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g/crerr]. Preferably in about 80 to about 96 nole percent of the units R
is 1,4- WD 98/ 02479
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al so the pol yester conposition R d g tion of the units R
is 1,4-phenyl and where 5 in ameﬁﬁ E{éﬁgansé?le"ﬂg%rcent, preferably at
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car boxyl ate‘r’groups'o%n%1 hgh%sgﬁy tg¥d'°§§?yner lIJ P{ﬁgi}e c?t’?‘%%hﬁ%et%%cﬁgaqy and
4 positions of inturpptated by réfetgndeyhereid: phenyl we nmean a phenyl ring where
t he carboxyl ate groups of the polyester polyner unit are attached to 15
the 1 and 3 positions of thegpheNtakhbird d. 1
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napht hal ene ring where the cart of~the-poryest er pol ymer unit

are attached t 'i- : L efe ly,
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1, 3-phenyl and 20 2, 6-napht;hyl, or where Ris 1, 4- hensll._and 1, 3- phenyl ;
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sonme ot her noi ; Al B | inhype of aromatic noiety.
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This invention is also novel semi-crystalline polyesters containing specific
mole ratios of terephthalate, isophthalate and naphthalate moietieé (i.e., TA/N
and T/I) useful for producing fabricated articles that exhibit unexpectedly high
15 density levels which are typically associated with a high level of crystallinity.
The high density level is achieved by strain induced crystallization, thermal
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

20 properties.

This invention is a polyester composition comprising the following repeating

unit;

2 9
T:C—-R—-C-—O—(CHz)x-—O

where in any unit x is an integer selected from 2 through 6, ‘inclusive, and

25 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 ieast 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®. Preferably in about 80 to about 96 mole percent of the units R is 1,4-



| sopht hal ate noieties, or conprising terephthal ate, isophthalate and 2, 6-
25 naphthal ate noieties, which conpositions have been subjected to strain
i nduced crystallization, or a conmbination of strain induced and t her nal
crystal | i zawoomio249 t er epht hal ate noi ety we nmean that est ePFCUHPY 1@ 0part of
t he pol yester based on or derived fromterephthalic acid or its equivalent;
by isophthal ate noiety we nean that esi®r unit or part of the pol yester

based on 30 ghesit] ak@dn fabdlt 28ABIBRt 4 Ml Peflent bS s uhitaIRe ! seleaddby
2,6-naphthal ate noiety we nmean that unit or part of a polyester nolecule

based on or dfem é3-phesy and-hamaphthyé mbgre e moje ratioef §.3phenyd to 2,6-
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t her mof or m ng 10rto labawt 45 Inyole peecent df the mmitsiior the aolyesterRis HGBtpHeny), amd
preforms for injection stretch-blow m)hged cont ai ners. For, npst

applications, P R@%’@f‘,“’hﬁfe insat jgast ahout Jadmele perepnt. maee praferablyahouwt 78 d

article exhibyg aﬁom @P mBEhertbnt rahkl ﬁogt]aiéfé?apyab&ﬁ' 84 tI2BRUf 98 RY¥ie
density val ue. ystallinity inparts high sti ess, | ow creep, 1 nproved
barrier pnopepercent aftheouhits Rdedi4-phiemds and whetsetherdensity iof the ftiyester s a

of hi gh densi PyPEC AR ERELABR T b8 BEE bk L Bhebyl e BRERA pBSRY R noos
and barrier tgr@psese caftbdigifle Groasy of &tk pBREstBE polyttrfurfidatd Atached to
the 1 and 4 positions of the phenyl ring, by 1,3-phenyl we mean a phenyi ring
where the carboxylate groups of the polyester polymer unit are attached to
15 the 1 and 3 positions of the phenyl ring, and by 2,6-naphthyl we mean a
naphthalene ring where the carboxylate groups of the polyester polymer unit
are attached to the 2 and 6 positions of the naphthalene ring. Preferably, x is
2. While the preferred polyesters of this invention are those where the only
polymer ester units present are those where R is 1,4-phenyl, 1,3-phenyl and
20 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 moiety.

This invention is a polyester composition comprising terephthaiate and
isophthalate moieties, or comprising terephthalate, isophthalate and 2,6-
25 naphthalate moieties, which compositions have been subjected to strain
induced crystallization, or a combination of strain induced and thermal
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
30 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

from 2,6-naphthalenedicarboxylic acid or its equivalent. The equivalent of



combi nati on of isophthalate and 2, 6-naphthal ate noi eties provides such
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creep, |mprove barrier properties and other deswed performance properties.

