23, Cct ober 2002 WD 99/ 54529 PCT/ US99/ 07010 1 POLYESTER FI LM AND METHODS
FOR MAKI NG SAME ~ Field of the Disclosure This disclosure relates to a
filmfornmed froma pol yester, nethods of 5 naking the pol t film
and articles nade fromthe film Mre specifically, thi sﬁﬁgﬁ’%@gﬁg
relates to filnms made from a pol yester having an isosorbide noiety,

t er epht hal owo svseby and et hyl ene gl ycol noiety, nethods aficTuskengia he
sanme, and articles made therefrom Background of the Disclosure 10
Polymeric filnms have a variety of uses, guch as in packaging, especially of
foodstuffs, adhesive tapes [ nsuI ators, capaci tors, phot ogr aphi c

devel opnent, x-ray ngS For many of
t hese uses, the heat reS| stance 0 he fi I m | s an | nportant factor.
Therefore, a higher nelting point and glass transition tenperature {T6) —.
are desirable to provide better heat resistance and 15 nore s I C
characteristics. Further, it is desired that these filns havem@@tl@mﬂlﬁmﬁmml e
strength and a high elongation at break. Various polyneric co

have been used in an attenpt to neet all of the above criteria. TH""
particul ar, poly(ethylene terephthal ate PET), is preferred— for—its gtass .
transition tenperature, tensile stﬂiﬁt@i&i&ﬂuﬁuﬁ/ cost. However

are still problens achieving a product having the desired cryﬁwmﬁw m‘mﬂ.ﬂd
strength, as well as other desirable characteristics such as

clarity and resistance 23 Cctober 2002 WO 99/54529 PCTI US99/07010CHON"
This disclosure relates to a film formed from a polyester, 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.

ack he Disclosu

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 charactcristtcs. 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



to weathering, for exanple. Various polyneric blends have been proposed,
but’ none are conpletely satisfactory. Thus, a need exists for new
materials suitable for manufacture of polyneric filnms that offer desirable
glass transition tenperatures, suitable tensile 5 stireng@Octhbsi 2602 e
crystallinity, high optical density, resistance to weathering and | ow
cost. The dwel99134528 3, 6- di anhydro-D-sorbitol, referred to hermsnafher as

i sosorbide, the structure of which is illustrated below, is readily nade
from renewabl e resources, such as sugars and starches. For exanple,

i sosorbide can be to made from D-gl ucose by hydrogenati on foI | owed by

aci d- cat al yzed deh drati I

i ncor por at ed al° erm ‘Ope“{"glépéﬁag‘)g‘é chab?&%?B?Je%l%ﬁﬁgf ethepht hal oyl
noi eti es. See, nﬁﬁaremmétdysﬂxsfafamy beck et al, Makronol. Chem Vol . 194,
pp. 53-64 (1993); R Storbeck et al, Polyner, Vol. 34, p. 5003 15 (1993).
However, it is generally believed that secondary al cohols such as

i sosor bi de have pOOThJseﬁﬂ‘éeH\ékf%t‘é fHewahRer® SithBlY for ntandfabidreCAt al yzed
reactions. See, for exang D. Braun et at., J. Prakt.Chem, Vol. 334,
pp. 298-310 (199129nen¢\§1nss atell desm#blmessp@omtmretamppmnwgs, sup@blyeess@rs made
with an isosorbjde d er f ter thalic aC| are pected to
have a rel at] v&r§8ihy Sl%lf eé?:'a'%}a"lm&%t}%()p?%d% ’efﬁ?l?‘ arécte 1, ped W&%@E?ers
(Derived from Repneswabl e Sources), Polyneric Materials Encycl opedia, Vol.

8, p. 5892 (1996). 23 October 2002 WD 99/354529 PC | US99/07010 3

Copol ynmers cont ai ni o dieldsts? Hidipahydspd)-pasaitol gefepred knchesginafisr asoi et i es, and
terephthal oyl iRLGHIEShd@EuRESWH GRStk beYow, 3 Rhdity AadeRA Y Ter

cont ai ni ng
renewable resources, such as sugars and starches. For example, isosorbide can be

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

- -0

OH

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).



these three noieties, in which the nole ratio of ethylene glycol to

| sosor bi de was about 90: 10, was reported in published German Patent
Application No. 1,263,981 5 (1968). The pol yner was used m nor
conponent (about 10% of a blend with polypropylene to i??gir@?}%b %802
dyeabi I|ty ropylene fiber. It was made by nelt po rrerl zatlon of
di net hyl &gﬁﬁ?‘{%ﬁoate, et hyl ene glycol, and isosorbide, E%{

conditions whi ch were described only in general ternms in the pubI i cation,
woul d not have gi ven a polynmer having a Bigh nol ecul ar weight. 10

Copol yners of these same three nononmers were described again recently,
where it was observéfdpdlhaerst:duﬁaigingmsdrbidmmoidtion ethyiepe gliytalmeidtie§)andf t he
copol ynmer increa th i.50S0r content up to abouyt 200C for
t he i sosor bi de‘er?léﬂ‘ H‘&fegf%hWBBrﬁﬁS'dFW °"l'¥ﬁ%fel|¥ol‘°y‘i?€f’ hANAYEr e nade by

reacting terepmegaih%elmaetfa@hﬁwm thémSlRIratfo I cnB glybsl 16lisetorbiBEREEr S. This
met hod yielded 15 a copolyner with a nolecul ar weight that is apparently

hi gher than wagbaO8ilfouas reperiedhm I!Bi“llﬁ’ﬁﬁqbaﬂﬁrﬁatmﬂpph@twlbﬂode&?s%bed above,
out stilh T aigeg vm Aeqaven £as GRS ﬁ%@%@&%g@&gﬁ 108} YGhEHa g Y Ter S

and copol yners ese polyners wer
pol yneri zati on pamﬂrdwre&c tohmprofve de @éabd:tpbﬁgdlm@ylgie)ﬁbeﬂ Inwasahadedbyas a

product of pol yrrerl ation, C ssertation, 20 Universitat
Kar | sruhe (199Melt y"ﬁ“&?‘ﬂ’é‘é‘zﬁ"‘éel‘hyiferep ?\aﬁkpgﬁylem‘y%ra"éwafblée buy . 59,
pp. 1199-1202 (J3Rditiond, &mcﬁ%eeues&.bfé&gm}m deaflchiSm He RibAERRA, for the
preparation of polyesters useful as raw %erla I's in the production of
agueous st ovi ngvmwoqmba\@glvﬁhepoweybmr@ashlahmom'aalplawedhlvmth an al cohol and

an acid. One, of the red 25 al cohol s rosorbl

However , ZO aver ag&® Oq%gprs ar e%%ﬁ?u of VIS w?reggstc Féé ﬁggmf?cé’?ﬁyl 000 to
10, 000, and no wheleiewhssbsaotdiaht tie gmuxanmmemperdnuwxmpdim&%pdlmbr noi ety
was nade. U. S. Patent 5,179, 143 describes a process for the preparation of

conpr essi on o RSB isesobidenanomegeaniont P tp AbREL2001C fir dherigaseridp _
contai ni ng 30yﬁ§}!&¥ﬁ&@ﬂoﬁnop§ﬂ%§? AN sEARMEAN e BhaPBY ¥eaalgr s are |isted

to include pol
terephthaloyl dichloride in solution with the diol monomers. This method yielded

15 acopolymer with a molecular weight that is apparently higher than was obtained
in the German Patent Application described above, but still relatively low when
compared against other polyester polymers and copolymers. Further, these
polymers were made by solution polymenzation and were thus free of diethylene
glycol moieties as a product of polymerization. See R. Stbrbeck, Dissertation,

20  Universitit Karlsruhe (1994); R. Storbeck, et al., J. Appl, Polymer Science,

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



23 COctober 2002 WD 99/54529 PCT/ US99/07010 4 al cohol s, including

1, 4: 3, 6-di anhydrosorbitol. Again, however, the highest nolecular weights
reported are relatively low, i.e., 400 to 10,000, and no pol yester
actually containing the 1,4:3, 6-di anhydrosorbitol noiety R8Ochihee2002

