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Field of the Disclosure

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,
terephthaloyl moiety and ethylene glycol moiety, methods of making the same,

and articles made therefrom.

Back d he Disclosure

10 Polymerib 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 charaéteristicé. 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), 1s 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
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i sosorbide, the structure of which is illustrated below, is readily made
fromrenewabl e resources, such as sugars and starches. For exanpl e,

i sosorbirde can be 10 made from D gl ucose by hydrogenation fol |l owed by

aci d-cat al yzed dehydration. OH 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). Howevef, 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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cont ai ni ng 30 Vudl $Bppet BI9-1HELd99)dr oxyl contai ning pol yesters are |isted
to include pol yhydrllj.%.ngtent 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 pquhydric
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the range of a%?"ltjttle gairioouglr)rlo%og/{)cg Sni?st,) gyetferably 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
| beginning 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
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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.

Detajled Description of the Preferred Embodiments of the Disclosure
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nol ecul ar

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
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in the presence ofltis frefesblsthehequimplar pmpwats ofifiaeid menameriunyteanddiol as it is
15 produced. This procedure is deicrilbed in R Storbeck.e all. J. Appl.

Pol ymer | 15ciBaREmENIts atgpressgt injthe golyiss in priighid) achigyy, a pighppleRHatun

vari ati ons uskDant £iaaabs ksl vkl arhids pRRIGAL R Siaage (e d -
interfacial p neri zation), or the nononers may sinply be stirred together
whi | e heat i Nnchigh¥reiask frangitibly temperatured@g thanfyr exenpleimiy(bthylendes, the ratio

of nonomer 20 units in the product polynmer js about the sane.as the ratio
of reacting n@mh&ab%te)Tﬂ@P@Pb’F@?réoﬁ‘@e‘?éﬁ%‘ ef %‘B?Fé’ﬁ’éy’é’%&&gﬁ&nto t he

reactor is aboyt the.sa i Py h eTaliTes o
stoi chionetri ’885’6 \95}“8?}%“%? “}f%g‘t’g‘?éf feggn{é&) [ tladg?%gL éﬁSeIrBa y W 216‘1 be used to
obtain a Bpg h(v&Ei’%Wl@ﬁe)%hﬁbh oP tHe)pBB¥merein @-chlerophetiol &t Aempehaearre of
viscosity of at Teast about 0.35 dL/g, suitable for making filns.
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



25The pol ymers can al so be made by a nelt pol ynerization process, in which
the acid conponent is either terephthalic acid or dinmethyl terephthlate,
and al so Rgayob/sysbaide the free acid or di methyl ester of anyarnsss/omm@®matic
diacids that may be desired in the polyester polyner conposition. The
diacids or dinethyl, esters are heated with the diols (ethylene glycol,

i sosorbide, optional diols) in the 30 pré%ence of a catalyst to a high
enough tenperature that the nononers conbine to 1 9 formesters and

di esters, thensabdugdPedlsg taR@ dli/par exenhigheraray bephtaigss if desited. pr oduct at
the end of the, pol rization.process.is,a _nohte | v:ner [ Oh !
nononers (e. gqeggqaﬁ%fgﬁaﬁ}tc\ggco fﬁﬂ’s’}%“&gkﬂ Bty I ?tfe)c’%\s/'%l?gﬁ Pgﬁgﬁ%bgéhg till

fromthe reacﬁigéar%guﬁt .pol ymerization proceeds. Therefore, an excess of
these diols is sirably charged to the reaction to obtain a polyner, and
t he anpbunts nust be adj ust ed ieg @) e MFBE vldgdIphad.¥Rer i stics of the

pol ynmeri zati on vessel, such _as the efficiency. of tfle di_slgi | ati on. col um

and the ef f5 ciTbadshesent visasHies area byteryjndisator diapeleenlarqyeght{gh FIPRASORYS i n
t he amounts of .nonaners, and the like.] h 1 characteristics
of a reactor é?fém?@sﬁ?‘r‘b“ﬁﬁa@ aﬁ?yt{’es ?Hae&é%‘{ﬁ%é%gg# i%{el h&1(LI:,‘1?Its‘,EHEFurther, a

skilled practioner 1qpolyeadid used &3 Raké Me filiAe oftiiiNentidn eache madpbyamt
desirably charged to any particular reactor to formthgﬁpol ynmer of the

invention.  of severed nadtitnds. s prodvetcompasitions yawrspmawhatfiepeeding en fhe t he
Copendi g comPaA e ettty Bta! SRl o el oot ac o1 ney
ke o 1 32l e pdiPfReE PO HGISh OB 1 S R1i8REPthe BIA ritlomers

pol yner i zal% o process I met terephthal ate and terephthalic acid
are al so sumMByiized abidlchwrides 6Btehephthbtic agititathdlhay ethBr addssthat thay bi s pr ocess,
which is carried out in two stages, terephthalic acid a,r(}d t he 20 opti onal

dihacidd lm)nomarPS‘?SGmf- r?f@%ﬁlo,n of tarephthaloyd slighlende withispsarbide apd pthyflene vat i ves.
The diols (e.qg,, et : ' i il [dd the
di et Ih? | Segte e?81%@?{5H§a‘§ir}§°ﬁ’g‘{“%/‘§c81&ibgc%?&“'b?’g&%&‘fy“gﬁ?e“ﬁi‘l“@t%’?‘gﬁm‘%l at 29 in the

presence of an,Kshdin tHRERRNER Bk HuyE bs pytiias) whidisiatralizds dCleasaf st he

et hyl ene glycol for the nethyl group of the dinethyl esters through a
“transest er i i qaedusad.r Ehiswrensdurptis descabed inR  Storbsck ¢l beARRLIEQVIBEL et hanol |

mhfgxsgts }1;/: ![ Zﬁsg%;%,ﬁ\g?l;?iﬁ?g@gaﬁg@ k)@h eég’([g’él‘b\%ﬁ?kggnigp r 33/11 %t}onts rlllls%] & elact i on,
STl oL g, BP0 g e oo 2
' ‘ 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 monomeris.
Therefore, the ratio of monomers charged to the reactor is about the same as thei
desired ratio in the product. A stoichiometric equivalent of the diol and diacids
generally will be used to obtain a high molecular weight polymer, ¢.g., one wi_tﬁ
" 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 tﬂxat
" may be desired in the polyester polymer composition. The diacids or dimethyl,
esters are heated with the diols (ethylene glycol, isosorbide, optional diols) in tihe

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



10 Catal ysts that bring about ester interchange include salts
(usually acetates) of the following netals: Li, Ca, My, M1, Zn, Pb, and
conbi nat i oNe spMes22of , Ti (OR)4, where R is an al kyl group hablfFRYSP/L701;
carbon atoms, and Pb0. The catal yst conponents are generally included in an
anount of about 10 ppmto about 5 100 pp? Preferred catal ysts for ester

i nterchange i nclude M (0Ac)2, Co(QAc)2, dand Zn(OAc)2, where QAc is the

abbrevi ation for acetate,. and conbj.nati ons thereof. . The | ygondensati on
-cat al yst usedform esHEs %‘“éjc‘éiﬁﬁe@téﬁ’éo FOPHS £q41¥WPIW%?'ef§%¥@mﬁ??l 1)
oxi de, may be r QometiddtionProded€isROhyRANSIRGaL I THe @dlage. A
cat al yst thatp%gg&gaég%%ﬂggé%}%h?lggrti Clﬂlﬁg.?| y lgsood success is based on 10
salts of mM(- jonamers{e], lefhylétraslycal ahd ésosorbide) arefvolatiderarakdistill fomythen t o

about 100 ppm each. These are preferably used in the form of cgh%lgl'l) acetate
tetrahydrat e eadtoCag thejpolyresrigation pracgesa lhereiors) ap g¥esss ot these HalSES” of the

sane netal s .al so.be ed. . I LaA e dhedealigb! v
br ought abéu?g%?/rah aﬁ%ai%glesﬁe?cfnﬂnnta OP E@ %é()lkﬁ(ef’ua%g of rdé‘gl(t:"?lgﬁ%tsb%under an

i nert at msphggigsied abbordihg EQBRTharkteAbitiuTHiey polymesasion aesseh Budtomithe
tenperature to'a tenperature high enough to induce the ester interchange
(about 150C) . effzidnayof thelistilation cakmn and the effisiancy pmenemer 1esoveny agft t he
reactor. The reactign is qr eat ed to.about ZSO&}lgeriti |. nmet hanol

