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JField of the Disclosure This disclosure relates to a sheet

gxyred from a polyester, methods 5 of making the polyester and articles
made fromthe sheet. Mre specifically, this disclosure relates to
sheets nmade from a pol yester having an i SOgOI’bI de noi ety,

t erepht hal oyl noi ety and ethyl ene glycol noiety, methods of making

the same, and articles nade therefrom

Background of the Disclosure 10 Pol ymeric sheets have a variety
of uses, such as in signage, gl azi ngs, thernoform ng articles,
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Therefore a hi gher Ing point and glass transition t enperat ure
(Tg) are desirable to provide better heat resistance and greater 15
stability. Further, it is desired that sheets have ultraviolet (UV) and
scratch

Field of the Disclosure

This disclosure relates to a sheet formed from a polyester, methods
5 of making the polyester and articles made from the sheet. More specifically,
this disclosure relates to sheets made from a polyester having an isosorbide
moiety, terephthaloyl moiety and ethylene glycol moiety, methods of making

the same, and articles made therefrom.

Background of the Disclosure

10 Polymeric sheets have a variety of uses, such as in signage,
glazings, thermoforming articles, displays and display substrates, for
example. For many of these uses, the heat resistance of the sheet is an
important factor. Therefore, a higher melting point and glass transition
temperature (Tg) are desirable to provide better heat resistance and greater

15 stability. Further, it is desired that sheets have ultraviolet (UV) and scratch
resistance, good tensile strength, high optical clarity and a good impact
strength, particularly at low temperatures.

Various polymeric compositions have been used in an attempt to

meet all of the above criteria. In particular, polyethylene terephthalate (PET)



resi stance, good tensile strength, high optical clarity and a good i npact

strength, parwrséizearly at | ow tenperat ures. VPET/DESo/deisy MEr | C
conpositions have been used in an attenpt to neet all of the above
criteria. In particular, polyethylene terephthal ate (PET)

- 2- has been used to form| ow cost sheets for nmany years. However,
t hese PET sheets have poor |ow tenpepature inpact strength, a | ow

gl ass transition tenperature (Tg) and a high rate of crystallization.
Thus, PET sheets cannot be used at | ow tenperatures because of the

danger of 5 ga,erq '
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resistance, thereby limiting its use in certain applications, and is prone to
stress induced cracking. Polycarbonate sheets aiso provide a greater
impact strength than is needed for certain applications, making them costly
16 and inefficient for use.

Thus, a need exists for a sheet material that offers (1) high impact
strength at low temperature, (2) a higher service temperature (3) good
solvent resistance and (4) a low rate of crystallization.

The diol 1,4:3,6-dianhydro-D-sorbitol, referred to hereinafter as

20 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.
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al so include terephthal oyl noieties. See, for exanple, R Storbeck et al,
Makf onol . Chem, Vol. 194, pp. 53-64 (1993); R Storbeck et al, Polyner,
Vol. 34, p. 5003 (1993). However, it is generally believed that secondary
5 al cohol s such as isosorbide have poor r-8activity and are sensitive to
aci-d- catal yzed reactions. See, for exanple, D. Braun et al., J.
Prakt. Chem, Vol. 334, pp. 298-310 (1992). As a result of the poor

reactivity, polyester 9sg&stBide has beet inBoffdratedRy & nithoMEIdARY paipesterd thias of
terephthalic acid are expected to have a rel atively | ow nol ecul ar

wei ght. Bal | auf f aiso incjudeoteyephtbaloyl eistiesdSes, for examplRe ik \GlotheckReiates) ,
Pol ymeric Materigls Encycloped| . 8 . . 9892 (1996)..

Copol ymers cont amm% yé" | ePPeé?,"%ét(F@?%eRgg@Béglﬁﬁﬁ %t Palymer,

and t erepht hal oyl het MR Rr L _

cont ai ni ng these \{(ﬂ!r)%g’ %@Mgg@fnm\ﬂ“ ch ’t'ﬁ% %e‘éal!@??@gﬁ&%?ﬁ%&e@ﬁn@éa ycol
to 15 isosérbi dicorsis shchibs Ehsbibidehave @por testtivity and lare Bensities tomaciBat ent

Application No. 1,263,981 (1968). The pol yner was used as a_mi nor
conponent (about CRiBlyzed reaqtipasd Sget forgsaipie 13 Biauntas al.ad, Brakts Gaem., Vol.

dyeability of polypro fa I | . L,.zatio f
yeabi |1ty OF DR BB bEBE H8Ea) | Ao MR RFeRIRAIR L a BN TBOGRHIE el
conditions, 20  wih§ lko¥@Hide esHdr@hrbstets oaRRGIHhallcCadT8 dré ekPécted to
publication, would not have gi ven a pol yner havi ng a hi gh nol ecul ar
wei ght . have a algtivejyriovs moledular seeigbireBallauffeetral Polyesterse (Rerived
descri bed again recently, where it wa bserved that th | ass
transition ﬁgrrperfﬁ%’ﬂr@"?d" e Sources vt'%@y’@éﬁﬁl pals glopedig &??'igdéor bi de
nmononmer cont ent %#20 1@@@ t 25 2000C for the isosorbide terephthal ate
honopol ynmer. The po yﬂ'ﬂsr anpl es were made by reacting terephthal oyl
dichloride in sol uti orCopdlymehecahtaining isosorbide moieties, ethylene glycol moieties,

and terephthaloyl moieties have been reported only rarely. A copolymer
containing these three moieties, in which the mole ratio of ethylene glycol to

15 isosorbide was about 90:10, was reported in published German Patent
Application No. 1,263,981 (1968). The polymer was used as a minor
component (about 10%) of a blend with polypropylene to improve the
dyeability of polypropylene fiber. It was made by melt polymerization of
dimethyl terephthalate, ethylene glycol, and isosorbide, but the conditions,

20 which were described only in general terms in the publication, would not
have given a polymer having a high molecular weight.

Copolymers of these same three monomers were described again
recently, where it was observed that the glass transition temperature Tg of
the copolymer increases with isosorbide monomer content up to about

25 200°C for the isosorbide terephthalate homopolymer. The polymer samples
were made by reacting terephthaloyl dichloride in solution with the diol
monomers. This method yielded a copolymer with a molecular weight that is
apparently higher than was obtained in the German Patent Application
described above but still relatively low when compared against other



nmononers. This nethod yielded a copolynmer with a nol ecul ar weight that is
appar ent | yYWopys29 t han was obtained in the German Pat ent Apgitiusdbdhesis
descri bed above but still relatively | ow when conpared agai nst ot her

-4- pol yester polyners and copol yners. Further, these polyners
wer e made by sol ution polynerization and were thus free of

di et hyl ene glycol noieties as a pr-gduct of pol ynerization. See R
St or beck, Dissertation, Universitat Karl sruhe (1994); R Storbeck,
et al., J. Appl. Polymer Science, vol. 59, pp. 5 1199- 1202 (1996).
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the many preferred al cohols is dianhydrosorbitol. However, the average 10

mol ecul ar wei gradust of pelymarizationr SeeRs $ionbacko Rissertativny biniversititno

pol yest er act u . 1,0l i r bi tol. noi et s _made.
0SSPt ent skensfiheiigely R e@nibal ool SN, PoRkr Shetch, Fol 58 o
conpressipn nphgdgd HM@uoe).s.- Al so, described therein are hydroxyl
cont ai ni ng polyesters. These hydroxyl containing polyesters are listed to

15 include pol yh{id8i Patent di#18;174 describesg precessdodthenprepacatimnoof ol .
Agai n, however , tg‘ hi ghest m)ke,c Bar i ghts seported are

rel atively | oRplyesters uggtyl as raw matgrig ,'03 e p&a@"%lﬁ" I stevingl | y
containing th ' = di | ; ' e

Publ i shed P. cﬁ‘ﬁhugéspﬁ@%ﬁ"%y%%@%?éﬂgd yith %a@f‘%ﬁﬂﬁoﬂ& Dneot .
chol esteric afith ramgtprefdrietialdolioly $¢ dianhpdrazoryitsl! ¢fowéver] thewlerdge

| sosor bi de noi eties as pononer units. Such pola/est ers have relatively | ow
nol ecul at0 wei giecuagweight abthe rejyestgrsis from 1,000 to 10,000, and no polyester

expect at i ons SFUPTRgo0HTnR 2.dBnnuresoo RE AT piasR. LT T i corr opi .
i.e., sem -crystal {j Sepattht TR SeStribEya pddess for the preparation of
compression molded materials. Also, described therein are hydroxyl
containing polyesters. These hydroxyl containing polyesters are listed to
15 include polyhydric alcohols, including 1,4:3,6-dianhydrosorbitol. Again,
however, the highest molecular weights reported are relatively low, i.e., 400
to 10,000, and no polyester actually containing the 1,4:3,6-dianhydrosorbitol
moiety was made.
Published P.C.T. applications WO 97/14739 and WO 96/25449
20 describe cholesteric and nematic liquid crystalline polyesters that include
isosorbide moieties as monomer units. Such polyesters have relatively low

molecular weights and are not isotropic.

Summary of the Disclosure

Contrary to the teachings and expectations that have been published
25 in the prior art, isotropic, i.e., semi-crystalline and amorphous or nonliquid
crystalline, copolyesters containing terephthaloyl moieties, ethylene glycol

moieties, isosorbide moieties and, optionally, diethylene glycol moieties, are



crystalline, copolyesters cont ai ni ng terephthal oyl noieties, ethylene

gl ycol WRIPE4128s, | sosorbi de noieties and, optionally, eceusydesss

gl ycol noieties, are - 5-
readily synthesized in nmol ecul ar weights that are suitable for making
fabricated products, such as sheets, on an industrial basis.

The process conditions for producing the pol-gester sheet, particularly

t he -amount s of nononers used in the polyester, are desirably chosen so 5
that the final polyneric product used for nanufacturing t he sheet contains

the desired armur,\éé?, no)frﬁﬁeé’i’éd %o?&rl e httﬁat é%ﬁéﬁ%‘%rgﬁ dkihg,

eCIUI nol ar anount s noner units om a

Because of the vcfébcﬁcéteapr@duds;rwcbfastdtmets;mwm industrial bdsisg i sosor bi de,
and dependi ng on the nethod of nmanufacturing the pol yester, sone

the 10 nononmer s ar & heeROcass gonditionaited produsing:the palyester shegty naﬁ@u@ﬂw he
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pol yester mayg be tﬁeﬂtﬁedinla)/?aayvhémtd?eah&%% fbf‘mfah@fa%'tdnng the sheebcBARNRD! V.

however, the polyester Is med by sol vent or nel pol ymeri zati on.
The choi ce of metthe desigd lamalmltseohﬂwae@nbysmmamen wmts preferablyawithnt of

di et hyl ene glycol in the final referred
Crbodt mont . Ct b asieplg e Efwanemermteepageﬁﬁomaﬁ'o?a?\ﬁea Bolhver | s

in the range of %’éﬁétusg%{"tﬂ?vglgﬁﬁ’(gl gomeltﬂ‘t ult SinefsOincl %ISOSRrblég(ﬁ’ld

polymer). The polyner € anoun one’ or

aromatic diacid d csruﬂfe 1methddosf rﬂaﬁunfabmrlnghﬂfbepd%stéedsoiﬁe)ﬂfthe
i sophthalic acid, 5@51 ??r andi carboxylic acid, 2,5-thiophenedi carboxylic

aci d, 102, 6-mapemaes ecasiablydRgiuded in pxcess, atthe prgimainghetihear boxyl i c
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di et hyl ene gl ycol noi éffiessoly@seemayrbs fonnedéyrmtyhndtmﬁ known in therarf.act ur e,
the amount of d el:t»r@ eragly, ﬁow&?ér eI chllylgsster IS formecgl %y vent %fr melt
15 polymerization. The choice of method may be determined by the desired
amount of diethylene glycol in the final product.
In a preferred embodiment, the number of terephthaloyl moieties in
the polymer is in the range of about 25% to about 50 mole % (mole % of the
total polymer). The polymer may also include amounts of one or more other
20 aromatic diacid moieties such as, for example, those derived from
isophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic acid,
2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, and
4.4’-bibenzoic acid, at combined levels up to about 25 mole % (mole % of
the total polymer).
25 In a preferred embodiment, ethylene glycol monomer units are
present in amounts of about 5 mole % to about 49.75 mole %. The polymer
may also contain diethylene glycol moieties. Depending on the method of
manufacture, the amount of diethylene glycol moieties is in the range of

about 0.0 mole % to about 25 mole %.



about 0.0 nole %to about 25 nole %

- 6- W0 99/54129 I n a preferred enbodi nent, isosorbide i pdfgsRpkssyn t he
pol ymer in anounts in the range of about 0.25 nole %to about 40 nole
% One or nore ot her diol nmononer units may al so be included in
anounts up to a total of about 45 nole % 5 The pol yester
has an inherent viscosity, which is an indgcator of nol ecul ar

wei ght, of at |east about 0.35 dL/g, as neasured on a 1%
(wei ght/vol une) solution of the polyner in o-chlorophenol at a tenperature

of 25[err]C. A high [ ' WAL 0 t 0 dL/g,
preferably at Ieast%gﬁgﬁ(’s%ﬂg.@g?ﬁég’ ﬁgéyﬁg’dé%o@%g% Imﬁh@?ﬁi&q\grﬁx
formation. 10 amohbtstindhe pange ofaboutd.25 molpdh te abdut 48 ynsle!%e\Gnesen
hi gher i nherent vi scosities, such as over 1.0 dL/g. The

pol yest er sheemoreptheidioimeremer Hoksmayalse bertpeudeg imanounts up tengt hod
known as the art ,a a L t,akle for use in a variety of applications,
oter A RLE 4B TR

such as gl azi 5 and display substrates. The sheets 15

denonstratge good | ovhé pERREEIrHaS Anmererttvigiodity, whichii§ BnTiedicatdt!dfi ng in an
I ncreased maxi mum service tenperature and decreased crystallinity,

t her eby provi dinoteculariweigbt)of ahleast about/0.35 dl/g, as measurad ada@i t%on, the
present inventjon | ates . to met hod of maki ng ol yester article
byt her ot o m leivaes saileRos 3 polvy i S eiemphencl Sga tembSrasdien | e
Description of r gf ' ‘ | The
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sane are descrpfsrably atdbast atimit 0 Hb/gy & desitddfor optinedl Bhdebformation.

manuf acturing the polyester conprising terephthal oyl noieties, ethylene
gl ycol ndilet i eBurher prosessing @é thpelyester mayiachieye even highgsiinherent he

RS S e b e " e
The polyester sheets of the present invention are made by any
method known as_the art and are suitable for use in a variety of applications,
such as glazings, signs, displays and display substrates. The sheets
15 demonstrate good low temperature impact strength, a high Tq resulting in an
increased maximum service temperature and decreased crystallinity,
thereby providing higher optical clarity.
In addition, the present invention relates to a method of making a

polyester article by thermoforming the above described polyester sheet.

