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POLYESTER FI LM AND METHODS FOR MAKI NG SAME Field of the Disclosure
*166166* This disclosure relates to a filmformed froma péd PSOPEF20G%t hods
of 5 making the polyester and f Im and articles made fromthe film Mre
speci fi cal Ly, o4 D5 di sclosure relates to filnms made from a mqly®spfne havi ng
an i sosor bi d% norety, terephthal oyl noiety and ethyl ene glycol noiety,

nmet hods of naking the sane, and articles 1made t herefrom Background of the
Di sclosure 10 Polyneric filnms have a vari‘ety of uses, such as in packaging,
especially of foodstuffs, adhesive talges, i nsul ators, capacitors,

phot ogr aphi ¢ devel oP@EMESTER HYLYEANILNHEFH ORSH' QAR MAKING 8AME or exanpl e.

For many of these uses, the heat resistance of the filmis an inportant
factor. Therefore, a higher nelting point and glass transition te [

(Tg) are desirable to provide better heat resistance and 15 Wﬁlﬁﬁn@h@m
el ectric characteristics. Further, it is desired that these fi d

tensile strength and a high elongation at break. Various pol yneri ¢G00002*
conpositions have been used in an attenpt to neet all of the above

criteria. In particular, polyethyle repht hal ate) (PET), is preferred
for its glass transition temerat@-@-—t@ﬁﬁﬂi"%‘—iﬁ,o L ength and |l o

However, there 20 are still problenms achieving a product havi“@wwﬂﬁmmmmum d
t I'cs such

crystallinity and strength, as well as other desirable charac
as high optical clarity and resistance i 23 Cctober 2002 WO 99| 54449

PCT/ US99/ 07010 2 to weathering, for exanple. Various polyneric bl ends have
been proposed, but Heh@&s ?sé'r‘?:{?ﬁaﬁ?séPé‘lfijmrsrfgW@fﬁé@PGW.yesm’ methods of

5 making the polyester and film, and articles made from the film. More specifically,
this disclosure relates to films made from a polyester having an isosorbide moiety,
terephthaloy! moiety and ethylene glycol moiety, methods of making the same,

and articles made therefrom.

Background of the Disclosure

10 Polymeric films have a variety of uses, such as in packaging, especially of
foodstuffs, adhesive tapes, insulators, capacitors, photographic development, x-ray
development and as laminates, for example. For many of these uses, the heat
resistance of the film is an important factor. Therefore, a higher melting point and
glass transition temperature (T,) are desirable to provide better heat resistance and

15 more stable electric characteristics. Further, it is desired that these films have

good tensile strength and a high elongation at break.

Various polymeric compositions have been used in an attempt to meet all
of the above criteria. In particular, poly(ethylene terephthalate) (PET), is preferred
for its glass transition temperature, tensile strength and low cost. However, there

20  are still problems achieving a product having the desired crystallinity and strength,

as well as other desirable characteristics such as high optical clarity and resistance



Thus, a need exists for new materials suitable for manufacture of polyneric
films that offer desirable glass transition tenperatures, suitable tensile
5 strength, desirable crystallinity, high optical dendi ty, 23 £ctabepge@2 t o
weat hering and | ow cost. The diol 1,4:3,6-dianhydro-D-sorbitol, referred to
her ei naf t eWOP8/5¥8psor bi de, the structure of which is illusP€aUSBEOOW, S
readily made fromrenewabl e resources, such as sugars and starches. For
exanpl e, isosorbide can be to made from D gl ucose by hydrogenation foll owed
by aci d-catal yzed dehydration. OH H O O H OH | sosor bi de has been

i ncorporated as a noner into pojyesters th al so include terephthal oyl
o1 et e, See o par NG xRN B RO perdy bleRis P BFen TRt 01 1 o,
pp. 53-64 ( 1993 areRomplepesisreioral , 0 er, Vol. 34, p. S003 IS (1993).
However, it is generally believed that secondary al cohols such as

i sosor bi de have poor reactivity and are sensitive to acid-catalyzed
reactions. See, for., exanpl .D. .Braun et .al . .. rakt. Chem ,. Vol. 334, pp.
208-31 0 (1992 As THoHJRFS CHTs faedpien ds ttaplatpt MoBiGEtFaLs ‘made w th' an
| sosor bi de m&%ﬁﬁ%@%@&ﬁem&ﬁgﬂ@ lagsh?aln?ﬁig?%rﬁpamre@mﬁ%@@L-(Me have a

relatively lo ecul ar weight. 2 al | auf al, Polyesters (Derived
from Renewadp! aetr&othi,clesiyabldRoystattinity, higit apticall denking yasistpredit@weadfidring@indp.  S892
(1996) . 23 Cctober 2002 WD 99154529 3 PCT/ US99/ 07010 Copol yners

contai ni ng i saeWELitde i eties, ethylene glycol noieties, and terephthal oyl

noi eti es have been ARG e gal &5 Yorb p&g{ ¢ |y ng these three
noi eties, in whi ch]{hﬁewrrm e ’rat#‘g{'o? et%ryﬁ%l?le g %/ﬁcwglhefeg&ltﬂggggor bi de was
isosorbide, the structure of which is illustrated below, is readily made from

renewable resources, such as sugars and starches. For example, isosorbide can be

10 made from D-glucose by hydrogenation followed by acid-catalyzed dehydration.

Isosorbide has been incorporated as a monomer into polyesters that also
include terephthaloyl moieties. See, for example, R. Storbeck et al, Makromol.
Chem., Vol. 194, pp. 53-64 (1993); R. Storbeck et al, Polymer, Vol. 34, p. 5003

15 (1993). However, it is generally believed that secondary alcohols such as
isosorbide have poor reactivity and are sensitive to acid-catalyzed reactions. See,
for example, D. Braun et al., J. Prakt.Chem., Vol. 334, pp. 298-310 (1992). Asa
result of the poor reactivity, polyesters made with an isosorbide monomer and
esters of terephthalic acid are expected to have a relatively low molecular weight.

20 Ballauff et al, Polyesters (Derived from Renewable Sources), Polymeric Materials
Encyclopedia, Vol. 8, p. 5892 (1996).
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about 90: 10, was reported in published German Patent Application No.
1,263,981 5 ( 1968). The polynmer was used as a m nor conponent (about 10%
"of a blend with polypropylene to inprove the dyeabil'ity of 43dPsipbesA08ne
fiber. It was made by nelt polynerization of dinmethyl terephthalate,

et hyl ene gWPd3i54528nd i sosor bi de, but the conditions, whi chPGEUE®EEr i bed
only in general ternms in the publication, would not have given a polyner
having a hi gh nol ecul ar weight. to Copol ymers of these sane three nononers
wer e described again recently, where it was observed that the gl ass

transition tenperature, (T -1he. .t nc s W th i.sosaor hi de
rononer cont ant up GUBohETY SbE PSRRI MRl BRSS!
honopol yner . T&%ﬁﬂﬂﬁilﬁﬂﬂﬁpi&%ﬂh@éb&&nrr@pdm@%nt}b’raf \CAicBfolyREERIMAIRhLY |

dichloride in solution with the diol nononers. This nethod yiel ded 15 a
copol ymer wi t hhese thoeemgieties, wewhivh thewapleiratiapixihdend glyeal ghisesoride wasis

obtained in th " Pat ent | Lcati desgri be bove,..but,stil.|

el atively I odoieh Bhgarared Bnbisisrirgs et ap oo aftos
copol yners. s Fyj§4¥r Thé PeigmePRhy iRl 3s WalifortaaDoidht $&out 1 @) $al bieRI WiRt i on
and were thus flee of diethylene glycol noieties as a product of

pol yrer i zat i orpolypeepyiencdp snprevkthedysabelity af pelypropplewn fiberr 4§ wasmadertiysr uhe
(1994); R Stor

| . . | . Pql Sci ., Vol. 59 . .
{T00- 1200 ( 10985t Payastralipn pf dimeHSA trophhaldlE idtne ol dB isopaspioBfin
preparation ofy, P MARINS Whitts Kbk deBied BniyBh GEhhiSerntt ih AR RLACHTHI on of

aqueous stoving lacquers. The pol yesters aré& prepared wth an al cohol and
an aci d. One ofouideotritany givereh polyectr Réviagd € bighinsoleaulativeeighydr osor bi t ol .

However, the average Ieculﬁé wei ght. of the pola?/es ers is from1,000 to
10, 000, and®no pol exg ot hfse\samp Hires MPRQIEs e%‘iﬁf’@?‘?fgéﬁﬁptr%ﬂe“%i ety was

made. U S. Patgnt. fwh{SpdfRddRsdhd HES tﬁnﬂ{i&?%ﬁﬁmﬁa‘?ﬁm&i‘gopﬁﬁ%g'é@giiylgp of

conpression nolded materials. Al so, described therei re

cont ai ni ng 30 ipatasesvéh ssosdrhrls endnpdreoraritent ap t@aabuiun GOQHW! foe tHedsworbide | 1 st ed

to include pol yhydric 23 (?ct ober, 2002 WO 99! S4529 PCT/ US99107010 4

al cohol s, i ncltgrgptifalpteomopo éﬂ“&hh{}?ﬁ HiSPB‘IP!CSN(fé‘? madg Ry RedRg t he hi ghest
nol ecul ar wei ri: I ' j : and no
pol yester act ggﬁeﬁ}f}ﬁgg t(%l?ﬂ?lﬁ{:]eq? ﬁ@h?&%&éhéhcld@ gn‘ﬁ?“ r og%fg@f %’fgt}gr?giyg{ige‘jwas

made. Publ s hedtopslimeppith aahdlocisar Wighi Atad s3pparedtY\BIgher RIS clesiaed be 5
cholesteric and nematic liquid crE(staI |l i ne polyesters that include
1

i sosor bi de noilethedsergan Paicandpplisafiondesaikad avevs byt gikrelasively ley el y | ow

nol ecul ar wei gh j i [ ] ure Contrary
to the teachi %Sgigngqééésg(??%%P@ﬁ’%%ﬁ%k%%%gn%gﬁl%ﬁ'ihlgl#egggi ne(g?he to prior
art, isotropi golymds wemanadetyyshnioh poEmfidatisihg vadis thas 8@ 6f dikthiyiiefle

crystalline, copolyesters containi nq t er epht hal Oél noi eti es, ethylene
gl ycol noi et i €dycol BIRicHEnRRPIRANE of palymarzatiopt SenBi Piprbegk.dipsertatien, gl ycol

oLt e O e SRLE AL I ol o oDl
Vol. 59, pp. 1199-1202 (1996).
U.S. Patent 4,418,174 describes a process for the preparation of polyesters
useful as raw materials in the production of aqueous stoving lacquers. The
polyesters are prepared with an alcohol and an acid. One of the many preferred
25 alcohols is dianhydrosorbitol. However, the average molecular weight of the
polyesters is from 1,000 to 10,000, and no polyester actually containing a
dianhydrosorbitol moiety was made.
U.S. Patent 5,179,143 describes a process for the preparation of
compression molded materials. Also, described therein are hydroxyl containing

30 polyesters. These hydroxyl containing polyesters are listed to include polyhydric



~ 5 The process conditions for producing the polyester film particularly

t he anobunts of nononers used in the pol yester, are desirably chosen so that
“the final polyneric product used for manufacturing the filﬁgéﬁﬁﬂ%ﬁﬂgo2he
desired anmounts of the various nonomer units, preferably w th equinolar
amounts of w9 units derived froma diol and a di aci d. pBeasssmof the
volatility of some of the 20 nononers, including isosorbide, and dependi ng
on the method of manufacturing the polyes%er, sonme of the nononmers are
desirably included in excess at the beginhing of the polynerization

Cthyl ene ol yconcaraeIsYuFA A o-HHRBPPESIALr AGRp. bRvveh Bty mot hod
Kk inth t '
nown in the ackc Pr.eleraR dporkd SONBYSEl 1605 20408516006 Snf 96 FBY b

sol vent or el t' polymerizati may be m ned by

the desired anmmilyodonetitingHeeine3 gldiadlydiosorbitel hoiesl warmatiect . 1 n a
preferred enbodi nent, the nunber of ter%‘pht hal oyl noieties in the polyner

is in the range of BudishedBoTtagpligations WO F14730%apddY Q@ 99025749 desciib al ~ 23
Cct ob 200 9/ 29 P . | oal A |
i nclougra arm%nt% Oj?s't%ﬁc:a"orne%{r}%ﬂgélgé&%}lglwl crs%lrsaﬂé‘{llgnﬁr‘géeéﬁ érsb%cﬁ Zg, for

exanpl e, t hosenRadtiey edmbh@fti woEhhd] pdlyartchavd rdhtivenidivoasieenyl i c aci d,
2, 5-t hi ophenedi carboxylic acid, 2,6naphthal enedi carboxylic acid,

2, 7- napht hal enweigbtsrdng eyt Bt igpdiopic. and 4, 4' 5 bi benzoic acid, at conbined
| evel s, up to about 25 nole % (nole % of the total polyner). In a preferred
enbodi nent, ethylene glycol nononer units are present in anounts of about 5

mole %to about 49.75 nole % ThguR@aryBf the®isclsgfe cont ai n di et hyl ene
gl ycol noieties. Depending on the nethod of manufacture, the 1o anount of

di et hyl ene gl ycol nfoeirangdo the teashmpeandgxgectationsitiant ha @ pempidished im thhout 25
nole % In a preferred, enbodi nent, isasorbide IH%’(? resent..in . the polyner in
amounts i n ¥hePRYrTk OfTORK L FETETImeAnd gmo S Qapiandsryealing:  hor e
ot her di ol NONEHRNydiRid GontiYingtePhBRIdyNRloHIRE diHy 1aRDIRbLEmBRIEY a total of
about 15 45 rm|‘5§%3)é The ;I)lol yggt e@ has yg_n 0i nher el%,t Vi scosrinty,l which is an

i ndi cator of nbswhidamaisieglang, apfiorrilyl diathyleab glycolon@istichl irg remliljeasur ed on a
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0.40 dL/g, prefghalliimabnbgasdhs@nehle0. 50 dL/ g, is 20 desired for optinal
filmformation. Further processing of the pol yester may
15 The process conditions for producing the polyester film, particularly the
amounts of monomers used in the polyester, are desirably chosen so that the final
polymeric product used for manufacturing the film contains the desired amounts
of the various monomer units, preferably with equimolar amounts of monomer
units derived from a diol and a diacid. Because of the volatility of some of the
20 monomers, including isosorbide, and depending on the method of manufacturing
the polyester, some of the monomers are desirably included in excess at the
béginning of the polymerization reaction and removed as the reaction proceeds.
This is particularly true of ethylene glycol and isosorbide.
The polyester may be formed by any method known in the art. Preferably,
25 however, the polyester is formed by solvent or melt polymerization. The choice
of method may be determined by the desired amount of diethylene glycol in the
final product.