0

dual |
evol ution st offyclenSughmo ¥‘%§??Fa © aughnfs PHRopames&n fi'%ed by a drop

in 20 the overhe r . ' By mount of an
addi tive havi ﬁ%cog%%?%éﬂ%gﬁﬁ%ag?gdﬁgrgz%gog%/e\&ggﬁ?drg%% t'o tllrlﬁadaest er

i nt er changg) t gratidondts.t herthvead skillehphetionst ti radibedeterating the amedintofi and t o
hel p retain volatile conponents in the vessel u&ﬂt;_at may ?ubl ime jnto the
packed col umm eachheomppaent desirahly chiyged ieany Rardruigreaciorde W”c‘i}i‘eQPbﬁ‘% % or 25
di nmet hyl terepht.hal qte at tenperatures bel ow 300C. Preferably, the additive
has a boili ng%ffolin?{?nﬁ)%ater than 170C, nore preferably within the range of

170C to 240C, and iTheb6¥t dedcAbedfioll polyheiingtion prboast idxhe preferebdifiethods nor e
preferably between about 0.25 and 1 wt% of the reaction mxture. A

preferred addiof mekirigthe polyntey andisaisseriheddn detaihim eopeadiagsreanqnhy: pssigaed

di phenyl ether. diphenyl I d benza 0 L such sol vents
are descri bed U.s @g!caés?ﬁér %@éé‘%&%‘ﬁ%%{iﬁﬁqgﬂ% slag%%sg\/\ﬂﬁéh are hereby

I ncor por at ed l?x)(co"rﬁérgtreﬁ fefein by reference. The melt polymerization processes using

dimethy] 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 dimethy] 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 ethylerie glycol are desirably added as reactants

for the ester interchange reaction.



The second stage of the reaction is commenced by addi ng a pol ycondensati on
catalyst if it was not added at the beginning of the process, and 5 a
sequesteriwmgoogsed for the transesterification catalyst. PHCIWSISETNe I C
acid is an exanple of a sequestering agent and is normally added in an
anount of about 10 to about 100 ppm of phosphorous per gram of dinethyl
terephthal ate. An exanpl e of a pol ycondeb®ation catalyst is antinony (I111)
oxi de, which may be used at a | evel of 100 to about 400 ppm 10The

pol ycondensat i on r Eatlystarthatbringmbont ¢sier interchangedngludg sajts (esvaBy ageiates)f rom -

Feact i on due ebuedaHEE RS In Chatl: Bnpthyii a8y oRptidletiReRal ate to-
form pol yer_ upy AN oPhEM S05 BhiGe'y . 19 VRl Sofel dhitves A 2

distillate. f’ycondensat 1 o action descri bed above is preferably
carried out 1BatdReEronyaaentsare/denetally anchickedapph paduniiflabowthld praaty dout s

being heated to the tenperature of the pol ycondensatign ction after
pol yphosphdr i d0appa. Hreferspd catalysts forepsten Mparchangs 1@3‘&%&&“@5&@(%{1
vacuum can be appl | af t.er e .pal ndensat. o act \ ature
reaches 280C @‘gggtssg?)ﬁ @?ﬁ@%"égg}e&,%ﬁ eg“artlégté ria%ﬁ{a?eé&té%ge ﬁefrﬁggt?(g{ by the

appl i cation of,raudie pbisRbAdsatidEatalAE liedih theddcanitagelddherradtion, he
nol ten pol yner reaches the desired nolecul ar weight, usually recogni zed by

an increase i praftrablyeSH(IIicxides inay be@ddedonaw eratdhastar af thepslycordensation
observed as an increase in the torque needed for the. stirri.n tor to

mai ntai n stirstage étcaéall%ﬂ?l‘gi’ﬁbet%%e%wtbﬁ Fulatly gpeq guceess 16Eas§€ fleast 0.5
dL/g, and gen p’M%i t Qe b L Aflo@tit B HSRT Sout S PpRAoABHItaVed by
this nmelt g‘& ?%%Za ﬁgnaﬂg?%glri%ge%s W t hoat further ogffo??s at raising

nol ecul ar wei ?,Ipfn edcBI Taesetapd prefovatip abdd innhe fonged Mn(H acethte dettahydiatd ght can
be increased further by solid state &gl ymeri zation, descri béd belaﬁs)%\(/)v. 12
Terepht hal i ¢ Aoi €ofipecstate tetrahydratpcalthop@pethergaits of thegamp etds may alsPni | ar ¢t o
t he di net hyl Lqere thal ate process except that the initial esterification
reaction that T°&8dS to bis(2- hydroxyethyl terephthal ate) and other |ow

mol ecul ar wei ght  egidrSnteeh&dpeis @ekiably rbugdht absltibghichtingedreivsaiindng theessur e
(aut ogenous pressure, about- 25 to 50 psig). Instead of a two-fold excess of
diol's, a smhl Ineixtes ofwsctoats gnder podaerbatminsphers(mg. nifrogenbatatmesm¢iene gl ycol
i sosorbide and other_diols, if a is,used.. The in k.

esterificati orPTpPBEfEQM FQOm) temBef tBPt%PPed%%e:}gﬁgﬁ S}é%&ﬂgglur?]&olt%e Eahr?oeatg?ﬁ di ol

I's present 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



to generate a diester of terephthalic acid. The catal ysts are al so
different. No 10 added catalyst is necessary in the esterification
reaction. wo99/s4539pol ycondensati on catalyst (e.g., Sb(l11) BET/USIYOTPI0sal t s)
is still desirable to achieve a high nol ecul ar wei ght polyner. The catal yst
that is needed to achieve a hi gh nol ecul ai}ewei ght can be added after the
esterification reaction, or it can be conveniently charged with the

actants at the beginni f th tion. 15 Catal .t hat ful
for making a Hingibencnennt QUEFLNEN savsHeAC AR LTS Ratet gAPR5P: ¢ aci d

d the diols jncluyde t . r | t f Co(ll d
(111, “oxi ddbe Gortes plTpRERERER bt fpigefead 0 DL ol
group having 2 to If,Eatbistagedithe raastinElslcoatng@icyd by addihgihi | i zed et al

oxi des. The use of these and other catalysts in the preparation of
pol yesters i s pudydondemsatiorcatalysttifiis wastnot Fidedrag thethiesinning ofiibe pracesseandut in

di screte steps, but this is pot necessary..ln practi n |ar . le, it
may be carr$ ec? $gHesteRng agsat ’5?&9‘@“{%@%%‘8‘1 8%@?%@?@8?@08'3&9@(}%%& are
punped from regctaie 6 §eﬁ1§&rt8{n oehfYidS8 fbRkallyeddaed & A ffourkt Bf dbdualoh

process, the reactants and catal yst may be charged to a 25 reactor at room

t emper at ure ang sbbenl rppuaf phoshhavesipergrabof digby tersphthelajsolAmer f or ns.
The pressure is vented in the range of about .200C t o apout ZgOC, and a

vacuum i s t herexdewile of# polypndensation catalyst isgntimppy 23 iowkler which mpay be
bi s(2- hydroxyet hyl tere r nd oligonmers takes place at
(2-hydroxyet aylat %gevggg‘ﬂio%%oam et g P

el evat ed tenpet ween room-t erature and 30 about 220C to 265C
under aut oggnous IOr?ﬁégél?éond@ﬂﬁtibheed@ﬁbﬂmppicsllﬁmiﬂe@butﬁatéxﬁpmana:t ures in
the range of about 275C to about 285C under a hi}%h vacuum (|l ess than 10
Ton, pr ef er abl fromebsut 263C10 285)C. Phung this/timei eshylersiglycal distidlsoyeoftbsi dual

et hyl ene gl ycol and ter vapor.fr t he actio 0, { ecul ar

wei ght. 5A pol ¥agho tﬂﬁoﬁ%pnﬁﬂ}?&%e &s%&ﬁ?ye&yﬁ)attefe@églaai%sg&g{/ g, and
general ly up t  Brodhéibthaie A9cACRhRYSHcdecledas 8idistiflhte.