Publ i shed PCT applications WD 97/ 14739 and WD 96/ 25449 describe 5

chol esteri cwarsd/sgsesratic |iquid crystalline pol yesters tharcrosdowdao

i sosorbide noieties as nonomer units. Such polyesters have relatively | ow
nol ecul ar weights and are not isotropi C.4 Summary of the Disclosure
Contrary to the teachings and expectations that have been published in the

lo prior art, iSOtropic, i.€., Lzcrystallipe.and aporphous or non-liquid
crystalline, c%ﬁ%’f’&e@f@f’g‘ggo"tﬁ%’%ﬁ%@ﬁﬁ%@?@ﬁiﬁt‘ﬂ%ﬁ"bs?w%f’éﬁer}g%,°Stet hyl ene

gl ycol noi et i esyolebASHifitsRpomidetd RRtiadlgdlovgpti 900t |19,000liad Ry peipesteg! ycol
noieties, are readily synthesized in nmolecular weights that are suitable
for making fabricsuilygonprinmedhesl 4.3 dianhydrpsarbitol meiehnWasiadet ri al scal e. 15
The process conditi : P?f!oag 2l AGhst 6 994 rwbidsMs 4 LSl arly the
anounts of nononer sqﬂu%ggﬁlan th Hggpyest?r, é‘?;gﬁ es‘;v_r adbf%? ﬁ%éssgﬁ&éso that the
final pol ynmarichopesedaend nemedic fiquid mpmtaliae polyestays thadnélidensasorbidei ns t he
desired amounts of the various none nits, ferably with equinol ar
amount s of nono‘ﬁﬁ‘te“eslﬁﬁi"foé‘oﬂlg?'i"}}té'gg‘l""l?‘cﬂ‘?iyﬁgﬁris%'Pvedﬁ{ﬂgﬁg%lﬁ)gc’%@.ec cause of the
volatility of sQgBh@tnd &€ nddsstpRIers, including isosorbide, and depending
on the method of manufacturing the polyester, sone of the nononers are
desirably included in excess at the beginning of the pol ynerization
reaction and renoved as the reactsiu&g1 B &5 is is particularly true
of ethylene glycol and isosorbidé. ae po yescg? may be formed by any

nmet hod known in the GdntraryRp dfestearhings and25pdroatenethat Hahebaeo pylesherinitlee f or med

by solvent or nelt polynerization. Thﬁ. choA ce _ )
10 pnor att, 1sotropic, 1.€., semi-crystalline and amorphous or non-liquid crystalline,

copolyesters containing terephthaloyl moieties, ethylene glycol moieties,
isosorbide moieties and, optionally, diethylene glycol moieties, are readily
synthesized in molecular weights that are suitable for making fabricated products
such as films on an industrial scale.

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



“of .nethod may be determined by the desired anount of diethylene glycol in
the final product. In a preferred enbodi nent, the nunber of terephthal oyl
noieties in the polyner is in the range of about 25%to g?&l#? SO@Ie %
(rmole % of the total 23 October 2002 WO 99/54529 PCT/ US9 bet?

pol ymer). The pol yner may al so include anbunts of one or nore other
aromati c WWQ@eVHs90i eti es such as, for exanpl e, those derpoeosobowiv

i sophthalic acid, 2,5- furandicarboxylic acid, 2,5-thiophenedicarboxylic
acid, 2,6- naphthal enedi carboxylic aci d,5 2, 7- napht hal enedi car boxyl i c aci d,
and 4,4 5 bibenzoic acid, at conbined levels, up to about 25 nole % (nole

% of the total ol ry..In a preferyed enbodiyent, ethyl ene gl.ycol
rrfl))nomar units %ﬂﬁﬁﬁ%ﬁ?‘ﬂ%‘%ﬁﬁlﬁ%l@“ﬁ?a 01{1?’3‘??8#’80% t&?’é’ﬁﬁ\%f"¥49. 75 ol e
% The pol ynerg; ey mdleties sueR B, Frexathsit,idse Qe ah Yol isophiuflicasd, .Dppendi ng on

the method of manufacture, the 1o anmount of diethylene glycol noieties is
in the range dirandisarboxylic apid, 259biophenesicarboxplic avid, 8,690 | n a preferred

rhod ° e : o . h
of “about 0. 25 ERespcaoRUECEH 2T adnibeRfcckBRo B o RIRMEL S 11 0, 10 (E00C
units may as®ibzoisatiddercombireddevelssip tpationt 25 mole st (mdle 8befithe tofdd 45 nol e %

The pol yester has an inherent viscosity, which is an indicator of nolecular
wei ght, of at RobABE)-about 0.35 dL/g, as nmeasured on a | % (wei ght/vol ume)

solution of the pq},xgis?{fc&éae%%ﬁh{a}éegix%f?é glddol oh&m%mkg:fffpbrgéenéﬁc- A

hi gher inherent visc ty, suc east about 0.40 , preferably at
| east about 0.anBudts/of abou 5 2fplelUctdp pbaitt #D75 mplei %aThd pdlyméronayatisoon. Furt her

D ores s 00> CopaifRe SRS fty R noi el SepEndhs b e Hafoa of ih it #E°S! 11 0
10 amount of diethylene glycol moieties is in the range of about 0.0 mole % to about
25 mole %.

In a preferred embodiment, isosorbide is present in the polymer in
amounts in the range of about 0.25 mole % to about 40 mole %. One or more
other diol monomer units may also be included in amounts up to a total of about

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/volﬁme) 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.



The, pol yester filnms of the present invention are made by any nethod known
inthe art and are suitable for use in a variety of applications such as
food packaging, |abels, photograph or x-ray devel opnent QQ&%
capacitors, 25 various tapes, and the |ike. These filns r i gh
tenperature resi stance and increased strength over other connDnIy used
filmformng materials, such as poly(ethylene terephthalate) PET. 23
Cctober 2002 5a In a first aspect, thg invention provides a film
conprising a polyester, wherein said polyester conprises terephthal oyl

noi eti es; opti onialalfitst agpeRt, G iAPEBoN pREides afmbmﬁrlﬁh%?‘&pﬂyMrehhdiﬁn et hyl ene
gl ycol nnletles i sosorbide noieties; and 0 onal ly, one or nore other

di ol i et i #4d Plpestcs Fomerisesteirphihaloybimoteles; H“qf‘l"rﬂbr‘)@ﬁf’r mrestligi ty of at

| east about uQafic Gihdil mURGRsRRNHE ) cBPmBIcAL &w@rahém&l%mdsol ution of
sai d polyester in o- chlorophenol at” a tenperature of I'n a second
aspect, theomtmelht,pomorpnmmd@sdlal mteho&;l»\dwrenmmdr@h@sﬂer hanan\m@rmtn the film
conprises a 1 ), ester;

and by maict RS lces b 077 190 o Picksthidls oo AR ABIbT SRUECS L

t er epht hal ogf saidyiyesteria;o- dﬂ(ﬁmp}mblat,at@ﬂlﬁerﬂﬂremﬁae"(bt her diacid noieties;

et hyl ene glycol noieties; isosorbide noieties; and, optionally, one or
nore other diol noieties, wherein said polyester has an inherent viscosity
of at |east abo%a(&e&'id@hﬁe@t heaRveNEas o@ﬂe@&n@thb&’%fﬁa‘ﬁ@ihgﬂtfﬂm%h%h sol ution
of said polﬁgster in o- chlorophenol at a tenperature of 25C In a third
aspect, t hethedilmgsemprises p polyader, said method cemprsing: £} Grmingdhd palyasist; anfli s

D1 scl osur'e 29 B ne PGS 0BT, whdSs BERRILEE-FRTG: BhRaln tNe

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 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.

In a third aspect, the invention provides an article made from the film of this

invention.

