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POLYESTER COWVPCSI TI ONS Thi s application clains the benefit of U S

Provi si onal Patent Application Serial Nunmber 60/016,584, filed on May 3,
1996, and towbDSU42B800vi si onal Patent Application Serial NunBEFUEIOFS? 542
filed on July 11, 1996. 5 BRI EF DESCRI PTI ON OF THE

| NVENTI ON New poI yester conposi_tions_containing terephthalate (T),

i sophthal ate (1) and 2, 6- napht PPQEY%STE«E GFAMEH%«J 'fﬁt are sem -crystalline

and have a density of about 1.362 g/cnferr] or greater are disclosed. The
conpositions are. useful for  maki Ll g, [fi and c 808 o fi i
packagi ng. 10 r‘ﬁﬁ appl Wgﬂ?l%ﬂn\ssg% EB“%@\/%F bls)%rré r%fwairgﬁ ﬁ%?@‘éaépgrs
contai ni ng SpegethNGﬁib%r remwssﬁ filed aphMag! it €996, Sarehtd . st Provisional
napht hal ate noieties (i.e., T/I'/N "and T/Imzseful f or produci ng fabricated

articles that EatertiApplicasionelarialiNyumbieg A0 542 fledgr vuly il 489G e typi cal Iy
associated with a high |evel of crystal I inity. The hi gh density level is

achi eved bygstrain induced @Ry 5 NBPONCT ystal |i zation, or
preferably a conbination of strarn |nuce crystalTization and thernal

crystalllzati Ofewlgélyéne Eﬁﬁﬁéﬁudﬁ]s ﬁwttaimha\t@:abh@.ana?ém RIDAHeRste 5 'anar mance

properties, in par excell ent gas barrier propérties.

This inventi onZt%nwmba@&(hBrmomgs)smatlal’ﬁ S@UHMSA&W@ and haye |aodersity of

i ough 6, i noPREP 168 Glerly & renlbr AP¥ plbiched. TheToniptafibis A8 yEETTor (T °

1, 3- phenyl, i nndkingfifs, ﬁbm%dmnﬁinérbﬁortpucksﬁ]%l s 1,4-phenyl and in at
| east a portlon of the units Ris 2 and vvhere the density

of the polyest is at | east about 1.362 9/ cﬂ‘eer r ef er |n a ut 80
to about 96%nvl ‘spli\"gﬁmnéﬁ al30. NaYe!; Sem-grystall gStars can 'T' ©0 to
about 4 nole peidie Pét.o%foftté\%pHmata‘ie I?sd;;ﬂxtﬁﬁb@%rﬂohémtéte?maubﬁey fi. earTm/N

2, 6-naphthyl where the nole ratio of 1, 3- phenyl 2,
and T/l) useful for producing fabricated articles that exhlblt unexpectedly high

density levels which are typically associated with a high level of crystallinity.
The high density level is achieved by strain induced crystallization, thermal

15 crystallization, or preferably a combination of strain induced crystallization
and thermal crystallization. The polyesters of this invention have enhanced
performance properties, in particular they exhibit excellent gas barrier
properties.

This invention is a polyester composition comprising the following repeating

¢ 3
C—R—C—O0—(CHy)x—O

20  unit:

where in any unit x is an integer selected from 2 through 6, inclusive, and
where in at least a portion of the units R is 1,3-phenyl, in at least a portion of

the units R is'1,4-phenyl and in at least a portion of the units R is 2,6-

25 naphthyl, and where the density of the polyester is at least about 1.362
g/cm>. Preferably in about 80 to about 96 mole percent of the units R is 1,4-
phenyl, and in about 20 to about 4 mole percent of the units R is selected

from 1,3-phenyl and 2,6-naphthyl where the mole ratio of 1,3-phenyl to 2,6-
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naphthyl is about 1:5 to about 5:1. This invention is also the polyester
conposition where in at least a portion of the units Ris 1 ,4-phenyl and

where i n at weaspsabout 5 nol e percent, preferably about SPCTUS#INIREY 25 nol e
percent, and nost preferably about 10 to about 15 nole percent of the units
in the 5 polyester Ris 1,3-phenyl, apd preferably where in at |east about

75 nol e percent re /. y Ut..75 A P%@;gs d
nost prefer ab??ptﬁgﬁu‘ﬁ &oﬁto{‘g%u?g@g %ﬂgl eT%‘gsr g&%ﬁ%’?% %&l‘g%ﬁ?r | ger"i‘n
gf&ﬁ{‘i??}’ 333"1’“‘3“4 F;t?}bﬁhpeﬁﬁﬂ%tleasﬂé p‘oh&:h r}o@ﬂmemﬁsms 14-phengtandbwharel. 362
. .1, 4-phenyl we npean a phen ri t h I

of the 10" pohyatives DK S E10R RPTCoa, SrEPIab RO S 1PIADOYE 25 10l PHERPF ons of

e phenyl ri r mt:ﬁr t | at
groups of theglg%I@Béégﬂégfe;g%h?@%?ﬁﬁ%@@%Pgug?tggﬁﬂgabét}get e Teaﬁr?gtsgﬁgggﬂi gng
of the phesyl polyegter i by3-ghebyh amidt preiferablynewhereaimab leastiabaut ¥5 rgoleher e

t he carboxyl ate groups of the, pol yest ol Lt

and 6 posi 11 oREER: 1Bore et AP 25 o gbom, 8P ikl pErt 888l 7. C
preferred pol yRsémbly dbiout B5 % & ' it

ester units piréesentﬁareut hog?a B\/\%g;gglfga‘ie??cé;ﬂ}%ﬁ‘eny ﬁﬁm%%er?ypdgﬁger

I, 1

t2h6 napht h%/I , wherenthe dlemsity of the. palyegler Jrdaty leashbopt - 1.862 Qfﬁﬁes?&’r s of

I's inventiop can i.n r. uni | '
such as an al Féﬁ@ﬁr@‘ ﬁe Eﬁ%fat 9@%" of"rl#g‘;rrh%{%ﬁégca%n%@éaﬁg@?ﬂ*’gecffn{/ﬁglnte |t)c/)n
|ms; i Zt Eoglsyegﬁ epogégt.at)pbtyt?i mﬁtﬂ?ﬁl isftatmetiebelhﬁthd\dté pasiions o thé phenw

, conprising tere te, ! -

Toi et o5, whi BRGURIAGLPherD HermRan Guahernyl cha warie e SaTbrleie gbty o  °
crystallizatigyp es’tefgdgg\?aﬁhmpareoéumaita thé 4 umad positibicommb phenyl

crystallization. te hal ate noiety we nean that ester unit aor part of

'lt)he_ pol Kteﬁt Ier ribgsantl oy 2G-nafhthyl e meama aaptiihalaee ring adede Hhe Farboxyiateyval ent ;
y isop al at e noi et ' t er
based on or dQF‘?‘\PépP?ft?‘%ﬁ%'ygg%EPh&ﬁeé q@‘?gd'e E)Hr%d a%'t.lgé gﬁﬁ{%%%éﬁtéﬁgﬁgéﬁéﬁ
2, 6- napht kgl atie AEPIthilene ringanPidierablynixtis@. WWhile the prefestercpoigestersi ecul e
based on or derived
this invention are those where the only polymer ester units present are those
where R is 1,4-phenyl, 1,3-phenyl and 2,6-naphthyl, or where R is 1,4-phenyl
and 1,3-phenyl; the polyesters of this invention can also contain ester units
where R is some other moiety, such as an aliphatic or other type of aromatic

20 moiety.

This invention is a polyester composition comprising terephthalate and
isophthalate moieties, or comprising terephthalate, isophthalate and 2,6-
naphthalate moieties, which compositions have been subjected to strain
induced crystallization, or a combination of strain induced and thermal

25 crystallization. By terephthalate moiety we mean that ester unit or part of the
polyester based on or derived from terephthalic acid or its equivalent, by
isophthalate moiety we mean that ester unit or part of the polyester based on
or derived from isophthalic acid or its equivalent; and by 2,6-naphthalate
moiety we mean that unit or part of a polyester molecule based on or derived

30 from 2,6-naphthalenedicarboxylic acid or its equivalent. The equivalent of
terephthalic acid, isophthalic acid and 2,8-naphthalic acid can be, for
example, the dimethyl ester or the diacid halide. |
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30 from 2, 6- napht hal enedi carboxylic acid or its equival ent. The equival ent
of terephthalic acid, isophthalic acid and 2, 6-naphthalic acid can be, for
exanpl e, the dinmethyl ester or the diacid halide. WO 97/ 42250

PCT/ US97/ 07 36¢0 924228ACKGROUND Pol y( et hyl ene terepht hal ate) PPEVSITHZSI been
nodified with low | evels of isophthalic acid (i.e., up to about 3 nole
percent) primarily to adjust (decrease)3-the rate of crystallization of PET,
in order to obtain anorphous 5 arti BAGKGROUNDis partially oriented yarns,
anor phous sheets for thernoformng or biaxially oriented filmfabrication,
and bot t| e/ j ar pgigithylene fterephtiatate) (PET) hascheeri avedifisc avithc law devals ©f For

t licat i h it desj that the fi bri.cat ed
Br Ll cle exhi bi SORMAAY 3G dl-Sor U2 P kel ot Pl DReehy | prmatly, I8 i’ ©
density val ue. gogc)’eﬁséb Iphirte 6f&@9§tﬁﬂiz£t&d3ﬁpﬁPEfl'f e ofder! tovotitain amefihous

r

| nproved barri properties and ot her desired perfornmance properties. There
is a need t® nadicles sEEN aspapiallesientesiyarasasprpheys shaets fofitheuyeforming

conbi nati on of _high.densi. e p teeS;in: as
stiffness and 85%&& §h%f¥t§§2ﬁln\l\glﬁia%\%g&bi éé%\?éer[el %ﬁ?h@% lrrral;ﬁl'r?l eghwi th a
conbi nati on of girgteRbidva intdlded Bontdiners) aFor Inedsttapplications chowever| itds mosth 15

i nproved pol yesters. W have al so di scovered that PET nodified w f.h,

i sopht hal at e” nélesitedethat the final Jabricatnd gricla exhibfi 3, high, lgvel myﬁé'?@ént
provi des such j i 'E Dirae& libdy ihfrar FioRREtEReSEVHoR VENTS
Di scl osed herel gﬁ%%ﬁu%%&@(ﬁﬁ conpr :b&%h@yr :apht hal at e (T?, 20

i sopht hal ate ( tdeepnitnprayéd barriat propeitieswindtather, desired pedbrmangeproperties.
terepht hal ate noi eties conprise about 80 to 96 nole percent of the ester

units in the p Si.eL , p '
2, 6- napht hal at ghéﬁ!% %tléeng%ggtﬁp@é@ ﬁ\géw F%ﬁ%;@g@%&&?ﬁ %ﬁ?lggg%%u?avf ?ml e
percent of thecombinationiof highTdensity ntivérhansed peclarmancenpropertiess such asout

> 1. More stiffness and barrier to gases. We have discovered that PET modified with a
combination of isophthalate and 2,6-naphthalate moieties provides' such