There is a need to modify PET to produce fabricated articles that have a
combination of high density and enhanced performance properties, such as

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

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Disclosed herein are new polyesters comprising terephthalate (T),
isophthalate (I) and naphthalate (N) moieties, preferably where the
terephthalate moieties comprise about 80 to 96 mole percent of the ester
units in the polyester, and preferably where isophthalate and 2,6-naphthalate

25 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
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

30 terephthalate and isophthalate moieties wherein the isophthalate moieties
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thermal crystallization. The most preferred method to achieve the density
15 level is by a combination of strain induced crystallization and thermal
crystallization. Examples are: strain induced crystallization by fiber
orientation followed by thermal crystallization by heat setting, strain induced
crystallization by uniaxial or biaxial sheet orientation followed by themmal
crystallization by heat setting, and strain induced crystallization by container
20 injection blow molding or injection stretch-biow 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
temperature to achieve crystallization within the polyester. For strain induced

25 crystallization useful for producing the polyester compositions of this
invention, typical temperatures are about 80°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
ratio of about 2 to about 8 is suitable.

30 Thermal crystallization is a process whereby the polyester is heated at a
suitable temperature to induce additional crystallization and preferably where



tenperatures for such thermal crystallization to produce the conpositions
-of this invention are about 100[err]C to about 210[err]C, and the articles
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enpl oyed i ngj vi | | LOR A\ ther red
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8814.5/ 7.5 mol cOVERPE SAMBIR, {51 SRR, yaiailu arianid MBey of biaxalbn griemsd o)
The di car boxyl i finfeh Healiflg Whfle 30 sgeuHnRRTE T Thé Sadpe BUAG
solids into a reactor, aallﬂril% et ﬁyl e?ne gl ycél eofistfaihed. " Phé Sariip AUhdurdifed
to prevent relaxation and shrinkage during heating and this can be
15 accomplished, for example, by fastening to a frame in the case of films or on

rolls under tension for fibers.

The polyester starting materials used for making the high density polyesters
of this invention can be prepared by standard melt esterification of the
appropriate dicarboxylic acids in the proper mole ratio with a glycol such as

20 ethylene glycol followed by polycondensation. Alternatively, the dimethyl
esters of the carboxylic acids can be transesterified with a glycol such as
ethylene giycol followed by polycondensation. Typical transesterification
catalysts such as the acetates of zinc, manganese, cobalt, sodium and
calcium can be employed individually or in combination with each other. The

25  preferred transesterification 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/I/N
polyester using ethylene glycol as the glycol. The dicarboxylic acids in the
30 appropriate mole ratio are added as solids into a reactor, and ethylene glycol
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added so as to have a 1.15/1.00 nole ratio of ethylene glycol/dicarboxylic
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system purged with nitrogen. After 20 purging,
about 80[ er1q] C.thepreticalgwaterh bytpseduct. t Mmosphgrier asterificatidre is eperforntedr at i S
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crystallized sanple is then reloaded into the dryer, purge
ni trogen, vacuu3cRsgy ievel.rwhigh jsmabewh G558 dLig. OTherpplymerrcan be extruded

into strands, which can be cooled and chopped into pellets.

15  After pelletization, the molecular weight of the polymer can be increased by
solid state polymerization as commonly practiced in the art. A rotary conical
vacuum dryer provides a convenient means of solid state polymerizing the
subject materials. In a typical procedure, the material is loaded into the dryer,
rotation started, vacuum applied and the system purged with nitrogen. After

20 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
broken up. The crystallized sample is then reloaded into the dryer, purged

25  with nitrogen, 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.

