE¥@ %%é?feﬁﬁg’ai;%leéﬂaﬂ t%@fé&t?fa’l%'é’gfaaéﬁt?%nsi%c &menced by
addi ng a 25 pol I - al: : ; : i1 _for the
transgsteri ch%?@ﬁ%&?a ;gtgb@%{(')%% os'% orlﬁ%lﬁggi %g{dé’ggae;&grrb e of a

sequest eri ng agenhdizaoxglimacidp? bithadhecedicarboxdicmaoid, 236- about 10 to about
100 ppm of phosphorous per gm i methyl ester. An exanple o

gm of d / fa 1
Novermber 2002 V@rbhesnedapionylisgsidosssharhihalpnedicarorRniaacih S¢htadd st i s
ant i nony [T 4 4001 LER t | exel: t.a about 400
ppm The ?)dc))l ycéjh%e s%?ﬁyb‘%mrbgg'&g@?ﬁfpﬁ%&?%?'§a|a?‘9 fﬁﬁ'?@%%gg mgtg a
t enper at ure fr divaabmiytic 26C3 140 ARBALA'-Dphemdsulifune dicarboxyglicacidli B4+ bhd out of
5 the reaction due to condensation of the diol adduct of the diacid to form
pol ymer and by4gt B&neerhanaedice Ry topcCidnhictrnidhalgnedicadexyic acidi 48111 at e.
The pol yconden ' ' ] FS.cPy af Iried out
under vacuum ﬁthﬂ@géﬁ%&@c&%ﬁﬁq ?Q@E%%?F’é' t e&rtltraa;ngt J({)? CS’;C%E]IS% ﬁg leated to the
t enper at ure of calmxpiid ycidncsrshtydoheaaeticarbadytieacidol webisgphori c acid 10
and cat al )(st oxi de have been added. Alternatively, vacuum can be applied

af ter thelPol yCamAsNRANY)GIBaRG ibh-TehyenstRis@epeichaadolgans-4 42g5C. | n

el ther case, ”&ﬁlbﬂaﬁé&i};b%xk& 5(98,2‘\)%3‘%%@{(ﬁﬁirﬁ@ﬁ?&@,pﬂe'sﬁﬂ'ﬁﬁ&&a@éti%%&',um
Heati ng under vacuum s continued until e nol ten polymer reaches the

desi red nol eculaad sifoigbphthabeiatidyand4dgbibeadoiyacih The dexikbdoes hbtengwed t 15
viscosity to a pre-determned level, This is observed as an increase in the

| . .
torque needed f@Petdsaved from tegertibalic acH aadimeiny terephthaigte grdrore el n
conposition ra > I i : i ther by solid
state pol yneri %gﬁﬁjgﬁjw%gg@lraﬁm%ag%l %%E)gﬁ%é&gr %@E@ggq{%&di aci d process
is simlap0to tiendiored byids esdyeslsp becrssioged; &nd., t [8a5-beheenetritadoxylic
esterification reaction that |leads to the diol adduct of the diacid and
ot her | ow nol e@§ithrFythesnby egemalic’ and.glicyclig”. dus maan ta Indyile substitijed ed

Cxeess of i of Syomdc Bf FRIUCea BBt o ol Bhnd s RARs i b1 o1 €

(i sosorbi de ananadlipgaticlgup) is used. The internediate esterification
product is a mxture of oligoners, since not enough diol is present to
generate a 1 Novetbampreleogd\wolysiimant dicl Mo USHtS F068SBSSENESt er . The

cotor )1 o2t on Aridutt G BN mblk AR EBRGAT S Thalk D, BEIEEBN L Peld e 1,
Ti (1V) salts) iabosit 496 6B % abfe brf@abiyatduR 28irible R t6 abbar 48VBidih b,

polymer. The catalyst that is 5 needed to achieve a hi gh nol ecul ar wei ght
can be added afandrevenemore preferably about 25 mole % to about 40 mole %. Diethylene

glycol may be produced as a by-product of the polymerization process, and



esterification reaction) or it can be conveniently charged wth the
reactants at the beginning of the reaction. Catalysts that are useful for
“maki ng a high nol ecul ar wei ght polyner directly fromthe d1uovdnhan20@le
dIO|S i ncl qgéhﬁgacetate or other al kanoate salts of Co(l /é and Sb(l 1 |
. oxides of <b( | ) and 10 Ge(1V), and Ti (OR)4 (V\,here RCT, S93ﬁ6$&ﬁky|
group having 2 to 12 carbon atons). dycol solubilized oxides of these
netal salts may al so be used. The use of these and other catalysts in the
preparation of polyesters is well known in the art. The reaction may be
carried out in discrete steps, but this is not 15 necessary. In practice on
a large scale) it may be carried out in-gteps as the reactants and
i nternedi ate products are punped fromreactor to reactor at increasing
tenperatures. In a batch process, the reactants and catal yst nay be charged
to a reactor alayradsuihé adped & help sedrdtbignreguiatiiel ambeat sfdiidthylshout 285C as
pol yner forns. The pressure is vented in the range of 20 about 200C to
about 250C, aglicel MeRRMAT vrsltStthéha@egﬂhg@pgyr@&fp|E>@dnp@pé¢¢$'ra@éﬂ fioh to form

di ol adduct I

Cemperat ores. Mo TGS T RRaaMn SOTEGS Bl B o F RuRaBiRhs,

aut ogenous pr gag Waehy tadénipmcaMirmiuta ARXE AL, OHMEereuT B%an intddgee froange  of
about 275C to _about 285C under a high 25 Vatlium (less than 10 Torr,

preferably | ed<12 frirexample.r).3-proranesioludiautaeediel 11 peeiapediol dsb-dual  di ol

Novenber 20020 BT TEsaRpbRLG S Rk BpHeT i€ et 4 2.2

pol ymeri zat i ogingetRylbE3{ppbpatriiblbdis bh &afBl1t4-¢iG6Re dnedi-MEteindi angasi | y
observed by the torque that is required to maintain stirring of the nolten

pol yner. Sol i xduegsofpe gismndAmansosomers |3 2drstatmmelbyinhde by the nelt

many appl | cat PEIEORanaBE AT Eet 2 POIFETED okt BER0 el Sve"evin
hi gher i qder eﬁiop\é'néc‘PSLﬁléﬁ3(2(ﬁ§'é!|r©€yéﬂ%xy\)\ﬁi@4gﬂ]§}cla_ﬁ@xdwe0Q@bls by melt

pol ymeri zation, after extruding, cooling, and pelletizing) my be
essentially nbvndror(y@tha*y phenylluareney 4 148 Brdianhydremaanitelai, %Gmade

tall b j t t t th t iti
Comper atur e 1 ORREROREh AR LA BudeerARtet et diRlaiSe iR | [ Sari on o
that the pr odushvepohiBse BEBLE Bulyfort @gs&ebrdwmrgyw%nao rai se the

mol ecul ar wei ght. 15 The pol ymér nay al so be crystallized prior to solid
state pol yrrer czd@m@mnlsyhmetbam@ieﬁma/drolrﬁcaesrrmtataeddmquNegdment for

pol yeste h |nd talll ati.o ch. s nts reduce the glass
rans t1 5h t oROSIATRAECH el foppfg o BlosPiseu RsEBhany S&drdenlS thunce
crystal l'i zati Qfitides, lé(r)govmn{quykggbﬁgﬁé ahs8 p@ﬂfbé@.tmﬂépl’l bed in U S Patent
Nos. 5,164,478 and 20 3, 684,7 are incorporated herein by

reference. The serﬂn@pﬁeraecﬂ err@opumymtetsoserm[rmtm are p$©$8f‘d insthet e
pol ymeri zat i Onﬂ&h&é{géw% nis m 5 the rangteI gfeaq) tOp‘JZg u¥ﬂ§ molgtp a

stream of an P
preferably about 0.25 mole % to about 30 mole % and more preferably

20 about 0.5 mole % to 20 mole %. Depending on the application, isosorbide
may be present in any desirable range such as 1 mole % to 3 mole %, 1
mole % to 6 mole %, 1 mole % to 8 mole % and 1 mole % to 20 mole %.

The polyester desirably has an inherent viscosity, which is an
indicator of molecular weight, of at least about 0.15 dlL/g, more desirably at

25 least about 0.35 dlL/g, as measured on a 1% (weight/volume) solution of the
polymer in o-chlorophenol at a temperature of 25°C. These inherent
viscosities are sufficient for some applications. For applications such as

compact discs, an inherent viscosity of about 0.4 dL/g is preferred. Higher



usual ly nitrogen, or under a vacuumof 1 Torr, at an el evated tenperature,
but below the nelting tenperature of the polyner for an extended period of
25 tine. 1 Novenber 2002 -WO 99154119 -17 Additives PCT/ U3994efmap 2062
shoul d, of CRY05L pe apparent to those skilled in the art that other
addltlves may be "¢l uded in the present conpositions. TheseCAdBIP NSRS

i nclude plasticizers; pignents; flanme retardant additives, particularly, 5
decabr onodi phenyl ether and triaryl phosphates, such as triphenyl phosphat e;
reinforcing agents, such as glass fibers; thermal stabilizers; ultraviolet
| ight stabilizers processing aids, inpact nodifiers, flow enhancing
additives, nucleating agents to increase crgstallinity, and the |Iike O her
possi bl e additives include polyneric additives including iononmers, 10
liquid crystal polyners, fluoropolyners, olefins including cyclic olefins,

pol yam des, et hYAtf‘éPQntV\h%@/dsn%eér%tc%sﬁQB%'féfr”i?\%\ %ﬂ%rtdg%héétlﬂ?\s Y] Eg{tfé‘ée”t' 02

is further illustrated he foll owm ng non- mt| exanpl es. anpl es
The poI ynmer nol ébos aerheeeirgbhmgarreelresﬂhammdltlbasedn te ddpisted it obtagcosi ty

l. which is, neasured for. a 1% sol tlon wt . / rn i
E) chl Z)r ophenol &€Ske W?%‘t M'FEO%FGSZ%O?HQE‘?(’ Lg%c# %’8?' Eéﬁﬁbnents

are expressed ag, al wth
the wei ght of e?tﬁgr the$§| aC| é%%‘ﬁwtﬁ?cﬁ?&tdepegi?cﬁgvég%oérfgb\hl ch
nmononer i s fisedvistbsitieslof 6vd, rﬁ)gB éxamp0et.5d2Hadli/g@ndrevepdiigimer i zat i on of

t erepht hal ate copol ygers of 1, but anedi ol and, i soso PBI wher e
(x) specifically ref g?'@ elecHiar wiRlii S Brrmally ot me@éuﬁﬁgp‘gﬁqci' "S? %‘?\% B8 yrrer
if 100% i ncor pokatd Q10 a 25
pol ymeri zation eérrgma\h%% prer coﬂplgg{etrﬁgn ofﬁ%&hgﬁh n‘é‘t% ﬁ@?@s@ﬁ Eé%ta?atemo
% but anedi olllO%wha@isairoloiodmolecmarpeeigbd The ‘mhbretrhmscsemes breden chﬂrragendoft 0

the reactor is incorporat ed iinto the polyne 1 Novenber 2002 WO 99/54119
PCT/ US99/ 06535 m@eg@we@ { for comparisons of samples with a polymer family, e.g.,

10 PEIT, PBT, PEN, PEIN, etc., and are used as the indicator of molecular
weight herein.

The polyesters of the invention can be made by any of several
methods. The product compositions vary somewhat depending on the
method used, particularly in the amount of diol that is present in the

15 polymer. These methods include the reaction of the diol monomers with the
acid chlorides. The reaction of terephthaloyl dichloride with isosorbide and
ethylene glycol is readily carried out by combining the monomers in a
solvent (e.g., toluene) in the presence of a base, such as pyridine, which
neutralizes HCI as it is produced. This procedure is described in

20 R. Storbeck et al., J. Appl. Polymer Science, Vol. 59, pp. 1199 -1202 (1996).

Other well-known variations using terephthaloy! dichloride may also be used
(e.qg. interfacial polymerization), or the monomers may simply be stirred
together while heating.
When the polymer is made using the acid chlorides, the ratio of
25 monomer units in the product polymer is about the same as the ratio of
reacting monomers. Therefore, the ratio of monomers charged to the

reactor is about the same as the desired ratio in the product. A



A2 liter volume, 3 necked, cylindrical walled round bottom gl ass fl ask,
was fitted with a jacketed Vigreaux colum, distillation head, nitrogen
‘inlet, and a stainless steel Ctype stirring shaft, connectldtbvembar 2002
Parmer 5 Master Servodyne stirrer notor. The flask was charged with 780.1 g
di met hyl teVOPABHdPate (DM, 117.6 g i sosorbide (1SCS), armCTABI9/B6535