Detailed Description of the Preferred Embodiments of the Disclosure




" The isotropic polyester filmand a method of manufacturing the sane are
described in detail below In particular, a nethod of manufacturing the

pol yester conprising terephthal oyl noieties, ethylene gl i erles and
| sosorbide noieties is déscribed, as well as the process éﬁ%%&%{%d%l | s

from such ymer. In a preferred enbodi ment, ethyl |, nonomer.
units are ‘g?&’g’%ﬁ in the polyner in anmounts of about 33?’%109%}\/&?@0%0“,[
49.9 nol e% preferably 37 nole%to about 45 nol e% although hi gher amounts
may be included as necessary to achieve6the desired results. The pol ymer
conposition may also to contain dicthylene glycol nonomer units. Dependi ng
on the nmethod of Theisbenicipelyestdséilmandnmethod df mamfacturingghg/sagie arononer

oref orabl y 0. seerpeg,si bl ERE kg RoitRof kbR RS ray be-

i ncl uded as nesgpfsinytciephihaidlybmbictidipethyan glpdl mokutd sd ifdseibliel ene gl ycol
may be produced as a by-product of the 15 pol ynerization process, or nay be

added di r ect | ynaigsios rdescsibsdas ey s the presess of furmipedfilms fromegishat e t he anount
of di et hyl epe g{ pl nononer units that are in the polyner. In preferred
enbodi nents, irsosorbide noieties are present in the polyner in anobunts in
t he range of from &bapifefre@ Smbodiatat ahytmeugly@Omondnedtunjis akeradityn 20 about

0.25 nol e% to aboyt 20 nol e% re prefearabl t 5 nol e% 1o about
1570 mol 6% - abr HRbEétp e e (R riShto st RE bolevl PlBEv e 70 ol o
al t hough hi ghegoleme!flost #EMolees, bitsdugh Righaanidafse fmgb¥ ifdudeghé eve the desired
results. One or nore other diol nononmer units may optionally be included in

amounts up t o necesrylo ashieymibadesired resultse Jihe palymst esmanrositiop magglsot han 1. 0
nocessary 15 “SRRHR el e Aol iy SRRl REREART 11 ona "ot her
di ol units i nehandfactued, thefaatount afldicyliydeme ghicylanbronteaunitsgs fir theradgd 8f car bon
? '; gms 3?2(211 h?\r/] I&%%ﬁ#k{t}gt 0.5 mdle% %oaalbotltog.%loﬁ‘e%ljgc%r%%y 0.291_%01&\3,}’}:;I T about 3.5 "' nteger
mole%, although higher amounts may be included as necessary to achieve the
desired results. Diethylene glycol may be produced as a by-product of the
15 polymerization process, or may be added directly to the composition to help
accurately regulate the amount of diethylene glycol monomer units that are in the
polymer.
In preferred embodiments, isosorbide moieties are present in the polymer
in amounts in the range of from about 0.25 mole% to about 30 mole%, preferably
20 about 0.25 mole% to about 20 mole%, more preferably about 0.25 mole% to about
12.0 mole%, and most preferably from about 1.0 mole% to about 6.0 mole%,
although higher amounts may be included as necessary to achieve the desired
results. One or more other diol monomer units may optionally be included in
amounts up to a total of about 2.0 mole%, but preferably less than 1.0 mole%.
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



branched diols such as 2, 2-di nmethyl -1, 3-propanediol; cis or trans-1,4 30
cycl ohexanedi net hanol and m xtures of the cis and trans isoners;
triethylene 23 Cctober 2002 WD 99/54529 PCT/ US99/ 07010 7 |l ycol ;

2, 2- bi s[4-(2- hydroxyet hoxy) phenyl ] propane; 1, 1-bi's[4-(2-23 ctober 2002
hydroxyethox ) phenyl ] - cycl ohexane; 9, 9-bi s[ 4- (2-

hydr oxyet ho¥X é ‘Bﬂ &yl ] fl uorene; 1, 4: 3, 6-di anhydr onanni t ol ; PCI/Us9%07g10

di anhydroiditol; and 1, 4-anhydroerythritol. 5 Terephthal oyI noieties in the
pol yester may range from 25-50 nole% but are preferably in the range of
from about 40-50 nol e% although higher anbunts nmay be included as

o Ehe. bl yer T e e R o e Chose der  ved {om
i sopht hal i ¢ adivdroxyetixyphepydl- W&]OB@S??F:PCQ Bisid(2- 2, 5-t hi ophenedi car boxyl i ¢

acid, 2,6- 10 l4i L nedi car boxylic

aci d, and 4, 4,}1}@1%8%“0 g)%gﬁcﬁ u@%%%é‘c(%lé‘ggﬂh dé?/‘é?ﬂﬂggtl{agj ‘gbout 10 nol e%
preferably betdmﬁyidreldﬁdl arghig4-anhydtoefgloftolt he t ot al pol yner, al t hough hi gher
anounts may be inc Ss t.0 achi eve t esults It S
pref erabl e fhat eqh 'igg"?k’%{ ‘ﬁ "3538‘?’&%? eﬂ%ﬁ%?’ U‘?ﬁesféor'aﬂ 7ogPW|

nonomer units a%ﬁeﬁfaﬁgthelrm%mefrmla&mmmsn rRS16%! althBu@OREIRY Sméur gh
nol ecul ar  wei ght and hi gh i nherent viscosity, i ch provide a | ower

shrinkage rat enarht indhadgh a5 negessary tq ackieyp theslgsitedrpwiteyt Qther ramptictdiaerd  f or
exanpl e, pOl y(rg&p}/es %Ie Bﬂ%gp Wd@ﬁ!’eﬁé{ﬁ%yaltnzﬁge ?&J éﬁffxﬁé rth&s%rdgg\%ﬁl}x% an

i nherent vi scosi I's’an ul ar of at | east
about 0. 35 dUgsopaﬂlalmmmﬁefumhdlaarb(%yﬂﬂat(m\[Eﬂ S}hﬂdphelhddhﬁbbosﬂldht:idpm6of t he

AR TN R L e A
about 0.45 dL/ihendbidladi®¥t Rentisedléval} wplo dbdit anlew h&éf@d» Bie@b&ro.oMosSt
preferably, an inherent viscosity of about O. L/g is desired.
and 5 mole% of the total polymer, although hlgher amounts may be included as
necessary to achieve the desired results.
It is preferable that equimolar amounts of diacid monomer units and diol
15 monomer units are present in the polymer in order to achieve a high molecular
weight and high inherent viscosity, which provide a lower shrinkage rate and
higher glass transition temperature (T,;) than, for example, poly(ethylene
terephthalate). The polyester formed has an inherent viscosity, which is an
indicator of molecular weight, of at least about 0.35 dL/g, as measured on a 1%
20 (weight/volume) solution of the polymer in o-chlorophenol at a temperature of
25°C. Preferably, the inherent viscosity is at least about 0.40 dL/g, and preferably
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
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present. The reaction of terephthaloyl dichloride with isosorbide and ethylene
glycol is readily carried out by combining the monomers in a solvent (e.g.
toluene) in the presence of a base, such as pyridine, which neutralizes HCl as it is

15 produced. This procedure is described in R. Storbeck et al., J. Appl. Polymer
Science, Vol. 59, pp. 1199 -1202 (1996). Other well-known variations using
terephthaloyl dichloride may also be used (e.g. interfacial polymerization), or the
monomers may simply be stirred together while heating.