20 Detailed Description of the Preferred Embodiments of the Disclosure

The isotropic polyester polymer sheet and a method of manufacturing
the same are described in detail below. In particular, a method of
manufacturing the polyester comprising terephthaloyl moieties, ethylene
glycol moieties and isosorbide moieties is described, as well as the process

25 of forming sheets from such a polymer.
In a preferred embodiment, ethylene glycol monomer units are

present in the polymer in amounts of about 33 mole% to about 49.9 mole%,



present in the polynmer in anounts of about 33 nol e%to about 49.9 nol e%
-7- WEPMSHRADbl y 37 nol e% to about 45 nol e% al t houghraoTaisexosszwount s
may _be i ncluded as necessary to achieve the desired results. The

pol yrner conposition may al so contain diethylene glycol nononer

units. Dependi ng on the method of manufacture, the anmount of

di et hyl ene gl ycol nononer 5 units is in-t-he range of from about 0.0
nol'e% to about 5.0 nol e% preferably 0.25 nole% to about 5.0 nol e%
al t hough hi gher anmounts may be i ncl uded as necessary to achieve the

desired results ré?eﬁéﬂwevm@olewﬁoébdmnshﬁole%,althongﬁtmgmia%mbmyséuct
of the pol yrrerlzatlon process, or may be added directly to the

conposition to itmlqde;i:as,macmspry t;gad:fwee thecdesinedmesults. 10he pdlymery| ene
gl ycol nononer units &'Qa are ref er red
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0.25 ol e% 50 abnlﬂé islin. the mahgs/of froch abotkt 00 ﬁbﬁ%bb)ﬁbbﬂﬁﬁﬂ&h@@klpr@férﬁbly
nol e% to about 6.0 nol e% althou h hi ?her anounts may be included as
necessary to acﬁl?&/@ol%t@IQQW'b@ rreelel salthgﬂlﬁh(b‘ﬂghﬁir?é'ﬂ@!m‘%maﬂbﬁ%lnﬁdudﬁﬂer

t t t al b
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results. Exanpl es of the optional other diol units include allphatic
al kyl ene dgequoﬂoghamnmsitmmmacwmm aegmteahel amouint@ft he
enpiri cal rmul.a IS an |nteger from

512, i nct Wi ngd W‘%)HE'H%S'Y&PB'T%"O"JGFL s b e Wohe myeny 1 - |
, 3-propanediol ; cis goners ég@odtrpen t%&%&%ﬂﬁe"ﬁ% 1e!§§r@$’?8§erﬂ'?rqtﬁﬂ xtures

of the cis and trans | yl'ene gl'yco

ﬁ 2-bi s[ 4- (2- hYﬁbWN)&tldﬂemf@WMhh rangw@aﬂmmlatimhiosﬁsln(o?e% to about 30
ydr oxyet hoxy) p enyl] cycl ohexane; 9, 9-bi s[ 4- dr oxyet hoxy
phenyl ] fI uor enemole%; B"Qfe@b&hﬁwt&%md%% ton U?,%Q-le&%yﬂ@f@l prefesablyand
1, 4- anh%e&&%.% %6!&% to about 12.0 mole%, and most preferably from about 1.0
15 mole% to about 6.0 mole%, although higher amounts may be included as
necessary to achieve the desired results. One or more other diol monomer
units may optionally be included in amounts up to a total of about 2.0
mole%, but preferably less than 1.0 mole%. The amount of other diois
included may however be higher as necessary to achieve the desired
20 results. Examples of the optional other diol units include aliphatic alkylene
glycols having from 3-12 carbon atoms and having the empirical formula
HO-C,H,,-OH, where n is an integer from 3-12, including branched diols
such as 2,2-dimethyl-1,3-propanediol; cis or trans-1,4-
cyclohexanedimethano!l and mixtures of the cis and trans isomers;
25 triethylene glycol; 2,2-bis[4-(2-hydroxyethoxy)phenyl] propane; 1,1-bis[4-(2-
hydroxyethoxy)phenyl]-cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)-
phenyilfluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol; and 1,4-
anhydroerythritol.



- 8- Ter epht hal oyl noieties in the polyester may range from
25-50 nol eW099/54129 but are preferably in the range of from pbonisodésshO

nol e% al t hough hi gher anounts may be included as necessary to
achieve the desired results. O her aromatic diacid noieties in the
polymer, if desired, may include, for 5 exanpl e, those derived from

| sophthalic acid, 2,5-furandi carboxylic acigd,

2, 5-t hi ophenedi carboxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7-
napht hal enedi car boxyl i c acid, and 4,4'-bibenzoic acid, at conbined |evels
up to about 10 nol e? i g\@e& fw‘d Y € o

pol ymer, al though hi/g%rgpﬁgﬁ ntﬁs{mgn% e Fﬁ’% ed g‘séyﬁlggéosﬂgrn;/h??dac ?éeé/”e 10
t he desired ressittare preferably in the ranige offram ebeub#0-650 mate% palthoaighr highernt s
of diacid nmonomer units and di ol nonomer units are present in the
pol ymer in or de3mpynisdRakbe inciHAgd as necessafy|ta agnigve fheasirgdJesulth

o ass o rans; ¢ anes A ainal Btsd ifoidics 1hih popmer, S AR iR for 2"
terepht hal &t e) . exHifplBOtHERB! Rrived frE idbphtiRdlic acid, 2,5L0RidicdrbBkAROSdIAY |
which is an indicator of nolecular weight, of at |east about ' 0. 35

dL/ g, as neasura-tbiophepedicarraxylic acid, d:fehaphihalenadicsrboxdicagig,n@7-i n

-chl h | at t t .of 25 - f bly, .,the.inh

i oot " AndndlBTBaLEaGIG AcE AGUAS pibaeSh Bdid. At GRS, 0wt

0.5 and aboul lydtBbout fii-fidle D plerelaBhrbeeen e oMY Shsibooringfdigtbout
r, the | e as as

1.0 dL/g. Howev nherent “viscosity may I gh .0
dL/ g, or even hpgimer, althoughddgher amounts may be ifitladed lasmecessawi tolachieve
normal |y not neasured directly. Instead, the i nherent viscosity of
the pol ymdQ i n theidasired resulthe nelt viscosity is used as a

i cator of ol ecul e Weléble 138 cblifndlhPaRRLNROLYABER mbASYEP IS Bg2”

viscosity is neasure ne escri previ ous ul ar

wei ght correspogigi Mdnbfnetunits 226 présenit 4ttt polyaier i erderGodehibvieta Righor e.
Hi gher nol ecul ar wei g\ts corresponding to an 1 nherent viscosity of at |east

about 0.45 dL/ gnalesufareveightand high inberent viscosity, guhish spvide gdaweng t o
ingger ent Vi scosiilidolTatl 8hd AyrdP s trdhetidriterfodrafrd (1) taf 48P N ONer
15 example, poly(ethylene terephthalate). The polyester formed has an
inherent viscosity, which is an indicator of molecular weight, of at least about
0.35 dL/g, as measured on a 1% (weight/volume) solution of the polymer in
o-chlorophenol at a temperature of 25°C. Preferably, the inherent viscosity
is at least about 0.40 dL/g, and preferably between about 0.5 and about 1.0
20 dlL/g, most preferably between about 0.7 and about 1.0 dL/g. However, the
inherent viscosity may be as high as 2.0 dL/g, or even higher, as needed.
The molecular weight is normally not measured directly. instead, the
inherent viscosity of the polymer in solution or the melt viscosity is used as
an indicator of molecular weight. For the present polymers, the inherent
25 viscosity is measured by the method described previously, with a molecular
weight corresponding to an inherent viscosity of about 0.35 dL/g or more.
Higher molecular weights corresponding to an inherent viscosity of at ieast
about 0.45 dL/g are preferred, and molecular weights corresponding to

inherent viscosities as high as about 1.0 dL/g to 2.0 dL/g or even higher may



-9- be obtained if desired. Generally the inherent

vi scosi t y/ nol Wea¥si2%ei ght relationship can be fitted POTAS®Y/d6E3¥car
equation: log (IV) = 0.586 x log (My) - 2,9672.
The inherent viscosities are a better indicator of nolecular weight for 5
conpari sons of sanples and are used as .the indicator of nolecul ar wei ght

her ei n. The pol yester sheets @9-the present invention may be
anor phous or partially crystalline dependi ng upon the desired
properties of the sheet. Conmposi tions having isosorbide at |evels of

l ess than about Jo%oétarrﬁd%%sweho Gemggmﬁé ﬂnhBF‘eritfvustcBgit’y/ﬁ'{ GRS Weight oW Y

after formation or ey are anneal bove thelir glass transition
t enperatures, butrelationshiprcahdesfitteld totthg linear equatlon cooI ed rapidly after

formation. In general, the sem -crystalline sitions are sl ower
to crystallize than poI y(et hyl efﬂgé( }e&ﬁ%}(&gﬁ\?wgnﬁogﬁn& ons due to

t he inclusion of (o} the 15
articles to rerralfrp%t'ﬁgégngﬁisﬁg&geéeépe\sf\ﬁg%hggg{a‘zéaggﬁ%ftrg@n@ra{g}nwﬁgr whi ch
they m ght ngrmaldomnprisshéof sampldstdridare uddiragiresindicatctiofimsiealar deight
reduces the size of any crystals actually formed, thereby allow ng
optical clarity therés. mai nt ai ned even at hi gher degrees of

sters used to make . .the sh ets of

tall t T | t
T o ent rontan be Jhe polyester FipeiS of B SeSertiiveiiasy beamah
ver
P ol ey | B ety italine depefiffUIdNAnG UeshEd BROSEHIeH 3P the “aﬁe‘. s

present in the p(ﬂompdssutta'ﬂswbann@iémdebldeet lmielstdsfdess than abutadﬂl%rarefseh’ﬂe
di ol m)norrers with the acid chlorides of terephthalic acid and any

ot her aci ds1Phat ciysfaliee fitaeyate conled sioxdy aAr tormatipR ohifitaey Are apnealed
oo ae o P RRTB RS g, bl SRS RS0
D0, e, oM Sha A i o oo
Vol . 59, e siowey to Toystallizenthen. pctby(le&rylm teraplnihalata)rctcunpwtgonssdm@
terephthal oyl to the inclusion of isosorbide. The isosorbide raises the T, allowing the
15 articles to remain transparent even when exposed to conditions under which
they might normally crystallize. Further, the presence of isosorbide reduces
the size of any crystals actually formed, thereby allowing optical clarity to be
maintained even at higher degrees of crystallization.
The polyesters used to make the sheets of the invention can be
20 made by any of several methods. The product compositions vary somewhat
depending on the method used, particularly in the amount of diethylene
glycol residue that is present in the polymer. These methods include the
reaction of the diol monomers with the acid chlorides of terephthalic acid
and any other acids that may be present. The reaction of terephthaloyl
25 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 R. Storbeck et al., J. Appl. Polymer Science, Vol.
59, pp. 1199 -1202 (1996). Other well-known variations using terephthaloyl



