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POLYESTER CONTAI NER AND METHOD FOR MAKI g\mmmmmﬂm of the Disclosure This
‘disclosure retates to pol yester contain ds of Midévengpbdri2e03ane.

In parti qihadsesid relates to polyester contaiened*s havi ng '5(?% ] r bi de
noi ety) a terephthal oyl noiety and an et hyl ene glycol noie y,Sdgﬁga?ret hods

of making the sa . SGJ i jners are
wi dely used for %%?Egﬁ@%%@aﬁdﬁda}@i% gﬁ@iM‘g’S@?ﬁw&al S.

Pol yet hyl ene terephthal ate) (PET) is used to 10 nake nany of these

cont ai ners because of its appearance (optical clarity), ease of blow

nol di ng, chem cal and thermal stability, and its price. PET is generally

fabricated into bottles by bl ow nekld sfdhprDiseesee and generally by stretch
bl ow nolding. In stretch blow nolding, PET is first shaEed by injection

nol di ng 15 into a tHiiT/isgigsuERirgiatesde polyastan cantaipars'aemethads ofwhi ch

typically is in t.he.,shape of Lt h thre openi ng at _the top. The
pari son may bé“é‘SBQ él?le ﬁﬁﬁ‘et H8%’%@@gaﬁ{wgtrg‘a??sh&ap@ggggﬁg%ﬂ?"%{%b,av'Bg t he
processsnay beyf@psbrbiieOroidt, 2 iGepRMAIOYE mist) 7R0AA Bhyidhe gl%léblt he stretch
bl ow nol di ng tenperature. In the stretch blow nolding Step) the parison is
heated to a 20mbieth apddngthodsmlenaking the samenol d to al | ow shapi ng, but not
so hot that it crystallizes or nmelts (i.e., just above the glass transition
tenperature Tg, typically about 90 to 7 60C). The parison is expanded to

fill the nmold by rapidly stret P'&EE@duhd’ﬁ?ﬁ@Dﬁﬁérétﬁei n the axial direction
(e.g., by using a mandrel) while stTmultaneously Torcing air under pressure
into the heated 25 Rlasticcontbimeex penwidely useti forlfgoddEid beveragespand nodi fi ed
for blow nolding with a small a %gg%cormnorrer

t

||
1, 4- cycl ohexarfieR fﬁitﬂ?&'ﬂfGPddPaﬁeé'goﬁﬁ hﬂ%?‘%,terﬁ/ﬁhm%?q%g}:ﬁe%@é§ usgd Qi dt h of
h i di (
Comononr e ekl REMY drihest E6RBRMer bBLAN DY il Bfbddtaibl tbnikit adi)

wi ndow, and al ggsetaf blow mdldivgroRemit2) andMh &l 48klity, aCits PHeS/ PEILE - 2

decrease the rate of stress induced crystallization. At the sane tine, the
conononer nay geiesalHabrigafediptehatties by blowmalding nreeesses. gndigeneralivsi ti on
t enperature and $tgqqgébmh®i@§éystal linity of PET. Stretch bl ow nol di ng of

PET, and bl ow in general, are well known in 5 the art.

Reviews are w del y j3\stret@Pbiow mdldiky, FEEXPEfirct sﬁﬂem/\bwj@&tw‘mswi@ lrwin in
Encycl opedi a of Pol ynmer Sci ence And Engi neeri n%BSecond Edition, Vol. 2

John Wibey andnonthickewllas preforrped pappon 4a pref@m X iwhich tuicallydgin the wi del v
used, but there are stjill inprovenents that d,to made. First, a w der
tenperature wifll qf&tugpdﬁmﬁme%‘éeﬁ@%mgd&éﬁsa{??yb@?ﬁ]_ﬁ%@”{W@y ocess.

Second, a mat &daidd Bﬁ@ihé}ﬂﬁs&flaftéﬂihéﬂ%s{égubhﬂé'ﬂe ,éftiﬁod)rb@éé)ﬁﬁ%b%t hi gher

tenperatures than are currently use significantly expand~the
usef ul ness of ¢diBedott inesnedmnazhinewvitly cpaloigigshty the stietshables meldirg at ur es up

to 88C, and preferably even higher, as is . necessary fqr pasteurized foods,
bever ages and @Wﬂ?ﬁ%‘”?@]am the S&?‘?é& Blow,my, ﬂ%sf"{P'I%F%Hg'F'%?'Pﬁ heated 198i ng

heat ed.,qThe g j tur, 1 r is
gener aid’y aboc SR6R0pGh elPERABRLHEEmOR! Rl ShEFRUPERASE LT[ P,
hi gher Tg woul ghybtaliibes oe mdlier(i.thijsst pibope tiee gRIsS thmisitionsteaiperaturs gl | y
nodi fied for hot fill applications bfyrhzo annealing the bottles in the hot

nol d for a fewypisanaBoufRdrated’¢).affhe pasispe it axpanseditsl il thg maldiby al | ows

crystalt i ze. bePgiD PR hetbefinll (LAY AP Rt B B0dR qone 1o
such a way thajpah8flOwifd simdizinkBudly forefid gir BREEYpledvLRNAL the eated al lite
size sufficiently small that the boftle is still 25 transparent. The

cryst aldsi t es iparEeN thepasd itnedialiyntAET istypically snadifieddor blaye moddingat t hey
260, "aur ho. EnukRa vl s Eor hhaRer sBbafed BT RReSineBaliled o

. uri ng 1 O . step
significantly | tih i i : : i in
Feauced: produc oo SR Bck ROl BRHL W widln T e BrmBhiot e wiRgUN D0, o

2002 WO 991 5458&:cBE8Tul BIo% Molding to 8baditi C. The corondmeégisantessary

crystallinity is desirable for form ng hot and .
because of the need to have a wider temperature window, and also to
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cold fill containers. The diol 1,4:3,6-dianhydro-D-sorbitol, referred to
herei nafter as isosorbide, the structure of which is iJlustrated below) is
'readily nade fromb5 renewabl e resources, such as sugars armmN6&ienisdnesg2 For
exanpl e, iwes9kkkssle can be nade from D-gl ucose by hydr ogengéi on followed by
aci d-catal yzed dehydration. OHH O O H OH Isosorbide has b WF?'?@&?Bor at ed
as a nononer into polyesters 10 that al so include terephthal oyl noieties.
See, for exanple, R Storbeck et al, Makromol. Chem, Vol. 194, pp. 53-64
(1993); R Storbeck et al, Polyner, Vol. 34, p. 5003 (1993). However, it is
general |y beldesjease g rale ebsiRss/indyeerhelystallizetions At e samedimethe poor

D B aun ot aoriofumEral Hievel e BRLEGERMIEHEE oIERGHE N oBEE ) O h AT ©
result of therfomiord RAGIdrtiry anBLYGGHE tife SRERINNIY IbfET. S8ERIdN Kiewonomer

and esters of terephthalic acid are expected to have a relatively | ow
mol ecul ar wei ghtding3al PR andblayy moltling pracesses iegéeneardl, fare welldmomabine

Sources)) Polynerjc_Materials .Encycl dia,.Vol. 8 Rn. 58 1996). 20
Copol yab s coliEahi REVPES S0P BGRY RpBRtiE<3® Y Rypaple. SRR MaKlng: Pks, “and

t er epht hal oyl cnpivR{ ihendiB\EDBRESE PADREE SEicABE WIFE fhiNeeAn§ CDOOHE"
containing these three noieties, 1n which the note tatio of ethyl ene glycol

to i sosor bi deEdition ¥olug, $ehn WileyandrSps; New Yarkp18Bbsppdi47-378lbvenber 2002
WD 99/ 54533 PCT/ ~1599/07~1,1 -4German Patent lication No. 1,263,981
(1968). The pol yne '&A%C'h@é%ﬂydé “ﬁd‘g?H&FSC%BQP%TG(%OWP@M%NGB-{S a bl end

wi th pol ypropphensed f bEPHANE EiR], 8wt tbinbérRlirdPRIndohrioy! f errﬁedlgifug;- 't was

made by mnelt polynerization of dinethyl terephthalate, eth col, and
i sosorifi de, Swhult greatycemnhkndedths progessh Senonddesuatehakthahtasn be fijeder al

terns in the publication, ul d .not, have given a pol yner having a high

mol ecul ar vvel‘gﬂi’ l'q &IW%?&O%&&I‘@'@ tem rthWééthﬁé%PgeﬁﬂY dSescri bed
agai n recentl o L:hon tenperature
To of 10 the HeulEInYRSpaRa By BRef s o b aes YR, ot o
about 200C f opadkagingsatsievntde terapenatarealuptte 88568ppnd yneferabipeveol yer

sanpl es were nmade by reacting terephthal oyl dichloride in solution with the

di ol rmnorrershiQﬁWv§Sﬁ%f’ﬁ6‘3§$ﬁrléf%é’d’_sﬁﬁ%€_ﬁﬁl%f%srv bgveragesANcRTHBS thai ght t hat
S _apnas ent | YaligBets b2k WansRPLANBECbdiRg hBSE TR nfeBirilin P ApP! i cation
escribed above but stiTl relatively | ow when conpared agal nst ot her

pol yest er pol iermpycsatane for dotllerresis grddestdi@ET isheaeraip) atoutsorerte made by

sol ution polynerization and were thus free of diethylene glycol noieties as
a product of @G/ nitis genarally beiaver thak arasin withE kighet hgiwauld beibediesi t at
Kar | sruhe ( 1“?’8@3 %)é%g‘orbeck, et al.) J. Appl. Polyner Science, 20 Vol.
59, pp. 1199- P . U S Patent 4,418,174 describes a process for the
preparation of polpFEsbetiesiselfdirrensy hiodifg @r hat fii Applidtiops dyuct i on of
aqueous stoving lacquers. The polyesters are prepared with an al cohol and
an acidd. One @inaaliag tee poliiesfie thecbotaneldior 8 few secands immediately aifter However ,

the 25 I I ' . of, th I s f 1,Q00 to 10, 000,
and no potyectEron Bt fiop i ThiHIeh P EF HFTh % 8o et et digichels mide,
U.S. Patent SpidSndttithl e paiiMg cA/sBiIREEsStofOthel Btti® iaamBldedam

conpressi on nol ded materials. Al so, described therein are hydroxyl

cont ai ni ng potoated.elbis CEinddonel inosyyah a way dAhali thg cpystgilisityeisssufficientiyst ed t o
30 includ | yhydr j | | s) i di 1,43, 6-di gphyd bitol. Again,
> Novenber oog¥ ¥ 66 usiSiia-exe st traidhat B le sl ghest ol ool ar
wei ghtzg; r epor gk iirént! ?I\@W&Iutgi%gﬁrq’ = -@oﬂle%??%%r‘ér?g?’s%ﬁizeat’ﬁ@ %I&Ol yester

actually containing the 1,4:3,6 ydr osor ety was na
so that they can be exposed to hot liquids, which are at a temperature of

up to about 88°C, during the hot filling process without deforming. The
annealing step significantly lengthens the time required to make a bottle,

resulting in reduced productivity and higher costs. Therefore, a polymer



Publ i shed PCT Applications WO 97114739 and WD 961 25449 descri be chol esteric
and nematic liquid crystalline polyesters that include isosorbide noieties
‘as nmononer units. Such polyesters have relatively | ow nol ez®ogemper 2dj>s and
are not iﬁ,gt*gp&g. Summary of the Disclosure Contrary to the teachings and
expectati ons that have been 10 published in the prior artPCTASIEPMI . e.,
sem -crystalline and anorphous or nonliquid crystalline, copolyesters
contai ning terephthal oyl noieties, ethyPene glycol noieties, isosorbide

nmoi eties and, optionally) diethylene glycol noieties, are readily

synt hesi zed whictohas alhigh haiagidtlewtanystallinity isidasiieble fooforming het Andri cat ed
products such ont.ai ners on an industrial 15 scale. Containers nmade from
such pol yest&P@Sg%‘\Wta‘@eﬁmroved strength) a higher Tg and | ower
crystallinity, forrn@dsi 43, 6-8idphliDlrbitd ORffdirae tchemiifartera® such

pol yesters are suitable for both Cold fill and hot fill applications. The
process condigdsonsidé pthestrugture of whighois ylbsstratecbelowi, issneadity mpasde froml arl y t he
anounts of mononers used in the, pol yester) ,afe desitably chosen so that the
el Bol yroFFeoRRda ErouEst oh Aot pte Slrichen fortarpige t he des: red
amounts of t ! ' ' | amount s of
nonomer uni th}% éﬁ@%g’éﬂﬂ%&ﬁg&%iﬁgrﬂ gi%ugﬁﬁlg%iﬁgé%gégéaﬁ&s@mﬁ)%ﬁ?yvol atility
of sone of t keidvoatalyeed dehpdiatidnng 25 i sosorbi de, and dependi ng on the

met hod of manufacture of the polyester, sone of the nononmers are desirably
i ncluded in excess at the beginning of the polynerization reaction and
renoved as the reaction proceeds. This is particularly true of ethylene

gl ycol and i sosor bi de. WO 99154688 -6 7 Novenber 2002 PCT/ US99107011 The
pol yester may be fornmed by any netthodiknown in the art. Preferably,

however, the polyester is forned Pent or nelt pol yneri zation. The
choi ce of nmethod nmay be determn by| t he desired anount of diethyl ene
glycol in the final product. 5 In’g erred enbodi nent, the nunber of

t erepht hal oyl noieties in the ponrrerHi in the range of about 25%to about
50 nole % (nole % of the total pol yrrer).O}Fhe pol ymer may al so incl ude
anounts of one or nore other aromatic diacid noieties such as, for exanple,
t hose derived fromisophthalic acid, 2,5-furandicarboxylic acid,

2, 5-t hi ophenedi carboxylic 10 acid, 2, 6-naphthal enedi carboxyiic acid,

2, 7- napht hal enedi car boxyl i c acid) and 4, 4'-bibenzoic acid at conbi ned
level s up to aboulisge Bl fa¥e®Rlifcdtholdisd e AhoRIMEITtd polydsterBr ef er r ed
enbodi ment, ethyl ene glycol nmononer Units are present | n arounts of about 5
note 90t o abdhat 2180 Heluda terephtAdleylhoiptiey.Bee, fayexdmpiec BnStonbedk et hyl ene

gl ycol noieties. Depending on the nethod_of nufacture, the anount of
di et hyl ene g@@&_%amélsw L ] ﬁ’?ﬂ@év PHn@%‘Sﬂﬁ?gg%htFEO&?'%‘F'%%/QHo about 25
nole % In a K od} \SO [, Qe il i ol ynmer in
amount & i n ¢ ROREh VR PO So0E M0l PRBHRIER i aBhERRTbeliB i il Y "5
nmore ot her disecongagratcohols suchnayisabsidehave poole@attivigrandtase up to a total
of about 45 nole % The polyester has an_inherent viscosity) which is an
i ndi cat or of sensitive to acid-catalyzed reactions. See, for example, D. Braun et al.,

15 J. Prakt.Chem., Vol. 334, pp. 298-310 (1992). As a 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.
Ballauff et al, Polyesters (Derived from Renewable Sources), Polymeric
Materials Encyclopedia, Vol. 8, p. 5892 (1996).