pol yneri zat i ongﬁ?gggé%&ﬁ?ﬁout s%bse%gsant sol i dc st gt e f)ol ymer ie_zati on. The
progress of the pol Yhepolyesrdensatian résetibnldesevibed byovehigpreidrably camwied iotly, whi ch

is easily observed by the torque that is.required to nmamintain stirring of
the nol t en 150l yider vaauygh Whichseag be m&‘mﬁligﬁrﬁﬁctor ‘Sbemsro;ﬂe%&&‘(?an not be

made by the neJt co i : | Hala g nher ent
vi scosity of a{empgéé}gr%%gﬁ&8}.'%8%%?8?&ge%gﬁ%ri)?fgeﬁ%gg}bﬁ?gﬂgggg?algdqnuéti 0.65 dL/g
or greater, W §BQUY okide hieS bdeh@dled A lterfiatineds ivatwms caf bedppyiedafterghy col |,

i sosorbi de, and terephthalic acid having isosorbide in an_anmunt of about
15 0.25% t 0 abpolycdrlmsntion reastien trmpesatieprepshea 28¢&] 1282501 e diy Fither faseg the

i ncreased further by. solid stat ol ynerization. T 9%5 E@ﬁ!ﬁ y nelt
pol yneri zat i on,reaﬁtf‘?‘g‘rs aggﬁlfra%fiﬁ)aﬁhgggﬁpﬁé?n %ﬁ%?cg‘érpl e |a{zﬂlagg, IS esse#rglti ally
non- crystal )i ng . the  qRGEhE foleaPolendrasiRhsik dedibedtidlbdule welghteadually it to
a tenperat uiroe ?%ntgrﬁlgdr ange of0 abgu?&ilSC to about 140C for an extended
period of timerdcapmined By hwirebmse 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.



20 12 hours). This induces crystallization so that the product can then be
heated to a nuch higher tenperature to raise the nolecular weight. The '
freshly exiwioudggszpr oduct gets sticky if it is heated above pbnus9IiAC
before it has crystallized, making solid state pol ynerization inpossible
Wi thout the pre-crystallization heating step. The process works best for

| ow | evel s of isosorbide, from about O. 24225 nple %to about 3 nole %

because the pol yester crystallizes nore easily with low levels of
i sosorbide. The pol yner may al 'sowh?bi-égié!é@‘éé:i or to solid state
pol ymeri zation by treatnment with.a relati.vel. [y r..pol yesters,
such as acet one, V\/r;]i[}l?ﬁelieﬂ aliGaqid Dropes| s ?B‘{li%ﬁ(’o&%&gﬁg@ﬂe@% ilfs?lalrage@ce t he
glass transiti g&&?ggfc%fwfﬁlw tfie }}fiﬂﬂliesﬁgﬂiﬁcﬁi&(}\éﬁdﬂﬁnftﬂﬁ 164d¥ $6 Bis{2-zat i on.

[

Sol vent i nducé crystatlization is known for polyesters and is described in
U.S. Patent Nagdrdxyéthdltéréphtaaldic} atBathaGow mhleclkialawelgh9¢5¢¢1§'15iqamdpnktat ed by

reference. The crystallized polyner is subjected t0,2§50| I 8 st F}E‘Ft

p;)l yImer | fzatlio_ra S’él)gt stleaétieﬁgrecslﬁge @F?@Pﬁeﬁm%glzf% P724d BEJ‘I@B élef?f’f) at
stream of an iner S, _usua. o .jkon, at an
el evat ed terrp«:‘f‘rtéi‘fofﬁ0 ,e’gcﬁ Sv@é%%’u&ﬁ%%gg%&g&%g%&w t/ﬁgo Xr@ﬁ’? ?%9tferr81er ature of
the polyner, f@hyfenB@lycoH isdkofbiddinalther dibld, of dfy) ioused. Tholrtemmdite

polynmerization iS generally carried out at a tenperature in the range of
from about 190Bterificatinprogu@ds 4 mixturenfoligamers, becguserupt gpegh diokis prasenilt 16

hours. Good results are, obtained heat j th | ymer t uty 195 to
about 198C f ortogsperpteAgligwicrf terepf aléccﬁcfdd n@lea‘iagalgsgﬁ éﬁ@!ﬁozdgﬁf%?)ﬁt' Y raise
the inherent vj | : dilgaOMtioniredeion. Fi | m Form ng Process
The pol yes{]ér Ag@?@%&%ﬁ?%ﬁgﬁy&@eo% t he lfil)b(gve rrgt hods, or by any 15

ot her met hod known Ampoljeendsniaticiesatabyst {eog.nBo(IInowT4IV)isehs)fipstilldesirableany one

of many different applications, such as_food ackagi ng, | abels, dielectric
i nsul ati on, a teachieve apigh melesylar weightnolymery Jheggta %ﬁ@ﬁﬁrnee 8sition of

th | yest l | f ey i .
crystal i ne plHRE adueh pRISEuRE Spieft SRARCIAGER shASE LoARRELL A o i
crystal linity pnae dasersiédtBihizcandiiethasdactsyat tilbefinning eftthpreactimed, t he

pol yester is generally sem -crystalline in structure, The crystallinity
i ncreases ds rGuelysisibptaraiussful formeldng afiakmelseulanwight polymediesHY i n t he

production of film . ln,th rocess, of fhe jnv i i I de
fromthe poly Pmﬁ?e%tya]ﬂfr %fé‘é'g‘%&bﬁ(ﬁ\‘/ﬂis m;ilu[%ﬁéhea?cte'taterﬁﬂ;&h%%ngh@(ghlgse ween a
filmand a sheghhSnhiR6aRh, SHAGKTERAI) bt Gell) aldSTi(ORS GivhbRAURtAIG1 andar d
as to when a fi becones "a sheet. For purposes of this invention, a film
is 0.25 mm ( 10gmup hpvihp 2k 12 parbbe atims), dsevellasrglydsd gelubiligedmetal axides. 15 nm
(1 ml and 6 mls). However, thicker filt?;s can bhe f ran utp.to ﬁlk}lhickness
of about 0.50 'ﬁh@p@pfﬁhqsg)apd other catalysts in the preparation of polyesters 1s we own

20 in the art.

The reaction may be carried out in discrete steps, but this is not necessary.
In practice on a large scale, it may be carried out in steps as the 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



15 The filmof the invention is preferably fornmed by either solution
casting or extrusion. Extrusion is particularly preferred for formation of
"endl ess” wooususts, such as filnms and sheets, which energe BEI/AS9OMIONUOUS
| ength. In extrusion, the polymeric material, whether provided as a nolten
pol ymer or as plastic pellets or granul ﬁl% is fluidized and honogeni zed.
This mxture is then forced through a suitably shaped die to produce the
desired cross-sectional filmshape. The extruding force nay be exerted by a

pi ston or rartemperAtusss iptRe wREe obabayl 255°Cde 2bpg2&T Caipdes & high vagiyisi on)
whi ch oper at L hi | ' ' ! Al d

pl astici zed gﬁeg‘s"hagnlq@v’lﬁqrg#élf?ﬁ?fg lf[e %etﬁmeg? Pugggﬂﬁa‘r%gﬁls 'P E%&ég?%%fwg 10
continuous flg\duablettiiheptycdland WrdlerSapeivfrai ehdfehdtiond6 rive thetnidleila may be
used as known in the art. Different kinds of die are used to produce

di fferent proskights, such as blown film (forned by a bl ow head for bl own
extrusions), sheets apd strips (sl.ot dies).an | | solid sections
(circul ar %ji es). |‘§PPEFI¥T:‘P&W5§F§“WF ng%ﬁyf(&élpgﬁft% gigl%sa% R ¥k ness
may be produ 0.651 QT Banlb: SRR by HETHiAR fitdti¥hiptodssed as a
coating, it §°§gggxtrude%g§?rectly ont% thé obljmgg%eto bepg%at ed. For
exanpl e, Wi r egitleout sutssbieent salinl diate phbatdmezekiati. rBetprygress ¢f thol yneric fil ns
extruded from oblique heads. After, _extrusjon, the polyneric filmjs taken

up by rol | er Polyanenzagon san bafllowsdbyhe meli yiscesitys whichids easiiynpbser¥edby ch are
desi dt A . - i i 20Usi
oxtraders as DELTANs AR 3lRAU Hadah il A Anokdfedimlt TOVCIT0 L

| ayer of polyner over chilled rolls and then further drawing down the film

to size (s 0.25 mm) by tension rolls. Preferably, the finished filmis
s0.25 mm ki ck. Blown film whi Li alearr onger, tougher, and nade

t
D oun 11 m Y hot e pa nobe fade iy the e dmPikafion 8RS Badibedng o
through an a%%b@ha%ga%ﬁﬁle§&k iskoHRS JF GANES abB\R 09 (BdL/k Nl dFeeh 2R reis

i ntroduced throug e mandrel wWith air, which expands the tube from
about 1.5 to sboaud.62db/g omgrsatehevitthoet fitherdteatmandCanpoditicisedetiylendr aws t he
film causing a reductiqn i i @%;c The resulting sl eeve i