‘When the polymer is made using the acid chlorides, the ratio of monomer

20 units in the product polymer is about the same as the ratio of reacting monomers.
Therefore, thc; ratio of monomers charged to the reactor is about the same as the
desired ratio in the product. A stoichiometric equivalent of the diol and diacids
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 dimethyl terephthlate, and
also may include the free acid or dimethyl ester of any other aromatic diacids that
may be desired in the polyester polymer composition. The diacids or dimethyl
esters are };eatcd 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
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units in the product polyner is about the sane as the. ratio of reacting
nononers. Therefore, the ratio of nonomers charged to the reactor is about
the sane as the desired ratio in the product. A stoichi o?8tQadtabee@0i2/al ent
of the diol and diacids generally will be used to obtain a high nol ecul ar
wei ght pol yrie@9%/653 = one with an inherent viscosity of &#CTUS0@bout
0.35 dL/g, suitable for making filns. 25 The polyners can al so be nmade by a
nmel t polynerization process, in which the acid conponent is either
terephthalic acid or dinethyl terephthlate, and also may include the free

acid or di Mt Ny Peb G afdidhths, WdADiighth Tl GndllyAfchfierd %Epﬂfy;ﬁxﬁpe desired

in the pol yester polyner conpositio acl di e esters are
heat ed wi t h t heraluot # ti{esinkd pf the@olymededtion ipaeesiba deltengotynenalheddiall s) in the

30 presence of a catalyst o . a hi enough . erat.ure.th t he nononers
conbi ne to 23 GYVHEF (g‘éoftthy\ﬁbe g@?gﬁg(g@%%%g%@?og‘%'gfﬁdQ'Sta'lﬁ&f’ﬁ‘nt@"sters and
di esters, then @ltdiasikpolydieazdtion prdckeddOMNerelofe, al BReRUrHERS dibls idr oduct  at
the end of the (Polyrrerl zation process is a nolten polyner. The diol

(&

mononers (e. §. desirably chaeged totbe reagtinn tp eblawratriobiaer,and thg gmaunits mustibd di stii | |
fromthe react . ' B . fore, .an_excess of
these diols is agfuagé %%Eq::?f%ﬁgﬁ%@@{%ﬁ%gf@gg@% Srrllz-l‘; gr[\g %egiSRChél S[t)}bel ynmer, and
t he anmobunts nusdffidiency afijhe distitlatimeoludingd the cffivdenciiaf rerotier fkdvesy Afd t he

pol ymeri zati on veslsée , such_as.the effici er}%eof t he gi stillation colum

|
and the effici &fyleoruenadirationg mshe gmaopats o omers anddhie kkedgdi f i cati ons in

the amounts of ERREIFEE Wit chibAcibhifies bk rREESAARLRY Wallblby fgyaahar act eri sti cs
of a reactor are readily nade by skilled to pl‘aCtI%,I oners. Further, a

skilled prad@i gmstitioners. fasden, ¢ skilednpragtioacricarreadibideternine theaotountmfponent
nvent i on. - The insoloRlith BB hhed G300 Blibier 850 bafulEe FEVPRE e of r r e
met hod the invention.
The above described melt polymerization process is the preferred method
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 Progess

In this process, which is carried out in two stages, terephthalic acid and the
20 optional diacid monomers, if present, are used as their dimcthyl' 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 glycol 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.
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Ester interchange is desirably brought 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 wt%, more preferably
between about 0.25 and 1 wt% of the reaction mixture. A preferred additive is

tetrahydronaphthalene. Other examples include diphenyl ether, diphenyl sulfone



ppm each. These are preferably used in the formof M/(11l) acetate '
tetrahydrate and Co(ll) acetate tetrahydrate, although other salts of the
same netals nmay also be used. Ester interchange is desirably brought about
by heating and stirring the 15 mixture of reactants undeR3&stdbep2@02
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added in an anmbun
reaction due to condensation of the bis(2-hydroxyethyl) terephthalate to form

polymer and by-product ethylene glycol, which is collected as a distillate.
The polycondensation reaction described above is preferably carried out

15 under vacuum, which can be applied while the reactor is being heated to the
temperature of the polycondensation reaction after polyphosphoric acid and
Sb(III) oxide have been added. Alternatively, vacuum can be applied after the
polycondensation reaction temperature reaches 280°C - 285°C. In either case, the
réaction is accelerated by the application of vacuum. Heating under vacuum is

20 continued until the molten polymer reaches the desired molecular weight, usually
recognized by an increase in the melt viscosity to a pre-determined level. This is
observed as an increase in the torque needed for the stirring motor to maintain
stirring at a constant rpm. An inherent viscosity of at least 0.5 dL/g, and generally
up to about 0.65 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.
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to achieve a high molecular weight polymer. The catalyst that is needed to
achieve a high molecular weight can be added after the esterification reaction, or it
can be conveniently charged with the reactants at the beginning of the reaction.

15 Catalysts that are useful for making a high molecular weight polymer directly
from terephthalic acid and the diols include the acetate or other alkanoate salts of
Co(II) and Sb(1lI), oxides of Sb(IIl) and Ge(IV), and Ti(OR), (where R is an alkyl
group having 2 to 12 carbon atoms), as well as glycol solubilized metal oxides.
The use of these and other catalysts in the preparation of polyesters is well known

20 inthe 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 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

25 reactor at 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-hydroxyethylterephthalate) 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



5 a slightly el evated pressure (autogenous pressure, about 25 to 50 psig).
Instead of a two-fold excess of diols, a smaller excess (about 10%to
about 60% of diols (ethylene glycol, isosorbide and other diols, if any)
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ol i goners, because not enough diol is present to generate a diester of
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range of about 200C to about 250C, and a vacuumis then desirably applied.
Esterification to form bi s(2-hydroxyethylterephthal ate) esters and

ol i goners ,akes place at el evat ‘ﬂd 1&_ ihdl-88n( PEt Ween room tenperature
and 30 about 220C to 265C undér autogenous pressure), and the polyner is

made at 23 Oct oberPoRod2s can@opbe 54@2@ tmiéltﬁﬁ@érﬁi’tﬁbhq)roccss described
above having an inherent viscosity of at least about 0.50 dL/g, and ofien as high as
about 0.65 dL/g or greater, without further treatment. Compositions of ethylene
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,
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 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(,),



" 13. tenperatures in the range of about 275C to about 285C under a high
vacuum (less than 10 Torr, preferably less than | Ton). The vacuumis
needed to remove residual ethylene glycol and water vapoks Uc%*ﬁﬁ)z

reaction to raise the nolecular weight. 5 A polynmer having an I nherent
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ing Process
The polyester polymer formed by one of the above methods, or by any
15 other method known in the art, may be formed into a film for use in any one of
many different applications, such as food packaging, labels, dielectric insulation, a
water vapor batrier or the like. The monomer composition of the polyester
polymer is preferably chosen to result in a partially crystalline polymer desirable
for the formation of film, wherein the crystallinity provides strength and elasticity.
20 As first produced, the polyester is generally semi-crystalline in structure. The
crystallinity increases on reheating and/or stretching of the polymer, as occurs in
the production of film.
In the process of the invention, film is made from the polymer by any
process known in the art. The difference between a film and a sheet is the
25 thickness, but there is no set industry standard as to when a film becomes a sheet.
For purposes of this invention, a film is <0.25 mm (10 mils) thick, preferably
between about 0.025 mm and 0.15 mm (1 mil and 6 mils). However, thicker films
can be formed up to a thickness of about 0.50 mm (20 mils).



treatment with a relatively poor solvent for polyesters, such as acetone,
whi ch induces crystallization. Such solvents reduce the glass transition
tenperature T(g), 23 COctober 2002 WO 99/54529 PCT/US99/0701 0 14 allow ng
for crystallization. Salvent induced crystallization is kr28vdctéber 2002

pol yesters and is described in U S. Patent Nos. 5,164,478 and 3, 684, 766,
whi ch ar e v@pgdaszoi ncor porated by reference. The crystal lgcaagkopgbiner 1S
subj ected to solid state polynerization by 5 placing the pelletized or

pul veri zed polymer into a streamof an jhert gas, usually nitrogen, or
under a vacuumof 1 Torr, at an el evated tenperature, above about - 140C but
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from lo about 2 to about 16 hours. Good results are obt ai ned by heating the
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chosen to result in a partially crystalline polynmer desirable for the

formation of f3craw (Sapereinsiqmevhichanees “ﬁ‘iht“ya “Q’l"ﬁ%"(ﬂe’é’@’c‘ therfpateriahisd
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sem -crystalline 1n structure crystallinity I eases on reheating
and/ or st r eoc héonginufus flow. Siglerserew, tgn suevian! multi-scies guirodersapbe of film In

the process of tg as llcn%\v/v%r};[l lh%ri]iﬂ B tlfcremimgagp dxct, hr ngd*lg ppo%lu(\,lcr@;fcrg t any

products, such as blown film (formed by a blow head for blown extrusions),
sheets and strips (slot dies) and hollow and solid sections (circular dies). In this
manner, films of different widths and thickness may be produced, and, in some