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

ethylene glycol to isosorbide was about 90:10, was reported in published



nol ecul ar wei ght, of at |east about 0.35 dL/g, as neasured on a 1

(wei ght/volune) solution of the polyner in o-chlorophenol at a 25
tenperature_of 25C. A higher inherent viscosity) such as a7 N®fiberbon
0.40 dL/g, YPEPEtsably at | east about 0.50 dL/g, is desired poruealdem!
contai ner formation. Further processing of the polyester may achieve

i nherent viscosities up to about 2.0 dL/g,and even higher. The pol yester
containers of the present invention are suitable for 30 hol di ng beverages,

w i hot or copfiahEpie R RN 3508 (e T80 o8RGy °1) 0,

Tg, increased a$aehigbhcangonestyaddut 9% af bibkend/with poBpropyiénaspect, the
i nvention provides a container co%si ng a _pol yester, wherein said
pol yest er conpimpreye the éysabilly 6 potyprepylenre fibgs ilbwas madeohyemsit nore ot her

aromatic diacid noietjes: Ayl I I Leties; .0sQsor bi Leties;
and, optionall 90'3%”6?“%?@'8{%@]qﬁﬁ%ﬁ‘%?tg? F@&e?\%fﬁel&éqqhg@ifsg’%B&? ster has
an i nherent vi ggomelosnationt, WRRRlwaedscRbad ofily i gehersl teasdinadeas a 1

(wei ght/vol une) solution of said polyester in o-chlorophenol at a

t enper at ur e of paication, wewd cohbaxe ginan a phlymeanhavingsh highouplesslas met hod of
maki ng a cont aj el wherein the container conprises a pol yester, said

nmet hod conpri s}”ﬁlf. a) formng the polyester; and b) preparing the

contai ner; wherein @BBol?ﬁxle)’@_éf BlesE UHpe BREe IR Ne¥ ldaBlisdd sgainand,
optionally, other aromatic diacid noieties; ethylene glycol noielies,
i sosor bi de noi stdeatly, veete iopas obaetved thatibe glass transitian tespatatureiTg ofai d

pol yester has an inherent. vi Scosi t.%d.of ab. | east about 0.35 ?L/ﬂ when

measur e as a 1'f WiNERgRE VIEJFARITBIdeJNORIAMET FtteRLYR fO AROUt

ochl or ophenol ' o@@@é}ri j he

| nvention The %% %@fgﬂg@%@%g%ﬁk@éﬁtgiﬁ%&)m of m'anE %@Pﬁ?{; t he sane
are descri bed samgiEsavdre mehdanby Ireagtang tecaphanaloyirdichtetidebh sdlutiemwithct uri ng a
pol yester conprising terephthal oyl noieties, ethy|ene glycol npoieties and

P oobor bi de 1o et BRRomBL. e meRHS SITER adoRbh IS TG eeifEURher 5 {1 om

such a pol yner E m&ﬂ@ . ; units
are present inw'f3 etgno 9%;?;5@%&12& tg’ﬂ%ﬁgg%ﬁﬁ%@é@ﬁgﬂ&é@%ﬂ%ﬁﬁ?@&- 75
mol e% 19 ef er appplicdtiontdesdrited above babstilk reflivelyrtolethemesmparesf ®yaifidty about

37 nole%to about 45 nol e% and nost preferably about 41 nol e%to about 49
nol e% al t hougfther gRYESIERBOMRerfandrcnolimerge I wihendbase Rplymeys waieeve t he

dest red 1 esul gl RATEL RABEBI| 38 ke S0y S0 B Byl o' veol

di et hyl ene gl y&@ietr@@m@grdmdct 8f polyhierizBtori.agee RfStbibesk abizdbrtatiéh, ol €% t o
about 5.0 nole% preferably 0.2S nole%to about 5 nol e% ?Ithoug.h hi gher
e

amounts may beUniversigy Kageiuhegd394h R-ndtphesh, akalnde t he
desi re%d;esul t§/8"§§gé£ﬂ@§ﬁ%yg§ga6§gy be produced as a by-product of the

pol yme ation dded directly to the conposition to help
accurately regul at eytheAasmuny 18f17di dddeyibes e @byes! fortropipatttionsoft hat are
in the polymer. In preferred enbodi ments, isosorbide noieties are present
in the pol ymer polyesiersuseful as rave maiedals 41 ther preduetinn olaqeawus|stoving about 12
nol e% preferaply fromabout 0.25 nole%to, about | 0.0, nmle% r

preferably abo%ﬂ?@' . eeg/éiy%é%gbsoﬁe %r.egafﬁﬂ ‘5&3‘ apASh af‘glagtﬁ%%l&@ennl e%to
5.0 nol e% al t BpyghmbhPpRITeRER AiioholEi dMhHydFbHiISIEbI 2HOWRARESREY 0 achieve
the desired results. I'sosorbide is nost preferably present in the range of
1 nol e®% 0 3 naverszge Onaeculanweight ofithe polpestetmisfeam d100stor),000,7andovenber

2002 WO 99/ 54533 CT/ US99/ 0701 | ti | | j ncl uded i t
Coa total of  BBSBIVestes Astiabcoprainmadipnhusobominl BOY s mede " -
pref erabl y | ess thap.¢ pmbRrS 1750 ATINRLINGS Aesclops prpkiR gy

however be higher as necessary to achieve the desired results.
t he optional otompratisitin moldes metdriatke Alsopteddribed|thgrieamarebhydrgeyll s havi ng

from 3-12 carbon atonms and havi nlg]) the enmpirical formula HO .
containing polyesters. These hydroxyl containing polyesters are listed to

30 include polyhydric alcohols, including 1,4:3,6-dianhydrosorbitol. Again,



C-H2~ OH, where n is an integer from 3-12, including branched diols such as
2, 2-di met hyl - 1, 3-propanedi ol ; cis or trans-1, 4-cycl phexanedi nethan of and
m xtures of the cis and trans isoners; triethylene glycol; 7 November 2002

2, 2- bi s[ 4wdvysdsaxyet hoxy) phenyl ] propane; 1,1-bis[4-(2 10

hydr oxyet hoxy) phenyl ] cycl ohexane; PCT/US99/07011

9, 9- bi s[ 4- (2hydr oxyet hoxy) phenyl ] fl uorene; 1, 4: 3, 6-di anhydr omanni tol ;
1,4:3,6 dianhydroiditol; and 1, 4-anhydr&erythritol. Terephthal oyl noieties
in the polyester may range from 25-50 nol e% preferably about 35-50 nol e%
nmor e pr ef er abbwexer, 3ioe highest mplrcuarsveightsgeppdediars refgihsdy taw.ds. al t hough

G heor ar onat FR00p 10dAPutCEoFRs BRECRAR, Nl FETHRT AR tmy | nci uae, 1 or
exanpl e, t hogrhgtiaseebifd! i hildec aci d, 2,5-furandicarboxylic acid,

2, 5-t hi ophenedi car boxylic acid, Z,Q-naggghalenedicarboxylic aci d,
2, 7- napht hal enedi Eablished PE TaApplicatipns 87 4AN3%mnt VIQ 9865414 9at  combi ned

| evel s_up to about 15 nole% preferably.less, than 10 | e% . nore, preferably
bet weeh abouieBoibe FRMERteER and e ot ER B nd o TRelot S ol coc
al t hough  hi gheysoRiBY MGetidyad fdndiedfits 2 S URR G rstiRVAGRIRVEI he desired
results. It is preferable that equinolar anounts of diacid nononer units
and 25 diol #ionomdeculai weightscand esenot isotrepie pol yner in order to achieve a

hi gh nol ecul ar wei ght and hi gh i nherent viscosity, which provide a Power
shrinkage rate and hi gher glass transition tenperature (Tg) than, for

exanpl e) pol yet hyl ene terephthghﬂhgm%oﬂn%[@ggwgﬁ&pr formed has an inherent
viscosity, which is an indicator o ecular werght, of at |east about
0. 35 30 dt-/g) asQunaaw txtherteacHings andiegbectatibnsthat havatbeen of the pol yner

in o 7 Novenber 2002 WO 99154533 PCT/ US99/ 07011 g _chl orophenol at a
t enpet@t ure GHbYSIEd ipthe BFIQhAY, ISUEORIG A& seMivir¥staling pndamerphedst about

g eat or' Chan SRR CRATiA SBeBleblAs oBofhd foro BHARIG bt ™

i nher ent  vi se#sjléne §BolmortkySkesbrbiieanbictive ahh?oﬂﬁﬁidl?ﬂdi@ﬂ%‘le?@ eristics 5
based on he conposition of the polymer and the nmethod of formation. The
mol ecul ar weighito! meietigsnarg feaddy sueihesized iimolequlyr weightscthat atehe i nher ent

vi scosity of . i i i i d, as an
indicato¥ ofsh@%@%ﬁ%%ﬁg&ﬁpgﬁﬁa&¥%¢Qﬁﬁgh%%g@%ﬂ§£%8ﬁ§ﬁ§$§F%¥H£§P§§§$Ent
viscogsty i s spBiasS Caftaierd adestdindudl pelyebrds pmna@uﬁﬂm»ewsw@ngmnol ecul ar
10 wei ght corresg;pdlng to an inherent viscosity of about 0.35 dL/g or

Inror e. Hib gher arhig uygiﬁnd/&@wtfy)’%f@mﬂéﬁ-rf@hﬁkaflgpleol|ﬂrﬂ%ﬁ@ﬂ@ﬂ¢b§tﬁ@'ﬁr8i esdof at
0.50 dL i i
| her ent vi s Qi e iR A o e 18 GG  PE S 01 B o Prrany

uses. Gener aldnplicdtitsi nherent vi scosity/ nol ecul ar wei ght rel ationship can

be fitted 15 to the linear equation: log (IV) = 0.586 x log(MN - 2.9672.
The inherent vi scdbietpresess eondlitiantstfor praddicingt @ poltyestesiceotainer, wei ght f or

conpagisons of sa es and are used as the indicator of nolecular weight
ner b1 20" 20° TR bCDeEo S of BinoRiers st Al haveSter. TRESRAL T on can
be made by agho@én 36 ¥afAhe MREMGMIImeRB ProiRe tskd 1 WRGRLIECRIIh! T Y SOMBWhAL
dependi ng on the nethod used, pafticularly in the anmount of “di et hyl ene

gl ycol resi dwentdiegrsitmsghe siesired anmduntpol theasariolib@senoméerhurdts, i ncl ude t he

reaction of the diol npnonmers with the acid chlorides of terephthalic acid
and 25 any otigferaRly agntgtwmﬁsay amoyRteebmenomes units derived §em 2 AigHnt hal oyl

di chlori de Wity 4 SRR HdG AR f‘?ﬁ%i&b%@ﬁﬁf%@@ie é)ﬁh%‘?ﬁ%ﬂc%rﬁe&afﬁcilﬁ% “gf b;

conbi ning the nononers 1nh a solv uene e presen

base, 25uch assgnorbidenand dbperiding ohrthé infethodiof namufactie ofithd pol@stethi s
procedure is described in R Storbeck et at.) J. Appl. Polynmer Science,
Vol . 59, pp. semmolihe_mompmensare)desiablyringladed iheygessaatitae peaivning ng

terephthal Oylof %é’ L)8lryi'n%?izgﬁgn reaction and removed as the reaction proceeds.

This is particularly true of ethylene glycol and isosorbide.