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



system heated to 80[err]C, and then the tenperature is increased over a 4
‘hour period to 216C. The sanple is held at that tenperature until the

desired inher osity is achieved. The preferred inhere ty of
the solid sta%o”&é@grl als, as neasured in 30 60/40 (M/M)P&Méﬁﬁ%b

phenol /tetrachl or oet hane at 30[err]C IS 0 60-1. 00 dL/gm The nost

f d h t 8 dL/ WO 98/ 0247
DT b 1200, Donsiigs &f sanioies 1.8, oalveser wgrqmsgtegﬁetaftgﬁpttgmssnsbtan

be increased byg tFérﬁ%dhdengéIfﬁgu%%?’yeaM iriHer &y hefimakérylizRtion ke prepare

crystallization to prepa ster conpositions this 1 nvention.
For exanpl e, 24thei ;botyseateu dempositiens wh thisnimkentionm Bor7éxample o 24 rmib fextraded

88/4.5/7.5 T/I1/ t 5 . ' I I I

the al yeol conpBNEn g iages TofbIg 781 eSSIII”ﬁF?aéféﬂﬁeﬁz%@?@nﬂetéé’teu D)
Ki'lion sheets eXéddd?d:.ﬂfbrI l(madwsthgaetmlénetgvmr@é tHeg Qﬁoﬁﬁ&ﬁpo&ﬁ Iuatnbya _
oriented filmwas then nmade fromthe extruded sheet dsin Long f

stretcher as fosmalhd?4Tine 244t lengthidiameater (1B))cKilignt $hﬁﬂ!o°~mst9ncm with| aad

bt enat 24 nouPerSmpariliest 8 %Isf‘ngﬂ‘??asftrlgwttttttItao%t"vhéée(@mzf Wa
placed in the L@ﬁﬂjd‘a‘drﬁiééﬁjsmd”lﬁal’eﬁl fLlehg i strtenuisasfollb@8] eThe exfrided

stretched biaxially 3.5 tines, i.e., stretched 3.5 tinmes the original size

in each dir ect i sheetmwtt@medh@ asieatrelied tempersture bumidity raeme(28AGr 5% ced

in alum nu a ATES e n Th 5 I ni ng
the f11m salibl B HiPo REHN,IIEY Fh 4 k3834 Yovem, sl e, SBEPIGC! cxbe
tenperature. Thpre‘&aﬁm’tmﬁed\&heer eampmiwhsméénenmm Lohg @tre&:hﬁr,nuéeﬁzd for
allowed to cool to roomtenperature and then renoved fromthe fr

Densities of th&2hsgeonds aﬁéﬁﬁf%?’\ﬂeﬂ@‘%ﬂ%bm"m 3.9itimes He- stretched 3.5

times the original size in each direction. Samples of the biaxially oriented film
were then placed in aluminum frames having 4 inch square openings. The
15  frames containing the fiilm samples were then placed in a hot air oven set at a
preselected temperature. The samples were removed from the oven after 5
minutes, allowed to cool to room temperature and then removed from the
frames. Densities of the heat set samples were determined using the
gradient column method (ASTMD 1505-85). Results for samples from the
20 B8/4.5/7.5 T/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.

Sample Density (glcma) Crystallinity (%)
Extruded Sheet 1.3364 29
3.5 x 3.5 Biaxially Oriented Film* 1.3600 22.7
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.
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Si ze. WD 98/ 0
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by reacting thpdappeostingine dordehsaidn aaiction t@ieephinbre topaigesiersi siehhdshal i c
acid and 2, 6- napht hal enedi carboxylic acid or their equivalents with the

appropriat & glancHN ePRPIYRHENLET i dgf/Nher ddnaepryestern cABbe jkipndes, withy fap, e
copol yesters [ 4O - ester can -
be bl ended wi tseﬁ‘%"gers %E?r@ldé, l\a’ﬁé@&?%%?ﬁ;e‘&ptr%ﬁ%’?’ thelukirell $AACBRRORL o0

T/1/N or T/l rafiss. rHiusthe pblyestericempasitions of thio investion eas befprepaed by

I nvention can be'gﬁrei)ar ed b{ .bl endi ng the appropri ate anobunts of pol éester,
copol yest er oPlenging IRe.-appiobrigter Mpuiisot Rolyestar. copiyestel shterapivestae

subj ecting S“Cern‘EQHQO&ééi}éa”EoFrﬁoi_ﬁ’ion{S*agai ﬂ\gh”g?/!gtégﬁirﬁ %ﬁ&ﬁ'é&nﬁ&éﬁtﬁ%ﬁ%i

preferably, a conbination of strain induced cr zation an
crystal | i zat i strair-inducedepistaliizationcansh preferablyvel gdmbination df straindiadixéeshded

with one part c%élﬁia@'{?&nlé’éd ﬁ'{ezrmyl Lry%{)a%)zlaﬁgr?.t For tegar];igfe?]three parts by weight
of PET can be blended with one part by weight of 3/2 T/l copolyester to form

a 9/1 T/l copolyester blend. Upon subjecting such blends to procedures for

manufacturing film, fibers or containers, followed by strain induced

15 crystallization and optionally followed by thermal crystallization, the high

density polyester compositions of this invention can be prepared.