In a preferred embodiment, the number of terephthaloyl moieties in the

polymer is in the range of about 25% to about 50 mole % (mole % of the total



achi eve even higher inherent viscosities, such as over 1.0 dL/g The

pol yester filns of the present invention are nmade by any nethod known in

- the art and are suitable for use in a variety of applicati dh©ctabgeR0%% f ood
packagi ng, | abels, photograph or x-ray devel opnent, insulators, capacitors,

25 vari ousyd 99&e and the like. These filns provide a hi g}#ﬁ%@){oﬁ] '“ra]g

resi stance and i ncreased strength over other commonly use

materials, such as polyethylene terephthal ate) PET. 23 Cctober 2002 5a In
a first aspect, the invention provides afilmconprising a pol yester,
wherein said pol yester conprises terephthal oyl noieties; optionally, one or

nore ot her ar 6. ThesolgmBOmey 2166 incRidb ¥motts of dimecdr mdte Stteparoniaggsor bi de
noi eties; and, optionally, one or nore other diol noieties, wherein said
pol yest er hagliagidimietias sach/ass fos skamplefthese deayend frem dsophthalie aeid,/ 235-when

measured as 1 % i.ght / val . S0l uf.i on of. sai ol yester in

o- chl orophengﬁ“rﬁﬁ%rvﬁ)é‘%‘ﬁ%&#%?ﬁ’ﬁéw Ohoxé'ilg(%'gg?dg'aspect, the invention
provides a neihathafhediBiborylR akid, ,7-WiphiRidhedioabbiy e REd $85 a pol yester,
said nethod conprising: a) form ng the pol yester; "and b) naki ng the

pol yest er 5 ntlwibenzoid avid, wicombmed leyelsaip e sbant 25 orle Vdowle Ur et totdl oy |

noi eties; opti 8nal Ly, one or nore other diacid noieties; ethylene glycol
noieties; is Pde noieties; and, optionally, one or nore other diol

ol eties, Wherel N Bl frefell SRbediniAe &ﬁ?{,e\gé‘gﬁ'ﬁgl%oﬁﬂn?'&%ﬁﬁ% dre Preth {22!

about 0.35 dL/g when neasured as a 1 ght/vol une) solution of said
pol yest er i n amahitosfgboenomodt %ado aleonpd9.35 nrode U THe@olyinmerandyhalsod aspect, the

i nvention provides a rticle made fromthe filmof this invention.
Det ai | ed DesGOPfR disthyfereielycst BPiiFs Derpdae Hﬂmesmstm? AEmE e, e ,_ 23

Cotober 2092 M09 PARANBE L NSHRRARLD iDL hcE SPRARYD MOk YER! B! | m and

a nethod of manufacturing the sane are described In detall below
particul ar, @5mblkdd. of manufacturing the pol yester conprising

Lo epntnal oyl ot o e LSS T el ool L 5 20 SRl o it e i
o ey S e oAl SRRy s psger L 1
mol e% t 0 abouwthéSisioh@idmer uhhomgh also bb archaled imiraouns/upe a total ofieduas
15 45 mole %.
The polyester has an inherent viscosity, which is an indicator of molecular
weight, of at least about 0.35 dL/g, as measured on a 1% (weight/volume) solution
of the polymer in o-chlorophenol at a temperature of 25°C. A higher inherent
viscosity, such as at least about 0.40 dL/g, preferably at least about 0.50 dL/g, is
20 desired for optimal film formation. Further processing of the polyester may
achieve even higher inherent viscosities, such as over 1.0 dL/g.
The polyester films of the present invention are made by any method
known in the art and are suitable for use in a variety of applications, such as food
packaging, labels, photograph or x-ray development, insulators, capacitors,
25 various tapes, and the like. These films provide a high temperature resistance and

increased strength over other commonly used film forming materials, such as

poly(ethylene terephthalate) PET.
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necessary to achieve the desired results. The pol ymer conposition may al so
to contain diethylene glycol nononmer units. Depending on2§Q§ja§§Q@ﬁ20f
" manuf acture, the amount of diethylene glycol nonomer units 1s 1n the range
of fromabout 0.0 nole%to about 5.0 nole% preferably 0.25 nole%to about
5.0 nol e% al t hough hi gher amobunts may be included as necessary to achi eve
the desired results. Diethylene glycol sggay be produced as a by-product of

the 15 polynerization process, or nay be added directly to the conposition
to hel p accurat g ¥fifseaipedt MelitenBoR pRivids adilff dhRRghed YA PdstdFORREE uni ts

that are in the polyner. (n preferred enbodi nents, isosorbide noieties are
present i nsaidhpolyeitgrreemprisesstarsphtheloyhmpketies;zoptienally, bnoon mbeuithd. 25 nol e% t o

about 30 nol e%. preferabl.y 2 bout 0, 2S. nol e% t 9. about .20 | e% nore

o of er abl y HapBle SyEiEh st hsRaR Shied] S5 TRy M RSt e g or mbl y 1 om
about 1.0 grida¥y,onakeHorSeeMbEHvichbS, RSN Biia PETyc AP iffYefle | NCl uded
as necessary to achieve the desired results. One or nore other diol nononer
units may wvisedssraf hylesss abaws 0ided] /g whammeasuredips a % wietghdlvolyime) belytior2 . 0

nol e% but preferably.l ess than 1. | e% . 25 The anmount of other diols

i ncl uded By’ W?F%B%Oﬁ%b)ﬁ%‘%’eﬁgl aﬁ@@%‘?ggﬁvre{%f%gﬁi eve the desired results.
Exanpl es of the optional other diol units include aliphatic allcylene

gl ycol s having from 3-12 carbon atons and having the enpirical formula

HO- CnH2nOH, whelnea secprd anpe¢tnthe geventipi proides a meiboduefl mekihg adidhewheleisl s such
as 2,2-dingthyl -1 3-propanediol ;. .cis..,or trans-1, 0_.cycl ohexane. di,nmet hanol
and- it ur B i Db BroPBAGE s i bR p:; AP DORTERE A 005 o
991 54529 7bﬁﬁll§ih’?&ﬁ|(&7}%1&r ety & Gillin; Wherelt hE polydstbychniprises Reephitasny| ]
propane; |, 1-Dbis[4-(2hydroxyet hoxy) phenyl]-cycl ohexane; o

9, 9- bi s[ 4- mwylaﬁ:;@pyenaiff/fxyl)wenyne]oﬂ qyshiastlbmoietias; thyleticaghyspd motriiesii t ol ;
1,4:3,6dia Lditql....and 1.4- r i.l ol . T | oyl noieties
in the poI&g%?érEﬁgéa#%ﬁ%@’?&%ﬁ?ggﬂ%%fﬁ§#%é§ﬁ%%logpgmégésggégﬁﬁmyn t he
range of fpelpesadrdiat adihhbfntvisaiity af hileaxy hbmit @B diagoheh sneasytedas 4 hed uded as
necessary éo, chi eve the,desireg results. her ar?natic diacid_noieties in
the pol ymetWeightvedupe)salutipapf said pelyesterio-diopphenol ptemparfuro 8 rom
isophthali?SQ§id, 2, 5-furandi carboxylic acid, 2,5-thiophenedicarboxylic
acid, 2,6 [0 naphthal enedi carboxylic acid, 2,7-naphthal enedi carboxylic
acid, and 4,4' bibenzoic acid, at conbined |levels up to about 10 nol e%
preferably between 0.01 and 5 nol e% of the total polyner, although higher
anount s may be nithird@spest thisinxertignproydecan & e@??éleé&mlthsdlﬂme%fd s, "It is

pref er abl e;f,Batonequi ol ar anounts of diacid nmononer units and dio

Detailed Description of the Preferred Embodiments of the Disclosure




15 nmononer units are present in the polyner in order to achieve a high

nol ecul ar wei ght and hi gh i nherent viscosity, which provide a | ower

* shrinkage rate and hi gher glass transition tenperature (TgR3tOceneri28p2
exanpl e, polyethylene terephthalate). The polyester forned has an inherent
vi scosi t YWORMSER%i s an i ndi cator of nolecul ar wei ght, of BCTUSMATOHbout
0.35 dL/g as neasured on a 1 20 (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 at |east about 0.45 dL/g, and

i Scosity of about 5 sorty pelist Wi B8R g i B RLRE e sl T

normal |y not gagadived eeldelail BElbWy In baxdicag] a Mdito P8t haheichiingthspelgediyr of the
polymer in solution or the nelt viscosity is used as an indicator of

mol ecul ar weicgmprisisgiereplthalpygaeietigsoethyienesglyedlancietinspnd isosorbidssi ty i s
measured by the net.hqd descri be evi ous| wth | ecul ar wei ght
cor r espondi ngP RIS ﬁ??ﬁﬂﬁeéﬁ?s Viegég CRIOCSHS %HBH’P’“@@%%EW%?%N e. Higher

mol ecul ar yeightsecorresponding to inherent viscosities of at |east about
0.45 dL/g 30 are preferred, and nol ecul ar wei ghts correspondi ng to inherent
vi scosi ties as hi dghaprderétenbaiim2aOahyienodysel mRshoRETLhiBOAE PHAdA i8 as about
1.0 dL/g to 2,0 dL/g or even hi gher,_may be optained if_ desired. neral |y
the inherent _tb?g@wgw/am“@aﬂ%&%éﬁdﬁleﬁém ?‘Bﬁgﬁi’ﬁo@g‘hpﬁéﬁiﬂﬁ@'@% to the
l'inear —equat iffjcorl 8Gbéuk U5 1mol8% Sbhobigh ﬁghiéﬂ\éﬂl?ﬁnts%n%%@mc adlgs | nherent

viscosities are a better indicator of nolecular welght for conparisons of
sanpl es and akeessagdo ahidviedhd dabired tasnltn fThegloboudrapmpesigbn magrkbn. The

pol yesters used o . .make the filnms of the jnvention can be made by any of
several mi¢ hd’&@‘.a‘“]‘i‘fgt%&eﬁ%l&]é'tw%ﬂ%rtupﬁ%SD?I&F"S}mgGHé%%‘FR'H@andi ng on the

nmet hod used, i j : I e - O +due that
s 10 pr osepabAchte e tmbdh'oRQcAYRAR 21 01 SbRbE RS Gtk EE A0 | 18
di ol nononer Srom about B mcleth whbonti Memoteds, tpeefemblya2 3 mokdh t sbodt R0y ot her

acids that may be present, The reaction of terephthal oyl dichloride wth
i sosor bi de af@Plg¥onylthaygh 51%?66@“?‘13“?@%"? included aspecessaniig aaYs tHeng t he
nononers in i (& i 3 , such as
Dyt i ne,  wCERaiE | Bidnybfl BRIy be R GUREFSENGE R Rl B2, ire s
descri bedis n pBlynfrizati@cproetss adr.maylbe added dirdetly yorete comipesicien tofidlp 59, pp.
1199 -1202 (1996). O her well-known varijations using terephthal oyl
di chl ori de magcusptsly msenlpfs dbe graoypt of dickwiene glycolyppramsriunys thahare He)?lhet he

i y be stirred together while heating. Wen the polyner is

nononers nmay %iy%’ér.