7 Novenber 2002 WO 99/54533 PCT/ US991 07011 - 10al so be used (e.g.,
interfacial polynerization)) or nerely stirring the nogoners together while
heating them preferably in the presence of a base). \Wen 7have@bgReiod S
made usi ng Wo9agssd chl orides, the ratio of 5 nononer uni tsp&?lﬁggg%?g{loduct
pol ymer is about the sanme as the ratio of reacting nononers. erefore, the
rati o of nononers charged to the reactor is about the sane as the desired
ratio in the product. A stoichionetric eq‘?]i val ent of the diol and diacid

generally will be used to obtain i gh | ecul ar j ght pol ynmer suitable
for making cont ai ne?rBePQ!yﬁ.s,terdﬂaYEﬁg‘l"%?ﬁ(ﬂll)!()aw%@ﬁwwnE'lthee%'&t about
0.50-0.60 dL/g [gﬁ% I ynmeri zation
process, in V\hlbé%fgf%elﬁg{m gi'nt%gzjeoﬂe%?esrqgft er e?@[/) k(l)terllnipécH acid or

di met hyl t er eppblyhidrizhtiamnd Thalchoidenafi metaed iy be detenmirdddsy thendddigdd est er

of any other aromatic djacids that may be included in the polyner

composi tion. TREWWNAEf distiylensayraldp e fRalinEpdUGy ¢ heated with the diol s
t hyl I l, i i i i i . a.catal yst
Lo & high onough' t ebaPiaefied dilbodtiah, Mehihoefof GretifaBpifiobed if ' 3 4°

diesters, thent PQQﬁ%H‘sin&hé rihgebl ¥bquel26re teabdtsopablemBr(nbleredfict at
the end of the pol ynerization process is a nolten polyner. The diol
nonomers (e. g. Jhestotgl nohenel)y Eoe palymer maysalse inslite ampantsif anel @ naaee di sti | |

these di ol s gentierymees BRtE e iss R ABLRT SRap b RERFSE forp R v ca ©
pol ymer, and tt&pﬁmata%icﬁrz%muakgﬁboaymé@m.nmsttpiobhén@diaér@@kg_rd stics of

the pol ymerization vessel (i.e. such characteristics as the efficiency of
t he distd | | at i eqidcdlGanaphthalenedisadiaxyli acidy 225nephthelenedicartenytie agidand

recycle). Such i fi.cations i.n the amounts of nene and t, like in
accordance wit r”lﬁahe1 %%?W%?F'thtgg ned Ieyalsup, Ofg’é’uf Zg&“ﬁ? };rgr&@boy
practitioners bfof i t8fd po ér).pol yneri zation processes using hydroxyet hyl
esters of terephthalic acid, such as bis(2-hydroxyethyl) terephthal ate) are

al so known and may bea poefefred enolmodimiest, eltylgne giyeolsn@tordesenitsoare her ei n.

' 7 Novenber 2002 WD 99154533 -11 / USQ9/ 0701 mel t polymerization
process is thePHf ﬂ%oﬁpﬁ@w?%qﬁ?f’gf%ég‘ﬁ@%& %/‘gsjré%scri bed in
detail 440 copepdi i X I £ 0 I 344)

A torney DockeP oG 0 ILg BT e R Reh Sy LR ERL L DepB IR Prhe

i ncor por at ed hevethod b maeiitacturee theTdraoumt! df diethglenpeghicobimomtieprimiettees usi ng
di ret hyl terephthal ate and ter thal,ic idare also summarized bel ow.

Di met hyl Ter epfR1N84 %{%Qﬂrt 6%5??£b° F%@%%@d@@'@ zwhi chis carried out in two
stages, terephthali Qn%%r@fé?}% %plggrgﬁég?n%sgbq?l ‘98%@%&‘5 dJ"ng; ent, are

used as their dinethyl 'ester 1 Ives. e ene

gl ycol and i soaarchintiein theeange eflaboutt).2hemale Petdabout d0anolef%t I@neaopmat i ¢
diacid (e.g.) dinethyl terephthaf at@< in hew;)re ence of an ester

i nt er chiéthge cafmrg sthengioldROBAMEE UNESIRY "Fﬁ-@e@t'ﬂyﬁwtﬁi’%‘é? for the
nmet hyl group o i syers through a transesterification reaction.
This results i E}ot%{:(? #Bgrrm;r%?i}%%@o%' met hanol , which 15 distills out of the

reaction flask, andThépolysterdiazxareinhgfent Viscesity, icl ie dreindicatorasf t he
stoichionetry of this reaction, somewhat nore than two noles of ethylene
gl ycol are desMmaigsyaraveight,£f at ieast abew 03 difgs asdpeasured enéhblvge reacti on.

Cat al ysts that  bri out ester i.nte n i (usual Iy

acet at es) of pﬁ‘@%ﬁ?@ﬁf’ﬁé sﬂ@@f’&f“ﬁ é&?ﬁ',egﬁ’?gé"%m‘#%?%%%?aand conbi nati ons
20 thergpf, Ti (&RdératiBIfRERCE A Righat iikbrehit QliRokia) isDeh ds at lehstabbgn at ons)
and PbO. The catal yst conponents are generally included in an anount of

about 10 ppm t 8.4bdlfy, pederably atfeastabooti0 St dil/g sis slesived fartaptimait er change

i nclude Mh(QAc) 2,, Co QAc) 2, . wh is th breviation f
acetate, and cEADIATATORAARG  uTier Precessingd e RoSerEn ik SFSYE wai ch i s
ég( Ins/;aded for jdieremanitdsiicddn & abidife 2Lk Y ewtinlighab! y Sb(111) or

The polyester containers of the present invention are suitable for

30 holding beverages, foods, and other solids and liquids, and may be filled



oxi de, may be added now or at the start of the polycondensation stage. A
catal yst that has been used with particularly good success for ester
interchange is based on salts of Mi(ll) and Co(If) at 7INowehtbepOBDOUt 50 to
about 100 ppm each. These were used in the formof M(Il) acetate 3 '~ ~
7 Novenber 2002 WO 99154533 PCT/ US99/ 07011 -12 tetrahydrate and Co{ll)
acetate tetrahydrate, although other salts of the sane netals may al so be
used. Ester interchange is brought about by heating and stirring the

m xture of &ﬁ@ﬁ&@&t&m@%&e fin Mcu?érrm%é%'hﬁm{e‘?s Sffdr amlg en) at

at nospheric 5 pressure from roo nperature to a t enper e hi gh enough
to i nduce tinercesdetrengih end irangal c(lemldmltﬂ,SOC) Met hanol is forrred as a

by-product and distil]s oyt . of the reactor. The. reaction is gradually
heat ed to about BaUESL PRt HEImAE BPGIRE P SAMBSHE ARG RA of et hano
evol ution C}%]yé%%rrﬁﬁé?giﬂ'séﬁ%o@ésﬁr eas@ i4ed térgﬁalmaa@ynhﬁ@s@uéseaﬂ%ﬁu re of the

reaction vessel. 10 A smal| anount o an additive having a boiling point of
170- 240C nagnels neate other @roma@cémca?mpmlemﬂym@ gﬂxs:Ohm@lths tisgsothede transfer

wi thin the reatlon rPg and to hel @grgf oatl co openttsmthe
vessel that ™R essﬂB‘Ii’ YOOWGrPé"bOa{ER Of BIPN leéi’h‘%heéﬂals?l VEYFSt be inert
and not rea%wlmr@iw%@élgwat%ﬂ%bwoBSEHE/@hI/ﬁwﬂrﬁéa@ur%ﬂaE@ﬂ%ratUreS bel ow
300C. 15 Preferabl i/) t he ditive has a boiling point greater than 170C)
nor e pr ef er@tsightiyotume) selytion ghspid pelyasrerdn pehborophengh aitemperetire af an anount
bet ween abo %ggo 05 and 10 wt% nore preferably between about 0.25 and 1 wt%
of the reac m xture. A preferred additive is tetrahydronaphthal ene.

Q her exanpl es i mdd dedendispbR Nk ilchfién pRiviRe BYhetltdd dfangimns benzophenone.
20 OCther such solvents are described in US. Patent 4,294,956, the contents
of which areontprasbyherainghperriaiser an@ﬁfé? polvesterTsid Bethodsompagagof t he
e O | R TR e U B 4G AREREA P Bh e pliytddy nof & ready

a
present) an 19raig ransesterrrica at al yst.

Pol yphosphogdmprives &rapsltmmyemiee £, eptBmaB L Aeg aeshAE dgadinoddiids] S
preferred. It is nornally added in an_apount of about 10 to about 100 ppm

of phosphor‘%Ihléle%glyg‘?hfﬂﬁletﬁsn@?m‘l"d? aroigiiesrandaprtiongllypthadiodf preferred

pol ycondens m (1V)

oxi de, whi c%ur(rtggs %g{egésl%%;lap g{y‘és%{ﬁsdso e(g)%ntjcjv%ﬁggﬂtyo aggg%t%gég@ds%% Ger mani um
(1V) oxi de didgtwiennmmburpd af eﬂ?/me(dvefﬂghutyoluyrmomlansmbf gnd pelyedtgrsh o- 7 Novenber
2002 WO 991 54533 -13 PCT/ USQQlO??gé%:rThe pol ycondensati on reaction is
typically c prophenighat ajemperaBip e e from about 250C to 285C. During this
time, ethylene glycol distills out of the reaction due to condensation of

t he bi s(2-hydroxyethyl) terephthalate to form pol yner and by- product

et hyl ene gl ycol, which is Rehillechexdripgomof the Invention

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

In a preferred embodiment, ethylene glycol monomer units are present in
the polymer in amounts of about 28 mole% to about 49.75 mole%, preferably
about 33 mole% to about 49.5 mole%, more preferably about 37 mole% to about
45 mole%, and most preferably about 41 mole% to about 49 mole%s, although
higher amounts may be included as necessary to achieve the desired results. The
polymer composition may also contain diethylene glycol monomer units.
Depending on the method of manufacture, the amount of diethylene glycol
monomer units is in the range of from about 0.0 mole% to about 5.0 mole%,

preferably 0.25 mole% to about 5 mole%, although higher amounts may be



5 distillate. The pol ycondensation reaction descri bed above is preferably
carried out under vacuum which can be applied while the reactor is being
heated to the tenperature of the pol ycondensati on reaZtNoysmber 2602r eit her
Sb(I'l1l) oxide or Ge{lV) oxide and pol yphosphoric acid have been added.

Al ternatively, 10 vacuum can be applied after the pol ycondensati on reaction
tenperature reaches 280C - 285C. In eifiaher case, the reaction is

accel erated by the application of vacuum Heating under vacuun1is conti nued
until the usual I'y
recogni zedrlﬁéy{ugéralI allg(r?llcl‘::%/éeggf[sréri tB@Fetsq‘\é/‘?g%ggls t”?ie?‘él-] rbr% ned | evel .
This is obspemduedd asa bﬁpmductmfrtbap«dymnntﬂmntmoa:pse omamj'dnt ddded dinextlyt i rri ng

motor to maintain stirring at a consta m _An inherent visc S|ty of at
Teast 05 40 Ms Commasijanay oi1p go e ragte 1B tuou Pl SEIe BT o be
achi eved byn&ﬂhﬁnﬂﬁhgﬂﬁ@%ﬁﬁ?ﬁk%@hh&ﬁ process W thout further efforts at

raising mol ecular weight. For certain conposition ranges the nolecul ar
wei ght can be i o pedeeet dmbadimentb,yisesottide mOiesiesang m@ﬂeytrmrthezmlymnr descri bed

bel ow. Terepht halic¢ Acid Pracess .Th a §,0CESS s simlar
Lo the of ot AgPors i iReierat e ueace Brdne G abfodRateRie piise

esterifi catfigaabRAOI25qRolAb ab6@AD.( MoRYS (norB YekTeraBBLdbyL 0. m&@nt hal ate and
other |ow nol ecul ar weight esters is carried out at a slightly el evated

pressure ( éqﬂb@éﬁdh@ob e sere pyeferpblyt! . @motedo 8D5. leil(dy%, plthoughdugher a t wo-fol d
excess of diaol S C % ut 9 ol s

(ethyl ene yc%? rg?ys%eslg?lgld%{g &(saxh %gsséﬁqggéhlé}o %%%nge% )esqu /C)Iso%%rbgdieh

i nt er nedi atiemest fEfcfdbbapriesunt Bf thewaiigeiof 1andleXd tdBemole¥0I0ng@iRidgie Si nce not
enough diol is present to nerate a diester of terephthalic acid. The 7
Novenber 2@HEr o @9¥@H§BB“2@WPX599/07011 14 catalysts are also different.
No added catalyst is necessary in the esterification reaction. A

pol ycondensati on catalyst (e.g.) Sb(ll1l)) Ge(lV), or Ti(lIV) salts) is stil
necessary to achieve a high nol ecul ar wei ght polynmer. The catalyst that 5
i s needed to achieve a high nol ecul ar wei ght can be added after the
esterification reaction, or it can be conveniently charged with the
reactants at the beginning of the reaction. Catalysts that are useful for
maki ng a hi gh nol ecul ar wei ght polyner directly fromterephthalic acid and
the diola include the acetate or other al kanoate salts of Sb(IIl), oxides
of Sb(Ill) and Ge(lV), 10 and Ti(OR)4 (where Ris an al kyl group having 2
to 92 carbon atonms). dycol solubilized oxides of these netal salts may

al so be used. Co(ll) salts nmay al so be present. The use of these and ot her
catalysts in the preparation of polyesters is well-Known in the art. The
reaction may be carried out in discrete steps, but this is not 15
necessary. In practice on a large scale, it nay be carried out in steps as
the reactants and internmedi ate products are punped fromreactor to reactor
at increasing tenperatures. In a batch process, the reactants and catal yst
may be charged to a reactor at roomtenperature and then gradual ly heated
to about 285C as polyner forns. The pressure is vented in the range of
about 20 200C to about 250C, and a vacuumis then desirably applied.
Esterification to form bi s(2-hydroxyethyl)terephthal ate esters and



ol igoners takes place at el evated tenperatures (between roomtenperature
and about 220C to 265C under aut ogenous pressure), and polyner is nade at
tenmperatures in the range of about 275C to about 285C under Noverbét n2
vacuum (| e dojxgen310 Torr, preferably less than 1 Torr). The_vacuumis
needed to renove residual ethylene glycol and water vapor FEEHSPHY O eact i on
to raise the nol ecul ar weight. A polyner _having an inherent viscosity of at
| east 0.5 dL/g, and generally) up to abolit 0. 65 dL/ g can be achi eved by the