- 100- di chloride may al so be used (e.g. i-nterfacial

pol yneri zavo e94§412%0r t he nmononmers nmay Sinply be stir pegdisooessber
whi | e heati ng. When the polynmer is made using the acid
chlorides, the ratio of nononer units in the product polyner is
about the sane as the ratio of 5 reacting nononers. Therefore, the
rati o of nononers charged to the tgrctor is about the sane as the
desired ratio in the product. A stoi chionetric equival ent of the
diol and diacids generally will be used to obtain a high nol ecul ar

wei ght pol yne | [ | VPP at | east
about 0. 35 dUEgii,Chgjurl ea@?g%g%&r 6%1%?%é&.?ﬁérﬁ?ﬁg&?@ﬁ&?hfe\‘lzatlon%ﬁgﬂfoeol ynmers can
al so be nmade mbmmmtm@pwaim%tirmm togethet whilerheating. which the acid
conponent is either terephthalic_acid or dinethy t erepht hal ate, and

|
al so may include tMéean the pelymesis madetusing the agid ehiagides, the ratiomfher

aromatic diacids that A S} ' st er pol (S
conposition. WW%&'@B%%%&#@%O@%S a@?’wﬁbeag%rggﬁ%ﬁ%trﬁgo(ﬂfol s 15
(ethyl enes gl yfé&mmg&ﬁéﬁér%ﬁbe., TRéVefreatheliatioof monémerdERsBeatodhea cat al yst
to a hi gh efough tenperature that the nononers conbine to form
esters and  reactoriseahoet the sarae as thgdalasired ratia in theaptoglugbl Amers. The

ol L on pol yrmeStoiehiamels: eeiet S the diof it Bgoldsgeriatabewibe seed s
i sosorbide) a ! L Aok r . . .
pol ymer i za% i o%stpa\rﬁglgzggé %@ﬁgﬂig{: @rbgdﬂtg%f@)%rgg ?'b?ﬁ?hg@e%gfn&egé@u\é%&sny
charged to thef ackekt aboltd.85dhig) suitable/ive makimgisheetsamount s nust be

adj usted according_to the characteristics of the {)ol ynerization vessel,
such 10 as t he Thefpalymas,calt alspdaimade|hyaa malt pelymenization precasst inci ency

of nopnoner , ecovery a cyecl.e. ificati,ons,i n the anounts
of nononers aw&'%{he ?ﬂgcﬁmpg)qﬁeh?gg%h}eééﬁ%g’wgiﬁ4‘%@0&9&?%@&| stics of a
reactor are resdphthdieeand also mBy iidladé thd REEaTid Or difketAfltlestEtbt &% . 2
skilled practioner can readily determ ne t he amount of each

conmponent des other arontadic giacids thatynaabe idegired in thecpelyester polymer f orm t he

pol ymer of t h%ohwrb\éesﬂlto'n(.) "I'he diacids or dimethyl esters are heated with the diols

be

15 (ethylene glycol, isosorbide, optional diols) in the presence of a catalyst to a
high enough temperature that the monomers combine to form esters and
diesters, then oligomers, and finally polymers. The polymeric product at the
end of the polymerization process is a moiten polymer. The diol monomers
(e.g., ethylene glycol and isosorbide) are volatile and distill from the reactor

20 as the polymerization proceeds. Therefore, an excess of these diols must
be charged to the reaction to obtain a polymer, and the amounts must be
adjusted according to the characteristics of the polymerization vessel, such
as the efficiency of the distillation column and the efficiency of monomer
recovery and recycle. Such modifications in the amounts of monomers and

25 the like in accordance with the characteristics of a reactor are readily made
by practitioners in the art. Further, a skilled practioner can readily determine
the amount of each component desirably charged to any particular reactor

to form the polymer of the invention.



-11- The above described melt pol ynmerization process is the
preferred  WOH2hod of making the polymer and is descri beBCTASHASS4 in
copendi ng comonly assigned U S. Application No. 09/064, 844
(Attorney Docket No. 032358-001), incorporated herein by reference.
The nelt polynerization 5 processes using di nethyl terephthal ate and
terephthalic acid are al so summar i zedl el ow.

D net hyl Terepht hal ate Process In this process, which is
carried out in two stages, terephthalic acid and the optional diacid

nonomers, if present, THecab@eidestribbe inieltpoipindyizatich proc@ééﬁthée;ﬁref@tted/es
The diols (e.g. et h%@ene gl ycol and isosorbide) are m xed with the

di met hyl ester ofmethedhfsnalking the a@yme(éng is desastbed indetaibintoapeading i n

the presence of an ester .inter g S _exc

the St hylene gl yaDmmaydsaidneerds” Appibalioh N pREEAF ABETEOBRRE 6, o
transesterificati v 0 I
whioh 16 di sti 11230 oo ey Brerefcs D RE APy iet-RR

(2- hydr oxyet By! t grepddses|using dimethyl terdbethabateaﬁdler@mhalm:amdmla}soof this
reaction, sonmewhat nore than two nol es of ethylene glycol are
desirably added #$mmadtethPeloMsr the ester i nt erchange reaction.
Catal ysts that bring about ester interchange include salts (usually 20
acetates) of the followng netals: Li, Ca, My, Mi, Zn, Pb, and conbi nations
thereof, Ti(OR) 4, where R is an ahigethaTarepitkiatg Pdocesk?2 car bon atons, and

PbO. The catal yst conmponents are generally included in an anount of
about 10 ppmto about Imﬂmsmnessrwhmhrle@armdam;tsm §wo stagss; tarephthatic agidge

For acetat e, aha DR AEPDACOERA LOROrhatse fHErSRrraie isad n ek AMPARY, n ¢ e

second Stagqgol tdifer itk ?ﬁéﬁ@f@éypopgxbhé@e%esau dRd iSER6rBIBeR A xed

initially or at e start o con tion stage. caral yst
that has been usewith the dumemyl lesteriof theuammaticotiacid e gr dimethyl tereplthalates)dht s

of wn(ll) and Co(t at
he presence of an ester interchange catalyst, which causes exchange of

the ethylene glycol for the methyl group of the dimethy! esters through a
transesterification reaction. This results in the formation of methanol, which

15 distills out of the reaction flask, and bis (2-hydroxyethylterephthalate).
Because of the stoichiometry of this reaction, somewhat more than two
moles of ethylene glycol are desirably added as reactants for the ester
interchange reaction.

Catalysts that bring about ester interchange include salts (usually

20 acetates) of the following metals: Li, Ca, Mg, Mn, Zn, Pb, and combinations
thereof, Ti(OR),, where Ris an alkyi 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

25 for acetate, and combinations thereof. The polycondensation catalyst in the
second stage of the reaction, preferably Sb(lll) oxide, may be added initially
or at the start of the polycondensation stage. A catalyst that has been used
with particularly good success is based on salts of Mn(ll) and Co(ll), at



-12- | evel s of about 50 to about 100 ppm- each. These were used in
the form o¥099/54129 Mn(11) acetate tetrahydrate and Co(ll) 3caidio6/06s34

tetrahydrate, although other salts of the sanme netals nay al so be
used. Ester interchange is desirably brought about by heating -
and stirring 5 the mxture of reactants under an inert atnosphere (e.g.
nitrogen) at at nospheri c pressure fJgomroomtenperature to a

t enperature hi gh enough to induce the ester interchange (about 1
50[err]C). Methanol is fornmed as a by- product and distills out of
the reactor. THG[EACIHARA 5bstoq;bﬁglﬁ%bx)gl?f?%a%ﬂ t'\Ehe e wer @%’éﬁ" tfg%ﬁf\ro]fc
until rmethanol “evol utton stops nefhan evo utio can be
recogni zed by Mn(lll)tm:etatettleerahy@ndneaddtGu(u)aaeétatetetfauydmteﬁanm other

vessel . A smal | ampunt of an additive having a boiling point

of 170- 240[ er r§aits of the samg meatalsdaayialse hendsedit er i nt erchange to aid in the

Component s i n the vEstebinteretiangsis BEkably BROUME ey B g e
addi tive must f hpiife GFrdabiints under an mﬁtatmddph@kéwgl ﬁm@geﬁ? get hyl

terephthalate at tenperatures bel ow 300[err referab t he
addi tive has aaﬂuméphegicmeasurgrfmeoomttampemmee t4 a tempeeature high gnarighy abl y

bet een about B DSUEANS Sstr tefi0os el e MelBANALS oToSd8s a1 20
e 90of react o ek 8 ardBTER B REGBEI YR fohelh Il AP RBRA £

O her exanpl estinclu | phenyl

benzophenone. ébdiﬁrzwmuﬁmlm@thhaolaé\mlmﬁmtbped The dhdbof Metieariol Boolution
4,248,956, the contents of which are hereby 1 ncorporated by reference.

The secortd st agen be repegnised by ehdrop is dheremedeastemparatyira of the reaction
pol ycondensati on %ﬁt alyst and a sequestering agent for the
transesterifici®T catal yst. Pol yphosphoric acid is an exanple of a

sequestering agent ANmalbarRumBbt dn fa@idﬂﬁemvmq A'5RiliMg F3inPEOH0-2904®
about 100 ppm of phosphorous per gm of dinethyl terephthalate. An
may be added fo the ester interchange to aid in the heat transfer within the
reaction medium and to help retain volatile components in the vessel that
15 may sublime into the packed column. The additive must be inert and not
react with alcohols or dimethyl terephthalate at temperatures below 300°C.
Preferably, the additive has a boiling point greater than 170°C, more
preferably within the range of 170°C to 240°C, and is used in an amount
between about 0.05 and 10 wt%, more preferably between about 0.25 and 1
20 wt% of reaction mixture. A preferred additive is tetrahydronaphthalene.
Other examples include diphenyl ether, diphenyl suifone and
benzophenone. Other such solvents are described in U.S. Patent No.
4,248,956, the contents of which are hereby incorporated by reference.
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 terephthalate. An



- 13- exanpl e of a polycondensation catalyst-is antinony (I11)

oxi de, whi chWfh99/54129 be used at a level of 100 to about 4QECTPSN9/06534
The pol ycondensation reaction is typically carried out at a

temperature from about 250[err]C to 285[err]C. During this tinme, ethylene

glycol 5 distills out of the reaction due to condensation of the
bi s(2- hydr oxyet hyl) terephthalate to form pol yner and by- product
et hyl ene glycol, which is collected as a distillate.

The pol ycondensation reaction described abo¥d is preferably carried

out under vacuum which can be applied while the reactor is being heated to
10 the tenperature of the pol ycondensation reaction after pol yphosphoric
aci d and &kdrhple)ofaxpoigcdradenshtiom catitiast is antimoma(lily eide, whichunagan be
appl i ed after the pol ycondensati on reaction tenperature reaches

280[ err] C - 285[ e pped af g level of 10Qite gbput4@QAPPMe reaction is accel erated

i1t e ol ren pol yhie PByEbndensation TEA AN fEA FHETaF oE R VO
usual l'y recogni Z@%;lféfaﬁﬁe ifid@ 8BSS 250°Che 288°C. During thid ﬁrﬁ@ﬁéﬂméﬂé @ycol

pre-determned level. This is observed as an increase in the t or que
needed for the sdistilis ouf ofdhe reaatiomaluettai nosdensatiog ofitheabis(2rbydroxyethiyl)

An i nherent viscosity, of at | east 0.5 dL/,g, an enerally up.to, abqut 0.65
o o or oreat or  RRSpBEIaL o ETEPRYMaR BT BIogHEL ABYeDSIg P W EBIS

wi t hout 20 f“r&ﬂf:erctﬂ é@étcﬁ tilbtd @l si ng nol ecul ar wei ght. For certain
conposi tion ranges, %e nol ecul ar wei ght can be increased further by

solid state pol yneri zohé polycondensatidaseadtionddésdribed above is preferably carried
Terephthalic Acid Process ) The terephthallic acid process is
simlar to the deutaindar vaevwphwhigh=gas besappliqa whie thereastar is heing heatedite i al
esterifi cat1{ on r actt l on t.hat tt%ads to bis

hydr oxyet hy 0[ ere figIP& %t}"%ﬂ gtWangﬁn%%ﬁ%{ﬁagﬁo%ﬁsﬁpolé(gpgmhqr'g: %%19 ried
out at a slightly,®kenf) BLidBHYS Hen(Rited ARty IHcBunPEst be #pplied 50

after the polycondensation reaction temperature reaches 280°C - 285°C. In
either case, the reaction is accelerated by the application of vacuum.
Heating under vacuum is continued until the molten polymer reaches the

15 desired moiecular weight, usually recognized by an increase in the melt
viscosity to a pre-determined level. This is observed as an increase in the
torque needed for the stirring motor to maintain stirring at a constant RPM.
An inherent viscosity of at least 0.5 dL/g, and generally up to about 0.65
dlL/g or greater, can be achieved by this melt polymerization process without

20 further efforts at raising molecular weight. For certain composition ranges,
the molecular weight can be increased further by solid state polymerization,

described below.

Terephthalic Acid Process

The terephthalic acid process is similar to the dimethyl terephthalate
25 process except that the initial esterification reaction that leads to bis(2-
hydroxyethylterephthalate) and other low molecular weight esters is carried

out at a slightly elevated pressure (autogenous pressure, about 25 to 50



-14- psig). Instead of a two-fold excess -of diols, a smaller

excess (abyotysazet o about 60% of diols (ethylene g¢9O$99/06534

i sosorbi de and other diols, if any) is used. The internediate
esterification product is a mxture of oligomers, si nce not enough
diol is present to generate a diester of terephthalic acid. 5 The
catalysts are also different. No added catal yst is necessary in the
esterification reaction. A pol ycondensation catal yst (e.g.,
Sb(ll1l) or Ti(lV) salts) is still -dd4si rabl e to achi eve a high

nol ecul ar wei ght polynmer. The catalyst that is needed to achi eve a
hi gh nol ecul ar wei ght can be added after the 10 esterification reaction,

or it can be cssiyEninefdddyofchtwaHfsld wxchss bRdibka et smler excess (8bolit0% to
begi nni ng of the reaction. Cat alﬁests that are useful for mnaki nﬂ%]awhl gh

mol ecul ar wei gahouys@0kef dipisdethWene glycek isgsarbide iapdaather diots, i ii®l s

I ncl ude the aceta or . qt her ,.a] kanoate ,salts of, Co(lLl) and. Sb(ll1), oxides
of So 196t o itpigcidln eStarhca bR naftt ik EhluEStoltomersy avi ng
2 to 12 15 i idd 3650 i @al salts
may al so be Qﬂ@ﬂﬁ%%@@@%gloﬁ%&% e;ﬁﬂdgsﬁe)é r{aér%&g? Eie@r catghlés@gﬁlél}\d?ﬂg'
preparati 60 of Tip@katatysts are also differentieNb dddedncatalyshis redessary in the

The reaction may he carried out in discrete steps, but this is not
necessary. |n gftadficationgeagtionyr ge scale, it may be carried out in steps as

‘the 20 reactants ' : IS . tor to
reactor at ﬁ@%@l&%ﬁﬁéﬁg%@t?% [Yrggtbcbl r@z’sﬁgﬁ jﬁ@\g)r %%@?éé gﬁlﬁe
reactants and gadirdb¥&to achieve a'figh bfolétdlaoweight palynserCt THe aatalyd®that is
tenperature and then gradually heated t o about 285[€é&LC as pol ymer

forns. The pr essedas tosachiened high metecularweight can be addesia Berr]Cto

about 25Q[err] vacuum i s {)hen desi r ahl

EsCor 1o En%tsﬁﬁéjﬁtﬁnbrﬁee b pA ForLP BB Effatcls W the reastants
ol g0rer s akest e ing bF Y AAHEFP S BNEPBIO BSTl BF A R

and about 220[err under aut 0genous pressure),
pol ymer is molecutateveight poipmendirectly from tecephthglic a¢idanmthexdiblserr] C t o

bout 285 C und
abot Lerr] incllilréeetlrweaacetate or other alkanoate salts of Co(ll) and Sb(ill), oxides of
Sb(lll) and Ge(lV) and Ti(OR), (where R is an alkyl group having 2 to 12

15 carbon atoms). Glycol solubilized oxides of these metal salts may also 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
necessary. In practice on a large scale, it may be carried out in steps as the

20 reactants and intermediate products are pumped from reactor to reactor at
increasing temperatures. In a batch process, the reactants and catalyst
may be charged to a reactor at room temperature and then gradually heated
to about 285°C as polymer forms. The pressure is vented in the range of
about 200°C to about 250°C, and a vacuum is then desirably applied.

