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(57) Abstract

(54) Title: POLYESTER CONTAINER AND METHOD FOR MAKING SAME .

A polyester container made from a polymer having ethylene glycol moieties, isosorbide moieties and terepthaloyl moieties, and the
method of making the container is described. The polyester container is snitable for holding liquids and solids, and may:be hot-filled or
cold—filled. In particular, wide-mouth jars and narrow-necked bottles may be formed. The polyester has an inherent viscosity of at least |-
0.35 dL/g when measured as a 1 % (weight/volume) solution of the polyester in o-chlorophenol at a temperature of 25 °C.




~-2- decrease the rate of stress induced crystallization. At the sane tine,
. the cononomewO9§4533ve t he undesirabl e effect of |owering thePgTasg9/07011
~transition tenperature and reducing the crystallinity of PET. Stretch bl ow
ol ding of PET, and pOLYESTER'CONTAINERAND METHOD FORMAKINGKSAME! N 5
~the art. Reviews are widely available, as for exanple, "Blow Mlding" by C
Irwin in Encycl opedia of Polyner Science And Engi neering. Second Edition,
Vol . 2, John Wley and Sons, New York, 1985, pp. 447-478. This technol ogy
IS W dely used, but there are still inprovenents that need to. be made.
"First, a wider tenperature w ndow fo woul d greatly
enhance the process. 0on a terl j | | | i,gqui.d or
solid foods at higher Sf@'ﬁﬁ%%‘?fﬂ '%H?g% té?}@]y%e%ﬁtéi'n&ggn% ods of
significantly expga ﬂd\ﬂ%’%?ﬁ' g at
el evat ed terrperaturgs upeto B%ng" E?ﬁ%ﬂ)&rrﬁ;? g? ab?é’yﬁgegﬁ’eg{.ég;@gfwggﬁfﬁé\ﬂh@

- necessary Bor pasarisosoetidé maisty, lﬂempigthalwhmmmm aha&thyléne glycahre t oo
“viscous to transfer w thout being ? d. The maximum fill tenperature for
- pbottle-resin gradaeialy. anarmetheds ef A Qaﬁlﬁﬁa"ﬁé[err]Cto 65C. It is
generally believed that a resin with a higher Tg woul d be better for this
pur pose. PET bottles are currently nodified for hot fill applications by 20
annealing the bottles in the hot ng : élsrel Medi ately after

stretch bl ow nol ding. This allows PET 's ortented duri ng stretch
" blow nol ding, to parti Blasycmm;aeusmwuem usedméortfoodSandsbmgele,damd

53? : :egn ently E:?Cv aisa fonson-fodd FratSraley Paliletysns sepPtasiale) (PEX is paed to
2 .
ag;;r gnlt F;}%tslt abi Iﬁ‘zagettﬂaeﬁ%gfﬁ%%sré%ﬁgs P %é?/&%aéf %%ggkggg%}e?@b#&c‘amy)

. liquids, which argagd ofbloimeldihg) cherhical and thermal stability, and its price. PET is
generally fabricated into bottles by blow molding processes, and generally

by stretch blow molding'.
| In stretch blow molding, PET is first shaped by injection molding

15 into a thick-walled preformed parisbn (a “preform”), which typically is in the
shape of a tube with a threaded opening at the top. The parison may be -
cooled and then used later in a subsequent step, or the process may be
carried out in one machiné with cooling just to the stretch blow moiding
temperature. In the stretch blow molding step, the parison is heated to a

20 high enough temperature in a mold to allow shaping, but not so hot that it
crystallizes or melts (i.e., just above the glass transition temperature Tg,
typically about 90° to 160°C); The parison is expanded to fill the moid by
rapidly stretching it mechanically in the axial direction (e.g., by using a
mandrel) while simultaneously forcing air under pressure into the heated

25 parison to expand it radially. PET is typically modified for blow molding
with a small amount of comonomer, usually 1,4-cyclohexanedimethanol or
isobhthalic acid, which increases the width of the temperature window for
successful blow molding to aboﬁt 9°C. The comonomer is necessary

because of the need to have a wider temperature window, and also to



up to about 880C, during the hot filling process wthout deform ng. The
anneal i ng Wa49/3533ni fi cantly lengthens the tinme required topggkfiosiofapft! €
resulting in reduced productivity and higher costs. .Therefore, a polyner
-3- which has a high Tg and |l ow crystalli,nity is desirable for formng hot

and cold fill containers. The diol 1,4:3,%-di anhydro-D-sorbitol, referred
to hereinafter,_as | rhi:d I 1lus rat d bel ow,
is readily maggaﬁag%qég ere %&%%dﬁ#"ég%@ﬁ!g?@@%buw ﬁ i' .
starches. For cgiimphter rhéphavéltﬁ@uﬁaesuhﬁbraaﬁéctféﬂsw@na YRE -

hydrogenatlon fo | owed by aci d-cat al yzed dehydrati on. Tsosor |de has been
i ncor por at ed transitionriemperaturerapd Irgdmmg meLa'ystallmllymftPETs Stretch blbaw
t er epht hal oyl |et| %ﬁ?ﬁ gor ex R St orbeck al , kr omol .
Chem, Vol. 19% 'BS o mo %PB?Q?&??SB! gane reniell kgwn img .

003 93 I h '
5515 | sf)sj‘,r)gr br) deﬁﬁl\g oec})r'é"}’éégé‘?m‘?% ! ar e§§é§gsr ?m\f’éé'??‘g\g?‘é&gﬁg:@ﬁez >t
reacti ons. See, jiih i EaL acbh¢m , Vol .

334, pp. 298-310 (1992). aresult of the poor reactrvrty}é{)ol yesters
made with an E.ddeGﬂ& rﬂrﬂhﬂdﬁ’ﬂeﬁﬁnd&q@r Newt Youk, 4985, ppi 444478 are

expected to have a ecu ht Lauff et

Pol yesters (Deri verﬁ‘ @ﬁh HPE@%M &yﬂ@r&@f (EPEvemen s

Encycl opedi a, {htineed: tole ﬁﬁ% (Fﬁr%QQ widdt tem gerature Wil forBiow rfreﬁfniﬁ ni ng
| sosor bi de noreties, hyl ene glycol noi eti and terephthaloy noieties

have H&en r epwoulwgmdtly endanice thé poagesisy r8econdnaanaienigl that vantbe filled
Thout' 60 10 Wb iduleor 83l tpoRsstiniaat totperstufbs i3 ard curfendly used "°
would significantly expand the usefulness of the bottles by allowing
packaging at elevated temperatures up to 88°C, and preferably even
higher, as is necessary for pasteurized foods, beverages and syrups that
15 are too viscous fo transfer without being heated. The maxinium fill
temperature for bottle-resin grades of PET is generally about 60°C to
65°C. Itis generally believed that a resin with a higher Tg would be better
for this purpose.
PET bottles are currently modified for hot fill applications by
20 annealing the bottles in the hot mold for a few seconds immediately after
stretch biow molding. This allows PET, which is oriented during stretch
blow molding, to partially crystallize before the bottie is demolded and
cooled. This can be done in such a way that the crystallinity is sufficiently
low and the crystallite size sufficiently small that the botle is still
25 transparent. The crystallites in PET bottles apparently stabilize the bottles
so that they can be exposed to hot liquids, which are at a temperature of
up to about 88°C, duririg 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



Ger man Pat ent Ag)gpl I cation No. 1,263,981 (1968). The polynmer was used as a
m nor conpon®¥@A?%M¥But 10% of a blend with pol ypropyl ene to iREHGA0THA
dyeability of polypropylene:fiber. It was nmade by nelt polynerization of

di ret hyl terephthal ate, ethylene glycol, angd isosorbide, 5 but the
conditions, which were described only in general terns in the publication,
woul d not have gipieR hasRPhighETg BAdIlow crydtallifity s desirabile f6r fohmingRevaNder s -
of these same three nononers were-.-described again recently, where it was
observed that t looldfihcontainersi ti on tenperature Tg of 10 t he copol yner

i ncfeases with isosorpide, nyn coptent _up bout 0QC for .t he

i sosor bi de t erepht hal-&%gmwmpgy%?éu rbﬁ@fr%éﬁ‘ﬁﬁggq‘%?'gaﬁﬁﬁésby
reacting terepht ' ' ' It | He?:tf‘w ' hi s
nmet-hod vyi el ded tégﬁgéodgé d)/edr’rvlgﬁél\%\nﬁ%ﬂge nggéﬂtwgrlmv\%ﬁ; ét? t at’qlhgé%p a'r?iear?trelsf{/orﬁ

hi gher thgn was rehewabhyrésoutdes, Sachras strfaes andstarches Afforiexamipie, descri bed
above but still relatively | ow when conpared agai nst other polyester

pol yners -and cdgesarhisiescarrbe mmrde froneBeglyerseby hydergenation fellowed by on

pol yneri zation and. were th [ E£E.. di et hyl ene glycol noieties as a
product of pol yRF¢Fat 1@%‘*@%’&"%“ ‘orbeck, Dissertation, Universit-~t

Karl sruhe (1994); R Storbeck, et al., J. Appl. Polynmer Science, 20

Vol . 59, pp. 1199-1202 (1996). U. S. Patent 4,418,174 describes a process
for the preparation of polyesters useég as raw materials in the production
of aqueous stoving | acquers. The pol ygsters are prepared wth an al cohol
and an acid. One of the many preferred aI%o | s i s di anhydrosorbitol.
However, the 25 aver age nol ecul a of the polyesters is from
1,000 to 10,000, and no pol yester actWall tai ning a di anhydrosor bi tol
noi ety was made. U.S. Patent 5,179, 1430dgsCri bes a process for the
preparation of conpression nolded materia S'Oﬂ so, described therein are
hydr oxyl

Isosorbide has been incorporated as a monomer into polyesters

10 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 (1993). However, it is generally believed that
secondary alcohols such as isosorbide have poor reactivity and are
sensitive to acid-catalyzed reactions. See, for example, D. Braun et al,,

156 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



cont ai ni ng ‘ggl Xesters_. These hydroxyl containing polyesters are listed to

30 i ncIWMB@BBIhydric al cohol s, including 1,4:3,6-di anhystkpgesohbéq -
Agai n, -5- however, the highest nolecular weights.reported are
relatively low, i.e., 400 to 10,000, and o pol yester actually contai ning
. the 1,4:3,6- dianhydrosorbitol noiety was nmade. Published PCT Applications

WO 97/ 14739 and WO 9@/ 25449 5. .. - descklb esteri c and nematic Liquid
crystalline po 9@9?%?{é‘%?'ﬁﬁpfﬁﬁéf'aﬂé‘??‘?oé%igﬁﬁz?ﬁﬁ@eﬁ%%Paa@"?ﬁ{mvs its.
Caotopi £ Suraary Bef SoBpoHEhY (A TR e ieE A P JERETII R

expect ati ons tihgrovethe dyeability of polypropylené éiber.nitwas maderbyemieit i sot r opi c,
i.e., sem-crystalline and ous onliquid crystalline, copolyesters-

cont ai ni ng t er RYIVMEHERKON %&lg;oe;tgg[tegp%{;h ate, gtyigne géqscgﬁ,a@g ISPSeY: i de

noi eti eg and, i A [ I el i

synt heS|§zed i n%hgc%g}"garﬁoy\% ‘gh{%n{; at%ﬁﬂgﬂwggﬁegﬁer@fn%knﬁgggft@%ri cated .
products such mshiieatibn, welild rst haveigivarsa ipolmébhaving attigh enoleeiifapi ner s nade
from such pol yesters provide i nproved strength, a higher Tg and | ower

crystal li ni ty,weight.exanple. In particular, containers made from such
pol yesters are suitgble for bpth cold fill and hot fill | i,cations. The
process conditions ‘38?&}5?&95%8%&5& W?@F@r’“@%‘?ﬂ‘ﬁf%ﬂﬁe gggcnbe%t again
particularly t ' ifeabl y
Onosen so t hatSERAp ficro X wEB GRS RS e glags HBASIIEA tBinpefitind 79 df

- cont ai #6r s hasthelwopohsnerdrcreases Mithisostrbideamonomerwontent upnict sbouytr ef er abl y
wi t h equi nol ar_ anmount nonQner unLts derived from aﬂ{ﬂol and a diaci d.