15 cases, such as when film is used as a coating, it may be extruded directly onto the
object to be coated. For example, wires and cables can be sheathed directly with
polymeric films extruded from oblique heads. After extrusion, the polymeric 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 rolis. 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 tummed upward from the extruder and fed through an annular die. As this tube
leaves the die, inteal 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



- process known in the art. The difference between a filmand a sheet is the
25 thickness, but there is no set industry standard as to when a film

beconmes a sheet. For purposes of this invention, a film hgo?{%bgé,rdw (10
mls) thick, preferably between about 0.025 mm and 0.15 mm ml and 6

mls). However, thicker filns can be formed up to a thickness of about
0.50 nm (20 WPIP#§452923 (Qct ober 2002 WD 99/ 54529 PCT/ US99/ OPEIUS®AY70dhe | m
of the invention is preferably forned by either solution casting or
extrusion. Extrusion is particularly prefigrred for formati on of "endl ess”
products, such as filnms and sheets, which enmerge as a continuous | ength.

I n extrusion, tgaperPollyfBid, endihe fikE)ik compreisb®logRh@ WithaHe drudedr0l t €n pol ymer
or as plastic peI?ets or 5 granules, is fluidized and honogeni zed. This

m xture is thenpdlpnescmelhbomgnsef peessureislly sathapbeipalymerimpregoaiesshe t he

desired cross-se ti%\g})lr faix}nmﬁh&ggbnThe extruding force may be exerted by
a piston or rarﬁ“?’lslé extrusion), or by a rotating screw (screw extrusion),

whi ch operat es wi t hiFor magyfattadsy large gdntities bhfiniraskeetind caléhdertieat ed and

pl asticized and fromwhich it Js.then extruded through the die in a 10
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extrusions), sorpesite dirgatians anegspreas qut thgipelymepend strelch dup thedeawred d secti ons
(circular dies)g,.hn thi I ' |f A .and .t hi ckness
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coating, it maytotRavexiekueicdutfhdesticlfinalolier it frovidebwik in dpprdpgiacoat ed. For
exanpl e, wires and cabl es can be sheathed directly with polyneric filns

extruded frot ofnbeseiae paliees Alsraativelyxtoe fim gy be Fricped apddbenpafseim i s taken
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designed to prevent any subsequent defornmation o
extruders as kndmmsi Ringlhy the finishied fimdsmgelo@upr oduced by extruding a

Alternatively, as mentioned previously, a supporting material may be

coated directly with a film. For example, textile fabrics, paper, cardboard, metals,

15 various building materials and the like, may be coated directly with the polyester
polymer for the purpose of electrical insulation, protection against corrosion,
protection against the action of moisture or chemicals, impermeability to gases
and liquids, or increasing the mechanical strength. Coatings are applied to
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.



thin layer of polymer over chilled rolls and then further drawi ng down the
filmto size (:50.25 mm) by tension rolls. Preferably, the finished film
is s0.25 mmthick. Blown film which is generally stronger, tougher, and
made nore rapidly than ctast film is nmade by extrudi ng a23 Qbleben2902
produci ng blown film the nelt flowis 25 turned upward from the extruder
and fed thnggddssasd annul ar die. As this tube |eaves the ghaysodbRr Nal
pressure is introduced through the die mandrel with air, which expands the
tube fromabout 1.5 to about 2.5 tinmes the die dianeter and sinultaneously
draws the film causing a reduction in thickness. The resulting sleeve is
subsequently slit al ong%go e side, making a larger fi|lmw dth than could 30

be conveniently mad&W may afso bp P?ﬁd%éfh'iéﬁft‘qgr‘i“"éﬁ("cau?épﬁﬁr podictsng, the
substrate 23 GefrQR&fipie WRLhImIRaPEY St P sritise RO 7 QkQs £kl mtdefor foi |,

fabric, and the like) is conpressed together with the extruded polyneric
mel t by neans @herprasessinganetndssuehoastinigetionimolding.ymer i npregnat es t he
substrate for maxi i.on...F .act Uri large quantities of film
a sheeting cal endeﬁf‘%ﬂﬁ@%?&?&é%%ﬁb € r'%efjag‘ﬁ{hfl mc‘:aysocfl ‘cg'ef‘ﬁ?déngt he gap of

t he cal enders, @peratiohs fofexpanded vesatlliy. aSuth pbe fortiind @Riatibhsinfladeditefhg
cylindrical rollers which rotate in _opposite directions and spread out the
pol ymer and st¥oudiq avel spepesploing the filyg to differept fimensiopganachimingasi| er snoot hs

the filmthus Mn@l?Hg,%lﬁialxiall Etrdidifing dnh('ij‘ﬂeddlﬁ(\?ﬁra?ﬁ%\f/ﬁg) thds@ sﬂﬂ&?in"’lPéﬂt ured

surface, the final Toller is provi an appropriate 10 enbossing
pattern. Alternati vVilepolymeac filoh of theinvemion atay &t eombinetl witenthgassed t hr ough

an enbossi ng cal,ender. Th al en | ol L owed by one or nore cooling
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previ ousl y,j0a mulfipgerdfiiihg withtimpioed ¢hasactefistics,@adtead whitd: @a3dr Yesitahbe. anfi | m  For
exanple, textile fabrics, paper, cardboard, netals, 15 various building

material s and Baéviarbe paigyericdilppfthednygtienmpy begombined avithaing esmese

of the following: poly(ethylene terephthalate) (PET), aramid, polyethylene sulfide _
(PES), polyphenylene sulfide (PPS), polyimide (PI), 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



‘po[yner for the purpose of electrical insulation, protection against
corrosion, protection against the action of noisture or chem cals,

i npernmeability to gases and liquids, or increasing t hca
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(in the formof solutions, emulsions or dispersions in water or an organic
medi um) on the supporting nmaterial, whigh is noved along by rollers. The
coating is then dried. Alternatively, when the coating is applied to the
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suspensi on bypme&rmsatdrﬁaapa&msﬂc alnfppsntlhualddmmﬂsed”l@r filngoati ng on the
nmetal by sinterin 23 Cctober 2002 WD 99/54529 PCT/ US99/ 07010 17
Extruded fi3 mioMafoml so be used as the starting material for other

products. For exaﬁE%a‘?dlesis*WhBW'tﬁ@ﬁ‘lﬁ:&’shﬁm@dﬁt1kﬂésﬁal§lm&ec§:@96@ﬁh§1 for use as
feed material for her processing neth such as _injection nolding. The

extrusion pr OQBwawme@bW|lmwh etmeaching and teangverte difeationaterr udi ng 5
oper ati ons fo gandglcrjer}]/%rmsatdm on:stré%'}? 11%9%1%(} '"ffﬁ"maé'ﬁfgfgrﬁl?r} ons include

alteri ng I’OU oW ng Mensi ons,

machi ni ng and by pailisglongnd bﬂcmgl@lthe;ﬁlhet'miumgeram@strlstehdsltﬂeailmaﬁmnom to those
skilled in the art. The polynmeric filmof the invention nay be conbi ned
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wat er vapor resistance.
right angles because all of the fibers are oriented in one direction.
Therefore, biaxially stretched films are preferred. Biaxial stretching
orients the fibers parallel 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 Jabels 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,



particular, the polynmeric filmof the invention may be conmbined with one or
nore of the follow ng: poly(ethylene terephthalate) (PET), aramd,

pol yet hyl ene sulfide (PES), polyphenyl ene sulfide (PPS), ;POl yimde (Pl),
pol yethyl ene imne (PEI), polyethylene naphthal ate (PEN)23 Petobena008dne
(PS), pol yet her ether ketone (PEEK), 15 olefins, polyethylene, poly(cyclic
ol efi ns) an®aPE#Bhexyl ene di met hyl ene terephthal ate, foPCENSIHITHO Ot her
pol ymers which may be used in conbination wth the polyester polyner of
the invention are those listed in co-pendi ng application Serial Nos.