25 Esterification to form bis(2-hydroxyethylterephthalate) esters and
oligomers takes place at elevated temperatures (between room temperature
and about 220°C to 265°C under autogenous pressure), and the polymer is
made at temperatures in the range of about 275°C to about 285°C under a



- 15- hi gh vacuum (|l ess than 10 Torr, preferably less than | Torr).
The vacuum i sWO 9954129 needed to rempve residual ethyl ene gl ycobPcameoomsssir
vapar fromthe reaction to raise the nol ecul ar wei ght.

A pol ymer having an inherent viscosity of at least 0.5 dL/g, and 5
generally up to about 0.65 dL/g can be achi eved by the direct

pol yneri zati on process, w thout subsequent solid state polynerization. The
progress of the polynerization can be followed by the nelt viscosity, which
i s easily observed by the torque that is reqdPred to maintain stirring of

t he nol t en pol yner. 10 Solid State
Pol yneri zati on Pol ymers can not be nmade by the nelt
condensat i on prochigh vacuum (lesssthanbikdTodpoprefdrablyngssathanth@orit The vaogumyis of

at | east about 0.5 dLéfg and .. often as high as about 0.65 dL/g or
greater, without neededio reravemasidual ethylen V&ﬁsﬁﬂdi viateroraper framethe gl ycol |

about 0, 25% o abitands SHee e MEAmadhe ' O LS Relr ol ecul ar

wei ght increased furthgarmdymerhaving balishdlehy WBEdsiFIAfeR least 0.5 dL/-H,“énHr oduct
made by nelt polynerization, after extruding, cooling and

pel l etizi ng, 8 s egsrenaliyupyoabout0BStdll/gi can b hchiesed bydhe direcbe nmade seni -
crystalline by heatjng jt , to a tenperature in the r e of about 115[err]C
S0 50" | About 14bplRrERHER PHsESsr WA SUORPRET SO SEEe ASBITERZAto R

12 hours). | Sed | Zat hen
be heated to a p&r@%@ﬁ“ﬁmgﬁéﬁé r@ut?é;fbtngﬁre gr@éth%@elﬁlﬁggﬁfya&ﬂﬁcﬁ
wei ght. The procegseadilylodserved by th@&brt{)wthlapw reqyieéd tomairtamostifintg of teout
0.25 nmole %to about 3 nole % ecause the polyester crystallizes
nmore easily wth moitendpiireenf i sosorbi de. 25 The pol yner may al so
be crystallized prior to solid state pol yneri zati on by treat nent
with a relatively poor solvent for polyesters, such as acet one,

whi ch inducegycrystallization. Sol Vgu]idis’tgm!!meﬂzaﬂon
Polymers can not be made by the melt condensation process

described above having an inherent viscosity of at least about 0.5 dL/g, and
often as high as about 0.65 dL/g or greater, without further treatment.
Compositions of ethylene glycol, isosorbide, and terephthalic acid having

15 isosorbide in an amount of about 0.25% to about 10% on a mole basis may
have their molecular weight increased further by solid state polymerization.
The product made by melt polymerization, after extruding, cooling and
pelletizing, is essentially non-crystalline. The material can be made semi-
crystalline by heating it to a tempei;ature in the range of about 115°C to

20 about 140°C for an extended period of time (about 2 to about 12 hours).
This induces crystallization so that the product can then be heated to a
much higher temperature to raise the molecular weight. The process works
best for fow levels of isosorbide (about 0.25 mole % to about 3 mole %)
because the polyester crystallizes more easily with low levels of isosorbide.

25 The polymer may also be crystallized prior to solid state
polymerization by treatment with a relatively poor solvent for polyesters,

such as acetone, which induces crystallization. Solvent induced



-16- crystallization is known for polyesters and is described in
U. S. Pat erwoB®s4129 5,164,478 and 3, 684, 766, whi ch ar e prangdoyoss34

i ncor porated herein by ref er ence. The crystallized
polymer is subjected to solid state polynerization by 5 pl aci ng the

pell etized or pul verized polyner into a streamof an inert gas,

usual ly nitrogen, or under a vacuumof | Torr, at an el evated tenperature,
above about 140[err] C but bel ow t he neltgag tenperature of the polyner for
a period of about 2 to 16 hours. -d state polynerization is
generally carried out at a tenperature in the range of about
190[err] to about 210[err]C for a period 10 of about 2 to about 16 hours.

Good resul ts ghastallizatioreid Knowrefor ipolyesters and is desofilyéain U aRateht N8B, t 0

about 198[err]C for_about 10 hours. This solijd state _pol yneri zation
may rai se t he 5 Hife#é8and 3,884,760, whichyethereby ingogperated heegin by
Sheet Formati gn The pol yester polyner of the present

i nvention forﬁ%ﬁ?r%nyc%ne of the 15 above net hods, or by any other nethod

known in the art, mhe &9sfallizéBdolymer is ddb!ébtéd!‘&?%élidjkfa%bblyrﬁérfﬁ@tibh%y
polymeri zation nelt. In"the alternative, the pol yest'er may be “f or med

i nto an efsi | ylacimgl theel peltetized (orysiiverizedgdlymel into arstream of anlimentrgas, whi ch
th b d f heet. Th heet, of th t ' ti
Can be Used f SiSuRbY RtRYES, 61 YN0 & YPRYAM E JcFomea i BIEYatbiomReratiuRiel t or o,
v 1 iaht : : ) ) . :
"1 her ot or nith5v8 Ao 420°¢ Bt BoBY thethBRmEtEm kAR B e orfiiel 167K

bet ween a shegjeriadcbfabiout Mtbs! 6t Heurs hiSoiid state gulymetigation is generally cdrriedt
i ndustry standard to differentiate a filmfroma sheet. For purposes

of this i nventiubat adeamesatursindibeirange of abavt H90 o abar2305Cdeeatpsriodhan

b 25 0.2 ] | Pr ef bl y, ' f.th f
e presdf  of aBBUt 2Ja ARt 16 RO (fBatiseellfs 48 GHRREUBLIEART R Hor e
preferably fr %){merto alFARUWIO52 15abBuBPIBAC fo? aBBut A0thatirsN THIY oliel sthey abl y

fromabout 3 mMmto )
polymerization may raise the inherent viscosity to about 0.8 dL/g or higher.

Sheet Formation
The polyester polymer of the present invention formed by one of the
15 above methods, or by any other method known in the art, may be formed
into sheets directly from the polymerization melt. In the alternative, the
polyester may be formed into an easily handled shape (such as pellets) from
the melt, which may then be used to form a sheet. The sheet of the present
invention can be used for forming signs, glazings (such as in bus stop
20 shelters, sky lights or recreational vehicles), displays, automobile lights and
in thermoforming articles, for example.

The difference between a sheet and a film is the thickness, but there
is no set industry standard to differentiate a film from a sheet. For purposes
of this invention, a sheet is defined as having a thickness greater than about

25 0.25 mm (10 mils). Preferably, the thickness of the sheets of the present
invention are from about 0.25 mm to about 25 mm, more preferably from

about 2mm to about 15 mm, and even more preferably from about 3 mm to



-17- about 10 mm In a preferred enbodi nent, the sheets of the

pr esent WO 9p/A4i@nt i on have a thickness sufficient to causBCTRISI%I6EM t O
be rigid, which generally occurs at about 0.50 mm and greater.
However, sheets thicker than 25 nm and thinner than 0.25 nm may be
formed. 5 Sheets may be fornmed by any process known in the art,
such as extrusion, solution casting or injection nolding. The
par-aneters for each of t hese processes can be easily determ ned by
one of ordinary skill in the art depéﬁding upon the viscosity
characteristics of the polyester and the desired thickness of the
sheet. 10 The sheet of the invention is preferably forned by

ei ther sol ution about 10 mms.t iImg peefered ensbadimehk theisheetsiof thepresamt ar | y
preferred for formation of . "end].ess” products,,such as filns, and
sheets, which entvgatior have gibickpessssufiicient to|%?ﬂ%'e sheetiohgrigid, g’gﬁ‘

descr b t he. or RPRGNY SPEEE Rt EtPHFO.5817Hm A arsser, feouer, SHES mither |,
extrusion. than 25 mm, dhcEthidretitRan 0% emAPmgydid formaderi al , whet her

provi ded as a nolten pol ynmer or as plastic pellets or granules, is
flui di zed arfl honpgenSheets may be formed byriany precass known indhe @dt, suehagh a

Shape. The owt r uBKASISB QAR caxing At rigghasy maidios. TRR PeraRCISrS for Satradh
extrusion), or b%e%er%?%%éé% c%ﬁﬁ?é"ééﬁlﬁ(f‘%’l%ﬁﬁiﬁé&%% »of ordinary g@il‘ﬁ{‘tﬂéoéﬁat es

within a cylinder 1n the materi eat astici zed

and from whi ch i gependihgupextthe disdosity cheghcteristict of the polyester anccthwet i nuous
flow. Single screw, twin screw and nmulti-screw extruders nay be used
as known in the desiredthigknespof thensheadf die are used to produce 25

oLt erent pigducts, 4R sPRarURA TN oR S pRfe/y looRy. abriphiB 212,
wi dt hs and cadtigFénedrusith, Brraien kcesticdibilp prafsired $oroformatien BpI ymer i ¢
sheet is taken up -18-
“endless” products, such as films and sheets, which emerge as a continuous
length. For example, see Published P.C.T. applications WO 96/38282 and
WO 97/00284, which describe the formation of crystallizable thermoplastic
15 sheets by melt extrusion.

In extrusion, the polymeric material, whether provided as a molten
polymer or as plastic pellets or granules, is fluidized and homogenized. This
mixture is then forced through a suitably shaped die to produce the desired
cross-sectional sheet shape. The extruding force may be exerted by a

20 piston or ram (ram extrusion), or by a rotating screw (screw extrusion),
which operates within a cylinder in which the material is heated and
plasticized and from which it is then extruded through the die in a
continuous flow. Single screw, twin screw and multi-screw extruders may
be used as known in the art. Different kinds of die are used to produce

25 different products, such as sheets and strips (slot dies) and hollow and solid
sections (circular dies). 1n this manner, sheets of different widths and

thickness may be produced. After extrusion, the polymeric sheet is taken up



by rollers, cooled and taken off by neans of suitable devices which are
desi gned t WPt any subsequent deformati on of the sheet pcTus99ss3s
Usi ng extruders as known in the art, a sheet can be produced by

extruding a | ayer of polyner over chilled rollers and then further draw ng
5 down the sheet to size (>0.25 mm by tension rolls. Preferably, the
finished - sheet is >0.25 nmthick. For manufacturing

| arge quantities of sheets, a sheeting cal endar is enpl oyed. The
rough sheet is fed into the gap of the cati®der, a nachine

conprising a nunber of heatable parallel cylindrical rollers which rotate

in 10 opposite directions and spread out the polyner and stretch it to
the required by rollersh¢sdieeand taken bifbly meahs of suitabiié devitestsieh ardus
produced. If the sheet is required to have a textured surface, the

final roller idepigoedde@revan aay subsequentdafennatinreotteshaelig pattern.
Alternatively, the eet e repheate nd.t he assed t.hrough an
enbossi ng cal endar. f'pﬂ{kg %’?ﬁ@%ﬁ?sﬁ%c’f"& ﬁo%c'r‘r&@ s%ee[gyagibgogrpdﬁﬁ?g%éfom i ng
drunms. Finally I Ia§BEEf SeIgRler ovef EMilEd réllers and then further d bove
ext rusi on procggn@gg E[;?gonb?ﬂgd \5vith a varirety OP pog?-u er rm@glrudi ng
oper at i onss f or dewpathdastieettossize (*0.25 réon) Ibydensiohaolis. nBrefprably,i the finished

include altering round to ov% shapes, stretching the sheet to different
di mensi ons, maé ?ﬂﬁ'ﬁg’%ﬁ@"}!ﬂ fkng and the like, as known to those skilled

20 inthe art. o manuf%%tvgﬂgfalrggr%trarﬁﬁﬁ&? épg%etg,f agn??ﬁ §§lte§;§§y L ind be

conbi ned with other erra uring ex

finishing to feriplbyst. ke souh sheet is fetlintd tiygap DhtvS Galehbibr, iaacHiRe
characteristics, such as water vapor resistance. In particular, the

pol ymeri ¢ sheetoniprising a nueer 6f haalabirpasilel cylipdpcalgliors whishgotate ibr e of

he fol | oy ng: | v. v | 1) ' .
N O,
pol yéulof o%e (%S??’a?)éoélyygﬁher etorll‘g‘ragket one IF‘(@I;QE}E‘-jl%;\‘ ol yol ot ns, Soslhyeeettrl\sill ene,

-19- required to have a textured surface, the final roller is provided with an
appropriate embossing pattern. Alternatively, the sheet may be reheated
and then passed through an embossing calendar. The calender is followed

16 by one or more cooling drums. Finally, the finished sheet is reeled up.

