;z{| }e3endZ6Tnl 24 Septenber 2002 WD 99154129 PCT/tJS99/ 06534 -1 SHEETS

F( D FROM POLYESTERS | NCLUDI NG | SOSORBI DE Fi el d of the DitSeptesbee2002 s
di sclosure relates to a sheet formed froma pol yester, nmethods 5 of making
t he polyester and articles nmade fromthe sheet. Mre specifically) this

di scl osurwo®lsaies to sheets nmade from a pol yester havi ngpefiass@gRsPi de
noi ety, terephthal oyl noiety and ethyl ene glycol noiety, nethods of naking
the sane, and articles nmade therefrom Background of the Disclosure 10

Pol ymeric sheets have a variety of uses, such as in signage) glazings, .
thernoformng articles, displays and di s1pl ay substrates) for exanple. For
many of these uses, the heat resistance of the sheet is an inportant
factor. Therefore, a higher nelting point and glass transition tenperature
(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

| npact strengt *SH@%TS IFORRMED/ FROM %Eﬁwnswmub@% p?smwm ic

conpositions have been used in an attenpt to neet al he above
criteria. in particular, polyethylene terephthal ate (PET) 24 Sept enber
2002 WD 99/54129 PCT/ US99106534 -2 has been used to form | ow cost sheets
for many years. However) these PET sheets have poor |ow tenperature inpact
strength, a low glass transition tenperature (Tg) and a high rate of
crystallization. Thus, PET sheets cannot be used at |ow tenperatures
because of the danger of 5 breakbighl afitietDisslosumanot be used at hi gh

t enper at ures because the polymer crystallizes, thereby dimnishing optical
clarity. Polycarbonate sheets can be used in applications where a | ow
tenperature inpaciyildisdiddie reiafiee@esishibt fBrhed oﬁﬁépbél%sfe?%%ﬂﬂ}dére 'S
required. In this regard, polycarbonate sheets have high I npact strengths
at 10 | dw t eohmalingrthe patyestdrl aresarticles ghadedfram thb shieebwstordiepedifically, used i n
hi gh tenperature, applications. wever , pol ycarponate has poor sol vent

resi stance, t%g@s&spﬁﬁeﬁ?tﬁﬁ?‘?fsg‘g%@é“w\e g@ﬁ%?ﬁgéﬁ%rﬁ@amcﬁﬁ'k',Soé%i"q% prone
to stress i ngyg { ] i .eat er

| mpact st r enaiid areh hal EgleE ahd S e A B iR IR Cost 1y
15 and i nef f the sarhef amd adielesThade tlzerafrenh. exi sts for a sheet material that
offers (1 ) high inpact strength at |ow tenperature) (2) a higher service
tenperature (3) good sol vent resistance and (4) a | ow rate of
crystallization. The diol 1,4:3,6-dianhydro-D-sorbitol, referred to
hereinafter as 20 isosorbide, the structure of which is illustrated bel ow,
is readily made fromrenewabl e resources, such as sugars and starches. For

exanpl e, isosorbide can be made from D-gl ucose by hydrogenation foll owed by
acid catal yzed dehydration. OH O O H CH 24 Septenber 2002

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)
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WD 99/ 54129 -3 PCTI US99/ 0653. 1 | sosorbi de has been incorporated as a
mdnomer into polyesters that also include terephthal oyl n24 SeptesmbeSRe02 f or
exanpl e) RW S§ rbeck et al) Makronol Chem, Vol. 194, pp. 53-64 {1993); R
St orbeck etYAr>BSI yner) Vol . 34, p. 5003 (1993). However, RGT/ES99GeAeral |y
bel i eved that secondary 5 al cohols such as isosorbide have poor reactivity
and are sensitive to acid catalyzed reactions. See, for exanple, D. Braun
et al., J. Prakt. Chem, Vol. 334, pp. 298-310 (1992). As a result of the
poor reactivity, polyesters made with an r&osor bi de nononer and esters of
terephthalic acid are expected to have a relatively | ow nol ecul ar wei ght.
Bal | auff et al, Polyesters (Derived 10 from Renewabl e Sources), Polyneric
Mat eri al s Ency diasbedhaiseddb fod) Igw-ce8Eheeid it maGopedrgndiawevert theseng

T
Zbout 50 10, e PuoAToAReai! (15 Sha 3l P48 i TRRSTRG.© "o
1, 263, 981 (i96&heef§fmrmot bawmsede love temparatures hecagserpbtiend adgdraniit io% of

o R T el B ek B B
oLy ene ol Yool ARRLEL SEbobb bR Bplba g i ch vere

pol yner having a hi ¢olyoartemdtesheetisgizn. beCoped imapplicatiohdedersarewt hr ee
nononmers were descri bed again recently, e it. was observed that the

, er .
gl ass transiti ¢MPEMAiedfrnast qﬁeﬁﬁthﬂ%@eé‘gbl%ﬂf’e’i"ghﬁ@l"‘éﬁ%é%mﬂf'iqm"ﬁd%sor bi de
nononer conten t ' ' t
honopol yner. Ttﬁ%&\%B o?n@flﬂiéarﬁé?rgg%\%&rc émr?a"%‘g& B'Qé?%gf:a?’?ﬂggﬁ' gﬁ‘égﬁt%’g‘i"‘?‘y@ at
di chl ori dé0i n soV témperabireb asheellasb hign® ich alioves tregrh daol beiusleddal high

copolymer with a nol ecul ar wej ght that is apparently higher than was
obt ai ned in théer@eef?éweﬁea%'ﬁ?tlcgqﬁmhe\é(?vfefnpa Geranete hes PEopseIveR! | |
relatively | ow i : r / 541 29
PCT/ US99I 06534 f%%?@é@?&@@éo Jﬁﬁ‘?"&@%&‘%@ﬁ%ﬁ?ﬁ‘?ﬁﬁéﬁ?ﬁﬁr%”%?'ﬁ?ééﬁ%po yITer s
were nmade by salrebs intueed onaskiigit Polycamdnats shédts aildo povitfe digeédtyt ene

gl ycol noieties as a product of polynerization. See R Storbeck,

Di ssertation, UnPaersiangth than is ngsded foeprtaimapplicativask makingthem gostixpp| |
Pol yrer S%enceandviﬂje lCl%%% PRrse® 1199- 1202 (1996). U. S. Patent 4,418,174
descri bes a process 1=fror Le preparation of polyesters useful as raw

materials in the prqtuef s aeediexists fnusstsdat vhatgriblathgtieffers (Thaighampast ers are
prepared with an al cohol and an acid. One of the many preferred al cohols is
di anhydr osor bi tS§engiiaidowtempgeatdife (4@ highersepder igmpwratie (31 9eek

pol yesters is fsro n}r&q%a&ges;ﬁ%gg)a @‘g%tggmﬁ{s}@?@@r‘act ually containing a

di anhydr osor bi tol "noi et at e 143 describes a

process for the preTmealibionsd, s-diEmhydasDasorbitbidesferrad ¢o halsinaférsas
descri bed therein are hydroxyl containing polyesters. These hydroxyl

cont ai ni ng0pol yeasashideaine stiustusg of which isrtysicatesh below;ds readilydaade &0

wet ght s epor { danay BOBHEONTE Sucs ARBISapd3ithes FIEeRRAR, Dol veot or
actual 'y cont aijsagegbitibeah.bb Male diorm DyGluessd by hotirageinativn f@tfoweardisy acid-
catalyzed dehydration.
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Published P.C. T. applications WD 97114739 and WD 961 25449 20 descri be

chol esteric and nematic liquid crystalline pol yesters thaR4iSeptanstssr 2002

i sosor bi de noi eties as nononer units. Such pol yesters have relatively | ow
mol ecul ar WRPYHZ and are not isotropic. Sumary of the Di Bclswoesidontrary
to the teachings and expectations that have been published 25 in the prior
art, isotropic, i.e., sem-crystalline and anorphous or nonliquid
crystalline) copol yesters containing terephthal oyl noieties, ethylene

gl ycol noieties, isosorbide noieties and,~Soptionally, diethylene glycol
noieties, are 24 Septenber 2002 WO 99/ 54129 PCT/ US99/ 06534 -5 readily
synt hesi zed i n nol ecul ar weights that are suitable for making fabricated
products) such as dbesirbidedrasdreemidustporatedizssa snonbneenintcpsigesterginiat ons
for producing the polyester sheet, particularly the anpunts of nononers
used in the pcﬁ'%ﬁ'\cﬁ-lf},/e tgrephibalpylappiptienoles, fepexampla, R-rdoreckietgbl ymeri ¢
product used 115 FRMHICHT LBE 10ASp5eEbaqR868) N8 SRSnaSE AlpATRNY S Of

t he vari ous (s, preferably wth equi nol ar afrounts bner
units derived V¢lo84,3.H003 (@083p Howdvar, iBeamreealtf bélievedthat séddndapf sone
of the nmonomers, including. isosarbide, and dependi ng on the nethod of

manuf act udi ng QIP@"%%FV@%?&‘S,OS§MG HBVE ReC RafINKEYBRS ase sepsilve dhRGidr ncl uded

in excess at t § pod f e | Zatgd r tijop.4 as
the reacti on FPAAREdL PEURBne; SeCrPRkiRtic. 13\ bR e, LCPARChERENAS. 2
i sosor bi de. ThE34@py 298310(A99DE Avaresulbyf theypavrtreadtivityppolyesterimanlet .
Preferably, however, the polyester is fornmed by solvent or nelt 15

pol yneri zat i orWithraR isaseride glonaserandhestereoideiephthaliciasid are expeetedda

amount of diet e . [ [ ol g I r ,

enbodi nent, t h@o ué;‘geégd'%e?ﬂo(‘édr @8&@54'0"9@5%. %%I es ?tné]t Eg@gg{egﬁl?gﬁcvsgq n the

range of 1@boutfrathRérevaitie Sobktash| Rolymerd IMatésials Edsclopedia, Mdiyggs,) . The

pol ymer may al so include anmounts of one or nore other 20 aronmatic diacid

noi eti es such 2892 {186kxanpl e, those derived fromisophthalic acid)

2, 5-furandi car boxyl 4 | 4.0 [ .CAar | | 1.d .

2, 6- napht hal enedi ca(?%%dnlg{:s %%'ﬁ%’%%ﬁggﬁg}gﬁehaf%ge i %g‘ ofﬂly%o'é?:?'gt,'e%{nd

4, 4' - bi benzoi camtiedeptthaloghipbittids ihavelbeenpreported @ty Rvelypliecdpdiyipbe % of

the total polyner). 25 In a preferred enbodi nent, ethylene )gl ycol nononer
en

units are prestaitainingdhesetrresmeipien, inwhighsthe, meleatatiotof sthyleneslysobto The

et hod of randsaeT e e Bb& L 0 Syt et S ne RSB, 10 | e
range of aboutp lféaﬂ@hNo"./mt,zee’e@@vu%@)mheeﬁ’%%naezwagzmb@r&eé mfst2 WO