made using the-acid chlorides, the ratio of nonomer 20 units in the product
pol ymer is about tIh¢refans ensbddiraentstisosorbidermsietidsrage prosemri the pdlyaieef ore, the
rati o of nongners charged to the reactor _ is about the same as the desired

ratio in the ippBguets in the sange of figrabont0. 2 molee habogt 3¢ meledp.drefarildi aci ds
[ i | j t j . g.,
o th an ) Ao baR 2SRt 2 Relth P bRl ik 805 AR Z00: 9, L 0

filnms. 2S Tha2mohplees, and fidsopreferddy fratiabbyt 120 AdleY% Rodbraes.0awiléxn process,
in which the acid conponent is either terephthalic acid or dinethyl

t er epht hl at e altheusheigher gppunisanayche ingladedras meeassaty oy achiayethpdesised er of any
ot her aromati I.ach ds I Ny . { v Ier
conposi tion. T ugs'd :\(?311% ® é,lﬂog-% °gl%¥r%{a_§‘y"|%ﬁ‘zﬁs}§‘_§rg’é"s g"raybﬁtelgﬁiel%eo\?ﬁ lﬁﬂu@%e%di ol s
(ethyl ene gl yeuntsivpas andtales abopt .0 flelslitat flefdribly hes fandremeres of a
catal yst to a high enough tenperature that the nononers conbine to
25 The amount of other diols included may however be higher as necessary to

achieve the desired results. Examples of the optional other diol units include

aliphatic alkylene glycols having from 3-12 carbon atoms and having the

empirical formula HO-C H,,-OH, where n is an integer from 3-12, including

branched diols such as 2,2-dimethyl-1,3-propanediol; cis or trans-1,4-

30 cyclohexanedimethanol and mixtures of the cis and trans isomers; triethylene



23 Oct ober 2002 WO 99154529 PCT/ US99/0?010 9 formesters and diesters, then
oligomers, and finally polynmers. The polymeric product at end t he

* pol yneri zation process is a nolten polyner. The diol nononégg)ct@.eb.%oz

et hyl ene q&ﬁé?) %{ld i sosorbide) are volatile and distill fromthe reactor
as the pol 724t i on proceeds. Therefore, an excess of tH&EIYPRIWN s 5
desirably charged to the reaction to obtain a polyner, and the anpbunts nust
be adjusted according to the characterigtics of the polymerization vessel,
such as the efficiency of the distillation colum and the efficiency of
MoNoOMer 1 ecovglb1 Wl plBeych HxPRALAYICRbhRIRS 1 h hidfh§2amount s of nonomers
and the like %qg]%dcéorégﬁgﬁg y\?mh?)ﬁgt hé%harya]gltﬁe?i sfilcs lcglta]?a reactor are

readi |y made lydradyethbegdphdhyfrayclohexaoeed,$-bisfi(2-her, a skilled practioner can

readily determ ne the anpunt of each onent desjrably charged to any
particul ar r e‘&’é’f‘B‘ﬁ’e‘thBXﬁB?WhﬂBorﬁB‘F9rf‘é§’8'@?a"th%r°i“}%mli bf:3:rhe above

descri bed nel 4. TRl . e’} e k). the preferred nethod of naking the
cimrgngfh%rl@g)'é,?xh ; ae'r?,g?ﬂ% hrits

polymer and is ScCri ind I'n copendi ng commonly assigned 15 U S.

Applicatios No. O9<péphtiaiby] maidies inctite Polykeér ity rad@e 3o@-23030 mole%is biitpor at ed
herein by reference. The nelt polynerization processes _using dinmethyl

t er epht hal at erapgiaaiy prba nge ohEpy ey 40-hmelerpnaithough mehepamostset hy |
T ht hal at t hi j €. | [ ' . t ,
Ter SO oy Rl 95 L O - L s 20

I acl nononers, resent, are used

as their di mehbi¢liesds tierpotpnérydidesied, mapmctlide] for Cangple, tRése\desnd fidnycol and
i sosorbide) are mxed with the dinmethyl ester of the aromatic diacid (e.g.,

di met hyl t er eiptnhthaliaee, 2,5 furgedipareaxyiie acids 2.4rihiophenedicarbexdivapaigle2 6at al yst |
whi ch causes ex e.0of, th -h |,.for the t hvl, group of the
di ot hy! als e?agﬁ@%‘;ég%déﬁ%‘“%{’g‘ﬁ’ﬁ%gés‘%ﬁ’Z%?’P%é‘t%ﬁ%dﬁca?%%‘e’ i€ 80 AL bl ts in 25

t he formati oryipdnzomtabidnalcombitied Mevdisipith aBoUD madletehprefegany bawedd @sk, and
bi s (2hydroxyet hyl t er epht hai ate). Because of the stoichionmetry of this

reaction, somadifanolgtraf thentatnl polyman lalibough haghey pmgunty may de inglededesi r abl y
added as reactants for .th ster | change reacti on. i 23 Cctober 2002
WO 991 54529 F’Eﬁ%é‘?ﬁ%ﬁ‘%t eoée%é?daﬁ%%/lggs‘s that bring about ester interchange
i nclude salts (U_Sqﬁis!pYefé&ﬁBl%Qlﬂzﬁ%?uiﬁlﬁ)_latrB&oﬁ@ds'o@‘d&a@ﬁ M&ioMe? unitd and@el M, M,
Zn, Pb, and conbinations thereof, TI§O?)4, where R is an al kyl group having
2 - 12 canbormenamng unidhate PixGent Ththepalymbey sn onlonteoachieyvs 2 hrgh mdemial | y

i ncluded in an .anount. of. about.10.ppmt o abouyt 100 m Preferred
catal ysts forV¥8 té‘tng' éP‘&f}ﬁ%deC?% r%@gﬁﬁ‘(‘@&c‘) g’“@ﬁf‘ﬁ%@f% raéﬁ?&SZn(OAc)Z,
where OAc is ﬁiEﬁ‘er%fé@g Géﬂsﬁfo'n%}nﬁé?&tm%c(@"tg)a{lﬁn, i%PQxaQﬁfI@,'ﬁaﬁI(étHﬂ%net hereof. The
pol ycondensati on catal yst used in the”second stage of "the reaction,

preferably Shetephthalate). dBhe prdyestse fcamhged Hamawnbereatt visdesitys drich iohn t he

pol ycondensat.i gn stage., A ,cat al yst at has sed with particularly
good success ‘Pglcﬂg'é‘gfg“%lﬁcuiard”%gf{’t%fagrea P\‘t)&gialjé)‘(slq’?ﬁsmﬁgéﬂ ail%t he amount
of from ala@umé‘;ghwamhe) Sibn oFAR RINMEAE B-chIdiBpRnsl & aRERp&LARIoF used in
the form of (I'T) acetate tetrahydrate and Co(11) acetate tetrahydrate,

al t hough ot het5°€alPraferably; the irderent vistaaity 1 Jeaat about 0.40 dL/g, and preferably
at least about 0.45 dL/g, and may be as high as 2.0 dL/g, or even higher. Most

preferably, an inherent viscosity of about 0.5 - 0.7 dL/g is desired.
The molecular weight is normally not measured directly. Instead, the
25 inherent viscosity of the polymer in solution or the melt viscosity is used as an
indicator of molecular weight. For the present polymers, the inherent viscosity is
measured by the method described previously, with a molecular weight
corresponding to an inherent viscosity of about 0.35 dL/g or more. Higher
molecular weights corresponding to inherent viscosities of at least about 0.45 dL/g

30 are preferred, and molecular weights corresponding to inherent viscosities as high



be used. Ester interchange is desirably brought about by heating and
stirring the 15 m xture of -reactants under an inert atnosphere (e.g.
"nitrogen) at atnospheric pressure fromroomtenperature to 43 @dnpen290dre
hi gh enough to induce the ester interchange (about 1 SOC). Methanol is
formed as avdywsasoduct and distills out of the reactor. Thecrasederon is
gradual |y heated to about 250C until nethanol evolution stops. The end of
met hanol evol ution can be recognized by a drop in 20 the overhead
tenperature of the reaction vessel. A sndl | amount of an additive havi ng a

boi ling point of 170-240C mély g‘: added to the ester interchange to aid in
the heat trans#saboy) tOik/gtae ¢ dlgor syendughen mayhg obingdifdesgedi n vol atil e

conmponents in e : i i . : 0 . e
addr t1ve must GeHSRRE AL vRBGRILR: Woldhy RGioBARS B SEbUHp ol

t erepht hal at e @eat eqiagibt ur es bel ow 300C. Preferably, the additive has a
boiling point greater than 170C, nore preferably within the range of 170C
to 240C, and is used in an anbﬁrﬁW)b‘w‘eQ~6\£®n108t(Mw)-@.-%32and 10 wt % nore
preferably hetween, about 0..25 and.l w.%.0f t reaction m.xture. A

P of o red” adai TTEnfessePsifica s fopthisdicte’ Yapf B AR Pibcithns

di phenyl et herof dinph@nyd aeWst® Rethe indikcatdt bORRIecaAPR e BREiR4529

PCT/ US99/ 07010 11 and benzophenone. QO her such solvents are described in
U.S. Patent 4,294, 9b® palyrstesonged tq mals thafimsobthe inysptédncanbeanasebataoy by

reference. The second stage.qf th eaction 1S _comen by .addi a

pol ycondensat i ﬁeﬁ‘g?‘a{f‘f'}é?&!' fﬁetprﬂﬁlg[%oﬂpogﬁagﬁv% S?W%wﬁﬁgfﬁ%dﬂ'éo ’}H? he
process, and S5nahe&asRSpATiLHIAIRAHEARE amSiint P BicktHyiene §hic8l eckidgatnaPR catal yst.
Pol yphosphoric acid is an exanpl e of a sequestering agent and is nornmally

added i n arnoanpesent ofthapelymet.0 Theseabetbodslitdugethe ofactphnophodiolmopemergr am of
di ret hyl terephthal ate.  An. exanple qf.a i ycondepsation catalyst is
antimony (111 )Wﬁgﬁﬁé‘,c“\/ﬂw He eﬁé’hﬁ"é'g‘aa‘gga%‘fW\@ er(?f"dia@t{"@yéﬁout 400 ppm
to The pol ycondensattiiyes&Rhldr@iepiihddiR dfchldride Gafil t nper at ur e
from about 25 to 285C.e Duri ng %ﬂhi S %Siﬁrre, et eylg]r{ke&gfbg(?:%nacﬁt@tl%q%l s out of
t he reacti on dglgcdias eadiiesmsaed an byicombminy thé¢ hronyuesyy esblyent (¢.er epht hal at e

to form pol yner . and .by- product et hyl en | ycol , ich is col]ected as a
distillate. Th‘@llﬁaa}eﬁﬁﬁﬁﬁ%ﬁaﬁﬁﬁa‘%&éﬁb %’é@t‘ﬁ %’E@ﬁasw@%ﬁ%mw%m y
carried OUt1515pHd!i‘&%H. YRS PrEBediYiS feseAbkdlR RABRH&ES cY‘Q!.,'J.eA%;Se!glé&&EF or 1s

being heated t'o the tenperature of the polycondensation on after
pol yphosphor i cSaeicd, ¥old5%ippl 1199 -A2021d 9BG)v OthaewelBkithsvh vatiatiensnaingvel vy,
vacuum can be applied after .the polycondensation reaction tenperature
reaches 280C -tephihaloyhdighlorde may also be yeed(e gentesfaciabrolwaetizatignkar he t he

application omeMﬁg}napﬁgﬁé}ggﬁg &t &ﬁ&%iie%e%@ _onti nued until the

nol t en pol yner reaches st red noFecul ar wel git, usually recogni zed by
an increase in the Waki theippbyanértiymhude wsing the deitl ehlotiaes theaxtéd of mbidndrs
observed as an increase in the torque needed for the stirring notor to

mai nt ai n st20r r A i thepredict palymer i§apoyt the s3meras the 1Biie pHiepstipednonamarsast 0. 5

dL/g and generﬂéryfmteoﬁmatgg%&n@és %%ggg) o BRhSHis %@gt@%ﬂg hi gyed by

this nelt polynerization process rts at raising
mol ecul ar wei gddsiredfatio ¢¢ tHegiroduzn NR @idhidiietiia B@fivalerit B thewlicl Al diacidlei ght can

be increased furt h(lalr b}{ bsoI idd state pol ynmeri zation, described bel ow.
generally will be used to obtain a high molecular weight polymer, e.g., one with
an inherent viscosity of at least about 0.35 dL/g, suitable for making films.