1, 4but anediol (BD). The flask and contents were purged with nitrogen, then
0.84 g of titanium (1V) butoxide was added. The flask was placed in a
fluidized sand bath and the tenperature of the bath was controlled with a
10 tinel tenperature progranmmbl e controller. The tenperature of the flask
contents were raised from25 Cto 135 C ovgr a 50 m nute period, then from
135 Cto 200 C over 50 mnutes, held at 200 C for 30 mnutes, increased to
220 C over a period of 3G mnutes, then to 250 C over 90 m nutes, and
finally held at25R : ] il i8& hE} I Qf e
reactant diols S\}\Ag'té ﬁloﬁfeftrrg('g ﬁéll%g?lgb Q%Ltﬁ Eﬁ'ﬁt@aﬁ%gﬁé géh%%gy 8@[’1@% P%%d Gl

t enper at ur e apmpnaiahekigh &tolecdadwaight pblyoferdi still ate was coll ected as the
reaction m xture reached 185 C, and 300 m was coll ected when the reactants
reached 205 C. When theePGWRBES G #5R0GBa¢R BY RLBC'S P8IYERErZARORY PEIGESF dife

receiver was I Gphiafi itk dhibtototRBHLIRdiREPIrBANARL A8 oPffEMIE TN 20 the

reaction vessel was rom at nospher i orr over a period of 1
hour whi | e5col Itepdphtigateddnt iatsvahadiraiudd thiecfreeTaed e dmhethpl extert ofrarmd t o
bui | d nol ecul ar weight, as judged by the increase in torque recorded from
the mllivolt rRiberdigeidszatypay ke dSé'l'%UW?@ YEStRI PO GAMRQsition. ¢ Bhe 3

o T ha" g e fias o BRFEVREHIT o0 e R BRAIORIBEIRAE diped) | |1 Vol ©

and the 25 reaction was ter oW ng t | with

ni trogen to obtisbsoraidapsplitaal diofy) &rs the reséhteof & calalysytd a highosadigyioer at ur e,
the glass flask was broken and renoved fromthe pol yner. The POl ymer was
cut with a bandeswgrairee Habthsomppomery cerpbine|tp formnestgrsoanidissieysrehenas

oo V2t 7 AT PO SR SRRAE e oL

with proton N ar we Vi's her mal

charact eri zat i givijaieB&Bionl gretesdi i@ rBbles pbiyaRs] Theridl engeiméd(8.9(,T9) .
melting tenperature (peak of endotherm (Tnp), and the end tenperature of

the melting enddbWerealye) andisasenvide) sue verti andaisiibrpmshereaciat as theom t he

anal ysis of thi [ din Table 1. Exanples 2-7 Exanples 2-7
were nmade in e s%%%ﬁﬁ@nt@éé%her as Exanple 1, 10 except for the anount

of isosorbide added T bR preceek iconditions of the priesestaheertion, paaanladg tRe 7 are
found in Table 1. Table 1 Terephthal ate Copol yners of |sosorbide and

1, 4- But and@i ol ARRURA LS FANOMETS psegrianendmIethepopgnescampesitiampinglis Tg,
CTrpl Tl ~H, desired. The amount of diol and diacid or dimethyl ester thereof are
desirably chosen so that the final polymeric product contains the desired
amounts of the various monomer units, desirably with equimolar amounts of
monomer units derived from the diols and the diacids. Because of the
20 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 distillation columns used in synthesizing the polymer,
some of the monomers may need to be included in excess at the beginning
of the polymerization reaction and removed by distiliation as the reaction
25 proceeds. This is particularly true of diols including isosorbide.
The exact amount of monomers to be charged to a particular reactor
is readily determined by a skilled practitioner, but often will be in the ranges

below. Excesses of diacid, diol and isosorbide are often desirably charged,



ClClJ per gLV.,

DLI gl sosor bi deDMT| 3ut anedr ol Cont r ol PBT4522412341 410. 66050. 449

61PBI (101T5221212231 470 59450. 245. 22PBt (2 5) T4522112311 5501 6¢blefdr 2
53PBI (5) T49 /‘@‘é 490. 293 448. 548. 14PB| (10) T4921512291 470 453. 349 547
25PBI (10) T4 8 1 510. 57NVNVNVEPBI ( 15) T6220112141 320. 38 NVRIVKIUSIFEBIS 25) T
~60176! 190l 4~ INMNVMNM The fol |l ow ng exanpl es descri be the pol ynerization of
pol ymers of dinethyl terephthalate (DMI), ethylene glycol (EG) isophthalic
acid (IA) and | sosorbide (Isos) (PE (x)TITA(y)), where (x) specifically
refers to the anmount 25 of isosorbide expected in the polyner if 100%

i ncorporation is achieved, and (y) refers-i® the anmount of isophthalic acid
expected in the polymer if 100 incorporation is achieved. For exanple, a
PEI (2)T/1A(1 ) refers to a polynerization where a pol yner conposition of

49% DMT1 48 % et Bk @i excebsNpAGaRAbI ARPBo¥SHRY iéﬁ%WaﬁWéH%?%@) 535 -20

glycol /2% i sosorbide/1 % isophthalic acid is expected if all the isosorbide
charged to the distitat@mn deothercoepos af edapanationt ae theopgipmerizaicmsasti8n The

apparatus described i,n exampl.e 1 S arged with 761.2 of 5 djpethyl
P apnt hal ate.  PEGFegSofaoRuds b dRraBhs Brgedhn an AGicuSpPheBi 28 MR o of
manganese (1) a6 g6k 13028906 Bt dmbalel AREHR Bral At 3 didkid’"
antinmony (I11) oxide. The reaction tinme/tehperature profile was essentially

t he sanme as5f or moremure. Dids chptgetihabntdmodnt iathd mmgercitaboet 16 n2d€ . A

total of 350 ml of distillate was collected by the tinme the reaction 10
m xture reached@ﬂ@o@,w&mﬁ’ﬁi%‘hofﬁhﬁ"@@‘?‘ MONPNT- a sol uti on of

pol yphosphoric acid irpe¢ & L QL ' 0 ous,

was added al ong vmth*rﬁ%.%'#%gsgq] ?'g?pﬁﬁ%)ﬂc’?@mae?% %%ge&h@d\ré@aeétépgﬁgeggel The
di stillate receiwds vavetionephasedner ibss dunracpolipmedzations depaddingerpthessure in
the reaction vessel was | owered from at nmospheric to 1 Torr over a period of

15 1 hour whi tee&f'@r'qr@mfH'&ﬁ&%}m?%ﬁ*@nsaﬂgﬂ%\@r&"&ds THECPYRAYANSITEEYHEI nued to
bui | d mol egyl | ght .as i . .
the m 111 vit - nstaprs o asRap or b O8nlRah SExael mbBRENT fSRahGS ol 5

hours and 40 i aw eisargadés a\speuifinrédngot tor aphéevesal spacifie asmfodifion aird | i vol t s
and the reaction was termnated by allowing the flask to fill with nitrogen
to obtain 20 at FRAPMSet ety pskilieHPragitidRer. was recovered and anal yzed

as in exanple 1. The j i I 2002

99154119 -21 Tabl e 2'%%%@5%’%@@ i %%é?‘sez %“P“&*ﬁ@?ﬁﬁ@‘?“e‘?@%ﬁt ﬁég%{ee,

| sopht hal i ¢ Aci tealegslagadialyevitndhiitdnwithreecdthlysodr cathiyR mindlnestos of Pol yner,
Mol eExanpl ePol ymer Tg, Tnp/ Tm OH V, | SOSEGDEGDMT| A . , .

CDLI gCont r &P PETterBper3tws i Borange At abeubd) 61 togahqui 380 dprdgsiablveddlif1to56| 38

0.521.446. 41. 84%;:6%% éé#ﬁ?%TﬂE“&ch?'«:%RﬁMiBHs S%@Wf@a%&%é edéé}gwhzaw@)r and

_pol yneri zation erep al'ate copol'yners o “propdr

| sosor bi de (PPl ¢he diacidetzes polyxierik@dspanid acdsd by as dirmethyl estetseoradineidt  of

i sosor bi de expected in_the paolynmer if 100% i ncorporation is achieved. For
exanpl e, a PPl (shipyideefl8eLatalyst may hednaludad ipitialiy with the fRaciarts. 88%Bbsi ti on
of 50% DMT/ 45 pr, j %A | i i W7 her.s i de
charged to the r"g C ogb(?ésd ?’r{%l&?g@%p }e'%%itlr)lt?%gﬁﬁ)gﬁfoeg%/'rtrésr ﬁéﬁtng@&%&gQﬂA 1

liter flasR) equisppethyese modificangd the feadtivh preséeds. byh@hesling bad Btirrivgs
charged with 194.29 g of dinethyl terephthalate) 14.69 g of isosorbide,
167.4 g 1, 3-proga¢1é@|mtmqed69m8Uéw@mt Henegrskioe syffizient tanaparatuge ogEnegalbf

cobalt (1) acelghee AN &) S8tMioR orBXELILacldntd o PG G mIBST bl €aCTT On
having a high enough molecular weight to be suitable for making fabricated
products.
25 Catalysts that may be used include salts of Li, Ca, Mg, Mn, Zn. Pb,
Sb, Sn, Ge, and Ti, such as acetate salts and oxides, including glycol
adducts, and Ti alkoxides. These are generally known in the art, and the

specific catalyst or combination or sequence of catalysts used may be



20 reached 250 C 0.491 g of a solution of polyphosphoric acid in ethyl ene
glycol) containing 3.4 w % phosphorous, was added to the reaction m xture,
and the reaction vessel was placed under vacuum After 90 niKoNepsbdr 2002
vacuum reached 1 Torr where it remained for an additional 115 m nutes until
the reacti OB Yerni nated by allowing the flask to fill wclrhspdgesegen to
25 obtain atnospheric pressure. The polyner was recovered and anal yzed as
in exanple 1. The data is found in Table 3. 1 Novenber 2002 WO 99154119
-22 Table 3 Polyners of Dinethyl Terephthal ate, 1, 3-Propanediol, and

| sosorbide 5 PCTIil S99/ 06535 NMR Anal ysis of Polyner, Mol eExanpl ePol yner Tg,
CTmpl Tmi ~H, CI ClJ per gLV.) 11-

dLI gl sosor bi deDMIPGCont r ol PPT532261236l 536. 3Consi stent wi t hPPT~PPI (5) T ~9

] 2241231151 0.28 j 0.3 ) 48.9 ~9.4~ The follow ng exanpl es describe the

I i zati f .. pol f diethyl, .t hal t hyl I I
PR T Ao Cyer ST et bR a e T EHle oL bF Br BT H SRR oy T1 () )
where (y) specigtdieabltoh8itibRE alffer URpER@ING BRAUMetREr IN2ORAERI ASnEBest ed i n

the polymer if 100% incorporation is achteved, and (x) refers to the anount
of 1, 4- cycl ohexalymetizedtdsatholfreexiacid ed asra dimetipdlegtasrorids d 0@ci chioride.

incorporation is achieved. For exanple, PEqS TI(5) refers to.,a
pol yneri zati on wher 3#‘3 %@I?ﬂﬁ?c%ﬁ@q ?@He 35%5%'_ PABN g%rescpr‘?_ﬁf'&’r@es
gl ycol / 5% gycl ghgxanspeericidiB bhprpertrd IIRIREBIvHere 3 SaRsH &2sﬂaflin@| | the

i sosorbide charged to the reactor be Incorporated into the polyner. Exanple
10 A1 liter flpaskneragdepipat asfot examplagbed dhd hevetesrt euhtdinesn soch abat h,

h d with 4.2 q.09f di hyl t ht hal ate, 14. f i bi d
20 126 55 of noufbit il af betlepatiod. and B 5k Pofined il oheswukBRve g0l 70
cis/trans rati v/ i t t (11
ai:et ate, and 6?%%0@5&0?%"39{%“#@9%?%6%%@@ %@%q?ﬁgorggg%'t%f gﬁefg%lg?hed(%%)
C, 0.491 g of absotl BLBENtcodbqd 5V bospolar basisial isasoebitiy Inesietied ycol |

containing. 3.4 w % phosphor.ous,  was. added the reaction m xture, and 25
t he react ?Qn vesseloF%épB'ICé@@Bs uhees “\‘/Sag%ﬁjrrﬂtb?%ﬂfé?"ez%" RIMAIPRAUSPIYEELmM of 2