. t hi ckn .
subsequent | y glysal, lév%ﬁlydﬁﬁégé?ra%‘}th% iphaymesisesorbide nrﬁrmla?wtpﬁabp%om d 30

be conveni ent [+8 b ' : ' kLg, the
substrate 15 1 66’%5;)%3g ?b&*tglolﬁh@? ggﬁ%@%ﬁ%@ﬁ?iﬁﬁoﬁh%%%& gg '% é(;g et her
with the extriefgr Bodotidatdte polshicribatione amhe pedduet madebemettpobymsaizatied, t he

pol ymer inpregnates the substrate for maxi num adhesion. For manufacturing
| arge quant i taftes extruding.reooling ad pekiefizing israseantinly Bowrpyselling: Thee rough film

is fed i h f th | end . hj.ne. [ mh f
heat abl e par APFET LGOS AEmY SN E SRR 0 B KPS R A PPt 1 ons

and spread OU(;fathEt PBPE B hbad 46¢C 3G ekfenlit I%Jar%droeftﬁmer@_soﬁt@@laa&as- The
| ast roller snooths the filmthus produced. IT the filmis required to have

a t ext ur edosury kaes). tThes inidneds crcitdlzatios sp thoy theegaodiict barathempe hegted tatae
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 polymérization 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(,),



10 enbossing pattern. Alternatively, the filmnmay be reheated and then
passed t hrough an enbossing cal ender. The calender is followed by one or
nmore cool iypgoslkssd. Finally, the finished filmis reeled upcrildoenrnasi vely,
as nentioned previously, a supporting material nay be coated directly with
a film For exanple, textile fabrics, paper, cardboard, netals, 15 various °
building materials and the |ike, may be d8ated directly with the pol yester
pol yner for the purpose of electrical insulation, protection against
corrosion, pratleeingdor aystalizhtiorheSaletritamlustd nryseilizatonis knhwniforl s, . -
i mpermeability to gases .and |.j gui r._increasi he hapi cal. .strength.
Coat i ngs are RpHesEr ang ig %‘?(SPT‘"%‘LSJ’PC{?'& ?at%tg&?ﬁ ﬁaf”ggﬁéé{‘d g&%@?%ﬂ@“ﬁ@ '

conti nuously oper at.i i 20 machi nes. A coating knife, such as

a "doctor kni e?hef%‘%?’;iﬁF‘Z@E’ﬁa?ﬁq’%%Esr%?’Sadi ng of the coating materials (in
the form of sol uti ane.crpsmllisddqesymer id sstjested rdlid Btatepaymerizaion bygani c

medi um) on the supporting material, which is noved along. by rollers. The

coating is & hetacirg thd peli¢tized aupulyenzed pabanerinle ey apdneghens; eyakllyy t he
supporting material in the form of olynmeric film the process is called
25 | ani nati ng.nitrogen, onyndsT a Y3quug) %fslaggnr%ﬁﬂle@ agﬂégg%er%\aﬁgl?osvg aggutc oat ed
wi th the pol yr{ﬁgb@bﬁi l%)éi&\}?!t’héﬁél'ﬁ% Wmpdiidbithe §b1gﬁ@f,lf&ga PerRfaeTFroml he
articles, heated to above the meFtl ng point of the polyner, are introduced
into a fluidi zBoutew k& hquossoSolrlstase pylysrerizatéonsis gendrallypeanded opat ei cl es are

hel d in suspension by a rising streamof_ 30 aiy, th epositing_.a coating
on the netal Hymperatuas infle rangg of from abeyt F9}dp 2 ‘?‘%tr%égﬁ%l ré‘l%‘iﬁ‘oﬂ)@? fisld as the
starting erjial r d RIS 0 (=Y cut into
smal | seg tsale l(l)tri %sag%gga%@ggrrgtg Ié?lregfxz% E(l)rrg)&gt eerab r%?éi%%h%%eﬁg%s, such
as injection rgbgh 195° td Htsoud 198 fop abHuitdOdars eFhibslidatde palgmerizdtion vari ety
of post-extruding 5 operations for expanded versatility. Such post-formng
oper ati ons i nahaydeiszlthemhergnt visendity ¢o ahaart OStHgsor highefni ng the filmto

di fferent di nensions, machining and punching, biaxial stretching and the

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

- invention may be conbined with ot hpﬂmgxyry,ﬁgpﬁcéggt erials during extrusion
and/or finishing to formlamnates or 10 multilTayer films with inproved

characteristics, suEie mdyaster oolywepdormeddiysangred ¢he abgvemettiods| aaby ankie

polynmeric filmof the [pvention may be, canbi ned with one ar nore of the

fol | owi ng: 1§o|%}b@tm§}ﬁ%¢1€“&"§?@p‘ £ At mEXhe ?%E‘Fa}%araﬁ%‘?’f B ’{z‘é‘{‘}ﬁ?i‘%ﬁf; sul fide

(PBS), pol yph%ﬂ%{f&?feﬁﬁ%]ﬁgﬁﬁ&gs&uw% Ifé(dd‘%ééﬁaéigé,)labeﬂ)so kedchyd i85\RatidH, Re

(PElI'), polyethyl'ene nap ate {PEN), polysultfone (P%), polyether ether
ket one ( PEEK) ,water vapor barrier or the like. The monomer composition of the polyester

polymer is preferably chosen to result in a partially crystalline polymer desirable
for the foﬁnaﬁon 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).



15 ol efins, polyethylene, poly(cyclic olefins) and cycl ohexyl ene

di net hyl ene terephthal ate, for exanple. O her polyners which may be used in
conbi nat i oMOWd/E4529 he pol yester polyner of the invention arePERUSWAPKt ed in
co- pendi ng application Serial Nos. 09/064,826 (Attorney Docket No.
032358-005) and 09/ 064. 720 (Attorney Docket No. 032358-008). A multilayer
or lamnate film20 may be made by any nethod known in the art, and nmay

have as many as fi sepat at.e | [S 4 Qi . .

adhesive and/or a %ﬁ’@q{lﬁ’&g{’ﬁe %Q@h%wﬁ pfeﬁyr?%lg %&%Jhe% élﬂ%?nggrg{}oggaégﬁ%ér formed
by solution C@ﬁ%ﬁﬁ&n. g QMR R 6fef 0 fr Torition offTeAdIEswy prydgetsf i | m
than that nmade by nelt extrusion. Solution 25 casting conprises dissolving
pol ymeri ¢ gr asudtess filpevandsherts, hdch érkerge as acentinughs lsngidl Jo gxtrygion, theny
desired formul ant, such as a E%‘asti Ci zgr or i}ol or@fr%. The igl ut iuon i S
filtered to reabweernsmatenal. whpther rayided pra molign palymer opas Blagicieligis 0T o o o

movi ng belt, preferably. ' ©1nis WIREEOR thiiPfdriddhicaghs: The
filmis then P8 "ugegdgft?ﬁéﬁg?iéeﬂb@@é%ﬂt&%&;%s\r‘:@up roltfl. The extrgiaate

thickness is fi@ly shdped dield prodms thiddxsiref crobmsdctional ok shapan THEhe fi | m may
then be finished in a |like manner to extruded film of ordinary