99154129 -6 PCT/US99106534 In a preferred iment, isosorbide is present
in the pol ymercampenanit@koytn1@ e of amiendita peipropylsnente énpgove tagout 40

amount & up.t o WL bEFOERYTBRET ias et DI R st hBied O bt o
viscosity, whidiétisyl drebReliatatt Oéth9leneipsol| id Wesefide, Hutalhe tengtiomdout
0.35 dL/g, as neasured on a 1 (weight/volune) solution of the polyner in

o- chl or opfenol whichaveredescabed enlyfin geaerahtermshiarthe mblieation, mesdd net) such
as at feast abtce)ut Q.40 dL/'ﬁ'E Pref.erathlié/nat | eas a%&ltlt 0.50 dLlg, is
desired for op ?Vr’?a?'vg'f‘l@ec_fo ?NE?Y'B?\."" rUl FeURlYE ng of the polyester
may achi eve even h'G@Sély#n@Péaéﬁﬁbsé’ sBAfeSthFeeMmondwidts dver8 \RiscAbéd gbéiﬁ- The

pol yester sheets of the present 1nvention are nmade by any net hod  known as
the art and arrecenily,aiherefiowasiobsemed thatithe gjasst trangitiorc temperature Jghofas

gl azi ngs, sign di sPI ays and dis ba suﬁiatrat es. The sh eti dﬁrmnstrate
good | ow t empelEAPENmEAREreasFE W S0LTRAG MaRoTEL EPRERL P fo JROthe: cased
Mexi num sgg Vi Ceod RYRARE WRofHide BRE6pRRaRAe RONRIpYIYE. t Yhe BRI SaRTANS di Ng
hi gher optics! clarity. In addition, the present T1nvention relates to a

met hod of makiwgreamadeyyseacting terephghalpyt dichionitierinisotytiohavitibieadidlescr i bed
pol yester sheet. The inyention provides a sheet conprising, a pol ter,
wher ei n said pBP)EgIEEs- xﬁm?%@ Yf%?%fgﬁt%’f’ mern’ﬂi%élaifgg Cglﬁfl tﬁsgt 'Sne or
nore other aro ' | Ricy Il hES [ RINRBRratt-30SOr bi de
noi eties; and o télrgplgg? ﬁ@@%ﬂg@éﬁtﬁgﬁgt t‘?ﬂgi%ﬁﬁnﬁ gtglfg e@ﬁl;&ﬁg&gt‘éﬁ sai d

pol yest er has desdribbdraboie\tius stils reiatively liw Whas tcoaipared @gamstibthgerwhen

nmeasured as a 1 (weight/volune) solution of said polyester in
o-chl orophenol at a tenperature of 25C




24 Sepienber 2002 . 6a The invention further provides a nethod of meking a
sheet wherein the sheet conprises a polyester, said method4 September BG02 a)
form ng the polyester; and b) producing a sheet fromthe pol yester; wherein
t he pol yes‘i"@r”’é‘fviﬁ?)ri ses terephthal oyl noieties; optionallyPCOusIuI6sHor e
other aromatic diacid noieties; ethylene glycol noieties; isosorbide

noi eti es; and, optionally, one or nore other diol noieties, wherein said
pol yester has an inherent viscosity of at |east about 0.35 dLI g when
measured as a 1 % (wei ght/vol une) sol uti ef- of said polyester in

ochl orophenol at a tenperature of 25C. Detail ed Description of the
Preferred Enbodi nents of the Disclosure The isotropic polyester polyner

sheet and a npbhestaipoipnefaahdicopgyinbes. SRuther, thedegsolyrhers weredebdelbybel ow.
In particular, a nethod of manufacturing the polyester conprising

t er epht hal oyl setsitioni palymetizgtiasmangweesihusdres pkdietienesgyepisneietiepasei es i s

Tnoa preter r oot neledions med R, Slobatk, et taoh OhRaRl o " i he
pol ymer i n amuaMsputed t R38tavBeaYtet al. Ab Aipl Hol9mide ISei¥nce, %41, Seppgnber

2002 WO 991 54129 PCTI US99/06534 -7 preferably 37 nole%to about 45 nol e%
al t hough @i ghdr198ntd2 €1998). be i ncl uded as necessary to achieve the desired

results. The poly C 0sit] Q.C i i Y | nononer
ini s, Dependi ng’ o ShE RN Hok b P histrikes Bidtels Yrbe BB R, ene
gl ycol nonomempolydétérsusietulidd rallemateiians infthé peodwdliontof &qledns efovirg about 5.0
nol e% preferably 0.25 nole%to about 5.0 nole% although hi gher anbunts

mlay ble i ncl gdé@mfrﬁeibgm)ge%@sgégipéa/mareﬁévitme%m lﬁl@ahpl_e@m @8 ac. PR§Ioéne
Ty “be added dhe BaimopreferRL ARSH Flashlet¥ah  FRULRLIGE AUEHEETS e

amount ofp10 ¢h@bblaeRRigHt ) the PBINESEFs i8TidrA 1,060 ta1®000, AMEendPoydRter | N
preferred enbodi nents, isosorbide noieties are present in the pol'ymer in

amount s i n t h@ctuallyecontainingm disobydsebitebmeiety wasomade30 nol e% preferably
about 0.25 nole% t b %% Jor referabl out 0.25 nmol.e%to

Sbout 120 ol c%  ahd- Pt ERT4} aFBFTR & BAER o th8 RrePadlel Sbout 6. 0
nol e% al t houganiprebsibn IBEILBE atBialBe AlSt: Idedefbes tHeemseramydisxyRchi eve the

desired results. One or nore other diol nonomer units may optionally be
i ncl uded in areontaigingpPalyesietsot diesefhygdbayl cont@ining eolyebigrs prelisiedtd y | ess

th 1.0 le% T t. t i pl s, ingl d h be high
necossar 5t o dinds e3pRidtiedlooBhRoinciiclid 1 S SARRMER s HBIRE Aeifonar ot her
diol units i n¢loydsepl tthﬁ?ﬁé‘st%Hdﬂ&élﬂQﬁWGi et IR 418 rbRBiRIG1dwW, G ! Hom at ons
and having the enpirical Tormula HO C-HZ~-OH, where n is an integer from

3-12, incl udi g 190k laed ni polyestec hckalip containieg e 14 R6aliapkysdsasarbitolci s or
traps- 1, 4cycl ohexanedi net hanol and m xtures of the cis and traps isoners;
25 triet hyl end™gEPCYRS MAGE b 5[ 4- (2- hydr oxyet hoxy) phenyl ] propane;

1, 1-bi s[ 4- (2hydr oxymidlgh¥d FIEN dophysldnkanene7/14739 and WO 96/25449

9, 9- bi s[ 4- (2- hydr oxyet hoxy) phenyl Tl uorene; 1, 4:3, 6-di anhydronmannitol;

1, 4: 3, 6- @Danhyddrsgritle ichblesterit dndtaematiy iquid erystalling polyesters that fagluderber 2002

WO 991 54129 PCT] US99] 06534 T ht h ieti ip th | t
range 11 om 25 RAGBETORIES aeangianer daly Sy PaveSReAate R aEITBY 0. 2o
mol e% al t hougRoRICARR WeigfY Hng dTBhoPRotridplided as necessary to achieve the

desired results. Other aromatic diacid noieties in the polynmer, if desired,
may include, for 5 exanple, those derived fromisophthalic acid,

2, 5-furandi carboxylic acid, 2,5-fhi ophenedicarbpxylic acid,

2, 6- napht hal enedi car boxyl i ¢ acid@ﬂﬁggﬁéﬁgﬂﬁ%ﬁgﬁgﬁég%rboxylic aci d) and

4, 4" - bi benzoi c aci ¢; j I t Y r bly
bet ween 0.01 and S%W%‘ﬁg%}gg% géétch?]ﬁ %ﬁ@btﬁ%ﬁgé@;}éﬁ %ﬁ%@r&sﬁ%tas may
be incl u@&d asntiee psicnast, isotrapibj e esdfi-tiystafles ardl amasphdus orl toriliguid
preferabl e that eguinnlar anounts of, diacid nagoner units and di ol nonomer
units are presdystalline; aRPQIyesiats cantaipingderapbhithalnyidpaieties, ¢hylgne &iachr

wei ght and hi j re [ o I che [ kiakage rate
and hi ghor gl 5gIeBRE EBtoRIRERBICHES 2, BPUBANY, dRrfeR GlycalinbRias st

pol yet hyl ene terephthal ate). The pol yester forned has an i nherent

viscosity, which is an indicator of nolecular weight, of at |east about
0.35 dL/g, as neasured on a 1 % (wei ght/volune) solution of the polyner in
o-chl orophenol at a tenperature of 25C. Preferably, the inherent viscosity
is at | east about 0.40 dL/g, and preferably between about 0.5 and about 1.0
20 dL/g, nost preferably between about 0.7 and about 1.0 dLIg. However, the
i nherent viscosity may be as high as 2.0 dLlI g, or even higher, as needed.



The nol.ecul ar weight is normally not neasured directly. Instead, the

i nherent vi scosi ty of the polymer in solution or the melt 2\4|Sﬂp¢manr2loezused
as an indicator of nolecular weight. For the present polyners) the inherent
25 vi scosiwg9%sHreasur ed by the nmet hod described previouslyer/iMdodes

nol ecul ar wei ght corresponding to an inherent viscosity of about 0.35 dLIg
or nore. Higher nolecul ar weights corresponding to an i nherent viscosity of
at | east about 0.45 dLIg are preferred) and nol ecul ar wei ghts correspondi ng
to inherent viscosities as high as about_g.0 dL/g to 2.0 dLIg or even

hi gher may 24 Sept ember 2002 WD 99/ 54129 PCT/ US99106534 _g_ be obt ai ned
if desired. CGenerally the inherent viscosity/nolecular weight relationship

can be fitted } T - 2.9672.
The i nherent v%ésbélggslp?ﬂe%%déﬁgh@%%@ggqe té&a{‘\%ra %gﬁéﬁﬁggﬂlgrﬁkmht for 5
conpari sons ofatsatddproaiadtsasecuasdhasts; be annddestrial basdis. rml ecul ar wei ght
herein. The pol yester sheets of the present invention nay anpr phous or

partial ly crystal | iTR& RIGERSSSANItIARG ot H"é’db‘é@ﬂrteﬁ p&l%@?rﬁh@@t drarti¢idatyeet .
Co t |
Comos! 10m [P EAARoRL kY o SoneBis, Mt afby ket @ son

anneal ed &bovehdthre fingl psipmeria EoduoDUSé@l‘menammfaewnnguheaheemmﬂalheus i f
they are cooled rapidly after formation. In general, the senj-crystalline

conposi tions Hiedesigbamoynts gidbavpriows PIPRRMSS IUPULE niyeisrablyavidibht hal at e)
conposi tions gHg ni@aF Béholy 9&%830:9& hﬁ:?fc%nwe 0 r}ﬂedi’oFQﬁ LRiiggqr al ses the

Tg) allow ng artlc es to renaln aren en exposed to

condi tions ungecaubé ehtiehayatilitgbf sarae rmltrhe/moh;aatah I |hél&d|d§ul§bé‘(&bi}det aad
presence of isosorbide reduces the size of any crystals actual I%/ f or med,
ther eby al | owdRBeRBINDEA thelraetheg of Manufaeiifing thedolasterasomedidhe degr ees of
crystalljgati gﬂbonom&spa‘?{e%‘ééﬁs&gluﬂrﬁ&@%&&é@c?ﬁs‘a?ﬂ\esﬂé Eﬁmgpofttﬁ | nventi on

can be 20" nad Sever roduc ositions vary

sonewhat deDGf)dlyfhﬁlemtlbh@eé@ttdn%dJ@ﬁ@bvawﬁ h@LHeat:ho’n brodekesarmmsts of
di ethyl ene glycol residue that is present in the polyner. These nethods

i ncl ude the r eadiquarlydrue pketyiene@yrohand isasorbidRe acid chl ori des of

terephthalic acid t. reaction of
t erepht hal oyl 25 did l&%ﬁéﬁ%ﬂ%g@%@@%@ﬂgm&ﬁpﬁ %'8|‘y%§f‘ is readily
carried out byrsfrihip] REvénR, HRSYRRSsIer i8 férnsed w@blvéﬂt 6r mietl uene) in the
presence of a base, Such as pyridine, which neutralizes HCl as it is

pr oduced15 Thi popyneerizatien. iThedheins efdnethedrnagsbe detenmiaed Hy the desiteg| .