O DTSt R SR BARS 5ol 5k TR Gy
PCT/ US99/ 0701 644 ﬂgaﬁ ARG rrﬁcﬂsib?é’f@réiﬂ‘leﬁ@%ﬂa‘h‘  AMREbL DY SEntondiis&osi ty,

which is easily observed by t torque that I1s required to maintain

stirring of t hiolgihdiededmiayewevEobedigicntas readepsary toaddhievdileydasiredcan be
made by the nelt condensation process descrijbed 5 above having an inherent
vi scosity of desyiisasExapplgs O(f).t'f? aptienal gihergheldiitsingluds aliphatioatkytengs dL/ g

i : . . :
"hhar enb vi scAlfHle nptiig Rt o £EERR' o gl SBLAGIRE Bodie i DG "
dL/ g, is gener@|Hy,-dekiwhebt @ i$ andbtegienfromB-dRpiicluding brandeddibirstiche

properties. This 1 s_es&t;ci ally true for soft drink bottles that nust 10
wi t hstand i nt e@saR-dimethyht drrspanedipleds oF Eanssd dpeilehaxsgedimathageland

gl ycol, isosorhj erep I i aving. Igle i _pount  of
about 0.25%t o%‘b%? a%soeor?%agﬁla{ébﬁsagl%srq%%y thg\% I%ﬁ%ﬁl%ﬁ%’il é?ﬂ?g’r“ i ght

i ncreased furthed rioyk ypethd xstiatieemof fmer i patd pa.ndhe produchiggde (v nel t

pol ymeri zation, after extruding, cooling) and pelletizing, is essentially
non 15 18ryst alhy déo xphet axar)ipd) e 0at ) 6d chedee x@m e¢r yst 81, Bi-hd sy H@ating i t

t t t i ut 15 . 14 f | ded
0 ol 2 Y S G RloaBelt 18 & BhlARdCT TpBKeracd
t hat the prOdlﬂiénﬁ)ﬁ{?oiﬂh@mab@1bﬁ§hﬁytrb@ryﬂ1riwph hi gher tenperature to raise

t he nol ecul ar wei g The process works best for |ow | evels of isosorbide,

20 about 0.25 nol eYharephtbaloy! rgoigtiesthe polyester mmay gopgdrore25E0molelh.i zes
nore easily with | ow Level i sqsgrbide. The I r.ma b t her

net hods can aI%’qu{@%r%”éﬁs%%H“ﬁﬁ errnqrﬁegrgpeg'gﬁg( %@%& ?‘Pge?@ g'?aemﬁ%tl yner
may al 9§ be crystahblyZ48l507Mhele%, Cafitbidgh Righf dMROYMET MmaRtbeindiydéd eat ment

r
with a relatively poor solvent for polyesters, such 25 as acetone, which
i nduces cryst aiddessarydm acigove thet desieddesults. yOtheriarosatioidad huwigltesip sol i d

Patont Noo. 5, DBADAVEE SFg8t, T, NaA B cAnOpdRaT AP FORY
reference. U0 3haET1 A6 1aaRBSH 12908, BEINEIUAIRI IR acid

crystallized yner is subjected to solid state polymerization by placi ng
t he pel | eti zed,6+ngphthatenedichrbatyiceacid,nt2)7-maphtledenedicarboxper acigdasndusual |y
nitrogen, or under_a vacuymof 1 Torr, at an e|]evated erature) above
about Z80C but4febibRnzdieacidat cagbingdieyels upéo a Bﬁ‘t@'ﬂ')@tﬁ%w%%'%%iﬁs% t wo

to about 16 h . L I i i f I I out at
t empor at ur os ofeR1g kg Bidte BreRrINEbekA P dobt BDFHORM dnd Shofde
obt ai ned by heabshgréfbrabholgssethano 2aimole%,l akhouglaingherl a80uhty napoibe 10

hours, which results in an increase in inherent viscosity to about 0.8 dL/g
or hi gher. 10 INEHBE asmeegsIantie arievs fiadesirad mselteont ai ners descri bed

herein may be made by ;?r@iér%’ﬁ&'ﬁ?& é?ﬂ.g?f@}airr]%rﬁ&ﬁwt?& diaRHF FhoABnfaf Units

i njection nolding, 1njectl bl ow
25 dio! 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 (Tg) 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

30 dL/g, as measured on a 1% (weight/volume) solution of the polymer in o-



rotational nolding, thernmoform ng of a sheet, and stretch-blow nolding. In
the present invention, the preferred nethod for nolding a container 15 is
stretch-bl ow nol di ng, which is generally used in the produgtjyQn or 2002

pol yet hylgﬁég}sgggpht hal ate) (PET) containers, such as bottles. 1Tn {ﬁlg
case, use y 2> made of any of the cold parison nethods, pcovusheezbria
preformed parison (generally made by injection nolding) is taken out of the
nold and then is subjected to stretch bbow nolding in a separate step. The
hot parison 20 nethod as known in the art nay al so be used, wherein the hot
parison is i ghefbptcpbyatatynesdratiire of 26TC@1 Phefblably, té thhegentvisdssityase

equi pnment wi thout conplete cooling after injection nolding to make the

pari son. The ablaastahoutdhpa dh{q;naoresprefrrably drerter Hhandd Grdligoryenmere

preferably, h C j is
preferably C%ﬂ%%{a[béé&ge {eg tﬁn%fgkt%énég?%‘fﬁ}%‘ §rfe?f,%r;a§% Qggte?%%b?ogg,l%ut 150C,
and still nompemigdrentldcostty aayaioadjudtedto behigntie dudhéd charicedriztics of the
i nventi on may have any shape desirable, and particularly include

nar r owp nout h based loas he sampogiionnithe palyseranditie methog ek fareativno2 WO

991 54533 PCT/ US99L0701 h ed taops _an vol of , about .450 m to
about 3 liters, al ﬁ&ﬁ‘éﬁ“@%ﬁ‘f’%‘@i‘?@ﬂh"qﬂ‘&ﬁgB?Q'Pgﬂ?‘%{?ﬁé’ﬁgg%y'“&ge#‘%F'ﬁ%d. The
cont ai ners cathdtBniiSehsity of tid Pakyfhet oh Solutibh oMY meRiseBsit@Rtused as
surprisingly, can be used in hot "fill applications, even at the | owest

level s of 5 ianoipdicatateofimelegyianweightyy Foviher prieaenthpolpmees; tthefinheresibr bi de
P11 ed w th MBEOPhGATERSue b B metasCoatip Praetibt 2suReoREr or bl v
up to1@t | easgfe; rr&%%dmp% drfiRerant ﬁéco%ﬁﬁﬁ?é%&’t@?sﬁ.?%%r%? 88C.

The containers of the invenfion can wthstand the hot-fill rocess

t enper at ur es Highéromblegnlat Ovaights aidrragpsnding tanhhdrenPEscasitiesibhat Bashl t hough
t he anneal i ng, st y,, be performed if desjred. The containers. of the
ventton ar 00T Do HL RS GedleMEfly ARG welan St SRTeSEI IS Kha

i quids. The; L\ R&ositi ; VSR, ent, but
can be nodi fi"gg:ﬂté@t Havémggl%(f)raeélﬁ'z)ﬁb"g?%%ﬁlgg,e} ?gﬁ%ﬁre?gg{ hgﬁpt rar?éparent,
i f desired byGerdallygtheohhesmnt siscosityaniecuiarweigitusiatignshipdanl bhe fitkéd on of
the polyner, which results in opaqueness. Additional additives, such as

oxi dalPon st 4®the bngas eqyetienivi ol et |i ght absorbers, antistatic agents and

flame retardants) may be aqgggwﬁs__ g.%gbr)ﬁqﬁ%mp)e_@b?gzon the specific end use
[ [

of the container. 20 The con ers o p¥'esen nvention may al so be
made with t haheoinhesémtr giscesities ed a rbetlepdndicaior afiphblsularnwahd&ér 720

[ Attorney Docket No. 032358-008] and the pol yester blends described in
copendi ng apFemparisghs obsapalesand aje Usaskds hedrdicatqs of mpletidanysignt t he
contents of 2‘%%‘ of which are hereby incorporated by reference. 7
Novenber 200 B 99154533 -18 Exanpl es PCT/tJS9910701 | The pol yner

nol ecphar wei ght s Thepdpddtant @sédrasngke thd sdrainbis of the dvdntioni cavt De Whi ch
is measured for a 1 %solution (wt./volune) of polyner in o-chlorophenol at

a t enper at ur énage ypany ohsevessl anetheds.c The prosiucEcaropgsiians: argsemexhabssed as

ppm based Ol4ePehdimgon e nSathd st %gtrticmarly in the amount of diethylene

glycol residue that is present in the polymer. These methods include the
reaction of the diol monomers with the acid chlorides of terephthalic acid and
25 any other acids that may be present. The reaction of terephthaloy! dichloride
with isosorbide and ethylene glycol is readily carried out by combining the
monomers in a solvent (e.g., toluene) in the presence of a base, such as
pyridine, which neutralizes HCI as it is produced. This procedure is
described in R. Storbeck et al., J. Appl. Polymer Science, Vol. 59, pp. 1199
30 -1202 (1996). Other well-known variations using terephthaloyl dicloride may



the netal with the weight of either the dinethyl terephthal ate or
terephthalic acid, depending on which nonomer is used. EXAMPLE 1 The
follow ng pol ynerization reactants are added to a 100 gal .7 NQvemkerone
capacity, WW@bm4sss steel polynerization reactor fitted w tlth%sg‘;ﬂiq?gi us,
stainless steel, water cooled reflux colum packed with stainle S el
rings, a stainless steel paddle-type stirrer, a water-cooled condenser and

bypass: dinmethyl terephthal ate (197kg), i'8osor bi de (5.12kg), and ethyl ene
gl ycol (135kg), whjch corresponds {o. | e ratio.of 1: 0.0346:. 2.00. The
15 catal yst i salﬁ‘PsbecHﬁ? é&eindf‘*@ﬁﬁglitg&we&ﬁﬂ'w’ ReMmarely; _@I‘ﬁ"&ﬁyg?eat e

Thi s cor rosporgSnonas SRTnERMAEREREINR. pRfrapll b PEsERet R 2P e
wei ght of di nethdnd). t erepht hal ate), 65 ppm cobalt, and 375 ppm antinony. The
stirred reactor (50.rpm.is purged with a streamof njfrogen while the 20
tenperature is rai s\é@%t%ﬁg‘)’"@’daﬁﬁaium he, g6l € Iﬁ’”ggsvfglﬁ’r“ﬂ&P . The
reactor o S 1 aCkRhBHANhitSRMHR SBARE! biyier G0 2Bt Wi sahll a0te HARPOFYSt oM
as a heating nmedium anol evolution’comences, and nethanol 1S

conti nuously celaktheg atbnafriers. Theref@actheaatio of eadmdrsadiewrgediftpthexeastoe! y
150C. By noting when the tenperature drops_at the toR of the packed_ refl ux

25 columm it | 5 gy theesarge s Hienfiaairethealihin H1e pEdushol A SliFhiemsivic
ransest o’ 11 canGHER) Bf B At ARCRP BbelAl B bRk 1Y Sl TP o

82 ppm of phosppscula wseightigsigmen suhgbledormaking ¢untyipeasS@)G), b iftsdrent
solution in ethylene (%I ycol. In this case, 153ml of the solution, which has
a concdf rat i ovisedsity. afeatigast abpuNdHEREP didmly WO 99/ 54533 - 19

s stopped whi | & nelts REVIes Sal B e B fleR sioBeralBodro 6 e o
a period of abﬂchh%@%iH?oorﬁ{ﬁﬁIéﬂmsiéithbhfé?egr?tﬁdﬁtﬁééi&oﬁéli%étﬁﬂ teebRthidte

mul ti-vane vacuum punp with 20 horsepower blower. The attainment of _I‘ul I
vacuum pr ef er and yalsespcldesdhe frepoacid ondimethppesizt ehasyyothehatomatiur i ng

this tinme. ethyl I | distill f d I L I i ght I
forms.  The mol SERRSOhERY 66 iidads e BOrRn olPosuke’ s Bhe SRR oF hotre.
until tfze pol ygehetRghiesiees ! hése8NitHehe aiog:%mwéhfaagnye@zt, §5d¥omside Py an

increase in torque of the stirrer. Wen sufficient nelt viscosity is

achi eved, the opflignatdics)indheipedenas ofppedjalystido tehkighbsnowgh tempemituieed from
the reactor through a heated die at the bottom,k The nolten polyner eperges
as a strand t hiat 1o BeBPEET SOOIEIta ol enets ALHEEEe - T OBRBI eIt o

pellets. The p r ts i i J meab eat ed
Pel150C The DialPipdithe@! STRS Bolyméie 6@?%%5%%8{5 HePpaiPBeHz AR
dL/g. 15 The ppidcess iscal nyoiten petyner. | dedéid! mononeers (exgl, ethiylgre glynd! argd heat ed

TR A LA e L e R
crystallize Q%Fo%reepg.' T h%h@fﬁ?ém&ﬁ eg?e%%&’qiﬁ’gé Ehecgfgbh&%u&?s Eﬁﬁ‘rﬁ%gg@h?e ry

er)
achieving a vacuumless than 1 mm ng 1s conti to a 20

maxi mum t enper edaoter ¢ obidif, thehdebired pudyrdef, cand thetamoohtsapre adjuskdd! y 15
hours. This effects_a solid-state polynerization and allows the nol ecul ar

wei ght to be sREFMING [the | Gharaststeticsast thei RolyBGrizationnressgl di.¢-nseehe
Lbout 0. 7"t gehhcleisted adine ifiBty Ghe HiodipliS sbfipiic Aft s SRGRAEY T o

by protzg NVR, of fcHodeer rbc%é@@@rI@Jc?cle).49>%cﬁtrhddjiﬁwuogwl ifQhe afrolfiits of

di ethyl ene glycol, and 50%terephthalic acid, all expressed as a nole % of
the pol yner. | monomsss andtheljke inaccemidangewithithe charastasisticsef 4 reactos ap| yner

is approximately half of the ampunt.that hay aed en ared with

Lhe-anount of - Sedigiadh mhoRchiRieR iRt st POYEETHART PeRR TR e

distillates, eppgxgbihyl esters of terephthalic acid, such as bis(2-hydroxyethyl)
terephthalate, are also known and may be modified to make the polymers

30 described herein.