25 The polymers can also be made by a melt polymerization process, in
which the acid component is either terephthalic acid or dimethy! terephthlate, and
also may include the free acid or dimethyl ester of any other aromatic diacids that
may be degired in the polyester polymer composition. The diacids or dimethyl

esters are heated with the diols (ethylene glycol, isosorbide, optional diols) in the

30 presence of a catalyst to a high enough temperature that the monomers combine to



23 Cctober 2002 WO 991 54529 12 Terephthalic Acid Process PCTIUS99/ 07010 The
terephthalic acid process is simlar to the dinethyl terephthal ate process
“except that the initial esterification reaction that |eads288dpkg 2002

hydr oxyet hyl t er epht hal ate) and ot her | ow nol ecul ar wei ght esters is carried
out at 5 a YPPYMBEEY el evat ed pressure (autogenous pressure PCIBEANEY t o0 SO
psig). Instead of a two-fold excess of diols, a snaller excess (about 10%
to about 60% of diols (ethylene glycol, §sosorbide and other diols, if
any) is used. The internediate esterification product is a m xture of

Cer ephtnal i o 401 estfiand SR, e oiSnPlac i Hinali? pHFRERS The Bl oo ol v
i s necessary igpodidteatrhé eid Mtﬁagyb@ﬂleﬁﬁa’tﬁliﬂ&essﬁis@%d@ﬁﬁﬂ@ﬂﬁﬁtTMi&at al yst

(e.g., Sb(Ill)y or Ti(lV) salts) is still desirable to achieve a high
mol ecul ar wei ghenqmury (reg-, etitflenccglyen! pud 1sppaabide)are velaidld anddisitlh fremgher hi gh

nol ecul ar wei grht can lge dded after th terification act'.o]n,. or it can
be conveni ent I§3¢HA] %Pﬁk"f‘ﬁ“%“ﬁ N PEREEBnt §5tOTEnE %ﬁﬁsﬁﬁﬁ'ﬁﬁﬁ (ii? Sthe
reaction. 15 CakplpiytRarbdto tﬁén%aétiiﬂftkibbfaﬁf%ﬁ?ﬁ&gmﬁ] thé Shotd RalRr wei ght

polymer directly fromterephthalic acid an diols include the acetate
or ot her al kardaisedsmtaerdingfto Ge(dhhacteristicSiof thelpp]ynmexizates vefseBlsdh ds)thand

Ge(lV), and Ti ) 4 (wher i s an, al kyl, group. having 2 to 12 carbon
atoms), as vvelq(fgégn‘é'l ‘%943'6? &§'§I'ad'8_f‘lcf’]2‘gﬂ' %Qttgq efgg'ieﬁfé"fs".f"%ﬁ‘@"’ﬁéré’c‘b‘few ﬁé’_se and
other catal yStx%%)}cﬁE.télﬁh%&!?ﬁéaﬁBhé)ﬂtﬁémﬂ@ﬁd@éﬁxﬁé&nﬁs HRlche tRARN 20 in the
art. The reaction may be carried out in discrete steps, but this is not
necessary. | n gecadancesviintha chargengicabis reactonay rdadily madd ydskdlldd i n st eps as

the reactants and. jnter i ate oducts are punped fromreactor to reactor
at increasilfg RT%Q%'QP%IFUFEE@%GW %S@ﬁ‘?ﬁgﬁ%ﬁ‘oﬂ%‘@@%‘id“lf a%te%aﬁfhﬁﬁf‘?“&‘rﬂf cat al yst

be ch .
noxt 0d {0 about- BERR R ERERY Shark AP g PRTE B G (R BRBRTHLY e

range of aboutth2@fention. about 250C, and a vacuumis then desirably appli ed.

Esterification to form bi ng 2- hydr oxget hyl t er epht hal ate) esters and
ol i gomers takes pl ad® ahpvetesoabedmelbpglwnghization prasessieibn Prefaredimestied at ur e

and of making the polymer and is described in detail in copending commonly assigned
15 U.S. Application No. 09/064,844 (Attomey Docket No. 032358-001),
incorporated herein by reference. The melt polymerization processes using

dimethyl terephthalate and terephthalic acid are also summarized below.

Dimethyl Terephthalate Process

In this process, which is carried out in two stages, terephthalic acid and the
20 optional diacid monomers, if present, are used as their dimethyl ester derivatives.
The diols (e.g., ethylene glycol and isosorbide) are mixed with the dimethyl ester
of the aromatic diacid (e.g., dimethyl terephthalate) in the presence of an ester
interchange catalyst, which causes exchange of the ethylene giycol for the methyl
group of the dimethyl esters through a transesterification reaction. This results in
25 the formation of methanol, which distills out of the reaction flask, and bis (2-
hydroxyethylterephthalate). Because of the stoichiometry of this reaction,
somewhat more than two moles of ethylene glycol are desirably added as reactants

for the ester interchange reaction.



30 about 220C to 265C under autogenous pressure), and the polynmer is nmade
at 23 COct ober 2002 WO 99) 54529 PCTI US99/ 07010 13 tenperatures in the
“range of about 27SC to abqQut 285C under a hi gh vacuum! (| es23tQPeieber @092y r
preferably I ess than 1 Torr). The vacuumis needed to renove residual

et hyl ene gwyowekssamd wat er vapor fromthe reaction to rai sepdfresssmh@gul ar
wei ght. A pol ynmer having an inherent viscosity of at least 0.5 dL/g, and
generally up to about 0.65 dL/g, can be achieved by the direct

pol ymeri zation process, W thout subsequef solid state polynerization. The
progress of the polynerization can be followed by the nelt viscosity, which
i s easily observedatalystethatdnrmgabottsster mterdgoge wdlude salsi(nsunily asetates)i ng of

t he nolten pol r...1o. Solid State Pol i zatiqn Pol rs,can.not be nade
by the. el t " cOhBEeURY sk sl d4cC MENDe. Bl SAE IS ARG en
viscosity of %%d}%%&ﬁhe?@ﬁ% aiPalRP) FbdPhav 20ﬁi€£}b&§at3?ﬁ,%ﬂ%>tﬁp0me 0.65 dL/g

or greater, without further treathent. Conpositions of ethylene glycol,
i sosor bi de, ametatyst eypipionents eregenetalipinclded momantpudeof aboan! Gt atwiut about

15 0.2S% to about 10% on a, nol.e basis may have .t heir cul ar i, ght
Fncreased {ur ARUPPBY FeOPRH SRV FOETHOR Rt GcMIT oAtk CHA By el
pol yneri zationpg ZI‘I;E@A?%E,@H&@OM&S e 3bbredatit Wr ReldEbhd b&ﬂbin%&orﬁssem ally
non-crystalline. e terial can be nmade sem -crystalline by heating it to

a tenper at ur e tharedfh@'he anlyeomsienspion tathlystaced i thbeadndldf)e dfahe macteat ended
period of time (about 2 to about 20 |2 hours). This induces crystallization

so that the pm&é@@bly&hﬁﬂ{)r?éweb@aheae@adpewgr)ﬁiféﬁstﬁﬁf@ﬁe}e ROSYROBASHI® to
raise the ol SGubah il HR%E! SRR Wi BEHIIAR] BEOAUELsUChRegbhokY 11 1!

i s heated above®about ore It has ‘crystalli zed, naking solid state
pol yrer i zate oRalisgfadadlhlaad Goflb utedtih ehepirduair ofFtomt Aboua50 ppmheabontg 08t ep. The
process works best for low |l evels of isosorbide rom about 0.25 25 nole %

f
to about 3 nolPemgacheEhessaranieierbly ussd B the foray of (MG acqiae deteahydiale with | ow
I I foi i . i j lid
evel s o 150504 Pfogxp %:%/_aﬁtgtgt gﬁa{ie,%ﬁ%{%uﬁh%ﬁxef)gﬁltgrc#ﬁmte%xlnle%?e%l?ﬁ{a falgh© SO!|

state pol yneri zatl are rvel'y poor solvent Tor
pol yesters, swehsats acetone, which induces crystallization. Such sol vents
reduce the glass transition tenperature T

Ester interchange is desirably brouéhgt)about by heating and stirring the
15 mixture of reactants under an inert atmosphere (e.g. nitrogen) at atmospheric
pressure from room temperature to a temperature high enough to induce the ester
interchange (about 150°C). Methanol is formed as a by-product and distills out of
the reactor. The reaction is gradually heated to about 250°C until methanol
evolution stops. The end of methanol evolution can be recognized by a drop in
20 the overhead temperature of the reaction vessel.

A small amount of an additive having a boiling point of 170-240°C may
be added to the ester interchange to aid in the heat transfer within the reaction
medium and to help retain volatile components in the vessel that may sublime into
the packed column. The additive must be inert and not react with alcohols or

25 dimethyl terephthalate at temperatures below 300°C. Preferably, the additive has
a boiling point greater than 170°C, more preferably within the range of 170°C to
240°C, and is used in an amount between about 0.05 and 10 wi%, more preferably
between about 0.25 and 1 wt% of the reaction mixture. A preferred additive is

tetrahydronaphthalene. Other examples include dipheny! ether, diphenyl suifone



23 Oct ober 2002 WO 99154529 PCT/ US99/ 07010 14 allow ng for crystallization.
Sol vent induced crystallization is known for polyesters and is described in
*U.S. Patent Nos. 5,164,478 and 3,684, 766, which aré her eby 28R&8562802d by
reference. The crystallized polynmer is subjected to solid state

pol yneri zaWPIH5#995 pl aci ng the pelletized or pulverized pROYHSIOINOO a
stream of an inert gas, usually nitrogen, or under a vacuumof 1 Ton, at an
el evat ed tenperature, above about 140C but bel ow the nelting tenperature of
the polyner, for a period of from about to 16 hours. Solid state

olynmeri zation i engr al | arried t at t erature in nge of
D e oas 1 oan Besgntnons SRRRE fch Solpits Fesfshibanim 0 S bgil 20604000 §
hours. Good r?ﬁ&&&n&n@é&v@h&lﬁ&r@%@re@f/id%@ﬁbm&iE)hn%fd?éﬂc&”er to about 195 to

about 198C for about 10 hours. This solid state polynerization may raise
t he i nherent vi scodihtgedond atageiof e Sadtigngis comhiegbeedrby ddding a~or mi ng Pr ocess

The pol yester pol yner fornmed by..one of the above nethod or by any i5
ot her net hod Wﬁg(ﬁﬁ’ﬁeﬁsit‘r?g CaﬁalxsyW%é“’*B‘ﬁ‘fgatﬁﬁ GeaPe P?r*hle@rroct‘} ainﬁ any one
of many differen ue@li%nh%ggém 1 the SHEAATChAA RN ABLHBropBER Jid ] eCtr i c

insul ation, a water va barrier or the e nohonmer conposition of
t he pol yest er epahplef aissquestefiey agehyandhos@matly adéesitih taniamoantefrabowt| 10y
crystalline polyner desirahle for the forma}i on of film wherein the

crystal | i nity aeRHt 48 PR & AlRsRhOrRES RAr 53 ef dignetiydtesephihalals. HRoduced, the
pol yester is I ), = : I .| -1 The Gr linity

i ncreases on %g%ggl?io% pgﬁgy%dr\emé/at%ﬁ)g% {a:thl? gtglls g?tﬁﬁ%ﬁy(?%%?’%@% c‘?}!rs in the
production of uséed ana level bhe0(poabestst00ppthe i nvention, filmis made fromthe

pol ynmer by any process known in the art. The difference between a film and
a sheet isl@he 25 tihF@RIYSrdengstion reagtion isdypicplycarried Qutatatempera¥es d as to

when a filmb g;(;l%e[ LLE . \S.1 .L.an, hlmis
<0.25 mm (10%%‘1;'5 §s§°“? f ck,E’&rSg%rlgg’rr"& @gs?b\'géér?h&!?oﬁtg%.gg‘ii?ﬂ%%“g%é"h .15 mm (1
ml and 6 m | actiblovey/@rcontdnsationrofitid BIR2dadrdxgethl) feephttinlitotorfothi ckness of
about 0.50 mm (20 nil SZ»' 23 Qct ober 2002 WO 991 54529 PCTI US99107010 15
The film of t pelymeyend Pyirqdycistisflencghyopl vanekeld cpljectadiasardigdlatet i on casti ng
or extrusion. BXIrugl a8 RALLGE WaBhly o RESEE £ Sl GRIRLL RN oOf
"endl ess" products, SBSH as rrims 4nd° s‘?]eets, VA cﬁperrelagg 22'°4 °ont i nuous
l'engt h. | nieXtuhléd vabuurh WehiflobanBRIapplictawEild Rt reatloeisitRingHeani @@theas a nol ten
polyner or as plastic pellets or ranules, 1S ul al zed an onbgenl sed.
| | ast |l et 5 g | fluidi zed and h d

This m xture itempasatnreraftherplycondensation repationisfigr peflyphespheris agid apd oduce t he

desired cross- ional film e. khe extrudi ng forc e exerted by a
oiston or ram PCICRRE o b SORRT AR VU ep2b L ARG Ui oy
whi ch oper at egoWcbhdensatioYedctisieferiperatdit edachdi@80BE £2852C. i1f effifaricagd, ad

pl asticized and fromwhich it is then extruded through the die in alO0

cont i nuous f| aeaction isgiceclerated vy thempplicatiopwf aawitum. fHeating nader #gquuodier s may be
d k in.the art. Dif t ki nds of, dj d t d

i frerent B ogabiied it mEwoEh Gt fathes inedle Sl HolPaty Vel FHATE! own

extrusions), $5&BhSedBf asincidise ihthhell vREsit9¢la PRl dedMmiid 16w ThiggCct i ons

(circular dies). In this manner, filns of different w dths and thickness
may be producebseraeihs annngrease in the torque needed for the stirring motor to maintain

stirring at a constant rpm. An inherent viscosity of at least 0.5 dL/g, and generally
up to about 0.65 dL/g or greater, can be achieved by this melt polymerization

25 process without further efforts at raising molecular weight. For certain
composition ranges, the molecular weight can be increased further by solid state

polymerization, described below.



i 5 cases, such as when filmis used as a coating, it may be extruded
directly onto the object tt0o be coated. For exanple, wres cabl an be
- sheathed directly with polyneric filnms extruded from obli qggg}?@}(?ésa%cter
extrusion, the polyneric filmis taken up by rollers, cooled and taken off
by neans o\‘vos"ﬁ’ﬁ‘%%?)l e devi ces which are designed to prevent PERYS¥EMYLquent
deformation of the film 20 Using extruders as known in the art, filmcan
be produced by extruding a thin |ayer of;polymer over chilled rolls and
then further drawing dowmn the filmto size { < 0.25 mm by tension rolls.
Preferably, the finished filmi Sl“ée!%rtl%a%c'}mi&ﬂ% < Blown film which is
general ly stronger, tougher, an E_WD‘F—F‘A—%‘H apl than cast film is nade
by extrudi ng a tub&he tefeplndivatidgprbdessus similanto tHeatimethy fetephthalate25 t ur ned
upward fromthe extruder and fed through an annular die. As this tube

| eaves the di rocpssexeepathay thedaitiabesterificationysaction thadeadgite bis€-di e nmandr el
with air, whicgh r . LDt the die
G aneter and YT T e chelit GaltoBB: Aiphbickuft beieRb Bl & clrsy SR

thi ckness. sThe sEgaly diéviedgiresue (astopeHdasakessld, WbstiZs te50pegignNastidls, naki ng

a larger filmwdth than could 30 be conveni entIOy made via the cast film
nmet hod. | n exwartweifeld exerss phdiols; memaligrexeess (about 10°% & ghoubéEn) ofslidts WO