Pol ymer Sci ence 19 6 O her wel | - known
vari ations usFHbO%’gP£8Iﬁ?M$@%P%/C°'§H ‘é%ﬁ'{‘aﬁ%ga %02 WD 99/ 54129

PCT/ US99/ 06534 -10 lﬁb@?bféﬂe@%rﬁ@dd:&ie‘m tRE nufttsér (OF térephthatsyl m‘duéthes in
pol ymeri zation)) or the nononmers nay |y be stlrred tyether whi | e

heati ng. wlentmengo\ymeymemﬁhg rﬁag@oﬁgbmgt fﬁét@@ba%mmcvla (molecorefithe of

nononer units |nt rrer i.s about t t he rat| of 5
reacting m)noﬁ(é Epmfﬁg}%ﬂg‘ “?"3?' iaiso %8@830‘?#@?@&81?5@8@%”%‘& Pact or
i's aboutaphe pOMafs didii ﬁl@ﬁétreg%uemdsofdrréxtahﬁn@rtﬁds@uen&e&fr@nphl ometric
equi val ent of the diol and diacids generally will be used to obtain a high

mol ecul ar wei dgaphtivalionagid, 25durandivarhdxytic agid Bt&ﬂmhaneﬁmbwwhofacai | east

mmde by o el 2 OBRPREARAGRORIE A, £ AN eRET RO SRR | 3

ei ther ter ephuhatmseﬁfdléiaeia 8i EBthBinkd 16V 0 he aBbat 28 Athid s emBRYY dtc! ude
the free acid or dimethyl ester of any other aromatic diacids that may be

desired in théhetdtabpolgmepol ynmer conposition. The d| aci ds or di net hyl
esters a heated with t dj ol 5 t hyl ene | sosor.bi de, optional
di ol s) 2§t he pr eséﬂ@eprSFe”z?dlc%ﬁ‘é?‘i/-‘gie &éy‘ﬁpﬁﬂ%@%g SRS APe that the
monomer s Conb'p'?é]%érﬂ if 3hiBuRE 6f SbAS rﬂbréS%%Sabdu*ﬂag 7@ maw%r S‘Fhé‘EQI figpal | y
pol yners. The ymeri c product at the end of the polynerizatio rocess is

a nol ten pol ymeay alBoecotitaih diethyglene glycel glo;eteshﬂ@mdgbg/omth@mtmm)sbr bi de)
are volatile and distill fromthe reactor 20 as pol rization

proceeds. Ther@amfactuse, the asaunsof digtiydeng S‘Y§°Hﬁ‘9tet’es Is in the range of
about 0.0 mole % to about 25 mole %.



be charged to the reaction to obtain a polynmer, and the aﬂp# e
adj usted according to the characteristics of the polyneriza %%m\%?sog?,

such as the efficiency of the distillation colum and the efficiency of
nononer weegmssgtgy and recycle. Such nodifications in the 8oy NONomers
and 25 the like in accordance with the characteristics of a reactor are
readily nmade by practitioners in the art. Further, a skilled practioner can
readily determ ne the anmount of each conmponent desirably charged to any
particular reactor to formthe polyner .gf the invention. 24 Sept enber
2002 WO 99154129 -11 PCTNS99/ 06534 The above described nelt polynerization
process is the preferred nethod of making the polynmer and is described in

detail in copendi . L) . j i ) 844
(Attorney Docket Iﬁga_ 88%@%%68‘%%'%%éséaﬁngr'@?gdbﬁegs%@?E‘ % ch?'bgg ce. The

el t pol ynerdm@irit®fh theliafge oF @dols 028 mbiee%h iy labodt 80 hdlal At Oredr
terephthalic acid are al so sunmari zed bel ow. Di net hyl Terephthal ate Process

In this prodesre oothar diel monemeriusits soay also brdneludgddn amauwptivpdeiec aci d and

t he optional_diagcid Sy, I f present, are used as their dinmethyl 10
ester deri Véﬂe\\/gggbq&ﬂgﬁgﬁg[es%(e_ g. ethylene glycol and isosorbide) are

m xed with the dirtpijestst Bis ah inHeent BsaUsity, Whitdiidl anandicatirsft hyl
terephthalate) in the presence of an ester interchange cat al%st, whi ch

causes exchangecdar weightt ¢fiatderst gbpebD.36¢i /g has maasyredypo@1%f the di net hyl

Formati on ot i WXREIS e lemiE e 2BTE B Py BrpERte 1R and bis
(2- hydr oxyetdipkter @phighat mhelent Rakddhe stichidicatieadtdtoutet4(ydefg, t hi s

reaction, sonmewhat nore than two noles of ethylene glycol are desirably
added as regcetenally Bbleashabegt®bOidhisris Hasitrd faraptimal sheeat foryetiont hat bri ng

about ester dngerchange. include salts (usual.ly 20 acetates) of, the
Fol Lot ng. mitiiner PRsceing Kighe al/slet iy ddhiave Bef Rt ERe Rt cof
Ti (OR) 4, whejigeoRities, Sictpak¥led!.out/gaving 2 - 12 carbon atoms, and PbO. The
catal yst conmponents are generally included in an anmount of about 10 ppmto

about 100 ppm Prid¥ecpalyestenshaes ot theopresentdnveniian areamgdei mycaade Mh( OAc) 2,

Co(OAc) 2, and Zn c) 2 ere is t. reviation. fear te) and
conbr nat | ondneaERpWrR S B gl shpIE RILTRE P IS ot onlERITS T hge o
the react i ORucAIERiGtbY, STMS, isplayd aify dipleytibetidest.| Thé sabbts o at the
start of the polycondensation stage. A catalyst that has been used with
parti cul ar | Wegonsteaie geed low tamapertwe imphckstgngih(a high dgdestiting in 90 at

WO 99154129 .-12 24 Sept enber 2003 PCT/ahJSQQI Odf6§34 | evel s ?f".a out 50 to
about 100 piTeaSEh MANIBUE SRIVES Tempetalieang derearedapas i abe; at o

t et rahydr at ehare8ly Grovibingafighar dptical elafiydr at e, al though other salts of the
sanme netals nay also be used. Ester inferchange is desirably brought abut

by heating and stih@addifignstherrregentinventioh relades tmadnethgdrofanakine e

2 Tonper at urohl ANGREY BRI fe DePe et AN R 1500 © |

Met hanol is formed as a byproduct and distills out of the reactor. The
reaction is gradliginyentempravidess shesh cemps5oE apetyestenrwhéreinstid gelyesteri on st ops.

T paoa’t o EPRBES srEBh el kol oBfiodaif "SRk 87 tnaté nél SRmdlic' "®
diacid moieties; ethylene glycol moieties; isosorbide moieties; and
optionally, one or more other diol moieties, wherein said polyester has an
inherent viscosity of at least about 0.35 dL/g when measured asa 1 %
(weight/volume) solution of said polyester in o-chlorophenol at a

temperature of 25°C.



vessel. A small anount of an additive having a boiling point of 170-240C
may be added to the ester interchange to aid in the heat _transfer within
the reaction nediumand to help retain volatile conponen?é Sieﬂfqnﬁqgr%égm
that 15 may subline into the packed colum. The additive nust be inert and
not react wth alcohols or dinethyf terephthalate at tenperatures bel ow
300C. Preferably, the additive has a b&aling point greater than 170C, nore
preferably within the range of 170C to 240C, and is used in an anount

bet ween about 0.05 and 10 wt% nore preferably between about 0.25 and 1 20
wt % of reaction mxture. A preferred additive.is tr | ene.
O her exanpl'es incﬁﬁd‘@vﬁflﬁ?‘ugq@ﬁ grtoﬁle‘ra’s,ag}e% °§-r?§|maé‘t fao%g&g{ﬁ'gg%g@%%ﬁeetnone.
Q her such sodowgrites agpolyedasaid thabod compriSng:Pat ent No. 4, 248, 956, the
contents of which are hereby incorporated by reference. The second stage of
the reaction is coahionoing the RAIASteN: 8nds pol ycondensation catal yst and a

sequestering agent, for the t Figf o ] cat al yst. Pol yphosphoric
acid is an exanpl eb rogug'@&égﬁ%%i%{?gnE%éeﬁ@&g%%r’i s nornal |y added in an
anmount of aboyheddn i poYEStet OmMPRgLS terBpRGBIY Ritfetisy: Bgﬂbﬁéll dioretory |

terephthalate. An 24 Septenber 2002 WO 99154129 PCT/ U399/ 06534 - 13
exanpl e of a porg otherarsmatiodiacid mojeties; ethylanenglygol(motefiesxisasorbigei ch may

be used at a |evel of 100 to agbout 400 The pol.ycondensation.reaction
is typically retiesyap tO%I{O“éﬁY'e%?%'P‘&F“ggWéﬁf%%ﬂéﬁ‘ig EIE Duri ng
this tine, etpylyesierblbya@nlinbering vistosityooftatddadtlaboutd S dlig duteeri o

condensati on of the bi s(2-ohydr,ox¥{et hyl ) terephthal ate to form pol yner and
by- product et R\RasHEEdRS 8% (WRICOHVoldme]spliipB »f saidpelyester in®e. The

pol ycondensat | ;%‘?e‘ﬁ i i ve is preferably carried out under
vacuum whi chb@gﬁs e tglbgf?géjﬁ%da:ﬁggtcﬁ?%rgact or is being heated to 10 the
tenperature of the polycondensation reaction after pol yphosphoric acid and

Sb(lI11) oxide have been added. Alternatively, vacuum can be applied after
t he pol ycondensabetaileddiescrigtion ehihe Brefered Emhadimentscot losureei t her

: QOIS thedb
e e e ot S o A e A Y

under vacuumis contrnue
mol ecul ar wei gy saris & dEséribeadnidetsll byloah th pariaser, bimetipded t Vi scosity
to a pre-determned level. This is observed as an increase in the torque
needed for thBaswufagtuning the:rplyesteneempasing iaephthalpdmeletiensthvenePM  An

all'g or g cat dyeolmAlesB efiifechoils ool BYSERRGR, o Wil drEiRbedk °°

wi thout 20 f ubf foemiref $iegets frain swdhsa pelyarecul ar wei ght. For certain
conposition ranges, the nol ecul ar weight can be increased further by solid

state pol yneri zat i 6ha prrfeded eabasiment, etiefenmelyapl mopemerpniis@se The

pr ocess exceppraaf INHE Hmriedh Aradlb fr bGvGH Flelte GATRE R e i (2
hydr oxyet hyl t erepht hal ate) and ot her | ow nol ecul ar wei ght esters is carried

out at a slightly el evated pressure (autogenous pressure, about 25 to 50
WD 991 54129

o C3-INR)




-14 24 Septenber 2002 PCT/ US99/ 06534 psig). Instead of a two-fold excess of
dirols, a smaller excess (about 10%to about 60% of" di ol s24 September2@02ycol ,
i sosorbide and other dio(s) if any) is used. The internediate
esterific¥POM9Ptbduct is a nixture of oligoners, since noRCEHHIYHSIi ol 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 polycondensation catal yst (e.7g. , Sb(Ill) or Ti(lV) salts) is
still desirable to achieve a high nol ecut/ar wei ght polymer. The cat al yst,
that is needed to achieve a high nol ecul ar wei ght can be added after the 10
esterification reaction, or it can be conveniently charged with the

react ants at prefetably 3himudeBftotabout dacndleth, athoadly bigher hatoumte mayedaul f or
maki ng a hi gh npl ecul ar wei ght, pol yner diyrectly fromjierephthalic acid and
the diols i noinGhidedas Becassary o A the HSQt’%S‘é'gﬁ-tth%Pg%Bﬁrl) and
Sb(lI1), oxid Sh(l i ' Whih [ vl
group havi ng gérpgf)?@@égl\ %%?%2%05{%0%#%@9%%@@8& |1 ég‘gﬁ%xﬁﬁg ng#nﬁt hese
met al sal ts nay thé swethed of prnuidotunes thecdmobietsef dietthyEneaglyeal tnadnmner i n t he

ti f | yest i |1 i . T i b
Carred ot | HI Senabe ranasse! ormahonl 8.0 Bolele 9 abavsaBynoRRs (HRIIL on a
| arge scal e, bFzm{ebEt&ébébten%ggH@eb/& ama@hﬁ HeP @ntdlurits At AR hcRiddd

i nternedi ate products are pu romreactor to reactor at 1ncreasing
t enper at ur es. at megebsHry o pcloiees she dbsiradcmsulint Diethyeoatghops mayeye be char ged

to a reactor at room tenperatur d then gradual | heated to about, 285C as
pol yner fornBPrOF{\'@eg]raés% y-@r@tﬁlﬁgﬁﬂ@ququpﬂggﬁn%g CGPS'aCHdU?Y%GC?@dPQ about
250C, and a v i i I i i b‘(ﬁm‘ to form

bi s(2- hydr oxygﬁﬁdf/iwtfgﬁg%%?ﬂqﬁgﬁgnqgsqéﬁg%drﬁ%y f%éfnéetrbgﬁ?fg es ;glggce at