7 November 2002 WO 99154533 PCT/US99107011 -20in the ethylene glycol. The
anount of isosorbide in the polymer by this process thus is very dependent
on the efficiency of the distillation or other separation EABRGSbdr PR, ar e
used in t ¥R eyAeRSS. A skilled practitioner can readily establish specrfic
process details accordlng to the characteristics of 5 thePFEAISIYI7011
distillation colums, and the |ike. EXAMPLE 2 A second polyner with a
greater isosorbide content was prepared!i-n an anal ogous fashion as exanpl e
1 except that the anount of isosorbide charged was 17.8 kg and the anount

of Mi(I1) acetate tha mgiyralyperization 9’@9(”&%'5{1@@@'@@5@@“@@(’ @bmalsmondu ng

transeet er i f DE ol ANd ARG beIE dRRin SBPLTRS oty B8808eE i Fhed T
above. The f'A‘bﬁll&@ﬂorﬁ)ﬂloyUQIOGWAPQ!{&&F\&)Z%CK@TN&@MSSZ@@H f8d ohQdveir st at e

pol ynmeri zed by the sane nmethod as in the previous exanple. The change in
sol ution vi sctatet heggwith,s @ndd- IB@Q!'P@TGEQd pbeteiar byatretanenge. eadhe omedt

d th t t hi I
et or mbned by RBE G IEOGTSRE e AeeThL PP RS < eoRbal a8 ont ont
and conpri sesa,bhﬁsg gu,lnﬁwrﬁgd Heper s: about 2. 6% i sosorbi de, 46. 7% et hyl ene

gyl col, 0.7%di ethylene glycol, and 50% terephthalic acid, all expressed as
a nole % of the polynmer. 20 EXAMPLE 3 The poI yners of Exanpl es 1 and 2 were

made into 460mL jars on a cobrmsrgi gi Ni Ei la é%;lOODH I njection Single Bl ow
stretch-bl ow nol ding unit usi bl ow nol di ng process)
and using a 132. SnpthR%brbedss, hich Fseéé‘rhedmﬁlrpﬁbdﬁ?d igetterePhifglic agid™D ded
at a nelt tenperature 25 of about 270C to nake a orm was t hen
subj ect ed t 0 aikthetaptiocdildianid monomegs,pirpressrs, arteds(éﬁ@sthelt Henethpeestepui pnent

wi t hout conpl ete cooling. The conditions of the stretch- bI ow nol di_.ng
proced® were ‘ﬂﬁ'&ﬂﬁ“&%&l?ﬁe diols; (e\gy &ipaeneglysolghdisosar Iﬁﬁ’/”ﬂ!S@@Nﬂ’bll 21

d f o h
pol ymer s of vk apediedBohe R aaCR @ B SRR Rl > "¢

Anal xti cal anﬂreEéﬁée Bﬁbﬁ e%&&l intarclaangiatatalyst, avhiol daaséd exdidngy epeiet i es and
nononmer unit 5 conpositions of the polyners areéj%esent ed in Table 1. The

nononer unit €HMEOS| Q'N@?lsf%fth?h@eﬁmlﬁfﬁldﬁ of the glipey! estara thrawghe aneasur ed
e e mor mat i J0AE o T EBRRT L P METSARSARE Ml ATRNER |, °" 2

havi ngst he f ol B0t ©PNRO Sehtwdh ﬂé§k3aﬁa|l@is%2thﬁ§métﬂw Gerphthaldte/ Nl e
10 % isophthalic acid, 1.25 nole % diethyl ene glycol, 48.75 nole % ethyl ene

glycol . The ceegayiseofthe W%QWW‘W&@OMWW% m)er@éh@pMmmoieﬁ aci d,

1.3 nole %is I oet e
di et hyl ene gl @Pe@f;ﬂ%@‘yﬁ@p% ‘%%Eg‘? y‘%dgec{a rrgr%%tgﬁf&e 85' ’t? &%?a%gm
scanni ng cal opgRiktion. 18atalysts that bm?naabutr@tmheer@ﬁaﬂé&nmuae sk (Lbseainel
properties that were neasured include glass transition tenperature, cold

crystal | i zat i acetatespefrthe fnllowing M@gaiﬁelat CagMardin,idiy Hbeﬁpdmbreattons
tallizat d .t he heat N .

Vb1 i 29 condi (e TERIakFAE RIS Sp AL RLb fiaving P ackion Bdpos 4% Lt

on hot fill ppbbom%?alﬁt cbhﬁ;ohéh& a%ngﬁeﬁu?wmc% ih3n Ehb@® of aBbEt 4- 11

Table 3, the jars were filled with a hot liquid (water or corn syrup) at
t he tenperatul@ pphrmrablont 10 ppinc erefmTenmatallysltsvfar estehiotercbangelineiudeer f ast

g;p;legw as s a(Sg\c 2, CEoQ%AcI) r,szgncf %nl(gﬂ'c) l, r\]/vr];eargt 8Q||sltgg)abtbrev rr? fé/)Vre e

acetate, and combinations thereof. The polycondensation catalyst which is
25 needed for the second stage of the reaction, preferably Sb(lll) or Ge(lV)
oxide, may be added now or at the start of the polycondensation stage. A
catalyst that has been used with particularly good success for ester
interchange is based on salts of Mn(ll) and Co(li) at levels of about 50 to

about 100 ppm each. These were used in the form of Mn(ll) acetate



and then tooted with water. In slow cooling, the jars were allowed to cool
in 25 air at anbient tenpedature. The shrinkages, neasyred as the %
decrease in volune, were neasured for the jars nade frémt'?@\ld%@lﬁb%?ééoé)f
Exanpl es 1 wo@ya4sszlars made fromthe PET control polyners defornmed in all
the hot-fill experinments. Thus, no data are reported for jaPST/HEW&O79om t he
PET control polyners. The jars made fromthe polyners of Exanples 1 and 2
nostly did 7 Novenber 2002 WO 991 54533-1BCT/ LJS99/ 07011 -22not deform but
showed decreased vol une due to shrinkage varying fromless than 1 %up to
about 10% whentetiahydehteand Eefibracetate tetrditydeatabalthoughOthardsilts of thecgsane s dat a
for the sanme hot fill exI eriments as in Exanple 3. The data in Table 4 are
t he shrinkage ert@‘ﬁén%ﬁﬁg‘%tbgru ‘the neck finish 5 (the part of the neck

above the threads) EE{e? ntéﬁchb?ggihsttﬁ}%ubﬁf abuk th@atihb SHEStiAHY thehikfide t he

jar. Less than 2% shrinkage of“"the neCk 1s deSirable. The stretch bl ow
nol ded j ars t haf resstentsesndat Badneteathaispherende gl hittogeok rad satemispREfic

control 10 Wall thickness of the bottle: 0.669 rrmV\a}‘I t hi ckness of the
neck + 051 nRIGSSHIIAM TOXRIEMPRTAd 2 SmRaRatUEL Piahenayobdn ndvcgdne

t hi ckness near : : ; j

bot 1160 0. Boy SeefiftpRfande tabodtaskeCr: Methandt iffiined ol Slgeplicl Sy
pol yner of Exadjstits dutvastherreadiooy dheirghttiomisagradaaliytheatedrtoatbod0230W

(132.2C). After drying, the nojsture content was approxi mately 50 ppm The
dried pol yner wAH Metanql gyoiofestopst o Theknd é’?ﬂ%é"@b?@'ﬁt'% &earbR with

a standard 43 0 T r i | O 213
repeat stret chp%qoélﬁvér?fglﬂé{ %grorpa{:ﬂﬁlhﬁeo%% ﬁﬁe@e'ﬂ%@%%ﬁé% re%c'?gﬁ%ggﬁand
bl own i1g 0 generic A-shdliemb@siof aptadditivg hbvivg by EEntel 1T OLBIE BAYr € was

set at 270F (132.2C) with a base tenperature of 160F (71.1 C). These nold
condi ti ons ar e berrddadatrdthed estgf dnterdiangenta aige i theeheabtraprier mathimdte £ | |

01 54533 pcr) olegraiathEand el EOER BEuIE Somebreils B RRELYR guer
time in the noshyofutAiRR X6 s phirkell 861GRTIISThd RRIdEeIMUSNBE iidrBRd Was t hen
reduced to 200F (93.3C), and seversﬂ additional bottles were again nmade for

hot fill testi reactwithslesheimer dimethy terephthaiatei atitomperatures hRlowiR90SGi t abl e
f Kj hat-fill 5, PET ttle. Th . |t bot t | i t
ronsuralE for oPiieray.otne; v oias S Bohfg: PORE SRRt FRnl TEC LBl o
bottle overfil brafaldyipe withitethOianb8 of W08 Ct e &5t &l {sOlisdtPin an bimount

performance by filing themw th hot water at tenperatures that ranged from
185F (85C) to bebredroabaut®©.05 andd0 wilel mate pefetablybeiwadnmhaut 625 and

hri nk ft t di t d at th 4 iti
The borties.  aldvnalthe seedBn T Eus TR OB Bedsive il isrebhbalimeg ¢o
determine the pafgeianiisdinkade dnlroifet, BigHongi-dianbarktdnzBondiithe.

di storted. The shrinkage for h IT containerS is preferably |ess than
3% '! 2 The d&therfsachpohvests areolaescabedhimdes. Hatestith#a4 Oo6dthercorddnte ob f or

bottl es obtained.ysing a 270F 132t2<i)1abm%ld and in Table 6 for bottles
obt ai ned from & e(yse t’nc{qégqu_ae@o YSENPE- data for percent vol unme

change was al so obt gf,pe I Sisndddl ged r
essentially the sanghgoﬁ%éﬁdoﬁg%%{fﬁhgﬁﬁhbeﬁpgﬁat ur edygf 927%(!';(5"(;@332. 20).
20 Twenty PET Ipolycbrdarsation satatyse (if est alleady presertyentia ssquestaringsagent
tenperatures from 185. 5F, (_85.30) to 195F, (90.6C), and.the results of 4
repr esent at i ve 9/dbedransgsierfiGationcatalyst Rolyphogphpriccadd dnhan exarpleiata of

Tabl es to 7 k0 i I t han
PET botfT es, esequetiafind ShRifdnf RiRitia LgRORRARFARd B BROmAIASE (o7
to inprove theiabopetd wraboue ¢00 ppevof piosphdrous pregin siiimethyl wospHahalae. Tabl es
5 and 6, it can also be seen that the heat set step appears to further

i nprove the pelEx@mpieeef prefered polysondensation: catalyrly Jel gntimeny Bk exide. |t
's to be undergi qod hlAturh 1R)RNE - Ui hi b8 TR_Y' 158V B Bbout 100 to
about 400 ppm. Germanium (IV) oxide is the most preferred

30 polycondensation catalyst.