Bocausa ot nROECr e [oBprhIn terephi At IRy Bh oI the Palymer

samples were made by reacting terephthaloyl dichloride in solution with
the diol monomers. This method yielded a copolymer with a molecular
weight that is apparently higher than was obtained in the German Patent |
15 Application described above but still relatively low when compared against
other polyester polymers-and copolymers. Further; these polymers were
made by solution polymerization and were thus free of diethylene glycol |
~ moieties as a product of polymerization. See R. Storbeck, Dissertation,
~ Universitat Karisruhe (1994); R. Storbeck, et al., J. Appl. Polymer Science,
20 Vol. 59, pp. 1199-1202 (1996).

U.S. Patent 4,418,174 describes a process for the preparation of
polyesters useful as raw materials in the production of aqueous stoving
lacquers. The polyesters are prepared with an alcohol and an acid. One
of the many preferred alcohols is dianhydrosorbitol. However, the

25 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 polyesters. These hydroxyl containing polyesters are listed to

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



25 |sosa,r$49%ﬁ and dependi ng on the nethod of manufacture of the

pol yester 53Phe nononer s, are desirably included i n excersT/as99/0me11
begi nni ng of the polynerization reaction and renpved as the reaction
proceeds. This is particularly true of ethyd.ene glycol and isosorbide.

-6- The poI yester may be formed by any nethod known in the art. Preferably,

however, the - poh&s f, thé Higlidhdéciat WeithtS fesBtked R YeIBEVEH lopnie The

choi ce of netho e determ ned by the desired anount of diethylene
glycol in the f4OaIt0|dmm;tandSno polyester actually qordainingtheetido86+ent , t he
nunber . of terepht hal oyI jeties. in the oI ymer is in the range of about
'25%to about 50diRhyd Q‘{?Tglt%‘ sty wag o pol ymer). The polymer may al so

i ncl ude anounts of o as, for
exanpl e, those deri veﬁ'@%%én?@(}ghpﬁ #@%Mggh ??gr andi ca%gs XYy ébc aci d,
2, 5-t hi oghenedi dasbibey théledferic and Asmdtic ﬁﬂﬁrdrt&gblfaﬂmeémsie@l@f@ﬂml ih€lugéi d,

2, 7- napht hal enedi car boxylic acid,. and 4 enzoi ¢ acid at conbi ned
levels up to abmsozmdemn@ehe% aalreommerum&StSuah pelyesiers)havenrelativaly er r ed
enbodi nent eth Iene gﬁ% uni t are present in anmounts of about 5
mle %to about ?EW‘% @"@5”3"9" ISO81OR%r may al so contain

di et hyl ene gl ycol m)l eti‘es. Depending on the method of manufacture, the
anount of diethylene glycol noieties is in the range of about 0.0 nole %to
about 25 mole % In a preferred e&g@m{,ﬂlﬂg@gﬁg@ is present in the
pol ymer in amounts in the ran&e of about 25 mole %to about 40 nmole %

One or 20 nore &iondranie aﬁﬂaghmgsmd expegiatiorsthat have bee in
amunt s yp 0 acl ghale Pl MRS TBLEH, 5 SBRHATSIinkSh L HmcAIRb"

vi scosity, whic
or nonliquid crystalline, copolyesters containing terephthaloyl moieties,

ethylene glycol moieties, isosorbide moieties and, optionally, diethylene
glycol moieties, are readily synthesized in molecular weights that afe
suitable for making fabricated products such as containers on an lndustnal

15 scale. Containers made from such polyesters provide improved strength
a higher Tg and lower crystallinity, for example. In particular, containers
made from such polyesters are suitable for both cold fill and hot fill |
applications.

The process conditions for producing a polyester container,

20 " particularly the amounts of monomers used in the polyester, are desirably
chosen so that the final polymeric product used for manufacturing -
containers has the desired amounts of the various monomer units,
preferably with equimolar amounts of monomer units derived from a diol
and a diacid. Because of the volatility of some of the monomers, including

25 isosorbide, and depending on the method of manufacture of 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.



nol ecul ar wei ght, of at |east about 0.35 dUg, as neasured on a | %
(wei ghti vol WR9P/5¢8But i on of the polynmer in o-chlorophenol atp&r8Ses07011
t enperature of 25C. A higher inherent viscosity, 'such as at |east about
0.40 dUg, preferably at |east about 0.50 dUg, is desired for optinal
container formation. Further processing of the polyester may achi eve

i nherent viscositi e‘?h&@b!ﬁsm%y%e%%@d 59% V@%:ﬁqgﬁw" ;B%ﬁ?ﬁq_byest er.. -

contai ners of the present’ 1Thvention are surtabl i ng

bever ages, f oopfeferitlly,didwaverOihiedsolpester isdoimed besdivent obndif | | ed . - 7-
with hot or cold substances. In particular, these containers offer a high
Tg, increased polymegizatiomd Thedihoice efrmethad may beg detetrmained bydbedesinedon of

the Invention The I er_cont ai ner nd, a et hod of nmanufacturing the
sane are 5 - am&@Eﬁ?f@%&'ﬂ?ﬂ%@@&?ﬁ"ﬁ&gW‘" Wrﬂgﬁﬁ{ltic'ul ar, the method of
manuf ackuri ng a pol hisd ¢ InBEH |

gl ycol ﬁoi eties anduﬁggéofregieg?r?géd(]g‘se?gitﬁg?ph?éé}v*\gltﬁggﬁﬁgﬂﬁ%‘%ﬁégﬂgf -
f orm ng cont ai therpolymerrissinthe zapge pfrabouti25% tpabbat 5@ inaleto gmolka% oft hyl ene
gl ycol mononer units are present 10 in the Bglgyrrer i n amounts of about

28 ol e% t o abibgtto .Wym&)e%‘e peiymeardnay; alggdueiude ameunts of opg Asmare 5

nol e% nore pr : % b | £9 ’ |
pr ef e? ably aboﬁﬁ\%é%ﬁ@?%@%’g@%&k@|a§;@?&a§§%i%ﬂ§hﬁ§%§fﬁ§?lvgﬁ§mS may be
i ncl uded as nejggphihalic Beid 2N6-Aandiarsbyyiic a6id! waméphﬁwidﬁ?bﬁﬁﬂfc_
conposition may al so contain diethylene” 15 gl ycol nonomer “units.

Dependiifig on taeidn26maphihalensdicathaxylic acide 2:Vmaphthzienedicanpoxylic geige ol
orof erably 0. AT a0 st SOMBICREIY AR IR AR 25 Ol el Do
included as ”%eéﬁﬁé%ﬁ?paﬁmé?)(e t he |
ina preferred' embodiment, ethylene glycol monomer units are
present in amounts of about 5 mole % to about 49.75 mole %. The
15 polymer may also contain disthylene glycol moieties. Depending on the
method of manufact_u_re, the amount of disthylene glycol moieties is in the
range of about 0.0 rh_c')le % to about 25 mole %.
Ina preferréd_ embodiment, isosorbide is present in the polymer in
amounts in the range_ of about 0.25 mole % to about 40 mole %. One or
20 more other diol monomer units may also be included in amounts up to a
total of about 45 mole %. |
The polyester has an inherent Viscosity, which is an indicator of
molecular weight, of at least about 0.35 dL/g, as measured on a 1%
(weight/volume) solution of the polymer in o-chlorophenol at a
25 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 desired for optimal
container formation. Further processing of the polyester may achieve
inherent viscosities up to about 2.0 dL/g and even higher.
The polyester containers of the present invention are suitable for
30 holding beverages, foods, and other solids and liquids, and may be filled



desired results. Diethylene glycol nay be produced as a by-product of the
20 pol y R ¥%¥463%n " process, or may be added directly to t ecToswmmoti on
to help accurately regul ate the amount of diet hyl ene gl ycol nononer units
that are in the polynmer. In preferred enbodynents, isosorbide noieties are
present in the polynmer in anounts in the range of from about 0.10 nole%to
about 12 25  witPheler 6818 istbstinces! hmmarotr?e”senmrﬂ%b@s offerh 0

nol e% nore preferably about 0.6 nole%to about 6.0 nol e% nore preferably
1.0 ol e% t o 5. Ggrinereasad strength andjreducedoerystaliinity. be i ncl uded as
necessary to achieve the desired results. 1sosorbide is nost preferably
present in the range of | mole%to 3 nole% One or nore other diol nononer
units may -8- optionally -.&u ; a total of about5.0
nole% preferably |ess than 3 TD than 2 nole% The

amount of other diol Srhewpélydstdrmw,taineveam alneethodbemamafamasgsmewameare
achi eve the desired results. npl es. of the optlonal other diol units

i ncl ude & i phat idessrikeddnedetail belmw ybopartieiarn ghe mopthod 10f manvéacturing® and

el udi g’ br ancRavegte) ESHpRAIE. tesSEthalolf Fidlefles, ftﬁ9'8b§r§§$% rhbftes o
trans- 1, 4- cycl oiessBRil BRIGAADEdRas WEIPAS fiRs ﬂfcefsbfbfffbﬁnmgcbdri’téiﬁ&ré FORE' S

trlethylene gl ycol; 2, 2-bis[4-(2- hydroxyethoxy phenyl 3 pr opane;
1 ,1-bis[4-(2- mchaponygmaroxyet hoxy)phenyl]cycl ohexane; 9, 9- bi s[4 (2-

hyd th h £l t ol

& anhylroi di 101 ana I afTaiAzer %mqr@a% éswﬁ””bg;ﬁwnm&mqseme
| yeste 0

ol or b} 4b- 50 naPobpvTeh MoafRhEs of dBcth 20 Yoo Sl 478 rolhe

hi gher anount s efersbly mbbutiss msle% to about 49.5 mole%. more preferably about 37
mole% to about 45 mole%, and most preferably about 41 mole% to about 49