15 improved polyesters. We have also discovered that PET modified with

isophthalate moieties at levels at or greater than about 5 mole percent

provides such improved properties.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Disclosed herein are new polyesters comprising terephthalate (T),
20 isophthalate (I) and naphthalate (N) moieties, preferably where the
terepﬁthalate moieties comprise about 80 to 96 mole percent of the ester
units in the polyester, and preferably where isophthalate and 2,6-naphthalate
moieties comprise the remaining about 20 to about 4 mole percent of the
ester units. The /N mole ratio can be about 1:5 to about 5:1. More
25 preferred, the I/N mole ratio is about 1:2 to about 2:1. More preferably, the
terephthalate moieties comprise about 83 to about 90 mole percent of the
ester units. Also disclosed herein are new polyesters comprising
terephthalate and isophthalate moieties wherein the isophthalate moieties
comprise at least about 5 mole percent of the ester units, preferably about 5
30 to about 25 mole percent, and most preferably about 8 to about 18 mole

percent of the ester units, and preferably where the terephthalate moieties
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25 preferred, the I/Nnole ratio is about 1:2 to about 2:1. Mre
preferably, the terephthal ate noieties conprise about 83 to about 90 nole
percent of the ester units. Al so di scl osed herein are new polyesters
conpri si ng twoepdessal at e and i sopht hal ate npi eti es wher ei npchhasyrorpdet hal at e
noi eties conprise at | east about 5 nole percent of the ester units,
preferably about 5 30 to about 25 nolg percent, and nost preferably about

8 to about 18c8mqoﬁséjsf e8¢ a&t Tgfé Bérceh, nore FrefePitsty 866N 75 ¥8b6utt he

terepht hal ate noleti es
PCT/ US97/ 073695 +vicle cpcnqant.smchmdseaeetfelabwabmﬂ 82oiocabost O2rmplenpareentreff er abl y

bout 75 t t 95 t abl y _about bout 92
ol e per cent B ste WlRe TR AEESRYarRG aHbEbioR B Pl RE e e raéafed o

i nvention, anmmmsi,, using dé\mgegrauiéhﬂﬁolﬁnﬁﬁ(NBTMDngmt iscat! least (ASTIVD
1505-85) is at | east a out

(I:IJ efer3abl | east about
1365 of cré er??Oléﬁd:*%giC"br@\'e&fablY@t st bout 1,885 /cmaans moshpi@reTRbIVA

ol yester den Out ut
2 3%0 g/ cn er?i I%%tﬁgbq%tt :ﬁ#@cﬁpe\%d& y%‘ef erﬁ%%ﬂi g%ﬁé‘ftt@é\a g/?:ﬁ?
pol yest ers of andlatsleast/mnutdrﬁaosglnm ranalddba aalueued lPreféraylyc ﬂieadel}sutyThl S
density can be ved b rain induced crystall I on £onpj nation
of 10 yst rai n® ﬁﬁ&tﬁé@sg?'?g?lehsl invention 15 e iﬁﬂ t%ﬁg Séﬁ“i’ onlm'?he nost
preferred et Aotk oMY GYReldPof ehsin Mdhiétfbry’st%llﬁ&tn&w 6PAoRitdtindr StI a n

I nduced crystallization and thermal cryst I zat 1 on anples are strain
i nduced cf§ st sirain induced qsystallmmamtbmastmbnrystallizem Fhetrestrxeferred

O o REREB he e Ty Y F RoBh B Db
heat setting, crysiliizhtion randnthermdl crystdliddtionat Eramplescar: aistailn iimjuzeti on
bl ow nol di ng Orstgi”ze(:t Il on stretch-bl ow nol di ng fol | owed b'izéﬁlpﬁrml

crystallizati®y fation by diber ogentation fallqwre b thermpal caystal PYi Reat
process where t rgp SR Y a sheet
or fiber is s%)érite%@ ﬁt a sw%‘?@kﬁor‘eag %‘Eﬁ tebrhéafeiélature tr'gngécﬁ%r‘eve
crystal | i #at i followied hbyy theempb Icyystalizatiofoby sbeati seftinducnd strain induced
crystallization by container injection blow molding or injection stretch-blow

molding followed by thermal crystallization by heat setting.

Strain induced crystallization is a process whereby the polyester material in
 the form, for example, of a sheet or fiber is stretched at a suitable rate and
20 temperature to achieve crystallization within the polyester. For strain induced
crystaliization useful for producing the polyester compositions of this
invention, typical temperatures are about B0°C to about 140°C, typical
stretch rates are about 300 to about 1500 %/second, and the stretch ratio
suitable is about 8 to about 24. For fiber stretching or orientation, the stretch

25 ratio of about 2 o about 8 is suitable.

Thermal crystallization is a process whereby the polyester is heated at a

suitable temperature to induce additional crystallization and preferably where

a stretched polyester material is retained in_the stretched position and heated

at a suitable temperature to induce additional crystaliization. Suitable

30 temperatures for such thermal crystallization to produce the compositions of

" this invention are about 100°C to about 210°C, and the articles are typically
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crystallization useful for producing the polyester conpositions of this
tnvention, typical tenperatures are about 80[err]C to about 140[err]C,

typi cal stretch rates are about 300 to about 1500 % second, and the stretch
rati o suitabMWO9y¥22out 8 to about 24. For fiber stretchi ngPeFUSO& ati on,
the stretch 25 ratio of about 2 to about 8 is suitable. Thernal
crystallization is a process whereby tHe polyester is heated at a suitable
t enperat ur e t ordtiifed @t &Hidit"ehmeﬂdtumrmtaﬂoht ZaSéonndaochhmmfﬁen'dmtgs wideat a

stretched pol yester material is retai etched Siti d

heated at a suSQtﬁmLSQfoﬁ\e‘PféFﬂP@'PUsf W@"H&W Slp%ﬁ; rd? mai'ﬁ?'ingﬂ

Suitable 30 { GRRT SLidReH (o 1" bolGEH60 ot ? AHBEN sefingcaine T he
|

conposi tions o s 1 nventi n are a out 100[err]C to about 210[err] C, and
the articl es aaecamplished by subjemmgammpgbester article to heated air or to a heated

PCT/ US97/ 07369 t ai ne t rature for about 1 second to about
5 m nut es. ?—leaf"eélsf" ﬂ@ef"'géi'h BNH"EPPﬁﬁQ crystal lization whereby the
pol yester is maintained at the sel ected terrperature for the selected tines.
Heat setting c¥nemsalarystaliizationest ebfabsicaiedcarticlg thatehqmbgmlpmiwsly straint o

heated air or to a heated g met al . Erface suE fi\s a gvo et Ther mal
crystallizati oﬁfy§¥a“!¥efja'[§#ﬂ gt acromnlished qn, 3¢ lahge ‘Efé(eﬂg%? ng A n
crystallized cg .ﬁ{ aé‘aﬁﬂsm' f&mm auﬁgaﬂalyabﬂéﬁteaqmee &Yblﬁﬂhllﬁ@héﬁﬁdan

0

oriented sanpl e r exanpl e, uniaxially oriented ber or biaxially
oriented film fitm tn@aatnmmwmmresmuremtsma@ﬁtra@edofr@ersammrs canstrai@gdl e i s

constrai ne ve a | a | dthis
can be accgprpl f%l.’ggeerft éqe%\ éﬂh %nf@gbenwg% ﬂSa née&! L{ﬁﬁhedé gagg of
filnms or on roktsomplished] R ekampled by fastening td'thramé Meﬂieecrasetafrﬂlmsgr on
material s used for naking the hlgh density pol yesters of this invention can
be prepared byf@llsaﬁld&ftﬁﬂﬂﬂ"tfoéﬁh%’ﬁl fication of the 15 appropriate ;
di carboxylic acids in the proper nole ratio with a glycol such as ethylene

gl ycol fol | oweghBhohlsysruiaing dhaterials Alsea foriakingthe tHigh dengitypdlyesters
of this invention can be prepared by standard melt esterification of the

15 appropriate dicarboxylic acids in the proper mole ratio with a glycol such as

ethylene glycol followed by polycondensation. Alternatively, the dimethyl

esters of the carboxylic acids can be transesterified with a glycol such as

ethylene glycol followed by polycondensation. Typical transesterification

catalysts such as the acetates of zinc, manganese, cobalt, ‘sodium and

20 calcium can be employed individually or in combination with each other. The

preferred transeeteriﬁcation catalyst is a combination of the acetates of cobalt

and manganese. Typical polycondensation catalysts are the oxides of

antimony and germanium.

The following describes a typical preparation of a 88/4.5/7.5 mole ratio T//N
25 polyester using ethylene glycol as the glycol. The dicarboxylic acids in the
appropriate mole ratio are added as solids into a reactor, and ethylene giycol
is added so as to have a 1.15/1.00 mole ratio of ethylene glycol/dicarboxylic
acids. Tet_ramethytammonium hydroxide is used at a level of 38 ppm as a
diethylene glycol suppressant, and a mixture of 200 ppm antimony oxide and
30 20 ppm of cobalt acetate are used as polycondensation catalysts. Al
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esters of the carboxylic acids can be transesterified wth a glycol such as
et hyl ene glycol followed by polycondensation. Typical transesterification
catal ysts such as the acetates of zinc, manganese, cobalt, sodium and 20
cal ci um can wew#booyed i ndividually or in conbination w t RCEXSH/NG¥4er. The
preferred transesterification catalyst is a conbination of the acetates of
cobalt and manganese. Typical polycondgnsation catalysts are the oxides of

antinony and QaHikGe! ak I8 V4rB kB ' ' of a
R e N b L N T

gl ycol . The diieid.bokhe i polyroerization eonsisip mfoarpressurgoesterifigationastepaded as

solids into a . . o] I . ve

17151 1. 00 moi BUPOgATENS BRI SR, B Fllac il PRoRderaubR 8" The
Tetranet hyl anpraysure etbrifisatith stepuisegerdrmed a4 psig afd pnemperatutecdhy| ene
gl ycol suppressant, and a m xture of 200 ppm antinony oxide and 30 20 ppm
of cobalt ace28P=487C fersa imesyfiinisnt 4o sermevs. irsefecahly | apout 90 rercent offhe

97/ 42250 ; . / 6;

addi t1ve and Sigomptse] waler by-product,  Atmasperic. esteriEion” Y bfdfinedar, .,
yi el d. hThga poaﬁmgzammo minutes fallowkd bypolyrondensmtioarat 27029500 attileys, an

at nospheric esterification step a a vacuum.pol ycondensati on,step. The
pressure est effian Eéf‘mglﬂgé'@@ﬂums‘e}')é]?ff’bﬁ glent t“ﬁ'@ té§?§°%mtathm?%9e of 5
220-240[ err] i ' fik Gy . per cent
of the theor(ce:tv {sgg lﬁ'\/\%‘t’g!raW@;'i:f-h p’%?gggi otsgfdrrggg efigﬁigg fgftf@fr %ggﬁ?égﬁitfugﬁd
per f or med 1at It0 sttands; wiich €an bg coolied @ndchbppedintaipeletpol ycondensat i on at
270-295[err]C at less than 1 nm Hg vacuum | evel for sufficient tinme to

Hoat : : ! . . e Ul
The polymer o erpeliilon e GRSkbiat Géin of e Bolyel saH b narkiadel by 9
chopped i nto pelid state pélyirerizatid as cammoaonly practicetbincibelaat. Aadtany cohicahe

D o DSabh Ay plAVES 4 aPiatisn TR ot 3810 B BRI e on
means of sol i dubjedt MafRlalTahiatypidal fr8cedure, the material is loaded into the dryer,
15 rotation started, vacuum applied and the system purged with nitrogen. After
purging, the system is heated to about 80°C. Once equilibrated at that
temperature, the temperature is increased over a 6 hour period to about
160°C and held at that temperature for about 6 hours. The system is then
cooled to room temperature, the sample dumped and any agglomerations -
20 broken up. The crystallized sample is then reloaded into the dryer, purged
with nitrdgen. vacuum applied to a vacuum of about 1.0 mm Hg, and the
system heated to 80°C, and then the temperature is increased over a 4 hour
period to 216°C. The sample is held at that temperature until the desired

inherent viscosity is achieved.