A wide variety of articles can be manufactured using the polyester resin
compositions of this invention. For example, the polyesters of this invention
can be in the form of thin, preferably planar, films which suitably have a
20 thickness of 0.25 millimeters or less, preferably about 0.25 millimeters to
about 0.02 millimeters. Such films can be used for flexible packages such as
bags and wraps. The polyester of this invention can be in the form of
thermoformed sheets such as blister packages, tubs and cups. Such
thermoformed sheets typically have a thickness of greater than, about 0.25
25 millimeters, preferably a thickness of greater than about 0.25 millimeters to
about 4 millimeters. The films and thermoformed sheets and other articles of
this invention can be preferably made so they are optically clear and
preferably with no visible haze or cloudiness. Methods for preparing and
using thermoformed articles are described in “Thermoforming” by J. L.
30 Throne, Hanser Publications (1987), which is incorporated herein by

reference.
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i ncorporated herein by reference. WO 98/ 02479

PCT/ US97/ 12570 and the pirfarraris ceoled teambiest tempesatare.s A preforpuista precursor

composi t1 ond? of 4 OMRTER S, GBSV AL AUIHEY et BY oS ng efits fderathg
net hods. All kngeReratty hasbut geeetisitd Yands 8 &aermap|difibRr FaHe¥amg abblf bnds
bl ow nol di ng, are applicabl e. i cal exampl es of usual bl ow nol di n?m

5T
met hods are ext AH3Mten oh| Bg ﬁﬁFHicﬁé,ai"er made from the preform. Equipment
manufacturing preforms is available from Husky Injection Molding System

and Krupp Corpoplast. The preform is then reheated to a temperature

15  typically of about 80-140°C and the heated preform is biaxially stretched in a
mold in both the axial and hoop directions by blowing 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 holiow injection molded preform is made at

20 an elevated temperature then directly cooled to a temperature generally of
about 80-140°C and the perform is then biaxially stretched into the final
container design. Suitable equipment for this fabrication technique is
manufactured by Aoki Technical Laboratory and Nissei ASB. Container
stretch ratios, which are defined as the multiple of the individual axial and

25 hoop stretch ratios, of about 8-24 are advantageous for the containers of this
invention, with stretch ratios of 12-21 being preferred and of 12-18 being
more preferred.

The stretch ratio as used herein for the containers, in particular the bottles of

this invention, can be conveniently defined as follows:



i njection blow nolding, and injection stretch blow nolding. Injection
stretch blow nolding is the preferred fabrication nethod. In one type of
injection stretch blow mol ding, a hollow preformis manufactured \é

inj ection nmesag4®nd the preformis cooled to anbient tenf&TAISEVE0A
preformis a precursor 10 for a container and is generally a cylinder

cl osed at one end having a | ength gened@d | y about one third and an external
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preform  EquiShetsh Rays= manuf acturing preforns is avai | abl e from Husky

I nj ecti on Mol di ng Syst em and Krupp Corpopl ast. orm I s then reheated
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directly cool g@st?%u galt?%méerr%t ure gebr?géba w%%%%ﬂﬁe%ﬁﬁ%%%ﬁ e perform
is then biaxi ablq,/steetcblndee!casfnﬂwshe final container design. Suitable
equi prent for this fabrication technique is manufactured by Aoki Techni cal
Laborat ory an%‘%ltcﬁ x2SB. Container stretch ratios, which are defined as
the multiple 01J e |nd| Vi dual aX| al and 25 hoop stretch rati os, of about
8- 24 are advant gz ; - antainerdexciuding negly portiomn _ xi tthh stretch
rati os of 102- Itetnal Ngtumaaﬁfétfefeun §ﬁf§>f®$tr§t2hlm3(mﬂlﬂlgg netFl'éPqﬂl@'f)er Fed. The
stretch ratio as used herein for the containers, in particular the bottles
of this inventWheie FEan be conveniently defined as foll ows: WO 98/ 02479
PCT/ US97/ 12570 - 10-

(em™)
15 Internal Volume of Stretched Container (excluding neck portions)

The units of the stretch index are centimeters (cm).

The “finish” and “neck portion” in the equations above refer to the neck area

or region of the preform and of the boftle or other container that is not
stretched.