Torr was obt ai t4l r Ny I 1
Novenber 2002 QGHn 28NWhWREHYBLUARS nfkalitdHepdrdrRopBBalBaiibs ARlantdiht of

isosorbide moiety is in the range of about 2 % to about 30 % on a molar
basis.
Some of these compositions (i.e. those having isosorbide at levels of
15 less than about 12 %) are semi-crystalline if they are cooled siowly from the
melt or if they are annealed above their glass transition temperatures, but
are amorphous if they are cooled rapidly from the melt. In general, the
compositions that can be semi-crystaliine are slower to crystallize than
poly(ethylene terephthalate) compositions, so that it is easier to make
20 transparent articles that remain transparent using crystallizable copolymers
even though they may be exposed to conditions under which they can
crystallize.
The melt polymerization process of the present invention is desirably
carried out using either dimethyl esters (e.g., dimethyl terephthalate) or
25 diacid chiorides (e.g., terephthaloyl dichloride) as reactants or using the free
diacid as a reactant. Each process has its own preferred catalysts and
preferred conditions. These are described generally below. These are

analogous to the well known processes for making polyesters. The



WO 99/ 541 19 PCT/ US99/ 06535 -23 mnutes until the reaction was term nated
by allowing the flask to fill with nitrogen to obtain atnospheric pressure.
‘The pol yner was recovered and anal yzed as in exanple 1. The Ntaembes26aund
in Table 4. v{@%l e 5 Polynmers of Dinethyl Terephthal ate, 1,4-Cycl ohexane
D net hanol anedi ol and isosorbi de Exanpl e #Pol yner TCTUSMNTS ~H V
dLI gCont rol PBC 5 T50187/ 2061 350 4Exam | e 10PBC 5 Tl 548Not observed0 23
10 The foll ow ng exanpl es describe the polynerization of polyners of
di met hyl 2, 6- napht hal ene di carboxyl ate (NDC), ethyl ene glycol (EG,
i sosorbide (lIsos}, and optionally dinethyl terephthalate (PEI(xX)Ny)T),
where (x) specifically refers to the anoum2-of isosorbide expected mthe
polymer if 100% i ncorporation is achieved, and (y) refers to the anmount of
napht hal ene 15 di carboxyl ate expected in the polymer if 100 % ncorporation
I's achi eved. FQiscfXABRS Bf t@seﬁ\étﬁawﬁﬂéaﬂéuﬁ&d Righ rhSleBuia® WETBHt BRI GNs Wher e
a polynmer conposition of 5% DMIl40 % et hyl ene gl ycol/ 10% i sosor bi del 45%
napht hal ene di (smbnsoygm euemsofdhpehsahmisurés by bthdnswmdwebwmkedhﬂt’rged to the

reactor be incor tedlntothe 20 Exa 1 A4 liter, volune, 3
ared, vl 1 nansBsarBi natE sttt A B ool el Bk heigrePeriatiphS fraln o

j acketed Vigre
fé@éoﬁé%@’@ﬂsﬁ@#glblgﬂ%?&%ﬂ%d @sfjér@%?@e&é}}o%t%a%%o@ have

stai nl ess stee connected to a arner Master
Servodyne € i rrreduoed drermBhetablilagk These thapmedssed dreXbi@ewhatfdiftéredt amd hy |

2, 6- napht hal ene d| car box (NDC), 293 g isosorbide (1SCs)) 1285 g of

et hyl ene gl ycol reglessrig e&r&ﬁéﬁ(‘hese (I'l) acetate, 0.67 g cobalt (I1) 1
Novenber 2002 WO 99/541 19 PCT/ US99/ 06535 -24 acetate and 1.10 g of
antinony (l111) oxide. The flask and contents were purged with nitrogen, and
placed in a fluidized sand bat h. Tﬁ)e'mem&‘géstatﬁ’r@cesfs the bath was controlled

wth a tlrrelterrperature prog rr@gcle control | he tenperature of the
flask contents were 'Pdhisdo rUStcé‘"i%bO‘é ig t‘ﬂQéf*epé é@cfﬁ WIPeMEET i od,
then from 150 fore

increased to 2%r%%Sc%;@gﬁsqg%\gglﬁnggj%%ge%%%ﬁgg %ﬁiuﬁ&isg ?80 Iéqoveg%gp

m nutes, tifen tandBiRbseibiderara ifedriwithittee gemetadl esiadoffthoalidgd feegd at 305 C
for 100 m nutes, Transesterification of the reactant diols w th dinethyl

terepht hal at e HFEIMAdererBthalalel Indhe mEpsRaIcs:Qf 28 esteriplfrelaNascaiglysic and 770
m of d [ C, d
1140 i vas col TALREF08Rs SbREhRRoriHE didt S hedhlidiofi LEREMhA & 20, |

(6.18 g of a soésiénrsdhrmfgrp@lmpb@&phﬁnat'maeadndnn Hiihydaeiite ugtnecf@kmatt@mbai ni ng
3.4 wm %phosphorous) was added when the reactjon reached 250 C. Wen the

reaction nixtur@®e ﬁ?@éd@ﬂ@adﬁﬁs eyt ef{be deagtion) flask andafipbadaa of Hje aced

Wi th a vacim r&eehY §ecause of the stoichiometry of this reaction, somewhat more than
two moles of diol are desirably added as reactants for the ester interchange
reaction.

Catalysts that bring about ester interchange include salts (usually

acetates) of the following metals: Li, Ca, Mg, Mn, Zn, Pb, Sn, and

20 combinations thereof, Ti(OR)4, where R is an alkyl group having 2 - 12
carbon atoms, and PbO. The catalyst components are generally included in
an amount of about 10 ppm to about 100 ppm. Preferred catalysts for ester
interchange include Mn(OAc),, Co(OAc),, and Zn(OAc),, where OAc is the
abbreviation for acetate, and combinations thereof. The polycondensation

25 catalyst in the second stage of the reaction may be added now or at the
start of the polycondensation stage. A catalyst that has been used with

particularly good success is based on salts of Mn(Il) and Co(ll), at levels of



and the pressure in the reaction vessel was |owered from atnospheric to 1
Torr over a period of 30 mnutes while collecting additional distillate.
The reaction continued to build nolecular weight as judgediNovehdet pograse
in torque recorded fromthe mllivolt nmeter of the Master Servodyne Stirrer
20 control P94 %r 1 hour and 45 ninutes under vacuum t hECFmISemssisad
increased 95 mllivolts and the reaction was term nated by allow ng the
flask to fill with nitrogen to obtain atnospheric pressure. After cooling
to roomtenperature, the glass flask was broken and renoved fromthe

pol ymer. The polynmer was cut with a band saw and ground in a Wley MII.
The 25 ground pol yner was anal yzed for copposition, with proton NWVR

nol ecul ar wei ght by inherent viscosity (IV), and thernmal characterization
by DSC, including glass transition tenperature (Tg), nelting tenperature

oy 1 Noverba Sl Sheata0n i Sn TREE Hate Bt e KR eot er m
fusion {DH). Theetdtd Rtrbhgdrdtdanadal(isacetate tetrabydraley athough bthendalksoffabl e

5. Exanple 12 A 2 liter flask, equipped as described in exanple 11, was
charged 5 wi t hthgpsame matalgimay AP hecws8sht hal ate (DMT), 928.1 g of di net hyl

2, 6napht hal ene di ca i o]l : .. 2388 g of
et hyl ene gl ycol, O. gg@gAt%@Séﬁge)?éd?$%b®a%gpéple,§§%8fgg%%t'éé%ﬁsnﬂﬁfg?
acetate amgl 0. he/mixtee gintbaom@nts Urder andied atmd¥shere kegr niroyan st r eached 263

C, 2.314 g of a solution of polyphosphoric acid in ethylene gl gcol,
cont ai ni ng 10 8troshesic iespHe flensroafa tenaprealire 4o eHempeERtuTeingl €ssrgh The

reaction produgt. C m T a for
this pol ymer 1S PUERaUREEYE) PleRngl e R 58T RERos Jmmel e A, o
descri bed in epaiguceadd distis oahafriteededdion The Yehttitn & gfaddaiehbited to
terephthal ate (DMI), 48.8 ? of di nmet he;lpoz, 6napht hal ene di car boxyl ate (NDC),

58.5 g of i sos8beude Cark} methana eyolyfiorsigsenteyeRtol Methaspbeyolityanese
i te- vt neef B aPaf A ol pedroBEVE St efibbrtiuly offs ol | )

pol yphosphori cvasdald i n ethyl ene glycol, containing 3.4 20 w % phosphor ous)
was added to the reaction vessel. The reaction product was recovered and
anal yzed as in exanplsnathampyet of Areadditive hayng gl Bang Rainkef g 1 240f&bl e 5.

WO 99/54 t | 9 - T r rer s, of
D et hyl 2, 6- Ngﬁﬁtqﬁea Q#\e:d % %‘5%\@'38%{%%9%[%&5%41Lrﬁ%%%%?ﬁépg%g%!’ndtgg and
Optional Iy Di meddutionTeadioht dvid atieels rdidiR viiatile sompohBats in the vessel that

mer Exanpl e#Pol ymer Tg, Tnpl Tm ~H, LV. , | SOSEGDEGNDCDMTCCI Cl J

er DL! Cont 19 PENM%(DWB@VC@. eRed solmant The adHitisp auist e agrt and not

4454534, sobsSrUBAMBARc Rl REOND, o PRI B ENFiRleleny k® 1045

8N(45) TObser ved#diibe ©18)B4 Y BaiRi dAIbENYAWNITDNNOho Do reRstaBlyavitiin tHee

foll owi ng polynerization reactants are added to a 4-liter polynenzation
flask fitted wangeolf HdK6Et o4’ gr ank iscusashin an amountbatween agoukl fbengni cal

ti , d tef - | ed - di t te,(780.133q),
sosor bl de (70 83ch: MaRuPG RRLRE GrsBaans oA T MR B o o
present 1902 mauiall hqreferrbd Rickie 2 dnyrsiaely. OTE satlest |

al so charged and consists o (I'l') acetat'e tetrahydrate (0.296g), Co(ll)
acet at e t et r ahynhludedipbemylaiher, dipiesp(dulibhe @nddenzoptssayle. Tties such r esponds

{9, 55, DP™ TEN0anERR 4 Al FEURL o) {5AEEHENRcohIE S i ¢ e
is purged wt hh@r@dﬁﬁé&p@fat@h%&%%ﬁ(@.' e the tenperature is raised
The second stage of the reaction is commenced by adding a
25 polycondensation catalyst and a sequestering agent for the
transesterification catalyst. Polyphosphoric acid is an example of a
sequestering agent and is normally added in an amount of about 10 to

about 100 ppm of phosphorous per gm of dimethyl ester. An example of a



to 150C over a period of one hour, using a fluidized sand bath as a heating
medium At this tine, the nitrogen purge is stopped and the evol ution of
‘met hanol commences. Methanol is continuously collected as tihvovesmet poop i S
further heated to 250C over the course of approximately 2 hours. By noting
25 when the Y8818t ure drops at the top of the Vigreux col warid9oiossss
possible to determ ne the end of nethanol evolution, indicating the finish
of the first step of the reaction, which is the transesterification of the
di ol s and di net hyl 1 Novenber 2002 WO 99154119 PCT/ US99I1 06535 - 27
terephthalate. At this point, 82 ppm of phosphorous is added in the form of
a pol yphosphoric acid solution in ethylene4glycol. In this case, 1.854g of
the solution) which has a concentration of 10.91 g P per 100g of

pol yphosphonc acid solution is used. Heating is continued. The reaction is
heated to 5 285 r -0, : h S,y iqia I | i ed.
Alternatively v g%%nggﬂgﬁfednap5%&%@9%?5?45@39?@)3)12( &d?aéf %wg %‘%Y&%ﬁ%’sp %r% c acid
sol ution is addeaevel\wifiitob talabowsadhepheati ng to 285C to proceed faster, and
thus requires a shorter tinme {about 12 hours). During this tinme, ethylene
glycol distills off, Taedrelysandenpaticruienctiorisipicay Gareedio @52 Once the 10
reaction reache Ll I e A f gt has - been
pl aced under va?ﬁﬁ‘%@’%tf‘ }e}fsrb@ra(ebfog??g%@g) %%%ﬁ\ﬁmé’“ g&%ﬂﬁgoywéhssgh% ﬁgﬁ&l

Torr The nolst en tpglryddion dudeat@tiehzadon vatHeldibledddiBber therdiabigud f@mhour s,
until the polyner achieves sufficient nelt viscosity, as determ ned by an

i ncrease in torelyrBer amebyproqust ethygrne gliviedli whishds Gollacted ay ajdistilag-eved,

15 the pol yneri zation-i_s .St DRE d t | \ nd
bath. The nolten pol 9}%&}[)(?%(96)(,[ ﬂﬁ%@fg‘ %er??fﬁ%ﬁebggﬁbﬁ%éb%g@ '?ﬁégf%géoql%gggo%yner
is removed fromdihentibaskcuum vitiiohiean bENsHplibe Mg the Fenoish i9beht] heitedad

polymer is laid out on an alum num pan in an oven. Under a nitrogen stream

the pol yner is Hbatempe@turesttos pplysopdensaiionreartins afier falypbrephoric aeldd at

partiai 1y dPyat e uEhg; ofe Raigbopn affis, Mo hlRlEn ReihIES,

stream of ni troggeransl pbRBbRSbnsAeh Redtioh tamperdte@ rebcHe1280C - 85%904395C
and held at this elevated tenperature for another 12 hours. This effects a

sol i dstate pol yraithez aaserhaeraiondneceelerates by theaaprlisation of vagaim.

sigrnficantly 25,incre , | %.R% the. | [ | SCOSI |, V. ) of
t he pol yner sol 3?%%&7% "?ﬁc%?tvﬁga%'hﬁ%ggp e e(gll J1n?+tpe%h'§8ﬁéﬁ Pékﬁqe‘?j}aé%qés[ Wg

mat eri al i ncr easksirbd oiolab@bE wlight, dist@ily ﬁe@gﬂlibd(bfarﬂihb@adi@ﬁh nge bt sol i d
state pol yneri zation. 1 Novenber 2002 WO 99154119 -28 PCTI US99/ 06535 The
monorer unit® con@?QSttvmnadveidﬁéerqur@y?l- q&léqus&a%aaﬂwemén the about
Bt sosor br e U M BOPChnd A B Y ERE G lror BpflapC”®

not eworthy that ddmepadimiitangbsthesasiBt@ar weighbeamBk iftreassd ARMePbyylial y S
hal f of the amount that was charged, when conpared with the anmount of

t er epht hal i ¢ acislaterlyaetizations desgrisieddbalew. f ound in the distillates,
especially in the ethylene glycol. The anpunt of isosorbide in the polyner
by this process thus is very dependent on the efficiency of the
distillation or other separation nethqdgcid@bcaée used in the process. A
skilled practitioner