The above extrusion process can be combined with a variety of post-
extruding operations for expanded versatility. Such post-forming operations
include altering round to oval shapes, stretching the sheet to different
dimensions, machining and punching and the like, as known to those skilled

20 in the art.

The polymeric sheet of the invention may be combined with other
polymeric materials during extrusion and/or finishing to form laminates or
muitilayer sheets with improved characteristics, such as water vapor
resistance. In particular, the polymeric sheet of the invention may be

25 combined with one or more of the following: polyethylene terephthalate
(PET), aramid, polyethylene sulfide (PES), polyphenylene sulfide (PPS),
polyimide (P1), polyethylene imine (PE!), polyethylene naphthalate (PEN),
polysulfone (PS), polyether ether ketone (PEEK), polyolefins, polyethylene,



poly(cyclic ol efins) and pol y(cycl ohexyl ene di net hyl ene terephthal ate), for
exanpl e. O havOogHs4Ia®&rs whi ch may be used in conbi nati on w t hp&ctveses/nes34

pol yester polynmer of the invention are those listed in co-pending
application Serial Nos. 09/064,826 (Attorney Docket No. 032358-005)
and 09/064,720 5 (Attorney Dockeet No. 032358-008). A multilayer or

| am nat e sheet nay be made by any nethod known in the art, and may
have as many as five or nore separate |ayers joined together by
heat, adhesive and/or a tie |layer, as “t%known in the art.

A sheet may al so be forned by solution casting, which produces 10 nor e
consistently uni form gauge sheeting than that nmade by nelt extrusion.

Sol uti on cast i ng patyfpydlisedefitisd ant\pohqcyciblyeitens dimethylese tgreptithalate), tfoe
i ke in a swtabl e solvent with any desired fornulant, such as a

pl asticizer or exampleoOthelolymaes \gbucmm%\hbe ysed in gembinationawthvthedi rt or

| arge particles t 0 )\ e
preferably of st %B&e%@ pq[iyémgr °‘§6ﬁ ?)hoatrﬁgﬁ@se lrgétgq y ga(;IY)s? ng:@ ééqj.iggpon
then removed fromdifaeNes! 09/084 826 q&naﬁ\gy Détket No. 03235Elonsa>atnwbios4 720
thickness is five to ten times tha the finished sheet. sheet
may then be §i ni {Atlarmey Rodkeet Noal32358-008kt Auntatilayjesor |larglnate sheet may be

Further, sheets and, sheet ticles h as di scs, be fo
oy i eet T on ol e By SRHerBet BHORRARANG B st My hablg 45 thany as VedHe of

ordinary skill i '?n&%:ssegrgtra%ﬂl%%erggo ﬁ@é g#é?hé hédtY a8RELPO Bhaldt a tie layer, as

process paraneters merd ¢ corpositron and process u ed

for sheet fornatikpdwn in the art. Regardl ess of how the sheet is fornmed,

it may be subjected to biaxial orientation by stretching in both t he
machi ne and transver sé sheatdnayalsabedprmed byrseiution; @stingnwhighdipddces

ol i ng out "nd TP AR S B Seiechreaind 851 that magte, B Ry tlusion.

e e - by shungongrcs o o g ooy s

sheet to tear in a suitable solvent with any desired formulant, such as a plasticizer an-
colorant. The solution is filtered to remove dirt or large particles and cast
from a slot die onto a moving belt, preferably of stainless steel, whereon the

15 sheet cools. The sheet is then removed from the belt onto a windup roll.
The extrudate thickness is five to ten times that of the finished sheet. The
sheet may then be finished in a like manner to extruded sheeting.

Further, sheets and sheet-like articles, such as discs, may be formed
by injection moiding by any method known in the art.

20 One of ordinary skill in the art will be able to identify appropriate
process parameters based on the polymeric composition and process used
for sheet formation.

Regardless of how the sheet is formed, it may be subjected to biaxial
orientation by stretching in both the machine and transverse direction after

25 formation. The machine direction stretch is initiated in forming the sheet
simply by rolling out and taking up the sheet. This inherently stretches the
sheet in the direction of takeup, orienting some of the fibers. Although this
strengthens the sheet in the machine direction, it allows the sheet to tear



easily in the direction at right angles to the nmachine direction because
all of wo 99k fi bers are oriented in one direction. PCT/US99/06534
Therefore, biaxially stretched sheets are preferred for certain uses

where uniform sheeting is desired. Biaxial stretching orients the fibers 5-
parallel to the plane of the sheet, but |eaves the fibers randomy oriented
within the plane of the sheet. This provides superior tensile strength,
flexibility, toughness and shrinkability, for exanple, in conmparison to
non- oriented sheets. It is desira@B0e to stretch the sheet along two
axes at right angles to each other. This increases tensile strength
and el astic nodulus in 10 the directions of stretch. It is nost desirable
for the amoun{agily iR thé€dirBclidh at right arfédtoiheanachinetdirdetion beghlye all of
equi val ent, theréby providing simlar properties or behavior wthin
t he sheet wheihetfibsrsdré odentedindinesdirection. : The bi axi al

i i be_obt ai ned. b in th art.
O o e e e YRR SSal 8 348 oc oo 1 o 15
heating in .th&pﬁfe@{r}rgi’gﬁrj]ghgéletgrgfs!d&iréumdiéﬁaﬁﬁb@tbmng6rrént9fhéfnbér§quent to,

stretching in tion. hri nkage can be

control | g byphelid] edheltandetthe sheetsbutdeavesithe fibers randomlyooriented heat i ng
for a few seconds before quenchi ng{ This I ize% t he

. Tk heat ) sta,lt@)fit
ori ent ed sheewithmherplameﬁfﬂwsmﬁeme&BFQV!E%%ﬁLmﬁF%ﬁWS' stegngth,

tenperatures gbave the heat s L} ' u : . The
above processﬁ%hﬁm it%"l'@"g‘:r?& %@%ﬁw@@%’ ,3@?@@@@&%@%@pggson to nor'any
met hod known ppeh{ad sHdetdl! R ig¢desirablé @b streichafielsheat alongd tew axds staigtitor

any given polyneric conposition and desired application. ) . The
properties exbnblesdd daghatbereThigingreasestansie syengtnand glasiicnodulus in

the pol yibr . radedinne Gretesin fis Most drcibie e aruhdft FRth Bl was
treated for SLLeh eiiefioRidh3blghipeaiversht, {HBRSY bRAAGIKG A ropaAlss
properties 0 e sheet,” sUch as the shri'nkage, tensile strength,

el ongati on at obbehkvior within the sheet when tested from any direction.

-21- i npact strength, djelectric rength and constant., tepsile
nmodul us, cheni CgF The biaxial orientation may be oB{alne@By any process QnoWn in e

art. However, tentering is preferred, wherein the material is stretched while
15 heating in the transverse direction simultaneously with, or subsequent to,
stretching in the machine direction.

Shrinkage can be controlled by holding the sheet in a stretched
position and heating for a few seconds before quenching. This heat
stabilizes the oriented sheet, which then may be forced to shrink only at

20 temperatures above the heat stabilization temperature.

The above process conditions and parameters for sheet making by
any method known in the art are easily determined by a skilled artisan for
any given polymeric composition and desired application.

The properties exhibited by a sheet will depend on several factors

25 indicated above, including the polymeric composition, the method of forming
the polymer, the method of forming the sheet, and whether the sheet was
treated for stretch or biaxially oriented. These factors affect many properties

of the sheet, such as the shrinkage, tensile strength, elongation at break,



resi stance, nelting point, and the |ike. - The sheet of the
present i nvenW@/H#39 contain additives typically used parb$ve/06534
pl astic sheet art such as lubricants, antioxidants, plasticizers, 5
optically active additives, colorants, pignents, fillers and fibers as

known in the art. Utraviolet (UV) stabilizers may al so be added as
needed, however, the sheet of the invention has inherent W/

resi-st ance. The characteristics of the isotropic pol yester
pol ymer of the invention may al so be 2fproved by bl endi ng the
polymer with core-shell elastoners or 10 thernoplastic copol yners having
refractive indices equal to that of the pol yester polynmer. This w |
i ncrease the toughmpast Sreddtr, dielexBi strerigth MA@ constant, teAsileamodaliis, ehemival d
tenperatures while rmaintaining the optical transparency. Suitable
pol yners for bl endesigtakicenmeitingopgint andithe dke.mer  of the invention

will be known to those skilled ip the arf. but may preferably. 15, .include
such polymers as the coﬁ@-%’?‘?@gfﬁg}ﬁ Vﬁé?E{@?’E'&ﬁ*%@éyi%" _lg_adgﬁwgﬁttyplcé}&
Nos. 5,321, 056 an b8 BRIRiIcAnkY aht Eplastici

The characteristi g‘sslé gﬁﬂ?ﬂ‘%%éf‘g?rggléﬁgf’?ggt E&%opyﬁgpsaﬁ;?gﬁﬁép asticizers,

i nventi on may5al soptieallyractivecatiditves, eoldrargs | pigmeats; filersvaridhfibers asrkrowrein
ot her polyners, formng a copolyner which may be fornmed into a sheet as 20

|
descri bed herei n. th%la"tex\é'ﬁ’iﬁl‘/@,‘etiuyéﬁ?@é"tf’-@fs B%W)ﬁ*\%‘? berddrd asfradeds Roweyehe

bl ended with poly I | vapor barrier.

G her pol yﬁég§h§§§oﬁ§e&%@§gﬁ&a%ﬂalﬁ%%ng@(\:ﬂegﬁ;%& eristics as air
perneability, ~ OptHeCaarBtiefibfics of&hé%&ﬂﬁd@i@wéaee F@Mﬁé?'df!he invention
The sheet of the invention may also be made with the polyesters 25

descri bed i n coperiayiglsedys inprovesh by blaygling the golymer with cosersbell Riastomers or

oapsse-00%) 90 ool bS5 Kb RS Bl SUpA b
Yopr |9 MRV UMM TSP TTsase e loughiness ofihg polyester polymer
may be at ambient and cold tempetatures while maintaining the optical
transparency. Suitable polymers for blending with the polyester polymer of
the invention will be known to those skilled in the art, but may preferably
15 include such polymers as the core-sheet polymers disclosed in U.S. Patent
Nos. 5,321,056 and 5,409,967, incorporated herein by reference.
The characteristics of the isotropic polyester polymers of the
invention may also be improved by blending the polymer with one or more
other polymers, forming a copolymer which may be formed into a sheet as
20 described herein. For example, a polyester polymer of the invention may be
blended with polyethylene to improve its use as a water vapor barrier. Other
polymers may be added to change such characteristics as air permeability,
optical clarity, strength and/or elasticity.
The sheet of the invention may also be made with the polyesters
25 described in copending application 09/064,720 [Attorney Docket No.
032358-008] and the polyester blends described in copending application
09/064,826 [Attorney Docket Number 032358-005], the contents of each of

which is hereby incorporated by reference.



t her rof ormed by any known nethod into any desirable shape, such as
covers, Swpldoglpfs, shaped greenhouse gl azings, and di spl aygeTnd§R6s3s
thernoform ng is acconplished by heating the sheet to a sufficient 5
tenperature and for a sufficient time to soften the polyester so that the

sheet can be easily nolded into the desired shape. In this regard,
one of ordinary skill-in the art can easily determ ne the opti nal
t her nof or mi ng paraneters dependi ng upon the viscosity
characteristics of the polyester sheet. -22- This invention is
further illustrated by the followng non-limting 10 exanpl es.

Exanpl es Synt hesi s of polyners used for sheet applications

The pol yner nol ecufrd sNEets b thedprosent invehBon BeRBcHBe abbhe meay be
viscosity (1.V.), which is neasured for a 1% solution (wt./volune) of

pol ymer 15 thermefonneddpytamoknewn metbhag intatanysiasirabls shapes.suthas evel s of

cat al yst conpopent s ,are expressed a m _bagsged on a_.gonpari son of

the wei ght ofcovers, Skyligiis, shaged gregn ﬂeswfagﬁfﬁso@n& SRIAVE IR et hyl

t er epht hal at ' ; | cLhti ' ] nononer is
P QhQEQg@rﬁﬁg{glﬂ%cﬁmphshed ?ggiéégpa RE 3HEEOLCA siificidht

used. ymeri zation reactor enployed for

this reagtor temperafargahd for a sufficiemt itimeriocsqften the, potipedtet sohdt theaheet
fitted with a 6" radius, Hastall o% B, cool ed refl ux col um

K . wat er C
packed with <taq be easilsmelded intptie desifed shapgs In this reggf@neef Odingsyt at or

stirrer, a water- I . ! . i
reactants ar é@[ﬁﬁ@ﬁgtaﬁpﬁ’ggggﬂiﬁéﬁﬁﬁg}eﬁﬁﬁ%@?gﬁ&%°ﬁﬂ'ﬁéf %ﬂ’(&t@% nmet hyl
t er epht hal at ejepdig ifoh %95 0isBOSHE: chtectefsties sbthet gulysster shaeto!