25 The preferred inherent viscosity of the solid stated materials, as measured in
60/40 (wt/wt) phenolitetrachloroethane at 30°C, is 0.60-1.00 dl/gm. The
most preferred inherent viscosity is 0.80-0.85 dL/gm.

Densities of samples of the polyester compositions can be increased by
strain induced crystallization and further by thermal crystallization to prepare
30 the polyester compositions of this invention. For example, 24 mil extruded
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subject materials. In a typical procedure, the material is |loaded into the
dryer, 15 rotation started, vacuum applied and the system purged with
nitrogen. After purging, the systemis heated to about 80[err]C. Once

equi | i br at edWQ TR t enperature, the tenperature is increaBCHUMNETH 6
hour period to about 160[err]C and held at that tenperature for about 6
hours. The systemis then cooled to rogmtenperature, the sanple dunped and

any aggl oner at §iuat whs :haeéeﬁompo 7E1aVC s adf ttéedsawan*s? TAN oK e§@r0aded
into the dryer, purged with nitro vacuum applied to a vacuum of about

1.0 mm Hg andcarmRosition made: ysieg %byleuoe @lycptas 4 g.lwohoomoEem%)w?gﬁ] et is
enperature. artiet (118 10 280 RHohushRler L, K0 SBOR St i, Wit 2

preferred i nhemeltempematsretof 300°CheBiagiaily oﬁéﬁteﬂcﬁlﬂﬁ&ilﬁé Itwéns maaé fisAtheed in
60/ 40 (wt/wt) phenol/tetrachl orgethane at 30[err]C, is 60-1.00 dl/gm The

nost pr ef er eceXtided sheel usinga y M.sLengsfilm stretcher gmfollnmsl The extrudedinpl es

of the polyest I )

orystal [l aats et QR @Bhiitiohad A odtiraiRd ERBEIH IR ool 1ESE - sgme
pol yest er conprefative omsmidity t (R.B.)i foreat ileast Z4rhansnmict, to24tretchirgt r e d
WO 97/ 42250

PCT/ US97/ 07369Pregendiipned sheet sample was plased i, the. 4 ong sstretehergheated) for 5
T/1/ N pol 0 |
pol yest e120c saatst tOTOELRAI %&th}leetﬂi%hélﬁﬁss firhed, Pé&%%cﬂ.‘?g quél o

conponent) using a snall gl 1/2 in I'engt N/ di amet er
sheet extrifsi dimes the adginal sizedn eaclen‘pectmm r&am;blesﬁt)ﬂ'rerb@ﬂallﬁomnted ﬁlyn

d fil he .5 h L
Pl o e ot Char Ve haf bRy AISTART rames Hind f indhy SWarE Rsdings. aThe 0
control |l ed tenframes cordaining tHe fijm sampldsAsérer théf-placel th & Hokhir\voeh 88t st d ¥

(RH) for at |east gé hours priqr to stretching. The preconditioned sheet

sanpl e was pl RIEFFIEcIed temparature;  Ehe srinples avare demeved from thepenen after 5
108 C d ti
5o s s o o i RS i, |

the original size in eac I'axl a orren film
15 frames. Densities of the heat set samples were determmed using the

gradient column method (ASTMD 1505-85). Results for samples from the
88/4.5/7.5 T/I/N polyester composition are shown below. Other T/l and other
T/IN compositions of this invention can be prepared with different mole ratios
of | and N and other glycols using the same procedure.

20 .
Sample Density (glcm") | Crystallinity (%)

Extruded Sheet 1.3364 2.9
3.5 x 3.5 Biaxially Oriented Film* 1.3600 227
Heat set Film (°C): 120 1.3661 27.8

150 1.3744 34,8

180 1.3767 36.7

210 1.3815 40.8

* Stretched each direction 3.5 times the original size.

In addition to preparing these T/l or T/I/N compositions by reacting the

appropriate molar ratios of terephthalic acid, isophthalic acid and 2,6-

naphthalenedicarboxylic acid or their equivalents with the appropriate glycol

25 and conducting the condensation ieaction, one or more copolyesters such as
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were then placed in alum num franmes having 4 inch square openings. The
frames containing the filmsanples were then placed in a hot air oven set
at a preselected tenperature. The sanples were renoved fromthe oven after
5 m nutes, sdomeesot 0 cool to roomtenperature and then recPOWESH7ONIM t he 15
frames. Densities of the heat set sanples were determned using the

gradi ent colum nethod (ASTMD 1505-85)g  Results for sanples fromthe

88/ 12075 T b NP BohBRfeSter SHROPN bpm%gpag%&aesﬁ% biddiRl dith, frd ot her

T/1/'N conposi T ons o nve l'on can red wt erent nole

rD:t i 0s 012 } aexlamti.:lengrai’t imetlhlemrppei amasintsgta foemstheedesired efiNeor 20 rialepl e
nsity (g/cnferr ta |nty Sheet .

1. 3364 "laios )rhUE e palyeste é%ogﬁpaﬁ |°y$ﬂﬂf iNVEption ean he prepared py5o

22. 7 Heat set bt (the ' 27.8
55 blehtify 1§ % ?kf?pnaieZQmounts of po:!)fséer,l g%pdye%@élor terpolyester o, 2t

36.7 210 5 form the desired composition] apdithen subjecting suchi@ompositions Hbd each

o 711/ N compBrEaeafesdifion ol ol et PEGRfglesa® T

terephthalic a@s&lhzaﬁ@pbhbmermaaewydmndué’n 6Fone*dmmlt¢m§ipans bgmdsgm acid
or their equivalents with the apgroprl ate gl ycol and conduct | the

condensat i on PEBETiEA, b%h‘@"@?d with oneast by weight of ﬁ@hT’&EOPOIYW?QW

PCT/ US97/ 0736

bl ended i t b, &) 1 SOERRAIGKHAR, oo sliticihy %ﬁmﬁ%“?%‘??'“e@%es. red
T/I/N or T8I mt.;dnafamlrmgs ﬁlrﬁhuﬁbersh@rpcbmaﬂ'tees dolqui tbynstraih timduced

i nvention can _be ar ed | e t t f ter,
copol yester of F 'Ef&go@qef&% ‘83@? Gy a@%)?n b aﬁgwﬁZner
subj ecti ng SUHQnQﬂWs&é%?nﬁd&rtﬁhé%f thid WUﬁﬁUh €454 ﬂHpai@d I on and,
preferably, a conbination of strain induced

A wide variety of articles can be manufactured using the polyester resin
compositions of this invention. Moided articles such as containers, and
15 particularly containers such as bottles and jars, made from the polyester resin
compositions of this invention can be manufactured by using melt molding
methods. All known methods generally used for polyester moiding, such as
blow molding, are applicable. Typical examples of usual blow molding
methods are extrusion blow molding, injection blow molding, and injection
20 stretch blow molding. Injection stretch blow molding is the preferred
fabrication method. In one type of injection stretch blow molding, a hollow
preform is manufactured by injection molding and the preform is cooled to
ambient temperature. A preform is a precursor for a container and is
generally a cylinder closed at one end having a length about one third and an
25 external diameter about one quarter of the final container made from the
preform. Equipment for manufacturing preforms is available from Husky
injection Molding System and Krupp Corpoplast. The preform is then
reheated to a temperature of about 80-140°C and the heated preform is
biaxially stretched in a mold in both the axial and hoop directions by blowing
30 to form the final fabricated hollow article such as a jar or bottle. Suitable
equipment for stretch blow molding is manufactured by Sidel Groupe. In

another type of injection stretch blow molding, the hollow injection molded
SUBSTITUTE SHEET (RULE 26)



crystallization and thermal crystallization. For exanple, three parts by
wei ght of PET can be blended with one part by weight of 3/2 T/1 copol yester
to forma 9/1 T/1 copol yester blend. Upon subjecting such blends to
procedures fovOR4228nuf acturing film fibers or containers PCTISPIRTRE? by
strain induced crystallization and optionally foll owed by thernal
crystallization, the high density pol ye®ter conpositions of this invention

can be prepar egrefdmMisiemsaé i tt dn Oélewnsted Clepspearaturd ehemndifextly ucaaleditong t he
pol yester resin conpositions o

f this invention, Ml ded articles,sych as
cont ai ners, antemperatyse of about p?"‘éb?@ :sﬂﬂ\‘/i’eﬂ‘:?l Rerformy I8 ﬁlﬁ"ta{“@?ah‘fu?t?g?‘?',j nmade
f th I ' |t of ailigs | Welp) i ctured
by usi ng el { T dnégfial, GeaaRe) deaeh, T stk U Vthis 3apiRaon
pol yest er nol diechniqreds rmandfacturetb byi Aaki Bechnizab Laboratary andoNissei 488! es

f | bl | di ds. t ' I nol di,.n njectjon hlo
e e T LR
mol ding is theaparhABr REog aNetctratits, BT BB6Lt B124068n e employed F6F itRIS
stretch bl ow nolding, a hollow preformis manufactured by injection nolding

and the pref or inveRtiatpowithl steetethisatias: of 13,48 heing: prefegedr orGantaingr aldur sor

| engt habout oS HrEERiTaR00% Bafidhe Hblaye 3RESH B Pis BaNEA B0G; (1
final contai neg0s180%C ey preferrad:’ Thesifetth BN did ternpératité tand fee Ritef or ns
Is avail abl e from Husky Injection Ml ding System and Krupp Carpopl ast. The

pr ef or m i s 1@ hether mplddeaperaiure Musbbe selgetedsio ap tnaciieve th desifed density he
heat ed prefor mdyg; PRI : ek i | qmg hoop
di rections bynva'\}vi ng §8{a{ngm? géé\né ? ﬁg@lfzﬁgﬁn %%&u&g%ﬁbﬁ%é F}gewgg%#c e such
as a jar or bomolding process andqifi pserhtthermals crystatlizatibmwontiedt rsgtting, is
manuf actured by Side] ,Gqupe. |n.a her type of .inpection stretc | ow
nol di ng, the hé?'?'%‘(ﬁ‘* rﬂye&qp_cﬁ?"kﬂﬂ' o‘gfgtthe %@WQ othe metal mold' & tR‘_"'
PCT{ U§9t7/ 07369prelelebtedl tarfipératuresicar fon R Presalccted MAss itar Bchibgsd tHer ect|y
cooled .to a
15  desired polyester density.
The T/l and TlilN compositions of this invention may be used for preparing
fibers, films and rigid containers. The films and containers show improved
processability, strength and gas permeability characteristics. Improved gas
permeability is particularly useful for fiims used in packaging and for bottles
20  and other containers.

The polyester compositions of this invention demonstrate excellent gas
barrier properties, particularly for carbon dioxide and oxygen. These
excellent gas barrier properties make the polyesters of this invention highly
suitable for manufacturing bottles and other containers used to package

25 carbonated beverages. Small bottles, for example 20 oz. and less, made
from 'the polyester of this invention have excellent shelf life properties.