99/ 54529 PCTI 107Q10.,16 aper. . foil, fapri n e. like). |s

conpr essed toz&?‘ﬁg‘?c a}" i ‘tc’%sépoe“% ar‘“tfid"etgérﬁ%?lst‘/ﬁgérfyj isn‘éaﬁeg' ﬁgﬁ %%{%2“8? pressure
roll's so that ¢§iBgfid¥0ibi PRIdutiTH b SRIRAKESF SHpBneE) Bédadéchndt ehodB iy pragdhesi on.
For manufacturing large quantities of film a sheeting calender is 5

enpl oyed. The to gangtatd ¢ gstesofftergphthalc adid Hagratdlysthare elsb diffhzent. Nomachi ne
conpri si _ngéoa n eggw‘theagabl e.lg r al tleeh ;ﬁ%)l ier i r(ial rollers which rotate
in opposit& di PERS BATCLTENY S PHE BB P and stretch it to the

required thicknessa ddiconadéisatiét ERdlys r@gt Behs Tiltvshiy $s iQedueps | f the

filmis required to have a textured surface, the ¥| nal roller is provided
with an appr opr achieveadighmoksulagwpight palymerAl Ehercatatyistdkiyis neddedfa | m may be

reheat ed and t hen ssed t hrough. an enbossi cal ender. The cal ender is
fol | owed by oﬁg“‘c’)‘fep%ﬂglé“l? ec?f’raﬁg'ebgﬁ‘ﬁﬁ%“@eﬁdﬁﬁ‘ﬁj?@?‘aﬂ%%“ef’]ﬁr??‘é?fbﬁa?“ioprﬁri 15 reel ed

up. Al ternatiygly, c&ﬁeﬁr&nlwmaﬁ OdRﬁiﬁWh@‘r'éa'céémsaat FHARREMhing G HRLELkigh. My be

coated directly wth a fi r exanple, textile Tabrics, paper,

car dboar d, 11retCatadystsitbatwane nsefig fouinbking g hightrecolealls vegighttpoymhérideectiyay be
coated directly with th al. yest er,.pol r for the purpose of electrical
i nsul ati on, pr@%@fﬁpbﬁi‘agbg‘?‘ﬁé?fé’@rdl“& f’%ﬁ‘%"f}?eoalc&@ﬁ %ﬁ“&ééﬁ‘ﬁ%?a“’c s gttion of
moi sture or chepinCaldShIIPSHIRATIShY 2h@ AT Sn@ YR ERe RGE o LiEYEAST NG
t he nechani cal gp?engtrq.l Coa‘tti ngs gg% appl m’ tnoFI?(ext)i‘Flv(lés,efoﬁi an}al ot her
sheet mat eri algsoupyhavng2itnUdwsibpn ampenstdsmwelisasraiyad! sodatilizeg aalmxades.nes. A
coating knife»T such taﬁ a "go t or lﬁnife," ensures upi form spreadi ng of the
coating mmat er it8f ¥sq ¢fihesnand Qe eatalyds In the REePatahon of Raj¥eststs i M8ns in
water or a orirg@@iag1 medi um) on the supporting material, which is noved
along by rollers. The coating is then dried. Aternatively, when the
coating is appliedTherdabBorsmppbe tarmigd outtie disatetd Negshbutfthis 18 wft necepaby neri c

film the process is called 25 lamnating. Metal articles of conplex shapes
can al so be cdunpwgtichany karge sgalpyihBRy dc camgd Byt istens aptherepstaplsiapd si ntering

. Th ' t | t] ' th I ,
B ot oduce d e Rlle ppd ey SR ¥ idke e e LR AP Blealle L1 P powier

particl es are thigpcdatufes SHEPBACH Prockiy, the Fdablafig a6l Ealystaha)die dharged tdAIS
depositing a coating on the netal by sintering. z WO 991 54529
25 reactor af room temperature and then gradually heated to about 285°C as the

polymer forms. The pressure is vented in the range of about 200°C to about
250°C, and a vacuum is then desirably applied.

Esterification to form bis(2-hydroxyethyiterephthalate) esters and
oligomers takes place at elevated temperatures (between room temperature and

30 about 220°C to 265°C under autogenous pressure), and the polymer is made at



17 23 October 2002 PCf/US99107010 Extruded fil ms may al so be used as the

starting material for ether products. For exanple, the fil Saé be%@olﬁt into
- smal |l segnents for use-as feed material for other procesm% fb such

as injection nolding. The extrusion process can be conbined with a variety
of post - eWOrMEINRY 5 operations for expanded versatility. BEEHSPEINS formi ng
operations include altering round to oval shapes, blowing the filmto

di fferent di nensions, machining and pquhlng, bi axi al stretching and the

i ke, as known to those skilled in the art. The polyneric filmof the

andi or 11 ni SKmRGRo R et AERAUCEIP G Aot 2T e e e oved

characteri st 41&% thah QTGS pAeeRblyMeRhan! 1€PS). A Saciuin RHebdUb %moaehe
polymeric f I'mof the invention may be corbined with one or nore of the

fol | owi ng: pesiesiretydens glyqodpid eateatvapor ffeRTthe reaction th rajso theandlydwdare sul fi de
(PES), pol ypheniél ene sulfide (PPS), polyimde (Pl), polyethylene imne
(PElI'), pol yeWﬁ*ﬁ ne napht hal ate (PEN), polysul fone (PS), pol yet her ether

ketone (PEEK), 15p A having lad SiHRYEnERSe by4iq¥st 6.6 a@lEhhd
cycl ohexyFene di rre?ﬁmneafergepht hanateosﬁgr etxarrp | e. g her génelaéplgers whi ch

may be used umtocabobi had ilbfg, van e QChequﬁii)ythsﬁeectpo]ymmzamm ;Irtm:ss nventi on are

those listed ip co-pendin | i cat on Seri Nos 64 826 (Attorney
Docket No. o‘wg%‘é ‘8%51“%80‘ g po! “%%Wo&h%?@&fé&%‘% thgp. 032358-008). A

mul tilayer Oﬁong,%ehmbﬁcﬁﬁ béﬁo@@w@@ﬁy%rﬂ&%s&%uﬁ%&%@?ﬁl Q¥Qed gy t he art,

and nmay have as nmany as five or e separate layers jolned together by
heat, adhesi the tanaé that ia ré¢quéret] &y maintahssticriogwf iha mdien polymeA fil m may al so be
for rred by solution casting, which produces nore consistently uniform gauge
filmthan that made by nelt extrusion. Solution 25 casting conprises

di ssol vi r‘ig pol ymeric granul es, Qaydes. RS kibke 1 n a suitable sol vent

wi th any desired formulant, suc"ﬁ"%@ or colorant. The sol ution
is filtered to repalymedicah nobd rasdpcbyihg inklt kesdeasution pricedsrdziorivedl ot di e onto
a noving belt, preferably of stainless steel, whereon the filmcools. The

filmis thenatio¥AbIERE Ap BHEEREViSSLY afatdeast shontp0 Ablg androfienas hishdwt e
thickness is,flV665ALIE grediat, FhAR Mol BatiBn O Bbridddods SeliyiaL 07010 18

glycol, isosorbide, and terephthalic acid having isosorbide in an amount of about
15  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,
afier extruding, cooling, and pelletizing, is essentially non-crystalline. The
material can be made semi-crystalline by heating it to a temperature in the range
of about 115°C to about 140°C for an extended period of time (about 2 to about
20 12 hours). This induces crystallization so that the product can then be heated to a
much higher temperature to raise the molecular weight. The freshly extruded
product gets sticky if it is heated above about 140°C before it has crystallized,
making solid state polymerization impossible without the pre-crystallization
heating step. The process works best for low levels of isosorbide, from about 0.25
25 mole % to about 3 mole %, because the polyester crystallizes more easily with
low levels of isosorbide.
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. Such solvents reduce the glass transition temperature T(,),



times that of the finished film The filmmy then be finished in a |ike
manner to extruded film One of ordinary skill in the art wl]l be e to
-identify appropriate process paraneters based on the pol yné%q,ct%ﬁgg tion
and process used for filmb5 formation. Regardl ess of how the filmis
formed, itW®M9$ERPrably subjected to biaxial orientation b§CRUB®EHIONG in
both the machi ne and transverse direction after formation. The machi ne
direction stretch is initiated in form ng4the filmsinply by rolling out
and taking up the film This inherently Stretches the filmin the to

direction of takeup, .oriepting so of .the fibers. Although this

strengt hens thﬁ{gﬂ‘%{qﬁrytsﬁ’g’ﬁg@hiﬁvmt?ﬁf?% ,Stf‘ﬁ'zﬁlqndﬁg"‘g'ﬂb%oﬁ Imto tear
easily in the giiy&ehd 81 igticdchiBlH inaANg! PReNARUS S6liTs £la 3681 TobbFhenar e
oriented in one direction. Therefore, biaxially stretchéd filns are
preferred. Bi aatt hbreby mebrporatgl yriefam¢rset he fibers parallel to the plane of
the film but |eaves the fibers randomy 15 oriented wthin the plane of
the film This provlfedysalfiesd Rolymerissybiectad i 5ok S,tatFIP\é\ik'FWF‘i‘ttOﬁbYt oughness

and shrinkali || HepeRARER bEpull i PBRMIeS Hito b QriADOF dBRESDas | It is
desirabl e tg sl'fl%éé?%L tpﬁe Til mgtlll ong t&gg’g&es gt right angfﬁggasflcl)édézggh ot her.
Thi s i ncr easesnitregei, beusier engtunmasfd Bdrg st arcelrvaed ampemnttrdaboieraboti ons of
stretch. It is nost desi rgls)le for the am)uogt of stretch in each direction

to be 20 roughl4p°edut belp¥tie meliag @mperatereiodihepodymsr toF 2 peagikefiframs or
behavi or wi t hi i 3 23Y ;5 i . r, certain
appl i cations, %Séﬁfgogidt@ggge%é@%ﬁﬁ Olg&lgertg%ﬁgggﬁgéhygg?egﬁwxgage or
greater strengkimptrateain tie rage odfiomaboutdi90t freshous®l 0°P@ fordedrivd @f fraghesi ve
and magnetic tapes, will require_uneven uni axi al,. orientation of the

S , _or - u .

fibers in tihe 3R toborhkd hauss i Geodgpesudisars oRipinedhly pratippihgipabiEnasyo any
process known | o i rg: I in the
ator i al 1o otiRpLRBR phq L PE T R ERbit]. ThieRBE SR By tHE

si mul t aneous| ymiy taike thd inBereftedstdrity tombott 0.8 UL dtthidhar.t he machi ne direction.
Shri nkage can be controlled by holding the filmin a stretched position and
30 heating for a few seconds before quenching. This heat stabilizes the

oriented film 23 Cct ober 2002 \%HQ%LSﬁgé%mPC;FS/ UsS99/ 070t 0 19 which then

may be forced to shrink only at t e the heat stabilization

tenperature. The abmgolfedrepslymentinnb@Bs oR6f tha Ve hedifods Qr blyiahyn Maki ng by
any nmethod known in the art are easily deternmined by a skilled artisan for

any gi ven 35potMherenéteodigayasinthcont, sy bedermesdintoppiilimeter pemin amhengpebperti es
exhibited by a fil i | nd.an . several factors indicated abgve,

el udi ng the BaPy ARl BER AP & Rof pao AR SR R e e
net hod of for mviter ¥4p6r bartisn oransliikd) etteahoronter bhmpdsism dftieagdgesiepr stretch or
biaxially oriented. These factors affect many properties of the film such
as the io shrindage, s prferably chesee trgtebult inl apagiaallyomystatling pedyaneri depisable
strength, dielgctric stren and constant,. .tensile nmpdul ys, .chem.cal