mole%, although higher amotints may be included as necessary to achieve
the desired results. The polymer compaosition may also contain diethylene
16 glycol monomer units. - Depending on the method of manufacture, the
amount of diethylene glycol monomer units is in the range of from abouf 0.0
mole% to about 5.0 mole%, preferably 0.25 mole% to about 5 mole%,
although higher amounts may be included as necessary to achieve the
desired results. Diethylene glycol may be produced as a by-produbt of the
20 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 0.10 mole% to about 12
25 mole%, preferably from about 0.25 mole% to about 10.0 mole%, more
preferably about 0.5 mole% to about 6.0 mole%, more preferably 1.0 mole%
td 5.0 mole%, aithough higher amounts may be included as necessary to
achieve the desired results. Isosorbide is most preferably present in the

range of 1 mole% to 3 mole%. One or more other diol monomer units may



necessary to achieve the desired results. Qther aromatic diacid noieties in
t he pol ymeWOP%5453%i red, may include, for exanple, those derg ob

i sophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic
acid, 2, 6-naphthal enedi carboxylic acid, 2g7-naphthal enedi carboxylic acid,
and 20 4,4' -bi benzoic acid, at conbined |levels up to about 15 nol e%

preferably |es ﬁr*iﬁ‘l' o, 294 4 ( ; o0 % and
5 nol e% nost ?ﬁe‘ ergé%%%sé’tn@l&g&éngf)gé@aqgﬁﬁﬁ%ﬁﬁﬁg.er é’r‘rggénf?ggur%gy be -
i ncl uded as nelegs tary3 hlefthimbstpidieratilydesethanc® ndle%. [The ampunf ef athee t hat

equi nol ar anmounts of diacid pononer units and 25 di ol nmonomer units .

are present i ndiplsdnglydeddanay however be figheras\necesaagroaghieve the desiged and
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terepht gal at e) gly&ﬁl@ haQingdfdns B-f264men atsm$and hb@fngrthe‘érﬁgﬁﬁééltfdrm%i HO-is an
I ndi cator of ndlecular weight, of at |east about 0.35 3 dL/ g, as .

measured on a Cybpu@H whers misan integer fooma3-12hincjudingrbranched diols sgch

hi h | at t t f 2 1C., P b t he-. | t
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and the nethod of formation. The nol gcul arweight is normally not nmeasured
direct 9. | nsthydraxgeitixxiphgaysieyglonexanes yner 9.9 -dvishd ok2or the

ol ymer o, ¢ he- riffekERHofDeRBalibicrgher .o AR g knRcREhAol o, 1 48 °C
previously, V\Iiaianﬁymcﬁfdwa’.ﬂd 1.8-anhydro@yihitolcor r espondi ng to an inherent
vi scosity of about” 0. 35 dL/ g or nore. Hi gher nol ecul ar weights
correspondi ng to i nherephthaloy mni¢tiesdn the polyestenmay range from 25-50 mole%,
preferably about 35-50 mole%, more preferably 40-50 mole%, and most
15 preferably 48-50 mole%, although higher amounts may-be included as
necessary to achieve the desired results. Other aromatic diacid moieties in
the polymer, if desired, may include, for example, those derived from
isophthalic acid, 2,5-furandicarboxylic acid, 2,5-thiophenedicarboxylic acid,
2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, and
20 4 4'-bibenzoic acid, at combined levels up to about 15 mole%, preferably less
than 10 mole%, more preferably between about 0.01 mole% and 5 mole%,
most preferably less than 2 mole%, although higher amounts may be
included as necessary to achieve the desired resuits.
It is preferable that equimolar amounts of diacid monomer units and
25  diol 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-



about 0.50 dL/g are preferred, and nol ecul ar wei ghts corresponding to

i nherent vi sWEPEAE3 of about 0.7 dUg and higher are desired fitri899%7615€S-
General ly, the inherent viscosity/nolecular weight relationship can be
fitted 15 to the linear equation: log (4V) = 0.586 x log(Mv) - 2.9672.
The inherent viscosities are a better indicator of nolecular weight for

comparfsons. of - ThigibBRerisl et & t8misePatuRd of 28°C." Brérardbly thellRhErHt HiscoBitg i

herein. 20 e polyesters used to nake the contalners of t
i nvention can batheast abpub 045l /g morel prefarablygreater than 0. dLig; gvesi momns
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interfacial polymerization), or nmerely stirring the nohormers together ile

heating them pridoasitpisymeastied by theemethodf desdribed)previbaslyt with moleculas
made using the acid chlorides, the ratio of 5 . nononer._ units in the
product Hdl ymer wejghbsowesprndingto 2 inherentissosity of abouh §.3/ Abla:pg more.
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about 0.50 dL/g are preferred, and molecular weights corresponding to

inherent viscosities of about 0.7 dL/g and higher are desired for many uses.

Generally, the inherent viscosity/molecular weight relationship can be fitted

16 to the linear equation: -
B log (IV) = 0.586 x log(M,,) - 2.9672.

The inherent viscosities are a better indicator of molecular weight for

comparisons of samples and are used as the indicator of molecular weight

herein. |

20 The polyesters used to make the containers of the invention can be

made by any of several methods. The product compositions vary somewhat

depending on the method used, particularly 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 terephthaloyl dichloride

with isosorbide and ethylene glycol is readily carried out by combining the

monomers in a solvent (e.g., toluene) in the presence of a base, such as

pyridine, which neutralizes HCl as it is 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



equi valent of the diol and diacid generally will be used to obtain a high
mol ecul ar VP43 yner suitabl e for meking containers (e. dpeTrBSeolrfir ent
10 viscosity of at |east about 0.50-0.60 dL/Q). .The polyners can al so
be made by a nelt polynerization process, 4 n which the acid conmponent is
either terephthalic acid or dinethyl terephthlate, and, also includes the

f cid or digethyl f : . di aci . .
Dot uded i 1 nElSBoBEu88A Cle 8., A pofiicRiatory. 35 rbhEniiie fhe ., o o
are heated w t fhohbenels dogetirirhyhite tiegtig them, prefarbbifein ®et prisancdich &) in

the presence of a catalyst to a high enough tenperature that the nononers
combine to fork@e8) ers and diesters, then oligoners, and finally pol yners.
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Therefore, an excess of these diols generally is charged to the reactor to -
obt ai n t he desreaeting oionomersaitierdfore; tharatio of monamerstclirged to tilergattort he

characteristics of the polynerizatipn vessel (i.e. such characteristics as
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At t or ney Docket 1, filed on ev
: and, also includes the free acid or dimethyl ester of any other aromatic

diacids that may be included in the polymer composition. The diacids or
15 dimethyl esters .are heated with the diols: (ethylene glycol, isosorbide,
optional diols).in the presence of a catalyst to a high enough 'temp_'erature
that the monomers combine to form esters and diesters, then oligomers, and
finally polymers. The polymeric product at the end of the polymerization
process is a molten polymer. The diol monomers (e.g., ethylene glycol and
20 isosorbide) are volatile and distill from the reactor as the polymerization
N proceeds. Therefore, an-’excess of these diols generally is charged to the
reactor io obtain the desired polymer, and the amounts are adjusted
according to the characteristics of the polymerization vessel (i.e. such
characteristics as the efficiency of the distillation columns and the efficiency
25 of monomer recovery and recycle). Such modifications in the amounts of
monomers and the like in accordance with the characteristics of a reactor are
readily made by practitioners in the art. Melt polymerization processes using
hydroxyethyl esters of terephthalic acid,  such as bis(2-hydroxyethyl)
terephthalate, are also known and may be modified to.make the polymers
30 described herein.



date herewith,  and_incorporated herein by reference. "~ The nelt 5

pol yneri zatlw %ﬁdﬁ@sses using di nethyl terephthal ate and ter esgwsyoreseraci d
are al so sumarized bel ow. Di nethyl Terephthal ate Process In this process,
which is carried out in tw stages, terephtfialic acid and the optional

di acid nononers, if present, are used as their dinethyl ester 10
derivatives. The di olPhd thelt polfirieriz&fién Procéss %Wﬁe'rﬁ'@féﬁéﬂ ﬁ@théﬂ%frﬁ‘lél@!ﬁg
with the dinethyl ester of the aromatic diadd (e.qg., -  dinethyl

t er epht hal at e) ithe polymeranthiselestribed rsdetail umcepeﬂrdmgsomuhlyassugﬂeddu S.

esters t )ﬁfgﬁgﬂeﬁémﬁggeﬁw G&Gad B, poamiavRochs N5, 0845 -Bof  fledor even
formation of ”Hdmf'hmm ere héllm{ﬁgr%{éd ! ﬁe & ! réﬁ ti ORpel gﬁétthi ;

and bis (2-hydroxye ecause 0|c T onetry
reaction,5s orrewqﬁlyméﬁmttdmobmembmg dfmemwewmtbbm andterephthalitoaoid
added as reactants for the ester interchange reaction. Catalysts that bring
about ester int@repispsummarized belows (usual |y acetates) of the follow ng
nmetals: Li, Ca, My, M, Zn, Pb, and conbinations 20 t hereof, Ti (OR) 4,
where R is an al kyl group havi ng 2 - 12 car bon atons, and PbO The catal yst
conponents are generally incl udgsyjethd'TerBBHHalA ks 10 ppm to about 100
ppm Preferred catal ysts for ester Interchange | nclude (QAc) 2, Co(QAc) 2,
and Zn(QAc)[err], whdnehisfprocess,whiehlis earried out inntwastagess tereplithalic acid

combi nati ons thereo The ndensat i o catal,yst which needed
for the second @ngBespt 'PH&‘*’%‘H&‘J“W’“%f gsant aylg(qqqd)a% e@éﬁﬂ"’?}“%ﬁﬁtﬁﬁ

may be ed no h t st
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based on salts aheldirhbthyl astér 6bthe arontaticadiatid (Qfg aﬁiméthﬂﬁetebmhﬂute)]lﬁ(ihépm

each. These were used in the formof M(Ill) acetate -
presence of an ester interchange catalyst, which causes exchange of the

v

ethylene glycol for the methyl group of the dimethyl esters through a
transesterification reaction. This resuits in the formation of methanol, which

16 distills out of the reaction flask, and bis (2-hydroxyethyl) terephthalaté
' because of the stoichiometry of this reaction, somewhat more than twd moles
of ethylene glycol are desirably added as reactants for the ester intérchange

reaction. Catalysts that bring about ester interchange include salts {usually

acetates) of the following metals: Li, Ca, Mg, Mn, Zn, Pb, and combinations

20 thereof, Ti(OR),, where R is an alkyl group having 2 - 12 carbon atoms, and
PbO. The catalyst components are generally included in an amount of about

10 ppm to about 100 ppm. Preferred catalysts for ester interchange include
Mn(OAc),, Co(OAc),, and Zn{OAc),, where OAc is the abbreviation for

acetate, and combinations thereof. The polycondensation catalyst which is

25 needed for the second stage of the reaction, preferably Sb(ill) or Ge(IV)
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(ll) at levels of about 50 to