Methods for making polyester fibers are disclosed in, for example, “Polyester-

50 Years of Achievement,” published by The Textile Institute, Manchester,

England, printed in Dewsbury, England in 1993 by Stanley Press, and in

30 “Wellington Sears Handbook of Industrial Textiles,” by E. R. Kaswell,
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tenperature of about 80-140[err]C and the performis then biaxially
stretched into the final container design. Suitable equipnent for this
fabrication technique is manufactured by Aoki Technical Laboratory and

Ni ssei ASB. WOEMENI ner stretch ratios, which are defined ner/Usszomshti pl e
of the individual axial and hoop stretch ratios, of about 8-24 can be

enpl oyed for this invention, with strejgh rati os of 12-18 being preferred.

Cont ai ner nol C\Afeﬁﬂ?féhaﬂéé oy 48620 i | d'ﬁ&- hi s
invention with 60-160[ er rfésc bel ngsp'r g@errpﬁd\.nﬁ?ﬁgﬁéwbgﬁ%@scﬁ?i é, r'r%#y

t enper at ur e aridcerpotated harein yhreference.t enper at ure nust be selected so as to
achi eve the desired density level. The strain induced crystallization is

achi eved duri i y g se her nal
crystal i zai oo Bhoft e Senbinnd! BEroBOEERRBIRY of n2.3 S5 bidkiel

cont ai ner wi t foriehtedrdiims obltie 88/4.547.5r woid aatie dTA/NTPOlyREtEresompasifien t he
preselected tings,to achieve the 15 desired pol¥ester-density. The T/1 and
T/ 1/ N conpdsi t{Egwiens: glyer! as Necaiveol ramponeat) and; the, effgelepiaheafgsatiing ta,
filnme and ri gijderensd densys. The filns and contai ners show i nproved
processability, strength and gas perneability characteristics. |nproved gas
pernmeability is particularly useful for filnms used in packaging and for
bottl es 20 ~ antabig Rshows theCRepermeabilitynf\3.5 x&.5 biaxiallyiorieoted fimstdfitiee

i nvention derrcgh? . | er rtpes, ticularly for
car bon di oxi de aiﬁﬁﬁgiy-glgﬁé%@ﬁéggg@ eylr'éé'%t 9§}§§P§‘§r ?’?eerg"%? pcgﬁho‘ggn ke the
pol yesters of rdni-eeatsetand heatseydomparet ad biaxially omentedaRling frong PETt ahes and
ot her cont ai ner sed to kage ar bonat ed beverages. Snmall bottles,
for exanpl® 2(5’°in?th?&? I"@EE‘?‘?%&EMJ%W%V@&IPecRerF?ﬂtdeT?%?ﬂ ihn have
excel | ent  sheldo] pérnedbhilprelatie-to WRit1orthe ridh-HE sBOPEP A Slovi ber s are

disclosed in, for exanple, "Polyester- 50 Years of Achievenent,” published

by The Textile_ lnstitute, Manchester, England, printed in Dewsbury, England
in 1993 by St akAbigs bapd L shawithat TAN polyesier sgmppsitieas of thiminveatiomhave

Industrial Texphhl&d denkity-cntalliit §id €O, barrier properties compared to PET.

Glycols useful in preparing the compositions'of this invention include glycols
16  having 2 to 6 carbon atoms, inclusive, such as glycols of the structure:

HO — (CHp)x— OH, where x = 2 - 6, inclusive.

Preferably, the glycol used is ethylene glycol, i.e. where x = 2.

The polyesters of this invention can also contain effective amounts of one or
more additives, such as stabilizers or pigments.

20 TABLE 1

88/4.5/7.5 T//N Polyester Biaxially Oriented Film Heat Set § Minutes
3.5 x 3.5 Film Density {g/lcm) Increase (%) | Crystallinity (%)

No Heat set (°C): 1.3600 22.7

120 1.3661 0.45 27.8

150 1.3744 1.06 . 348

180 1.3767 1.23 36.7

) 210 1.3815 1.58 40.8
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are specifically incorporated herein by ref erence.

1963, both of which publications

Tabl e

1 shows the

density and pwoOoeME2serystallinity of 3.5 x 3.5 biaxially or BEHEINPfhs of

the 88/4.5/7.5 nole ratio T/I1/N polyester conposition 5

as the glycol

density. Table 2 shows the CO2 perneabi
films of the 88/4.5/7.5 T/I/N corrp03|t|
non- heat set and heg B

conponent),

| ene glyc

(et hyl ene gl ycol
conponent) and the effect]pf heat setting to increase :

e,

ol

3.5 x 3.5 biaxially oriented
as the glycol
Mngxi al ly oriented filns

fromPET and 10 pol yet hyI ene napht halat e (PEN) hom)pol 3 E:ﬁ Pe ricent
nor Aol H athat £y + o H

o Tl s A TR T T B (=

i nventi on havq 19MPPBVRY ! d8HRY v (olepy bt N SRRe barri e’ ODerlI es

conpared to PET. @Gycol § u epar the c osifions of_this

i nvention incliuBETgl vco M?LQE h?;l\%lsﬂl 2 tégng carbon atons..inclusive..such

Prefer abl y, tHePBTycol LS s et Sorbnk clball 1 2% hede x = 3% The

pol yesters,of tEé/ W“N&ﬂ an1§g§[p "or§2a7n effe«sggve anount §oa@f one or

nore addi ti veSy—sttH-as. st-a Ze @SB - B S

TABLE 1 88/ 4. =/ga,557a5b/ N ﬁ@j@’e;t&%ﬁ axranﬂ.g/ Qi en2®d Filim Hea2%et 5

M nutes 3.5 x i85Fi |5§e DETTSTT g/‘(,né' erT i) frcrease

grzyit zi!zi)i nity i( 8650, atzlfﬂd%arli'-}’@) ) 40. 212 1 3600 293 150
. D . .

1. 3744 PEN 1| OHS ) 13468 | V358 o o, 49 837 1 3767

1.23 36.7 210 1. 3815 1.58

40. 8 * cc-mil/100 in-day-atm at 35°C

10

16

** non-heat set PET

a polyethylene terephthalate

b mole ratio: terephthalate/isophthalate/naphthalate in T/I/N

¢ polyethylene naphthalate

d
°C for number of minutes

The entire specifications and claims of Provisional U.S. Patent Application
Serial Number 60/016,584, filed on May 3, 1996, and Provisional U.S. Patent
Application Serial Number 60/021,542, filed on July 11, 1996, are hereby
specifically incorporated by reference.

EXAMPLES

Crystallinity values reported herein were calculated from the density values,

which were measured using the ASTM D-1505-85 procedure.

Carbon

dioxide (CO,) permeability values were measured using the method
described by T.L. Caskey in “Modern Plastics,” page 148 (1967).

Exampie 1

For the preparation by meit polymerization of a 88/4.5/7.5 TA/N terpolymer,

the following reactants were added to a 56 liter batch reactor made of 316

stainless steel equipped with a helical anchor agitator rotating 52 rpm:
SUBSTITUTE SHEET (RULE 26)



WD 97/ 42250 '
RCT/ US97/ 07369 -11- TABLE 2 COJerr] Perneability of Heat Set Filnms % C02

Pernmeabi Ity Heat Set Density CJerr]
Decr ease Rel widr@228®nposi tion ( "H.S) ( g/ credcrase)r3es

Cryst. (% Perneability to PET** No HS

1.3661 27.1 30.0 '

28 ZET PETL er Elhylene glycol (16, 5%3 g?%géﬁ [t%éittgﬁhc %?ﬁ%gg&ﬂ gramﬁb i.'s_%ohthalic 45.4

1. 3600 22. cid (1, 731 g’fﬁm%) 2 6-naphthalened|carboxyllc acld (3 754 grams), 1088 b?

88/4.5/7.5[err], 20/ 5 8
23.4 weight °f a tetr ame@'%"’BBV"H"‘SWFEP’@F'F F°'Ut'2'1(W water(17.19 9."3!3'51-5
103268 26 gntlmony 4hoxide (10.86 grams), and mbal@%céta?@'\éﬁ.@ar brams). The No HS

83I 7 *hc;: i rwmerasdmrgad nwith riGegen jaod* then deadierawasepre8Bitized with
t t te b | | Olq
F gr gght Kalegte eF gﬂ:t?l g‘?sg? naﬁﬁt@aﬁ%@ﬁ'q’r’q’}'ﬁ%t%hﬁa e rﬁ??‘t@ﬁé‘aﬂaﬂﬂﬁ’hal ate

d C for numbepegfedoMZPE and Whefthe 'contets iof itiser reaicr RABhEd a0TEC Ofhe
Provi sional U 'S. Patent Application Serial Number 60/016,584, filed on May

3, 1996, and Plasy pfipsassure) ssterification wasireeerdedn 3Ibei all tampbmtu@om1 542,

filed on July, 9 erN ly 10gO. rence.
EXAMPLES 10 ' %:Q ?0 nﬁ“ycvg{ @lg%erfgggrb%fngﬁﬁege#@ﬁ {e?@f Ib(iall? {h romthe
density vab UemmMTaﬁke wtrme contentscol e réectbheof%ﬂVCDahBQEe iiﬁessruas wasr e.
Carbon dioxide (CJerr]) perneability val ues were npeasured using the nethod
descri bed by maintainedat4Q psig bX/ﬂEféFqlﬁaﬂea%ﬂq eandengaiipn othiwate1 yapyr. Afleipl e 1

230 minutes, 7,130 grams of condensate was collected and the pressure was
reduced over a period of 5 minutes to atmospheric pressure.

The atmospheric esterification step was conducted for 60 minutes at a melt
15 temperature of 263°C and 370 grams of condensate was collected. Fifty
minutes after the start of the atmospheric esterification step, a mixture of 3.38
grams of phosphoric acid dissolved in 100 grams of ethylene glycol was
added to the polymer melt. At the termination of the atmospheric
esterification step, the oil temperature was increased so as to maintain a melt -
20 temperature of 274-288°C and the pressure was reduced at a rate of about
25 mm Hg/minute to ébout 1.0 mm Hg vacuum level. As the melt viscosity of
the terpolyester increased, the speed of the agitator was reduced step-wise in
5 rpm increments to 20 rpm. Polycondensation was continued for 233
minutes when the targeted torque of 2500 pound/inch was achieved at 20
25 rpm agitator speed.