09/ 064. 826 (Attorney Docket No. 032358-005) and 09/064_720 (Attorney
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whereon the filmcools. The filmis then renoved fromthe belt onto a

- wi ndup rol | . Thabovexineludiag ehetnedyamanic sempasitionythe methpdaf formigg tetpobhener,2002 WO
99/ 54529 PCTI U991 1] t f1ni fol | The film may
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Regardl ess &f Huirkese tqnsitgtieastn slopgation; & break, dmpact yispthdielpdde erengd bi axi al
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



“ori.entation by stretching in both the machine and transverse direction
after formation. The machine direction stretch is initiated in formng the
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EXAMPLES
The polymer molecular weights can be estimated based on inherent
viscosity (1.V.), which is measured for a 1% solution (wt./volume) of polymer in
15 o-chloropheno! 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(II) 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



stabilization tenperature. The above process conditions and paraneters for
filmmaking by any nethod known in the art are easily determ ned by a
skilled artisan for any,given 5 polyneric conposition and desired
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may be usedid opolyplospeeictabid seluti@piareihyteasglgéolt ethisjpasey N8 mbofithé eri al , as may
be desired for yse in Japels. Alternatively, the isotropic polyester

ol 3 &p £
pol ymers of t hePltiRReWhich Rasprenesatratignof 031 &per 0B 8 of BRlyRRAsBhGRICREN pol yner s,

which may be f ggiiRm, ishkdd. Aldd 4t Eﬂiﬁﬁrne,@lféﬁﬁlfdg}é\];?gu@@fs%id%pedr hEedtihgftd may be

fornmed to inprove certain characteristics o
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



- 30 the inventive polynmer. For exanple, a polyester polyner of the invention
may be 23 October 2002 WO 99/54529 PCT/ US99/07010 20 blended with

pol yethyl ene to inprove its use as a water vapor barrier. ner s
may be added to change such characteristics as air péer maggﬁéﬁerg@%’cal
clarity, stren%tgw and/or elasticity. Suitable polyners for_blending with
the pol yeé‘foe? M?ymer of the invention will be known to HABSE G % di nary
skill inthe 5 art. In particular, the filnms of the present invention may
be made with the polyesters described 22n copendi ng application 09/064. 720
[ Attorney Docket No. 032358-008] and the polyester blends described in
copendi ng applhacicharged, Oen GeinBira Wit the ameynt Dbetephthdlix. aciB ARb&c2d5] , t he

contents of each of j ch, .i 1er eby i ncorporated by reference. 10 The film
of the invent ?%ﬁ?‘g’ﬂfwﬁgﬁ.ﬂ‘z}&(ﬂs@a cfs‘ff%ggf"tt %%‘ggf'ﬁe 3‘¥ﬁ°§'h®fe i |lustrated
by the fol | owyRgufi@Risbiotbile HAhEYATTREDY- thiFOMERL B is My RPENIERY onfRE ECUI ar

wei ghts can be estimted based onﬁ?nﬁﬁ)z'reﬁ_tbl,6 Vi scosi t?’ﬁa V.), n\/\/ni chis
measur ed for sfficienenefihe distillajen pxethanseparation pisthpdethat ane ugddn kI or ophenol  at
oo based b PReESn il pretEnp o P A i SRR B S By Pl oht o
ei ther the di medoRdihg foahe¢hatdortisiice obthe reacten distindtion calamdls, aflé fieniteng on  whi ch
nononer i s used. A) Polynerization 20 The foll owi ng pol ynmeri zati on
reactants are added to a 50 gal. maxi num capacity, Hastalloy B

pol ymeri zat i omyr eagigamdidd ed with a 6" radius, Hastalloy B, water cool ed
reflux colum packed with stainless steel _rings, a stainless steel helix

agitator stirrer, Ahegbore pelpridgexindabsadiimusmenKiliwsPL Wokilmhy |

Eirg.eggt Egl) ?t \?\ﬁlﬂc s?onqgxe.@e’pr&&%ﬁ%réah&mm(s]aﬁe é]'s?follfcg’)st and ethyl ene glycol

10 Extruder Barrel Temperature:

zone 1 180°C
zone 2 220°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 lb/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.



25 corresponds to a nole ratio of 1: 0.26: 2.00. The catalyst is also
charged and consists of Ma(ll) acetate tetrahydrate (29.57 g), Co(ll)
acetate tetrahydrate ( 21. 43 g), and Sb(H') oxide (35.02 g). This

eorresponds to 85 ppm §

wei ght of di net hyl

as a fr adtQatabep2002he
and J 23 Cctober 2002 WO

nganese (wei ght of netal
t erepht hal ate), 90 ppm cobal t,

99/ 54529 PRb/sissdd 07010 21 375 ppm anti nony. The stirr egcr/essimme (50 rpm

is purged with a st
C over a period of
tenperature control
is continuously col

ream of nitrogen while the tenperature is raised to 250
four hours. The regctor is jacketed and uses a
| ed, hot oil |oop s¥stemas a heating nedium Methanol

| ected as the reagih‘ is heated 5 above approximately
ng

150 C. By noting when the tenperatur s at the top of the packed
reflux colum, it ifs DOSTORLE [0 derer e-end of Terhanol evol ution,
i ndi cating the finifsSfm or t first st e reaction, tjhe

transesterification
77 ppm of phosphor g
solution in ethyle
has a concegntrati orn
is used. Also at th
continued. The read
Vacuumis then grag
hor se- power bl ower.

esighygdeidesh | N t hipogelpsgz 153 m of the

of the d| ols and di net hyl - terepht haI atle. At this point,
US9i s added in t h85|P&rets toizg ¥ed™pol yphdspori ¢ aci d
sol ution, which
erlk clobdakiotklorek (BT 1DEIngepf pol yphosphori ¢ acid sol ution,
tinghsthln% ol he nitrodgen ﬁurge i's stopped.| Heating is
FTon TS Reated t &-HBS over a period gf about 2 hours.
ually applied using a multi-vane vacuum punp with 20 15
dcklve ssadi@ismient gf2lbykd vacuum prefergbly less than 1

Ton, takes approxum&,gjwys,.,l hour . JIBQ is tinme, ethyldne glycol
distills off, and 4 cul ar wel i.s formgd. The nolten
pol yner is heated Ln E'Fr“m\gg"!égﬂm at g‘ﬁﬁ”“f)w""x%%m l%"hour , until the

pol ynmer achi eves syfficient nelt visqosity, as determ ned by an increase

in torque Wf the st
pol ymeri zation i s 9

<

effaqti@ mdex @p@me suf f i CcilaBbe ,aﬁaab,ﬁa@fsl ty is |achi eved, the
tepRR&n and the kegdetor is enptied thrlough a heated die

at the bottom The rrpl ten pol yner errer ges as a strand thatf,
to MDin plnm: 1.5737
out of planc 1.5723|"

8] Film Stretching

15 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 properties measured

20 according to ASTM 882.

It is to be understood that the above described embodiments are illustrative
only and that modifications may occur to one skilled in the art. Accordingly, this
invention is not limited to the embodiments disclosed herein.