30 illustrative only and that nodification throughout may occur to one
skilled in 7 Novenber 2002 WD 99/ 54533 PCT1US99/0701 | -24 the art.
Accordingly, this invention is not to be regarded as |im te2dovemb&e2002
enbodi meny® 99is3s 0sed herein. 7 Novenber 2002 WO 99154533 -25 TABLE 1.
ANALYTI CAL DATA PCT/|11S9910~011 | Pol ymer Conposition (rmf’ET%SP?{‘”“"

pol ymer) PETEx. 1Ex. 2Ethylene d ycol (% NWA8. 346. 71 sosor bi de

(% NML. 032. 6Di et hyl ene d ycol (% NWD. 71083-7Terepht hal i ¢ Aci d (%9 NVb0O. 050. Ol .
V. (solid-state polynerized) (dug)NVD.700.71DSC Anal sis 10C nmn)Solid
State Pol yneri zed Tespolygonsdengatioisiaaction isdypiealht cardeq eytaiantemparaiuge

Crystaliizati 9

8. 5156. SNWusfP%%g)rs? ggﬁffﬁo ég%%é D‘?ﬂri?%tﬁfg'\@g tﬁ%ﬁge@ﬁm on{ﬁ?rgnég at peak
maxi num (C) 2fiﬂe8r%§§td1?8@Eltk§Ich%i¢aﬂBhfdﬂﬂ§bE gﬂﬁ) fryPiefortinalts
Crystallization Tenp. on Cooling (C)209.8202. 319 Heat of

Crystal | i zat itorfofm @c)lmesgndm}pmtéﬁcﬂﬂnylea@cglyﬁqlgvaw isrealigictechas a
Terrper ture ((g)s 078 .982.3Cold Crystallizationl Onset Tenp. (C)_ _ 132.6_
133 1129, 1C0l 'd&&}‘% | Tenp. at peak maximum (C)138.1138.7_ 158. 6Col d

Cryst./End Tenp. Té& &ir&néé{.é’n tdackivh ideBLABSEAbOR: fs Od}@feTsmg -carried
(C) 222. 5215. 9Fusi onI peak maxi mum (C) 246. 7252. 0239. 7Fusi onl End

mel ti ng Tenp. ox(t@)ﬁaevmm thh san beyapplied whileitbe raanty. is beingdadatad to
(C) 199. 2209. 8

Wattsd ass tr %S?WPSW El"@rfﬁé"r‘%?é ytgg'lf'%ﬁ’?zﬁ%kkﬁn é‘%ﬂ%oodfr Oé'ﬁg?élt%‘? zgl?@@rﬂ)@é 2{
Tenp. (Q) NNN'\@fléegg? led@réf?d pbly%]ﬁﬁspi%ncpé‘éﬁ h%é'ﬁ@érﬂ % ded\VNIB Abtiden! d

Cryst. |l End Tenp MFusi on set nmeltin 215. 7236~
218. 2Rgsi onl T\mqmunat:apdm(appbedmﬂe( ﬂ)éﬂ:@lﬁ@ﬁ&e@@aﬁhrﬂtedéﬂsn dehipedatoed t i ng

Tenp. (C) 253.4259. 3248, 7Cr I'1ization Te
(C;rgoo(s)zlo 17e58h %@QS 2@%&1&1 dh§ither case %Pdﬁ&ét'%§ él‘%@'%fa‘eww 54533 7

Novemnber 2002 . | ONS
e 00 TSR, PR e R RO BT
Nozzl e) 270280;2&9%6$6&Mﬂ3311hbgdé31md mommarmmmt usiiblly Geedgriinéd -by15ﬂ

Pressure 2 (kgflcm - sec. nm - 260 - 1.5 Pressure 3 f/lcm
-~mm) _50 - 7 0ogwase oty me%Sﬁgps'yt?eam@gwt@rﬁwmésv%sams\fmsg@rchaq % -

?S/f_ : (E:Som*r) 7%5’ %cg;:/a%%qq 1%%5@8&5%9&&?/ ?o§ ﬂ?f/g ﬁﬁg?ﬂ?ﬁ?{ écgpr%lrlt %ggtﬁ'ngg%QSpeed 2
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
process without further efforts at raising molecular weight. For certain
composition ranges the molecular weight can be increased further by solid

20 state polymerization, described below.

Terephthalic Acid Process

The terephthalic acid process is similar to the dimethy! terephthalate
process except that the initial esterification reaction that leads to bis(2-
hydroxyethyl) terephthalate and other iow molecular weight esters is carried

25 out at a slightly elevated 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) is
used. The intermediate esterification product is a mixture of oligomers, since

not enough diol is present to generate a diester of terephthalic acid. The



7 Novenber 2002 WD 991 54533 -27 TABLE 3 ! VOLUMVE SHRI NKAGE OF 464 ml JARS
(AFTER Ft LLt NG W TH HOT LI QUI D) PCTNS99/ 070! 1 EXAMPLE 1EXAMPLE 2Hot

Wat er S% Shri nkage - sl ow coeting)! % Shrinkage -sl ow cool’i n

TESTED4. 47 288G4s534 8. 23888CNOT % RGN er 2002
TESTEDDEFORVEDOOCS. 464DEFORVEDg2C9. 773DEFORVEDHOt Wt er ( % SRETAISo%F0L1 f ast
cool i ng~ Shrinkage - fast cooling)80CNOT TESTED2. 63985C3. 0888. 21288CNOT
TESTEDDEFORMEDgOC?. 040DEFORVED92C9. 073DEF@RVEDHOt Corn Syrup~( Shrinkage -
sl ow cool i ng) (% Shri nkage-ssl ow cool i nal 80CNOT TESTED2. 03485CNOT

TESTEDS. 01290C4atai@&tsOdte @fieh . diidioRFORMaDa8d8d seaBlys O/ Hizdeissalyr in Ipeup(. %
Shrinkage - fast cgoling)(J Shrinkage - fast cooti ngy80CNOT

TESTEDL. 474850@@)‘@“@3‘!‘@% €353980C4. 2158. 88095C5. 072DEFORVEDISCY. 623DEFORMED

FINVSH OF 460 1 AR ORPTRIE B P TRE T r T Bty T 5 19 T

Shrinkage - sl il creekssayy to-adhieve a digh mokecolar weight pglydicNDhe catalyst that
TESTEDL. 51285C1. 3321. 40288CNOT TESTEDDEFCRI\/EDQOCl 062 DEFORVED
92C1. 532DEFORMVEDNeadedvisx aphisyerd Mg geolectlas Weigly) 73y bs, afidediafige the f ast

con L 10) SOOI e P AR T i o

Shrinkage - sl @mm@égrngih g(Hatsrrdankiag.e Catalyavtisataire ngpiul for&ﬁﬂhﬁ%g high
TESTEDL. 28285CNOT TESTEDO. 9521 90C0. 681 !1.651 y 95C ~0. 911DEF

9800. 731 DEFORVEmMeculanwaighy pelvmer divesthrfram tesepbthplicacid gop itheydliots isiudekage -

f ast [ 8 I E .

25t ool ) 0D HSTEBl A 000 s of s, e 5801 59 e
2002 9/ S45 t f
2002 1051 SIS A HOREEIHGIGRI pahnbns D2 1o by oy«

Change %st andars@u[buua@tmms@f (l%)elroeta! saltszm qlso b@)Wlelm may
f)? 3E§) 1(2) E’ollg 05,@%%6 %,Q%Jllg)he use~o tt7les-|f_eaetl)rlxae ot?rer ca al ts m t%e pregarg%{);]%rf rance

polyesters is well-known in the art.

The reaction may be carried out in discrete steps, but this is not
15 necessary. [n 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 reactor at room temperature and then gradually heated to
about 285°C as polymer forrns. The pressure is vented in the range of about
20 200°C to about 250°C, and a vacuum is then desirably applied.
Esterification to form bis(2-hydroxyethyhterephthalate esters and
oligomers takes place at elevated temperatures (between room temperature
and about 220°C to 265°C under autogenous pressure), and polymer is
made at temperatures in the range of about 275°C to about 285°C under a
25 high vacuum {less than 10 Torr, preferably less than 1 Torr). The vacuum is
needed to remove residual ethylene glyco! and water vapor from the
reaction to raise the molecular weight.
A polymer having an inherent viscosity of at least 0.5 di/g, and
generally, up to about 0.65 dlL/g can be achieved by the direct polymerization

30 process, without subsequent solid state polymerization. The progress of the



Hot Fill Tenperature F (C)No. of SanplesVol une Change %standard Devi ation
o /195 (90.6)10-2.20.3200 (93.3)10-5.00.7205 (96.1 )4-5.6 ~0.5 Table 7.
Conpar ative PET Bottle Performance (270 F Mold) Hot-Fill TepR é}ﬁ%ér SZ?OE

{ O No. ‘ﬁg%esvm umre Changel85.5 (85.2)1-2.04189.6 {87. 6 1-2 {
(88.9)1-3 %90 6) 1- 4. 63 7 Novenber 2002 WO 99l 54533'd1'/l§§59/h1ﬁ99/ 070t 1
-30 What is cl ai rred Is: 1. A container conprising a polyester, wherein said
pol yester conprises terephthal oyl noietises; optionally, one or nore other
aromatic diacid noieties; ethylene glycol noieties; isosorbide noieties;
and, 5 opti Opathraammamm followbé by dh® meltvisebbis wmmﬂseasn;s@bsénaéd yester
has an inherent viscosity of at |east about 0.35 d~lg when neasured as a 1
(wei ght | vol ubthekraue H‘Fﬁt(ﬁ reguirgd e maistain stiing czi#ne)mbtﬁamﬂlyra@r a
tenperature of 25C. 2. The container according to Claiml1, wherein said 10
terepht hal oyl noieties are derived fromterephthalic acid or dinethyl
terephthal ate. 3. The contai n@omcs@t@lp@g,rﬁ@,zq.@hm 1, wherein the polyester
further conprises diethylene glycol noieties. 4. The contai ner raccording to
Claim 1, wherein Palymesaganibelrpade by the malt ennslensalien pcess dederibaded from

l'i ph | kyl h f 3-12
car bon af omsAAREP RAYMHGT ReSianb vRREaR pErBrS 10 oSl Sl 4T an
integer fr onh%ﬂla% atsdus oqsrs dL/QB$8ﬂea4&ﬁmhﬁuh%ﬂﬁﬁdfémuhﬁﬁﬂqior%on[ﬂﬁéﬁdr es
t hereof; triethylene glycol bi s[ 4- (2- hydr oxyet hoxy) phenyl | pr opane;

1, 1- bi s[ 4- (2ahgolymeydtavmg/)an2mhpmww}®ﬁdvcﬂfeatalee$t about 0.6 dL/g, and
9,9-bis{4-(2 ééera%i( gtg %)y? Mn% defnlel# (Peswaf:l)l’e to db?aln containers having

good tensile properties. This is especially true for soft drink bottles that must

10 withstand internal carbon dioxide pressure. Compositions of ethylene glycol,
isosorbide, and terephthalic acid having isosorbide in an amount of about
0.25% to about 10% on a mole basis may have their molecular weight
increased further by solid state polymerization. The product made by meit
polymerization, after extruding, cooling, and pelietizing, is essentially non-
15 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 12 hours). This induces crystallization so
that the product can then be heated to a much higher temperature to raise
the molecular weight. The process works best for low levels of isosorbide,
20 about 0.25 mole% to about 3 mole%, because the polyester crystallizes
more easily with low levels of isosorbide. The polymer made by other

methods can also be crystallized under these same conditions.
The polymer may also be crystallized prior to solid state
polymerization by treatment with a relatively poor solvent for polyesters, such
25 as acetone, which induces crystallization. Solvent-induced crystallization
followed by solid state polymerization is known for polyesters and is
described in U.S. Patent Nos. 5,164,478 and 3,684,766, which are

incorporated herein by reference.



di anhydromannitol; 1, 4:3, 6-di anhydroiditol; or 1,4-anhydroerythritol. 5.
The container according to Claim4, wherein said one org nore ot her diol

noi eties are derived fromcis-1, 4-cycl ohexanedi met hanol’, 7 November
traps-1, 4- cyol9atiessanedi net hanol , or m xtures thereof. 7 Novenner 3@3& WO
991 54533 PCT/ US991070t 1 -316. The container according to CFGFASY0Mer ei n
said optional one or nore other aromatic diacid noieties are derived from
i sophthalic acid, 2,5-furandicarboxylic d& d, 2,5-thiophenedicarboxylic
acid, 2,6 naphthatenedtcarboxylic acid, 2,7-naphthal enedi carboxylic acid,
or 4,4' 5 bibenzoi c Theictystatlizethpolypat igiswbiectadtior snlidstate rolwmerisatiothy ei n

said one or nore other ar I,c__di acl | et es. riv fr.

i sophthalic ac PE’,C"E %B%Iﬁetqﬁép&i&ﬁ\gééﬁsgoﬂﬂ?ﬁ'hggwﬁg Si, il %?S’Qn@gh@agci d, or
i xt ures ther egbuafy nilBges o @idiera Pec@RtibNY Tofr, 6t ah Behviatdd tsrhpBratiared

I nherent 10 viscosity iS at | east about 0.50 dLlIg. 9. The contai ner
according to Cahove 8poutti0Cbuwd hethw thieanelting larspereturg, fat alpssiod aftabout 0. 70
dUg. 10._The contai ner a rdi ng, to aim 1, wherei.n said terephthal oyl
rmuigetieé are p?‘@%z?l?g?)‘l’lt &ﬁR%%u%?l&gf@&ﬂ'%SQ%ﬁm it HrelgeR1Y 1 88 HH% % of
sal d pol yester 4 @ﬁ;sl’edg%t@rgo?faéwm géocﬂtoaéulo@t DROR.1 EceRbht %§Fﬁ§ﬁév Be

anount up to about e %of the polyester, said et ene glyco

noi eti es are pobkamtd bynheatirathenpolyief tooabald dGE° BabautASAIC 168 aBbuintd e % of

sai d polyester, said sosorbide noieties are present, i n ng of from
about 0. 25 to BEHGH WhiERGeRURGIATCERss ey eesty abad B8SLEe di o
noi eties are p t in an amount of up to about 10.0 nole % of said

pol yester. 11. e container according to Claim 10, wherein said other diol

noi eties are diethylene glycol noieties in an amount up to about 5.0 nole %
of said (gol yester. 7 Novenbel O 99| US99/ 0701 i -32 12.
The cont&i ner accordi ng to C a5 Sw 4 offai ner may be filled
with liquid at ate r d HeArei |
according to Cdaim @8 cﬁéﬁ'ﬁ%@fge er(‘:Ar easee'ﬁER%Fg?r@qe@saﬂ:g]ﬁ?gﬁ)ﬁq%m 5

14. The cont ai Rerh@ceyralichgas extiusion, lidectidre heildingairjectiont blove molding,

rotational molding, thermoforming of a sheet, and stretch-blow molding.

in the present invention, the preferred method for molding a container

15 is streich-blow molding, which is generally used in the production of
poly(ethylene terephthalate) (PET) containers, such as bottles. In this case,
use may be made of any of the cold parison methods, in which a preformed
parison (generally made by injection molding) is taken out of the mold and
then is subjected to stretch blow molding in a separate step. The hot parison

20 method as kncwn in the art may also be used, wherein the hot parison is
immediately subjected to stretch blow molding in the same equipment without
complete cooling after injection molding to make the parison. The parison
temperature is about 100°C to about 160°C, and preferably, about 110°C to
about 150°C.