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



tetrahydrate and Co(l1) acetate tetrahydrate, although other salts of the
same netal s WRY98453% be used. Ester interchange is brought abaut %g bgating
and stirring the mxture of reactants under an inért .at m)sphere"(’ ’8
nitrogen) at atnospheric 5 pressure fﬁ)m roomtenperature to a
tenperature high enough to induce the ester”interchange (about 150[err]C).
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di met hyl "t er ephth at e enperatures erably,

the additive hagster métchange {aboulotSGAC) MémanW&[fermbﬂ?,as@b?-mbdﬁﬁf awy
wi thin the range of 170[err]C to 240[err]C, and is used in an anount

between about Odistlisaut atthetreactes: Jhe weastion is grmduali heatrsdito aboet 260G wt %
f th t { dd t hal

& her exanpl o i istandl) AR ShetGirbe:Fod S RO ORRI Bl Hit e
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contents of which are hereby incorporated by reference. The second stage of
the read0i on i s comAsoed érpountdif ap addttwb)havnmbelmgpommﬁﬂﬁﬂwmmay

catalyst polyphecuks & the gsfer Bieraians i gid i she Hoal WanstkwBhI thesgent
and is preferr en‘ér?c'tlbn'rﬁe&'iﬁmhﬂogféfgf%th'?\ ?&aﬁi@%y@ﬁ%ﬁg@%&%&&ﬁh%t

100 ppm of phosphorous per gm of ereph

preferred pol ycoageublifrieints thebasked eotmmmt Mvenadditive nust lbéanaﬂchmﬁhﬁam um
(1'V) oxide, which may be used at, | evel s of about 100 to about 400 88
Ger mani um ( I VP%&W&B alcs:mlseorn@metbyléeanhélaalgtp at tem%ﬂ%%b@%ﬁ [ &

catal yst_lS 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-sulfane and benzophenone.
20 Other such solvents are described in U.S. Patent 4,294,956, the contents of
| which are hereby incorporated by reference. o
The second stage of the reaction is commenced by adding a
polycondensation catalyst (if not already present) and a sequestering agent
for the transesterification catalyst. Polyphosphoric acid is an example of a
25 sequestering agent and is preferred. Itis normally added in an amount of
about 10 to about 100 ppm of phosphorous per gm of dimethyl terephthalate.
Examples of préferred polycondensation catalysts are antimony (lil) oxide
and germanium (V) oxide, which may be used at levels of about 100 to

about 400 ppm. Germanium (V) oxide is the most preférred |

30 polycondensation catalyst.



-13- The pol ycondensation reaction is typically carried out at a

t enperat ure %’Po??{séﬁéut 250' C to 285"C. During this time, ethylrorRUsiowea
distills out of the reaction due to condensation of the bis(2-hydroxyethyl)
terephthalate to form pol yner and by-producis.et hyl ene glycol, which is
collected as a 5 distillate. The pol ycondensation reaction descri bed

above is preferably c?ﬁé})g@ceﬂaewwn réaetioHs tHCaNY cafie® DubBPA tafApBRithR

the reactor is being hea to the tenperature of t'he pol ycondensati on
reaction or aft efrom abaut 260°0 to) 2864Cle Duringdbhis\time xetlylanedglyobl distifs oot ofc

idh b ded. ively, 10, be .applied, af
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desi red ngl ecul adjstilateht ., usual |y recogni zed by an increase in the nelt
viscosity to a pre-determned level. This is observed as 15 an

i ncrease in the torquéhadeiysendensation raction dgserihesd abeveris preferably cariedy
t t ant An, i nh tyi ' f.at | Q.5 .dL{q. .
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further by soli do2Ge(lV) oxideraadymlyplkaspharicacid haverbderatddedw Alternatively,
Terephthalic Acid Process The terephthalic acid process is simlar to the

di met hyl 19ﬁr eprtm%{f@ %b@s@mb@é’eﬁ er tha pelysondensation: seagtion tampesature
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excess of diols, a smaller excess (about 10%to
polymer reaches the desired molecular weight, usually recognized by an
increase in the melt viscosity to a pre-determined level. This is observed as
15 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
process without further efforts at raising molecular weight. For cérta'm
composition ranges the molecular weight can be increased further by solid

20 state polymerization, described below.

e thalic Acid Process

The terephthalic acid process is similar to the dimethyl terephthalate

process except that the initial esterification reaction that leads to bis(2-
hydroxyethyl) terephthalate and other low 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



about 60% of diols (ethylene glycol, isosorbide and other diols, if any)
is used. ThEOPHb#33%edi ate esterification product is a m xtur siloh@g e S,
since not enough diol is present to generate a diester of terephthalic
acid. The -14- catalysts are also diffgfent. No added catalyst is
necessary in the esterification reaction. A polycondensation catal yst

~(e.g., Sb(lIl) %4“%/) Oiﬂ%. : | t i i E;ﬂf&es . chi a.
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achi eve a hi ghegtdrifieaticnf reswdtioht can be added after the esterification

reacti-on, or it can be conveniently charged with the reactants at

th
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carbon atons). dycol solubilized oxides of these netal salts may al so be
used. Co(ll) sektesificatioratenction, oritsantbe Torvanientty charged withothet reactants

catalysts in the preparation of polyesters is | - kno jn the art. The
reaction may batte begianipgof the ragtipay Qaﬁ")!ﬁé‘,ty‘\g{ﬁret‘l‘ﬁe\g&i fermﬂ '%ath'gh
necessary. In ' ' | il s as
the. r oaet ant s ML ACuPREPaf EE dBSEN o toreBH iR Spid artfrtiok habds 15
at increasing taraeegite bedthdrialkantite salts of 8bgil) (dMddesef Shili Jand Ge(AL)al yst
may be charged to a reactor at roomtenperature and then gradually heated
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bout 20 20 Ct, bout 2500 d i i b
oo e Est or Spliblize pxides of taseomatal salls riay A6H MR bisd A R2ME 3 ¢ ang
ol i goners t akea{ggu %ggs&ng' ThallRe drtABSS ahd bliterRRENBRN Fulsze PréaragsRoe e

and about 220C nder autogenous pressure), and polyner is
polyesters is well-known in the art. _

The reaction may be carried out in discrete steps, but this is not
16 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
inbreasing temperatures. In a batch process, the reactants and catalyst may
be charged to a reactor at room temperature and then gradually heated to
about 285°C as polymer forms. The pressure is vented in the range of about
20 200°C to about 250°C, and a vacuum is then desirably applied.
Esterification to form bis(2-hydroxyethyl}terephthalate 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 vacuumis
needed to remove residual ethylene glycol and water vapor from the
reaction to raise the molecular weight.
A polymer having an inherent viscosity of at least 0.5 dL/g, and
generally, up to about 0:65 dL/g can be achieved by the direct polymerization
30 process, without subsequent solid state polymerization. The progress of the



made at terrpa{pzté’ures in the range of about 275[err]C to about 285C under a
25 hi gh (ﬁﬁ'ﬁ(l ess than 10 Torr, preferably |ess than |pdpusdeniéhe
vacuum i s needed to renove residual ethylene glycol and water vapor from
the reaction to raise the nol ecul ar wei ght-15-A pol yner havi ng an i nherent
viscosity of at least 0.5 dUg, and generally, up to about 0.65 dUg can be

‘achi eved by t hepglyfrreization sarbé followst BiPthe melt Riseosifys whith is@dsily obsefieant
solid state polynerization. The progress of the -15- polynmerization can

be fol | oned by bynthedarquethatds requirachta-mairiainestiriing s $he malten pelymeror que
that is required to maintain stiring of the nolten polyner. Solid State
Pol yneri zati on Pol ynmers can be nade by the nmel t condensation process

described 5 above havi ng an %&ﬂmﬁf at | east about 0.5
dUg, and often as high as about O. g or greater, without further
treatment. For cont aPolymers zapdie/madenby theymelt dandensation psocesist gestribed

| east abqut 0.6 dL~g, and prgferabéﬁ%qabout 0. erally desirable
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terephthal i c_achthlgmenchavis airblrherent siscosiopef atleabbabolt 2666diggalnit
10% on a nol e basis may have their nolecul ar weight increased further by

solid state pol preferabhtakout OThdl{g, inigeneraily desirabieito ghtaiprmantainers haviagt er
ot udl g, 00! S el Robiba i b Bareaal i i ey hntten ot
oo 5 e ARSERAYRellal antin JeRe sl Lo RLMBNENES,
t hat the producisoserbitéecand terephthalictacich haviny isostrbide imanrrarhoust doabeuts e
the mol ecul ar WSIZ%Q‘; 'toTz;]t?mﬁr-%:"osgn \Aal\of'rlx(o ebtgaasstis fn?arly Ih%v\\l/eI t%\é(iarl rsno(l);cdlglp 3voerigl;3ri1tde’
increased further by solid state polymerization. The product made by meit
polymerization, after extruding, cooling, and pelletizing, is essentially non-
15 crystalline. The material can be made semi-crystalline by heating itto 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 crystallizétion 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 crysta!lized 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
incorporatéd herein by reference.



20 aboi*; 25 nmol e% to about 3 nol e% because the pol yester
crystallize %’B’( S¥asi | y with low levels of isosorbide. The pei, m[FElde by
ot her nethods can also be crystallized under t hese sane conditions

pol ymer may al so be crystallized prior to,solid state polynerization by
treatment with a relatively poor solvent for polyesters, such 25
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described in cing!th8tp éﬂéﬁzeé oi%lﬁ?ﬁe@%lﬁn@ﬁﬂ& @streddth Of & Mert gas,

I ncor por at ed h rein by reference. -16- The crystallized polyner 1s
subj ected to smsuallymagqmloymdezatvamunyofm dormat aneelwtedttemperaiure
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hours. Solid state polynerization 1's pre y carri out at terrperatures-

of about 190[ eratkémperstinesiof 2bo(190°C toboat 2¢0RC.r Excellent fesults have bebhai ned
by heating the polyner to about 195[er r&o t o abqut 198[er¢(3 for about 10
hours, V\,hlch resm!mmgdubuhﬂaﬂnadh@mrw rAhaut 1857 ta;abayt 198°C fasaboud 18 dLg
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such as extrusuﬁgheﬁnjectlon mol di ng, injection blow nolding, rotationa