The (tacuum was released with nitrogen and 50 psig pressure of nitrogen was
added to the reactor. The polymer was extruded into strands by the use of a
melt pump on the bottom of the reactor. The strands were cooled in a water
bath and chopped into amorphous pellets. The pellets had a 0.60 dlL/g
30 inherent viscosity as measured in 60/40 wt/wt phenolftetrachloroethane at
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15 For the preparation by nelt polynerization of a 88/4.5/7.5 T/1/N
t-erpol ynmer, the followi ng reactants were added to a 56 liter batch reactor
made of 316 stainless steel equipped with a helical anchor agitator
rotating 52 rwm9m42250AD 97/ 42250 PCT/US97/07369

PCT/ US97/ 07369 -12- ethylene glycol (16,523 grans), terephthalic acid
(33,841 grans), i sopht halic acid (1, 73%3grans), 2,6-naphthal enedi carboxylic

acid (3,754 grg ?tloa(o B¥ncéipirtion 0bf 20.1s € gfdITE! hgbﬁzeag%rﬁauaquw Was

solution in vvat er 7.19 grans), antinony tri oxi 86 grans), and
cobalt acet ate37;009£grgnarrs) The 5 reactor was purged with nitrogen and
the reactor was pressurized with nitrogen to 40 psig. The oil heating fluid
used to heat t%@ﬁ%or had been heated to 121[err] C and when the contents
of the reactor 107[errC, the start of pressure esterification was

recorded. The Si)dty-ﬂ%rpenwdwfahmommwwtéts froRvVExampled werepliced irra
mai ntain a nelt terrperature i.e., the 10 tenperature of the contents of

the reactor§ of 0Jéey| wiary cconigay vagum reacter é"'\ha%" Hﬁ?hf’ﬁl‘?f@ﬂ figld heatedity by
the rel ease ang de é&\]lh éo 490.5/ AP '%H%eﬁégc WakSdtatdd apg 9rans

of condensate was col ecte e pressu was re uce over a peritod of 5
m nutes to at meppdtbof @ pnes sTheeonl Téraperatare phas increasedr overcatpeciod saifof0was

ducted f 5 t f C 370
G s of - condeRSuReAha tte 3 CCaFluhu'ta 3 TR eibrainfe,of S70FL, L Pofletirc
atmospher i c_esygfd thshiliat & s témpbrsith YoP®.03hafisd" TR @mpRRABR Wase aci d

di ssolved in 100 grans of ethylene yco? was added to the polyner nelt.
At the ternPnacbeadoio anﬁul%mnmwwm waesusgd fto crelease thecyacuwrn ahd the

274 268 or 1] C SNAHREE RIeR, pdFe, S8vER B Biop 4F, bedOmer R HeABH. T 1o
Hg/ m nute to abieltd oflsiévetpeiigtsrpasibepbandd.. As the nelt viscosity of the
terpol yester increased, the speed of the agitator was reduced step-wise in

5 rpmincrenen {Q rpm Pol ycondensation was continued for 233 mnutes
when the targe ue of 2500 pound/inch was achieved at 20

Sixty-four pounds of the crystalline pellets from Example 2 were placed in a

15 70 liter rotary conical vacuum reactor with oil heat transfer fluid heated to
170°F. Vacuum was applied (0.5 mm Hg) and the reactor was rotated at a
speed of 2 rpm. The oil temperature was increased over a period of 4.0
hours at a rate of 1.0°F/minute to a final temperature of 410°F. Solid state
polymerization was continued for 18 hours, the temperature was cooled to

20 ambient, nitrogen was used to release the vacuum and the solid state
polymerized pellets were sieved to remove any agglomerated pellets. The
yield of sieved pellets was 62 pounds, and the pellets had an inherent
viscosity (IV) of 0.78 dL/g.

Exampie 4: Extruded Sheet Preparation
25 Extruded sheet from Example 3 was made from 0.78 IV resin of the
88/4.5/7.5 TN/N polyester composition using a Killion Model KL-125 1% inch,
24/1 LD single screw extruder equipped with a 6 inch flexible lip sheet
extrusion die and a 3 roll sheet take-off unit. Temperature setting in zones 1
through 6 (feed to exit) were 268, 274, 277, 277, 277 and 260°C. Melt
30 temperature was 300°C. Screw speed was 75 rpm and take-up speed was
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25 rpmagitator speed. The vacuum was rel eased with nitrogen and 50 psig
pressure of nitrogen was added to the reactor. The pol yner was extruded
into strands by the use of a nelt punp on the bottom of the reactor. The
strands werewo®ak®se i n a water bath and chopped into anor plraxgspui7sest s. The
pellets had a 0.60 dL/g 30 inherent viscosity as neasured in 60/40 wt/w
phenol /t et rachl or oet hane at WO 97/ £

4250

PCT/ US97/ 0736 z a L .QLy: Of t duct
ield was 57 Govesyuitte 2Tnd seRBSREe R o8 waeh ueihgi ot SEHEL BeRE”

pel l ets from bnitwase3sECnellnder| theseslcomditions, 24 Mnil thick extrided\sheehhavihg wacuum
reactor with oil heat transfeg fluid heated to 176[err]F. Vacuum was

appl i ed (0.5 aensity)ofdndBGhg/omewes produeedr ot ated at a speed of 2 rpm The
oil tenperature was increased over a period of 4.0 hours at a rate of
O.4[err]F/mnwe to a Einal Shper aLlire of 320[err]F. The pellets were
crystallized &€ o BIAMALEAHL PO TSR The tenperature was 10
cooled to QﬂbBﬁiﬁall%/fbﬂérﬂwmm\/&fasuﬁﬂdetfﬂ)rh ehé Zemil '88/4.3AUS /BN Cholyiter
crystallized pellets were sieved to rempve anéhgrggl onerated pellets. The

yi el d of sieveutrydad sheetwsingsa Todnkeng filnise SSRmple gk inghsAbarest t he
ool . .
contcal vacunmerELR, el HinrKRATE) halftpedtial 5€ deBofbetiin Ftarmdlb 2 aide™

Vacuum was apphd edndifiohedrin agpnteolidditemperstgrediumidity romna(231Cat 50% FhHad of 2
rpm The oil tenperature was jncyeas over._a period of 4 0 hours at, a rate
of "L Of or 1] F/ 1ATA BOUTS PR 1 S¥OtGRR B e FONRY oeF Samples e Slaced

pol YITer i 23h1 Ofh #83.drgHbehtiief hbsifed™Sr 196 Seord3at UBBRS il 4htaiaa iapigd L0 20
anbient, nitrogen waS used to release the vacuum and the solid stat

pol yneri zed pat hetrainvate of 380%dpercsecend te finalydimpgisions imeach girettinns3.5The

times greater than the starting dimensions. The density of the resulting 3.5 x
3.5 biaxially oriented film was 1.3600 g/cm”.

Example 6: Heat Setting of Biaxially Oriented Fil

15  Heat setting was done using an aluminum frame having two 4 inch square
openings. A sample of biaxially oriented film was piaced in each opening of
the frame, and the frame containing the samples was placed in a hot air oven
set at a preselected temperature. The samples were removed from the oven
after 5 minutes, allowed to cool at room temperature and then removed from

20 the frames. Densities of the heat set samples were determined using the
gradient column method (ASTMD 1505—85); Densities of 3.5 x 3.5 biaxially
oriented films from the 88/4.5/7.5 T/IN polyester compositions prepared as

described in the above examples are shown below.

increase in
Sample Density (g/lcm’) | Density (%)
Extruded Sheet 1.3364 —

3.5 x 3.5 Biaxially Oriented Film 1.3600 1.8
Heat set Film (°C): 120 1.3661 22
150 1.3744 2.8
180 . 1.3767 3.0
210 1.3815 34
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yield of sieved pellets was 62 pounds, and the pellets had an inherent
viscosity (I'V) of 0.78 dUg. Exanple 4: Extruded Sheet Preparation 25

Ext ruded sheet from Exanple 3 was made from0.78 IV resin of the 88/4.5/7.5
T/ 1/ N pol yestwoaaasesition using a Killion Mdel KL-125 1 WRCFYSIFHI6N4/ 1
L/ D single screw extruder equipped with a 6 inch flexible |lip sheet
extrusion die and a 3 roll sheet take-gfgft unit. Tenperature setting in
zones 1 throuq{&&?ﬂﬁ%?d to exit) were 268, 274, 277, 277, 277 and

260[err] C. Mel enperature was 300[err]C. Screw speed was 75 rpm and

take-up speed V@e} ipf> b { f PETI-0 copol
PCT/ US97/ 07369%§4!h%. é‘éét{ﬁi n ter.nel{. ot'yénrr%nezrazi'?ﬁrg of cooling pvva‘{n(]ar to

the 3 rolls of (pdlgethylene ot’efeplﬂi\alataammieﬂ nl]nth 10namolet percent dsaphthalate, 24

| thick t ruded. sheet [ 1 3364 d d.
Banpl e 5: 51 aHIORYSP. £ At e olkONR 18pctfng werehddgk b d stiferBG T i
was made fregm siéiﬁe?s‘ls@el b&%ﬁ‘}eéétaré »gbé&\'wnhoé Y8Rd} anBKér agitfdorsfRdtingusi ng

aT. M Long film stretcher. i nch squares were die cut from

ext ruded sheet apﬁa;same@twmql gg@i%ﬂ mwterenh&@bvecar@ma@ommmed in
trolled t 0
Srlcgp '[g s'?ret g?ﬁﬂ{ﬁﬁ. [@.Jggygécgl one shee rr%ﬁtegf \%etré({a&{at@l'g%&ﬂum?grtshe

Long stretcher hyea?cm %alutldrﬂm mg(ds Zagrétﬂél)[ gntlinﬁnymﬂmeﬂe e(ﬁﬁﬁgc%rhml ally
at a strain rate .o % ond to final dimensions in ea i rection
5t e r caBBP CoRAK APIBEE (55 SRS Dh FeAstor WARLPUIIRE Wit BITogRR and
resulting 3g5 ¥h§ c'éarb\}v 'p?éés‘(miﬁd g{}h‘ﬂr&gémd‘@é 65@6%(9961? 'ﬁ{eﬁﬁﬁd guﬁxarrpl e

6: Heat Settlngo Bl axl a Ol ent setting one

usi ng an al uni nged tg haatethaaeaqtq hadobeen heated 432 1°Copatwigd. tha\cgateptSeofof
frame cont af nt M (AR TAPle 1058 the R oF BREE Beferghafor Wa8Tecdta. "¢
The oil temperature was increased to 274°C in order to maintain a melt
temperature of 260°C, and the pressure was maintained at 40 psig by the
15 release and condensation of water vapor. After 230 minutes, 7,475 grams of
condensate was collected and the pressure was reduced a period of
5 minutes to atmospheric pressure.

The atmospheric esterification step was conducied for 60 minutes at a melt
temperature of 263°C and 420 grams of condensate was collected. Fifty

20 minutes after the start of the atmospheric esterification step, a mixture of
3.38 grams of phosphoric acid dissolved in 100 grams of ethylene glycol was
added to the polymer melt. At the termination of the atmospheric
esterification step, the oil temperature was increased so as to maintain a melt
temperature of 274-285°C and the pressure was reduced at a rate of about

25 25 mm Hg/minute to about 1.0 mm Hg vacuum level. As the melt viscosity of
the copolyester increased, the speed of the agitator was reduced step-wise in
5 rpm increments to 20 rpm. Polycondensation was continued for
225 minutes when the targeted torque of 2500 pound/inch was achieved at
20 rpm agitator speed. |

30 The vacuum was released with nitrogen and 50 psig pressure of nitrogen was
added to the reactor. The polymer was extruded into strands by the use of a
SUBSTITUTE SHEET (RULE 26)



set at a preselected tenperature. The sanples were renoved fromthe oven
after 5 mnutes, allowed to cool at room tenperature and then renoved from
20 the frames. Densities of the heat set sanples were determ ned using
t he gradi entwoet/sesp net hod (ASTMD 1505-85). Densities of 3PETASSINGI6
biaxially oriented filnms fromthe 88/4.5/7.5 T/I1/N pol yester conpositions
prepared as described in the above ex3gpl es are shown bel ow. Increase In

Sanpl e melt pump on the b5t 'of tl(égéé_ﬂﬂgg; r‘ﬂé\?esstrxang_s gveée%ﬂfe%dlt igj %ﬂa{eﬁ’ded

Sheet _ Iaxr a rented
Film bath. & @hopped intecamenghobis | pelletser IThe) pelletd had a 0.65 dl/jg

1.3661 . . 2.2 150 X 1.3744

2. 8 180 inherent viscosHy ascmeasured in 60/40 wijwy phepol/tetrachlorethane at

1. 3815 3.40°c MOP7édeeéntlation of 0.4 g/dl. Isolated product yield wa

PCT/ US97/ 07369 -15- Exanple 7 For the prgpar ati%?\a y r?elt polyilerrer‘lﬁzgti on of

PETI - 10 cdpol §AR80 grahs.et hyl ene terephthal ate nodified with 10 nol e percent
i sopht hal ate noieties, i.e., a 9/1 T/1), the follow ng reactants were added
to a 56-1i tergg&s@gaq stainl ess steel batch reactor equipped with a helical
anchor agitat ing at 52 rpm ethylene glycol (16,860 grans),

ht hal i i d i sopht hal i ' % b
wel ght of &t SERATHE RRHRSR, T O AR A AEERTR T W et izt ohg )
anti nony tri ogglidestateOpdiPmerizets in a Ishrp Bithitaras ehat dedopib8e i 'EBx@mplesT2e

reactor was purged with nitrogen and 10 the reactor was pressurized with
nitrogen to 48hsS: gTherdines, tefparatues: ppd vagyum levelsayere; Wentieal de dhehad

peen heal gl 1 prebiohs SoXanipiedld T Gield'or Vel balel waikee] Hfngs, hRAHARET

107[err]C, the start of 'pressure”esterification was rec e oll
t enper at ur e vpallets\bad an éntherentyistosity pf0.BMh dhfgler to nmaintain a nelt

The other compositions of this invention can be made using the p_rocedures
of Examples 1-7, inclusive.