The diacid process is similar to the dimethyl ester process except that
the initial esterification reaction that leads to the diol adduct of the diacid and
other low molecular weight esters is carried out at a slightly elevated
pressure (autogenous pressure, about 25 o 50 psig). Instead of a two-fold
excess of diols, a smaller excess (about 10% to about 60%) of diols

25 (isosorbide and other diols) is used. The intermediate esterification product

is a mixture of oligomers, since not enough diol is present to generate a



10 can readily establish specific process details according to the
characteristics of the reactor) distillation columms, and the |ike. Exanple
15 The foll owi ng nononers are added to a 5-gallon reactor: 1t}spbebabdE

aci d, 8,F38.99; i sosorbide, 911.9g; and ethylene glycol, 3,808.5g. The 15
reactants a¥@7Yd¥ent in a nmole ratio of 1: 0.12: 1.18, reppeokdn@bis.
Cat al yst conponents are al so added at this tinme, as follows: Co(ll) acetate
tetrahydrate) 1.825g; and Sb(lil) oxide; 3.103g. The catal yst anounts
correspond to 50 ppm cobalt and 275 ppm anti nony, expressed as the weight
of netal conpared with the weight of terephthalic acid. The 20

pol ynmeri zation reactor is equi pped with a4 ractional distillation colum
and a stirrer. The reactor is purged with nitrogen and then cl osed under 50
psig of nitrogen pressure. The tenperature is raised to 265C over a period

of about five hgurs ile the reactants ar tirred. e _pressure increases
Co 70 psi g dur e the Satah ST B pieft; B dddeioaliebs FRgessa Bha o
this time 25 peré @dieritibRidw Raskge 1S vented back to 50 psig. Water and

ethyl ene glycol distill fromthe reactor. The tenperature is naintained at
265C. W thin an houA peieorsiensatinrscatblyshe.g.e8bflb) omaFi@Va seltas stili scous

I t. 1 No 0Q2 9915411 9 PCT/ US99/ 06535 -29_Th
" the react or GeSTaRERo AEHiedn 2 IR GIISHUFT BRIOBL ROVERE. oy CalPmLdatis o ©
pofyphosphgr i ¢ (Relild (d abfiel adiish ORI an Be RiRPAReNhE the Teactor.

This corresponds to about 50 ppm phosphorous (wei ght of phosphorous
conpared with tdseerifieatin resictiorraphtdralbecconvedipnti hiearged ettt the resctahtsn

| aced under vacuu whil e e reactor js heated to th ol rization
Ferr_per ature of %%eg*ﬁemag@?ﬁ Teﬁcﬁeﬂ- &@tﬂﬁ%}h%rﬁﬁe&%@ég’rﬁ%ﬁn%a i9thue. An
ul'timate Vacuurﬁwcﬂéc&aﬂ-\ﬂél{ghk Bol/RRF 'aﬁ@cwl fr&hrthgaiga%nd gﬁg& %Blr%ghaaaé% ﬁgd

distillation continue for an additional 2 - ours, trme t

torque of the sicetateor pther rdanaater salgatflatii hat SbilB), oxides cE@Ghjidl) yer i zat i on
i s stopped, and.t nol ol r s extruded fromthe reactor, cool ed,
ond” chonpdd. e RIS ERR R gt pIRES ouR TR o 14 Eo e 1

Exanpl e 14 bef ofismsp! & ool RlGbiRQEBids 8 thele metallkaits My ABEHENIsedi SCOSI ty
of about 0.5 dL/tg. il)'hegr(rzonomar' conposélbt(?f)n %% thae pofﬁrl%)’r, taldet gIrSr?thed by
proton 15 NWR) Tihe @ didhesmand bres phtdhdis o theipiep&a¥on iof pelgesiedeis vadh

et hyl ene glycol, 46% and diethylene glycol, 1 % Its inherent viscosity is
i ncreased furt KPWBN&BBut 0.5 dL/g to about 0.7 dL/g, using the sane
solid state pol ynmeriqzat hLQf r i 14, anple 16
20 Pur 1 cd {or opht HAFi et ARE S Bt Wiotl Mork BB i nck e gt ane

gl ycol (1130 kgjecassarpl doguladtivesrss dargk @saslesit eely Is¢ canried outacsteps pseheat ed
to 70C under ni trogen urgs at at&%t3£heri C pressure., The reactor is

equi pped with d"§ tgiebgiintespe BIOGHALS arf QUSSR M EBATBSIC fegRtor
ds t _ o ! el _
sosor bt de- 25 PRefsingiepdatd e SRS BalcHpaEeES, uft A B EAANSt | 1r ce

hours and t he maacbé chargedtiomereant®r loe pdon telaperatypo anditiien grakmlly éeated0- 60
psi. During this tine, a distillate of nostly water is collected fromthe

packed col unm. 0 2PONKBATEeRS PRIYDIENSOG sUe pregsurgds pented;ivd BaSEPIAf t er
the nelt nper Q?: S . t t}}g; acid is
essenti al 38/ cor?g)t&#ég(,)égg&he edr%%ﬁr%g(g’ %@(gé%gflzlgﬂi'gng%gf SﬁgB e gthlgg'n m xt ure,
pressure is rel easedswntficgtismanionm didl\gdduxistsf diadidkytirs dd Gigeheiss added as
a 0.10N solution methylene glycol. The reaction mxture is stirred for an
5 additional 203kempiees at gieuatsddemperatirest(hetwasacoem tesnpesatyceand @beud nm
of mercury for I r it haQ istill.atl fraction
is collected. ?togrév%/g?ggoétuﬁggf%‘ggglgg%ﬁ%‘r)%gg%rp ch<';1}'EHVF|’ (gg'@%ysr@é#én)glt s extruded
into a water batmpetatlrdsnh thédelrgetst abadt 275°€tto dbout ZBET unkee arfghn has a
glass transition tenperature of 116C and an inherent viscosity of 0.43 dL/g
10 (neasul8d atvazgami (jesa thand Oviion, peeferabihiess dparehdorgoitbeiveauym ighe

nmonomner . . . ,
needed to remove residual diol and water vapor from the reaction to raise

the molecular weight.



conposition of the polyner is neasured by NVR as 49.5 % terephthal ate, 30.3
% et hyl ene gl ycol residue, 2.0 %diethylene glycol residue, and 18.2

‘i sosorbi de residue, expressed as a nole % of the polyner. ENyEmBeAZ00b5

Di net hyl te{v%%g} h@éate (10.68 kg), isosorbide (5.79 kg), ethylene glycol
(4.88 kg), ma ahdde (1) acetate (4.76 g) are placed i n a K{THIWEESS st eel
stirred reactor under nitrogen purge at atnospheric pressure. The reactor
is equi pped with a packed distillation colum. The nonomer conposition
corresponds to a nole ratio of terephthalic acid: ethylene glycol: 20

i sosorbide of 1:1.43:0.72. The reactor is heated to 230C wthin three
hours) to 240 over the next hour and to 26% over the next hour. During this
time a distillate that is nostly nmethanol is collected fromthe packed
colum. After the tenperature reaches 284C) poi yphopsphoric acid is added
to the reactor. The TagWMidGre@s oPeViilpaBfiAdtion 3l 5k folloR@di tiatherthet 0 402 ny
of 25 phosphorous. Germanium (1V) oxide catalyst, (4.66 g) is added as a

0. 10N sol ut i on viscosithyheeteisgtasdybbsamed py dae targué tkatde redqieraddagnaintdis now
reduced to 1 mm.of nercur over  a eriod of two hours. The reaction mxture
is kept 1 NO\?QFFBQOféﬁ?) WENFPNEA 9 PCT/ US99/ 06535 - 31 under vacuum for
three nore hours, and an additional distillation fraction is collected
while the tenperature increases to 285C. Afterwards, the reaction product)
a viscous resin is extruded into Selidditate Rolymerizaion nto petlets and dried
in an oven_ The resif,has a _aglass transition tenperature of 5 106 nd an

i nherent vPscosity S{fz)lyd'?%§ C@ﬂ/bf Tﬁgﬁgﬁiié%"ﬁq copden gté"”l"Wéﬁ ¢8SeHBed

ort ho- chl or Oph%rb@:k/e%l/id@é?ﬁzhua@ﬁh@f‘éﬂpﬂigéoéi@ffﬁpﬁiahz%pﬂ&at‘icﬁ% R R Al S
measured by NVR as 50.1 % terephthalate, 335 % ethyl ene gl ycol residue,
2.6 % di et hyl epohghgrization esadioee usethtd achieversvasoRigher inberargivingesitiespr essed
as a nole %of ,th | ynmer... 10 Exanpl e 18 The fol |l owi ng nononers and
additives are ém&fp“?ad IghtS gal l on reactor, constructed of 316 stainless
steel, that is equi AREGhYHGA rRadehy REIGRIWIRZBAKEMbitRdiRIBbRSG 316
Pall rings, and a water cooled condenser: D nethyl terephthalate, 11.65 Kg;
i sosor bi dd40 4. 38d pelietiznhyinenbegisgentially onrystalliKg; Nomgystadiel mateciet at e,

7.02 g; ti id 4,18 q; d 1l 4-1etrahyd ht hal , . 125 m .
A nitPogon pur Gente DRde sambs ki festing 8 A Eer Rl R et hEaass o
250C wi t hi n 18Q JRsfitehasmpbhRiret Br 8 eltchbbd PRribAdf Bmel THE iwhogdes. During

heat up, a distillate is collected that consists nostly of nethanol. Wen
t he reaction nicysializateaciethalhearodyctwahytbémbpheatad taca thigheradded i n an

amount equivalent to 25.4 f phosphorous. After reaching 275C, the
pressure insi dzemsrw&é?dggﬁgh? Eﬁﬁﬁfg‘@rt"@'ﬂb@ nm of nercury over a period

of 240 m Ryt es. The i i £ hi e for 240
R tﬁh%?@fl}rﬁ@r Mh?fawbeoé &X&%ﬂizeabnbhtffcﬂfoeﬁﬁg

m nut es and an addi distiflate fraction is collected while the
t enper at ur e i s polyrsenization 2§3@atvibeiwithne refelivel poor scleent fpr pelyekteds a

predeterm ned | evel, neasured by . the _torque required to intain a constant
agi tator speed “YHCHdUGES nyﬁg”f%%?-oﬁu%gf’“’?f‘@ﬂ'eﬂk’ﬁ’lﬂ?ﬁ nggaéfﬁ"ﬁwoa pressure

of 60 psi and t; Tah SIEN &8 & 4\ 18R02 WO
06/ o1 P30 per (REEREIERT o) SuchG Wi ddfiohth. 25 Bvéttinduded i"?ﬁ'}%ﬁ.'g@he
pol ymer st rand is &nowo hramblyesiers @aldligtiesaibdddn il 8. Patesut Nose, 144 ,400anhd or 10

hours. The polyner, Ls.found to have a gl ass transition of 117C v~ hen
measur ed (ép a r%gé‘f"haﬁw"&?'éhé‘fe m@%?teﬁmﬁ'e. y'l"ﬁér?'ﬁ‘l’?erent Vi scosity,

measured in o-chl or openshi. @stdffe pbfmer is subjected to solid state polymerization

by placing the pelletized or pulverized polymer into a stream of an inert gas,

usually nitrogen, or under a vacuum of 1 Torr, at an elevated temperature,

but below the melting temperature of the polymer for an extended period of
25 time.