25 The stretch blow molding is preferably conducted at a mold
temperature of from about 90°C to about 150°C, and still more preferably
from about 100°C to about 135°C.

Containers of the invention may have any shape desirable, and

particularly include narrow-mouth botties and wide-mouth jars having



may be filled with liquid at a tenperature of at |east about 88C. 15. The
contai ner according to Claim 14, having a decrease in volune |ess than
about 3% 16. The container according to Caim1, wherein gadlerdatpder 10
IS a narraoyepeekad bottle or wwde-nouth jar. 17. The contajner according to
Claim 1, wherein said isosorbide moieties are present in akfCHHBATOf from
about 1 nole %to about 6 nole of the polyester. 18. The contai ner
according to Claim17, wherein said 15 ildosorbi de noieties are present in
an anount of from about 1 nole %to about 3 nole % of the polyester. 19. A
met hod of makihneaded topsaandrg volbareephabput 6@ tral e abounPrliterss althpuglyest er

said nethod co ising, a) formng the | yester; and , 20 b) preparing the
cont ai ner; m%mng['?f qq@la&%rﬁ&t@?e J%Yibgggymﬁﬁs'epht hal oyl noieties; and,
optionally, other fpoERntindlsa¢drpBRIsd aﬂsstagaaw 8o il ¥5QicaiBhStdnds:

i sosorbide noieties; and) optionally, other diol noieties; wherein said 7

Novenber 2002sibriSiagly46a3bewsedd bbbDanplicaliops) guest alrthhdowest levdis oént
viscosity of at |east, about Q.35 .when syr.ed as..a 1 % (wei ghtl vol une
soi L & of sRPEOBEBERIN (%), RIS e RBrO ISR ERpR e G dgse 20,
The et hod acgsﬁg%ﬁ%&wrmé@%%%@'mbtffmraatﬂ@s bRenlR AR RSt fdui

conprises: (a g In a reactor a nononmer conprising a terep Sthal oyl
moi ety; opti oabtdmperatgesrgreatee tidrhaboubB0TE:r srefemabb)i up g ahheast @baut c
diacid noiety; a nmonoper conprisi nﬁﬂan et\%l ene Ioﬁcol noi ety; a nonomner
conpri sing an88Soandpidgallyitéerperaiies gbovnaboyt 8ke e cantaibes ofifhrer
nonomer s conpid Si [ QL @k 1 Ver )M £ 1 j itable for
condensi ng ar@r‘r’%b ?‘gn 3?%{0%@%%@ ép)é‘chﬁtsﬁ\l ﬁQQ%qE@E {ér?g;e?ai)o@{hr?@ﬁoér{grs and

sai d cag al yst ahmedingetes nalike PETuddnitainers, atthopgh Yeanzealing depongnss s i nto
a polyester polyner having at |east a terephthal oyl noiety) ethylene glycol
noi ety and 15PedeeRtif desitedety, wherein said heating is continued for a

suf f1cient 11 me  OriL ebfkahdiObyfieliiertak g saRabi8er 5Bs ¥ha $avbldped]

and other solids and liquids. The containers are normally nearly colorless
and transparent, but can be modified to have color or to be opaque, rather

15 than transparent, if desired by adding colorants or dyes, or by causing
crystallization of the polymer, which results in opaqueness.

Additional additives, such as oxidation stabilizers, ultraviolet light
absorbers, antistatic agents and flame retardants, may be added as desired
depending on the specific end use of the container.

20 The containers of the present invention may also 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 are hereby incorporated by reference.



nmeasured as a 1 % (wei ghtlvolunme) solution of said polyester in o

chl orophenol at a tenperature of 25C. 20 21. The nethod according to Claim
20, wherein heating said mononmers further includes stirring  \RemMpEPAGIE' S
with the c%wsr“gz_{}t removal of by-products by distillation andl or

evapor ati on. 25. he met hod according to C aim 20, wherein RA/dSHOTIher
conprising a terephthal oyl noiety is terephthalic acid. 25 23. The net hod
according to C aim 22, wherein water and-ignreacted nonomer are renoved

whi | e sai d nononers pol yneri ze. WD 991 54533 -34 7 Novenber 2002

PCT/ US99107011 24. The net hod accor di rExadneplés ai m 20, wherein said nonomer

conprising a terephthal oyl noiety is dimethyl terephthal ate. 25. The net hod
according to C ai m bae Rﬂ}{béf'@fl matesaihweiats) aie estipiated hasedn dereehoved

whi | e said mgﬁgoéiym,é,rmgfﬁiiclﬁgsng\%agﬁred-qgrea 754 BO8S 60 HbMnd) b Bofrier 9)

wherein said her “di ol hor et are

al i phatic allcyl enghiglophehs! et drianpeestud idhhasiC. gimlieolevelsavf neatalyem 3- 12
carbon atoms and having the enpirical formula hl0-C-H2n OH, where n is an
i nt eger & r om 39EMpenents are exressedias pemohaseched aronmaiisPn of the weighbef

th f; 10 trjethyl I | oo 2¢ 200 S 4-( 2~ h I ;
LT bi s 4 (2 nyBrBRGEeRaSys Fleny Bl YR e U bR RE YRRl Pane
hydr oxyet hoxy) akignyéperfdintp b8 Mhict?monbhferi@uséedl according to Caim 19,
wherein said optional other aromatic diacid noieties are derived from

i sophthalic acid, 2,5 15 furandi carboxylic acid, 2,5-thiophenedicarboxylic
acid, 2,6 naph%?gk\&ﬁgkcar boxylic acid, 2,7-naphthal enedi carboxylic acid,
or 4,4' bibenz 7d.” 28. The nethod according to Claim 19, wherein said

terepht hal oyl noi etTgs BSwiRGCEEPerRafidh 38RBhtChraRRdbd4® Hho1GP gapte 20
of said polyester, said one Or nbre optional other aromatic diacid noieties

are prekent i nmasiranmucapagityt staiidess ste@l polyenarizetios aedctpolfifted twith asii d
Pl I TR T A N MR
SO i 1 o S8 ARG e Al S5« A S BBk Ot e
pol yester. pass: dimethyl terephthalate (197kg), isosorbide (5.12kg), and ethyiene
glycol {135kg), which corresponds to a mole ratio of 1: 0.0346: 2.00. The
15 catalyst is also charged and consists of Mn(li) acetate tetrahydrate (72.19g),
Co(ll) acetate tetrahydrate (54.1g), and Sb(lil) oxide (88.5g). This
corresponds to 82 ppm manganese (weight of metal as a fraction of the
weight of dimethyl terephthalate), 65 ppm cobalt, and 375 ppm antimony.
The stirred reactor (50 rpm) is purged with a stream of nitrogen while the
20 temperature is raised to 250°C, gradually, over a period of four hours. The
reactor is jacketed and uses a temperature controlled, hot oil loop system as
a heating medium. Methanol evolution commences, and methanol is
continuously collected after the reaction is heated above approximately
150°C. By noting when the temperature drops at the top of the packed reflux
25 column it is possible to determine the end of methanol evolution, indicating
the finish of the first step of the reaction, which is the transesterification of the
diols and dimethyl terephthalate. At this point, 82 ppm of phosphorous is
added in the form of a polyphosphoric acid solution in ethylene glycol. In this

case, 153ml of the solution, which has a concentration of 0.80 wt%



7 Novenber 2002 WO 99/54533 PCT/t3S99/ 07011 -3529. The method according to
Cl aim 28, wherein said one or nore other dioi npieties conpri se di et hyl ene
gl ycol noieties in an anount of up to about 5.0 nole % of s,ew 66?

30. The Bq,g, ?sggor ding to Caim20, further conprising 5 increasing The
nmol ecul ar wei gﬁ of said polyester by solid state pol yneri pariuss/078s. The
nmet hod according to Ctaim 30, wherein said solid state pol yneri zation
conprises: (a) crystallizing said pol yest®r by heating said pol yester 10 at
a tenperature in the range of about 115C to about 140C, and (b) heating

sai d pol yest er phssitiorods; isiosed. ABoat Hiis A, cﬁe riutregjén pageds smppekiewmteed
t enperat ure above 140C but bel ow the nelti qr:?% erature of said E ester
to yield a pol heatingisianlindechnThstaastior s hemied ine8s Cseuss atperiognf apou

o 2cCoC i, A eSSBS e o

accordi ng to GyahP03HorsBpewer biower d ThaGtRasAENt fffel eaduun, Ssrefdrably iigssat
| east about 0. 65 dLI_Ig 20 34. The method according to Claim19, wherein
IPEY,

preparifg the them A takemapriexineatelytinayr- an@@thl@ﬁmﬁale(m@e glycol

To form the conbliar. o 55 PRt BBl ARy Rler A5 Blcibaliil °1 '

35. The net hodisapeated B6dé0OYsdRINNad485MIer 8 BbBHERHOURE Gtk tHE Hohinm&r
conprises stretch-blow nolding the container. 36. The method according to

Claim19, furt ae‘me\zempmfﬁe!entg mell visengity.Rs detarminad by antingrease irntorquenofai ner
Is hot-filled

| d-
CAy{e. A{ L% AL2 RL i &w‘@‘ ReHiciegb mekrvigrosity bs achievgd. the palymexigation igs| A Ly

S. LI.
QL\E( ﬁl VoA AI§I pé@\?ﬁ%gge%:pglgﬁeﬂﬁer’r\pﬂéa fOm R RafftHb@Eh a heated die

at the bottom. The molten polymer emerges as a strand that is cooled in a
cold water trough and then chopped into pellets. The polymer pellets are
dried overnight in a rotating drum heated to 120°C. The solution inherent
viscosity (I.V.) of the material is 0.64 dL/g.

15 The pelletized polymer is loaded into a tumble dryer and is heated
under a stream of nitrogen to 185°C over a period of 4 hours. It is held at
that temperature for another 6 hours, allowing the polymer to partially
crystallize. After this treatment, a vacuum is applied to the tumble dryer,
achieving a vacuum less than 1mm of Hg. The heating is continued to a

20 maximum temperature of 213°C, which is held for a total of approximately 15
hours. This effects a solid-state polymerization and allows the molecular
weight to be significantly increased, as judged by an increase in the inherent
viscosity (1.V.) of the polymer solution in ortho-chiorophenol to about 0.7
dL/g.

25 The monomer unit composition of the polymer, determined by proton
NMR, is about 1% isosorbide, 49% ethylene gylcol, 0.7% diethylene glycol,
and 50% terephthalic acid, all expressed as a mole % of the polymer. ltis
noteworthy that the amount of isosorbide in the polymer is approximately
half of the amount that was charged, when compared with the amount of

30 terephthalic acid. Unreacted isosorbide is found in the distillates, especially
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0
" 10% () - ABeB %a: v: t:n:g:H\ewcllowmg composition: 48.3 mole % terephthalic acid, 1.7 mole
10 % isophthalic acid, 1.25 mole % diethylene glycol, 48.75 mole % ethylene

glycol. The composition measured by NMR is 48.7 mole % terephthalic acid,
1.3 mole % isophthalic acid, 48.5 mole % ethylene glycol, and 1.5 mole %
diethylene glycol.
Thermal properties were measured by differential scanning calometry
15 (DSC) at a heating rate of 10°C/min. The thermal properties that were
measured include glass transition temperature, cold crystallization
temperature during heating, melting temperature, crystallization temperature
on cooling, and the heat of crystallization. Molding conditions for making the
preforms are summarized in Table 2. Data on hot fill performance of the jars
20 is presented in Tables 3 and 4.
in Table 3, the jars were filled with a hot liquid (water or corn syrup)
at the temperature shown in the first column and were then cooled either fast
or slow, as stated in the first column. In fast cooling, the jars were capped
and then cooled with water. In slow cooling, the jars were allowed to cool in
25 air at ambient temperature. The shrinkages, measured as the % decrease
in volume, were measured for the jars made from the polymers of Examples
1 and 2. Jars made from the PET control polymers deformed in all the hotfill
experiments. Thus, no data are reported for jars made from the PET control

polymers. The jars made from the polymers of Examples 1 and 2 mostly did
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The stretch blow molded jars that were tested had the following wall

thicknesses:
PET control
10 Wall thickness of the bottle:  0.669 mm
Wall thickness of the neck :  2.051mm
Exampie 1
Wall thickness of the bottle:  0.580 mm
Wall thickness near the neck: 2.105 mm
15 Example 2
Wall thickness of the bottle: 0.597 mm

Wall thickness near the neck: 2.169 mm.

EXAMPLE 4
The polymer of Example 2 was dried overnight in a vacuum drier at
20 270°F (132.2°C). After drying, the moisture content was approximately
50 ppm. The dried polymer was injection molded into generic style 50.5 g
preforms with a standard 43 mm VHS finish. The preforms were placed in
a Sidel SBO-2/3 reheat stretch blow moiding machine where they were
heated to 148°C and blown into generic 1-liter heat set containers. The
25 mold temperature was set at 270°F (132.2°C) with a base temperature of
160°F (71.1°C). These mold conditions are the standard conditions that are

used to make PET hot fill containers. Several containers were then molded
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approximately 3 seconds. The mold temperature was then reduced to 200°F
(93.3°C), and several additional bottles were again made for hot fill testing.
This second set of mold conditions would not be suitable for making a hot-fill
5 PET bottie.