Example 9

15 T/ and T/N copolyesters and T/I/N terpolyesters were melt polymerized in a
manner similar to that described in Exampies 1 and 7. The melt polymerized
inherent viscosity values for the compositions and PET homopolymer are

shown in Table 3.
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tenperature of 260[err]C, and the pressure was nmaintai ned at 40 psig by the
15 release and condensation of water vapor. After 230 mnutes, 7,475 grans
of condensate was collected and the pressure was reduced a period of 5
mnutes to atWoSpM3se c pressure. The atnospheric esterifi catfCOASEVEI\as
conducted for 60 mnutes at a nelt tenperature of 263[err]C and 420 grans
of condensate was collected. Fifty 20-4m nutes after the start of the

at nospheric esterification step, a m xfABEE® 3.38 grans of phosphoric acid
di ssolved in 100 grams of ethylene glycol was added to the polyner nelt.

At the term nation of the atnoSgmaiare ofTAMNGImparifions St ep, the oil
tenperature was increased so as to naintain a nelt tenperature of 274-285C
and the pressure was reduced at a rate of lahenantt GScosgity dhdg-lq/m' nute to
about 1.0 nm Hgokpesion! evel . As the nMielt VI SCSolid State || NExeraged yeist er
increased, the spgmgy*of i hUNRyitioat D Polyaerized U Fulyrméridedyii S€ Sheeb I pm

I ncrenents tor 20 TP Porycondensatri on _was continded 101 225 _m Nt es when
the targeted tBEfue of 2500 mound/inchOfds adhi.ePe® at.i20. rdlagitiat or
speed. 30 Th%ywﬂﬁﬁﬂng&iﬁg&ed wi th nitrogen and 50 psig pressure of
nitrogen was ! T e potymET wWas extruded Tt oSt r ands by
the use of a | peyel7/ 42250 - 0.61 0.80 0.75

PCT/ US97/ 07369 =16=Trettipunp-on-the-vorromdfr-rie readtor " THe 3T ands
were cool ed i (9H4¥4.8r bath AHd choppeB-6in o jamPolthus jpel |83, The pellets

had a 0.65 dLj g enti vi sepsi ty} as surdd ip @O/ 40 wt/ |
phenol /tetrac 1%?%?%2?15 at 38?:5:1 1€ a?% cot ucu?l.éj?i ort--of--O4-guf L.
| sol at ed pr odytQ-0 Mol Rergent ModifiGationo qgr ans. anple 8 Sixty-fijive pounds of
PETI-10 fromth e Bxanple 7 were grgstalil iz nd isol i t at e
pol ynmeri zed i Pg‘rﬁi ner.sid.lar. tolthal. descrdibe Chlﬁ Exarrplgggz and 3. The
times, tenperajils Mdle PérdenModifitatone! s were identical to the

PETN-122 - 064 0.80 0.78

88/4.0/8.0 12 0.60 0.81 0.80

88/8.0/4.0 2/1 0.61 0.81 0.78

16.0 Mole Percent Modification

PETN-162 - 0.58 0.78 0.73

84/5.3/10.7 12 0.60 0.81 0.76

84/8.0/80 | 1N 0.62 0.80 0.76

PETI-16° - 0.64 0.84 0.79

* Ethylene glycol is the glycol component.

2 PETN-8, 12, 16 means a polyethylene terephthalate-naphthalate copoiyester
5 having 8, 10 and 16 mole percent naphthalate moieties, i.e., a T/N.

b PETI-10 and PETI-16 means a polyethylene ferephthalate-isophthalate copolyester
having 10 mole percent isophthalate and 16 mole percent isophthalate,
respectively, i.e., a T/l.
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10 previous exanples. The yield of sieved pellets was 61 pounds, and the
pellets had an i nherent viscosity of 0.81 dL/g. The other conpositions of
this invention can be made using the procedures of Exanples 1-7, inclusive.
Exanpl e 9 15WwDya74ze25¢l T/ N copol yesters and T/ 1/ N ter pol yest enxcynssesrarsee! t
polymerized in a manner simlar to that described in Exanples 1 and 7. The
melt polynerized i nherent viscosity vaBues for the conpositions and PET
honopol yner aExamplevt® i n Tabl e 3. WO 97/ 42250

PCT/ US97/ 07369, - 17- _TABLE 3 Sunmmar /1 /N Conposjtions |nherent
Viscosity (dL lg)argo sgqpqi}gsters aR/d QIIIIIrI terpolyest rs }rom xample |9e|v\fer9

Solid State  ofgbfiipél®ank Solid @g’ri]ee polymerized i aMhatiidrimilar to that@éseBed 2€d

Pol yneri zed

0. 62 in Examples2 and 3. The solid state(polyn&izatinb irhefentodistositpuialesd

g E‘;’gl— 8[2/62% ; ffopthe compositions and for, PET homopolymer are shg\yg in Table 3. 8 ?g
0.73 92/5.3/2.7 . 2/ 1 0.61

0.81 Example 1@. 79 10.0 Mol e Percent Modification PETI.10[err]

0. 65

. 81 .78 12.0 Mol e Percent Nodification
PETNL2[ err] TA and T!r\? copolyesters and TIII?»I terpolyesters @ypgh%xample 10 were ( go

0.78 88/ 4.0/ 8 into sheet i imi i 0.81
0 80 88/8. 01 4_’@'_”"3‘1 into sheet in a nEWln%r similar to that descre)&éo‘iﬂ Example 4. The 0.81
0.78 16.0 MblsheRtr inherentbdfiscosity i valueETfor 1aher compositions and for PET

0.58 10 homc:pc)ly(/)r'ngr8 are shown in Table 3. 0.73

Example 12
TN and T/N copolyesters and T/I/N terpolyesters sheets from Example 11

were biaxially oriented into 3.0 x 3.0 biaxially oriented film in a manner similar
to that described in Example 5. The films were then heat set in a manner

15 similar to that described in Example 6. The initial sheet density and
crystallinity, and the film density, density increase, crystallinity, carbon dioxide
permeability, and carbon dioxide barrier improvement compared to PET are
shown in Table 4 for both non-heat set film (no HS) and film heat set at
210°C for 5 minutes (HS 210/5). The units for the carbon dioxide

20 permeability (Perm.) values are cc-mil/100 in’-day-atm. The percentages
shown for CO, permeability are the percentages for the change in CO,
permeability relative to PET.
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84/5.3/10. 7

1/

0.76 84/8.0/8.0
0.76 PETI-16[err]

0.84
12,

2
1/1

W0 97/1422500. 79 * Et hyl ene gl ycol
16 neans a pol yet hyl ene .t er epht hal at e- napht hal ate copol yester 5
having 8, 10 and 16 nol e percent naphti18 ate noieties, |

0. 60
0.62

0.81
0. 80

0. 64
is the glycol comSEVEHOT3EETN. g,

.e., aTN b

PETI - 10 and PETI-16 neans a pol yet hyl eTABLE 4pht hal at e-i sopht hal ate

copol yester
| sopht hal at e,
PCT/ US97/ 07369

having 10 nole percent |

?ﬁf‘m hal

Exanple 9 were
to that descri
i nherent vi sco$.
are shown in Ti

terpol yesters
to that descri
conpositions a

gte and 16 nol e percent
respect 7L/I’)’)
-18. REV angd hmh&s&ﬂ_g |73\ij ers from
g@u@yydm"zed dnd 9@3rel 5t atg3gml yneri zed.3g85a manéner simlar
BEd M l:xarrpl 6§ 27and 377 The rrd state yrrerl zation

i lncreass es .. 5. lior- The-cb ﬁé A-0NS- B ffgg RET..henopol yner
abd ery&t. Exanpl é |1 B8/ | and2‘f[9N copol yesa4sss and T/ I/ N

EXanple 1G were exty gg into sheet a manner simlar

} . = npl.e.id. T'ﬁn Sh_} anhnr ent -\11 ca'c‘\ If\l "a«L‘UGS for the

NPETRB*PET 10

homopol ymer are shown in Table 3. Exanpl e 12

T/1 and T/ N co
were biaxially
simlar to that

manner 15 sing]
density and cr
crystallinity,

| mprovenent co
(no HS) and fi

for the carbon

ol yester s and T/ 7 ol ers sheets m Exanpl e 11
§P¥%¥M§ “%1 nt.o g&nphu Z gésl Voo O i c\nt‘lmgzgl l.m.d rrpa manner

sdinsreaseoed in Exampl e 5 Th'egél I ms V\EI‘ e 34®en heati set in a

£éto that "descrihed 'n 'e 6. éﬂtlal Sheet
yEap Y pi-t. Yoyt Chct Bttt N H@-n& - RC-BASE,

cay, Perm.di oxi dé persaeabili tmzanslemr bonzsn prbdw)barri er

Eﬂ;ntni PET are shown I n Table 4 tor both non-heat set film
FReat—Set—at—2 1 0-er-oHo+—b—H-Aute The units

d)aniw (Qﬂ:m 1.3379 1.3653 1.3835

% Increase - 2.05 3.41

% Cryst. 3.6 26.3 41.4

CO, Perm. - 29.9 (-16.5%) 24.6 (-19.3%)

92/5.3/2.7 TIIN

Density glcm® 1.3376 1.3631 1.3835

% Increase - 1.91 343

% Cryst. 3.0 24.3 41.3

CO, Perm. - 28.7 (-19.8%) 24.8 (-18.7%)

PETN-12°

Density g/cm® 1.3362 1.3622 1.3764

% Increase - 1.95 3.01

% Cryst. 36 25.8 37.9

CO, Perm. - 28.5 (-20.4%) 25.0 (-18.0%)

88/4.5/7.5 T/IN

Density g/cm® 1.3368 1.3615 1.3785

% Increase "= 1.85 312

% Cryst. 3.2 23.9 38.2.