5 0.41 dLIg. The pol yner conposition, determ ned by proton NWVR
spectronetry, is 50.6%terephthalic acid noieties, 17.6% i sosorbide

nmoi eties, 29.9 %ethylene glycol noieties and 1.9 % di et hyl Bavergberc202

noi eti es. ﬁ%énﬁ%ﬁ‘}g 10 The foll ow ng polynerization reactants are added to
a 50 gal. nmm i M°capaci ty) Hastalloy B pol ymerization rea®E&USI¥assd wit h
a 6" radius, Hastalloy B, water cooled reflux colum packed wth stainless
steel rings, a stainless steel helix agitator stirrer, a water-cooled
condenser and by-pass: dinethyl terephthalate (78.02kg), isosorbide
(15.42kg), and 15 ethylene glycol (49.90kg), which corresponds to a nole
ratio of 1: 0.26: 2.00. The catalyst is a&o charged and consists of M(II)
acetate tetrahydrate (29.57g), Co(ll) acetate tetrahydrate (21.43g), and
Sb(lI'l1l) oxide (35.02g). This corresponds to 85 ppm nanganese (wei ght of
metal as a fraction of the weight of digggjiygs terephthalate), 90 ppm
cobalt, and 375 2D ppm antinony. The stirred reactor (54rpnm) is purged with
a stream of nitrogel shbildeot ¢mirses hecapptanert toshosd skiled in th6 @@ tbakothar peri od

f f h . Th t 1s Jacketted t t . trolled
ot of 1 1oop. st BHreEay edaPiieT Kl Hie SR R ok S CgRPERABALISS col | ect bd
as the reacti ol Rlel}8dtRE RO P é.me,r%g%z%lraar&%%mvlﬁg, psthbngryvhen the 25

tenperature drops at the top of the packed reflux colunn it 1s possible to
det er m ne & he dechwbmodiphenyl etbercingd irianyiphospihaées, sychbhe fini sh of the first

step of the reaction which is.the transesterjfication of the diols and

G et hyl 1" B PBRERPNOBY ey ADeTes. syshee Al ehaana

t erepht hal at e. it BicS } ; i Felotaly I'ﬁ?f?a% ki or m of
a pol yphospori %t%ggn{%giségﬁﬁv%% hIZ;ﬁt g?ﬁ’)‘}lgéérr?yg?ycolg)glﬁﬁ' t hi S@@%g‘g!ér%g%r\&n of

t he sol ution, ahhaicidgadditicemoedeating agents td M@dase Eryplatlingy 0wy thie like

pol yphosphoric _acid solution.is .used. SO at .S tinme, the nitrogen purge
is stopped. 5 Qg}ﬁri%)ésib E@Q{{'Y%dgﬂ}lgﬁrﬁgbﬂé%{&?%ﬂ{“{eé IRElYHIBg 1PRPP8BC over a
peri od ofqmbouf . }@ﬁé} i l; 1L USI a

Pt o0 haud g%ﬁv‘\)/iot h 2gmhd§?‘§%@g@\?§’%§\?éwa%§ GO
vacuum pr ef er palpapidess sthyleane vinyl acetate akpslyoyeps ond thed idey 1 hour. Duri ng
this tinme, ethylene_glycol distjlls off, and a, l nmol ecul ar wei ght pol ymer
forms.  The 10 ol t chipdrnen Felurbr Bustmadiyine Johavans 565G Sbout 2
hours, until the RElynmer achieves sufficient nmelt viscosity, as determ ned

by an increase mtorque of the stirrer. Wen sufficient viscosity is
achi eved, the polynerization is stoppeBxampigst he reactor is enptied through

a heated die at the_bpottom Th | ten pol yner energes as a strand that
when cool&lﬁ 15 thr OLB%DPW@@?PTI?W‘He'Qg%gr\‘R/aﬁSé'm%t?‘ggaﬁF’i% iHEereMopped i nt o
pellets. The p Il I o i r i eat ed
Po 120C. The caoromdbrynannds medklRey Rict TpRiiidh fuilobBhic]s: fovinct

sol uti on i nher emt-chilosapisnby at( 4 tevhperafure o€ 268E eThalleveds 6f Gatalgk! g. The
nmononer unit conposition of the polyner, determ ned by protgn 20 NVR, is
about 6% i sosofPRENENS e EXpEas GipiRRIN, basrdpnd IpPPsesen PEe waigat 500
terephthatic agj 1 e 9 [, S

ot cvor thy. t hap! {RdnaaLFREUEFRERrRS: SR i telo ERRINRler dindiing ¢ |
hal f of t2® anonmhidcthaonbmmetistiged, when conpared with the anmount of
terephthalic acid. Unreacted isosorbide is found in the distillates,

especi al |y 25 in ththefdiowinkexngries deseribathsunplyperizativssfiegenthalatge

pol ymer by thi 3., i.Cj . he
distillation ofo® lﬁ@rg&z%ﬁ)gg%tu?%ﬁﬁﬁé%ﬂgggﬁqqugérpg'éjg@d\%%}et XZE‘B?%@%%!‘&. A

skilled practi teforseo th@amouht diogesarbideZéipacitid iRAhE Hblndr@T104889/ 06535 - 34
readily establish specific process details according to the characteristics
of the react or INCarprationyis ashieyef unes example, RePBIHKR)T) Ffgfloed 20 The second

exanpl e i§5 pr eB@I&%%riizgti& WﬁXresé %Jyﬂ{ertcgm%)&%%lneof%%% dimethy!
terephthalate/40 % butanediol/10% isosorbide is expected if all the

isosorbide charged to the reactor is incorporated into the polymer.



5 except that a smaller reactor (5 gal. maxi mum capacity) is used. The
reagent equivalent ratios are also changed in order to prepare a polyner
with a greater content of isosorbide. Thus, d~nethyl terephiNoeembér 2002

(10, 680g), isosorbide (5,787g), and ethylene glycol (4,881g)) which
corresponds VO9%54tdt e ratio of 1:0.72:1.43 are charged to t hem®ssbdss i n a
10 simlar fashion as before along wth the catal yst consisting of M(II)
acetate tetrahydrate (4.76g), and Ge(lV) oxide (4.66g). This corresponds to
100 ppm manganese (wei ght of netal as a fraction of the weight of dinethyl
terepht hal ate) and 300 pprn germanium The germani um oxide is added in the
formof a solution in ethylene glycol (O.lgﬁ_N Ge02 in ethylene glycol). 15
A sol ution of polyphosphoric acid in ethylene glycol is added in a simlar
way as before, in this case 9.6nl, which has a concentration of 3.45g P per
100mL of pol yphasphoric¢ acid solution, is used. The polynerization

proceeded in a &X fashi on as before, however, the resultant finished
resin did not achieva 3 he-$8nd, BEGRE YIREASHWaNGtBURY bBRoM §igds time. In
20 this case a sol ut %on I.rv.mg? ’0.42d%_lg§|§'sﬂo%searvecf. It “was aq4$o observed

t hat t he nononeflaskiwacfittgbeith iagackedted Migrpaly nelumnd distilatiorelednd; nitradesn NVR,
is about 13% i sgsorbide, 34% et hyl ene gyl col, 3% diethyl ene cql, and 50%
terepht hal i ¢ aci®et. anf ae%ﬁ}"g%sée%g%{sc éyp%o?tﬁ"’% $ha -WQ"B%&? ??%3%&55‘@& of

i sosor bi de kncor ¢ I 3 o] i I rieyi ously 25
observed bu%3 rewﬁﬁsgﬂgb@??ﬁ?ﬁ}@yd& Wﬁ%é'agﬁ‘wgﬁhﬁgﬁé;deg@?g?gﬁ t her than
t he pol ynmer madelimethi/ fsoephibaliate2(@MTIND1998 §4&bLdrbids (IBCBIphed B33.3 g 1,4-

PCT/ US99/ 06535 Thi s exazgl e 'Lrs prepared ma way simlar to exanple 14

except that a | &UépnedigtdBPar Thedogn and cqntenteweln pyrogd ity nifragen.dpes|

anchor type stify 13 ti g { sasor bi de
content in the g’ﬁﬂi@ﬂ@%l('}/ %ru'@g%’%@fa%gﬁ?@ﬁbﬁge%a%giﬁ l%gedt ﬁa% sone of

t he i nput i sosoflbidieedesandibdte ahdsthe ltéragdeadtdredsfithe patholvssreontzailedomith As such,
di rethyl terephthalate (197 kg),isosorbide (5.12 kg) , and et hyl ene glycol (
135 kg) al dRg witime/temperaiuss prEammaDle vonrirliest dhedempgTaliretQl the fask g) |
Co(ll) acetate : Lol i ¢ used.
This corres pondtggh@'?%%gé %ﬁ%éﬁng%rgg%sez(g?o ?gépgn‘%"fg)é ﬁﬂ‘@%iﬁg@gﬁgn

cal cul at ed usi ngrané35 atetolfiX) <C aser 50 axautpst cheld at 70@ °Crfan3@ stisutesj cat i on
process is carried in an anal ogous way as for exanple 14. A pol yphosphoric
aci d sol ution i iNEERSALIL4! vedver 8 Psaad @f SUcninbies: thew tBFelofC PVers®Qised to
sequester the tr i L f to I i fy | 0L d
before the 15 pgﬁ1 ﬂg%tﬁdgﬁ%gﬁ %@Jnﬁ%{g at(t)gfg Pi %f&,} i1 %BZ@QE#%F% ﬁﬁﬁéfﬁééhfn%%ﬁ@n of

pol ycondengat i onhé seattaat divlgiwitardimethiyheerpplethalits beyanmpb ¢he Fecyiorr 1 s
extruded and pelletized to give clear, colorless resin. The pelletized

pol yner is | oaddempaiaiurg armerehad 184G *Grnd At of distilaigwap chllestedas i s
heated to 115C nerJ. P@b

t enperature forqﬁﬁg %é'pﬁéhggﬁ?f?a ré?glrea%l f’é‘o\?\%& e E‘g}'@rsrgcr%"%e%ar elnatPFy

crystal lize. Aftresacthhissehciosd PBRCC. Whas thondastiapplixtark teachbe 20617, ehelr yer

ulitmately achieving a vacuumless than 1 mmof Hg. The heating is

continued and r éhetiate recRRT Wamreplacadwith a vaciiuphiaseryer gndthe piessereipat ed

t enper at ur g,f or | I 5 . Thi f .

ol | d- ot at 2025 §5f poaston es SERLAROMRE &) Kot rausbRer e * 18 REr B o o

significantly incheaseslle @slectispaddibyndikistiiake &Y redctiewsbhthudd. t¥.builgf t he

pol ynmer solution in ortho chlorophenol. The solution 1.V. of the nmaterial

i ncreases from 4nelgeuler weight gs fungasd the. increase inierqugyracredesbirem the at e

pol ymeri zati on. millivolt meter of the Master Servodyne Stirrer controller. After 3 hours and

45 minutes under vacuum the torque had increased 85 miliivolts and the

25 reaction was terminated by allowing the flask to fill with nitrogen to obtain
atmospheric pressure. After cooling to room temperature, the glass flask
was broken and removed from the polymer. The polymer was cut with a

band saw and ground in a Wiley Mill. The ground polymer was analyzed for



1 Novenber 2002 WD 99154119 -36 Exanple 22 PCTI US99/ 06535 This pol ynmer is
prepared in a simlar way to that for exanple 21 except that the: anpunts
of diols were changed in order to result in a resin wth aldNovewbat2002

i ncreased &Eﬂégrﬁ%de content. Thus, the only alterations 5 are in the
anount of 1'Sosofblde charged, 17.8kg, and the amount of MRGTYSREEBH! e
tetrahydrate catal yst used, 79.2 g corresponding to 90ppm Mh(11l) cal cul ated
on the same basis as in the above exanple. The transesterification and

pol ycondensati on are repeated as described in exanple 21. Al so, the
finished polynmer is pelletized, crystallized, and solid 10 state
polynerized in an identical fashion to tHE-previous exanple. This results m
a polymer with approximately 3 nole % i sosorbi de content. Exanple 23 This
exanpl e describes a blend of isosorbide containing polyners with nucleating

agents and gl asgmpbsisn, Wille pRUSPNMR Tholebglbeakight ba@eidrent Wisddsity @V)ncr ease
crystallinity and thereby inprove the thermal resistance (heat deflection

t enperat ure) ofnd Herpababaratiesizpdrn ke PSH, lesledipy sbssdransgiondemperatyre

ol 255 11 ber 1 yg@ b8 pEEGR oRd AP ERboRAM TR PARRRE 1 brand
extruder (Mdelerdferdfits bBhe Meitivlfdnddtrdan. (T_H)Eémd theh&itatdgsial (AFS

injection nolded into test parts using the Arburg nol ding nachine as
descri bed 8 n ekbergete frem thganatysigaf thigmolymeniafpindsindable . are heat treated

in an oven at 130C for 30 mnutes. The conpositions and results are
summari zed bel ow. 1 Novenber 2002 WO 99/54119 -37 Table 6 5 10 PCT/ U

S99/ 06535 ASTM:k&nblaget-RodConposd~on(wei ght 9% Exanpl e 23aExanpl e 23bExanpl e
23cExanpl e 23dExanpl e

23ePE| T- 37000700 PE| Ex®0pEs(Er 0 Merg meREon cesouklly 332 oawer 82 680804 0di um
bi car bonat e0. 40 40. 40 38t ensi L e nodul us i . 191..261 261

DBnaDeat: enai | XL B HITE obBoSEEHS 8RR et mitre. The data
stress@K(Ksi ) {bp E5hfnplds 2 51 &rebpak® pbNRtIeRed | zod (ff-1b) @0C0. 821

192. 171. 331. 93D3763Mul ti axi al inpact | oad(lb)

10 Tabie 1

Terephthalate Copolymers of Isosorbide and 1,4-Butanediol

[ NMR Analysis of Polymer, Mole %

Exampie | Polymer Tg, | Tmp/Tm/AH, | LV, Isosorbide | DMT | Butaned:ol
# °C °C/°ClJperg | DL/g
Control | PBT 45 224/234/41 0.66 0] 50.4 1496
15 1 PBI(1O)T |52 212/223/47 059 4 50.2 {452
2 PBI25)T (45 221/231/55 0.64 1.6 49.9 | 485
3 PBI(5)T 49 219/231/49 0.29 34 48.5 | 48.1
4 PBI(10)T {49 215/229/47 045 3.3 485 | 472
5 PBI(10)T | 47 218/227/51 0.57 NM NM NM
20 6 PBI(15)T |62 201/214/32 0.38 NM NM NM
7 PBI(25)T 160 176/190/4 0.21 NM NM NM

The following examples describe the polymerization of polymers of
dimethyl terephthalate (DMT), ethylene glycol (EG), isophthalic acid (IA) and
1Isosorbide (Isos) (PENX)T/IA(y)), where (x) specifically refers to the amount

25 of isosorbide expected in the polymer if 100% incorporation is achieved, and
(y) refers to the amount of isophthalic acid expected in the polymer if 100 %
incorporation is achieved. For example, a PEI(2)T/IA(1) refers to a

polymerization where a polymer composition of 49% DMT/48 % ethylene



max. | oad (20C) 296305287236265D3763Mul ti axi al inpact |oad(lb) max.ioad
(-20C) 314302294nanaD3763Mul ti ax~al inpact |oad(lb) max | oad