. .On
skill in the axtrudingforse may|bs cxertedipng Pﬁ?“&éﬁ%&ﬁﬂh@@mﬁw&&gyﬂﬁﬁﬂﬁer s

based on the pol ric c os{ ti,.on and .process f. f tion.
Regar dl ess of %ﬁ'G%n({Estéwquigrﬁ?‘logj’ fw(;?%b%ﬁe“ft > ‘?’fsi 8@5&?%?@]8&%%%@6 %&ft% i axi al
orientation by stfighe piaSfcibel £Alhorh MhicHRE itAen @iehded aRBNEL Be dif inect i on

after formation. The machine direction stretch is initiated in formng the
film sinpl y byontimidusdlowutSingld stral, fyinsprewrandimulprsciaw extrudersragy by

stretches the filmin the 10 direction.of takeup, orjientin me_of the
fibers. Al thowged @%kfso“gtﬁnéﬁa?%ehé ?fﬁ’éﬂ?ﬁsrﬂi e?ﬁé‘s?é'&rﬂfﬂ‘i“"gidf’gﬁ’?ton, it
allows the fil | [ [ ' tfof b Shakdfs)pecause al |
of the fibers pgzr)&e&(t)s:’ ?%taggﬁ?‘&la{gh{ei (fé;?x?lg%%)?gﬂdv@ﬁeﬁ ofrh% ore,l b?)axi ally
stretched fil rghedts @llmétﬁ?s(slloiaﬂiesﬁihﬂd(halo“sirrchio(kildisagicms i(@rdudartdies).f intthiss
parallel to the plane of the film but | eaves the fibers randomy 15
oriented w t himarmies fiimg e differeni avidihs and thickness may berroduerds A 1 §R% | ¢

strength, flexibility, tqu es r il i _

conpar i son!t o AHH: ﬁ%@ﬁt‘”g’ﬁg%ré ugqﬁtclesjsl Ogﬁe]@a’?tlarh%};ey? %{rg{dre g?gﬁabﬁc’eﬂt# |ﬂ1€m al ong
two axes at rigghict a6k Eoutdd0 FRReRarRplaSWiresTilidScables taRbEshebmBa directBtwitingt h and
el astic nmodulus™in the directions of stretch. It is nost desirable for the

amount of st r glotymenic Shusextinded fioorobliqupbeads. Adier xtjusiaiu thearadymeriq flsr eby
roviding sim/lar propertjes or hehagyior wthin the fil en tested from

gny dir egti on.is Pﬂf\ﬁg\‘/‘B_ yre ?rf’a‘ioﬁleaﬁﬁa;{%cﬁfll"ﬁ@', mgﬂﬁﬁ?égltatbﬂ%é\%lﬁé&%ﬁ}hﬂca

certain amuntde?%ggﬁugd%%@%gﬁswsg?eﬁ[ dsbiSidhibrithk fie di rection over

another, as in hesive and nagnetic tapes, will require uneven,
or uni axi abg ori ent@tihgextoideres Kriobaria thenart, fidmfdah e pRdiTiced by extiwaling a
orientation may be obtained by any process_known in the art. However,
tentering is phifleyered polymst over ¢tidedyglleandithen durther dravyig domn Fl'@vﬁghtloi ng in

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



the transverse direction simultaneously with, or subsequent to, stretching
in the machine direction. Shri nkage can be controlled by hol ding
the filmiggoostdt ched position and 30 heating for a few spepods/drefor e
guenching. This heat stabilizes the oriented film 19 which then may be
forced to shrink only at tenperatures above the heat stabilization

t enperat ure. The above process codflitions and paraneters for film
maki ng by any nmethod known in the art are easily determ ned by a skilled
artisan for afiyapgt,feih b andtie like} enqeoapiressehtognteriwith thecextipged cat i on.

The properties exhibit by a filmwll depend on several factors indi cated-
abovg, Pncl ud PRYMEEE %@F %é}el"“&s UG TP ?1?0 {ﬂ'ﬁ%t?‘ﬁt?f) T gpPeghaiesige he

pol ymer, the @%@8@1‘3} ann%Hgdﬁ%?o ilm and whether the filmwas treated

for stretch of bDiraxially oriente hese factors affect nmany properties of
the film such as troembQufabturinkadgge qhantisies ef flni,arsheétingadatendatison at br eak,

i npact strength, dielectric strength and constant, tensile nodul us,

chenical resi smpteysd. e reugh fa1 isted inteitheigap f fhe calender, amaghigey t i cul ar, t he

t of i bi.de i i nt i ition directl
ffects the grauensigadiiano e dbapid BBty SRR e B 1 [ oo of
the film Wiergnbs@Heblic and sgfeaéamtthia BoBfheR BRY Sttetélit tthd beytlired. 0% 15

preferably fromabout 1.0%to 3.0% the filmwll retain creases and
wri nkl es af t erthitkneds.nGhe lasti roHet smqudhs the filmthys preducedbifghé Blm sarepuired

applications as_food wapping. Fjl wi th about §.Q% i sosorbide or higher
do not exhi bi tto bh‘é’s%teli@é‘ﬂ&"ﬂgaﬂe’ﬁ#‘%gg?ltrPﬁ%r,ls a‘i?éflqeﬁd‘é‘t PREPPRBICe sui t abl e

for use as,coat] s . i i iyl rties may
be. £ ur t hor G T Eng ARG ARBMaly A, B fih midfRoc rERLHR ot b

conposi tion, swelgRsn embeysiry calendyesThef daldndersis falbvasdbyrmmator sioabtddlingr s,

anti oxi dants, plasticizers, |ubricants, o(gti cally active additives and the
li ke. Fillers dmays.j Riapligdhe fipished Glgpisaeelrépi n ci ay, cal ci um carbonate,

silicon oxide, calcjumterephthalate, alun i o b ' i de, _
cal cirum phosphat e, rﬁt{vﬁﬁgﬁ% ﬂ%ﬁlgér’rfdgé%%ﬁéﬁ%ﬁﬁg ﬁ%’l’(%ﬁnmﬁaéﬁmngl@ Eé used to
i nprove the S'cioadeélilir@&?ﬁvﬁﬁ atfll@. PR ¥RBApIE, teRt 18 Tatdcs, fiperyBMdbGardanétaed f or

use in labels. _Alternatively, the isotropic po f/es_ter pol ymers of
t he i'nvent ithn vasipusdleuilslingaatgrialsiand dhecliks; maybe coatad dirpaslyywigh the palyiestsr may be

L 0 3 SE e et USSR Y et © | P ove
-polyester pol yrgk «fn ddafhst YGRS MB¥tREor 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 pfocess 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.



20 bl ended with polyethylene to inprove its use as a water vapor barrier.
O her polyners may be added to change such characteristics as air

per neabi | iwp998g2pcal clarity, strength and/or elasticity. BETAAWE010
polymers for blending with the polyester polynmer of the invention will be
Known to those of ordinary skill in the ﬁ art. In particular, the filns of
the present invention may be nade with t é pol yesters described in

copendi ng application Q9/064.720 | Attorne ket No. 032358-008],and the
pol yester bl ends _d@é‘&]“&‘?f{?fg]ﬂ?sﬁn&% f FH&%@%@P@H‘%@?@&%W&W ney
Docket No. 032358-0051, i Wof lisd & 381 Alkrial

I ncor por at ed y§$’g%§$ér%%hﬁﬂg%éﬁﬁlfﬁﬁ)?ﬁfﬂg%%e&entiosn, its manﬂ?ag{ure and
properties ar @tfedpideessing hethbdsgsach dyinjelidorf mblding. ng non-1im ting exanpl es.
EXAMPLES The pol yner nol ecul ar wei ghts can be estinated based on inherent
viscosity (1.V.), iilieeKTREOMBREESSan Pprombinsd Fitha Y5y HWPosyBIHEE of

| in 15 o-chl henol,_at t . :

ot alyst | componeapartelopre bt D SiN e afiii Speratiths bt eauliing

wei ght of ther&ﬁ%ﬁb oWht dRa é&,ebm%ﬂaeqfhnqbumreﬁtfaﬁnéﬁsi@{shmbcﬁiﬁﬁlg&ha hal ate or
acl q,

terephthalic dependi ng on which nononer is used. A)Polynerization
20The fol | ow pgngohgbéaxial streighingaad thmlike, as moxadledhess skillsd g #ie araxi num

capacity, Hastalloy B polynerizatjion.reactor fitted with. ' radius,
Hastal | oy B, water y’@’@d’PB@&’@fﬁlﬁkoé‘gF HW“%%’P@%ILW?IHb@Fimﬁ%@&ersteel ri ngs,
a stainless s | . ' . | - er and
by- pass: di ne%’ﬁgjlmf{}g:r&le%ﬁ?ﬂgpg%gé %’?Iédsggleﬁlg%&%%g%rtg?%?%fgﬁﬁg@%) , and

et hyl ene gl cehullikh9efimsgyith isproehacastersticn subh asovaervaper resistancenfng :
0.26: 2.00. The catal i;st is al so charged and consists .of Mi(l1) acetate
ep

tetrahydrate (asicsiarghe palymeyicddmiofithe myentionypryecombineawyh ong aymery | | | )

oxi de (35.02 . LS corr t (&d | as a

fraction of t “Weﬁ'k‘]’yﬂ‘f”m@r P@?ﬁ%ﬂ?, © tt%reeig%ﬁglg%laa% @;’ ?Faggd,d%ﬁ/ eg%gﬁs,u@&neg 21
(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