- nmol ding; thernmoform ng of a sheet, and stretch-blow nolding. In the present
I nvention, the preferred nethod for nol ding a contai ner 15 S

stretch: |OM/HD|dIng, whi ch i s, 0 i0 the production of

pol y(et Wl ene terephthal ate) (ME QIUANLLS ot tles. In this

case, use nay be Madglortiiherd déélﬁnb‘éﬁ'ﬂérélﬁ%éypﬂe ARSI any ethbd Rndwn

pr ef or med

in the art, such as extrusion, injection molding, injection blow molding,
rotational molding, thermoforming of a sheet, and stretch-blow molding. |
_ In the present i_nVention', the preferred method for molding a container
16 is stretch-blow molding, which is ‘generally used in the production of
o poly(ethylene terephthalate) (PET) containers, such as botties. In this case, |
use may be made of any of the cold parison methods, in which a preformed N
parison (generally made by injection molding) is taken out of the mold and B
thenis subjécted to stretch blow molding in a separate step. The hot parison
20 method as known 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 strefch blow molding is prefe_rably 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. o |
Containers of the invention may have any shape desirable, and
particularly include narrow-mouth bottles and wide-mouth jars having



parison (general ly made by injection nolding) is taken out of the nold and
‘then is subj e‘?f?é&'g‘lsa-"stretch blow nol ding in a separate step. Poxasodmronl
pari son 20 met hod as known in the art may al so be used, wherein the
“hot parison is imediately subjected to strgigch blow nolding in the sane
equi pnment wi t hout conplete cooling after injection nolding to make the

parison. The par #ﬁ%%g%g;@?gaéﬂd’ 8 W&uﬁ@&f aﬁa?{ QSO]SrGI t® abott's &eél'ﬂ‘l&l

preferably, abou to about 150[err e st retc
bl ow ol di ng i s pnedller ahtdYargendontainerstmay el formedper at ure of. from about
90[err]C to about 150 err]C and stlll more preferably fraom ut 100[err]C
to about 135[err]C. coriainess qanebe Hges inostapgard, zold il Pﬁ’ﬁﬁ% ns and

(s having el SIS 600 P,

liters, alg houghigysplbigs irthasion (1%), WhBicih Bfs éﬁé@bfoﬂsoécsrbitﬁﬂcoﬁtbﬁt on glass
contai ners can be used in standard cold fill applications and

surprisingly, catranetttoaéernpsratme nrsMeiry amallli ddotifilbottles ane fﬁ?ed M&th hotdisuids
I I f 5 bi.d t h
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b | fill ado
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600C, preferably up to d enper at ur €s

above about 880CinvEntionoghnai withstapid ithe thtprooe@@rtem;iéramd Without an
hot-fill _&r ocess tenperatures w thout an anneal ing step, unlike PET
cont ai nert¥ alt hangﬁaltngesf&nnealmqﬁﬂt@atmﬁ?r%altbevgbm@anneam stedmaythe

Solids and 11 qui DEOHRBEIEdedid, 2ot L 00l o hai 1) hearly colortess and
transparent, but can bOperdshtaines 6fahe veentivhre @uithBle!Tor fidd8hd bélélages,
and other solids and liquids. The containers are normally nearly colorless
and transparent, but can be modified to have color or o 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.



15 than transparent, if desired by adding colorants or dyes, or by
causi ng crfypﬁﬂﬁﬁ?gtion of the polymer, which results in opagegdSmyrers
Addi ti onal additives, such as oxidation stabilizers, .ultraviolet Ilg%t
absorbers, antistatic agents and flanme rejardants, may be added as desired

dependi ng on the specific end use of the ‘cont ai ner. 20 The
containers of the present invention ma e made with the polyesters:
described in copendi ng application 09/ , 120 [ Attorney Docket No.

032358-008] and t he Tihel polyhisr wbkittifaronsights are igstinited bazadadm ihérenen
09/ 064, 826 [Attoney Docket No. 032358-005], the.contents of each of  which

are hereby i ncyiscosifi @Y. whiel isrmeasured fora 8% solution (wt./volume) ofpnlymer

nol ecul ar weights are estinmated based on inher viscosity, (LY. fch is
measured for a‘&%'&éﬁ’ﬁ?ﬁ?@ﬁ&mgﬁ/g‘?’ﬂﬂﬁﬂa ﬁgl%r‘?;' |iﬁ8@{é!§r &ghéqamgt a
t enper atgir e of - : i essed
a5 bpm based SanhonehiarbIRkese iy Rised on p coHRORAY M HRIGHERE D <0t
ei t her the di mthéngrietalavithptheiweightofweither thepdintethylderephthaldtspenigrephthaliovhi ch
nmonomner i s used., EXANPIﬁE' 1 The fol | ow n% FOI%EH zation reactants are added
to a 100 gal . 8gid, depepding AMWRIGHINPRYMEE{SH#$Athss steel pol yneri zati on
reactor fitted with a 6" radius, stainless steel, water cooled reflux
colum packed. with stainless steel rings, a stainless steel paddle-type
stirrer, a wat @&¢XMPLEH condenser and by- pass: dinmethyl terephthal ate
(197kg), isosorbide (5.12kg), and ethylene glycol (135kg), which
corresponds to a noil&er following polyrpetization reaptantsharel sdded toc at 409 sgali s

a0 o S AR RO, 3hPaly. bl 16 BB b ot hdhan 6
radius, stainless steel, water cooled reflux column packed with stainless steel
rings, a stainless steel paddle-type stirrer, a water-cooled condenser and by-

" pass: dimethyl terephthalate (197kg), isosorbide (5.12kg), and ethylene
glycol (135kg), which corresponds to a mole ratio of 1: 0.0346: 2.00. The

15 catalyst is also charged and consists of Mn(ll) acetate tetrahydrate (72.1g),

" “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, indicéting
the finish of the first step of the reaction, which is the transesterification of the
diols and dimethy! 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 wit%



corresponds »Z ppm manganese (wei ght of nmetal as a fraction of the

wei ght of di ?ﬁ%?"- ter epht hal ate), 65 ppm cobalt, and 375 ppm ROT/USPIY7011 he
stirred reactor (50 rpm) is - purged with a streamof nitrogen while the 20
tenperature is raised to 250C, gradually, ougr a period of four hours. The
reactor is jacketed and uses a tenperature controlled, hot oil |oop system
as a heating nmedighspBidia) ® usitR! AlsbQ tRiS TR ERE it Mirgans stdpped while
continuously col I'ected after the reaction is heated above approxinmately 1
50[ err] C. By not ihestingds cohtinueshpEhereactionis heated toi285Cover atpariodaflabout
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point, 82 ppm of phoSphorous Is added in orm o phori ¢ acid
sol ution i& ethylthaa pMoemkakdsapproximatety 1 Hodmd Duiririghthis time!, iethylendighftohas

a concentration of 0.80 W % -19- phosphorous, is used. Also at this

time, the nitrogdhistilsreft and alow relecpar weightolymesfarms: i Hhe molterepolymer
ti is heated to0.,2850C [ o t . | h
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The attai nment ofadHigves/sifficiEht Prié!tf\ﬁée'ﬁﬁiﬁ_e&{ 4€88tdvmined b* agrmére'af@é in torgéié of

approximately 1 hour. During this tineg, hyl ene gl yco istills off, and a

| ow nol ecul ar weithetstiprer.y Méheri suffisient meltwikcaesityps lachiaveds the polytharizadion is
vacuum at ,285C for, aboyt 2 hours, until the pol r achi eyes sufficient.
ol vl el ity onReds AUt BolvETeT it emeted o dhe geRclor trRuGH @ heated dimen
sufficient nelt vj ' S ' i ' ' :

St oppat. and. t he a6 bt TAE Mk oolRferRieifesis sintindtls cooled in g

at the bottom Thebidavdtentidaghirard ther cssppesl inte pehetd. tTid polynteropeitbts aré

cold water trough and then chopped into pellets. The %(-)‘,I yner pellets are

dried overnight idried pyemighign wiatiegdesm heated te120CC. The seolutiondnherent
| nher ent viscosity (1.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 incréase in the inherent
viscosity (1.V.) of the polymer solution in ortho-chlorophenol 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. Itis
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



viscosity %IV V.a) of the material is 0.64 duUug. 15 - The pelletized
pol ymer is WBAX&#33¥nto a tunble dryer and is heated under al%'flﬁﬁdﬁo?(fu
nitrogen to 1 85[err]C over a period of 4 hours. 1t is held at that
temperature for another 6 hours, allow ng,fhe polymer to partially
crystallize. After this treatnment, a vacuumis applied to the tunble dryer,

et mum Cemper Bt 1% S e Beol e, altpuit b iiiorifel ih, GRTDOGHIEY By urils 2
appr oxi mat el y pfodessithus B Veryaidpentdenton the effidiency ePihedistilfationosr Gier

allows the nol ecul ar wei %ht to be significantly increased, as judged by an
i ncrease i n t heeparation methodsthat ave ysed/in ther processoAysiilled pradtitioner can
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t er epht r?gljc a{(ﬁ , a I'gxglyessed as a rm‘fetmozﬁl the polyner. It is
notewort hy that the anount of isosorbide in the polyner is approximtely

hal f of the a t was charged, when conpared with the anount of 30
terephthafic g&%&“%@act ed isosorbide is found in the distillates,
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pol ymer by this process I'S very dependent on icle

di stillation oaneinafigoterfashions xaMpis1 idxekpbiitatitBemount '6f Bosedide A
skill-ed practitioner can readily establish specific process details

accordi ng to tehargrdwas: bf.8 &giand the agnount of (Mn(ll) agetate tetrmhydratexcatalyst |

| d the Like. MPLE 2 A | i t ter | bi d
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tetrahydrate catal yst :
‘ were carried out as described above. The finished polymer was pelletized,

“crystallized, and solid-state polymerized by the same method as in the

'breviol'xs example. The change in solution viscosity upon solid-state

| 15 - polymerization already noted occurred in the present case.  The rf:onomer
' | unit composition of this polymer, determined by proton NMR, shoWs the
desired increase in isosorbide content and comprises the following

monomers: about 2.6% isosorbide, 46.7% ethylene gyicol, 0.7% diethylene

'glycol, and 50% terephthalic acid, all expressed as a mole % of the polymer.