(-40C) 315321287nanaD648HDT(C) @64 psi 1361471068188 It' i s taNdenibedengs ood
t hat the abﬁve descri bed enbodcnents are illustrative only and that

nmodi ficatio q%fs‘é\]&hout may occur to one skilled in the artPCHEEEWOAI3Ag] v)
this invention is not to be regarded as limted to the 15 enbodi nents

di scl osed herein. 1 Novenber 2002 WO 991541 | 9 -38 What is clained is:
PCT/tJS99/ 06535 1. A nethod for making a pol yester polymer conprising: (1)
conbining in a reactor one or nore nononers conprising a diacid noiety; a
nonomer conprising an isosorbide noiety; apd one or 5 nbre nononers
conprising another diol noiety; with a condensation catal yst suitable for
condensi ng diacids and diois; and (2) heating said nononers and said
catalyst to at dd/hel; iPRi j ' ijoto a
pol yester pol yr@r{mﬁ%% ﬁ%@gf&ﬁ?e‘gg‘gtt@Q%?%QI&C?%%%@%%%E%ll?ﬁ?%&??@%{?bi de
noi eti es and saitchirgddbr theti rebctbd beinatrpearstedinty tierpadyner. heat ifng is conti nued
for a sufficient time to yield an isotropic polyester having an inherent
viscosity of at |east about 0.15 dLIg when neasured as a 1 %

(wei ght| vol une) Liggn of said polyester in o-chlorophenol at a

t enper at ure of and with the proviso 15 that when said one or nore
nononer s conpri si ng Ehalappardtusalestyibed int eraemiié Hava claarigdd avithdT e R lydf

terephthal ate, said one or, nore nononers conprising another dioi noiety is
not et hyl ere gI‘S’)E@I‘hﬁﬂerﬁgk@?@?v&%“QI%fd?ﬂsoét?ingevabsﬁ:ﬁ-gﬂéﬁé%ﬁﬁi‘%Q!YCle The

met hod accor di ' wh b bt SR Rac) e ' I tic
o al oyl Lo diagyorhdensseYPAtiae, B Je b LORIEY Faie A AT

sai d ot her di olg abamrtirgomys(lhhoxadié phibeireactiondimelterhperatlirelprofoe @tas. 4. The

nmet hod according to i , Wherein said process further includes stirring

Camil |
of sai d mononer&ssgitagihe seden@afarfyame {1 pecertibalthefinal temperature was

280 °C. A total of 350 m! of distillate was collected by the time the reaction
10 mixture reached 240 °C, at which time 1.925 g of a solution of
polyphosphoric acid in ethylene glycol, containing 3.4 wt % phosphorous,
was added along with 13.3 g of isophthalic acid to the reaction vessel The
distillate receiver was replaced with a vacuum receiver and the pressure in
the reaction vessel was lowered from atmospheric to 1 Torr over a period of
15 1 hour while collecting additional distillate. The reaction continued to build
molecular weight as judged by the increase in torque recorded from the
millivolt meter of the Master Servodyne Stirrer controlier. After 2 hours and
40 minutes under vacuum the torque had increased 110 millivolts and the
reaction was terminated by allowing the flask to fill with nitrogen to obtain
20 atmospheric pressure. The polymer was recovered and analyzed as in

example 1. The data is found in Table 2.



25 renpoval of by-products by distillation andlor evaporation. 1 Novenber
2002 WO 99154119 PCT/ US99/ 06535 -39 5. The nethod according to Claiml,
‘wherein water and unreacted nmonomer are renoved whil e sai d NovembBers2002

pol ynerize. 6. The method according to Cairn 1, wherein nethanol and

unr eact ed MSME%re renoved while sai d nononers pol yneri peTuSosfossss The
nmet hod according to Cfaim 1, wherein said process further conprises addi ng
an additive to said process to help retain volatile conponents. 8. The

met hod according to Claim7, wherein said additive is tetrahydronapthal ene.
10 9. The nmethod according to Claim1l, wherein said one or nore nononers
conprising another diol noiety are selectefl fromthe group consisting of

al i phatic al kyl ene glycols and branched aliphatic glycols having from 2-12
carbon atons and having the enpirical formula HO C'H2~-0OH, where n is an
integer from3-12; cis and traps-1,4-cy é&%ejanedi met hanol 15 and m xtures
thereof; triethylene glycol; 2,2-bis[4-? -Aydr oxyet hoxy) phenyl ] propane;

1, 1- bi s[ 4- (2- hydr oxyet hoxy) pirenyhére\s IDimerenFeréhtindlag], 4- ( 2

hydr oxy- et hoxy) - phenyl | f hggHemaic Aoid, 13esorBlicRBneIE #iRdie GRjcol 1, 4: 3, 6

di anhydroiditol; and 1, 4-anhydroerythritol. 10. Theé nethod according to
Caim1l) wherein said one or nobre 20 nDNOMErS [GHHE haﬁysﬁgbfﬁm ety
are sel ect ed f rpmt e wHAEP TSgS o TRIAR [ USODSHSITES SFbEG | DMT [IA
2, 5-furandgcar boxyl'i ¢ aci d, |2¢5 |t hi ophenegdygqriboxylii c afi d,

2, 6- napht hal en¢di IC (a8 (,242250/36a 0 dpal [@nedi [GaRopxXy T T fags 1 (e and

4, 4' - bi benzoi c iadi.sNovenbgr 2002 WO 99/{541 !} 9 -0 PQr/ US9Q/ 06535 11
The met hod acc ﬁBdl ng [(REI@}Tal|80 1,| 24Bve56838N [Ies2d |nMonorfemsst are | phadaidiedt ijn
amounts such that saildAdb acild ieties arje prgsent Jin ap anmount of alout 50
nol e % of said polyester, and said diol noieties are present in an anount
of about 10 nole %to about 49.75 nole % of said polyester. 5 12 The net hod
accordi ng to d ai m Theflolaweg examplessiesgrib e hreepalymerizhgomof ecephdnalats ght  of

said pol yester Du oLt ol AL D0 XIRY 158} Leisokdutls (BRAT s g no L

10 specifically refers to the amount of isosorbide expected in the polymer if

100% incorporation is achieved. For example, a PPI(5)T) refers to a
polymerization where a polymer composition of 50% DMT/45 %
propanediol/5% isosorbide is expected if all the isosorbide charged to the

reactor is incorporated into the polymer.

15 Example 9
A 1 liter flask, equipped as in example 1, but heated by an oil bath, was

charged with 194 .29 g of dimethyl terephthalate, 14.69 g of isosorbide,
167.4 g 1,3-propanediol, 0.078 g of manganese (ll) acetate, 0.053 g of
cobalt (Il) acetate, and 0.087 g of antimony (ill) oxide. When the reaction

20 reached 250 °C 0.491 g of a solution of polyphosphoric acid in ethylene
glycol, containing 3.4 wt % phosphorous, was added to the reaction mixture,
and the reaction vessel was placed under vacuum. After 90 minutes the
vacuum reached 1 Torr where it remained for an additiémal 115 minutes until
the reaction was terminated by allowing the flask to fill with nitrogen to

25 obtain atmospheric pressure. The polymer was recovered and analyzed as

in example 1. The data is found in Table 3.



pol ymeri zation conprises: 10 a) crystallizing said polyester by heating
said polyester to a tenperature in the range of about 115C to about 140C or
treating said polyester with a solvent which reduces the ghakwvemmbans3dda on
tenperature of the polyester allowing for crystallization; and b) heating
sai d pol yesM&?@ad&r vacuumor in a streamof 15 inert gas eCT/EsSPombsssat ed
t enper at ure above about 140C but bel ow the nelting tenperature of said
copol yester to yield a copol yester having an increased i nherent viscosity.
14. The method according to Claim 13, wherein said heating step (b) is
carried out at a tenperature of about 195 to about 198C for about 10 20
hours. 15. The nethod according to C aim L3, wherein said inherent
viscosity is increased to at |east about 0.65 dt_Ig. 1 Novenber 2002 WO
99/ 54119 -41 PCT/ US99/ 06535 16. The net hod according to Caim 13, wherein
sai d pol yester conprises fromabout 0.25: plg¢ %to about 10 nole %

i sosorbide noieties. 17. An isotropic polyester conprising diacid noieties,
i sosorbide noieties, and one Qr nore her dj .ol jeties, wherein said

pol yester has an 5 inherent vP’QB’&‘%‘?rtsy??b'm,S{hﬂ ﬁ%@gﬁh@k}?- 0.15 dUg when
measured as a 1 (weightlvol we)?.3dtraPpaedisk a8aispsprtigester in

o-chl orophenol at a tenperature of 25C and with the proviso that when said
diacid noieties are derived fromterephthal oyl | NERiAdalppeofdiolymer Bogt’her di ol
noi eti es i s not| Edende eBolymesm E: hy Fapdm@ii cptV.of Ispsprivker i vgdPMTr omj BEhyl jene

gl ycol and anotiher 10{diol . 1§ TheC//Wdper@p| t/hol yester adcording ta  ai m
17) wherei R sail@ontithel BRT vi k%30si £96/236/53: | &3 of Copsistent wihdiPTy) | g 19 _|The

i sotropic poly Ot or abBBYU Al ol 27423 5_%8, Qﬂ,%ﬁe_ 83,1480y | di@nt W-sglosity
is at least about 0.5 dL/g. 15 20. The isotropic polyester according to
Claim 19, wherein said inherent viscosity is at |east about 0.65 dLlg. 21.
The i sotropic pol yest¥rfolievinadagnrles deatribetthe ppivarasizatianiof petymars &f ol

noi eties are pr ' 0 75 mole %

of the pol yesteoﬁ'?‘%g{r}/cli&éggﬁﬁth?[sgggg‘?m’e&ﬁg@é??’lé{sze !’;1 ecg/?prpéd'sgi(?&]ii%xﬂégﬁ an anount

of about 0.25 rdinetfariod (@pant iséboridee(180)f(PERS)PRY ) ewhere (y2 8pedifigaliysot r opi C
pol yester according to Caim17, wherein said one or nore other diol

noi eti es dPe deefaredp theoamaunipfdsesorbidryaxpaetediiy gy golymer if 100%
incorporation is achieved, and (x) refers to the amount of 1,4-cyclohexane

dimethanol expected in the polymer if 100 % incorporation is achieved. For
example, a PEC(5)TI(5) refers to a polymerization where a polymer
composition of 50% DMT/40 % ethylene glycol/5% cyclohexane

15 dimethanol/5% isosorbide is expected if all the isosorbide charged to the

reactor be incorporated into the polymer.

Example 10
A 1 liter flask, equipped as in example 1, but heated by an oil bath,

was charged with 194.2 g of dimethyl terephthalate, 14.6 g of isosorbide,

20 128.5 g of 1,4-butanediol, 14.2 g of 1,4-cyclohexanedimethanol (30/70
cisftrans ratio), 0.078 g of manganese (Il) acetate, 0.053 g of cobalt (i)
acetate, and 0.087 g of antimony (lil) oxide. When the reaction reached 250
°C, 0.491 g of a solution of polyphosphoric acid in ethylene glycol,
containing 3.4 wt % phosphorous, was added to the reaction mixture, and

25 the reaction vessel was placed under vacuum. After 24 minutes a vacuum

of 2 Torr was obtained, and vacuum was continued for an additional 170



1 Novenber 2002 W 99154119 PCT/ US99/ 06535 -42 branched al i phatic glycols
havi ng from 2-12 carbon atons and having the enpirical formul a HO C-H2~ OH
where n is an integer from 3-12;cis or trans-1, 4-cycl ohexanebveriteapoh2 or

m xtures thereof; triethylene egcoI 2,2

bi s[ 4- ( 2- hyﬁ?S%Vé?hoxy)phenyl]propane 1, 1- bi s[ 4- ( 2- hydr oxperiissydssH
phenyl ) cycl ohexane; 9, 9-bi s[ 4-(2-hydroxyet hoxy) phenyl]fluorene; 1,4:3,6

di anhydromannitol; 1,4: 3, 6-di anhydroiditol; or 1,4-anhydroerythritol. 23.
The isotropic polyester according to Claim17, wherein said one or nore
diacid noieties are derived fromisophthalic acid, 2,5 furandi carboxylic
acid, 2,5-thiophenedi carboxylic acid, 2,6mnaphthal ene 10 di carboxylic acid,
2, 7- napht hal enedi carboxylic acid, or 4,4'-bibenzoic acid. 24. The isotropic
pol yester according to Gaim17, wherein said diacid noieties are present
in an anmount o i Mok | noi eti es
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about O. 25 nole %to about 45 nole_of said ester. 25. The isotropic

pol yest er accop@@liieed as @ axamplg, 1. whiae dpte '§éﬁ>ld’%'t”h@b’@h40| noi eties are
derived fromcis-1, 4-cycl ohexanedi - net hanol, trans