375 ppm antinony. The stirred reactor (50 rpm is purged with a stream of
nitrogen while the tenperature is raised to 250 C over a period of four
hours. Thevoessdsoy is jacketed and uses a tenperature cont rrariesdyotent oi l

|l oop systemas a heating medium Methanol is continuously collected as the
reaction is heated 5 above approximately 150 C. By noting when the ]
tenperature drops at the top of the pacll@d reflux colum, it is possible to
determ ne the end of nethanol evolution, indicating the finish of the first
step of the tirsastthatrof thehBnished flmst e fAlmomay thende finksheding Ekemenngr tet hy | -
t erepht hal at e. Aitlif{gfél? point, 77 ppm of phosphorous .i's added in the form of

a 10 pol ypho§ﬁ$ 'd sol ut| on in ethylene glycol. In this case, 153 nm
of the solution, V@gﬁ&&r&aﬁ &APFAAL mwlﬁiae%lewl&&ns/ BRfopHAR So&ss
pol yphosphoric acid sol ut| Is used. Also at this time, 'the nitrogen

purge is stomaﬁﬁlnetbieabsedgmthe pMenuecknpd’dnteorrmmlqimmss iisedifenfilbd t o 285 C
over a period of about 2 hours. Vacuumis then gradually applied using a
mul ti - vanes v{emmaHosunp vvlth 20 15 horse-power blower. The attai nnent of

ful l vacuum  pr ef Eiéabl %??1 &:Qﬁ‘ ﬁ%rlx ;I;% edt ﬁ%?ﬁes%ﬁfy%})ﬂ%glnybljax qur

Buring this tine, yco stl oW no T ar . wei ght

pol ymer is forﬁﬁﬁnom&? s&&bhﬁg 1@6bmmmhanﬁ@ﬂi@@axﬂ0&§édw@ﬁ5hlﬁﬁ§{ 285 C for
about 2 hours, until the polyner achieves sufficient melt viscosity, as

det er mi ned byfoamatiomc r’l‘éusmqlnnetdmeqnm gfetahhe irgtidted er fortingrthe filnk sigipdnt 20
viscosity is ach eved ol S st e reactor is
enpti ed t hr oy @ikg"gd%/’r{?ﬁg otrglé g'prfgrleg’@ﬁs %SIE{II"H'\%? Mererges as a

strand th?ﬁod#eéﬁ?%’t? agﬂlgt W%sbmmmﬁp Altisd Htfﬁ@fst?én He‘ﬂk'ﬁﬁ: can be

chopped i pellets are drle overnight 1n a rotating
drum heat ed tmm%%&naaﬁiélélrwmheﬂ anmbslﬂierﬁlmsto teamoastly ift therditeborf dtask and
ground. The sol ution inherent viscosity of the material is 0.64

dL/g. Tight ppglenkecause all ofshe,Bagrs P@r?”@ﬂtefl%o’b"o‘{hﬁ?ﬁfm det ermi ned by
proton NWR. 15 abo 5] §a501. ey Aoy YL 8RSV BBl Ul 1Y ene

gl ycol, and 50%te Ic a Xpr ess as a rmle

pol yner. |t igicRRitB¥abEN padflel tbake ;Blﬁ@e SRY film| qfut 162989Mhb ﬁ@@rs'rﬁhdohﬂy pol ymer
is approximately half of "the anpunt 2 that 1 s charged, when conmpared wth

"t he "anpunis oforteptedprithia thecplar of. m%ﬁh@a@b@@?‘@@ﬁéﬂm@é tensile ghremgth.n t he

the pol yrer dPAeiTY [pbis anf o B s i I AR cons SosOrbrde 11

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 fo, 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,



efficiency of the distillation or other separation nethods that are used in
the 5 process. A skilled practitioner can readily establish specific
process dewaidsdt@cording to the characteristics of the reab€bUSI07010
distillation colums, and the |ike. B)Fi | m Mking The above pol ymer
i's extruded as a filmusing a Killion PL1 00 Filmextrusion line. The
processing conditions are as follows: 10 truder Barrel Tenperature: zone

1180C zone 2220Q0C.zone 3240C zope 4240C 15 Cl a ri ng, t enper ature240C
Adaptor t erpePaHcly BOF Mty B oS HHIRIN Sl A (PRRPUG SRORBe DERY  purp r prrl0
Thr oughput 3 | . enper at ure(out | et)220C Extruder nelt
pressure- 150g{a§gllzg%|)e a ?i%?lg[rz t enper at ure220C Di e tenperature220C

The above process conditions and parameters for film making by any

method known in the art are easily determined by a skilled artisan for any given
5 polymeric composition and desired application.

The properties exhibited by a film will depend on several factors indicated
above, including the polymeric composition, the method of forming the polymer,
the method of forming the film, and whether the film was treated for stretch or
biaxially oriented. These factors affect many properties of the film, such as the

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.

Altemnatively, 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



Die Lip tenperature220C 25 Die gap0.25 mm (10 nu) D e size4-inch Casting
t enper at ure50C Casting speed5 & 3 mMmn Filter size25 mcrons 30 The film

exiting thgodoRsds 4 i nches wide and 0.10 nm (4 mls) thickepcihsvophnigi cal
properties of the filmare given in Table 1. WD 99/54529PCT/ US99/ 07010 23
Table 1 COFiImStretching 15The extruded filmis stretched uniaxially
and biaxially using a nodified Bruckner 2 retching Frame (Bruckner,

Si egsdorf, Germany). The sanple is inserted with the machine direction (M)
on the Y axi sbEhdehwithpohicthylenBiaimpnoretls hse ab aspatenvaporbamyafPiher descri bes -

the draw rati os, nachine t eratures, .and condj.ti ons of the.stretching, as
wel | as the mBSHAHFEEEY b 8fAL i Shanes sucly dgractenistics as ir permeabilify, optical’ '~

clarity, strength and/or elasticity. Suitable polymers for blending with the
polyester polymer of the invention will be known to those of ordinary skill in the
5 art. In particular, the films of the present invention may be made with the
polyesters described in copending application 09/064,720 [Attorney Docket No.
032358-008] and the polyester blends described in copending application
09/064.,826 [Attorney Docket No. 032358-005], the contents of each of which is

hereby incorporated by reference.
10 - The film of the invention, its manufacture and properties are further

illustrated by the following non-limiting examples.

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 1s 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: dimethy] 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(TII) 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 according to ASTM 882. It is to be understood that the above
descri bed enbodi nents are illustrative only and that nodifications nmay
occur to owenisus2bed in the art. Accordingly, this inventi oRCTASHN010 mi t ed
to the enbodi nents disclosed herein. Table 2 Exanple (4 mls) Stretching
Condi ti ons Pl aque Preheat Tenp enp (o C)ZIShutter Close Tenp (C) Emtter |,
Tenp ( © Draw Ratio X

375 ppm antimony. The stirred reactor (50 rpm) is purged with a stream of
nitrbgeri while the temperature is raised to 250 °C over a period of four hours.
The reactor is jacketed and uses a temperature controlled, hot oil loop system as a
heating medium. Methanol is continuously collected as the reaction is heated
5 above approximately 150 °C. By noting when the temperature drops at the top of
the packed reflux column, it is possible to determine the end of methanol
evolution, indicating the finish of the first step of the reaction, the
transesterification of the diols and dimethyl terephthalate.
At this point, 77 ppm of phosphorous is added in the form of a
10 polyphosporic acid solution in ethylene glycol. In this case, 153 ml 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 (I.V.) of the material is 0.64 dL/g.
The monomer unit composition of the polymer, determined by proton
NMR, is about 6% isosorbide, 42% ethylene gylcol, 2% diethylene glycol, and
50% terephthalic acid, all expressed as a mole % of the polymer. Itis ndteworthy :