el evat ed1@ enpdisthyers glybel meaameoanits gy arairuthe molgmahout 220C to 265C
under aut ogenous pressure and t he po,Igma%,J?s nmade at tenperatures in the
sOgOrbidg,m

range of about 275 PEf pMpggimenigel Qisties #he Presaiy iInheno| 54129
-9 5 PCT/ US99/ i th 1
Torr). The Vagﬁ@ﬁf@ﬁéﬁ'ﬁ%&lﬁ&%\% gﬁ@@%#@éﬁ‘%Jg%@@?ﬁP%@&n t gﬁzswat Zp

vapor from t hendi€¥%g preferably abbowsted.2H enoieocto whaut Beingbie %, Mngrel preterablgvi ng an
i nherent viscosit %east 0.5 dL and 5 generally uPot o about 0.65
¢

f /
dLl g , can be aéﬁpé@%é ’%;‘e /i @n%a@-%mg ver ARAMQSE Pretsrably from abRylt1.0
b i t.at i t] Male) i ti
can ba 1051 ontifief BldboRERNTbIER aifbuchHiaéhaats thay B8 iRuEFas oL O

torque that i setesuiry eslatifiev@ ity désiredt iesuits)g Grie bhmmom® btrest disll iomsmed O
Solid State Pol ynerization Polymers can not be made by the nelt

condensat i on PPHE &Y eRivna|ly ba Indeded inamagntsin m#@%koﬂﬁ%’é@iq y of at

i thout 1 ur ¢ nEPE e B B 3b s € et A0 el - he Rty bl Pt ST ana

terephthal i ¢ @wdlehdtpmiapholevies b tighat@sineceBsanyo Richidveathe Wesed5% t 0 about
10% on a nole basis may have their nol ecul ar wei ght increased further by

sol i dd_st&@e poesiitsr iR@mples ofthe entianatethendio! bpitsindugsophnhiatic alkvlent ﬁf ter
mmter s al can oA For(hi ol BuRREand halny g RomdE, 1° e

range of abouH®-CLG tOH2Whakow s ddiHiedarfram 3212 andadingetranenéd didlste (about
2 to about 12 hours). This induces crystallization so that the product can

then be heat educh as Z2cimethyhtd-proppeediolicis ardrang-34-t he nol ecul ar wei ght .
Zbout 3 ol e Sy RBELad RRinaRY) 0B Fubtufis AP RIS AT HERE Mt i Th ow
Isg?/leldssggftsles osféthlidAe ghof Te2 B[ TR hyBRkyatoRy iithehil] Propane: ed1 Bid[a(21 0
hydroxyethoxy)phenyl]-cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)-
phenyljfluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol; and 1,4-

anhydroerythritol.



pol ymeri zation by treatnment with a relatively poor solvent for polyesters,
such as acetone) which induces crystallization. Solvent i246epteémbep2002
Sept enber 2002 WD 99/ 54129 PCT/ US99/ 46534 -16 crystallization is known for
pol yest er sV ¥ W®9described in U S. Patent Nos. 5,164,478 REIABIBESIV66,
whi ch are hereby incorporated herein by reference. The crystallized pol yner
is subjected to solid state polynerization by 5 placing the pelletized or
pul veri zed polymer into a streamof an inert gas, usually nitrogen, or
under a vacuumof 1 Torr, at an el evated t&mperature, above about 140C but
bel ow the nelting tenperature of the polynmer for a period of about 2 to 16
hours. Solid state polynerization is generally carried out at a tenperature
in the range of abolterdSiithtloybinoidtie 1D e polyestpe maydrah@edforma @880 aoledoabout

16 h . Good | t bt ai ned b ti t I t t 195 t
TP Sl A N I E ML ST N O T
the inherent V'a?ﬁ&ﬁ*té%éfbé‘%ﬂide%:& ﬁéé&sgfyt'&'mﬁé\()e t'ﬂée&ésin%‘arﬂé%fi%” The

of th nme

pol yest er pol yner present 1 nvention for y one of the above
met hods) or by Gthgr atdreatiowinbiddn&ietiesin thetgotyraet, if desirdae niayr ineldcenfor sheet s
directly fromthe polynerization nelt. In the gliferpativye, the, polyester
may be forRed i9¥@RR¢ BISE 99%%4:{!9%8%8%"%%@ghﬁgs&ﬁ@vcy'@%@?w'm\q' he melt,
whi ch may then Jge. : icAGEt2 6- nt, 4_nventi on
can be used forj?ﬁéwéﬁﬂaﬁgqléﬁé@gi azi n’gzs'a}%ﬁgﬁ{%@?cﬁé%@gﬁgﬁ)ﬁagoagheI ters,
sky lights or rraphtedliensditarbekyiic acid, andi 441-bipenzaictanicyztlcombingd kevalzd i n

thernmoformng artijcles, for e>°<arrplfe.#§he diffeéeqce etweep a sheet and a
filmis the thitkiReaRoutdQimelgar PreteraRly setwesiiiranap melgreot the total

s def i ned a5 RGPy AT arioBhiPhp B Relieb Ao JESa Rl ™

Pr ef er abl 0 t hehé liesktee sssulis. t he sheets of the present invention are from

about 0.25 mmto about 25 mm nore preferably from about 2nmto about 15
mm and even nore prkiedraiersole thahequinelasamaurgs of diacigmopamsr upit ando

99/ 54129 PCT/ | J§ -1 : r.ef [ , the
sheets of the pdﬁczgé%?g'ﬁé(/gﬁé%% a\S/e AH?PF]? PE'XZ%% "s?l??(?(lg'ﬁtlgent 0 %ﬁ@g\e t he

sheet to be ri ghdlecular eigitaaddigly inheecentvistositponhich.grovideadodegr eat er .
However, sheets thicker than 25 mm and thinner than 0.25 mm nmay be forned.
5 Sheets may besiyigkage rae ans\highesqlass itarsition temperatyre (TghdhamdOoext r usi on,
sol ution sti inj i i t hese
orocesses San nEeHipb S el Bldlcientinatl], PRHSBRLELS: [gimaEEh 44, ' 27,
dependi ng upon jhherent sicossityy whivhr is Ghdndishior of olebapaeigs sfrat deubt abeut
desired thickness of the sheet. 10 The sheet of the invention is preferably
formed by eithéd-388L{d.iasimeastred@nat 1exiwaightoplumpg) solution of theppelymeninar | y

Bhich ener oo oS SBIIHHErL AL PN IRtR L 28GT rrAdR e nfiBrciVisepss)
appl i cati ons WGs 36|32 8Boatml40\0L 2y ldhdIréferably Ketwess abbat 0 5earfda@miti 0o of

crystallizable thernoplastic 15 sheets by nelt extrusion. In extrusion, the

po: ymer i ¢ 29at erdldg, mantpieisraplyhatween aboit Ol anshabairtyh@dLa. Hewsves ttﬁ;l]%
Forced thr ougn rart ey EREEe el SEREAT ey bl Hh Beblelicr T ona

sheet shape. The extThlimafecufdraeigitis POrrmAky hetmegsaredddirdctlly Onstead afe( r am
extrusion), or bK a rotating screw (screw extrusion), which operates within
e

a cylinder in vinhement Miscasityerfithe polymesde salusinn qsitae melf viseosityds usedashi ch
it is then extruded.through th ie.in nt i u f . Singl.e screw,
twi - screw and it diekeiatiBigrR.fof B LR bl B, et

Di fferent dg ndsvigéos(ityes AleRisUfRIby thelhethdadederidbl ipPewBlslp! Wil Glrfoleel@h as
sheets and strips (slot dies) and hol |l ow and solid sections (circular

di es). In this weighteorrespamdingoto aft inherent visgodity)of aboutthdd or meye.be
produced. After,,extrusion, the | yneric sheet is taken up .24 t enber
D002 W0 091 541785Pek MeareisiaRt cpRasppaiing 1o arcipbPi yiosia Aapest,
means of suit abAgy A4S 8E/gMHePlefthRdI8RH BRSAECHIAr WeRHES boRBYpSdhss f/eNnt

def ormati on of the sheet. Usi;dg extruders as known 1 n the ar'r,t, a sheet can
be produced by inkeramdvisgositiemge highf apabgutet.0alidg te Rid dleld oreviearhigtserdnaien
further drawing 5 down the sheet to size (>0.25 mm) by tension rolls.
Preferably, the finished sheet is >0.25 mmthick. For manufacturing |arge
gquantities of sheets) a sheeting calendar is enployed. The rough sheet is
fed into the gap of the cal ender) a machine conprising a nunber of heatable
parallel cylindrical rollers which rotate in 10 opposite directions and
spread out the polynmer and stretch it to the required



t hi ckness. The |l ast roller snooths the sheet thus produced. If the sheet is
required to have a textured surface, the final roller is P4Sépiedbay2gn2an
appropriate enbossing pattern. Alternatively, the sheet nmay be reheated and
t hen passeOPHFHEYh an enbossing cal endar. The cal ender i spépiusassddl5 by
one or nore cooling druns. Finally) the finished sheet is reeled up. The
above extrusion process can be conbined with a variety of post extruding
operations for expanded versatility. Such post-form ng operations include
altering round to oval shapes) stretching9the sheet to different

di mensi ons, mnachi ning and punching and the |ike, as known to those skill'ed
20 in the art. The polyneric sheet of the invention nmay be conbined with

ot her pol yner it ¢Bthipedal Geghiet Gemarany Heimharshitsisdosy/attiddilaowéight

| ami nates or nultilayer sheets with i nproved characteristics, such as water
vapor resi st afiel@tionshipganibeditted tothe lipepyaapationsheet of the invention may

be 25 conbined with one or renof — | ik NQ: et hyl ene
t erepht hal ate (PET), aram d,r% o(ll\gi:’ftk?y eéng ‘%WWgéz( |, pol yphenyl ene

sul fide (PPS),THohWbfEnt Qischéilids BA ¥ Dkt iidkcdtor oemofdellar waddimabhy! ene
napht hal ate (PEN), polysulfone (PS), polyether ether ketone (PEEK),

pol yol ef i hs, ponyEarisphe 0ésamptes Enead 29U ndicatrsy maeadsr wewit 06534
-19 poly(cycfic ol efins) and pol y(cycl ohexyl ene di net hyl ene terephthal ate),
for exanpl e. a ' pol ymers whi ch may be used in conbination with the

pol yester pol ymer qfhet;ktﬂ;ééswreéﬁée@@oﬁﬂ@ preggat invehssh may T AABEHHMS or
application Serial Nos. 091064, 826 (Attorney Docket No. 032358-005) and

091 064, 720 5 (partalyresystalior dependingogzesbeaEsjred praperties af the shedtani nat e

sheet may be mmde byv..any, nef hod k in.the art. .and nmay have as many as
five or nore g?{apa%ﬂggrr a9%¥'ég %&Sﬂgﬁ(\i?@g&vﬁgsroﬁﬁs%gﬁn, a%‘ﬁé@i 5@'_8&8}*8? atie
layer, aggoknowdtailihE & tAEY are’cSAISE bIOWRY aRtbp RorRfatbAIRUhBY af®bHAbAIBJCast i ng,
whi ch produces 10 nore consistently uniform gauge sheeting than that made

by nmelt extrusibove tiseir glase transitionrigmpenattirese dutl ass amerptpusdf theyrare

| , wd the |ike, i i t abl t . With desired
Pormul ant , "suckokd mhifu atitiordates. It Sepdial I Remishia B pamPrpfEpsd 1o
renove dirt orgylay rrtarcwsfeénﬁfemﬁag@tﬁﬁ@ﬁ@ ?erébﬁfhaﬂatﬁgm%ﬁuwaw bel t,

preferably of stainless steel, whereon the 15 sheet co e sheet is
then renoved ftodne triotusien of isnsawbalewi Thkijsosottide Taiseettter T allowirty thleness i s

five to ten ti that of. the finished sheet. The sheet may then be.