Fesi stance. et HEGOBONG oF B e R AReDRHIBEY Py Gearneifeind GBS R Sor

i sosor bi de joncR¢ RAL Extoﬁdce'd,nih@ pb st%ké@i?érﬁlgv SRRARLNIRNN i@t Yﬂé‘f fects the
glass transition tenperature (Tg) and dead fold properties of the film
Wher e i sosor bi apstaliinity ssmasesion rehcabmgamifonspretchinglod thie polydiér, ds oscys af er abl y
from about 1. O‘Koto 3..0% e filmwll retain creases and winkles after
fol di ng, whi cht FBf“ﬁé{?tfq"c "4y desirable for such applications as food
wrappi ng. Films wi tl gdgtesd oPHe iHRABED IR i9Mmalll BHBTHOSOIRAELT bi t these
dead fold properties, and thus may be nore suitable for use as Coati ngs,

| abel s and f| eprotdsgkiawmm. th@art. Thiee diifferenpe bgyeeen £8lmand dshebtus theer adj ust ed
by adding certain additives to the pol yneric conpositjon, such as

col orants, zéye‘g‘,cpcp?sls’l therg )y ng sef ‘H@&Pyﬁa&%@iaié’f‘é’}}e%{i%&?%ﬁ‘ﬁ%%?heet-

pl asti ci zers, I I StiQRL t.] [ tq t ike. Fillers
may i ncl ude, f%&#gé!})%%og’tmggﬁa{eﬁ@%%gg@ l%’:é g?&%ﬁgg@:ﬁgﬂg@g& Js}lgffnlla(i:)i(n oxi de,

cal ci um t er ephiidiaécnt aboute).0X8 rmandX). temnd (1traid abdis il Howlet, ithiokd? Hidmphat e,
25 lithiumfluoride and the |ike, which nay be used to i nprove the

sl i pperiness ofanprdomsdypdp 2 dhigkness ofaboutds S mm GO wilsdi red for use in

| abel s. Alternatively, the isotropic polyester polyners of the invention
may be bl ended with one or nore other polyners, which may be forned into a
filmas described herein. The blend may be forned to inprove certain
characteristics of 30 the inventive polyner. For exanple, a polyester

pol ynmer of the invention nay be



23 Cctober 2002 WO 991 54529 PCT/ US99/ 07010 20 bl ended with pol yethylene to
inprove its use as a water vapor barrier. O her polyners may be added to

- change such characteristics as air permeability, optical clZr@etgber0pdngt h
and/or elasticity. Suitable polyners for blending with the pol yester

pol ymer ofwobesdssvention will be known to those of ordi narpetaksobhrotn the 5
art. In particular, the filnms of the present invention nay be made with the
pol yesters described in copendi ng appli g\ti on 091064.720 [Attorney Docket
No. 032358-008] and the polyester blends’described in copending app!ication
091 064. 826 [Attorney Doeket No. 032358-005], the contents of each of which
i s hereby i ncor por AbeAnpgf the fivepliprgs Prederatiy formed byreitheresolifipa sastig or j t s

manuf acture a p i r i & I i.ng
non- | i 1 ng- SaisRE e Bl N hortcd O EihGoRr (AL pracRD
esti mat ed bas@thas filnhaideshiety,ivadadsemstgé 4\h JontinidisHengh. nBostusidn fthe a 1%
solution (w./volune) of, gol yner in 15 o-ch] orophenol at_ a tenperature of

25C. The | evePdymene matgriak Whebanpiruided 2 moksppalyuerras Phshs PHKET on a
! ; S i _ : . h
i et hy ! ot ér RN at Atize) addpfRflocdt e it fleh b FlclEh o T8 0 1

used. A) Pol ysBfabRashaged @Otogreduce theadtsingl diedsyettionabfilnoshapeathent s are added

to a 50 gal. maxinum capacity, Hastalloy B polynerization reactor fitted
with a 6" radexisdingoregimayberexenigd bt a pision eframefragextrnsiommnophick@irtingt h

t ai nl teel rings, t aj nl,e |_heli itator. sti
nater - cool ed_ EEnHLRLSH olndB) MIStort R fith » fublsh B gk et g) |
i sosor bi de ( lhéatciariPlasticiel Sidydne Michlitis Hen(c4Budy tlie;)llghmy' @D

corresponds to a nole ratio of 1. 0.26: 2.00. The catalyst is also charged
and consi si"s efntighgus fovaclinglescrewt MR yeedaad rRdti-srey)extr@isrs mpy beet at e

tetrahydrate (21.4 -and Sb{ll] )xide (35 02 ._Thi s responds to 85
ppm nanganese‘gs(céléf gﬂ&%%ﬂa‘ﬁ%ﬁl f)étlger%‘m;lhrn act félr? % usteﬁ)éo R@?&%ﬁ‘ﬁﬁ?mﬁﬁ met hyl

t er epht hal at eprod3¢ds,RRER &V filrd (fdrmed B Blotvalad fat My EtARicaéH29

PCTI US99/ 07010 21 375 ppm antinony. The stirred reactor (50 rpm is purged

wi th a streanshsttsand soige (slattdigspandholionrand selidisestiprs (catwWarddiey). boisC over a
period of four hours. The.treactor.is jacketed and uses t erature
control I ed, hBE" ﬁﬁ“&cﬁ’gﬁk‘?fé?'ﬁﬁi‘i@s 5“*@5!2?%6'4%%1??}?&%@%&?3? sprge
continuouslsy gokd eaieME wienlig i§ @@atagQeoatrngneﬂia%e%xﬁmﬁ%&ew Sntb pRE ey 150

C. By noting when the tenperature drops at the top of the packed refl ux
columm, it i solgestso bt eoatal. deer example wikes anthdabdds can tbh ahaathed\dudectlyi with

I ndicating t hgoll;ringxi'ig r1]11rx(1)sf exttrr\]xgeé }rér?ltobﬁgl?e%eggs. tk&erre?c rggiior(x),rgﬁe Igoq)ezmeﬁc film
is taken up by rollers, cooled and taken off by means of suitable devices which are
designed to prevent any subsequent deformation of the film.

20 Using extruders as known in the art, film can be produced by extruding a
thin layer of polymer over chilled rolls and then further drawing down the film to
size (<0.25 mm) by tension rolls. Preferably, the finished film is <0.25 mm thick.
Blown film, which is generally stronger, tougher, and made more rapidly than cast
film, is made by extruding a tube. In producing blown film, the melt flow is

25 turned upward from the extruder and fed through an annular die. As this tube
leaves the die, internal pressure is introduced through the die mandrel with air,
which expands the tube from about 1.5 to about 2.5 times the die diameter and
simultaneously draws the film, causing a reduction in thickness. The resulting
sleeve is subsequently slit along one side, making a larger film width than could

30 be conveniently made via the cast film method. In extrusion coating, the substrate



transesterification of the diols and dinmethyl terephthalate. At this point,
77 ppm of phosphorous is added in the formof a to pol ypho ric agi

- solution in ethylene glycal. In this case, 153 m of the sgf“)m%ﬁfg%ﬂ% ch
has a concentration of 10.91 g per 100 g of pol yphosphoric acid sol ution,
is used. Alwowisat2hiis time, the nitrogen purge is stopped. Peatussp709
continued. The reaction is heated to 285 C over a period of about 2 hours.
Vacuumis then gradually applied using a pufti-vane vacuum punp with 20 15
hor se- power bl ower. The attai nment of full1” vacuum preferably less than 1
Ton, takes approximately 1 hour. During this tinme, ethylene glycol distills
of f, and a | ownmretl %‘W&%ﬂ‘c BEFVﬁﬁ?mP%eS?eSI‘Q@H‘.CTWEﬂl’fﬁﬁ"t"@ge‘%ol ymer is

heat ed under va&%@ﬁgheﬁﬁ, Igggngreo{g’%gwm éﬂiggg%ﬁ th%@%y%eg%ﬁg%y&e&e achi eves

sufficient mel PVI"SCosi Y, m ne an in | rtque of the

stirrer. Wen gfstrhteiféthaxdtmuvi &dhesibhy i s achieved, the polynerization is
stopped, and the reactor is enptied through a heated die at the bottom The
nmol t en pol yner ener fesmenpfactaninslarge qyantitisgiod filn cotheetingtnalonder is rmersion in a

cold water trough, c be } Nt | | et Th ol r,.pellets are
dried over ni5ghf'%f"r?y 5&?{)I%eart°§glgﬁﬁrg gsn#e é'gf) glgﬁ & OI%%: Cé.engg’ ¥ﬁ1§°}é'§%l ed pol ymer
is removed frogyhpesihd ankmbadiaesttid parhlie] gUihdidabilierhefieniotate sCosity (LV.)

of the material is 0.64 dL/g. The nononmer unit conposition of the polynmner,
det erni ned by pprsstadixpations andyipsead widhenebongsiand straddvit & g reqweredy| col , 2%

di et hyl ene gl ygol,, an % h | ,C. aci all exp S as a.ml e % of
the polyner. | '?g’eﬁoﬁ‘g\%g?s(t} hiifeggm ?ﬂ‘i‘? h}er@matﬁ%ﬂ?{f’&%‘?éi g@@%ﬁgﬁ‘ &fereﬁllﬁrrgghe

pol yner is appiydventiélnyred 8hrifacef the TmaPdRbiG proviRd KattoReipprdpRidte VO 99/ 54529
PCT/ US99/ 07010 22 that is charged, when conpared with the anmount of

t er epht hal i ©® aeintossingrpetiemne diltesaativelyi the film ayuredreheatadraad dhentpakdedt es,

especially in the ethylene .glycol. The a nt. of isgsorbide in the polyner
by this procesg“??ﬁiganieﬁ\?é?’gg é@fﬁ‘@r‘?&eﬂ& Saﬁgrtéﬁ'élsg‘?quﬁ%jﬁweé’f MOpfeco0 inf
distillation ofnftdeiin3I9Pdenipad Mhhofsleligt are used in the 5 process. A

skilled practitioner can readily establish specific process details
accordi ng to the chaltameaydlgtaseeentibnedpreviendy,grsuppiring mktialomaxbé unms, and

the like. B) Fil Ki T b I [ t ruded fi [

1 on PL-100e e adhar fART deor SRRy e Ele it B, Graper ey

fol | ows: 10 Xt GAiGE bEAMINE malGIERCAALHE ik a0 bk &&@@9&@%&&%@@@&3@3&
e240CAdapt or ure

240Czone 4 240 C15 danp ring tenperatur enper a

(i nl et) 230CMel polymepfar dregerpdse o 21800kl insydativp, protetGdihagainghgartadionb/ hr 20
Adapt or tenperature(outl et ZZOCEXtEuder mel t. pr.essure~ 150Q psi Di e adapt or
t enper at ur e220BT9tecHOR agaRst Hhe Aclion o megstye of chemicals ImpaImeanbels epfee gap0. 25

mm (10 mi 1) Di e, geidad BERECRAShE thelrREBMhREILHERRFCAS AN aRRpRlR & 3
mmnFilter size25 m crons
textiles, foil and other sheet materials by continuously operating spread-coating
20 machines. A coating knife, such as a “doctor knife,” ensures uniform spreading of
the coating materials (in the form of solutions, emulsions or dispersions in water
or an organic medium) on the supporting material, which is moved along by
rollers. The coating is then dried. Alternatively, when the coating is applied to
the supporting material in the form of a polymeric film, the process is called
25 laminating.
Metal articles of complex shapes can also be coated with the polymeric
film by means of the whirl sintering process. The articles, heated to above the
melting point of the polymer, are introduced into a fluidized bed of powdered

polymer wherein the powder particles are held in suspension by a rising stream of

30 air, thus depositing a coating on the metal by sintering.



30 The filmexiting the die is 4 inches wde and 0.10 mm (4 mls) thick.
The physical properties of the filmare given in Table I . ~ 23 Cct ober

+ 2002 V WO 99154529 23 Jable 1 5 10 PCT/ US99107010 T~(C) (~&3 Brioper28R3 al
scanning calorinetry tensile nodutus(Msi) 0,286 D882 tensile elongation at
break ("/oy03d9/54s58882 tensile strength(kpsi) 8.1 D882 di sel@efinide6o7010
strength(volts/ml) 282 D149 diselectric constant 3.'7 D1$OT p: barrier

cc. nm n2-day-ai m 8.4 Mocon OX-Tran 2/20(Mnn MN) refractive index @633 nm
Abbe refraetoneter nmachine direction |.$7$ " 90~ to MD in plane 1.%$737 "
out of plane 1.$723 " C) Film Stretching 15 The extruded filmis stretched
uni axi al |y and bi alxtaideq filiss mgy alsembeusedeas tivy Yarking magrigkios lthsgpedects

L e

direction ( axi's | AW 'sp R/ sec.

Tabl e 2 descr jigsprb&i8sifls MutHoas,sash asThfeblidiembiamper at ures, and condi tions of
the stretching, as well as the nmechanical properties neasured 20 accordi ng

to ASTM 882. It i sTheextmsigngeacsssean be hambingdwith ewaricty of postedtredingdi nent s
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2chg. draw rapdiohlQd AaAalkkuafy élRisfohGnd/or finishing to form laminates or
10 multilayer films with improved characteristics, such as water vapor resistance. In
particular, the polymeric film of the invention may be combined with one or more
of the following: poly(ethylene terephthalate) (PET), aramid, polyethylene sulfide
(PES), polyphenylene sulfide (PPS), polyimide (P1), polyethylene imine (PEI),
polyethylene naphthalate (PEN), polysulfone (PS),polyether ether ketone (PEEK),
15 olefins, polyethylene, poly(cyclic olefins) and cyclohexylene dimethylene
terephthalate, for example. Other polymers which may be used in combination
with the polyester polymer of the invention are those listed in co-pending
application Serial Nos. 09/064,826 (Attorney Docket No. 032358-005) and
09/064.720 (Attorney Docket No. 032358-008). A multilayer or laminate film

20 may be made by any method known in the art, and may have as many as five or
more separate layers joined together by heat, adhesive and/or a tie layer, as known
in the art.