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



(x 100% Draw Ratio Y (x 100% Modulus (Mpsi) Elongation at Break (%
Strength (Kpsi) Conp. Ex. unstretched film 110 115 600 1 1
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that is charged, when compared with the amount of terephthalic acid. Unreacted
isosorbide i.s found in the distillates, especié.lly in the.ethylene gl}fcol. The |
amount of isosorbide in the polymer by this process thus is very dependent on the
efficiency of the distillation or other separation methods that are used in the
process. A skilled practitioner can readily establish specific process details

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

B) Film Making
The above polymer is extruded as a film using a Killion PL 100 Film
extrusion line. The processing conditions are as follows:

Extruder Barrel Temperature:

zone 1 180°C

zone 2 220°C

zone 3 240°C

zone 4 240°C
Clamp ring temperature 240°C

- Adaptor temperature (inlet) 230°C

Melt pump temperature 230°C
Melt pump rpm 10
Throughput 3 Ib/hr
Adaptor temperature(outlet) 220°C
Extruder melt pressure ' ~ 1500 pst
Die adaptor temperature 220°C
Die temperature 220°C
Die Lip temperature 220°C
Die gap ' 0.25 mm (10 mil)
Die size 4-inch
Casting temperature 50°C
Casting speed 5 & 3 m/min
Filter size 25 microns

" 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.



0.286 3.9 8.1 Ex. 1 change emtter tenp. 110 115 600 1 2 0.32 44.7 7 Ex. 2
chg. drawratio 110 115

WO 99/54529 PCT/US99/07010
23
Table 1
Film (0.10 mm) ASTM test
T,(°C) ' 95 Differential scanning calorimetry
tensile modulus(Mpsi) 0.286]D882
5 tensile elongation at break (%) 3.9|D88%2
tensile strength(kpsi) 8.1ID882

dielectric strength(volts/mil) 28721D149

dielectric constant 3.71D150T

0, barrier cc.mm/m2-day-atm 8.4 |Mocon OX-Tran 2/20(Minn. MN)
10 refractive index @ 633 am Abbe refractometer

machine direction 1.575]"

90° to MDinp]ane' 1.57371"

out of plane . 1.5723]"

C) Film Stretching L

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
E(’f:‘]i‘l’;;’ Sretching | Preneat | _ Close -Tfn’:‘;“(‘ié) Ratio X | RatioY “Q:Adp‘gi‘;s at Break ng;s%‘h
Temp (°C)| Temp (°C) (x 100%) | (x 100%) (%)
Icomp. Ex.|unstretched film| 110 115 600 1 1 0.286 3.9 81
Ex.1 |change emitter | ., 15 600 1 2 0.32 447 7
temp.
Ex.2 |chg.drawratio| 4,4 115 600 1 15 0.28 5.22 6.1




600 1 1.5 0.28 5.22 6.1 24 Wat is clainmed is: 1. Afilmconprising
a polyester, wherein said polyester conprises terephthal oyl noieties;
optional | ywomegsn2y nore ot her aromatic diacid noieties; ethgdeosghoicol

noi eties; isosorbide noieties; and, optionally, one or nore other 5 diol
noi eties, wherein said polyester has an inherent viscosity of at |east
about 0.35 dL/g when neasured as a 1 @6(%%ight/volune) sol ution of said

pol yester in o-chlorophenol at a tenperature of 25C. 2. The film
according to MﬂwLm&LJwﬁhﬁeln said terephthal oyl. moieties are derived from

t ht hal i id t hthlt 03. The, fi.h di t
T L wher oo t e pofs O kohFRRRAPRYES: rRein it R B SERp R 1

noi eties. 4. T&?eﬂhmmﬁmwsngpma%ainmoimo\e@s&ef DoR@licldiaBa niedd®y © ot her
diol noieties are derived fromaliphatic al kylene glycols or branthed

al i phatic gl yethiyknbglicabmbietins; 3sok@rbiderthoisties; and; optiondilyy omeprirthere ether r i cal
formula HO C H2n- O, . 15 where nR?i an jnteger from3-12; cis or
trans-1, 4- éycﬁ@h@@&’ﬁ’@aﬂ‘ﬁﬁrﬁ‘&ﬁéﬁd yestex hay ansinherantaascosify ofat lgpstaabeutyl ycol -

2,2-b 4-(2-
o bl ol (o Rag iy higiaaReridd P hORARB volumey sglufion pfsaidpolyestorin . 1oy

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 diol
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)phenyl]cyclohexane; 9,9-bis[4-(2-hydroxyethoxy)-
phenyl]fluorene; 1,4:3,6-dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-
anhydroerythritol.

20 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.



phenyl ] fl uorene; 1,4:3,6-dianhydromaimtol; 1,4:3,6-dianhydroiditol; or

1, 4- anhydroerythritol. 205.The filmaccording to claim4, wherein said one
or nore otwenysised noieties are derived fromcis-1, 4-cycl ohRXEHERAEOhanol ,
trans-1, 4- cycl ohexanedi net hanol, or m xtures thereof. 25 6.The film
according to claim1l1, wherein said one 0?5 nore other aromatic diacid

noi eties are derived fromisophthalic actd, 2,5-furandicarboxylic acid,

2, 5-t hi ophenedi car hoxyl | id, 2. .6-naphthal epedi carpoxylic acid, 2,7-
napht hal enedi car bogyl i clrgﬁg : 38?°rﬂ1,n§'r29 gﬁﬁ’éﬁz\‘fﬂﬁw%ﬁ L omgrorpareqtheh, accor di ng

to claimé6, wWaerehi dRidmeNeie@hreMEifePibia iscphHIRE iaadgﬂ't,%céuparmag&&x%car e

derived fromisophthalic acid, 2,6-naphthal énedi carboxylic aci

4, 4" - bi benzoi acidc2,f-thiophenedicarbesylidaid &f6-néphitiaterfedicarbarglic a¢idg2f70 cl ai m 1,
wherein said inherent viscosity is fromabout 0,45 to 1.0 dL/g. 109.The

fi1 m accor di ngerhthalenediparpoxyhepdd.prdsf Pibengeicand. vi scosity is from about
0.50 dL/g to 0.70 dL/g. 10.The filmaccording to claim1, wherein said
terepht hal oyl noieties are present in an amount of from about 40 to 50 nole

% of said pol yester, saide@ha aBfordMpeo Blalie®, Wh&EREdafd SheAst HofjuRdri €S are
present in an anmount of fromabout 0.1 15 to 10.0 nole % of the pol yester,

sai d et hyl eneargimatioldiasid mpietiss anealepyekizem isophthalia acidn?,6afaphthalenediout 33 to

. . LA :
49.9 mole % Ogargg)l(y icpa(c):{ci/ ﬁ,séltgriﬁen%gilcgcild,sgrsxglrxtt)drgse 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 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 6.0-12.0%.



noi eties are present in an anount of from about 0.25 to 20.0 nole % of said
pol yester, and said one or nore other diol noieties are present in an

amount of wp dbeasabout 2.0 nole % of said pol yester. 2011. ThecTisssmaneor di ng
to claim1l, wherein said one or nore other diol noieties conprise

di et hyl ene glycol noieties in an anount up to about 5.0 nole % of said

pol yester. 12. The filmaccording to cl ai #0610, wherein said i sosorbide

nmoi eti es are present in an anmount of from about 6.0-12.0% 26 13.
The film according 3o clBiehilrpaccopingiorslaimi 12, whersor Bidigosonbide moietiese

present in an anmount  of fron1% 14. The fil m-according

baut 1.0-3, Q% _
to claim13, VFEPESHtIHEN AAPYY ngmf}b%\tﬁ’ufbﬁé'%t)perti es. 515.The film

according to claim1l1, having a thickness |less than or equal to 0.25 mm

16. The filmaccording to claim1, being biaxially stretched. 17. A
met hod of maki ng a ¥4.| mThehfdmeaacordimg toi dleimcdSyphesestha fim hpsdeadrfoldsai d

met hod conprising: .10a) forming the polyester; and b) naking the pol yester
into a film PropertiGerein the pol yester conprises terephthal oyl noieties
optionally, one or nore other diacid noieties; ethylene glycol noieties;

i sosorbide noieties; and, optionally, one or nore other diol noieties,

wherein saig pol yestser et filth adebRligio clfimVi, hefE b Yhielnesd lekeah onbqual 0. 35
dL/ g when neasured as a 1 % (wei ght/volune) solution of said polyester in

o- chl or ophenolto &25ammenper at ure of 25C. 18. The nethod according to
claim 17, wherein form ng the polyester conprises:

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



(a) conbining in a reactor a nononer conprising a terephthal oyl 20 noiety;
optionally, one or nore other nononers conprising an aromatic diacid

noi ety; a worsosgs29conpri sing an et hyl ene glycol noiety; a nBabW§e/07010
conprising an isosorbide noiety; and optionally, one or nore other nononers
tonprising a diol noiety with a condensab%on catal yst suitable for
‘condensi ng di acids and gl ycols; and 27 (b) heating said

nononers and said cataly to.a tenperature suf.ficient:to polynerize said
-mononers into a pol yestéf’§ %?W“ﬂ%\?f‘?f@erétmaéﬂgfa@étP&@Bﬁﬂ‘%&‘l‘r&yl

noi eties, eth bt j ' Il I said
heating is co?%l ?‘rﬁ%‘g ltc%/g(?l&rg@g%ﬁdlnglﬁxg%?ﬁf {Ssr%gt%?{ 01;H ;%f%%%g?yé%? g‘rﬁlaﬁtavi ng an
i nher ent vi scaké teyephthaliyl edeties pdihyiendgigcol dhdigtiestund ismsarbidetiorsiesy 1 %

(wei ght/vol une) solution of said polyester in o-chlorophenol at a
t enperature of 25C wherqin saidisating i§ santinued for nepffisient timmta Bieldwer ei n

Honts . . N i ; b th
Concur Cent. § eRObaeh palith b EhelcEBARTy SER 1R AnGR oS BRSPS sttt o,
20. The met hodisaqowy(dielpht/ilufileRboTutién OMQrﬁdmessaiigor&maﬁen@pmi sing a

terephthal oyl noiety is terephthalic acid. 1. The nethod according

to claim?20, wrepaahreef 88°Gnd unreacted nononer are renoved while said
nononers pol yneri ze. 1522. The nmethod according to claim 18, wherein said
nononer conprising a terephthal oyl noiety is dinmethyl terephthal ate.

23. The net hod accgrgdi NGHeGn&thsd E‘Ec%?ding"fbenrliﬁhplW%@&Hheﬁﬁ%ﬁmx‘%ﬁﬁ&ﬁ&s

nononmer are renoved while sald nononers pol yneri ze. e net hod
accordi ng to dumhenidcludesistrmigsaghmdnemers withithe eomdubent 2thovahef®L s
conprising a diol nmoiety.is selected fromthe group consisting of aliphatic
al kyl ene gt§ caoredusticbyisiliation anf/opevappratigny col s havi ng from 3-12 car bon
atons and having the enpirical formula HO ChnH2n-OH, where n is an integer
from 3-12; cis and trans-1, 4-cycl ohexanedi nmet hanol and m xtures thereof;

triethylene 28 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

A/



gl ycol ; 2, 2-bi s[ 4-(2-hydroxyet hoxy) phenyl ] propane;

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

9, 9- bi s[ 4- i swygdsxexyet hoxy) phenyl i fl uor ene. 25. The nechwodyszooesr di ng
to claim 17, wherein said one or nore other nononers conprising other
aromatic or alicyclic diacid noieties are selected 5 fromthe group

consi sting of isophthalic acid, 2,5-fur3§dicarboxy|ic acid, 2,5-

t hi ophenedi car boxylic acid, 2,6-naphthal enedi carboxylic acid, 2,7-

napht hal enedigtoli3-bist4-Ehyrdroxyethoxylphenylisapasiec 1.4 ditsl4-(2-hydroxgghosmhe net hod -

according to _clai.m 18, wherej i epht hal o noieties are present in
an anount of p&ﬁ’wfgyﬁ%hf’bmg’o%rb’%’glsg%kéﬁxfc&%yez}éqx h’f’ﬁn litfhi?é%qeer, sai d one or
nore other diacid noieties are present in an anount up to about 10 nole %
of said polyester, said ethylene glycol noieties are present in an anount
of about 33 to ab@jt 49He methed écofdinghte ghayEs whereissdidionesasnoteiotieerni et i es
are present in an anount _ong%Bout 0. 25 tq. about,. Zg.o,m)le % of said

pol yest er, af@PnORIGES 6BPIENNGAner pmatic o Picyehy dpqid molsties greselsgtedi n an
amount up fo 5 gbo | gl el .. 2kq oThe met hod
accordi ng {o t%qnélal%g%u‘;c %gggbgog@g?%h t%%lecdaggf?%ﬁ%}%}dhﬁboﬁgf g%%’lz Ies are

di et hyl ene gliyieghen®icaibogylid &tid 2,8 apkthalehedidarioxylibasit, 70 nol e% of said
pol yester. 28. The method according to claim27, wherein said

i sosor bi de 2®apkthelenedicagbaxypie asidnand 4 abibenzoinacidf from about 6.0 to0l2. 0%
of said pol yester. 29. The nethod according to claim 28, wherein said
i sosorbide noieties are present in an anmount of from about 1.0 to 3. 0% of

said polyester. 28 - The metfod Ja6rdié RQaiRCER Wilefith It Ghnfalch wher el n
the filmis biaxially stretched. 32. The nmethod according to claim

17, further cosipti¢ssareigresent irearsamguritio€ abmit 40 wd alsouhv80 gittle Ufofsaidd pol yest er by
solid state polynerization. 533. The_ nethod according to claim 32, wherein

sai d sol i &0 stPabiEsisbIspideane LEMABRH BT HAFIE goteties are present in an oW YR | i zi ng
sai d pol yest %Bo‘gtyld}ﬁ%f%gfgﬁggoﬁ%t&?ﬁi&Eth?lien?ggﬁﬁgrg@%{i&rﬁ'e phhstdidn hAN0E Of

about 115C t o about I'ng sa pol'yester

under vacuumagiountlofabiviif BB dbout 489 inoldYIFshépolidsted] Qubisesdbrbigeper at ur e
above 140C but below the nelting tenperature of sai dogl)rg[e%/ester to yield a
. (S

pol yest er havneigtiesrre REeped dban RGN OhebaNt §254p phout 39 veehettd according -
to claim 33, pvc\)/?)?erst%lr,r;m aslgzig Olﬁg%}' o Sth&R diglbx}lofetsles 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

20 moieties are present in an amount of from about 6.0 to12.0% of 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.



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

35. The nmet hod according to claim 33, wherein said increased i nherent 15

vi scosi ty wems4seeast about 0.65 dL/g. 36. The net hod accor dRGRUS/0ENEI m 17,
wherein maki ng said polyester into a film corrpri ses: a) nelting said

pol yester; b) extruding said nolten pol yfinte and 20c) cooling said
extruded pol yester thereby form' ng a fi 37.An article made fromthe
filmof claim 1. he article.,according to clai m37 wherein
the article is sel %bt edThe B}?ﬂ}"ﬁé‘cﬁﬁféﬁ’ﬁ tp ldmd’; whersin theifilmes biaxigliynsul at or ,
a coating, a &?e?%htor a lam nate, a photographic film an x-ray film and
a tape. The article according to claim37, wherein the filmis
fromabout 5 0.025 - 0.15 nm 40. The article accordi ng to claim 37,
wherein the filmis biaxially stretched. 41. The article according to
cl ai m 37, wherein 3he fThemsthoddeeerding|td cjsimgds further comprising increasing

the molecular weight of said polyester by solid state polymerization.

5 33.  The method according to claim 32, wherein said solid state
polymerization comprises:
(a) crystallizing said polyester by heating said polyester at a
temperature in the range of about 115°C to about 140°C; and
(b) heating said polyester under vacuum or in a stream of inert
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. An article made from the film of claim 1.
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38. The article according to claim 37, wherein the article is selected
from the group consisting of a label, an insulator, a coating, a capacitor, a

laminate, a photographic film, an x-ray film, and a tape.

39.  The article according to claim 37, wherein the film is from about
5 0.025-0.15 mm.

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.