fini shed1Pn a JTHES HaFRERIN (NSRRI HCE SN Srposed piranaiichs ndes wlich
sheet-1i ke artij,g! J . bPjsBshf LQg by
any net hod knc}\b\gyﬁﬁg?tﬁgﬁg‘ﬁ??@}g%&ee gfpugr I E\%@%ﬁ???brﬁ%tgh*e% f@ﬂvtﬁe? be
abl e to ident ithg sizepofanyi aydalsraniually formadetherabibalbwdng optita gharity tebec
conposition andai%egce S use heet rmati . Regardl ess of how the

d for f n.
sheet is formdBanign ?V%aglﬂfﬁﬁ%@%ﬂeﬁ Ogic%@ﬁz%th”ent ation by stretching
in both the machi ”Q’r@‘ﬁolgéﬁél%yﬁeﬁﬁo%éﬁéméj%@ét%Sf’ftﬂﬂeZingﬁﬁﬁ@r; t&Rpe The

machi ne direction stretch is initiated 1n formn eet sinply by
rol ling @0t andadebyrpyw seheratmethiodsThTise prddkrotcbinpositions vhpssdrhewbbeet in

St engt hens. ¢ HERSHOLD Oh erBoIRRKH S BRFEATDHN the 2hushs! SREMARRL 1 o t ear

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 weli-known variations using terephthaloyl



A WD 99154129 -20 24 Septenber 2002 PCT/ US99/ 06534 easily in the direction
at right angles to the nmachine direction because all of t2%Séptember 2062
oriented in one direction. Therefore, biaxially stretched sheets are
preferred Mr96dI29ai n uses where uniform sheeting is desiredTABioamésad
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
provi des superior tensile strength, flexibility, toughness and
shrinkability, for exanple, in conparisort@o nonoriented sheets. It is
desirable 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 &ErRFAB-mAY alsd H@éée@ﬁé?@.riﬁ@é%cfa@go&h%réﬁﬂﬁm, ofthgtretch in
each direction to be roughly equival ent, thereby providing simlar

properties or mehawers mav simply be stited togatker weite beatingom any direction. The

bi axial orientatio e obt ai ned by an rocess. kno i.h the art.

However, tenteri ngnY\st'aefM)'rtB?é)_ro yéHer 'ﬁ/l%?_ Hs'ﬁﬂgn?‘rﬁp rqhﬁcrncfé%, & & t'&fgd while 15
heating in thembhahwrenis idltHeslodast sdipmbt REuif e ¥ aOtheSdhg efluent to,
stretching in the machine direction. Shrinkage can be controlled by hol ding

t he sheet § n arescting ombmersi tihenefarel the satilgf monomersehargedidihdef or e
guenching. This heat. stabjlizes the oriented sheet. which then may be
forced to shri'rﬂ?cgq{l'?abf’u t@ets&%eepg_mﬁ Q%S'E%’g‘\?i'ot‘%iﬁ%gﬁg{-agi lization
tenperature. TagicRRMEtrie/RfeRAferdA thd H@Fﬁn@@%d&?&{@&%rﬁyvﬂl%e aS&gto maki ng

by any nethod known 1n the art are easily determhed by a skilled artisan

for any gi ven gotaimehigh molmuddnweaightzpalynes ie.g@d oap miihcan inbwerehisqosiperti es
exhibited by a fsr]ﬁet wi | | %ﬁ[}d/ on .ﬁ)xe;al factors 25 indicated above,

i ncl udi ng t he PoftRRstiabous /9oRuTtahiR IrLPAIRY SPEPSr mi ng t he pol yrer, the
met hod of4¢f ormi ng thge pBRAlers@Rd ALbE piadetsy BhRst p&@ﬁ)éfi&ﬁﬁéﬁgrcfdérss,sihret ch
or biaxially oriented. These factors affect many properties of the sheet,
such as the shwhithdbe acikosnpensitrizeihér, teedphrigalic anid at dimethk) 24

Sept enber 2002, WD 99/ 54129 -21 PCT/ US99/ Q6534 i ct . strength, dielectric
strength and c@ﬁ%’?'ﬁa? t¢.ang %‘éom}’u'lnﬁ Peghﬁﬁﬁe@aﬁ@(%%g'é‘?%{ﬁg‘eejm df!ﬁ'Wg poi nt ,
and the |ike. +Ofs: | JRL5RH ' ditives
typically useda-tlrh%r?E@ﬁ%ﬁ“gé![aﬂzb%stﬁéﬁggibf suchhégﬂ?%ly%g%%g?wgyi oxi dant s,
pl astici zers) &ompbsitiah! Thaddiacies addimeth@esters|ave liebed withyteeadls fill ers

and fibers as known in the art. ,gltravi o‘g_t (U\q stabilizers magl al so be
added as %edefﬁthHS%\Q&CPL 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 molten 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.



the sheet of the invention has inherent UV resistance. The characteristics
of the isotropic polyester polyner of the invention my aR4Septembar2002d by
bl endi ng the polynmer with core-shelf elastonmers or 10 thernoplastic

copol yrmer sSMMiSApor ef racti ve indi ces equal to that of the poryusovensid
polymer. This will increase the toughness of the polyester polyner at

anbi ent and cold tenperatures while maintaining the optical transparency.
Sui tabl e polymers for blending with the polyester polynmer of the invention
will be known to those skilled in the art11but may preferably 15 incl ude
such polymers as the core-sheet polyners disclosed in U S. Patent Nos.
5,321,056 and 5, 409,967) incorporated herein by reference. The
characteristics of Theabseé deptribguomgr polimeridayior (pBocdsstibehé prddire®n may
al so be inproved by blendlgapthe pol ynmer with one or nore other polyners,

forning a copometiad ahmakingee pelyrasrand is slescabechinedetall ipgorRRLiNG bed
herein. For ex%kfanlfa?s?éﬁ(@dgbeé /&gﬂ%gﬁén R, pBﬁ)dJQ/ﬂ‘ Pg)zpog%tﬁllgnded

wi t h pol yet hyl 0 I npr as a water vapor

pol yners may b@32s68:d01 ), indoapgrateibéreiby psfeinice! Tt mélt?iolynﬁéﬂ'zmahl lity,
optical clarity, strength and/or elasticity. The sheet o he i nvention may
al so be ndde wPtagesHes p@ng@gv@wl terepftbalaterand terepbiheliaiopy aip@iseat i on

091 064, 720 [AI%'éﬁE¥ hb 032358-008] and the pol yester bl ends
described in c % & p W-cation 091 064, 826 [Attorney Docket Number
032358-005], the contents of each of which is hereby incorporated by

ref erence. 24 Sept enber 2002 mO 99I54129 PCT/U899/06534 22 The sheets of
the present invention as descr Dyagt QECDMERAIE ees®f or med by any known

met hod into any desj ‘

gr eenhouse gl azi ngs,n tﬁﬁsﬁr&%g%? w%n%ﬁﬁﬁiﬁ%wﬁw&%é%‘gqgrcé@gmﬁq@saﬁéqﬂ by
heating the shggd tﬁ@ogtmawim&monante@@nemtsume af@tsé@asansiHbiiméathgnt tine
to soften the polyester so that the sheet can be easily nolded into the

desired siape. ester dativativegaridie dials (6g. ethyliene glystiand isaserhisleaiare ciixekasi | y

char act or i st 1 cGNBANE FE BN RLPErT B BBmalR HEcR (8 et Hignipaaré] A0S 1Y
illustrated bYtHeWi’reEQMé)m é'rgleé'FMtbehthQ cé&ly@f annkﬁ%augéégp&r%g%w hesi s
of polymers used for sheet applications The polynmer nol ecul ar wei ghts are

esti mat ed basemambwenargéycahfor\ths@whylygrotupvf the difmethyliesteredoug s or a 1 %

solution (w./yolu f .pol r i.n_o-chl oo eno ate ure of
35C The | evel aBieRSiTkayBR EEpon oS reb-ES AR IR BEaa of Rt aR AhiEh
conpari sofs of §iAlYBLLTthe reddi@nTRIsR| aMd b3 d(@ d¥SEMyirestthBRte )t he

di met hyl terephthal ate or terephthalic aci ependi ng on V\:hl ch rmnorrer i's

used. Exanpl e lezausmeftpmsﬁmlmozmtnymfthleaeamirorespnwmtmretthmtw@actor is
a 50 gal.

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 R is an alkyl group having 2 - 12 carbon atoms, and
PbO. The catalyst components are generally included in an amount of
about 10 ppm to about 100 ppm. Preferred catalysts for ester interchange
include Mn(OAc),, Co(OAc),, and Zn(OAc),, where OAc is the abbreviation
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(li) and Co(l!), at



maxi mum capacity, Hastatloy B reactor fitted wth a 6" radius, Hastalloy B,
wat er cool ed refl ux colum_ packed with stainless steel:ri 2¢dSeptentieri2002ss
steel hel i?fv :@itator stirrer, a water-cool ed condenser and by-pass. The

fol I owi ng M"E€CLARPs are added to the pol ynerization react oPCTASIOMSKY 25

di ret hyl terephthal ate, 15.42 Kg isosorbide, and 49.90 Kg et hyl ene gl ycol
(which corresponds to a nole ratio of 1. 0.2fi: 2.00, respectively). In

24 Septenber 2002 WO 99154129 PCT/ US99/ 06534 -23 addition, the catalyst is
charged to the reactor and consisted of M2tl) acetate tetrahydrate
(29.57g), Co(ll) acetate tetrahydrate (21.43g), and Sb(ill) oxide (35.029).
This correspond : to 85 ppm manganese (wei ght of nmetal as a fraction of the
wei ght of di netldwdls bEatephitiiatioabeut 100 pppmeacbalTthest veere (&&d ipphe &orht obny i n
the reaction m xture. The stirred re 50 rp IS .purged wth a stream
of nitrogen V\,hiM"é(Hi Aeetatsistiabyd e?‘Eg?‘f«ﬂ?@)aécqte{ez‘g’}félhé@%ﬁe-é‘BWQi?cPtB?r f our
hours. The reagh@g O}ﬂ,é' &akensdaRNtay 3@8@:@6%{5’& controlled. A hot oil Ioop
systemis used as a heating meai um” Met hanol 1's continuously collected as
the reaction is 10 Istdrdnteatiangedp desixabiypbedught 2bGut By heating gndtstirririche
tenperature drops at the top, of th acked reflex colum it is possible to
determ ne Phe "B’Ftufﬁa?ﬁﬁ?ﬁﬁa%Hf‘&r%fh‘nearﬂé"@ﬁeﬁﬁﬁe HytegeRAA uti on

i ndi cates the fjinj finr i i !
transesterifi Cg'ttr?\gﬁﬁ‘r(\ﬁ)rfct %’Jeaga%":)el @gﬁg&ﬁlt%{) E)Fﬁq “{eg‘?’g%két}ﬂ%?'\ég?"e&%ﬁib? gght he
t enper at ur e dr epirndutieche iestertimterchvadge (abmitHHO0C).eMBthandlns formatbas atby-

phosphorous is added in the formof a pol y&hospori,c acid solution in

et hyl ene gl ycolProdysrtand distilsant obthewsagtor] I8efpaglion isgradrally beateddeng a
concentration ; ; | i i
solution is us%@?a%g%p(g?n{ﬂﬂﬁgﬁtg ﬁ%@oﬁﬁ@ngﬁ%gghe%&%@hﬁéﬁgﬁ %L%\é(gﬁf(cgnut 20
heati ng i $0contcanuwediecodhized &3 dop in shhevdrbdati de@dPefatareof thepenttah of

about 2 hours. A vacuumis then gradually applied using a nulti-vane vacuum
pump with 20 hdE8eelpower blower. Attaining a full vacuum (less than 1 Torr)
t akes approxi mately 51 I J (W s . Y Galndh &l | s of f)
and a | ow nol ecul ar Am%’?gﬁ?mﬁ%g?" %Q?mé h%ﬁlgger#op%ﬁgﬁag)gﬁyr?gﬁ7iogé%blheat ed

under vacuum aim4Bb&atided abehs edtehitershanys id aitihie ti® hgaeiranstBr Kitain the
sufficient nelt viscosity, as determ ned by an increase in torque of the
stirrer. Wen $edgtion rapdiug aedss helpirstain welatilecormpengds ymthe veasebthat s

ol fon 33 septahERhisk o Be s SRE3 THR ARG wEsERe e Rbber ges
as a strand thasashvdth sleoheld drlimeili feraptitsalate antetnperbtlire@belovt 800D i S
chopped into pellets. The polynmer pellets are dried overnight in a rotating

drum heat ed t o Preferablyn@ecsidits® hasi § heling pofd peealgr thathi {H&.fask and
d. The 5 i I i i ; i iS O.64
0o he. monotts eGP WBHEAE YL BERRYIQ I 240'd, M fsielith S dihourk O ©