20 EXAMPLE 3
The polymers of Examples 1 and 2 were made into 460mi jars on a
commercial Nissei ASB100DH Injection Single Biow "stretch-blow molding
unit usiﬁg a one-stage stretch-blow molding process, and using a 132.5mm
rod for the stretch. The polymer was injection molded at a melt temperature
25 of about 270°C to make a preform, which was then subjected to the stretch-
blow molding process at 102°C in the same equipment without complete
éooling. The conditions of the stretch-blow molding process were previously



10 used WSS 79.2 g, corresponding to 90 ppm Mh(I H), calculated on the

same basis asvP¥P#E3 above exanpl e. The transesterification angctTnsesn7o1i

pol ycondensati on were carried out as described above. The fini shed pol yner
was pelletized, crystallized, and solid-statg_ pol ymerized by the sane
met hod as in the previous exanple. The change in solution viscosity upon

lid-s 15 T |
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case. The nononer 'u conposi'tion of’ this pd et er mne

NMR,. shows the desilyradrs ofdExamplesn and20hht vere mulded under theser carditiohs
foll owi ng nononers: about 2.6% i sosorbide, 46. 7% et hyl ene gylcol, 0.7%
di et hyl ene glycol, and 50% terephthali ¢ acid, all expressed as a nole % of

t he pol yner. 20 : l 'Eéﬁﬁh%gt&%q pol ymers of Exanples | and 2 were nade
into 460m jars sei ASBI OODH | njection Single Blow
stretch- bl ow nol di ng ymilyticd"datd RIIAtING A0 Sthekmal properiss NERd!i MBnBhRT eSSt
and using a 132.5nmrod for the stretch. The polynmer was injection nolded
at a nelt §enper atompositions of thefpolymets aeqiresenteddh d ableyd efthermandmeér wait
then subjected to the stretch- bl ow

sane equi prent wiGORRRASIEARSATLRE PO G'I‘?n"glﬁg;‘ggf)pié)ﬁﬁﬁs??‘p t‘é’é?ﬁZ L\%%Lgﬁé BYWBP ow

nmol di ng process ' =21 %} Hs T %X{Q.n ,

t herefore, have \tﬁ%aﬁg@@gﬁﬁﬁ%gﬁn&mﬁ?g@% e pold;p%n&{eggp anE@e%l Iangnzd 2
that were nol ded wagehoinatizedciontidddeonThe AET Lohtrol isca cohemierdial bottle resin
Anal ytical data relating to thermal properties and nononmer unit

conposi tions of thavingthefllowing compesitioay 483 male o te eﬂh@ﬂiﬂﬁﬁgr 1dhmole

ComOs 196" AIRBBANERS Bl (S TRAE e e MR T O Wredl e

normalized to 10Q§%colhThBlebrfsitioR mbasited BYTRVRIig48ofole% R¥bphthalic acid,
1.3 mole % isophthalic acid, 48.5 mole % ethylene glycol, and 1.5 mole %
diethylene glycol. _

Thermal properties were measured by differential scanning calor;ietry

15 (DSC) at a heating rate of 10°C/min. The thermal properties that were
measured include glass transition temperature, cold crystal_lizatioh
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 thé 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 hot-fill
experiments. Thus, no data are reporied for jars made from the PET control
polymers. The jars made from the polymers of Examples 1 and 2 mostly did



havi ng the follow ng conposition: 48.3 nole %terephthalic acid, 1.7 nole

10 % | WOIMB#HEBi c acid, 1.25 nole %diethyl ene glycol, 4‘86!7%‘3%17 %
et hyl ene glycol. The conposition nmeasured by NMRis 48.7 nol sdb76i1

terephthalic acid, 1.3 nole %isophthalic,acid, 48.5 nole % ethyl ene
glycol, and 1.5 rml e % diethyl ene glycol. hermal properties were neasured

oY i T orent | o ARl U Heckenged oA w SPHRROTAE . o,
tenperature, Clasg tihany $9Abp torabowtr1 0% whendlled et timperatiies above abBUEORT.
tenperature, crystallization tenperature on cooling; and the heat of
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in Table 2. Data ot .fi rfor t nt e
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t hen cool ed e| ast or s ow, as stated’in t irs
cooling, the jeoslingthe janphess thah 2Y%eshrinkagedfthe heckisdesitabls) ow cooI i ng,

the jars were all owed to coo ir at rrbl ent nperature. The

shrljnkages measur edhg$tiateh l’% m‘gﬁ%@ﬁfﬁﬁ!ﬁil eﬁ@ﬂé‘ﬂfﬂ{a Pﬂawmwalhe

j ars nmade fro%&lﬁ_g?sgkﬁb jrers of Exanples | and 2. Jars nade fromthe PET
d

control pol yne inall the hot-fill experinents. Thus, no data
are reported for Jag%'rgg[rbromthe PET control polynmers. The jars nade
fromthe polyners o anples | and 2 nostly did -22- not deform but
showed Wecr eased vol une WIﬂmmmfé@@bO éyl n®.689MmMmess than 1% up to

about 10% when filled at erature bov abo err]C. Table 4 reports
WailRiess B

data for the same hot fi %Ee? M The data in Table 4
are the shrinkage ogéa&%a;larreter of t he neck finish 5 (the part of
t he neck above the e after filling the jar wwth hot liquid and

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 streich blow molding 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



cooling the jar. Less than 2% shrinkage of the neck is desirable. The
stretch bl OW‘YBP%!%‘ES? ars that were tested had the foll owi ng waPCT/US99/07011
t hi cknesses: PET control 10 Wal | thickness of the bottle:
0.669 nmm VWl | thickness of the neck: 2.051lom Exanple 1 VWall thickness of
the bottle: 0.580 nm Wall thickness near the neck: 2.105 mm 15

Exanple 2 Val |t ekpates off sddebdtties | per holir SWthna dwell tileckinahe fvid - sfhe -
neck: 2.169 mm EXAMPLE 4 The por{g/mar of Exanple 2 was dried overnight in a

vacuum dri er at agproximately secqrds ifie mpld tenmperahre avasdhgnmgdueedto@B®Fur e
content was appr Qxi ely,50 The drie ol ymer was injecti | ded
i nto generic st y&é'@)saéd &pggwﬁgd&‘on?i b"gle%n‘ﬂé%aa%‘"m%g‘“? I?%r}gﬁ%sgﬂ%
prefornms were pl | | ? ' haw) ne
where they were ﬂggétjse%&btr@ %ﬁ%ﬁg\rﬁ%géﬁog?% (lj ﬁ?%%gﬁé%lgﬁWngp%]eat 'set
contai nerg. The PET bottlenol d tenperature was set at 270[err]F (1 32.200)
wth a base tenperature of 160[err]F (71.1[err]C . These nold conditians

are the standard condiheoresulting hotles cwere dJirshrasasured fors diamelsnt af fewrs.

hour wi th n awol localianS; foP e BRI Rejont: &0 B kBuledbSertll VBfliaB HhE hoRfs
Lenperature vas yeps théN eaga!for PR 'parfortishadl BY filihg Mieth sANehal water at

additional bottles were again made for hot fill testing. This second set of
nol d condi tions tempetatures tatsangeadfrent 185°F(B6FQ) ta 205°F(8611°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 bottie height and
volume were measured to determine the percent shrinkage and to determine
if the bottles 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 resulits of
4 representative tests are shown in Table 7.

it can be seen in the data of Tables 5 to 7 that the bottles containing
isosorbide performed better than PET bottles, even though PET botiles 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



5 "~ PET bottle. The resulting bottles were first nmeasured for dianeter
at four | ocwogrsasasfor the bottle height, and for bottle ovePCEUSIYOI0Lhe.

The bottles were then tested for hot fill performance by filling themwth
hot water at tenperatures that ranged frog,185[err]F (85[err]C) to
205[err]F (96.1C). After cooling 10 t he capped bottles, the shrinkage

of the bottle dianeters was neasu : . - tdddbas liatitddt the
bottles, and tﬁbeéﬂhnﬁﬁ§oﬁﬁ“@§t ‘%ﬁﬁgﬁéﬂb@gggﬁggPééggagrggneasured to
determne the p [ deteir? determine if the bottles had
“distorted. The‘%ﬁ@ﬁ@b&%ﬁépor ot fill containers is preferably |ess than
3% 15 The data for percent volunme change are sunmari zed in Table
5 for bottles obtained using a 270[err]F (132.2[err]C) nold and in Table 6
for bottles obtained froma 200[err]F (93.3C) nold. Conparative data for
percent vol ume change was al so obtained for standard PET bottle resins

nol ded under essentially the sanme conditions, with a nold tenperature of
270[err]F (132.2[err]C). 20 Twenty PET bottle sanples were tested at
incremental ly increasing tenperatures from 185.5[err]F, (85.3[err]C) to
195[err]F, (90.6[err]C), and the results of 4 representative tests are
shown in Table 7. It can be seen in the data of Tables 5 to 7 that the
bottl es containing isosorbide perforned better than PET bottles, even

t hough PET bottles had 25 been subjected to a "heat set"™ to inprove
their performance under hot-fill conditions. By conparing Tables 5 and 6,
it can also be seen that the heat set step appears to further inprove the
performance of the isosorbide- containing polyester bottles. It is to be
under stood that the above-descri bed enbodi nents are 30 illustrative
only and that nodification throughout may occur to one skilled in - 24-



the art

. Acc I nal
t he enbodi ne%(gb%é%ﬁ osed herein.

this invention is not to be regarded as linmted to

-25- TABLE 1. ANALYTI CAL BOTAISFuMNEr

Conposition (nmole % in pol yner) PET Ex. | Ex. 2 Ethylene Gycol (9
NM 48. 3 46. 7 | sosorbide (% .25. NM 1.03 . 6
Di et hyl ene dycol (% NM 0.71 0.7 Terephthalic ACI d (%
NM 50.0 50.0 1. V. (soli ( . N™M 0.70 -
0. 71 DSC Anal ysis (1gerr10(mm2%%%%£‘§ ate o%g)sin d ass
transiti on T¢nPolymercComposition (mole % in polynws) bl PEY yst aEXi 1at | 0B eff
Tenp. (C) 199.5  185. 5Ethyléié Biyeol (%) peak naxi nhim NNC) 48.3 158.46.7
156. 5 NMIFusTon/ onset  [gysbride ()P ([ err]C) NM 2| 23903 | 285
Fusi on/ Tenp. dE)A}OJe:j\lK TTE Jéﬂiyléﬁa’ﬁlypé %Y . z;omi fNM—ual Gmnw 9§
20678 | 502 4102 p pdrepRnAICABE () oyt L0y, ol N, 1"BO EYE0 D, )
Pref orm (460 |m ) I V. (solid-state polymerized) (AL/®) Tenpbr MM e () 0.7 b 0.71
78.9 82.3 Cold Crystal lizati on/ Onset Tenp. (O 32. 6 133.1 _ 149.1
Cold Cryst./Tenp. at [D9€ Amalysisi{({07C/min) 138. 1 138.7 | 158.6 Cpld
Cryst./End Ténp. (CBSolid StatePdlymerized ResiR- 1 Fus| on/ Onsgt nel tinfy Tenp.
(Q ~222.5 GlassAfahsitior TeRpelaitre (4G) Peak [exygum|(CJgq Z46] 7 g5
252.0 239.7 Cold Crystaliization/Onset Temp. (°C) 1995 | 1855 | NM
Temp. at peak maximum (°C) 168.5. | 156.5 NM
Fusion/onset melting Temp. (°C) 233.2 | 234 225.5
Fusion/Temp. at peak maximum (°C) 239.8 | 236.7 230
Fusion/End melting Temp. (°C) 248.9 256.7 243.9
Crystallization Temp. on Cooling (°C) 209.8 | 2023 | 192.8
Heat of Crystallization {J/g) 41.6 37.5 19.2
Preform (460 mi)
Glass transition Temperature (°C) 76.0 78.8 1823
Cold Crystallization/Onset Temp. (°C) 132.6 1331 | 1491
Cold Cryst./Temp. at peak maximum (°C) 138.1 138.7 168.6
Cold Cryst./End Temp. (°C) 153.8 145.7 | 1721
Fusion/Onset melting Temp. (°C) 222.5 215.9
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) 199.2 200.8 |198.5
Heat of Crystallization (J/g) 40.6 42.1 33.9
Jar Walls '
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 2101 | 1984
40.1 43.1 }33.8