20 The containers of this invention, and particularly the botties of this invention,
have a stretch index below 130 cm, and suitably the stretch index is about 50
to 120 cm. A stretch index of about 60 cm to about 100 cm is preferred, and
a most preferred stretch index is about 90 cm and lower and typically about
70 cm to about 80 cm for the containers and particularly the bottles of this

25 invention. A most preferred stretch index for the containers and particularly
the bottles of this invention is about 85 cm and lower, and 80 cm and lower.

The containers of this invention are optically clear and preferably with no
visible haze or cloudiness. The containers of this invention, and particularly
the bottles of this invention, suitably have a wall thickness of the container
30 wall of about 0.12 to about 0.65 millimeters, preferably about 0.2 to about
0.45 millimeters. The inherent viscosity of the polyester in the containers
and, in particular the bottles of this invention, is about 0.6 to about 1.0,



Stretch Rati o= Height of Container Maxinmum Contai ner D aneter X
(without finish) Internal Preform D ameter Hei ght of Preform (w t hout

finish) 5 T%P@é}g%’ onshi p between the preformused to makegdfigolisact i On

stretch bl ow contai ner, such as a bottle, and the container can al so
be expressed as a stretch |ndex as follgws. Stretch Index= Internal Vol unme

8; Igﬁreﬂ)(r:rr:]ege% @Wetaéﬁ{'ﬁg 3&@3 b@ﬁ .fgpdp?éﬂ'f{%dlf% Vﬁe?sgl al‘?’Mrnal
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I nternal Volu Stretched Contai ner (excl ud| ng neck portions) The units
of the stretch index are centineters (92 "finish" and "neck portion"
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of this 1 nvent MyRRtdtElyf 85t FAGE bdifd prarseBd) Thesifetlfatol hoid mpetdhitt 0. °
stretch i ndex BRY Qinel &0 tﬁ@mﬂﬂQe&?eTré’thké’ mit B selegted eI to adhievé thO to

120 cm A stretch index of about cmto about 100 cmis preferred, and a
nmost pr ef er r eddesirest gensitydlexel. sTBQ(ﬁjta"!)mdj-WBdrﬁrwféWéa“%& aphipved (dpriagout

70 cmto about 90 n ‘&H'@‘ t

this 25 |nven FJQAP; B[OV{ ng:lﬁﬁ@% (gétsa rng’t ?h | gx Lr)toﬁm@aﬁ&ét é}re'fe??and
particularly tbemhg,t"tslascmemédtuwaemnw obthe comabinet with themmetal moldedt.thend 80
cmand | ower. The containers of this invention are optjcally clear and

preferably wit Rrasslasted sempaeatwes: apd olof; thes preseiRcted, 1imes dp saghievsitge
I nventi on, 1@”%8@%@6&@&5)’ dénﬁtybofﬁé ﬁﬁecﬁr?t&gfalhé'r ﬁ?li'ceﬂtac l}!\atgéé%&&ve a

wal | thickness o ont al ner to a 0
mllinmeters, pisssuitablylaboaibduto BCBez:onds Jireferalily 4bout 2 to abowtrSsecdmdsi nher ent
viscosity of the polyester in the containers

One of the advantages of this invention is that containers and particularly
bottles can be manufactured without the necessity of adding crystallization
accelerants or crystallization retardants. Other standard additives, such as
15 thermal stabilizers, light stabilizers, dyes, pigments, plasticizers, fillers,
antioxidants, lubricants, effusion aids, residual monomer scavengers and the
like can be optionally added. However, it is not necessary to add other
monomers, such as chain terminating monomers, to the polyesters used to

make the containers and, particularly the bottles, of this invention.

20 The T/l and T/N/N 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 films used in packaging and for bottles

and other containers.