NVR, is about @&¥tweesabbitd®054n% 1t With emerepssterablybeteinatb@n®. 26 6o, and
50% terephthafic acid, all expressed as a nole % of the polyner. It is

not ewor t h¥0t hatwtthef eastion mixture; o dreferrediadditive ip detyakyrdrosapithalepeoxi mat el y
hal f of the a t that is. whe [ i &h the,anount of
terephthalic ac er ?ﬁ'BB%?éﬁaﬁé%?g’!‘ﬁP&‘e&PéR%}?g’% %ﬁlﬁ‘%e ﬁﬁgti |l ates,

especi al l'y in thapzephandtite Otherelch Shiventstdre duseHbéd @i UiSoRateht M. i n the
pol ymer by this process is very dependent on the efficiency of the

distillation arfdéd?.20Btheqoateiits ohwhishiase hereky ingpeparstad bywrafaenseocess. A
killed 15 titi ' i sh ifi t ai l

Sccording to the chalBIEPng Tase oftnE AR PRTTGLF PLABBIRAT ims: and
the |ike. 2BxamyotyodndBRsSRHOElag ] 8 sb§usteRrnd agehtifor th@nner simlar to

Exanpl e 1, however a snaller reactor (5 gal. maxinmum capacity) is enployed.
The 20 reagent tramsesterifoatioracatelystr Rolyphesphiosio geitl isramexamplecofa epare a

olyner with a greater. content of isosarbide. Thus, 10, 68 i hyl
Do Uant hal st e sBapgstegng ZaeaT Bndis naiftay Asaed AT arevat ol pBart 1Tty ch
corresponds to (=1 ) : i charged to
t he rzgct o? as a{%r?ﬁghg%??}eﬁ ?f gr}%skggﬁ%hﬂ%r@»ggta gﬁ%y tﬁ%@él%\th%%ﬁ%i gtﬁ eg of
WM(l1) acetate 25 tetrahydrate (4.76g), and Ge(lV) oxide (4.66g). This

corresponds to 100 ppm nanganese (weight of metal as a fraction of the
wei ght of di net hyl



t erepht hal ate) and 300 ppm germani um The germani um oxi de is added in the
formof a solution in ethylene glycol (0.100 Nornmal (N_) 2éS2piemberR00Zne
24 Sept enber 2002 WO 99154129 PCT/ US99/ 06534 -25 glycol). A solution of
pol yphosp® P%5482% d i n et hyl ene gl ycol is added as in Exanptrusokiwever,
in this case, 9.6 m, phosphoric acid solution (having a concentration of
phosphorous of 3.45 g phosphorous per 100 m ) is used. The renaining

vari ables are carried out as in Exanple 1. 5 The resultant polyner has a
solution LV. of 0.42 dLlIg. The nonomer unit conposition of the polyner,
determ ned by proton NMR, is about 13%i§:§sor bi de, 34% et hyl ene gl ycol, 3%
di et hyl ene glycol, and 50% terephthalic a¢id, al! expressed as a nole % of
t he pol yner. The extent of isosorbide incorporation is somewhat |ower in
this case than previously 10 observed but this reflects the efficiency of
t he differingexamplenia pelyeandensation patajyst imantimanle (I ERx¥idgl whghThayt hi r d

exanple is prgpared in,a siml Q Exanple 1, except that a |arger
reactor (100 ggf‘fe‘g&ltfd%\éeg%\?\ﬁ%t%a??‘éﬁ%qdeggmste_eI anchor 15 type stirrer is
used. The nononer sTEERbELEn@ERa8EA8adtdnisHPitallylchfied DRt @t Bi de content in
the finished polyner of 1 nole % assum % that sonme of the input

i sosorbi de wolgmpearatitre flonpabowl A50RG tp @8pier iDuiNmihis times atityleneoglyeq)

di met hyl terephthalate, 5 12 kg jsqsorbide 35 eth n | ycol,, 72.1 g
(1 1) acbt at Bop o dfaperercuh ddeChondsrsalian of e BAVARYRV Ry 65 5 §
20 Sb(111) OXteli'@prﬂhﬁla‘t@QQ-for'ﬁhBol?ﬁfe@|ah§tbya;§’r%hbpéﬁly@?{ergﬂg§&!‘ﬂhfcﬁ i§2_ppm
manganese) 65 ppm Co, and 375 ppm Sb, calculated as in anple 1. The
transesteri fi celteictad @s ectistilates carried in a nanner anal ogous to Exanple 1.

B o
transesterifigatimibraBBuRNAhRA @infbd BEpIRA Wﬁﬁéﬁ?@%m?%%i%é tB89o! N

Exanpl e 1. The polycondensation is also simlar to Exanple 1.7 Polyner is
extrudediand {hel teetperatdre of tpevmlydondensatidrordastion after polyphrpsphdrit &&5gt enber

2002 WO 99/ 541 29 _PCT/ US99/ 06534 - 26, Unl i t he previous exapples,. the resin
or oduced wi ¢ nerG ol 59 e deenadded. Alferiatedy iz o Areles ca.  The
pell etized po it i rgpgle a nger a
stream of ni t%%%F?ﬁe\tﬁ(??yldfg?:gﬁgaeﬂromrgﬁgﬁéd;%‘gertgF%rﬁ rﬁe d %\?g?cfgt thselor%eﬂgt ure
for anot her 6ettimrrcasesthEmeaction isvecelezated| byntbve applipation af vgcuwmystal |1 ze.

After this treatnent, a vacuumis agpplied to the tunble dryer ultimtely
achi eving a vBeatipg ppder Y%H"l'srﬁﬂnagu%Pnﬁﬁgeﬂﬂa'ﬁ‘i’mao'iyg“’ddé?‘mﬁ?e@eand

reached max ﬁﬁ&r r f ' ; 4 this

el evat ed errpgr a@tﬁ e oru%ld\{eg%@l ”%‘ﬁ@p’& 0 i'?rgétjé y nl@ék%%ggﬂ%ﬁ]s&tef fects a
sol i d-stat e 1UGspudifyntera gretdetermindd leved.e 3 hishie abskeecd as anenghasen thee
polymer. In this regard, . t solutio e . material increases from

he solution |I.V. of th
about 0.5 dLI iPraye aesded rihgsiiging iretey te maiign $firdpg &t afanskt iR on.

Exanpl e 4 Thi N i SiyML LAl r mer

produced 15 iﬁ”%ﬁfevﬁé‘%ﬁ@?ﬁ?{t g"% BtﬁL@%hﬁtgselﬁgfm@iuoq%éaé@tc@ﬁéa%ged in
order to resutl/gor greates) canibéd Acliiesedrbyitiaic melt polyaadizatios prdgeds withuutnt .
Thus, the onl Ml terations are in the ampunt of isosorbide charged, 17.8
kg, and ¢he afdsther efprtsat raising cealeedar weichhy FPRCEMBIMGAMRISRLEENGES, 2 g

(correspondi ng. t I ; i 'ﬂﬂse i_n.the above
exanpl es) . ZOQIFh@o?e %Q%sp&l\%létlr'ti%alng% i?’g’heaaéﬁg f@@péﬂ@ﬁ@ﬁg@%hél re r'rzggze)ﬁ‘t ed as

i n Exanpl e 3. déssridddneivped pol yner is pelletized, crystallized, and
solid-state polynerized as in Exanple 3. The resultant polynmer contains

approximately 3 nole
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



i sosorbide. ExamIp a 5 25 The materials described in Exanples 1-4 are

i jection nolded into discé {thickness 118", dianeter 4")248epteaser 800dei r
mufti-axial mechanical inpact strength. In addition tensile bars are nol ded
t o measur eMURI5#129 24 Sept ember 2002 WO 991 54129 -27 PCT/ USRSIhi$9586k3Not ched
| zod | npact strength and tensile properties. A Boy 30M (Boy Gnbh,

Fernthalr, Germany) was used to injection nold the parts. The conditions
used are as follows: barrel tenperature: 300C 5 nold tenperature: 50C screw
speed: 210 rpminjection speed: 100% i njection pressure: 13 bar hold
pressure: 12 bar 10 back pressure: 3 bar |nject|on time: 2 seconds cooling
time: 25 seconds. The nechani cal characte‘rl43t|c5 of the resultant sheets
are shown in Table 1. In addition, the results for discs (thickness = 118
in., approx. 3.3 15 nm dianeter = 4 in.) nade fromstandard PET materi al
are reported. phig). PEI‘Bt&tbefameéolﬁa&xciess obdialsmassmaltanemoss s (At NOltsechst
AG Frankfurt) fti L npact, str th is asu ed by a
dr oppi ng pl ungéPOPWi%Jpﬁ(@M?%g $8h ISpSQEP! ?/apﬁsog??frp'oﬁanﬁ@&ﬁf SMvess. ) .
The results of Eoe HALRS win
Table 1. 24 g%%?‘e%gt'htfgrg?a‘v\g’ggém $id8klots & FUERAGRORRE 11
avai | abl e PCT/ sis28/riif 2adufh aiaris pesedbio gdheratexa ﬂI%ETeiﬂfdelreqbthBramldje

tent 136130 | 9 : :
0. 750, 42 Gat - 30e@AA TSP EPASAALRI BRAGES cABS! | necBsSarynthe 0 17
(Mpsi ) D6380. 34Qs34ffc g@g}, ,I?e?} ATensil e El ong. D638262n. a300742008Br eak
(9% Tensi l e Strgss at 6%88 58. 4n. a. 8. 18. 2( Ksi ) HDT

(C) D6486567n. a. 8065Atpc2f5<;brpiarwbtld)m catalysit eLga(Sb((Illk)))r Ti(IV) salts) is still
at D37639649511002537877Max, Load 0 | h- axi )
at p37631386140§8?‘ﬂ%@92@§§€5@"9@a@% rQ‘éCfe@'\fﬂH%W?lg 2P F“edo(él'ld‘e(w}?wst that is

at p37632923563é§§8§8@@%ev% qﬂgﬁ n@e@!a?‘ﬁe fc§n Ee(@dre)ﬁ’ r?h | lustrates

t her nof or mi ng I axI al I ng e po e 1. The

pol ymer i 10 Exaeplegifitaticn resatioh porpit oaimbe mnﬂémédtlyrclhartgbdwkuthshmateabt;ants
extrusion using a film sheet pilot |ine nade an Machi nery (Sonerville,
NJ). The condi &f mb%nn@gt%@? HBachiop. &atﬁléfﬁ'isd re usefddat VO

99/ 54129 molecular weight polymer directly from terephthahc acid and the diols

include the acetate or other alkanoate salts of Co(ll) and Sb(lll), oxides of
Sb(lll) and Ge(IV) and Ti(OR)4 (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



-29 extruder barrel (zone 1 ): 245C zone 2:245Czone 3:245Czone 4:245C5 zone
5:265Czone 6:265CMelt line tenp.:60CDi e tenp.:260CRol | er R4XePléntel2002

2: 25CRol I er 3:19C PCT/ US99106534 A. Thernoform ng The sheet is trinmed to
6"-7" w deWaM/58i3pr oxi mately 11" long. After heating in a pe¢haogodssy

retai ning bracket at 165C in a convection oven until 15 softening takes

pl ace, the sheet is vacuumthernofornmed into 1'/2" and 2" deep room
tenperature nolds to denonstrate ability to thernoform The obtained
containers are optically clear and mechanically robust. B. Film Stretching
20 The extruded filmis stretched uniaxially and biaxially using a nodified
Bruckner Stretching Frame (Bruckner, Siegd®rf, Germany). The sanple is
inserted with the machine direction (MD) on the Y axis of the machine. Draw
speed is 1.50 in.lsec. Table 2 describes the draw rati os, nachi ne

t enper at ures, aiyh candint less then théosgt petfetabhglesatharel Moay. {The vasahamiscal

oo 2asDs' ™ FRath U era h s TN S0t o TR TorbRages 1o 1 1
Terp (00 (G B BEERe WA oW Ratio v (x100 o) El ongati on
| @break ( /0) Md®# psiymer having an inherent viscosity of at least 0.5 dL/g, and
5 generally up to about 0.65 dL/g ,can be achieved by the direct
polymerization process, without subsequent solid state polymerization. The
progress of the polymerization can be followed by the melt viscosity, which
is easily observed by the torque that is required to maintain stirring of the

molten polymer.