(which corresponds to a nole ratio of 1: 0.26: 2.00, respectively). In

- 23- This invention is further illustrated by the following non-limiting

10 examples.

Examples
Synthesis of polymers used for sheet applications

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

acid, depending on which monomer is used.

Example 1
20 The polymerization reactor employed for this reactor is a 50 gal.

maximum capacity, Hastalloy B reactor fitted with a 6" radius, Hastalloy B,
water cooled reflux column packed with stainless steel rings, a stainless
steel helix agitator stirrer, a water-cooled condenser and by-pass. The
following reactants are added to the polymerization reactor: 78.02 Kg

25 dimethyl terephthalate, 15.42 Kg isosorbide, and 49.90 Kg ethylene glycol

(which corresponds to a mole ratio of 1: 0.26: 2.00, respectively). In



addition, the catalyst is charged to the reactor and consisted of M(lI)
acetate tetr W¥98YEM2 (29.57g), Co(ll) acetate tetrahydrate (2RCHB§)/0653d
Sb(lI'l1l) oxide (35.02g). This corresponds to 85 ppm nanganese (wei ght of
netal as a fraction of the weight of dinmethyl terephthalate), 90 ppm
cobalt, 5 and 375 ppmantinony in the reaction m xture.

The stirred reactor (50 rpn) is purged with a stream of nitrogen while
the-tenperature is raised to 250[err] C over-28-peri od of four hours. The
react or is jacketed and tenperature controlled. A hot oil |oop
systemis used as a heati ng medi um Methanol is continuously

collected as the gyaifh! ﬂfébé?ta%t is chafge e ml@créact@pah%bﬁaisﬁéd/oﬂmhﬁrr] C. By
noti ng when the tenperature drops he top of e packed refl ux

colum it is pos sacbtaiettetraimdmam (ae &7a8, @a(dl)at:etate tetrahydrateriaﬂ 4égmlartd on.
The end of nmet ha vol ut ates the fini t _ste
e he et T on ShiGioxids (aoado b careshonds oAb Abre mangasese dnaightof ° CF

R o o <P WRkaL s eifheton of the welhL B gV ISERBIAUEE) SO BRI "2,

form of a pobyphapg@7spmeightitdnytihdhe reaction mmeéhyl ene glycol. In the
present exanple, 153 ml of the solution having a concentration of

10. 91 g phosphorous pdheisiireg repcios §prrspisaurgecwith a stream of @ttmgamwh&e

d. A h h b h
S Cont | nued) . T JesEBerel® € ARt EeRCguca P GEiuE Rbufs oThe fEtter
about 2 hours. léé%%h@f@d' and i@%ﬁpé}é@ﬁy%hﬁmwmﬁet o§ ldlﬂ) Syshethlis u\éé@%s a

vacuum punp with orse-power blower. Attalning a full ‘'vacuum (I ess
than | Torr) tak@ea&p@madwmt d\wgthanhbarcontmmous@fcd)ﬂe::ted asth@tégdtlenes egcoI

d |1 ff I nol I I f I

P A I N I N I A R
I

PO | o RV D SHADYBLER AR st €5y Bl

viscosity is achingatAdnoltdVelutidny e &d bPmetisar®l epplation indicatesahel fihikA of
reactor is enptied through a heated die at the bottom The nolten
-24- the first step of the reaction, which is the transesterification of the diols and
dimethyl! terephthalate.
16 After the temperature drop indicating the end of methanol evolution,
77 ppm of phosphorous is added in the form of a polyphosporic acid solution
in ethylene glycol. In the present example, 153 ml of the solution having a
concentration of 10.91 g phosphorous per 100 g of polyphosphoric acid
solution is used. Also at this time, the nitrogen purge is stopped (but
20 heating is continued). The reaction is heated to 285°C over a period of
about 2 hours. A vacuum is then gradually applied using a multi-vane
vacuum pump with 20 horse-power blower. Attaining a full vacuum (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
25 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



pol ynmer energes as a strand that when cool ed through i mersion in a cold
wat er trowglpoisgizehopped into pellets. The pol yner pellets pegushologshs

overnight in a rotating drumheated to 120[err]C The cool ed
polymer is renmoved fromthe flask and ground. The 5 sol ution inherent
viscosity (1.V.) of the material is 0.64 dL/g. The nononer uni t

conposition of the polyner, determ ned by-proton NVR, is about 6%
i sosorbi de, 42% et hyl ene gl ycol, 2% di etgl ene gl ycol, and 50%
terephthalic acid, all expressed as a nole % of the pol ymer.

It is noteworthy that the amount of isosorbide in the pol yrrer is 10

appr oxi mat el y gqillgr (g&gl ] t he
anount of terepﬁalghérggls% nraelili]?bé%seg\ts%;r déhﬁagsﬁoun qﬂ\g did
distillates, water tro@rie&habbed lintotdaﬂetst h'&ﬂe?pelygiermdlletsTélmdnéme anount of
| sosorbide in the y this process is very dependent on the

ef fici ency ofoversightin a|rp&tmgrdrum heated f/180°@he separation methods that

Specitic process alhs cpalea Adimerf ihquel fsih'the MBSk ANBTAAM, The 57 The "
reactor, glist éélhﬁéﬁ ﬂfhé?@ﬁWEEosnt?r(ﬂVt)hﬁ the hﬁhtenal is 0.64 dE)g’:mvh@ n?onomer

The second exanple 1s prepared in a manner simlar to EXanple
however a snalihitcompasition c(f?ohgablymﬁl'xdmﬁnﬂmmihbyW‘)tonsNMRpiwgmut 6fke 20

reagent equi val ent,  rat e, al e order t e a pol yner

Wi tﬂ a grgalt \é'ISO%h%td?dg %M?&ﬁs wqa% 3'6”1!698%@' g%ﬁfﬁ@{/ P

t ht hal at e : 78 ﬁ.%lp I I |,
(\?\L?Eh cgr ?es'fpe(g?];()}wth'?gcgcﬁ,le%xbﬁgagas?frgcﬁ%‘%:éa 2:6:L'¥§§?'yrgggegt iy\(igl y) are

charged to the reagti©nhotewdrthy that the dmeunl of i$osorbide inithe pdigmenisal yst whi ch
consisted of Mi(ll) acetate 25 tetrahydrate (4. 768 and Ce I\/t%1 oxi de
(4. 669) .10rhi sappioxEBaehuRalf ef thecamount thapisrsharagd. uBen camnared withibeal as a

ger mani um . ThETGLRhAnaoRPRRlEeRY: tyegcted 186SoIdT0Ry 1 e QRuBER o 1
?tzg}/l ene gl ycgspddialhin thierdtiylehélglyeeP2This, ah8¥nttut of isosorbide in the
polymer by this process is very dependent on the efficiency of the distillation
and/or the separation methods that are used in the process. A skilled
16 practitioner can readily establish specific process details according to the

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

Example 2
The second example is prepared in a manner similar to Exampie 1,

however a smaller reactor (5 gal. maximum capacity) is employed. The

20 reagent equivalent ratios are also changed in order to prepare a polymer
with a greater content of isosorbide. Thus, 10,680 g dimethyl terephthalate,
5,787 g isosorbide, and 4,881 g ethylene glycol, (which corresponds to a
mole ratio of 1:0.72:1.43, respectively) are charged to the reactor as in
Example 1 along with the catalyst which consisted of Mn(ll) acetate

25 tetrahydrate (4.76g), and Ge(IV) 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 Normal (N) GeO, in ethylene



glycol). A solution of polyphosphoric acid in ethylene glycol is added as
in ExaW¥PI%/5412% However, in this case, 9.6 nl, phosphori eCamisss/e534

sol ution (having a concentration of phosphorous of 3.45 g
phosphorous per 100 m) is used. The remaining variables are carried
out as in Exanple 1. 5 The resultant polymer has a solution |.V
of 0.42 dL/g. The nononer unit conposition of the polyner,

determ ned by proton NMR, is about 13% -254 sosor bi de, 34% et hyl ene

gl ycol, 3% diethylene glycol, and 50% terephthalic acid, all
expressed as a nmote % of the polymer. The extent of | sosor bi de

| ncorporation |S_gREBHNA s of SolyPHSSPRBRE aLitAR SthA¥he Yhch| iladded SR ved

but this reflects I clency of "1t ering reacto rat her than
the pol yner nade. Example 1. Howseverdn3his case 9.6 ml, phospieoridacid sekdion! ¢having
prepared in a manner simlar to Exanple hat, a | arger

r eact o(rj (1ﬁ0 gal )a@@GF’B@)@Qf'QM ?WP@S@PQTQH%%@ 43 Geﬂhoéﬁbﬂ&‘lst% OOtWBéS S'E?‘Z rer
T
content in che i1 TeneleRife fatpe e GatB /st b in Eabie . o' *°°°" ™' GF

the input isgsorbi de WoKkdesligint Ebl yRidr hdield salutish Y Uesf 3.aRidig. FheTHERomaP 7

kg di methyl terephthalate, 5.12 | sosorbide, 135 kg ethylene glycol, 72.1
Mh(11) ausit aomposmpamjmglpelym cietgrrmo(emt)y protaraNMR,ds ahhytﬂ&%e

g
fo 82 ppm . ARGt pis B ReyOhiad % as i n
Examle 1 The  ierepnhaADSER! 8] kiRALLABSEI B6R°, dSnEBLNNRG ITheleBANGY

anal ogous to Exa sphoric aci tion In

glycol is added slsobotﬁm nrﬁarmpatlon is som@i/hazthmehmrtmsscase thaacbrewoeﬁsquester
the transition netals after th transesterification steF and before
t he pol ycondkhsat Psenied byt 'Fh'%éﬁﬂeicﬁs the efficiengyueithe differingreasiars saenthan on

is also simlar t Polyrrer S ext ruded and pelletized to
i fheqidRef race

gi ve clear, color
-26-

Example 3
The third example is prepared in a manner similar to Example 1,

except that a larger reactor (100 gal) equipped with a stainless steel anchor-

15 type stirrer is used. The monomers charged are added to result in an
isosorbide content in the finished polymer of 1 mole %, assuming that some
of the input isosorbide would distill off during polymerization. As such, 197
kg dimethyl terephthalate, 5.12 kg isosorbide, 135 kg ethylene glycol, 72.1 g
Mn(ll) acetate tetrahydrate, 54.1 g Co(ll) acetate tetrahydrate and 88.5 g

20 Sh{ill) oxide are used. The catalyst additions correspond to 82 ppm
manganese, 65 ppm Co, and 375 ppm Sb, calculated as in Example 1. The
transesterification process is carried in @ manner anajogous to Example 1.
A polyphosphoric acid solution in ethylene glycol is added such that 80 ppm
of phosphorous is used to sequester the transition metals after the

25 transesterification step and before the polycondensation as outlined in
Example 1. The polycondensation is also similar to Example 1. Polymer is

extruded and pelletized to give clear, colorless resin.



Unli ke the previous exanples, the resin produced with | ower

| sosor bi owo®essrept can be solid-state polynerized. The pelpEtrigmmbessal yner
was | oaded into a tunble dryer and was heated under a stream of nitrogen
to 115[err]C over 4 hours and then held at that tenperature for another 6
hours. 5 This allows the polyner to partially crystallize. After this

treatnent, a vacuumis applied to the tunble dryer ultimtely

achi eving a vacuum | ess than 1 mm @fg-Hg. The heating is continued and
reached a maxi num tenperature of 213[err]C. The polyner is then held
at this el evated tenperature for a total of approximately 15 hours.

This effects a sol Lﬁﬂlﬁé?‘ﬁ&?@lous Mrﬁﬂ@é' i« Jleg[}h@%ngg{,%ﬁ” I,m)l ecul ar

wei ght of the polyre ifon I.V. of the

material i ncrRpsemidé eontentcan (be'fsdﬁti/-gateOpolymenzedb'ﬁm pélietizéd pplyllm'r ng the
solid state polynerization. hi s pol yner

i s prepared | was leaded into gdumble ﬂﬁ'Qﬂ?@%ﬂﬂ?hﬁ?@ﬂ'W@ﬁtﬁam er\'“mﬂ)l e 3

Fosin with a Botianapverd hellbeta Bishfele Hat Bafierhys fof Girthbrs pours. 1" 2
alterati ops a 5 dvb?ﬂ@%l?he?fo béﬁ@ﬂyEl'y%‘?alﬁi@mﬂérttﬂgtr&a{?ﬂentaad t he

anount of M(l acetate tetrahydrate cat’al yst used (correspondl ng
to 90ppm Mh( | vacuwnds lapplied tmnthetemblendryexgiltimately aclmlamngtn)vacwmri%Sas) 20

The 11 nf shed My kehmial K| TBNERUNG & SRR FEARBed M+
I i zed I t
Dot oxi mat e ytgnﬁofﬁa%g&ﬁ@malgbggo@ngerr@wﬁ o AGNEAL S

material s desegmparhtire foxartptatof apgroximately ¢5hoars. rmhdeeffechs a solld-statedl scs
(thickness 1/8", dianeter 4") to neasure their multi-axial nechanical
i rpact s10 engDhlymﬂllﬁi@ntar@faﬂ%hﬂén@lﬁﬁﬁlaaM@'QﬂilQféheP@'Wsdﬂé ¥hei r

regard, the solution |.V. of the material increases from about 0.5 dL/g to
about 0.7 dL/g during the solid state polymerization.