1, 4- cycl ohexanedi nmet hanol ) or m xtures thereof. 20 26. The i sotropic

pol yester according to Caim 17, whereifableidd di acid noieties-are derived
froma 2, 6- naphthalenedioyl terephthaloyl isophthaloyl or 4,4'-bibenzoyl.
1 Novembers; 2002 W O 99! 54| Q@ |sotrop|c pol yest er
according to O aim 26, 4 cgi{sﬁefﬂm i rYOEfS sraatang ivsrs&béosg%ldeoo' ybutyl ene

or pol ypropyl ene 2, 6- na ene dlcar oxy ‘ate alnlng I'sosof bi de

noi eties. 28. The ,,(; hnﬂfnf" i l n said 5
ol yester is ] ile: Br & | en te
Eon%/ai ning i sg‘ ol et L RE 20 T‘.’b"ﬁli %e*mr VE demu'j‘%st &2 au",f:ord%ﬁ}Sl to

; Exa*’rﬂj)?mg C(51T1(5) 18 Not obsérved ~° 0 2377 -
Cl ai m 26, wher erfi—sart- }JUI_yCDLCl as u1ycL||)| e, poryottyrene—ot

t
pol ypropyl ene i sophthal ate containing isosorbide noieties. 10 30. The

i sotropi cqpol yest erTﬁ@fé?fo% e;zé’rp e@lc[gs?eney}%e&ﬁy efidhih P, (?fl fs 4

polyethylene pol ybut yl'ene o propy enzoa con aining
i sosor bi de noi gimethyl Ea-nabhmalecé d1|oprb©xpleke/6~$ﬂ>@y mmdemeigrygolt (EC{)l aim 26,

wherein sald d:s?)lsorré[l)cljee(tl%/osl)Sar(?groI %llc?r(\jallf rdcu)rrrrl1et6ht I %/ re htha|a¥e PEI T yleerne
glycol; 1,3 p y yl terep )(y) where
(x) specifically refers to the amount of isosorbide expected in the polymer if
100% incorporation is achieved, and (y) refers to the amount of naphthalene
15 dicarboxylate expected in the polymer if 100 % incorporation is achieved.
For example, a PEI(10)N(45)T refers to a polymerization where a polymer
composition of 5% DMT/40 % ethylene glycol/10% isasorbide/45%
naphthalene dicarboxylate is expected if all the isosorbide charged to the

reactor be incorporated into the polymer.

20 Example 11
A 4 liter volume, 3 necked, cylindrical walled round bottom glass

flask, was fitted with a jacketed Vigreaux column, distillation head, nitrogen
inlet, and a stainless steel C type stirring shaft, connected to a Cole Parmer
Master Servodyne stirrer motor. The flask was charged with 2442 g of

25 dimethyl 2,6-naphthalene dicarboxylate (NDC), 293 g isosorbide (1SOS),
1285 g of ethylene glycol, 0.98 g manganese (ll) acetate, 0.67 g cobalt (Il}



15 propyl ene glycol or 1,4-cycl ohexanedi methanol. 32. A filmor sheet nade
of the conposition defi ned by daim1l7. 33. A beverage bottle nmade of the
‘conposition defined by aim17. 34. A fiber nade of the coMoesinbeoz002
defined by Caim17. 1 Novenber 2002 WD 99/ 54119 - 44 PCT/ US99/ 06535 35.
An optical aWPP¥Peltrade of the conposition defined by O ai mpETUS3G0ssThe
optical article of Claim35, wherein said optical article is a conpact
disc, digital versatile disc or substrate for conpact disc or digital 5
versatile disc. .A9{
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temperature, the glass flask was broken and removed from the polymer.
The polymer was cut with a band saw and ground in a Wiley Mill. The
25 ground polymer was analyzed for composition, with proton NMR, molecular
weight by inherent viscosity (1V), and thermal characterization by DSC,
including glass transition temperature (Tg), melting temperature (peak of

endotherm (Tmp), and the end temperature of the melting endotherm (Tm))
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109 ()-1 10% () do. 417 g of antimony (lll) oxide. When the reactants reached 263 °C,
2.314 g of a solution of polyphosphoric acid in ethylene giycol, containing
10 3.4 wt % phosphorous, was added to the reaction vessel. The reaction
product was recovered and analyzed as in example 11. The data for this

polymer is found in Table 5.

Example 13
A 2 liter flask, equipped as described in example 11, was charged

15 with 737.9 g of dimethyl terephthalate (DMT), 48.8 g of dimethy! 2,6-
naphthalene dicarboxylate (NDC), 58.5 g of isosorbide (ISOS), 513.9 g of
ethylene glycol, 0.316 g manganese (ll) acetate, 0.216 g cobalt (i1} acetate
and 0.353 g of antimony (lll) oxide. When the reactants reached 258 °C,
1.96 g of a solution of polyphosphoric acid in ethylene glycol, containing 3.4

20 wt % phosphorous, was added to the reaction vessel. The reaction product
was recovered and analyzed as in example 11. The data for this polymer is
found in Table 5.



109 ()-Y  s109& ()-*QIEuV7!# /4 109 ()-Y3. 109 ()-Y

'S100& ()-19%0%& ()-Y Yz1Q%& ()-1 GLO% ()-K, tuvdE:/ 10 101 910%& ()-|

@ 1098 ()-16Z10%& ()-Y 410%& ()-1 9310%&' ()-3 110%&' () - vwiN&herhBér 2002
1098B& () - L‘fé'%?ﬁ‘f}"ﬂ) L 109%& () - MlOYB& () - m@109B& ()- 109B& ()- 10"r
#H###) r g\ = 101°10% h& ()- 10B 10B 10B+109B& ()-! 109BB& ()- 1RTEEESIPN653S
109BB&' () - L##$&& E' ' aBg\ = 10! @L0% h& ()- @0% h& ()- 410% h& ()-!10% h
h& ()--10% h& ()--,10% h& ()-'""' (r((F)~<g\= 10!!(910% h

h& ()-3'k(910%4& ()-3!#10% h h& ()-3"f10% h& ()-  10% h& () - @O0%

h& ()-F))))))) (**~\: 10!'!yYI 10%u& ()- 'yY'10% ;& ()- !'1/Y'10% uv u& ()-
"~10% u& ()- 10 h 10 h -26-

Table 5

Polymers of Dimethyl 2,6-Naphthalene Dicarboxylate,
Ethylene Glycol, Isosorbide, and Optionally Dimethyl Terep Ythalate

NMR Analysis of Polymer
Example# [ Polymer Tg, | Tmp/Tm/AH, LV., ISOS | EG DEG | NDC | DMT
°C °C/°ClJperg | DLig
5 Control PEN 117 | 260/272/24 0.34 Consistent with Spectrum of PEN
11 PEI(10)N 121 | Not 0.25 6.5 372 |56 506 [0
observed
Control PEN(45)T | 113 { Not 044 0 454 {45 453 [ 4.8
observed
12 PE1(10) 121 | Not 038 19 425 {4.6 482 (28
N{45)T Observed
13 PEI(10) 84 | 21872291 NM NM NM NM NM NM
N(5)T

10 Exampie 14
The following polymerization reactants are added to a 4-liter

polymerization flask fitted with a jacketed Vigreux column with air cooling, a
mechanical stirrer, and a water-cooled condenser. dimethyl terephthalate
(780.133g), isosorbide (70.531g), and ethylene glycol (631.211g). The

15 reactants are present in a mole ratio of 1: 0.12: 2.13, respectively. The
catalyst 1s also charged and consists of Mn(l1) acetate tetrahydrate (0.296g),
Co(ll) acetate tetrahydrate (0.214g), and Sb(lll) oxide (0.350g). This
corresponds to 85 ppm manganese (weight of metat as a fraction of the
weight of dimethyl terephthalate), 65 ppm cobalt, and 375 ppm antimony.

20 The flask is purged with a stream of nitrogen while the temperature is raised
to 150°C over a period of one hour, using a fluidized sand bath as a heating
medium. At this time, the nitrogen purge is stopped and the evolution of
methanol commences. Methanol is continuously collected as the reaction is
further heated to 250°C over the course of approximately 2 hours. By noting

25 when the temperature drops at the top of the Vigreux column it is possible to
determine the end of methanol evolution, indicating the finish of the first step

of the reaction, which is the transesterification of the diols and dimethyi
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terephthalate. At this point, 82 ppm of phosphorous is added in the form of
a polyphosphoric acid solution in ethylene glycol. In this case, 1.854g of the
solution, which has a concentration of 10.91g P per 100g of polyphosphoric
acid solution is used. Heating is continued. The reaction is heated to
5 285°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). During this time, ethylene
glycol distills off, and a low molecular weight polymer forms. Once the
10 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 sufficient melt viscosity, as determined by
an increase in torque of the stirrer. When sufficient viscosity is achieved,
15 the polymerization is stopped, and the flask is removed from the sand bath.
The molten polymer is extruded and pelietized, or the cooled polymer
is removed from the flask and ground. The chopped, ground or pelletized
polymer is laid out on an aluminum pan in an oven. Under a nitrogen
stream, the polymer is heated to 115°C over a period of 4 hours and then
20 held at that temperature for another 6 hours. This aliows the polymer flake
to partially crystallize. After this treatment, the polymer is placed in a stream
of nitrogen and heated, again over a period of 4 hours, to 190°-195°C and
held at this elevated temperature for another 12 hours. This effects a solid-
state polymerization and allows the molecular weight to be significantly
25 increased, as judged by the inherent viscosity (I.V.) of the polymer solution
in ortho-chlorophenol. The solution L.V. of the material increases from about

0.5 dL/g to about 0.7 dL/g during the solid state polymerization.
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and 50% teérephthalic acid, all expressed as a mole % of the polymer. Itis

noteworthy that the amount of isosorbide in the polymer is approximately

5 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 distiliation or

other separation methods that are used in the process. A skilled practitioner

10 can readily establish specific process details according to the characteristics

of the reactor, distillation columns, and the like.

Example 15

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

acid, 8,638.9q; isosorbide, 911.9g; and ethylene glycol, 3,808.5g. The

15 reactants are present in a mole ratio of 1: 0.12: 1.18, respectively. Catalyst
components are aiso added at this time, as follows: Co(ll) acetate
tetrahydrate, 1.825g; and Sb(lil) 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 acid. The

20 polymerization reactor is equipped with a fractional distillation column and a
stirrer. The reactor is purged with nitrogen and then closed under 50 psig of
nitrogen pressure. The temperature is raised to 265°C over a period of
about five hours while the reactants are stirred. The pressure increases to
70 psig during this time, as esterification takes place. Atthe end of this time

25 period, the pressure is vented back to 50 psig. Water and ethylene glyco!
distill from the reactor. The temperature is maintained at 265°C. Within an

hour, the contents of the reactor are a clear, viscous melt.
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10906 () -1 109%0% rguz)eé m{té ﬁé ie{au%r This corresponds to about 50 ppm phosphorous
(weight of phosphorous compared with the weight of terephthalic acid). The
5 reactor is then placed under vacuum, while the reactor is heated to 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
10 polymerization 1s stopped, and the molten polymer is extruded from the
reactor, cooled, and chopped.
This polymer is nearly identical to the polymer made in Example 14
before solid state polymerization. It has an inherent viscosity of about
0.5 di./g. The monomer composition of the polymer, determined by proton
15 NMR, is as follows: terephthalic acid, 50%; isosorbide, 3%; ethylene glycol,
46%; and diethylene glycol, 1%. Its inherent viscosity is increased further
from about 0.5 dbL/g to about 0.7 dL/g, using the same solid state

polymerization procedure as was used in Example 14.

Example 16
20 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
70°C under nitrogen purge at atmospheric pressure. The reactor is
equipped with a packed distillation column. The monomer composition
corresponds to a mole ratio of terephthalic acid: ethylene glycol: isosorbide
25 of 1:0.61:0.54. The reactor was heated to 285°C within three hours and the
reaction mixture was kept under a positive pressure of 50-60 psi. During

this time, a distillate of mostly water is collected from the packed column.
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After the melt temperature reaches at least 275°C and the terephthalic acid
is essentially consumed, as determined by a clearing of the reaction mixture,
pressure is released and germanium (IV) oxide catalyst (3.77 g) is added as
a 0.10N solution in ethylene glycol. The reaction mixture 1s stirred for an
additional 20 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 peliets 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 25°C in a 1% (w/v) orthochlorophenol solution). The monomer
compasition of the polymer is measured by NMR as 49.5 % terephthalate,
30.3 % ethylene glycol residue, 2.0 % diethylene glycol residue, and 18.2 %

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

Example 17
Dimethyl terephthalate (10.68 kg), isosorbide (5.79 kg), ethylene

glycol (4.88 kg), manganese (ll) 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 terephthalic acid: ethylene glycol:
isosorbide of 1:1.43:0.72. The reactor is heated to 230°C within three
hours, to 240 over the next hour and to 265 over the next hour. During this
time a distillate that is mostly methanol is collected from the packed column.
After the temperature reaches 284°C, polyphosphoric acid is added to the
reactor. The amount of polyphosphoric acid is equivalent to 402 mg of
phasphorous. Germanium (IV) oxide catalyst, (4.66 g) is added as a 0.10N
solution 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

10
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that consists mostly of methanol. When the reaction mixture reaches

20 270°C, polyphosphoric acid is added in an amount equivalent to 25.4 mg of
phosphorous. After reaching 275°C, the pressure inside the reactor is
reduced to 1-2 mm of mercury over a period of 240 minutes. The reaction
mixture is kept at this pressure for 240 minutes and an additional distillate
fraction is collected while the temperature is raised to 285°C. When the melt