10 Solid State Polymerization

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 temperature 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 low 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



(Mpsi), Strength (Kp5|j~tter tenp.|l ~ draw rati 0110115 7001 | 23360. 261 6. 92

~draw ratio ~"" " ~"32060.29i 9.3 3preheat ~115 '120, 24§3|gencme|22|®2
6.24~ draw ratio ~"" "21970.25475 'draw ratio"" "3 |" _ ~ '49 ~0. 25|
6. 26dr aw r\aoi9!D54,129' [ " j1 41 ~1.41111 jO 22 ~6.37 idraw r apcPusosrnesis

'~1.67T 1.67 '158 ;64.72 j8 ~draw rati 0""222940. 2486. 059 ~draw ratio j"""
~2.24 j2.2480. 8 fO 194- 3.86 J ft is to be understood that the above

descri bed enbodinents are illustrative only and that nodification
t hroughout may occur to one skilled in the art. Accordingly, this invention
is not to be regarded as limted to the 15 enbodi nents di scl osed herein.
WD 991 54129 -31 24 Septenber 2002 PCT/ US99+06534 What is clained is: 1. A
sheet conprising a pol yester, wherein said pol yester conprises
terepht hal oyl noieties, optionally, one or nore other aromatic diacid

noi eties; et hy:hesmlhgét)moxb hmwatfoepolyestessnam dedesuribedds U.8nPaterdNosonal | y,
one or nore other di wherein said polyester has. an i1 nherent

vi scosity of a@t"@"eﬁ@ aé.‘gcﬁ@s‘b@@ wiich afp berekydacepgrated hefeing ght / vol ume)

sol ution of sg %r %/ester in o-chlorophenol at a tenperature of 25C 2.
The sheet according to claim1) wherein the sheet has a 10 thickness of

greater than about The2Gystalliz8d polyenerhiestibjeciedrtdisafjdtstatel polymérizatizeriey n t he
sheet has _a thickness of greater h n 0.25 mmto about 25 mMm 4. The sheet
accor di ng°t o ®laging the Rﬁ'@g'é?ﬁofﬁé V§ﬁ'é%@ pplymafdnte siraamiQl amiger gafhe sheet

accor ding {0 gabfl oA 5 hddis FASim b1 MR eRbhiEEd Gfipefiny e sheet

according to et el n sai d polyester has an | erent vIscosl'ty of

at | east aboutabdvé atlolig14@°C bbebelbeethe aaltrgtergpdratureaifihé powmesrefonasai d
pol yester has an 20 inherent viscosity of about 0.7 to about 1.0 dUg. 8.

The sheet accdedrdPfadoust diten1@ howrer 8Pk statelpplymesizatien isgenerally 6apadses

PCT/ USod! 0653 2 FameRiatrinRl fdF ofandtd 190 16 GG AL et =2 ~57

t er ephat hel oylof @Boat 2 €5 aBbet 18 asmt Goodifesaltdand obfaifié®by Heatihg4fe t 0 about
50 nole % of said polyester, said one or nore aronatic di,acid noieties are

present in an PHBDAL toaPAUS 1860ta aheutd 985Cdonglauts Kuhewisy ddtis solid giade
hyl |
ethyl ene g ycfgolsa/'ng&aef ongﬁag ﬁs@pweesﬂ%ré vﬁs@o@lgpgﬁ%béﬂt d. fs?ilm e@B é;h:ér esent

about 49.9 no er sal I'SOS

in an anount of from about O. 25 to about 20.0 nole % of said polyester, and
said one or nore other diof noieties are present in an amount of up to
about 2.0 nole % of said polyester. Sheelhormalionsheet according to Oaim9,

uherein_said one ot ok, 2 et el o Bchisoe efuir MRy Sy BEbe™ Y
The sheetjsaccgpdvednéMoth 2brByPany\bBiet nitthdd RndwA P tHYE 88, 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 peliets) 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



noieties are present in an amount of fromabout 1.0 to 12.0 nole % 15 12.
The sheet according to Claim1, wherein said terephthai oyR482iptinias 2002
derived fromterephthalic acid or dinethyl terephthalate. 13. The sheet
accor di ngwiooo@spom 1, wherein said one or nore other diol g gobsssare
derived fromaliphatic al kyl ene glycols or branched aliphatic glycols
havi ng from 3-12 carbon atons and having the enpirical 20 formul a

HO C-H2~-OH, where n is an integer from3-12; cis or traps-1,4

cycl ohexanedi net hanol or m xtures thereof; triethylene glycol;

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

1, 1- bi s[ 4- ( 2- hydr oxyet hoxy) phenyl ] cycl ohdXane;

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

1, 4: 3, 6-di anhydroiditol; or 1,4-anhydroerythritol. 24 Sept enber 2002 WO
99/ 54129 PCT/ WEBQLIGHAH. 1133 pldferrBeerbediment,the dheetd of thbairesdd) wher ei n
said one or nore other diol noieties are derived from

cih s-1, ?- cycl oﬂfﬁée@ﬁ@aihaﬁe Rethigkness sf§cienhtocgaysenibraheet Hebadigid, whieh ni xt ur es
. 15. T i i i i 5
of her _ar ot | SPCAY SorBcAAguo 8 b bredHr | BRBRTRL SnaRE Flexth' S

furandi car boxyharc28¢hfl, add IhihddraREe 0eXH G ¢ foraad, _
2, 6napht hal enedi car boxylic acid, 2,7-naphthafenedi carboxylic acid, or 4,4

bi benzoi cSaci d. 16Sheats mayde fayved By agytrsoeess knove intherast,sushias one or

26 napht hal efeunBaros i cay SanRud eidbb: The i aeRIbifaeoficr cor
17. An articl enssnprocsssts ddiebs Basily ddtefrhine@by oddof Gimdry iskilian #he Hai m 17
selected fromthe group consisting of signage, glazing, a display substrate

and a disc. , dependingmpendhe iviscesiti characieristics ahihegralyestedand thel e i s

t hernof ormed qr i njection l.ded. 20 A nethod of naking a sheet wherein the
sheet conpri Sggsge lg}g’getsgrré?ﬂ%eaislae thod conprising: a) formng the

pol yesteqg and 20 HheRyhedi6f tha idveriRflis brératduig fa 8itherdiiRIm the
pol yester conprises terephthal oyl noieties; optionally) one or nore other

aromat i ¢ di acicdsting et extsysien. hgkisusion isyparticuterly preferredSos tarbiationobi et i es;

d, i | 1, her .. di ol ieti . ' id .24
Sopt enber 2003 P9 HA405 M B Tssiehoss R B ETasoR 274 fontifsnt

viscosity of andigasbr @?&HP|e@ s86 Filblishedprc Meappli@dions WOLo8/38282 and
(wei ght/vol une) “sol ution of said polyester in ochlorophenol at a

t enper at ur e ofWQZZ/00284, Whicthdesaribedbe douatiprt of c@ysfializable thikemeplastic oduci ng
the 5 shfgt cop‘g%{gsqeyz egtrﬁdi.nﬁ, solution casting or injection nolding the
pol yestef? 228 PROGPALEEdi ng to A aim 20, wherein the sheet has a

thi ckness of greatWie&t'ﬂ@é]oﬁl,%étpoﬁing%id%‘ate?ﬁal,WH&h@PbF&ﬁHé’&ﬁ@%@hBl@eﬂ0 d aim

22, wherein the sheet has a 10t ness of greater than 0.25 mmto about
25 mMm 24. Theolymérant asculastii pejletpoyrminuied) is fluidizedrandongmogeéemiged. This

Q'ai m 20, " wheraiyre 5 GecieBeSHBEUER 4 FlabbnEhancitdi PP TERUGR MheRRATRbout
0o et s BB R ASHRLE 05 ATEHRGTOER, i Gpbsor y heet Do
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. Singie 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). In this manner, sheets of different widths and

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



27. The nmethod according to Caim 20, wherein said polyester conprises

di et hyl ene gl ycol noieties. 24 Septenber 2002 WO 99/ 54128 SG5lenbep$8696534
-35 28. The nethod according to Caim 20, wherein said terephthal oyl

noi eti es aM® Prsegent i n an anmount of about 40 to about 50 mreueoésisai d
pol yester, said one or nore other aromatic diacid noieties are present in
an anount of up to about 10 nole % of said pol yester, said ethylene glycol
5 noieties are present in an anmount of about 33 to about 49.9 nol e% of the
pol yester, said isosorbide noieties are present in an anmpount of about 0.25
to about 20.0 nole % of said polyester, and said one or nore other diol

nmoi eties are present in an amount of up td8about 2.0 nole % of said

pol yester. 10 29. The nmethod according to Claim 28, wherein said

terepht hal oyl noieties are derived fromterephthalic acid or dinethyl

t er epht hal at e. b tolleFseconttchand éaicor off by meard efi suit2Ble déndces whichiateone or

nore other diol noieties are derived fromaliphatic al kyLene gl ycol s or

branched al i ph82$iENgd {Q BreveRhany gubseHent feformation oft &8d having the
enpirical 15 formnul L Spah e f k2., Cis or
trans-1,4 cycl ohexaggdmgn%@%ﬁgé%rkwren%ﬁﬂ?heés§'t1h€rsgg%{;38étﬂ Pé 9@%&1\1%9)1 ycol ;
2, 2- bi s[ 4- ( 2hy dxtexiag ladsyemndfeulyrhpr opamghilled rollers and then further drawing

1, 1- bi s[ 4- (2- hydr oxyet hoxy) phenyl ) cycl ohexane;, .

5. 9- bi [ 4-% 2- hYawB)BEHERY PRI 25 1Num) Bvidensiomras crafarpbivotherinishad
1, 4: 3, 6-di anh;égﬁgétq'égglz' fm gﬂc‘g- anhydroerythritol. 20 31. The nethod
according to aim 28, 'va1ere| n said one or nore other aromatic diacid

noi eti es are deri veBof mamufaiid@rge qaantitieshSheety) i stayatiogyatendaeiisl,

2, 5-t hi ophenedi car boxyljic acid, 2, GUageht_hal enedi car boxylic acid,

2, 7- napht hal en&al xihe toughi sheed is tedjnig thergan of theicalendepsa mashintber
2002 WD 991 54129 - i .aim 28,
wherein said |§§r§8ﬁg’|n§g (r\r%@e? ?égﬁ%%éb%rz%asréﬂﬁ %ﬁ(}j&ﬁl&éﬁ%‘%ﬁ% Wg&q} iog%ge{ out 1

to about 1@ nobppdsiteddirectivas mrdhptead oat thenwlymeChad Btréth ietheireqaméd one
or nore other diol noieties conprise an ethylene glycol noiety in an anount

of up to 5 abothicknessndihe lasiopllensmopthisthgisbeet ws praducrd. nbtheashestds ng t o
| ai 28, wh in. t t.hi . 0. 25 35. Th
clalm er ﬁég lrée}agpyﬁigﬁ{&aﬁ@d s@rﬁ?ﬁeﬁ;\% fglraf?cl;llg bsli QI%QI dﬁﬁ.})ﬂ*ﬁh ¢

nmet hod accor di €rern e Shee a rrented. 10

36. The net hodapsrpridtd@mbossingipatiétn. WiteraititellyOthal stk dt igapbé Yétssed
conprises: (a) conbining in a reactor a nononer conprising a tereEhjt hal oyl

goi et é; opt i onand yhervpassad ﬂmlégfb@ﬂ@mbﬁﬁﬁlim%le@dﬁl‘fpr'rihﬁ erjeaderds
i aci i ety; i Sj . > iety: a1
compr st mif ' LGNS e aib Hrlfhs” FiFHi A frishad She 5 Te0 e " ononer

conprising a diol nyhetapovk idxtrasiopnsioness taNbe abRibitdd @ithtaariety 6f post-

condensi ng aromatic diacids and gl ycols; and.éb) heat i n? sai d nononers and
said catal yst estradingaperatiansdos gxpandechversatilfpl Sreh ippst-kumingepeaiess i nt o

a polyester 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
multilayer 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 (P!), polyethylene imine (PEl), polyethylene naphthalate (PEN),
polysulfone (PS), polyether ether ketone (PEEK), polyolefins, polyethylene,