A film may also be formed by solution casting, which produces more
consistently uniform gauge film than that made by melt extrusion. Solution

25 casting comprises dissolving polymeric granules, powder or the like in a suitable
solvent with any desired formulant, such as a plasticizer or colorant. The solution
is filtered to remove dirt or large particles and cast from a slot die onto a moving
belt, preferably of stainless steel, whereon the film cools. The film is then

removed from the belt onto a windup roll. The extrudate thickness is five to ten



;, 23 October 2002 WO 99154529 24 What is clainmed is: PCT/US99/07010 1. A
filmconprising a polyester, wherein said polyester canprises terephthal oyl
- noieties; optionally, one or more other aromatic diaci‘d moPeQeirber P(P%/I ene
gl ycol noieties; isosorbide noieties; and, optionally, one or nore other 5
di ol noi eW@99/5484%r ei n sai d pol yester has an inherent vi sdSSgSpIBT0Iat | east
about 0.3 S dL/g when neasured as a | % (wei ght/volune) solution of said
pol yester in o-chlorophenol at a terrperﬂ%ure of 25C. 2. The film according
to claim1, wherein said terephthal oyl ieties are derived from
terephthalic acid or dinethyl fterephthalate, to 3. The fi|m according to
claim1, whetigies thatef %?@%@Muﬁ@ﬁgﬁﬂmﬁqwﬁm@m bk%m@wgﬁem

noi eties. 4. e}'ttl]@defdicfhm‘accordi ng to claim1, wherein said one or nore other
diol noieties are derived fromaliphatic al kyl ene glycols or branched

al i phati c gl ycol s Om\wfioglifiargrkidhih Zhaatr Widibeatbbams idemti fihapproygiatdygoasnspi ri cal
formula HO-C'H2n OH, 15 where n is_an integer from 3-12; cis or

traps- 1, 4- cy PROMEIR bafcrran M RAYBENGSOpnesiEen apdpressss ussd fgf im ene gl ycol ;
2,2-bis[4-( 2'f£%§ﬁi3éyet hoxy) phenyl ] pr opane;

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

9, 9- bi s(4- (2- hydr Regaidieax yi) pdve thel ]l is forevee, it ik,désithbbr dhbjeofey ds biawiani t ol ;

1, 4: 3, 6-di anhydroiditol; or 1,4anhydroerythritol. 20 5. The film according
to claimd4, wRHenation BystEtetae B’rb%é@ machise apd Bposyerse dirgedionpierder i ved from
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by rolling out and taking up the film. This inherently stretches the film in the

10 direction of takeup, orienting some of the fibers. Although this strengthens the
film in the machine direction, it allows the film to tear easily in the direction at
right angles because all of the fibers are oriented in one direction.

Therefore, biaxially stretched films are preferred. Biaxial stretching
orients the fibers paratlel to the plane of the film, but leaves the fibers randomly

15 oriented within the plane of the film. This provides superior tensile strength,
flexibility, toughness and shrinkability, for example, in comparison to non-
oriented films. It is desirable to stretch the film along two axes at right angles to
each other. This increases tensile strength and elastic modulus in the directions of
stretch. It is most desirable for the amount of stretch in each direction to be

20 roughly equivalent, thereby providing similar properties or behavior within the
film when tested from any direction. However, certain applications, such as those
desiring a certain amount of shrinkage or greater strength in one direction over
another, as in labels or adhesive and magnetic tapes, will require uneven , or
uniaxial, orientation of the fibers in the film.

25 The biaxial orientation may be obtained by any process known in the art.
However, tentering is preferred, wherein the material is stretched while heating in
the transverse direction simultaneously with, or subsequent to, stretching in the
machine direction.

Shrinkage can be controlled by holding the film in a stretched position and

30 heating for a few seconds before quenching. This heat stabilizes the oriented film,



6. The filmaccording to claim1, wherein said one or nore other aromatic
diacid noieties are derived fromisophthalic acid, 2, 5-furg:gg§ %rbgﬁll I C
- acid, 2,5-thiophenedi carboxylic acid, 2,6-naphthal enedi car foper 2d 2,7
napht haI enedi car boxyl ic acid, or 4,4 -bibenzoic acid. 7. The fil maccording
to claimeWAWEME n said one or nore other aromatic diaci dPRBUSPIEEI0,r o
derived fromisophthalic acid, 2,6-naphthal enedi carboxylic acid,

4, 4' - bi benzoic acid, or mxtures thereofyjg8. The filmaccording to claim1,
wherein said i nherent viscosity is fromabout 0.45 to 1.0 dL/g. 10 9. The

filmaccordin f rom about
0.50 dLIg to %vﬁfgh @Lﬁ%% M‘I&ﬁ&e&%‘%ﬁnﬁ?gcg ap&ﬁ{ﬁg{%hg&c%’glgﬂh%me\%ﬁerel n said

t erepht hal oyl stabilehtiestearperaresent in an anmount of from about 40 to 50 nole

% of said polyester, said one or npre other aromatic diacid noieties are
present in an amou he 3boys RjRTeEH GRRAIIEPDS adpargmetgrsdoriimemaking by gBY pol yest er,

SaTQ ety ene ALHESkadl S E8 AES L RENER 180 RIRYBLL ol LATLRBRLT 33 1o

49.9 nole % of said ester, sal i Sosor I es are nt in an

amount of fgo o@bmﬂc&ngﬂsmenaﬁ)d@esmq:ﬁﬁcmfonsal d pol yester, and said one or
nore ot her di oI noi eties are present in an_anmount of up to about 2.0 nole %
of said pol yest er. Thg prapertigsexhibjted %)b%ﬁk@jwﬂgdmnépaﬁwqaifacm@mdmteéal d one

or nore other | et i - |0 an
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clai m 10, whertké meilod @f Fsrpsny the diem andeilictfer thedilprasanhtet forafreRRWNt of from
about 0.25 mole % - 12.0 mole % 23 Cctober 2002 WD 991 54529 26

PCT/ US99/ 0701 (Piaxidgly oricated; Thesedaeiprsiafigctimaany|psonerties of thedim, suchais ¢he sosor bi de

moi eti es 10 shrinkage, tensile strength, elongation at break, impact strength, dielectric strength

and constant, tensile modulus, chemical resistance, melting point, and the like.

In particular, the amount of isosorbide incorporated into the polymeric
composition directly affects the glass transition temperature (T,) and dead fold
properties of the film. Where isosorbide is present in an amount up to about 6.0%,

15 preferably from about 1.0% to 3.0%, the film will retain creases and wrinkles after
folding, which is particularly desirable for such applications as food wrapping.
Films with about 6.0% isosorbide or higher do not exhibit these dead fold
properties, and thus may be more suitable for use as coatings, labels and flexible
films.

20 The film properties may be further adjusted by adding certain additives to
the polymeric composition, such as colorants, dyes, fillers, UV and heat
stabilizers, antioxidants, plasticizers, lubricants, optically active additives and the
like. Fillers may include, for example, kaolin clay, calcium carbonate, silicon
oxide, calcium terephthalate, aluminum oxide, titanium oxide, calcium phosphate,

25 lithium fluoride and the like, which may be used to improve the slipperiness of the
polymeric material, as may be desired for use in labels.

Alternatively, the isotropic polyester polymers of the invention may be
blended with one or more other polymers, which may be formed into a film as
described herein. The blend may be formed to improve certain characteristics of

30 the inventive polymer. For example, a polyester polymer of the invention may be



are present in an anmount of from about 1.0-3.0% 14. The filmaccording to
claim 13, wherein the filmhas dead fold properties. 5 15. e fil
-according to claim1l1, having a thickness |ess than or equa?;?)é:tct?eﬁgb% 16.
The filmaccording to claim1, being biaxially stretched. 17. A nethod of

maki ng a figguesuddgrein the filmconprises a polyester, sai gcfmtdadoro
conprising: 10 a) form ng the polyester; and b) making the polyester into a
film wherein the polyester conprises terephthal oyl noieties; optionally,
one or nore other diacid noieties; ethyl2ne glycol noieties; isosorbide

nmoi eties; and, optionally, one or nore other diol noieties, wherein said
pol yest er has biamdedivish ealycthglepe tcigrpreve itsfusaes & walst varieg barier.36thdt | g when

measured as a 1, % (wei ght/yol sol ution qof .said polyester. in .

o- chl or op_henolpoli'_lme 5P eé?%‘@ﬂggag)af’gez%ycg%’?&%%’cﬁ@? ﬁf)ﬁgr_gl?é‘b‘_ilﬂ" RBEE ¢l ai m
17, wherein f Qi Qurbdleh Bel/orasdsatity OSuMabR§Blymied fof BIEAHINg eIt e @ reactor a
nmonomer conprising a terephthal oyl 20 noiety; optionally, one or nore other

nmonomer s conpipobiestgr polymercafahd invetitwoivdll bo keown tethpserdioedinay shilliinithiey  an
et hyl ene gl ycol nviety;. a, nmononer. conprising.an isosorbide iety; and
optional | y,yoﬁ‘g- @p%¥@“ofWéﬂmWﬁmf C'Efd‘l’r‘fﬁ%f‘g’i’ mgY Redmade Wittty with a
condensat i on taeSHibb@ P RpblingE APBEADINTD/H1300 A ARY , and 23
ootober 2000 JEBHYBERtbRER BaeRlinf ARIENR (b} “REAt ﬁngg’?a?’gun%érgg‘rﬁr’érs and
sai d catal yst (32358-0G8)ped tie polyesterf Hleris@dndcribed podopemding spphiasttbnmononmers i nto
a pol yester polyner bhavin | ea pht hal oyl ieties, ethylene
gl ycol noieti m&gﬂgfﬁé@c%ﬁ@té@?gﬁhér Eﬁﬁogtama OEDé%YSiOrﬁg*’hi‘@ onti nued
for a suffici b 19d 5 QfdemePO! Yester having an inherent viscosity
of at | east aglgtetbglbﬂ.%gﬁogﬁlg@v\hen rreeasur ed as a 1 % (wei ght/volune) solution
of said pohgester iTheddm bl ticopleatioh, igimaufactupesal propertiés 25 Qirthé®. The net hod
according to ¢laim18, wherein heat] n(F;) sai d nonomers further includes

1

stirring saidihstated 0y thg oHovHg nepritiipesamiéfoval of by 1o products by
distillation and/or evaporati on.

EXAMPLES
The polymer molecular weights can be estimated based on inherent
viscosity (I.V.), which is measured for a 1% solution (wt./volume) of polymer in
15 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 dimethyl terephthalate or terephthalic acid, depending on

which monomer is used.

A) Polymerization

20 The following polymerization reactants are added to a 50 gal. maximum
capacity, Hastalloy B polymerization 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: dimethyl terephthalate
(78.02 kg), isosorbide (15.42 kg), and ethylene glycol (49.90 kg), which

25 corresponds to a mole ratio of 1: 0.26: 2.00. The catalyst is also charged and
consists of Mn(I) acetate tetrahydrate (29.57 g), Co(II) acetate tetrahydrate (21.43
g), and Sb(III) oxide (35.02 g). This corresponds to 85 ppm manganese (weight of
metal as a fraction of the weight of dimethyl terephthalate), 90 ppm cobalt, and



20. The nmethod according to claim 18, wherein said nononer conprising a
terepht hal oyl nmoiety isgterephthalic acid. 21. The nethod according to
*claim 20, wherein waterd and unreacted nononer are renoved @ﬁ@c@ot&e&%@m
nononers pol ynerize. 15 22. The method according to claim 18, wherein said
nononer comwm9omusey a terephthal oyl noiety is dinethyl terepbrivsdsairero 23.
The met hod according to claim 22, wherein nethanol and unreacted nononer
are renoved while said nononers pol ynerize. 24. The nmethod according to
claim 17, wherein said one or nore othef!20 mononers conprising a diol
noiety is selected fromthe _group consisting of aliphatic al kyl ene glycols
and branched &7} ppraapsmgny; cHiestisd reagtor (S9rpm) spusgadvith aseeam ahd havi ng t he

enpirical formqyl : Nl i . -12- cis and
raps. 1. 4- oycrinughne Helathin Ak fulbtdp R NP REAS] ol e © 55
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2, 2-bi s[ 4- (2- hydr oxyet hoxy) phenyl ] propane; 1, 1-bi s[ 4-(2-hydroxyet hoxy)
phenyl ) cycl ohagaiing megdiam.oMgthgpelia cominhgusiysolleeted g3 thp Feasiipl {s healedne. 25. The

met hod accoy di to claim.l o reipn sajd one or r e ot her noper s
conpri si ng 5:‘:)t ﬁg‘%caapgrr%‘??%%l rlggl ali\{g%glnf’@n%‘fdé%} tﬁe pgﬁr{‘grg drons agg}egg? 8595 from
the group congicyackd reflui sodphih ieisipessitlé ©, determidcUhefiili Gahdaxdli ¢ acid, 2,5

t hi ophenedi car boxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7
napht hal enedi exe!baony indicating the figh of the firyj staprod dhereagtion, the. The net hod

sccor 90010 GBS BL g FRRTTPABRETD oL o320 PreSST 0
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10 polyphosporic acid solution in ethylene glycol. In this case, 153 mi of the
solution, which has a concentration of 10.91 g per 100 g of polyphosphoric acid
solution, is used. Also at this time, the nitrogen purge is stopped. Heating is
continued. The reaction is heated to 285 °C over a period of about 2 hours.
Vacuum is then gradually applied using a multi-vane vacuum pump with 20

15 horse-power blower. The attainment of full vacuum, preferably less than 1 Torr,
takes approximately 1 hour. During this time, ethylene glycol distills off, and a
low molecular weight polymer is formed. The molten polymer is heated under
vacuum at 285 °C for about 2 hours, until the polymer achieves sufficient melt
viscosity, as determined by an increase in torque of the stirrer. When sufficient

20 viscosity is achieved, the polymerization is stopped, and the reactor is emptied
through a heated die at the bottom. The molten polymer emerges as a strand that,
when cooled through immersion in a cold water trough, can be chopped into
pellets. The polymer pellets are dried overnight in a rotating drum heated to 120
°C.