Table 2
Plaque Shutter . Draw Draw Elongation
Example | Stretching | p pont | Close | ETHEM | Ratiox | Ratioy | MOIUMS | Breax | Strength
@ mis) | Condiions o 0'wc)l Temp cC) [7™ CO x 100%) § x 100%) | P50 | ey (Kpsi)

Comp. Ex. junstretched film| 110 115 600 1 1 0.286 3.9 8.1

Bx.1 Jchange emitler] 419 115 600 1 2 0.32 447 7

mp.
Ex.2 |chg.drawralio | 445 115 600 1 15 0.28 5.22 6.1




- whén cool ed through inmrersion in a cold water trough, can be chopped into
pellets. The polyner pellets are dried overnight in a rotating drum heated
to 120 C. 25 The cool ed polymer is renmoved fromthe fl ask rqund. The
sol ution inherent viscosity (I1.V.) of the material i% 0. 65@%}38”%2
nononer unit conposition of the polynmer, determ ned by proton NWVR is
about 6% i SOXOAYHMEY, 42% et hyl ene gyl col, 2% di et hyl ene gIFFEBISIYEME 50%
terephthalic acid, all expressed as a nole % of the polyner. It is
noteworthy 30 that the amount of isosorbjge in the polynmer is approximtely
hal f of the anmount 23 October 2002 WO 99/54529 PCT/US99/07010 22 that is

charged, when C%%Egﬂi"\{@atig t he anobunt of terephthalic acid. Unreacted

i sosorbide is found 1n the distillates, especially in the ethylene glycol.
The anount of isosdrbi dé film ¢dmprisiop g pelyestey, wirerain gaidpodsstet tunsprises very
dependent on the gbfi-cli ency. of .t hil distillat iton or ot her. se& ration

met hods t hat ar & BBy IR ssoRpaliy Qe onmers gther romalic dipqid MIENes: oy r eadi | y
est abl i sh speci dihflefRgdebmolttitRisbsorbidanisiess/\Gd] sptibily Lo loa oty dildri cs of the
reactor, distillation_colums, and the |ike. eFB’?_ Fil. m Maki ng The above

pol yner is ext rdiglanoigicsaWherpimseid polyjesier kasianiigdisrept viscgsitymfjahdeast gbqutisi on | i ne.
The processing i A lo ; r mer at ur e:
zonel 180C zon@g)gm?/%o“g{aﬁg%%%r%%%gé%g#g%%u%%}ﬁ?gﬁ%ﬁgﬁﬁhcﬁﬁemerature
240C Adapt or tenoiderophenobat (aiterhperaturg 8025°C. o

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. Thefilmaccording t_°.'°.léim 1, wherein said one or more other diol -
moieties are derived from aliphatic'al-kylenc' 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;hydroxyeﬂioxy)phcnyl]propénc;
1,1-bis[4-(2-hydroxyethoxy)phenyl]cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)-
phenyljfluorene; 1,4:3,6-dianhydromannitol; l,4:3,6-diaﬁhydfoiditol; 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.



Melt punp tenperature 230C Melt punp rpm 10 Throughput 3 I b/hr 20 Adapt or
tenp erature(outlet) 220C Extruder nelt pressure - 1500 psi D e adaptor
tenperature 220C Die tenperature 220C Die Lip tenperature 220C 25 Die gap
0.25 nun (10 ml) Die size 4-inch Casting tenperature 50C Casting speed 5
& 3 mMmn Filter size 25 mcrons 30 The filmexiting the die is 4 inches
wide and 0.10 mm (4 mls) thick. The physical properties of the filmare
given in Table 1. 23 October 2002 WD 99/54529 PCT/ US99/07010 23 Table |
Film(0.10 mm ASTMtest T,(-C) 95 Differential scanning calorinetry
tensile nodul us(Mosi) 0.286 D882 5 tensile elongation at break ("/u) 3.9
D882 tensile strength(kpsi) 8.1 D882 dielectric strength(volts/ml) 2872
D149 dielectric constant 3.7 D 150T G barrier cc.min2-day-atm 8.4 Mcon
OX-Tran 2/20(Mnn MN) 10 refractive index @633 nm Abbe refractoneter



‘rrtaehine direction 1.575 " 900 to MDin plane 1.5737 n out of plane
1.5723 " C) FilmStretching is The extruded filmis stretched uniaxially
and bi axially using a-modified—Bruekner Stretching Frame aBrutkress

Si egsdorf, Germany). The sanple is inserted with the machine direction

(MD) on t s of the machine. Draw speed is 1.50 i Jabl e 2
descri'bes%%’sg%&gw rati os, nmchine tenperatures, and CO%E?ILI?I OWSO of the
stretching, as well as the mechani cal properties nmeasured 20 according to
ASTM 882. It is to be understood that 2he above described enbodi nents are

illustrative only and that nodifications may occur to one skilled in the
art. Accordingly, 6t hi sTheﬁuemcmﬂmg' to chwp 1] whdr¢in daid one biemeretotitr mrent s

di scl d h t G PI tt Em tt Dr

Dr aw Nodul us Eis BB P a6l it Rilalc 7 3R it cc. Tomp X
Ratio Y at Bragmika FafiiopNdnbdidfbaxy(iChcie, 7o- ﬁ@hﬂﬁl@né@&%oxghc a&@,%z 7( Most) (%
(Kpsi) Conp. Ex. nstretched film 110 115 600 1 .

change eni t t arephthgenedwadonylic apidgorshd’sibepzgic agidnp. Fit. 2 chg. draw ratlo
110 115 600 1 1.5 0.28 5.22 6.1 23 Cctober 2002 WO 99154529 PGI/ US99107010
24 \What is clained is: 1. Afilmconprising a polyester, wherein said

pol yester sonprisé@s t&‘heﬁhmhmbxdetcmlaimG,asmrcimkziidmﬂddnmnoremmcr)r nor e ot her

aromatic diacid et hyl en | ycol Leties; ispsorbide noieties;
and, option aprg;nar{% L&fmﬂxﬁp # d 8ox¥(1;sophtml)l}c ac}d, 3,6-naph?1 lrened?-
carboxylic acid, 4,4’-bibenzoic acid, or mixtures thereof.

8. The film according to claim 1, wherein said inherent viscosity is

from about 0.45 to 1.0 dL/g.

10 9. The fitm 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 1Q 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 %.




5 diol noieties, wherein said polyester has an inherent viscosity of at

| east about 0.35 dLJg when neasured as a | % (wei ght/vol unme) sol ution of
said polyester in o-chlorophenol at a tenperature of 25C. 2. The film
according to claim1l, wherein said terephthal oyl noieties are derived from
terephthalic acid or dinmethyl terephthalate. 10 3. The film according to
claim1, wherein the polyester further conprises diethylene glycol
noieties. 4. The filmaccording to claim1, wherein said one or nore other
diol noieties are derived fromaliphatic al kyl ene glycols or branched

al i phatic glycols having from 3-12 carbon atons and having the enpirical
formula HOC'H2 -OH, 15 where n is an integer from3-12; cis or trans-

1, 4- cycl ohexanedi met hanol or m xtures thereof; triethylene glycol;

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

1, 1- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] cycl ohexane; 9, 9-bi s[ 4-(2- hydr oxyet hoxy) -
phenyl ] fluorene; 1,4:3,6-di anhydromannitol; 1,4:3,6-dianhydroiditol; or
1, 4- anhydroerythritol. 20 S. The filmaccording to claim4, wherein said
one or nore other diol noieties are derived from

ci s-1, 4- cycl ohexanedi net hanol , trans-1, 4- cycl ohexanedi net hanol, or

m xtures thereof. 21 April 2003 WD 99/54529 PCT/US99/07010 25 6. The
filmaccording to claim1, wherein said one or nore other aromatic diacid
noi eties are derived fromisophthalic acid, 2,5-furapdicarboxylic acid,