CO, Perm. - 32.0 (-10.6%) 25.0 (-18.0%)
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20 pérrreability (Perm) values are cc-m|/100 in[err]-day-atm The

per cent ages shown for

CO2 perneability are the percentages for the change

in CJerr] perneability relative to PET. WO 97142250
PCT/ US97/ 07380 YT4BSE 4 Fil m Properties PET SPEEWSIIZ690 HS
3 x3 HS210/5 Density g/cnferr] 1. 3376 1. 3670
1. 3885 % I ncrease 2. 2Q20- 3.81
- % Cryst 3.8 27TRBL 45.5 CO[err] Perm
35.8 30.5 PETN-8[er#£ Density g/cnferr]
12364 13626 Film Propprties {contdiase
1.96 3. 48818/ TAIN v St . Sheet 3x3noHS 3 03 HS7210/5
42.9 CJerr] Pelﬁéﬂs 1.338 1 30. 2(i- 15.,6% 25. 8
(-15.49% 921444 !H “f |\| Dcnc ty g.?bne[ arrt 3834 13379 1%5 %. 3653
1. 3835 % | ncrighdrcrease - 2 05 2.01 3.28 3.41 %
Cryst. 9 Cryst. 3.9 48 2@@ 3 41.14 Q02 Perm
29.9 (-16.5% & PG f=19 -39 9245 .0182 F-F+F+N Density
g/cnerr] CO,Perm. 1 3376 .- 125%(325 1%) 19.6 (-35.7%) 3835 %
| ncr ease PETI-10" 1.91 » 3.43 % Cryst.
3.0 2473 A5 —3—C62—FPerm
28.7 (-19.8% De“S'tyglc'Zlﬂ 8.(118.V9883pETN- 1286301 ] Deni.t \-3838n] er ri]
1. 3362 % IPease 1. 3764 %4ngr ease 3.41 1.95
3.01 :

% Cryst. 3.9 234 41.3

CO, Perm. - 27.7 (-22.6%) 19.8 (-35.1%)

PETN-16"

Density g/cm® 1.3350 1.3601 1.3761

% Increase - 1.88 3.08

% Cryst. 2.6 24.3 38.1

CO, Perm. - 28.8 (-25.7%) 23.0 (-24.6%)

84/5.3/10.7 T/UN

Density gicm® 1.3360 1.3617 1.3772

% Increase - 1.92 3.08

% Cryst. 2.5 243 375

CO, Perm. -~ 25.1 (-29.9%) 22.0 (-27.9%)

84/8/8 TIIN

Density g/cm’ 1.3361 1.3608 1.3771

% Increase - 1.85 3.07

% Cryst. 1.8 22.5 36.2

CO, Perm. - 25.2 (-29.6%) 20.8 (-31.8%)

PETI-16"

Density glcma 1.3374 1.3601 1.3789

% Increase - - -

% Cryst. 0.8 19.2 34.6

CO, Perm. ~ 242(-32.4%) | 21.0(-31.1%)

s PETN-8, 12, 16 means a polyethyléne terephthalate-naphthalate copolyester having 8, 10
and 16 mole percent naphthalate moieties, i.e., a T/N.

5 b

PETI-10 and PETI-16 means a polyethylene terephthalate-isophthalate copolyester having
10 mole percent and 16 mole percent isophthalate, respectively i.e., a 9/1 T/l and a 84/16 TA.
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1% dyst :

3.6 25.8 37.9 C2
Per m 28.5 (-20.4% 25.0 (-18.0%
8814.5/7.5T/1 /N Density g/cnferr] 1.3368 ' 1.3615
1. 3785 % | ncr 3¢@9/42250 1. 85 PCI/USITNTHG 12 o
Cryst. 3.2 23.9 38.2. C02 Perm
32.0 (-10.6% 25.0 (-18.0% WO 97/ 42950
PCT/ US97/ 07369 LE 4 Fil m Pr opert ies (cont'd) 88/8/4 T/I/N
Sheet 3 X HS 210/ 5 Densi t¥ g\/ %r;[aer rJ 1. 336
1. 3634 TII apd3‘§@!5 cp(ppl‘yg;*tg% @nd T/IN terpolyesters 1ro mple A 1yyere

3.28 %cryst. P
26.8 (-25. 19 biaxially oriented into & )§4 bIFXIa"y %ﬁeﬂtsg fi im |n a aﬁ eérf’?lﬁﬁg td fﬁai 3383
1. 3620 destribaB dn oExampleaSe The sheet and ﬁlm densmes pefceny density

3.41 % Cryst 41.3 C02 Perm

547 (55 8% incrogse and fim cystalloityvalieEiare shawajn Table Sy o i)

1.3350 1.3601 1.3761 % I ncrease
1.88 3.08 %Cryst. TABLE® 24. 3
38.1 CJerr] Perm _ . 6.6 (-25.7% 23.0
(-24.69% 84/5.3/10.7T/1/N Density g#—&ﬁféMF!malﬁ 1. 3350 1.3617
% 2772 % | ncrzefaie :13.7?2 Densltng_Icm’ 3.08 %ryst.
Composition Increase Film
T/IN® UN Ratio | Sheet Film (%) Crystallinity (%)
PET - 1.3376 1.3702 244 30.5
8.0 Mole Percent Modification
PETN-8° - 1.3364 1.3671 2.30 29.5
92/4.0/4.0 17 1.3379 1.3674 2.20 28.1
92/5.3/2.7 21 1.3376 1.3689 2.34 29.1
10.0 Mole Percent Modification
PETI-10° - 1.3383 | 1.3673 217 27.7
12.0 Mole Percent Modification
PETN-12° - 1.3362 1.3666 2.28 29.6
88/4.0/8.0 12 1.3368 1.3659 2.18 27.6
88/8.0/4.0 21 1.3366 1.3657 2.18 26.0
16.0 Mole Percent Modification
PETN-16° - 1.3350 1.3613 1.97 25.3
84/5.3/10.7 112 1.3360 1.3625 1.98 25.0
84/8.0/8.0 1 1.3361 1.3621 1.95 23.6
PETI-16" - 1.3374 | 1.3635 1.95 220
a PETN-8, 12, 16 means a polyethylene terephthalate-naphthalate copolyester
having 8, 10 and 16 mole percent naphthalate moieties, i.e., a T/N.
10 b PETI-10 and PETI-16 means a polyethylene terephthalate-isophthalate

copolyester having 10 mole percent isophthalate and 16 mole percent
isophthalate, respectively, i.e., a 9/1 T/l and a 84/16 T/l.
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02 ‘Per m

T/1/N Density g/cnferr]

| ncr ease
1.8

1. 3601

34.6 CO2Perm
16 neans a p

PETI - 16 neans a
10 nol e perce‘i‘ﬂttl
and a 84/
PCT/ US97/ 0736

T/ 1

 23vH 97142250
25.2 (-29.6)

1.85

20. 8(-31.8% Density g/cnferr]

1. 3789

-21- mpl e

% | ncrease

13 T/1

t er pol yestser scavity mjmmpmldm meching; Fempergtutg p

oriented filmi
and filmdens?¥?¥
val ues are shown i

g/cnferr]
| ncr ease
Film
1.3376

Mbdi fi cati on PETNH

2.30

i ehpiiratufe, G X 14 PETI-10 Pf O[BBI8/4 €5
Conposi 10T

Nozzler | m T/l 273 260 | ;i\ .R260,

(YFront Zone O ystal I pgsty {(%WaAET | 265

1. 37072 >k 30758,

Middle Zone 285 270 126564
Real Zone 275 255 255
Cycle Time, sec. 30.0 33.9 33.9

10

15

m%gé'ne t er epht hal at e- napht hal at e copol yester
and 16 nol e m:remm (Bammmsadesignémfchrea;straight walb2 Titex stretch Blowmh

£ et inerion mopedND

in] lahd 9. 81VK? 9&7/8/112% ratio T/UN fesin on an Arburg 320H sungle
and T/ N copol yesters and T/1/N

25.1 (-29.9% 22.0 (-27.9% 84/8/8
1.3361 1. 3608 1.3771 %
3.07 % Cryst.
36.2 CO02 Perm - PCT/US97/07369
1.3374
%_6pyst. 0.6 19.2
24.2 (-32.4% 21.0 (-31.1% PETN-8, 12,
having 8, 10
> -10 and
pht at e havi n
fom O G REERaneRLBYE, BREN PR TE RO "2 o7

ndexslertimes warex al | y

ner simlar to that described in Exanple 5. The sheet

,"%%P‘é’ent density 5

increase and filmcrystallinity

Density
Sheet

0 Mol e Percent
1.3671

Two liter straight wall bottles were stretch blow moided on a Krupp

Corpoplast LBO 1 stretch blow molding machine from these preforms. The

preforms from all the compositions were heated to 105°C prior to stretch blow

molding.

Density and percent crystallinity of samples taken from the sidewall of the

2 liter bottles as molded and after heat setting at 160°C for 2.5 seconds are

shown' below. Also shown are carbon dioxide permeability of non-heat set

sidewall samples and estimated shelf life based on carbonation retention of

whole bottles.

Bottle Sidewall Properties

Non-Heat Set PET PETI-10 88/8/4
Density glem® 1.3700 1.3640 1.3610
Crystallinity (%) 30.4 23.8 22.1
After Heat Setting

Density gicm’ 1.3768 1.3715 1.3706
Crystaliinity (%) 35.9 29.9 30.0

CO, Permeability on Whole Bottle

Estimated Shelf Life in Weeks 1.7 14.5
% Improvement in CO,
Permeability Over PET - +24
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92/ 4.0/ 4.0 1/1 1. 3379 1.3674 2.20

28.1 92/5.3/2.7 2/ 1 1.3376 1. 3689 2. 34
29.1 10.0 Mol e Percent Modification PETI-10[err]

1.3383 1wod7d2250 2. 17 ' 27. 7 PCT{USSTOMEA e
Percent Modification PETN 12 1. 3362 1. 3666
2.28 : 29.6 .88.4.0/8.0 1/ 2

1.3368 1. 3hefe data show the excelieh?t CO, gas barrier propérfie§ achighv@d Byithe

2/ 1 1. 3366 1. 3657 2.18 26.0 16.0
Mol e Percent Mpolyesteacompositians afdhis invention. 1. 3350
1.3613 1.97 25.3 84/5.3/10.7 1/2 -
1. 3360 1.3625 1.98 25.0 84/8.0/8.0
1/1 1.3361 1.3621 1.95 23.6
PETI -"16[ err] 1.3374 1. 3635

1.95 22.0 PETN-8, 12, 16 neans a pol yet hyl ene

t er epht hal at e- napht hal at e copol yester having 8, 10 and 16 nol e percent
napht’hal ate noieties, i.e., a T/N. b 10 PETI-10 and PETI-16

means a polyethylene terephthal ate-isophthal ate copol yester having 10

nol e percent isophthalate and 16 nol e percent isophthalate, respectively,
i.e., a9/1 T/l and a 84/16 T/1. WD 97/ 42250

PCT/ US97/ 07369 -22- Exanple 14 Preforns (52.5 grans) designed for a
straight wall 2 liter stretch bl ow nolded bottle were injection nolded from
0.80 IV PET control resin, 0.89 IV PETI-10 resin, and 0.81 |V 88/8/4 nole
ratio T/1/N resin on an Arburg 320H single 5 cavity injection nolding
machi ne. Tenperature profiles and cycle tines were as shown bel ow.
(Tenperature, [err] Q) PET PETI - 10 88/ 814 Nozzl e

275 260 260
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Front Zone 285 270 265 M ddl e Zone