20 pol yner having at |east the terephthal oyl noiety, ethylene glycol noiety
and . isosorbide noiety, wherein said heating is cantinue&® Peptegiben2®0Zi ent
time to yield a polyester having an inherent viscosity of at |east about
0.35 duUg WHeM/SftRsured as a 1 % (wei ght/vol une) sol ution ofCEBE$WOpBEYyest er
in 25 o-chl orophenol at a tenperature of 25 C 24 Septenber 2002 WO

99/ 541 29 PCT/ US99106534 -3 7 37. The method according to claim 36, further
conprising increasing the nol ecul ar weight of said polyester by solid state
pol yneri zation. 38. The nmethod according to claim37, wherein said solid
state 5 pol ynerization conprises: (a) cr)iﬁt allizing said polyester by
heating said polyester at a tenperature i'H the range of about 115C to about
140C, and (b) heating said pol yester under vacuumor in a stream of inert
gas at an el evated tenperature above 140C but below the neltin

10
t enper at ure oPOWERY§lipelefias) and palwswiehexyleseydimethyiens tasgphthalate) Lised
Len LU ; 4 . ! e . °
hoati ng. st ep ERSTPle- Qe abnTeRIhiEh L 4ot i btnBldlion WIEMFE" 557 o

about 10 hour polyébtet Polyhier dfthb @il ention até thsedistédiimedBenaingrapplicatiind

increased inherent viscosity is at |east about 0.65 dLlg.
. A9. A . A@. As Senigl NaaDAHORE 826 (Attorney Docket No. 032358-005?and 09/064,720

E.As, . A . AA . . AS . Al,. A "

AL As. 2 A&5@§9§."§y PW&%’@’&B??*%M- j A btfdyef oF 1dninafé Sheet may be

}xsni d_zU] ca] ariddefcahy Aletnde Rhowh imlieadi adrineg kel wahg akdwker] cal cal ca
] cTa] cTa] ca] c”a] ca] c*al] ca] cal] ca] cal ca! ) _

Nt xE" =G~yt o] eV [SeRptE dayjerajaingd tqaserdlychgatapdhgsivg enfieapdig leyer €a] ca) ca
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a] cna] cal] ca] caU] ca] stlet may also be formed by solution casting, which produces
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cal 12F4577777¢! 81.8881 9991 : . : : R . . . ,
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] ca] c"a] ca] calrrakuadsialsohlartlahl saleedberaliant, Gakh dsZ4aaR I ARéVHEBBB- Cy CD_
DDD%E0 EFFGGHH3H8HI JELMOPP{ vl gb] W] Lica] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c”a]

ca] ca] ca] ca] caplosania]ldw selyiien isdjliesga tg eamaeve i) ardarge] Rarliclad eadrrRet Pk PPP?QQ
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m-nvnnnnnnn8o - 000p ERALF WheBSAfd sHike articles, such as discs, may be forme
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P T0YE () - AT B the plane of the Shedt, biitleaves the flbers randdmiy orianted .~ 0 1

within the plane of the sheet. This provides superior tensile strength,

flexibility, toughness and shrinkability, for example, in comparison to non-

oriented sheets. [t is desirable to stretch the sheet along two axes at right

angles to each other. This increases tensile strength and elastic modulus in

10 the directions of stretch. It is most desirable for the amount of stretch in

each direction to be roughly equivalent, thereby providing similar properties

or behavior within the sheet when tested from any direction.

The biaxial orientation may be obtained by any process known in the
art. However, tentering is preferred, wherein the material is stretched while

15 heating in the transverse direction simultaneousty 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,
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the sheet of the invention has inherent UV resistance.

The characteristics of the isotropic polyester polymer of the invention

may also be improved by blending the polymer with core-shell elastomers or

10 thermoplastic copolymers having refractive indices equal to that of the
polyester polymer. This will increase the toughness of the polyester polymer
at ambient and cold temperatures 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. 56,321,056 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.
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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 levels of catalyst
components are expressed as ppm, based on a comparison of the weight of
the metal with the weight of either the dimethy! 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
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F10922&' () - GXay tHeidp of the packed reflux column it is possible to determine the end of
methano! evolution. The end of methanol evolution indicates the finish of
the first step of the reaction, which is the transesterification of the diols and
dimethyl terephthalate.
15 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, 1563 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
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isosorbide, 42% ethylene glycol, 2% diethylene glycol, and 50%
terephthalic acid, all expressed as a mole % of the polymer.
It is noteworthy that the amount of isosorbide in the polymer is

10 approximately half of the amount that is charged, when compared with the
amount of terephthalic acid. Unreacted isosorbide is found in the distillates,
especially in the ethylene glycol. Thus, the amount 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

15 practitioner can readily establish specific process details according to the

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

Example 2
The second example is prepared in a manner similar to Example 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(lV) oxide (4.66g). This corresponds to 100
ppm manganese (weight of metal as a fraction of the weight of dimethyl
terephthalate) and 300 ppm germanium. The germanium oxide is added in

the form of a solution in ethylene glycol (0.100 Normal (N) GeO, in ethylene
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glycol). A solution of polyphosphoric acid in ethylene glycol is added as in

Example 1. However, in this case, 9.6 ml, phosphoric acid solution (having
a concentration of phosphorous of 3.45 g phosphorous per 100 ml) is used.
The remaining variables are carried out as in Example 1.

5 The resultant polymer has a solution 1.V. of 0.42 dL/g. The monomer
unit compaosition of the polymer, determined by proton NMR, is about 13%
isosorbide, 34% ethylene glycol, 3% diethylene glycol, and 50%
terephthalic acid, all expressed as a mole % of the polymer. The extent of
isosorbide incorporation is somewhat lower in this case than previously

10 observed but this reflects the efficiency of the differing reactors rather than

the polymer made.

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(il) acetate tetrahydrate and 88.5 g

20 Sb(lll) 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 a manner analogous 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.
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Unlike the previous examples, the resin produced with lower
isosorbide content can be solid-state polymerized. The pelletized polymer
was loaded into a tumble dryer and was heated under a stream of nitrogen
to 115°C over 4 hours and then held at that temperature for another 6 hours.

S This allows the polymer to partially crystallize. After this treatment, a
vacuum is applied to the tumble dryer ultimately achieving a vacuum less
than 1 mm of Hg. The heating is continued and reached a maximum
temperature of 213°C. The polymer is then held at this elevated
temperature for a total of approximately 15 hours. This effects a solid-state

10 polymerization and raises the molecular weight of the polymer. In this
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 onily
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 §

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
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Notched Izod Impact strength and tensile properties. A Boy 30M (Boy
Gmbh, Fernthalr, Germany) was used to injection mold the parts. The
conditions used are as follows:
barrel temperature: 300°C
5 mold temperature: 50°C
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
15 mm,; diameter = 4 in.) made from standard PET material are reported. The
PET sheet material is obtained from HostaglasTM (Hoechst AG, Frankfurt,
Germany). The multi-axial impact strength is measured by a dropping
plunger instrument (Dynatup 8250 made by Instron, Canton, Mass.). The

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

)-Y
)-Y
)-Y
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Table 1
ASTM PET
Property Standard Ex.3 Ex. 4 Ex. 1 Ex. 2
Isosorbide content
(Mol%) 1 3 6 13 0
V. (dU/g) 0.7 n.a. 0.64 0.42 n.a.
Notched Izod
at 20 °C (ft-Ibfin) 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.
@ Break (%) D638 262 n.a 300 74 200
Tensile Stress at Yield D638 85 8.4 na 8.1 8.2
(Ksi) . . .a. . .
HDT (°C)
at 264 psi D648 65 67 n.a. 80 65
Multi-axial Load (Ib) at
Max Load (20 °C) D3763 964 951 1002 537 877
Multi-axial Load {lb) at
Max.Load (-20 °C) D3763 1386 1400 874 492 275
Multi-axial Load (Ib) at
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

14 mil thick sheet by extrusion using a film/sheet pilot line made by Egan

Machinery (Somervilie, NJ). The conditions for extrusion are as follows:
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5 zone 5: 265°C

zone 6: 265°C

Melt line temp.: 60°C

Die temp.: 260°C

Rolier 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 12" 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.
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Table 2
‘F'— || Changes to Plague ShelterT' Emitter1 Draw Draw | Elongation | |
%Sheetl Stretching p.rrihnfat ?leomse Temp | Ratio X [ RatioY | @ break 'N:‘:Adlg:‘;s S:rKensg:;h
| Conditions | (uc)p (oc)p °C) | (x100%) | (x100%) | (%) P P
! ' 1
emitter temp./
1 rtie | 110 115 | 700 | 1 2 336 0.26 6.9 J
2 | draw ratio 4 3 206 0.29 9.3 |
5 3 | preheat 115 120 “o “ ] 239 0.245 6.2
4_| draw ratio_| - - 7' 2 1 ji 97 | 0.254 7
5 . drawratio | " “ “ 3 “ . 49 0.25 6.2
6 | drawratio | E | 141 | 141 | 11 022 | 63
7 | drawratio | | I " 167 | 167 | 158 0.216 | 4.72 |
10 8 | drawratio | ! I V2 ] 2 1 204 0248 | 6.05 ;
9 | drawratio | 1 B | 224 | 224 | 808 | 0194 | 386 |

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.
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What is claimed is:

1. A sheet comprising a polyester, wherein said polyester
comprises terephthaloyl moieties, optionally, one or more other aromatic
diacid moieties; ethylene glycol moieties; isosorbide moieties; and

5 optionally, one or more other diol moieties, wherein said polyester has an
inherent viscosity of at least about 0.35 dL/g when measured asa 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
thermoformabile.
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.
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9. The sheet according to claim 1, wherein said terephathaloyl
moieties are present in an amount of from about 40 to about 50 mole % of
said polyester, said one or more aromatic diacid moieties are present in an
amount up to about 10.0 mole % of the polyester, said ethylene glycol

5 moieties are present in an amount of from about 33 to about 49.9 mole % of
said polyester, said isosorbide moieties are present in an amount of from
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 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 %.

15 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

20  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)phenyl]propane; 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.
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14.  The sheet according to claim 13, wherein said one or more
other diol moieties are derived from cis-1,4-cyclohexanedimethanol, trans-

1.4-cyclohexanedimethanol, or mixtures thereof.

16.  The sheet according to Claim 1, wherein said one or more
5 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.

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

signage, 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
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polyester has an inherent viscosity of at least about 0.35 dL/g when

measured as a 1% (weight/volume) solution of said polyester in o-

chlorophenol at a temperature of 25°C.

X S
mbex2@H2

X S 104 & ()- x S 10%& ()- x S 109 &PEYASEH/ag534

21.  The method according to Claim 20, wherein producing the

S 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.
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28. The method according to Claim 20, wherein said terephthaloyl
moieties are present in an amount of about 40 to about 50 mole % of said
polyester, said one or more other aromatic diacid moieties are present in an
amount of up to about 10 mole % of said polyester, said ethylene glycol

5 moieties are present in an amount of about 33 to about 49.9 mole% of the
polyester, said isosorbide moieties are present in an amount 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 29. The method according to Claim 28, wherein said terephthaloy!

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 glycols having from 3-12 carbon atoms and having the empirical

15 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)phenyl]propane; 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.

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.
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(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 vield 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-chlorophenot at a temperature of 25 °C.
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37. The method according to claim 36, further comprising
increasing the molecular weight of said polyester by solid state

polymerization.

38. The method according to claim 37, wherein said solid state
5 polymerization comprises:
(a) crystallizing said polyester by heating said polyester at
a temperature 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.

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

inherent viscosity is at least about 0.65 dL/g.