The resulting bottles were first measured for diameter at four
locations, for the bottle height, and for bottle overfill volume. The bottles
were then tested for hot fill performance by filling them with hot water at
temperatures that ranged from 185°F (85°C) to 205°F (96.1°C). After cooling

10 the capped bottles, the shrinkage of the bottle diameters was measured at
the same 4 positions on the bottles, and the changes in bottle height and
volume were measured to determine the percent shrinkage and to determine
if the botties had distorted. The shrinkage for hot fill containers is preferably
less than 3%.

15 The data for percent volume change are summarized in Table 5 for
bottles obtained using a 270°F (132.2°C) mold and in Table 6 for bottles
obtained from a 200°F (93.3°C) mold. Comparative data for percent volume
change was also obtained for standard PET bottle resins molded under
essentially the same conditions, with a mold temperature of 270°F (132.2°C).

20 Twenty PET bottle samples were tested at incrementally increasing
temperatures from 185.5°F, (85.3°C) to 195°F, (90.6°C), and the results of
4 representative tests are shown in Table 7.

It can be seen in the data of Tables § to 7 that the bottles containing
isosorbide performed better than PET bottles, even though PET bottles had

25 been subjected to a “heat set” to improve their performance under hot-fill
conditions. By comparing Tables 5 and 6, it can also be seen that the heat
set step appears to further improve the performance of the isosorbide-
containing polyester bottles.

It is to be understood that the above-described embodiments are

30 illustrative only and that modification throughout may occur to one skilled in
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L#1 ", 109 ()- 3FLOY&R ()scsbaside (Yo)" 10%& ()- 10t NM 1.03 2.6
Diethylene Glycol (%) NM 0.71 0.7
Terephthalic Acid (%) NM 50.0 50.0
I. V. (solid-state polymerized) (dL/g) NM 0.70 0.71
DSC Analysis (10°C/min)
Solid State Polymerized Resin
Glass transition Temperature (°C) 79 81 85
Cold Crystallization/Onset Temp. (°C) 199.5 185.5 NM
Temp. at peak maximum (°C) 168.5 156.5 NM
Fusion/onset melting Temp. (°C) 233.2 234 2255
Fusion/Temp. at peak maximum (°C) 239.8 236.7 230
Fusion/End melting Temp. (°C) 248.9 256.7 243.9
| Crystaliization Temp. on Cooling (°C) 209.8 202.3 192.8
Heat of Crystallization (J/g) 41.6 37.5 19.2
Preform (460 ml)
] Glass transition Temperature (°C) 76.0 789 (823
! Cold Crystallization/Onset Temp. (°C) 132.6 133.1 1491
' Cold Cryst./Temp. at peak maximum (°C) 138.1 138.7 | 158.6
! Cold Cryst./End Temp. (°C) 153.8 1457 (1721
| Fusion/Onset melting Temp. (°C) 222.5 215.9
i Fusion/Temp. at peak maximum (°C) 246.7 252.0 |239.7
{ Fusion/End melting Temp. (°C) 252.3 258.2 247.5
| Crystallization Temp. on Cooling (°C) 199.2 209.8 |198.5
L Heat of Crystallization (J/g) 40.6 421 | 33.9
[
|
! Jar Walis
Glass transition Temperature (°C) NM NM 83.2
Cold Crystallization/Onset Temp. (°C) NM NM 118.7
Cold Cryst./Temp. at peak maximum (°C) NM NM 141.0
Cold Cryst./JEnd Temp. (°C) NM NM
Fusion/Onset melting Temp. (°C) 215.7 236 218.2
Fusion/Temp. at peak maximum (°C) 247.3 253.2 {241.0
| Fusion/End melting Temp. (°C) 253.4 259.3 | 248.7
Crystallization Temp. on Cooling (°C) 200.3 210.1 |1 198.4
Heat of Crystallization (J/g) 40.1 431 338 |
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Pressure1 (kgflcm” —sec.mm) | 110 - 11 110-17 | 100-15

n'ﬁ‘

Ph

Pressure 2 (kgf/cmﬁ — $ec. mm) 70 — 2 80 -2 60— 1.5
Pressure 3 (kgfilcm” — sec. mm) 50 — 10 40 - 10 40 -8
[ Shot size (kgf/cm®) 40 35 45
t  Screw velocity (% - sec.mm) 60— 15 60 — 25 60 — 25
l Speed 1 (% - sec.mm) 90 - 10 90 -20 99 - 20
! Speed 2 (% - sec.mm) 70-9 70 — 11 80 — 15
|

Speed 3 (% - sec.mm) 60 — 11 60-9 70— 10
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OLOMZ sHRINKAGE OF 460

! 100/@' () _* ABL .
(AFTER FILLING WITH HOT LIQUID)
EXAMPLE 1 EXAMPLE 2
Hot Water {% Shrinkage - slow cooling) | (% Shrinkage -slow cooling)
80°C NOT TESTED 4.472
85°C 4.521 8.238
88°C NOT TESTED DEFORMED
90°C 5.464 DEFORMED
92°C 9.773 DEFORMED
Hot Water (% Shrinkage - fast cooling) | (% Shrinkage - fast cooling) |
80°C NOT TESTED 2.639
85°C 3.088 8.212
88°C NOT TESTED DEFORMED
90°C 7.040 DEFORMED
92°C 9.073 DEFORMED
Hot Corn Svrup | (% Shrinkage - slow cogling) | (% Shrinkage -slow cooling)
80°C NOT TESTED 2.034
85°C NOT TESTED 3.012
90°C 4.348 6.041
95°C 6.931 DEFORMED
98°C 9.820 DEFORMED
Hot Corn Syrup | (% Shrinkage - fast cooling) | (% Shrinkage - fast cooling)
80°C NOT TESTED 1.474
85°C NOT TESTED 1.729
90°C 4215 8.880
95°C 5.072 DEFORMED
98°C 7.623 DEFORMED
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TABLE 4. % SHRINKAGE OF NECK FINISH OF 460 ml JARS
(AFTER FILLING WITH HOT LIQUID)

|
E Hot Water (% Shrinkage - slow cooling) | (% Shrinkage - slow cooling)
| 80°C NOT TESTED 1.512
i 85°C 1.332 1.402
I 88°C NOT TESTED DEFORMED
90°C 1.062 DEFORMED
92°C 1.532 DEFORMED
Hot Water (% Shrinkage - fast cooling) (% Shrinkage - fast cooling)
80°C NOT TESTED 1.402
85°C 0.851 1.402
b 88°C NOT TESTED DEFORMED
! 90°C 1.132 DEFORMED
! 92°C 1.252 DEFORMED
|
! Hot Corn Syrup | (% Shrinkage - slow cooling) | (% Shrinkage - slow cooling)
I 80°C NOT TESTED 1.282
{ 85°C NOT TESTED 0.952
l 90°C 0.681 1.651
L 95°C 0.911 DEFORMED
! 98°C 0.731 DEFORMED
P
| Hot Corn Syrup | (% Shrinkage - fast cooling) (% Shrinkage - fast cooling)
80°C NOT TESTED 1.412
| 85°C NOT TESTED 1.452
90°C 1.002 1.312
| 95°C 1.112 DEFORMED
[ 98°C 0.902 DEFORMED
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Table 5. Hot-Fill Bottle Performance of Ex. 2 Polymer ( 270 °F Mold)

Hot-Fill No. of Samples | Volume Change Standard
Temperature % Deviation
°F (°C) %
185 (85) 10 -0.8 0.2
195 (90.6) 10 -1.3 0.2
200 (93.3) 10 -2.1 0.4
205 (96.1) 10 -3.7 0.7

Table 6. Hot Fill Bottie Performance of Ex. 2 Polymer (200 °F Mold)

Hot Filt No. of Samples | Volume Change Standard
Temperature % Deviation
°F (°C) %
195 (90.6) 10 -2.2 0.3
200 (93.3) 10 -5.0 0.7
205 (96.1) 4 -5.6 0.5

Table 7. Comparative PET Bottle Performance (270 °F Mold)

Hot-Fill Temperature, No. of Volume Change
°F (°C) Samples %
185.5 (85.2) 1 -2.04
189.6 (87.6) 1 -2.46
192 (88.9) 1 -3.43
195 (90.6) 1 -4.63
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What is claimed is:

1. A container comprising a polyester, wherein said polyester
comprises terephthaloyl moieties; optionally, cne or more other aromatic
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-chiorophenol at a

temperature of 25°C.

2. The container according to Claim 1, wherein said
terephthaloyl moieties are derived from terephthalic acid or dimethyl

terephthalate.

3. The container according to Claim 1, wherein the polyester

further comprises diethylene glycol moieties.

4. The container 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, where n is an integer from 3-12; cis or
trans-1,4-cyclohexanedimethanol or mixtures thereof; triethylene glycol;
2,2-bis4-(2-hydroxyethoxy)phenyl]propane; 1,1-bis[4-(2-hydroxyethoxy)-
phenyljcyclohexane; 9,9-bis[4-(2-hydroxyethoxy)phenyljfluorene; 1,4:3,6-
dianhydromannitol; 1,4:3,6-dianhydroiditol; or 1,4-anhydroerythritol.

5. The container according to Ciaim 4, wherein said one or
more other diol moieties are derived from cis-1,4-cyclohexanedimethanol,

trans-1,4-cyclohexanedimethanol, or mixtures thereof.

-*"( 45W "eF, =
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6. The container according to Claim 1, wherein said optional
one or more other aromatic diacid moieties are derived from isophthalic
acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4'-

5 bibenzoic acid.

7. The container according to Claim 6, wherein said one or
more other aromatic diacid moieties are derived from isophthalic acid, 2,6-

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

8. The container according to Claim 1, wherein said inherent
10 viscosity is at least about 0.50 dL/g.
9. The container according to Claim 8, wherein said inherent

viscosity at least about 0.70 dL/g.

10.  The container according to Claim 1, wherein said
terephthaloyl moieties are present in an amount of from about 40 to about
15 50 mole % of said polyester, said other aromatic diacid moieties are
present in an amount up to about 10.0 mole % of the polyester, said
ethylene glycol moieties are present in an amount of from about 28 to
about 49.75 mole % of said polyester, said isosorbide moieties are
present in an amount of from about 0.25 to about 12.0 mole % of said
20 polyester, and said other diol moieties are present in an amount of up to

about 10.0 mole % of said polyester.

11.  The container according to Claim 10, wherein said other diol
moieties are diethylene glycol moieties in an amount up to about 5.0

mole % of said polyester.
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may be filled with liquid at a temperature of at least about 60°C.

13.  The container according to Claim 12, having a decrease in

volume less than about 3%.

5 14. The container according to Claim 12, wherein said container

may be filled with liquid at a temperature of at least about 88°C.

15.  The container according to Claim 14, having a decrease in

volume less than about 3%.

16.  The container according to Claim 1, wherein said container

10 is a narrow-necked bottle or wide-mouth jar.

17.  The container according to Claim 1, wherein said isosorbide
moieties are present in an amount of from about 1 mole % to about 6 mole

% of the polyester.

18.  The container according to Claim 17, wherein said
15 isosorbide moieties are present in an amount of from about 1 mole % to

about 3 mole % of the polyester.

19. A method of making a container, wherein the container
comprises a polyester, said method comprising:
a) forming the polyester; and
20 b) preparing the container,;
wherein the polyester comprises terephthaloyl moieties; and,
optionally, other aromatic diacid moieties; ethylene glycol moieties,

isosorbide moieties; and, optionally, other diol moieties; wherein said
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polyester has an inherent viscosity of at least about 0.35 dL/g when
measured as a 1% (weight/volume) solution of said polyester in

o-chlorophenol at a temperature of 25°C.

20. The method according to Claim 19, wherein forming the
5 polyester comprises:

(a) combining in a reactor a monomer comprising a
terephthaloy! moiety; optionally, one or more other monomers containing
an aromatic diacid moiety; a monomer comprising an ethylene glycol
moiety; a monomer comprising an isosorbide moiety; and optionally, one

10 or more other monomers comprising a diol moiety with a condensation
catalyst suitable for condensing aromatic diacids and glycols; and

(b) heating said monomers and said catalyst to a
temperature sufficient to polymerize said monomers into a polyester
polymer having at least a terephthaloyl moiety, ethylene glycol moiety and

15 isosorbide moiety,

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

chlorophenol at a temperature of 25°C.

20 21.  The method according to Claim 20, wherein heating said
monomers further includes stirring said monomers with the concurrent

removal of by-products by distillation and/or evaporation.

22.  The method according to Claim 20, wherein said monomer

comprising a terephthaloyl moiety is terephthalic acid.

25 23. The method according to Claim 22, wherein water and

unreacted monomer are removed while said monomers polymerize.
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10% #& ()- 10% #&1() - The method according to Claim 30, wherein said solid state
polymerization comprises:
(a) crystallizing said polyester by heating said polyester
10 at a temperature in the range of about 115°C to about 140°C; and
(b) heating said polyester under vacuum or in a stream of
inert gas at an elevated temperature above 140°C but below the melting
temperature of said polyester to yield a polyester having an increased

inherent viscosity.

15 32. The method according to Claim 31, wherein said heating
step (b) is carried out at a temperature of about 195° to 198°C for about
10 hours.

33. The method according to Claim 31, wherein said increased

inherent viscosity is at least about 0.65 dL/g.

20 34. The method according to Claim 19, wherein preparing the
container comprises extruding, injection molding, stretch-blow molding,
injection blow molding or thermoforming the polyester to form the

container.
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