Example 4
This polymer is prepared in a similar manner to the polymer produced

15 in Example 3 except that the amounts of diols are 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, 17.8 kg, and the
amount of Mn(ll) acetate tetrahydrate catalyst used, 79.2 g (corresponding
to 90ppm Mn(ll) calculated on the same basis as in the above examples).

20 The transesterification and polycondensation are repeated as in Example 3.
The finished polymer is pelletized, crystallized, and solid-state polymerized
as in Example 3. The resultant polymer contains approximately 3 mole %

isosorbide.

Example 5
25 The materials described in Examples 1-4 are injection molded into

discs (thickness 1/8”", diameter 4”) to measure their multi-axial mechanical

impact strength. In addition tensile bars are molded to measure their



-27- Not ched 1zod Inpact strength and tensile properties. A Boy 30M

( Boy GP 99554128t hal r, Gernmany) was used to injection nolRECTIEI9/06E64 S.
The conditions used are as follows: barr el

t enper at ur e: 300[err]C 5 nol d tenperat ure:

50[err]C screw speed: 210 rpm

I nj ection speed: 100% I njection pressure: 13
bar - hol d pressure: -2712 bar 10

back pressure: 3 bar injection tine: 2
seconds cooling tine: 25 seconds.

The mechani cal  chRpgHeRl 1268 méa@tfstséhgtﬁ 8AYerANE prbSEREs A B (BBy

Table 1. In addition, the results for discs (thickness = 1/8 in., approx.
3.3 15 mm  di a@miﬂv Ferathiair, )Germanyb mmﬂﬁdm;&cﬂz&wmddﬁmp&rtaﬁéwe

reported. The T shee al is obtained from Hostaglas[err]
(Hoechst AG Fr anReRgitions use a@a@ 9yvs The nulti-axial inpact strength is
measured by a dropping r unent do%natup 8250 nmde by
I nstron, Canton, Mass.). bar‘?él‘f@%%rétﬂﬁ's of t e multi-axial inpact
strengt h are sumari zed beI mold teniperbturd: 50°C
- 28- Table 1

screw speed: 210 rpm

injection speed: 100%

injection pressure: 13 bar

hold pressure: 12 bar

10 back pressure: 3 bar
injection time: 2 seconds
cooling time: 25 seconds.

The mechanical characteristics of the resultant sheets are shown in
Table 1. In addition, the results for discs (thickness = 1/8 in., approx. 3.3
16 mm; diameter = 4 in.) made from standard PET material are reported. The
PET sheet material is obtained from Hos’taglasmI (Hoechst AG, Frankfurt,
Germany). The multi-axial impact strength is measured by a dropping
plunger instrument (Dynatup 8250 made by Instron, Canton, Mass.). The

resuits of the multi-axial impact strength are summarized below in Table 1.



Property ASTM Ex. 3 Ex. 4 Ex. 1 Ex. 2 PET

| sosor bi dwoxoslRat 1 3 6 pcTUSIskds3s 0
(ol %9 5 . V. (dUg) 0.7 n. a.
0. 64 0.42 n. a. Not ched 1 zod D256
1.08 1.15 0.75 0.42 1 at 20 'C (ft-1b/in)
Tensi | e Modul us (Mosi) D638 0.34 0.34 0. 35 0.34
0. 29 Tensi |l e El ong. -28- D638 262 n. a.
300 74 200 1 0O @Break (% Tensil e
Stress at Yield D638 8.5 8.4 n. a. 8.1 8.2
(Ksi) HDT ([err] O D648 65 67
n. a. 80 65 15 Mul ti-axial Load (IDb)at D3763
964 951 1002 537 87Table 1 Mul ti-axial Load (IDb)
at D3763 1386 1400 874 492 275
Max. Load (-20 Jerr]) 20 Multi-axial Load (Ib) at D3763 292
356 373 366 20( 2 ~tMax. fLoad (-40' QO
. A PET
n.a. = not avaj | abl éroperty s,a%a@grp ebg3 | Ex4 | Ex1 ERd 5| exanpl e
illustrates thernoform ng andlbiaxial &tretching the [ ' made
i n Exanpl e 1. [ThesRebié®ntehtn Exanple 1{is usg¢d to producqg a 2 14 m |
t hi ck sheet by| extrugoms) using a fil m $hedt pil 8t |in& mzde“by Egﬁn
5 L.V. (dU/g) 0.7 n.a. 0.64 0.42 n.a.
Notched izod
at 20 °C (ft-bfin) D256 1.08 1.15 0.75 0.42 1
Tensile Modulus (Mpsi) D638 0.34 0.34 0.35 0.34 0.29
Tensile Elong.
10 @ Break (%) D638 262 n.a. 300 74 200
Tensile Stress at Yield D638 85 8.4 n.a 8.4 8.2
(Ksi) . . a . .
HDT (°C)
at 264 psi D648 65 67 n.a. 80 65
15 Multi-axial Load (lb) at
Max Load (20 °C) D3763 964 951 1002 537 877
Multi-axial Load (Ib) at
Max.Load (-20 °C) D3763 1386 1400 874 492 275
Multi-axial Load (Ib) at
20 Max. Load (-40 °C) D3763 292 356 373 366 200

n.a. = not available

Example 6
This example illustrates thermoforming and biaxial stretching the

polymer made in Example 1. The polymer in Example 1 is used to produce a
25 14 mil thick sheet by extrusion using a film/sheet pilot line made by Egan

Machinery (Somerville, NJ). The conditions for extrusion are as follows:



Machi nery (Sonerville, NJ). The conditi ons for extrusion are as fol | ows:

-29- WO 99/5412%xt r uder barrel (zone 1): 245[err]C PCT/US99/0653Ne
2: 245[err] C zone 3:

245[err]C zone 4: 245[err]C 5 zone
5: 265[err] C zone 6:

265[err]C Melt line tenp.: 60[err] C De

t enp. : 260[ err] C -2l ler 1:

25[err]C 10 Rol | er 2: 25[err]C Rol | er

3: 19[err]C A Ther nof or m ng The

sheet is trimmed to 6" exfrudér 8arranGoneanoxigageel y 11" long. After
heating in a rectangul ar retaining bracket at 165/ err]C in a convection

oven until 15 softerdong 2:akes pl ace, th@4éfGet is vacuum t her nof or ned
into 1[err]" and 2" deep roomtenperature nolds to denonstrate
ability to thernof or mZoAgsS: obt ai ne%4 oMt ai ners are optically clear
and mechanical ly robu . B. Fi l retching 20 The
Xt rudod film iy Strerened i axi ally and i ally using a nodified
Bruckner Str&tching Frzome &:Bruckner, Siego@8fC, Germany). The sanple is
inserted with the machine direction (MD) on the Y axis of the machine.
Draw speed is 1.50 in.Z8%5: Table 2 descri2$8sCt he draw ratios, machine

t enper atures, and conﬂvtghﬁaéé%ﬁ t he stretc%upgg,z.as wel | as the mechani cal

25 properties neas Bi:ng to AST
Die temp.: 260°C
Roller 1: 25°C
10 Roller 2: 25°C
Roller 3: 19°C

A Thermoforming
The sheet is trimmed to 6"-7" wide and approximately 11" long. After
heating in a rectangular retaining bracket at 165°C in a convection oven until
15 softening takes place, the sheet is vacuum thermoformed into 114" and 2"
deep room temperature molds to demonstrate ability to thermoform. The

obtained containers are optically clear and mechanically robust.

B. Film Stretching

20 The extruded film is stretched uniaxially and biaxially using a modified
Bruckner Stretching Frame (Bruckner, Siegsdorf, Germany). The sample is
inserted with the machine direction (MD) on the Y axis of the machine.
Draw speed is 1.50 in./sec. Table 2 describes the draw ratios, machine
temperatures, and conditions of the stretching, as well as the mechanical

25 properties measured according to ASTM 882.



- 30- - Table 2

Changes two0 99/B412a9iue Shel t er Pr e ety $906534
Emtter Draw Draw  El ongation Modulus Strength | Sheet
Stretching Tenp Temrp Tenp Ratio X RatioY @break (Msi)
(Kpsi) Condi ti ons ([err] O [err] (O (x100%
(x1 OO (% 1 emtter tenp./ 110 115 700 1

2 336 0. 26 6.9 -30- draw ratio 2 dr aw
ratio "3 206 0. 29 9.3 5
3 pr eheat 115 120 239 0. 245
6.2 4 draw ratio Table 2 2 1 97
0. 254 7 5 draw ratio 3

49 0. 25 62 Jé c-aw—+at+o :

1.41 1. 41T @nbages to Plagye 7 Shelter | i3 | Draw | Draw 7| Elongatioa\,

.
1.67 1. 67 !Sheet Sdching ”@mgj lose | rom@ | 1Rgatio X | Ratio YS @ brgalg_WM(g%ifjs Sé‘ ;‘g;h

| 2| Conditions2| ¢y (ﬁzgj (°C) | (x)00%) §x100%E| 0 5(%) '
ratio | " Tomitter tomp./ 1. 2% AL 80. 8 0. 192 - 86
It is to be understdgg,éaﬂghatﬂphe ABoeTefegcr i'bed ehbodi mPAts |aP&® | 69

illustrative oy aRd dbaf nodijfTeati on tlhreughous npy mecur] o@egohe gzki| | ed

O

dr aw

in 5 t! rr% AT e fRGCO[ 014301 Yazd Tl S+ 1 VERTT N 'S Nota3b0 Hepbeoar ged las
limted to the—ftf 4 draw rateTPOGd TENTE Qi Sel qSeg herejn. 97 0.254 7
. 5 draw ratio " " “ 3 - 49 0.25 6.2
6 draw ratio " u “ 1.41 1.41 111 0.22 6.3
7 draw ratio “ “ “ 1.67 1.67 158 0.216 | 4.72
10 8 draw ratio " “ “ 2 2 294 0.248 | 6.05
9 draw ratio - “ “ 2.24 224 80.8 0.194 | 3.86

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

15 embodiments disclosed herein.



WD 99/ 54129 :

PCT/ US99/ 0653W0 99/54129 VWhat is clained is: rtrUSYPoSHeet
conprising a polyester, wherein said polyester conpri ses

t erephthal oyl noieties, optionally, one or nore other aromatic

diacid noieties; ethylene glycol noieties; isosorbide noieties; and 5
optionally, one or nore other diol noieties, wherein said ester—has_an
i nherent viscosity of at |east about 0.35 dL-8¢- when neasu @aé ’

(wei ght/vol ume) solution of said polyester in o-chl orophe Igﬂ !l!’ln
tenperature of 25[err]C 2. The sheet accordi rfg #o

1, wherein the shggisthagai .o thickness of greater than about 0.25 nm

3. The sheet ac [0 c aim 1, wherein the sheet has a

thi ckness of greater than OAZheetcompesingta pilyester, wherein said polyester  The
sheet according to claiml, wherein the sheet is t her nof or mabl e.

15 5. cqmersestarephtbalayl meietigscpationally, one pEmere wthenarematis

oL Y wher ei n SaCErBisies; atviene glycol moiéties; iStABIAHE FhoiBgeAhLY 0

| east about Q55 dbpgbnally, one or more other7d|oi mc'f’@ﬁe§ Kedrerts418 Pofibster Hdstann 6.
wherein said polyester has an 20 I nher ent V|sc05|ty of about 0.7 to about

1.0 dL/g. inherent viscosity of at least about 0.35 dL/g when measured as a 1 %

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

temperature of 25°C.

2. The sheet according to claim 1, wherein the sheet has a
10 thickness of greater than about 0.25 mm.

3. The sheet according to claim 1, wherein the sheet has a
thickness of greater than 0.25 mm to about 25 mm.

4, The sheet according to claim 1, wherein the sheet is
thermoformable.
15 5. The sheet according to claim 1, wherein the sheet is biaxially
oriented.
6. The sheet according to claim 1, wherein said polyester has an

inherent viscosity of at least about 0.5 dL/g.

7. The sheet according to claim 6, wherein said polyester has an
20 inherent viscosity of about 0.7 to about 1.0 dL/g.

8. The sheet according to claim 1, wherein said polyester further

comprises one or more diethylene glycol moieties.



8. The sheet according to claim1, wherein said polyester further
conpri seswomnesqre nor e di et hyl ene gl ycol noieties. PCT/US99/06534
9. The sheet according to claim1, wherein said terephathal oyl

noi eties are present in an anount of from about 40 to about 50 nol e % of

sai d pol yeste
anmount up to
noi eties are
sai d pol yeste
about 0.25 to
ot her diol no
sai d pol yeste

which is pres
pol yester.

sai d i sosor bi
to 12.0 nole

said terephth
dinethyl tere

r, said one or nore aromatic diacid rrnf--ef'r?f‘s"‘é'r’"é““rr'esent

oresent in oo ot o 1Formvout 55 | IMBIMBEINIAR

in an

5
% of

. . . . . 0 S
r, said isosorbide noieties are present *i n®art afount of from

about 20.0 nole % of said polyester, and said one or no

re
% of

e . ‘ !
o o7 ©TRESHIRE oy 7, wHBrdf sBiPidramnatnBBV e
sai d one or npidieties are preBAY indirphmathts feomi dbcut diosiolabon S0ahpRY, dfoi ety

ent in an i anmount up to about 5.0 nole % of said
said polyester, said gne ormoreiasematie giaaild mpietieschreg presenhinear:

in

gfpount yp to'BBEt 16,8 5 6B el esil, 2R BroBnd 4B wher oi

ﬁLd?%t‘icTs are presBRt MlArfamBUAt SErdMSbdut BB foSa 402 hiolé'9h Ef OF
pht hal at e. 13.