25 viscosity reached a predetermined level, measured by the torque required to
maintain a constant agitator speed of 50 rpm, the reactor is filled with

nitrogen to a pressure of 60 psi and the polymer is extruded through a 0.125
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10% & () - _?310%ad% Baéiatiof 8%atdr)cooled reflux column packed with staintess steel
rings, a stainless steel helix agitator stirrer, a water-cooled condenser and
by-pass: dimethyl terephthalate (78.02kg), isosorbide (15.42kg), and
15 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
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
20 ppm antimony. The stirred reactor (50rpm) is purged with a stream of
nitrogen while the temperature is raised to 250°C over a period of four
hours. The reactor is jacketted and uses a temperature controlled, hot oil
loop system as a heating medium. Methanol is continuously collected as
the reaction is heated above approximately 150°C. By noting when the
25 temperature drops at the top of the packed reflux column it is possible to
determine the end of methanol evolution, indicating the finish of the first step

of the reaction, which is the transesterification of the diols and dimethyl



1006 & ()- 10% & ()- 109% & ()- 10% & ()- W?3109%40% & ()- G F

VLe?10% & () -

'10% & ()- 10% & ()- 10% & ()- 10% & ()- ~ @L0109%40% & ()- 1086v&mber 2642

VLe?10% & () -

109% & ()- 109 & ()- hLO10% & ()- "10% & ()- 10% & ()-

109% & ()- cGF10% & ()- 10% & ()- 109% & ()- 10% & ()-

' F

109 & ()- WOMEIY- 1096 & ()- (,|\<cGr10% 10% & ()- 10% & forudduiss()- &
F VLe?10% & ()- , 059>BG ?+109% 10% & () -

10

15

20

25

-33-

terephthalate. At this point, 77 ppm of phosphorous is added in the form of
a polyphosporic acid solution in ethylene glycol. In this case, 153ml of the
solution, which has a concentration of 10.91g P per 100g of polyphosphoric
acid solution is used. Also at this time, the nitrogen purge is stopped.
Heating is continued. The reaction is heated to 285°C over a period of
about 2 hours. Vacuum is then gradually applied using a multi-vane
vacuum pump with 20 horse-power blower. The attainment of full vacuum,
preferrably less than 1 Torr, takes approximately 1 hour. During this time,
ethylene glycol distills off, and a low molecular weight polymer forms. The
molten polymer is heated under vacuum at 285°C for about 2 hours, until
the polymer achieves sufficient melt viscosity, as determined by an increase
in torque of the stirrer. When sufficient viscosity is achieved, the
polymerization is stopped, and the reactor is emptied 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
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. Itis
noteworthy that the amount of isosorbide in the polymer is approximately
half of the amount that is charged, when compared with the amount of
terephthalic acid. Unreacted isosorbide is 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 skilled practitioner can
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readily establish specific process details according to the characteristics of

the reactor, distillation columns, and the like.

Example 20
The second example is prepared in a way similar to Example 19
5 except that a smailer reactor (5 gal. maximum capacity) is used. The

reagent equivalent ratios are also changed in order to prepare a polymer
with a greater content of isosorbide. Thus, dimethyl terephthaiate
(10,680q), isosorbide (5,787g), and ethylene glycol (4,881g), which
corresponds to a mole ratio of 1:0.72:1.43 are charged to the reactorin a

10 similar fashion as before along with the catalyst consisting of Mn(ll) 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).

15 A solution of polyphosphoric acid in ethylene glycol is 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

20 this case a solution 1.V. of 0.42dL/g is 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%
terephthalic acid, all expressed as a mole % of the polymer. The extent of
isosorbide incorporation is somewhat lower in this case than previously

25 observed but reflects the efficiency of the differing reactors rather than the

polymer made.
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Example 21
This example is prepared i a way similar to example 14 except that

a larger reactor (100gal) equipped with a stainless steel anchor type stirrer
is used. The monomers charged are such an isosorbide content in the
finished polymer would be 1 mole %, assuming that some of the input
1sosorbide would be distilled off during polymerization. As such, dimethyl
terephthalate (197 kg),isosorbide (5.12 kg), and ethylene glycol ( 135 kg)
along with the catalysts: Mn(ll) acetate tetrahydrate (72.1 g), Co(ll) acetate
tetrahydrate (54.1 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 14. The transesterification process is carried in
an analogous way as for example 14. A 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 14. The polycondensation is also
similar to the previous exampie. Polymer is extruded and pelletized to give
clear, colorless resin.

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 heid
at that temperature for another 6 hours. This allows the polymer to partially
crystallize. After this treatment, a vacuum is applied to the tumble dryer
ulitmately achieving a vacuum less than 1mm of Hg. The heating is
continued and reaches a maximum of 213°C. It is 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 1.V. of the material increases from about 0.5

dL/g to about 0.7 dL/g during the solid state polymerization.
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This polymer is prepared in a similar way to that for example 21
except that the amounts of diols were changed in order to result in a resin
with a somewhat increased isosorbide content. Thus, the only alterations
are in the amount of isosorbide charged, 17.8kg, and the amount of Mn(Hi)
acetate tetrahydrate catalyst used, 79.2 g corresponding to 90ppm Mn(l!)
calculated on the same basis as in the above example. The
transesterification and polycondensation are repeated as described in
example 21. Also, the finished polymer is pelletized, crystallized, and sofid-
state polymerized in an identical fashion to the previous example. This

results in a polymer with approximately 3 mole % isosorbide content.

Example 23

This example describes a blend 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 biends The polymer of examples 19, 20, and
22 are blended together with the nucleating agent sodium 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 18. The molded parts (Examples 23a-c) are heat
treated in an oven at 130°C for 30 minutes. The compositions and results

are summarized below.
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| PEIT- 70] 0 0 70 0
PEIT-6 0 70 0 0 70
PEIT-13 0 0 70 0 0
OCF-183 29.6 296 296 30 30
sodium bicarbonate 04 04 0.4 0 0
D638 tensile modulus(Mpsi) 1.19 1.26 126 128 na
5 D638 tensile elong @ bk(%) 1.94 1.85 1.29 2.55 na
D638 tensile stress@bk(Ksi) 15.6 16.9 12.8 16 6 na
D256 Notched lzod (ft-ib)@20°C 0.82 119 217 1.33 1.93
D3763 Multiaxial ipact load(lb) 296 305 287 236 265
@ max.load (20°C)
D3763 Multiaxial impact load(ib) 314 302 294 na na
@ max.load (-20°C)
10 D3763 Multiaxial impact load(lb) 315 321 287 na na
@ max load (-40°C)
D648 HDT(°C) @264 psi 136 147 106 81 88

It is to be understood that the above described embodiments are
ilustrative only and that maodification throughout may occur to one skilied in
the art. Accordingly, this invention is not to be regarded as limited to the

15 embodiments disclosed herein.
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1 "L10% & () - 10! 19\fdkhd hioftd:Od nﬁ\%@r‘?@r‘%o(ﬁpnsmg an isosorbide moiety; and one or

5 more monomers comprising another diol moiety; with a condensation
catalyst suitable for condensing diacids and diols; and
(2) heating said monomers and said catalyst to a temperature
sufficient to polymerize said monomers into a polyester polymer having at
least said diacid moieties, said isosorbide moieties and said other diol
10 moieties;
wherein said heating is continued for a sufficient time to yield
an isotropic polyester having an inherent viscosity of at least about
0.15 dL/g when measured as a 1 % (weight/volume) solution of said
potyester in o-chlorophenol at a temperature of 25°C and with the proviso
15 that when said one or more monomers comprising a diacid moiety is
terephthalic acid or dimethyl terephthalate, said one or more monomers
comprising another diol moiety is not ethylene glycol or is ethylene glyco!

and a different diol.

2. The method according to Claim 1, wherein said diacid moiety
20 is an aromatic or alicyclic diacid moiety.
3. The method according to Claim 1, wherein said other diol

moiety is an aliphatic or alicyclic diol moiety.

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

25 removal of by-products by distillation and/or evaporation.



10% & ()- 10%& ()- "10%& ()- 3 10% & ()- 10% & ()-$p|[: A410! 3 °
10% & ()- F@f 10% & ()- $109%& ()- "104 & ()- LI10%W& ()- 3

10% & ()-, p| obU410 F" 91098 & ()-10! 10! 10! F 3s10% & ()- F 110Ndv&mbpr 2602
8010% & ()- F.f 10% & ()- |[:bU410 ", 109 & ()- !10% & ()- 10% & ()- Y
&10% & ()- WO WHE ()- mo%& ()- ! 6 > B J _?bUal0 PCT/US99/06535

510% & ()-510% & ()-510% & ()-510% & ()-510% & ()-510% & ()-J NV Z b f n
_?bU410 510% & ()-510% & ()-510% & ()-510% & ()-510% & ()-510% & ()-n r s
t { ~ mVbU4510% & ()-5109 & ()-5109 & ()-5109% & () - 5W n251098 & () -

-30-

5. The method according to Claim 1, wherein water and

unreacted monomer are removed while said monomers polymerize.

6. The method according to Claim 1, wherein methanol and

unreacted monomer are removed while said monomers polymerize.

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

components.

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

tetrahydronapthalene.

10 9. The method according to Claim 1, wherein said one or more
monomers comprising another diol moiety are selected from the group
consisting of aliphatic alkylene glycols and branched aliphatic glycols having
from 2-12 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

15 and mixtures thereof; triethylene glycol; 2,2-bis{4-(2-hydroxyethoxy)phenyi]
propane; 1,1-bis{4-(2-hydroxyethoxy)phenyljcyclohexane; 9,9-bis[4-(2-
hydroxy-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
20 monomers comprising a diacid moiety are selected from the group
consisting of isophthalic acid, 2,5-furandicarboxylic acid, 2,5-
thiophenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-

naphthalenedicarboxylic acid, and 4,4’-bibenzoic acid.
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11 The method according to Claim 1, wherein said monomers are
included in amounts such that said diacid moieties are present in an amount
of about 50 mole % of said polyester, and said diol moteties are present in

an amount of about 10 mole % to about 49.75 mole % of said polyester.

5 12 The method according to Claim 1, further comprising
increasing the molecular weight of said polyester by solid state

polymerization.

13 The method according to Claim 12, wherein said solid state
polymerization comprises:

10 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

b) heating said polyester under vacuum or in a stream of

15 inert gas at an elevated temperature above about 140°C but below the

melting temperature of said copolyester to yield a copolyester having an

increased inherent viscosity.

14.  The method according to Claim 13, wherein said heating step
(b) is carried out at a temperature of about 195° to about 198°C for about 10
20 hours.

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

viscosity is increased to at least about 0.65 dL/g.
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17.  Anisotropic polyester comprising diacid moieties, isosorbide
moieties, and one or more other diol moieties, wherein said polyester has an
5 inherent viscosity of at least about 0.15 dL/g when measured as a 1 %

- (weight/volume) solution of said polyester in o-chlorophenol at a
temperature of 25°C and with the proviso that when said diacid moieties are
derived from terephthaloyl, said one or more other diol moieties is not
derived from ethyle.ne glycol or is derived from ethylene glycol and another

10 diol.

18 The isotropic polyester according to Claim 17, wherein said

inherent viscosity is at least about 0.35 dL/g.

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

inherent viscosity is at least about 0.5 dL/g.

15 20.  The isotropic polyester according to Claim 19, wherein said

inherent viscosity is at least about 0.65 dL/g.

21.  The isotropic polyester according to Claim 17, wherein said

other diol moieties are present in an amount of about 5 mole % to about
49.75 mole % of the polyester, and said isosorbide moieties are present in

20 an amount of about 0.25 mole % to about 45 mole % of the polyester.

22.  The isotropic polyester according to Claim 17, wherein said

one or more other diol moieties are derived from aliphatic alkylene glycols or
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dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

23.  The isotropic polyester according to Claim 17, wherein said
one or more diacid moieties are derived from isophthalic acid, 2,5-
furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-naphthalene-

dicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4’-bibenzoic acid.

24.  The isotropic polyester according to Claim 17, wherein said
diacid moieties are present in an amount of about 50 mole % of said
polyester, said other diol moieties are present in an amount of about 5 ;
mole % to about 49.75 mole % of said polyester, and said isosorbide

moieties are present in an amount of about 0.25 mole % to about 45 mole %

of said polyester.

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

1,4-cyclohexanedimethano!, or mixtures thereof.

26. The isotropic polyester according to Claim 17, wherein said
diacid moieties-are derived from a 2,6-naphthalenedioyl, terephthaloyl,

isophthaloyl or 4 ,4'-bibenzoyl.
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10 30.  The isotropic polyester according to Claim 26, wherein said
polyester is polyethylene, polybutylene or polypropylene 4,4'-bibenzoate

containing isosorbide moieties.
31.  The isotropic polyester according to Claim 26, wherein said
diol moiety is derived from ethylene glycol; 1,4-butylene glycol; 1,3~
15 propylene glycol or 1,4-cyclohexanedimethanol.

32.  Afilm or sheet made of the composition defined by Claim 17.

33. A beverage bottle made of the composition defined by
Claim 17.

34. A fiber made of the composition defined by Claim 17.
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35.  An optical article made of the composition defined by

Claim 17.

36. The optical article of Claim 35, wherein said optical article is a
compact disc, digital versatile disc or substrate for compact disc or digital

5 versatile disc.