Heat of Crystallization (J/g)



Fusion/End nelting Tenp. (O 252.3 258..2 247.5 Crystallization
Tenp. on CO¥OPMESPHC) 199.2 - 209.8 198.5 Heat of Crystally $98Jo7é11’ 9)
(LS‘E NM

40. 6 42.1 33.9 Jar Walls d ass transition Tenperature

NM 83.2 Cold Crystallization/ Onset np. (O NM NM 118.7
Col d Cryst./Tenp. at peak ITB.XI mum (C) NM 141.0 Cold
Cryst./End’ Tenp. o . " — Sl et nmelting .
Tenmp. (©) ) \on Gz —TtSt-oT 'gc&nA gholl maxi mum
([err] O 247 .3 283 2 241 0 Flann/FndJ’Yp ting (cQC)

253.4  259.3| 248.7 Orystallij zatlon Tehp. BETCool EXrérrlC) EX. 200 3 .
210.1 198.4 Heat Shbakatlrey (J 9) 40. 1 43. 33.8
-26- TABLE 2. ;555’ %ﬂ;nl‘\l TI ONS 2781 28 1 27OEx 2
Barr el Terrper' e, {Front, Nozrle) 270

270 2 Pressur¢ Hrejaune/t(hgjl — segy mm)1fio- 10 - 11110-110 - 11700-1150031*é§sue 2
(kgfcn2 - sec| Prepsure Z (kgfom_ ~8@c2mm) 50- 705-Pressur@0 2 2 kdf | 800 1.5sdc.
mr) .50 -10 [ PHassdié 3 (kgfftm™ ~%e&@im)s| zes0kof@ crp) 4010 (40408 35

45 Screw vel of T =15 B4l 25 6035 25 [SPeehs L

S = e T e

70 -10 Speed 1 (% -sec.mm) | 90— 90-20 | 99 1
: Speed 2 (% - sec.mm) 70-9 70 - 11 80-15

Speed 3 (% - sec.mm) 60 - 11 60-9 70-10




-27- TABLE

LI QUI D) EXANB[‘@?(%%VE

EXAMPLE- 2 Hot Water

cooling) (% Shrinkaae -slow cooling) 80[err]C

4.472 85[err]
NOT TESTED

DEFORVED 92[err] C

C

4.521 -27-

DEFORVED 90[ err] C

(%S

8.2

SHRI NKAGE OF 460 ml JARS (AFTER FI LLI NG W TH HOT

hr i nkpge/usosd oy
NOT TESTED

38 88[err]C
5. 464

(% Shri nkage - fast coolln%FTEwﬁMNWTHHwLWD)ng) 80[err] C
: . 639 85[err]C ' _

NOT TESTED
8.212 88[err]
7. 040
DEFORVED Hot |
cooling) 80[d

e a

rr]CBO°C

‘ysﬁ‘?th < Slow

3. 088

-.----——-- _r_.-.__.—_..—-__....’_—".—.’_._-_‘

PP - 1

2 0647%[ err]C

NOT TESTED
6.041 95[err]

C 85°C

[

DEFORVED § 381 c

9. 820
cooling) (%
1.474 85[err]
4.215

DEFORMED

(% ST T NGERORMED!

Hot Water (% Shrinkage - fast cooling) | (% Shrinkage - fast cooli
80°C NOT TESTED 2.630 |
85°C — 3.088 8.212
88°C NOT TESTED DEFORMED .
90°C 7.040 “DEFORMED |
92°C 9.073 "DEFORMED

ot {% Shrinkage - slow cooling) | (% Shri - ooli
80°C I NOT TESTED 2.034
85°C "NOT TESTED 3.012.

~90°C 4,348 6.041
95°C 6.931 DEFORMED . |
08°C 9.820 DEFORMED |

Hot Corn Svyrup % Shri - oli 9 ri ~ fast cooli
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 |




98[err]C

SHRI NKAGE CYONB{#S33| NI SH OF 460 ml JARS ( AFTER FI LLI NG W TH

(% Shrnkage - sl ow cooling)
1.51

NOT TESTED

Wat er
NOT TESTED
1.402 88C
1.062

7.623

2 85C g

DEFORMED

(% Shri nkage -.slow coo

-28- TABLE 4.

1.332

DEFORMED 90C

%

Fhuspth "

DEFORMED Hot Wt er— * - fast
~cooling) 80[err]C 1. 402 85[err]C
0.851 ’l 402 88[ er r] C NOT TESTED :
DEFORMED 90C 1.132 DEFORVED 92C
1.252 Hot Water A 5 i
cool i ng (%8 kage .
1.282 8p[erriggec NOT TH3A 1yGH2Z 90 err g
0.681 G IR € 7=
Ceramep sof g ff ‘.JE T o DR e
NOT TESrED  92°C | 1 A% 0001 D BrEp
1.452 9pC : 1.002 1.312 95[err] C
1.112 ~ Hot Water e - fast cooli % Shij - li
' 80°C NOT TESTED . ' 1.402
85°C . 0.851 1.402
88°C NOT TESTED DEFORMED
90°C 1.132 -DEFORMED
92°C 1.252 DEFORMED
Hot Corn Syrup | (2 - slow coali % Shrin - cooli
80°C NOT TESTED 1.282
85°C NOT TESTED 0.952
90°C - 0.681 1.651
95°C -0.911 DEFORMED
98°C 0.731 DEFORMED
Syru 9 st coolin hrinkage - fast cooli
80°C NOT TESTED 1412
85°C NOT TESTED 1.452
90°C 1.002 1.312
- 95°C 1.112 DEFORMED
98°C 0.902 DEFORMED




98[err]C 0. 902 DEFORVED  -29- Table 5.
Hot-Fill Bof Y@9¥453%r mance of Ex. 2 Polymer (270 F Mol d) Hot PETRISI9/070MD.

of Sanpl es Vol ume Change St andard Tenperat ure %
‘Deviation _F (O -29- % 185 (85)
10 -0.8 0.2 195(90. 6) .10 -1.3°

0.2 200 (93. 3) Table5 Hot-Fill Bottle Perférrhance of Ex. 2Pélyifier ( 27019F Mold)

2 Pol yirer (200 & vy JOEER BT ""‘Bﬁg%‘afﬁﬁés "‘(6“'”‘%}3?‘5'&@@ nagaanaard " |
St andgr d Te Ngl perature tviation

nperaf ure > T Vi atl oF (¢ o
% 195 (90. 6) 1€ (°C) 2.2 o&zoargf 3) % 10
-5.0 0l 7 20386485)1) 40 -08. 6 0.8.5 Tqdbl e
7. -Conparative I Bqtgtgcgo@)rfor nce @70 ' F Mol d) 4@t - Fi ['I] Tenpgpat ur 4,
No. of Vol une L,narm @33y (FCr 10 SHNPTES 5 4 /oiB’:‘ﬁT(‘S‘S‘.‘Z)
-2.04 189.6 (87.8L) 205 (96.1) 1§ 46— 2 (88._3')7 . 107
-3.43 195 (90. 6) - : :

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

Hot Fill No. of Samples | Volume Change Standard
Temperature % . Deviation
°F (°C) %
195 (20.6) 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




-30- What is clained is: 1. A container conprising a polyester, wherein
sai d pol y ey ss4853pr i ses terepht hal oyl noi eties; optional | pyCTAIS9%/@M01101 €
other aromatic diacid noieties; ethylene glycol noieties; isosorbide
noieties; and, 5 opti onal I y one or,qore other diol noieties, wherein
sai d polyester has an inherent viscosi ty of at |east about 0.35 dUg when
measured as a 1% (wei ght/ Vol une)  sol ution of said polyester in -
o- chl or ophen is gl ture of 25[er]C 2. The contai ner according to

&?é&hﬁ?;ﬁ%k%i?? dﬂ%a@m}ééé%*}{sﬁ SPoy RS, WRRrBD G PRI 0T,

1 I

o et ?'eg" 4 co compises daeRRAoN EEH R 5f?f°"8“2p5“€§?m"ﬁi%’§%ﬁ:§§§fﬁ“ﬁ?°or 15
t

T ponhy A B bES etffiefle gheasinicistesisasorbido lefiesr@ndyl ycol s or

branched al i avi om 3-12 carbon at,gms an avi t he
enpi ri gal f or B Aali-ohe oF Indis,otherdiol moieties, whereigesal Polyes ﬂ' as

trans-1, 4-cyc exanedl nmet hanol or m f % 9l ycol ;

2.2-bi5f o fzr:mmmwy At qs%b%i@ﬁ%ﬁ%ﬂm E‘”Si’t Foxy)- 20

pheny cycoexa enoiratrze; -

di anhydromanr(l“m W ?‘H"Q)b%ahﬁéﬁﬁ’héro?p?'fé e?(or 1, 4- anhydroerythfitol. 5.

The  cont ai ner égjr of ng@ ai m4 wherein said one or nore other diol
tgBiTats of

. noieties are rom cis-1 ,4-cycl ohexanedi net hanol ,

tr_,ans-__rl-,-4 cycl ohexanedi net hanol-, or mxture_s t__hereof -~ -31- 6. The
| container, a“‘”d'é‘g ‘e ﬁ:'e%omamer‘“é‘c?c%%iﬂg%&'diamﬁl%%lrein said
. .l10 " terephthaloyl moieties are derived from terephthalic acid or dimethyl
terephthalate.

B 3. The container accordmg to Clalm 1, wherein the polyester

further compnses dlethylene glycol mosetles

4 The .con'ta:.inér according to C’Iaim 1, wherein said one or
. 15 mdré other diol monetles are derlved from ahphatlc alkylene glycols or

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

" branc
empirical formula HO-CHo,-OH, where n is an integer from 3-12; cis or

~ trans-1 4-cyclohexaned|methanol or mixtures thereof; triethylene glycol;
: 2 2-b|s[4-(2-hydroxyethoxy)phenyl]propane 1 1-b|s[4-(2-hydroxyethoxy)-
20 phenyljcyclohexane; 9 9-b|s[4~(2-hydroxyethoxy)phenyl}ﬂuorene 1,4:3,6-

dianhydromannitol; 1,4:3, 6-dianhydroiditol; or 1 ,4-anhydroerythritol.

5. The container according to Claim 4, wherein said one or

more other diol moieties are derived from cis-1 ,4-cyclohexanedimethanol,

trans-1 ,4-cyc|ohexanedimeth'anol, or mixtures thereof.