2, 5-t hi ophenedi carboxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7-
napht hal enedi car boxylic acid, or 4,4'-bibenzoic acid. 5 7. The film
according to claim®6, wherein said one or nore other aromatic diacid

noi eties are derived fromisophthalic acid, 2,6-naphthal enedi -



car.boxylic acid, 4,4'-bibenzoic acid, or mixtures thereof. 8. The film
according to claiml1, wherein said inherent viscosity is fromabout 0.45

to 1.0 dUg. 10 9. The film according to claim8, wherein s&cg |nh§
viscosity is fromabout 0.50 dUg to 0.70 dUg. 10. The fil9h Qe Pﬁ%to

claim1, wherein said terephthal oyl noieties are present in an amou of
from about WO¥/E52D nole % of said pol yester, said one of W?%"'&?'ﬂer
aromatic diacid noieties are present in an amount of from about 0.1 15 to
10.0 nole % of the polyester, said ethyl®gne glycol noieties are present in
an anount of from about 33 to 49.9 nole % of said polyester, said

i sosorbide noi eti eg3ar eThE BHEsYcoldihgds claii® U2) twhefeid aisxBAYMe Moidfest 0 20. 0
mol e % of said polyester, and said one or nore other diol noieties are

present in an azrmmrmenbmaapmowaﬁﬁemtabgmd MdP%- % of said polyester. 20 It.
The filmaccording to claim1Q wherein said one or nore other diol

noi eti es conprise diethylene glycol noieties in an anmbunt up to about 5.0
nol e % of sai d pol ydadt er Thelfflm ddeerdingltorclainc b3, cwheggir the filnmhae de@d foMdner ei n sai d
i sosorbide noieties, are present in an anount of from about 0.25 nole % -
12.0 nole % PPRSHSber 2002 WO 99/ 54529 PCTI US99107010 26 13. The film
according to claim 12, wherein said isosorbide noieties are present in an
anount of from about 1.0-3.0% 14. The film according to claim 13, wherein
the filmhasSdead fdbd Phofplaradcerdingdo glgim Ihaving Bﬂvd@eﬁrlchsrﬂgmme@ﬂaél m1,
havi ng a thi ckqgaasln%ns 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 moietics; 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



16. The filmaccording to claim1, being biaxially stretched. 17. A nethod
of making a film wherein the filmconprises a polyester, said nethod
conprising: 10 a) form ng the polyester; and b) making the polyester into a
film wherein the polyester conprises terephthal oyl noieti%&xQctopari26pal |y,
one or nore other diacid noieties; ethylene glycol noieties; isosorbide
noi eti es; tionally, one or nore other diol noieti in said
pol yester has g?lsgfnherent 15 viscosity of at |east about P%%’gg Ugl%V\hen
neasured as a 1 % (wei ght/volunme) solution of said polyester in

o-chl orophenol at a tenperature of 25C.2748. The met hod according to claim
17, wherein formng the polyester conprises: (a) conbining in a reactor a
nonomer conprising a te(bgm%tnw%wmor@mewéﬁwceipltyﬁtdﬁartqrmemswe or nore

other monomer Ssuﬁi%{m“oiyio{}gqcﬁge & PBhdrfierSinRFA &;%Agz&'y BoYmePhdlRfORRLCOTPY | ST NG

an et hyl ene glycol noi'e a nononer conpri I SOS noi ety; and
optional | y, onke tereplithaleylondieties nandene glycolmpieticsiand isesorblideo moi@ic§t y with a

condensati on catal yst su'b;t abl e for, conden;liy:gg} di agids and ¢l }/col s; and 23
Oct ober 2002 WD 99/ 545%berpippriddeding peogt 1A subeAent Hgreda yi§ldononer s and

sai d catal y§t dofjedela0ig af irheRnt visthlibyCd@bleadt BbdR DBBRILVZEhSAhshRAOMEr S i nt O
a polyester polyner having at |east 'the terephthal oyl noieties, ethylene

gl ycol noi et i esadrfel(weighityelymedsalutiastaf eaid poliestesiimo-shliotbpherl atey i s cont i nued

for a suffici gllruw;g yheld a 5 polyester having an i nherent viscosity
of at |east aggrh‘fe : g‘%ﬁ/% when neasured as a | % (wei ght/vol une)

solution of said polyester in o-chlorophenol at a tenperature of 25C
19.  The method according to claim 18, wherein heating said monomers
further includes stirmng 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



+19. The nethod according to claim 18, wherein heating said nononers

further includes stirring said nononers with the concurrent renpval. of by

| o products by distillation and/or evaporation. 20. The ding to
cl aim 18, wherein said nononer conprising a terephthal ogﬁalan%geb?ﬁfﬂsz

t erepht hal i gcApjsshe21. The nmethod according to claim 20, wieigdodonaser and
unreacted nononer are renoved while said nononers polynerize. 15 22. The
nmet hod according to claim 18, wherein said nononmer conprising a

terepht hal oyl noiety is dimethyl terephthal ate. 23. The nethod according to
claim 22, wherein nethanol and unreacted nononer are renmpved while said

nononers pol ysbichk 8.2-tis4-(Fhpdrepyethoxypbeyllpopane & 1 idé-G-hydroxyethosyh sai d one

or nore ot her . LA i j ' ected from't he
group consi st Plr’lé&l)lgp a%%ﬁéﬁl c ’%Fﬂd;gelﬁ’g%?%}%%%mj@ro gcﬁ%'hed al i phatic

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

HO- C'H2, - OH, where_n is_an i%ﬁ;er from 3-12; cis apd

trans-|, 4- cycl ohexdtredi et REMOT dcqprdingtg elaimy b7, pyhereingaid onejogmops ther 23

Cct ober 2002 : 3 : tath

2. 2-bi s[4-(2-Ry ?’2’%&?&%5?’5%@%@%%%2%%% ‘?E‘?%??ﬂf.“ Ry o%yet hoxy)
phenyl ] cyclsoh&rartbe groug consetipg ef iso ¢ &b e fomndicpbeylieiaeid, 26 ene. 25. The

met hod according,to ¢claim.l7, . ei n.sai d,.o of: t her nononers
conpri sing ot H&&’hﬁ%‘ﬁrﬁaﬁo&‘y}}ﬁacé%y'g?‘?%gla%ﬂsdd?%beoﬂ[‘ce?ﬁé?’gre selected 5 from
the group congaghihdléhe@icarbsx3Mibatia) dnd 4Cbibenzdidactdir andi car boxylic acid, 2, 5-
t hi ophenedi carboxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7-
napht hal enedi car boxyl i c acid, and 4, 4'-bi benzoic acid. 26. The net hod
according to cl ai 8, mg i W B : el e present in
an anount of abou[rbél'o to a %httﬂl%@%&Zé%&ﬁ@%@?cm%t%bﬁﬁal@l

moieties are present in an amount of about 40 to about 50 mole % of said

10 polyester, said one or more other diacid moieties are present in an amount up to
about 10 mole % of said polyester, said ethylene glycol 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 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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claim17, wherein the filmis biaxia e he net fiod
according to tHeanqtechlar weight ¢fesnid polypstérdiyrsglid state palyimegzatione nol ecul ar wei ght
of said polyester by solid state polynerization. 5 33. The nethod according
to claim32, wherein said solid state polynerization conprises: (a)
crystallizisng sai d3pol yreinsthddyactredihg dl4Hmi 32, WherYiashidlsoRd stite t €NPerature in
t he range of about /115C to about 140C;, and (b) heating said pol yester under
vacuum or i n BORYMERZRHPR FOMBNSEY:

(@)  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
10 gas at an elevated temperature above 140°C but below the melting temperature of

said polyester to yield a polyester having an increased inherent viscosity.

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.

35.  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 c) cooling said extruded polyester, thereby forming a film.

37.  Anarticle made from the film of claim 1.
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PCTI VS99/ 07010 30 38. The article according to claim 37, wherein the
article is selfiontthe gropp soRsisHES efradlabrl.ABARTIQrRycasfing, 2|capaeltor, &n i nsul ator, a
coating, a ca LL.or, j ) . film an x-ray film and
a tape. 39. TE%?%%‘%acqhgm&%:a?g?rcg‘ﬁgmt%ag:@l{l’%&%%?mv?her einthe filmis from
about 5 0.025-0.15 mm 40. The article according to claim 37, wherein the
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5 0.025-0.15 mm.

40.  The article according to claim 37, wherein the film is biaxially

stretched.

41.  The article according 1o claim 37, wherein the film has dead fold

properties.