285 270 265 Rear Zone 275 255

255 Cycle Tinme, sec 39.0 33.9 33.9 Two

liter straigkbomeés bottles were stretch blow nolded omrcTASYHO7869D

Cor popl ast LBO 1 stretch bl ow nol ding machine from these preforns. The
prefornms fromall the conpositions werg heated to 105C prior to stretch

bl ow 10 nol di ng. Density and perce%tal linity of sanples taken from
the sidewall of the 2 liter bottles as ed and after heat setting at
160[err]C for 2.5 seconds are shown bel ow. Al so shown are carbon dioxide
per neabi | i ty bavingderedhedstbe inverdion! that whishds claimedist i mat ed shel f life
based on carbonation retention of 15 whole bottles. Bottle Sidewal l
Properti es Non- Heat 1SetA polyester comprising the followingrepeating ymits| - 10

88/ 8/ 4 Density g/cnferr] 1. 3400 1. 3640

1.3610 Crystallinity (% - 30.4 23. 8 22.1
After Heat Setting Density g/ (B-F—R]—C--O—-(CHz)x—O 3768 1.3715

1.3705 Crystallinity (% L. ,29. 9 30.0 C2
Pernmeability on Wole Bottle Estinated Shelf Life in Weks 11.7
14.5 % | npg oveyheret inl anyCURit Beisn@e itegdryséld@ted ffom 2 through 6, inclusive, and -~ 24
WD 97/ 42250 PCT/ US97/ 07369

-23- These dawhewip\atierst aqatior af theapnilgeR inh3rmhenybinptleasta pationafed by
the polyesteryZofpRe! k' 8"3,42bndMh Sard" ¥ %t' Vdst a portion of the units R is

2,6-naphthyl, and where the density of the polyester is at least about
1.362 g/cm”.

10 2. The polyester of Claim 1 wherein x is 2.

3. The polyester of Claim 1 where in about 80 to about 96 mole
percent of the units R is 1,4-phenyl.

4. The polyester of Claim 3 where in about 4 to about 20 mole
percent of the units R is 1,3-phenyl and 2,6-naphthyl.

15 5. The polyester of Claim 4 wherein the ratio of units where R is
1,3-phenyl to units where R is 2,6-naphthyl is about 1:5 to about 5:1.

6. The polyester of Claim 5 wherein the ratio is about 1:2 to
about 2:1.

7. Articles of manufacture comprising the composition of Claim 1.
20 . 8. Containers comprising the polyester of Claim 1.
9. Fibers comprising the polyester of Claim 1.
10. Films comprising the polyester of Claim 1.

11. A polyester composition comprising terephthalate, isophthalate
and 2,6-naphthalate moieties having a density of at least about 1.362 glem?,

) SUBSTITUTE SHEET (RULE 26)
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WD 97/ 42250 PCT/ US97/ 07369 - 24-
CLAI M5 Havi ng described the invention, that which is clainmed is: 1. A
pol yester conprising the following repeating units [err] 5 where in any
unit x i s anwmom3es0 sel ected from 2 through 6, inclusive, BAHUNHRAE® i n” at
| east a portion of the units Ris 1,3-phenyl, in at least a portion of the
units Ris 1,4-phenyl and in at |east -25portion of the units Ris
2, 6-naphthyl, and wer e A pelyskstestompasitiorh eomplising tterephthaiate) isaphthaladet
1.362 g/cnferr]. 10 2. _The pol Kester of aigl wher.ei n ry# is 2. 3.
The pol yest er ¥1d 2i6anaphthalate E‘Q'ﬂ'e&b‘gﬁ'f’ SEPmRpsition, hag Pegp) SUBIRAEL AP Bt t he
units Ris 1,4; . LtH05 re in about 4 to
about 20 nol e %0215@2%‘{0"0&sttl%ﬁe}ﬁgﬁ%és@%ﬁf{she%%?%rgﬁgw%ﬁ&;ﬁd 2, 6-napht hyl . 15
5. The polyester of Claim4 wherein the ratio of units where Ris
1, 3- phenyl to unit s13ahe Bottiesicomprisingthapehestes ofplam 4t.5 t o about 5:1. 6.
The polyester of CQaim5 wherein the ratio is about 1:2 to about 2:1. 7.

Articles of; manufa urem%r' bk %g’gég i ; aiml. 20

8. Cont ai nsers corrf#i'si ng t edoyldq}&erg‘g? 0 Cﬁfﬁdrfn@%lﬂg.@fzi bers conpri sing
the polyester of laiml. 10. Filnms conprising the polyester of Oaiml.
11. A pol yester cdtposi/A payestengampasition earnepising-thafelloviag pereating ueitand
2, 6-napht hal ate noi eties havin density of at |east about 1.362 g/cnB.
WO 97/ 42250 o e;t PCT/ US97/ 07369

0O=02

—R—("}-O—(CHz)x—O

where in any unit X is an integer selected from 2 through 6, inclusive, and
where in at least a portion of the units R is 1,4-phenyl, and where in at least

10 about 5 mole percent of the total units R is 1,3-phenyl, and where the density
of the polyester is at least about 1.362 g/cm’.

16. The polyester of Claim 15 wherein about 5 to about 25 mole
percent of the total units R is 1,3-diphenyi.

17. The polyester of Claim 15 wherein at least about 75 mole
15  percent of the total units R is 1,4-diphenyl.

18.  The polyester of Claim 15 wherein X is 2.
19.  Articles of manufacture comprising the polyester of Claim 15.
20. Containers comprising the polyester of Claim 15.
21.  Fibers comprising the polyester of Claim 15.
20 " 22.  Films comprising the polyester of Claim 15.

23. A polyester composition comprising terephthalate moieties and
at least about 5 mole percent isophthalate moieties having a density of at
least about 1.362 g/cm’.
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-25- 12. A polyester conposition conprising terephthal ate, isophthal ate
and 2, 6- napht hal ate noi eti es which conposition has been subjected to a
conbi nati on of strain induced and thermal crystallization. 13. Bottles
conpri sing twespeRseester of Claim1ll. 5 14. Bott | ePCToS¥O7389Nng t he
pol yester of Clains 12. 15. A polyester conposition conprising the
follow ng repeating units [err] wherepgh any unit X is an integer selected

. . L . .
61 - phenyl’. and“hineroPifestel poitBBfigh SoRprisipd MereBnBRld Hoighed Bia T, L7
units Ris 1 éﬂeastea;tbut S&mblevipereent lisophtivadateymoletie$ dapingy a demsity of @it | east

about 1. 362 C rr ., Ihe polyester of Claim1l5 wherein about 5 to
about 25 nol g{eﬁgtrag’é’l'#;'t#gt @total units Ris 1,3-diphenyl. 17. The

pol yester of Claim 15 wherein at |east about 75 nole 15 percent of the
total units Ris 125 4- N pbigester cdfiposifiore complising aérephtraiate mdibtiedhangi n X i s

2. 19. Articles of manufacture conprising the polyester of Caim15. 20.

Cont ai ner € coMpeasti akput R-molg peeceat ispphthalate, mojeties| whioh; epImBositieh hasi ng the .
pol yest er of ' " I Ls (=] ter of

Qe m 15, 23, Pl flbyetietth o combinafifn of Shail B an thehmid ERRIEEIAE P

and at | east about 5 nole percent isophthal ate noieties having a density of

at | east about 1. 382 g/Bottfesreomprising/bePplyestes©f Claim 23. '
PCT/ US97/ 07369 -26- 24. A polyester conposition conprising terephthal ate

noi eties and at | t | |7t e noieties having a
density of at |eas 'ab?&ﬂ%.%ggwgsﬁ’g%%ﬁr |l teh P i 28
28. A method for making high density polyester comprising
10  subjecting a polyester composition comprising the following repeating units. -

? 9
C—R—C—0—(CHa)x—

fo strain induced crystallization and optionally followed by thermal

crystallization to achieve a density of the polyester of at least about
1.362 g/em®, where in any unit x is an integer selected from 2 through 6,

15 inclusive, and where in at least a portion of the units R is 1,3-phenyl, in at
least a portion of the units R is 1,4-phenyl and in at least a portion of the units
R is 2,6-naphthyl.

29. The method of Claim 28 wherein the strain induced
crystallization is accomplished in a bottle blowing apparatus.

20 30. A method for making high density polyester comprising
subjecting a polyester composition comprising the following repeating units

2 3
C—R—C—0—(CH)x—0

to strain induced crystallization and optionally followed by thermal
crystallization to achieve a density of the polyester of at least about
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25. A polyester conposition conprising terephthalate noieties and 5 at

| east about 5 nol e percent isophthal ate noieties which conposition has been
subj ected to a conbination of strain induced and thermal crystallization.
26.  Bottles woopatmi ng the pol yester of Caim23. 27. Bot PFEUSYERPi sing
the polyester of Cdaim25. 28. A nethod for making high density pol yester
conprising 10 subj ecting a pol yester .zpnposi ti on conprising the foll ow ng
repeating unitgagd /&H’ Wneﬁ iRiafy | JHIUS 98 o intdger | Setetited froam @ mwmgmel ly

fol | owed by therrra crysta |zat| on to achieve a density

f t he ter
of at |east atinciusive 381 wherg in Al leash&r porfign a?ﬁ}h%hi“!tsﬁl' eﬁf‘ipﬁ‘?ﬂ@g%g >
| ected f th t
of the uni {5 rimers ket appot 3 Y bk o e kARSIl 3 MERY, 2 POCT o

, 4-phenyl and in at |east a portion of the units Ris 2,6-naphthyl. 29.
The method of O ai 131. 28 Theemaéthod hef stGlaimh 30 naheseinc rthe t st aindbped s

| i shed ttle bl A method f
ki ng. hi o dCREAZoN s SoRMBRER e P A e HPHING A0P2LE ot o compost ti on

conpri si ng the follow ng repeating units [err] to strain induced
crystallization ang2opt Thealgolyester! @feCldim t1ier wherein yﬂtealmobatrabu b

achi eve a density of the polyester of at | east 7/4
PCT/ US97/ 073693fgpmhaiat§6@g@f'éﬁ{t8r?‘]m bipatien, Qﬂi@"%#?t a 3ﬁpﬁ§%?%§%
sel ected from %ﬁfeﬁé@qghatfbut' gghmﬁe%ou{arg@ aeakd | itherein g@étm@epmﬁd op of

the units Ris ., and rein at | east about 5 nole percent of the
total units R |sepmhalatqﬁ062)§-lnapbthalate' moietiesHs abowtt5: ttaabeutddS.wherein  the
strain induced 5 crystallization is acconplished in a bottle bl ow ng

apparatus. ,32.  Thepol ygat ef ol HeMeidih V85T Fhardid!©tHEP! fole faflo ©fof
terephthalate to isophthatate moieties is about 95:5 to about 75:25.

34. The polyester of Claim 33 wherein the mole ratio is 92:8 to
about 82:18.

R

) O A R
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terephthal ate noieties to conbination of isophthal ate and 2,6-nath?@I%}e
rmoi eties i s about 96:4 to about 80:20, and wherein the nole ratio of’ Pﬂ[
i sophthal ate to 2, 6-naphthal ate noieties is about 5:1 to about 1, 10

The polyester of Caim 23 wherein the nole ratio of terey

I sopht hal at e noi

' I's abou : : The p®
Cl ai m 33 wher ei ﬁ’@m e rat 5”83?%&@&%@?@5@@“ '
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