A



one or nore her aromatic diacid noieties are derived fromisophthalic
acid, 2,5-fur ﬂa?’ﬁ‘g?{)oxyl ic acid, 2,5-thiophenedicarboxylic acpdrnieserer1
napht hal enedi car boxyl i ¢ acid, 2,7-naphthal enedi carboxylic acid, or 4,4 - 5
bi benzoic acid. 7. The container according.to Caim6, wherein said one
or nore other aromatic diacid noieties are derived fromisophthalic acid,
2, 6- napht hal enedi carboxylic acid, 4,4'-bibenzoic acid, or m xtures

t hereof . 8. The container according to Claim1, wherein said inherent 10
viscosity is at |eastgabouThé cobtaihémaccardingToClaimtawhereincsaid dptignab
Claim8, wherein said inherent viscosity at |east about 0.70 dUg. 10,
cont ai ner accor dPMg of areAthenaromaticdiaciddnaieties ar derved framisaphibalis o

present in an a t f .40 .0 . : % sai d
pol yester, sai d%&ﬁe?gé@ﬁ@%g)&%f gc'ﬁb?g‘?ﬁﬁp r;e?'ee %?aégé%li&)élaghﬁgﬁount up
to about 10.0 mh@p%ﬁfeﬁeﬁﬁ:a‘?ﬁbmtﬁd, Zﬁ'-ﬁaﬁﬁthﬁle‘ﬁé@iﬁrbéﬁilid&ié,t oEd 40 €
present in an anmount of from about 28 to about 49.75 nole % of said

pol yest er 5 sai d bibenzoiciabid.noi eti es are present in an anount of from about
0.25 to about 12.0 nole % of said 20 pol yester, and said other diol
noieties are present in an amount of up to about 10.0 nole % of said

pol yester. 11. The centai ?ﬁéé}ﬁﬁfﬁf&%&lﬂ?tﬁiﬂbﬂﬂﬁ Wr@fn’baﬁgioggoéper

diol noieties are diethylene ycol "noretres rn an ahount up out 5.0
nol e % of said pmioye stiedr.aromatidliadid moidties annderived frontisophtitalicadid 22,6~ 1,
wherein said container may be filled with liquid at a tenperature of at

| east about 60[ enapithalenedicaiboxydictagidhet.4 skibenapia pcic anmbaures theeafng a
decrease in

The

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 amouht 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 polyestér, 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.

* c L M H *



vol une | ess than about 3% 5 _ 14. The container according to
Caim12, WRPYMBLaid container may be filled with Iiquid gicmy Wiature
of at |east about 88[err]C 15. The container according to CI alm

having a decrease in volume |ess than abgut 3% 16. The contai ner
according to Claim1, wherein said container 10 I's a narrow necked

o P somorhr oe o2 | 2Tng mis BB ABARME CRRY ool Gshertre' o

sai d i sosorbide noi€ties are presen anount o

about 6 nol e ﬁ@ayfbéﬂWed)withQ@hHat éfempé‘mjwﬂatllmtm%d?@g to-daim1l7,
wherein said 15 | sosorbi de noieties are present |n an anount of  from

about | nole %to about 3 nole % of the polyester. A nmet'hod of makl ng

a cont ai ner, vvhere ont y ster al d net hod
conprising: a) for %né &?@Eét%&m@{?&%%'a"ﬁ% ﬁavmg@ FepaPihg the
cont ai ner; whgsiaivs feggtﬁﬁggggpgtycorrprl ses terephthal oyl noieties; and,
optionally, other aromatic diacid noieties; ethylene glycol noiet i es,

| sosor bi de noieties; and, optlonally, other diol noieties; wherein said
-33- pelyester has_ an i rent. vi scosit Ladl east about Q.35 dL/g when
measur @ as a 1% (@i ght FQFI‘F@)"%@CGP dYRereingsaid container

o- chl or opheno t ording to Caim
19, wherein f@agtbéaﬂﬁd%gﬁ%hm&a% yes%?t%%nograt[géaoé %’ng gf%l ning in a
reactor a. nonomer conprising a

15.  The container accordmg to Claim 14, havmg 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, wheréin 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

* [+ L M S *



t erepht hal oyl noiety; optionally, one or nore other nobnoners containing an
aromati c di WNPAYB2ty; a nononer conprising an ethyl ene gl yc®CTRiso®w3011 a
nmononer conpri sing an isosorbide noiety; and optionally, one 10 or
more ot her nonomers conprising a diol noiegy with a condensation catal yst
suitabl e for condensing aromatic diacids and glycols; and (b) heating said

monomer s and S 3hdy6aier hiss art AnaroURRAY o of Wddh Bl 0135 AplgWREhze, S8l d

nononers into er polynmer having at least a ter noi ety,

et hyl ene gl ycol measated ad 1% (weightaohamie) delwﬂoneﬁfssald/\beiyestersm d heating
is tontinued for a sufficient time to yield a polyester having an inherent
viscosity of atorcBlprephennliat@ tesRRGIRI 2R%sured as a 1% (wei ght/ vol une)
sol ution of said polyester in o- chlorophenol at a tenperature of 25C. 20
21. The nethod according to C aim 20, wherein heating said nononers

further includes stippingTREimRetiBAUBIOTdNGtD claﬁnqgnwrferr@mtfohﬁmy/me of
by-products by distillation and/or evaporation. : he net hod accordi ng

to d ai nb20, whpolyestes goohprisesner conprising a terepht hal oyl noiety is

terephthalic acid. 25 23. .The nejhod according to.Claim22,
wherein water and unreact @ mﬂ?gmérﬁéﬁfﬂf@dmﬂpf‘?rﬁﬂ RIS fer s

pol yneri ze. }Eﬁ? |

nononer conpri Stl-eﬁ htﬁ?loly ' tge Beﬁ %%‘gl S ﬂ]ﬁrﬁé?%?ﬁf{{:&%

The net hod accoandar@nbﬂc Giaudmﬂﬁetyv\banenonmtcbmmlsmgldnlenhyﬂenégnyamnorrer
are renoved while said nononers polynerize. 5 The net hod

accordi ng to C @oigtyoa mqmreerr.c@'apasmearbrsqs@rtudemm@?yalandtontlormﬂw one
moi et | ©302" © Olecrnl r\r/\%ge B{herpr%ﬁ&%H Sor?llplfngtndqg diol moiety with a condensation

catalyst suitable for condensing aromatic diacids and giycols; 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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gl ycol s or branched aliphatic glycols having from 3-12 carbon atons and

havi ng the W@8¥F3% fornula HO-[err]-OH, where n is an int ggepuddRis- 12;
cis or trans-1 ,4-cycl ohexanedi met hanol or m xtures thereof; 10

triethylene glycol; 2,2-bis[4-(2-hydroxyejhnoxy)phenyl|propane; 1,1-bis(4-
(2- hydr oxyet hoxy) phenyl ] cycl ohexane; or 9,9-bis[4-(2-

hydr oxyet hoxy) phenyh},-f | 7 ; ' ; ] 9, .
wher ei n sai d opti ong]IL ot E@%ﬁ%ﬁétﬁcgoﬁrg%%&%ﬁeﬁﬁ%ﬁe}g ﬁéeirai '&e’ﬁbﬁre m :
i sopht hal i ¢ acgémpdising é‘érephthéldgﬁﬁﬂ)ié@ﬁ@d#ﬁéthyl teeephthalate. o

2, 5-t hi ophenedi car boxylic acid, 2,6- naphthal enedi carboxylic acid,

2, 7- napht hal enedi carboxylic acid, or 4,4'-. bibenzoic acid. 28. The nethod

an amount. of about 48 t o188 MhBdAcsaring b GRid4 Mhephtheihiad/ e or

o e Ohhy onal Ghiegicte RitRiopfor Hrd rbholBi WIS Sald MNoPAeRndifim@zgount up to :

about 10 nol e sal ester, sald ethylene glycol ties are
present in an anmount of about 28 to 49.75 nole % of the pol yester, said

i sosorbi de noieties _are present i.n an amount,. of about 0,25 to 20.0 nole %

of sai d%ol yester, &8d si'hﬁ "B?ﬁgo racggrd?ng to édﬂ"@ &:W@Perﬂrbﬁa'ﬁtﬂr& Pes are

present in an . t 0 e -35- 29.

Dresent 1 20 PR MybfalBp A mbfbibs kel A0 AUBAAIESGHere

nDi eties conpr giyBoki dribdhetied al%pmic %ymé h&ding frot 3212 ¢BbdH atéing Andbout

5.0 nole % of said polyester. 30. e method according to O ai m 20,

further conpribaviggihe empirical femsulaf1@Ka,HptQbuwherewiigian iotegasiftomdt yest er

by SO~_| _I d St_ at e‘lB;otl:ig%?rtr'a%%H ,2—%yclohexanedimethanol or mixtures thereof;

10 triethylene glycol; 2,2—bis[44(2~hydroxyethoxy)phenyl]propane; 1,1-bis[4-
' (2-hydroxyethoxy)phenyl]cyclohexane; or 9,9-bis[4-(2-

hydroxyethoxy)phenyl]-fluorene. -

27. The method 'écoording to Claim 19, wherein said optional
other aromatic diacid moieties are derived from isophthalic acid, 2,5-
16 furandicarboxylic acid, 2,5-thiophenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, or 4,4’-
bibenzoic acid.

28. The method according to Claim 19, wherein said
terephthaloyl moieties are present in an amount of about 40 to 50 mole %
20 of said polyester, said one or more optional other aromatic diacid moieties
are present in an amount up to about 10 mole % of said polyester, said
ethylene glycol moieties are present in an amount of about 28 to 49.75
mole % of the polyester, said isosorbide moieties are present in an
amount of about 0.25 to 20.0 mole % of said polyester, and said one or
25 more other diol moieties are present in an amount up to about 10.0 mole

% of said polyester.
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-31. The net gﬁg?g rding to Caim30, wherein said solid state

pol yneri zati %%% ses: (a) crystallizing said polyester byPO®aSPIeyOHAi d
pol yester 10 at a tenperature in the range of about 1 15[err]Cto
-about 140[err]C, and (b) heating said pol ygster under vacuumor in a
stream of inert gas at an elevated tenperature above 140[err] C but bel ow

the melting temperal e ofnRaiibiRoy ¥essming  Glakhbe WHNRIAY ohebing an

‘increased i nherent viscosity. _ according to

‘G aim 31, wher empreatiehdinl majeti¢é= poinbrise diethylenedqlyed nadietles fnar maourst of
rabout 195 to 198kerr]C for about 10 hours. 33. The nethod according to
‘Clai m 31, wher ephupdpabquidQ male % efisaishpolyestebsity is at | east about 0.65
dL/g. 20 34. The method according to Claim19, wherein
.preparing the container conprises extruding, injection nolding,

-stretch-bl ow nol di ng,30,nj egid ﬁiétl%d"élc&é\*dﬁg{‘ﬂ) Gfaiﬁmfm,'f@lftﬁér”&diﬁ(ﬁigﬁgpo' yester
to formthe container. -36- 35. The nethod according to al m 34,

wher ei n i epar i inpreasingtheanoleculas weighsteof ssiid polyestsrdy solidditate t he
“container. 36. The nethod according to Cai.m19, further conprising
“filling the conPRIYRBeNZaMYein the container is hot-filled or cold-filled.

31. 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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-36-

35 The method according to Claim 34, wherein preparing the

container comprises strefch-blow molding the container.

36. The method according to Claim 19, further comprising filling

the container, wherein the container is hot-filled or cold-filled.
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