The sheet according to

1, wherei n sasdidgulyestensaid isosorbide moieties are present in an amount of from

10

15

20

about 0.25 to about 20.0 mole % of said polyester, and said one or more
other diol moieties are present in an amount of up to about 2.0 mole % of

said polyester.

10.  The sheet according to Claim 9, wherein said one or more
other diol moieties is a diethylene glycol moiety which is present in an
amount up to about 5.0 mole % of said polyester.

11.  The sheet according to Claim 9, wherein said isosorbide

moieties are present in an amount of from about 1.0 to 12.0 mole %.

12.  The sheet according to Claim 1, wherein said terephthaloyl

moieties are derived from terephthalic acid or dimethyl terephthalate.

13.  The sheet according to Claim 1, wherein said one or more
other diol moieties are derived from aliphatic alkylene glycols or branched
aliphatic glycols having from 3-12 carbon atoms and having the empirical
formula HO-CH,,-OH, where n is an integer from 3-12; cis or trans-1,4-
cyciohexanedimethanol or mixtures thereof; triethylene glycol; 2,2-bis[4-(2-
hydroxyethoxy)phenyllpropane; 1,1-bis[4-(2-hydroxyethoxy)phenyl}-
cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyl}-fluorene; 1,4:3,6-
dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

alm



other diol noieties are derived fromaliphatic al kyl ene glycols or branched
al i phatic gl YWONP¥sHa%i ng from 3-12 carbon atons and havi ng t heceupIwissal 20
formula HO CnH err]n-OH where n is an integer from 3-12;--¢ts—or—t+ans—14-

I"oh di met h I t th f, t t hyl I
Thern Rt s Rl T

9 9: bi s[ 4- (2- hydr oxyet hoxy) phenyl ] -fl uorene;331, 4: 3, 6-

di anhydromannitol; 1,4:3, 6-di anhydroiditol; or 1,4-anhydroerythritol.

- 33- 14. The sheet according to claim 13, wherein said one
or nore ot her diol £agldtafigtb erm’ 12 Wherein said one or more

ci s-1, 4- cycl ohexanedi rrllgt hanoF%tbtéa% - gt , 4- c’ycrr oﬁexane |nmet k%%rol or

m xt ures ther eof other diol monettes are défived fitve cidvé gi-cyatohexdnedimeth@hel, Itnahs-
wherein said one or nore ot her aromatic diacid noieties are derived
fromisophthalic aﬂcpﬂﬂobe)@ned'methanphPﬁﬁ'&i*@éﬁ%wq ¢ acid,

2, 5-t hi ophenedi carboxylic acid, 2,6- naphthalenedlcarboxylic aci d,
2, 7- napht hal enedi car boxylic acid or 4,4 - bi benzoi c aci d.

16. The sheet accordifgg tqh@'sﬁb@’t é@oormﬁgrté'malﬁﬁﬂ dwﬁél%lﬁ’éamrﬁe élomore ot her
aromatic diacid noieties are derived fromisophthalic acid,

napht hal enedd car bﬂ)@rlaronabtd;acad moseiiebarmemwad ifrpm taoph’thailora@si t2H§3-r eof .

17. An article I‘JSII’] 18 The

article of clai nﬁfgﬁg\ﬁpm F'amﬁgh Bd@éﬁ%q"é’{‘? AGidy #.6- si gnage,

gl azing, a di spl aQu RiHaiddicarBotlig 48 C2,7-naphthalenedicarboxylic acid, or 4,4'-
bibenzoic acid.

16.  The sheet according to claim 15, wherein said one or more
10 other aromatic diacid moieties are derived from isophthalic acid, 2,6-

naphthalenedicarboxylic acid, 4,4'-bibenzoic acid, or mixtures thereof.

17.  An article comprising the sheet of Claim 1.

18  The article of claim 17 selected from the group consisting of
sighage, glazing, a display substrate and a disc.

15 19. The article of claim 17, wherein said article is thermoformed or
injection molded.

20 A method of making a sheet wherein the sheet comprises a
polyester, said method comprising:
a) forming the polyester; and
20 b) producing a sheet from the polyester;
wherein the polyester comprises terephthaloyl moieties; optionally, one or
more other aromatic diacid moieties; ethylene glycol moieties; isosorbide

moieties; and, optionally, one or more other diol moieties, wherein said



15 19. The article of claim17, wherein said article is

t her nof or weyboss129 I nj ection nol ded. 28ctuhediiod of
maki ng a sheet wherein the sheet conprises a pol yester, sald nethod
conpri si ng: a) formng the polyester; "and 20" -

produci ng a sheet fromthe pol yester; wherein " |

conpri ses terephthal oyl noieties; optionally, one or ”l ﬂl mn “ﬂﬂumum
aromatic diacid noieties; ethylene glyca4ooieties; i3osbrbidd *

noi eties; and, optionally, one or nore other diol noieties, wherein said
WD 99/ 54129

PCT/ US99/ 06534

f |
Zbout 0,35 dLTYesteRhas an inh@SnY FREES GFatiast KRR AT HERSRRGH 1] 0 of °°°"
sai d pol yest efehSufed as a 1% Méighﬂpblemé) slutidont ¢MeXd polyiestetiin $20C.

21. The nethod according to Caim20, wherein producing the 5 sheet
conpri ses extchidiophensbata temperamrenzj%r G.nj ection nolding the
pol yester. 22. The nethod according to Caim 20, wherein
the sheet has a t hi ckness of greater than about 0.25 nm

23. The nethod acggprdi '
t hi ckness of great fe? t h-gﬁe Wﬁ@%&%@%{;ﬂ%@%@ Zd'"%vr?é?@ﬁ\t prl&ﬁcﬁﬁg]tﬂe
5  sheet comprises extruding, solution casting or injection molding the

polyester.

22. The method according to Claim 20, wherein the sheet has a

thickness of greater than about 0.25 mm.

23. The method according to Claim 22, wherein the sheet has a

10 thickness of greater than 0.25 mm to about 25 mm.

24. The method according to Claim 20, further comprising

thermoforming said sheet into a desired shape.

25. The method according to Claim 20, wherein said sheet has an

inherent viscosity of at least about 0.5 dL/g.

15 26. The method according to Claim 25, wherein said sheet has an

inherent viscosity of from about 0.7 to about 1.0 dL/g.

27. The method according to Claim 20, wherein said polyester

comprises diethylene glycol moieties.



24. The nethod according to Claim 20, further conprising

t her nof or m ngwoap/8418heet into a desired shape. PEDUSINI6834
met hod according to Claim 20, wherein said sheet has an i nher ent_
viscosity of at |east about 0.5 dL/g. 15 26-——The et hod
according to Caim25, wherein said sheet has an ' ‘mmmmmm ty
of fromabout 0.7 to about 1.0 dL/g. - 27““\ m .
according to Claim 20, wherein said pol yest &35- conpry sés i et hyl ene
gl ycol noieties. - 35-

28. The nethod according to Claim 20, wherein said terephthal oyl

Toi et es are present iz an ARG adkiihg 0 CiAnPHO AN B hdphtabf

pol yester, said one or nore other aromatic aclid noietres are pr
an anmount rAbietigs take phebent iammahuit of alseutdl (Pl sbesit 0. mek % oftdayd ene

glycol 5 noieties are present in an anount of about 33 to about 49.9
nol e% of the polyesier; saidene eamere ethes appmatiadiasid meieties ase dsesentiim aan
anount of about 0,25 t Q abqut 20. | e, %,0 ai d. po st er nd
sai d one or nore YPAYHt %fiu_cﬂto é)nou?qHrm%\gt%énz%g;depcayésstéhts%fcﬂegﬁ{?mmoa}of up
to about 2.0gml em?(?e%s_%?éggese\;\\}]in aPahvemt 8f about 33 to abﬁut 49.9 #idle% Bthe

nmet hod according to Claim erein sald terephthal o noi et es

are derived frompalyesiét, lsald isosarbitieomoititias g prasené phamamcunt of about 0.25
to about 20.0 mole % of said polyester, and said one or more other diol
moieties are present in an amount of up to about 2.0 mole % of said

polyester.

10 28. The method according to Claim 28, wherein said terephthaloyl

moieties are derived from terephthalic acid or dimethyl terephthalate.

30. The method according to Claim 28, wherein said one or more
other diol moieties are derived from aliphatic alkylene glycols or branched
aliphatic glycots having from 3-12 carbon atoms and having the empirical

16 formula HO-CH,,-OH, where n is an integer from 3-12; cis or trans-1,4-
cyclohexanedimethanol or mixtures thereof; triethylene glycol; 2,2-bis[4-(2- |
hydroxyethoxy)phenyllpropane; 1,1-bis[4-(2-hydroxyethoxy)phenyl}-
cyciohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyl]-fluorene; 1,4:3,6-
dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

20 31, The method according to Claim 28, wherein said one or more
other aromatic diacid moieties are derived from isophthalic acid, 2,5-
furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4'-

bibenzoic acid.



30. The method according to Claim28, wherein said one or nore

ot her di olwowoisgizbes are derived fromaliphatic al kyl ene gl y@ﬂbgggmsjgr anched
al i phatic glycols having from 3-12 carbon atons and having the enpirical 15
formula HO-CnH err]n-OH, where n is an integer from3-12; cis_or trans-1,4-
cycl ohexanedi net hanol or m xtures thereof; triethylené

e eetne st o ocne” TN
9,9-bis[4-(2-hydroxyethoxy)phenyl] fluorene; 1,4:3,6-
di anhydromanni tol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol. 20

3 o The Tetod acgpr ol poe Lo bR B A Rind e R A 2 et $hid Bistrbids
furandi car boxyl, 'i%le%%rg corgséhJ il a‘?npé}ﬁﬂﬁﬁﬂ (ﬂﬁf&ﬁ’éﬁl&bﬁﬂ%'a‘ﬁou? 18-mole %.
rboXyl [ C acl

napht hal enedi ca 7- napht enedi carboxylic acid, or 4,4'-

bi benzoi ¢ aci d. - 36-

32. The nethod accordi ng to ¢ aim?28, wherein 23§ c‘y;sosor |de
moi eties are presed®. i n1AA mehod@acserdingta Glaim: 28, whergibsrid pne Ry reoss

S5, " The et g R Afed B CPAT AR Bt e 0B of 1, L

about 5. G ol SP%M 05AbIé RAUNERT Bblyester. 34. The nethod
accor di ng to claim 28, wherein the sheet has a t hi ckness greater than
0.25 mMm
34. The method according to cltaim 28, wherein the sheet has a
thickness greater than 0.25 mm.
35. The method according to claim 28, wherein the sheet is
biaxially oriented.
10 36. The method according to claim 20, wherein forming the

polyester comprises:

(a) combining in a reactor a monomer comprising a
terephthaloyl moiety; optionally, one or more other monomers comprising an
aromatic diacid moiety; a monomer comprising an ethylene glycol moiety; a

15 monomer comprising an isosorbide moiety; and optionally, one or more
other monomers comprising a diol moiety with a condensation catalyst
suitable for condensing aromatic diacids and glycols; and

(b) heating said monomers and said catalyst to a
temperature sufficient to polymerize said monomers into a polyester

20 polymer having at least the terephthaloyl moiety, ethylene glycol moiety and
isosorbide moiety,

wherein said heating is continued for a sufficient time to yield a
polyester having an inherent viscosity of at least about 0.35 dL/g when
measured as a 1% (weight/volume) solution of said polyester in

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



35. The nethod according to claim 28, wherein the sheet is bi axi ally

orient ed. WO 99/54129 36. The method accordi ng to cl ai m POT/US#RA6834n
formng the pol yester conpri ses: (a) conbining
ina reactor a nonomer conprising a t erepht hal oyl noiety; optionally,
one or nore other nonomers conprising an ar OITB.tI Cc Eh aC| d noi e
nmonomer conprising an ethyl ene glycol noiety; a 15 g‘bg an
i sesorbi de noiety; and optionally, one or H¥e

conprising a diol noiety with a condensation catal yst " c SU|tabIe for
condensi ng aromatic diacids and glycols; and (b)
heating said nonormer sgand ‘ﬁ?éﬁeﬁ%@éé’cﬁrdﬁ? 19 claim 36, f@m@hmmguffl ci ent
to polynerize said nononers Into a ol ymer having at |east
t he terepht hal owhcmsnwheehwbelaew@ighmlf sMumyeMy solid stat&sosor bi de

noi ety, wherein said heating is continued for a
sufficient tine palyyeszatiop. pol yester having an inherent viscosity of
at | east about 0.35 dL/g when nmeasured as a | % (wei ght/vol une)
solution of said polyester in 25 o-chl orophenol at a tenperature of 25
[err]C. 38. The methcaccofHitgiteicli 3% weateingsdio solidistateo,
further conprising increasing the nol ecul ar wei ght of said polyester
by solid std&e polyme]:izat}omcmmatldiem 38. The net hod

according to claim37, wherein said solid te al.vner.i i
conpri ses: (=) §talhzq@|gysg(§p? iy??l%é by Jfé@tléﬁ%@ﬁﬁél&g%r at
heating said pol ¥gsh6Eraiire in the range of about 115°C to about 140°C; and
(b) heating said polyester under vacuum or in a stream of
inert gas at an elevated temperature above 140°C but below the melting

10 temperature of said polyester to yield a polyester having an increased

inherent viscosity.

39. The method according to claim 38, wherein said heating step

(b) is carried out at a temperature of about 195° to 198°C for about 10

hours.

16 40. The method according to claim 38, wherein said increased

inherent viscosity is at least about 0.65 dL/g.
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