25 The cooled polymer is removed from the flask and ground. The solution
inherent viscosity (1.V.) of the material is 0.64 dL/g.

The monomer unit composition of the polymer, determined by proton

NMR, is about 6% isosorbide, 42% ethylene gylcol, 2% diethylene glycol, and
50% terephthalic acid, all expressed as a mole % of the polymer. It is noteworthy

30 that the amount of isosorbide in the polymer is approximately half of the amount



about 10 nole % of said polyester, said ethylene glycol noieties are
present in an anmount of about 33 to about 49.9 nole % of the pol yester,
"said i sosorbide noieties are present in an anount of about 2. °g%299%ut
20.0 nole % of said polyester, and said one or nore other diol noieties are
present i NWQM/EMIunt up to i 5 about 2.0 nole % of said polrgaatsed70R7. The
nmet hod according to claim 17, wherein said one or nore other diol npieties
are diethylene glycol noieties in an a nt of up to about S.0 nol e% of
said polyester. 28. The nethod according to claim 27, wherein said

i bi d i eti t ] ffr. t 0,25 nole % -
1570 ol o6 pt s dhreg G Broagd wi R R BB e Ry Gl Wierelstog ¢
wher ei n sai d jiczebaiels dRindh flcidsiliates, dapRFMPtn tHe By 1eMeQURbLL Ofhd r 0om about 1.0

to 3.0% of said potlﬁgester_. 30. The nethod according to claim 17, wherein
t he fil m has amouhiafksnsgbidedgdha pedymernbycthisarocess thusis very deperRnQat thber 2002

WO 991 54529 29 PCTI L1$9910/010 31.. The net hod according to.claim17,
wherein the fRiHeICY Oiﬁ’o%ﬂ%%ﬁg o%?rrcgygﬁgﬁg@_mefﬁ%ﬁm%sggg&hai ng to claim
1?, furthes cpuBEd SA Bt SaE@RINEEC18adil e8GR sp¥fi OPhoc & d%@hgi pol yester by
solid state polynerization. 5 33. The néthod according to claim 32, wherein
sai d solid staatedipglythercharattemstics ofibe repetor, disilllatoystlahhs, and thedked pol yest er
by heating said polyester at a tenperature in the range of about 115C to
about 140C; and (b) heating said polyester under vacuumor in a stream of
inert 1o gas gt amjg| PMRingd tenperature above 140C but bel ow the nelting
tenperature of said polyeSter to yield a polyester having an increased

i nher ent vi scosi t Yhe 3doveTodymeathexdruded ay alfiingusing £ Kdiion BB, 1004Fgnei n sai d

heati ng ste b) .is,.carried out at tenmperature of about 195 to 198C for
about %0 hogle%t.r&%%‘? 1’%5‘%{%8‘?‘“&(986%39 ?'ﬁ‘ﬁ%hﬁ?"?h 33, wherein said

i ncreased;i n i i .is at |l east about 0.65 dL/g. 36. The nethod
10 teafdr BapreY ToHP&hdue: g
'E?(l fer © vvheEei n er’qaésd'o%g sai d polyester into a filmconprises:

according to clai % e71
a) melting said ngXeefter, 220°C
zone 3 240°C
zone 4 240°C
15 Clamp ring temperature 240°C
Adaptor temperature (inlet) 230°C
Melt pump temperature 230°C
Melt pump rpm 10
Throughput 3 Ib/hr
20 Adaptor temperature(outlet) 220°C
Extruder melt pressure ~ 1500 psi
Die adaptor temperature 220°C
Die temperature 220°C
Die Lip temperature 220°C
25 Diegap 0.25 mm (10 mil)
Die size 4-inch
Casting temperature 50°C
Casting speed 5 & 3 m/min
Filter size 25 microns

30 The film exiting the die is 4 inches wide and 0.10 mm (4 mils) thick. The
physical properties of the film are given in Table 1.



b) extruding said nolten polyester; and 20 c¢) cooling said extruded

pol yester, thereby forgng a film 37. An article nmade fromthe film of

- claim1. 23 Cctober 2002 WO 99154529 PCT/ US99/ 07010 r 3023&°CtoheE2802i c| e
according to claim 37, wherein the article is selected fromthe group

consi st i nyoak/ses2b abel , an insulator, a coating, a capacitpeeT/usedeanate, a
phot ographic film an x-ray film and a tape. 39. The article according to
claim 37, wherein the filmis from abo 5 0.025 - 0.15 mm 40. The article
according to claim37, wherein the filfMis biaxially stretched. 41. The
article according to claim37, wherein the filmhas dead fold properties.
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0.35 dL/g when measured as a 1 % (weight/volume) solution of said polyester in

o-chlorophenol at a temperature of 25°C.

2. The film according to claim 1, wherein said terephthaloyl moieties

are derived from terephthalic acid or dimethyl terephthalate.

10 3. The film according to claim 1, wherein the polyester further

comprises diethylene glycol moieties.

4. The film according to claim 1, wherein said one or more other dio}
moieties are derived from aliphatic alkylene glycols or branched aliphatic glycols
having from 3-12 carbon atoms and having the empirical formula HO-C_H,,-OH,

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

20 5. The film according to claim 4, wherein said one or more other diol
moieties are derived from cis-1,4-cyclohexanedimethanol, trans-1,4-

cyclohexanedimethanol, or mixtures thereof.
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from about 0.45 to 1.0 dL/g.

10 9. The film according to claim 8, wherein said inherent viscosity is

from about 0.50 dL/g to 0.70 dL/g.

10. The film according to claim 1, wherein said terephthaloyl moieties
are present in an amount of from about 40 to 50 mole % of said polyester, said one
or more other aromatic diacid moieties are present in an amount of from about 0.1
15 to 10.0 mole % of the polyester, said ethylene glycol moieties are present in an
amount of from about 33 to 49.9 mole % of said polyester, said isosorbide
moieties are present in an amount of from about 0.25 to 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.

20 11.  The film according to claim 11, wherein said one or more other
diol moieties comprise diethylene glycol moieties in an amount up to about 5.0

mole % of said polyester.

12.  The film according to claim 10, wherein said isosorbide moieties

are present in an amount of from about 0.25 mole % - 12.0 mole %.
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5 15.  The film according to claim 1, having a thickness less than or equal

to 0.25 mm.
16.  The film according to claim 1, being biaxially stretched.

17. A method of making a film, wherein the film comprises a -
polyester, said method comprising:
10 a) forming the polyester; and
b) making the polyester into a film;
wherein the polyester comprises terephthaloyl moieties; optionally, one or
more other diacid moieties; ethylene glycol moieties; isosorbide moieties; and,
optionally, one or more other diol moieties, wherein said polyester has an inherent
15 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.

18.  The method according to claim 17, wherein forming the polyester
comprises:
(a) combining in a reactor a monomer comprising a terephthaloyl
20 moiety; optionally, one or more other monomers comprising an aromatic diacid
moiety; a monomer comprising an ethylene glycol moiety; a monomer comprising
an isosorbide moiety; and optionally, one or more other monomers comprising a
diol moiety with a condensation catalyst suitable for condensing diacids and

glycols; and
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10%b& () - 19.  The method according to claim 18, wherein heating said monomers
further includes stimng said monomers with the concurrent removal of by-

10 products by distillation and/or evaporation.

20.  The method according to claim 18, wherein said monomer

comprising a terephthaloyl moiety is terephthalic acid.

21.  The method according to claim 20, wherein water and unreacted

monomer are removed while said monomers polymerize.

15 22.  The method according to claim 18, wherein said monomer

comprising a terephthaloyl moiety is dimethyl terephthalate.

23.  The method according to claim 22, wherein methanol and

unreacted monomer are removed while said monomers polymerize.

24.  The method according to claim 17, wherein said one or more other
20 monomers comprising a diol moiety is selected from the group consisting of
aliphatic alkylene glycols and branched aliphatic glycols having from 3-12 carbon
atoms and having the empirical formula HO-C H, -OH, where n is an integer from

3-12; cis and trans-1,4-cyclohexanedimethanol and mixtures thereof; triethylene



| %@ 109%Db& ()- | +@10%b& ()- kwX6P:| 10YWME ()- 10%T& ()-! 109 M & ()-!
10%mHmeg: ()-! 10WVo& ()~ 18 109998 ()-a} [OP:!1*- 100BNRE (). 1++-
. 100008 ()- 1*- 109%N& ()- Y 10%m& ()-1Y" 100WME () - 10%r& (33 Dptabee2002 |1y
10% [ & 100& 109&' ()-109%& ()-" 10m 10m 10nt- 10%
jS}/% g_—l(?dfé)x (?Bnﬂg%-ll-i&' 8 100/&'(%)- | 4L310%.L& ()-: Cs‘%%ﬁﬁ@ ..y
10%&" () -' qR3" 310%& ()-10%: ()-m 10°° 10°° 10°'!.3+y 10%" g ()- ! 9B+y
10%Id& ()- 3+y 10%ld& ()- 'k\}~?qR3"| 199& ()-L10% () -9

109 ()-Lf 10%& ()-! @ 1094RR& ()-y! T@ 10%&! () - y?| \
> f S\ ) AR Lz A ko B opd S A4 g L 51
10% () - 9* 10fickyiicyBhersie{and 1 Ebis a2 byt YoM DphérsHAb@ehdL 0%DDE: () - 10 10
101 : 109&'

of 8100& (5)9610%& () 5100& () - G8} A?nb@ Y310%& () - y10%& () - 10%& () -

10%& () -!

| 0%be: (§ Ty 10%‘@"23‘1‘ AERTS e 1§ claimy A, whersin sad opg oF MOreqtheR & () - - 10
Wwe& () - I]C@W&lﬂ]}m)&@&%&r&ma&%m&ﬁ@&c G)acwaﬁ&w& #re sal@8dD Y& () - yx F
@10%:10%& ()-ysl0%& ()-ysl0%& aYSlOO . o

"qY? @ s 10% & om themyogreeauyisiag efogp (“G i §<?Eé:°/%3§: n@gajm)wgc gidy2,5- <2 @SN ?@B S
10% & 1090 AE@S10%h&
slo%&'(%)}/;s%&wg'&é'%?’% %%é% ?@g‘?‘ iﬁ%i&?@é&%’(ﬁg}g s }y)slg%)& ()(i&g
10%& () - y) s hagfhBalenedicarboxylic acid, and44 -bibenzoic acid.
XA?2@s109%& () -ys10%& ()-ys10%& ()-ys10%a& ()-ys10%& ()-y389GST} AF@s10%
b& () -ys10%&' () -ys10%e&’ () -ys10%& ()-yT kI nt SFIL0! 10! &310% & ()-

1 110% & 10%8& . %o
10% & () (% > L10% Q)%ﬁ%ﬁ%&%ﬁ*@%ﬁ%@é“@? her @a‘%ﬁ%\%}%‘?ﬂm (-9 1@
& 10%& ()- &rddi8fied a('é presefil%n&miount ofabotfdd t())about 5@AO1E A df said

@@ow & ()-xVAfgyws-9 ' 21109 ()-12110%& ()-! @10%& ()- @10 & ()-- @
109 & ()-10 poesier. 6 1d@;g§-( guymagre other diacid moieties are present in an amount up to

12110%& ()-!2] 1 % - -1 2] 00/ 121 109& () -tWs4-9
1121 109& () - 3P S ”E“}le é{z of SH besighospid ‘quﬁéﬁef&% FeyibA arg Bresentin &h
121 10%& () - ! dnbififof(abohtB3%0 Yot 49.93hd10 Yof the pbl%sl&%’md tsodofhid@ & () -x04-9
+ .

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 up to

15 about 2.0 mole % of said polyester.

27.  The method according to claim 17, wherein said one or more other
diol moieties are diethylene glycol moieties in an amount of up to about 5.0

mole% of said polyester.

28.  The method according to claim 27, wherein said isosorbide
moieties are present in an amount of from about 0.25 mole % - 12.0 mole % of

20 .
said polyester.

29.  The method according to claim 28, wherein said isosorbide

moieties are present in an amount of from about 1.0 to 3.0% of said polyester.

30.  The method according to claim 17, wherein the film has a thickness

less than or equal to 0.25 mm.
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34.  The method according to claim 33, wherein said heating step (b) is

carried out at a temperature of about 195° to 198°C for about 10 hours.

3S. The method according to claim 33, wherein said increased inherent

15 viscosity is at least about 0.65 dL/g.

36.  The method according to claim 17, wherein making said polyester
into a film comprises:
a) melting said polyester;
b) extruding said molten polyester; and
20 ¢) cooling said extruded polyester, thereby forming a film.

37. An article made from the film of claim 1.
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40.  The article according to claim 37, wherein the film is biaxially

stretched.

41.  The article according to claim 37, wherein the film has dead fold

properties.