25 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 carbonated
water and carbonated beverages as well as water and non-carbonated

30 beverages. Small bottles, for example 20 oz. and less such as 12 oz.,1 liter,



and, in particular the bottles of this invention, is about 0.6 to about
1.0, WO 98/ 02479

PCT/ US97/ 12570 -11- preferably about 0.7 to about 0.9dL/g neasured in a
60/ 40 wt / wt wopis®Ro®/ t et r achl or et hane at 30[err]C at a concRBRE/PEY(13H%0f 0. 4
g/ dL. Container nold tenperatures of 10-200C can be enpl oyed according to
this invention with 60-160C being pref8red. The stretch ratio, nold

t enper at ur e 50.5der andr.33 liteh botiles dmadeimnathe polyester béthie invention davels t o
achieve the desired density |evel ain 1 nduced crystall

. The str izafion is
achi eved duriexcaligat shelliifa proparties) dierﬁ'g Bimys csheets and 1°°Ut?§lﬁ’5tﬂf[e|tmﬁl
crystallizati 1,08 ~d Al C
cont ai ner wi tﬁ%ﬂ@énﬂEF%F ra;by té{agg ﬁr@o%ﬂéﬁsﬁ%gf @ﬁe?%‘ﬁ%{e@{lﬁft&éﬁaﬁ%&g} t he
presel ect ed t 85 of moanttre \than fabolid 30¢ peefermbly abymetes thate abouty 25 There i me -
t he container i iB contact wth the nmold is suitably about,1 to 8 Sconds,
br e er abi v abBEBENGRLTE tansha 32 Bhe imos SEtRaBh he Tpatbap abont &
invention is tARLIANR O Snand particularly bottles can be manufactured -
wi t hout the necessity of adding crystallization accel erants or

crystallization retardants. Qther standard additives, such as 15 thernal
stabi | i zers, Thegmolyestersi santaipers efitbis inyerfiamand particulady ther bottles (of dhis

fhe Trke-can’ ISv8Bfi 3faio R 4ol Sdte hdtma" R bhiaRl "RIRmaRR SHE° 2%, "0 e,
mononer s, suchapthakitéi moletiesi inathiengroportivner desdribetihRereinabevsé candutivget 0
make the containers and, particularly the bottles, of this invention. 20

The T/1 af@l TEPMRAINNgPOlEstEsRawig terephinalate and iseRthalate soaleties iprtbBar i ng
L oeossapi | 1 PR eRenbal Mol ol o haRAIE by AR ovec,
per neabi | ity imjegiint Steatchriblpwumelding poocessesraiues ted then sppericrgperfpranashceor
bottles properties of the terephthalate, isophthalate and naphthalate polyesters, and
the terephthalate and isophthalate polyesters. Thus, in preform injection
15 molding processes, lower temperatures and shorter cycle times can be
employed. For example, preform moiding temperatures of about 250°C to
about 290°C, preferably about 260°C to about 275°C can be used. We have
also determined that containers of this invention have low levels of
acetaldehyde. if acetaldehyde levels are too high, poor taste properties are
20 imported to the materials such as water and beverages, contained within the
bottle or other container. in measurements on the preforms used to make the
containers of this invention, the preforms containing either terephthalate,
isophthalate and 2,6- naphthlate moieties in the amounts described
hereinabove, or those containing terephthalate and isophthalate moieties in
25 the amounts described hereinabove, where ethylene glycol is the giycol
portion of the polyester, the acetaldehyde content is less than about 8
micrograms per gram of preform, preferably less than about 6 micrograms
per gram of preform, and most preferably less than about 5. Preforms
containing less than about 4.5 micrograms of acetaldehyde per gram of
30 preform are also made by this invention. The amount of acetaldehyde in the
preform is measured by grinding a sample of the preform that has been

cooled to liquid nitrogen temperature and then passing the ground preform



and other containers. 25 The pol yester conpositions of this invention
denonstrate excellent gas barrier properties particularly for carbon

di oxi de and oxygen. These excellent gas barrier properties g
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and nost prefer : | | tm The
pol yest er cor?t aiq'%%/ltsg&'e B?f%:é‘ds%P?}@Qﬁ%}o?%%egglggbﬁ%&g%@%b? {:{ére | es of
this-invention containing polyester having terephthal ate, isophthal ate and
2, 6- napt hal at e Ganteinees 6fn thise inveofion,t iparticulbrlyc théebotties e oh athisv énventidn,

those 10 containing polyester hayi terepht hal at e | sopht hal ate .
moi eties in t heﬁﬂnﬁﬂ'ﬁgi %ﬁ?rﬁsgip?‘h?g%eh M&én%gyﬂ@ﬁﬁ&ﬁ é‘&‘f’ﬁ?‘?ﬁj'rby
i mproved inj ectitRB drh&@its Méﬂcﬂﬁéd"h'e%iﬁ&a&fe‘?%ﬁﬁ&%‘éﬁﬁ}dirﬁné h@gﬁﬂﬂﬂiét&r?nd
performance properties of the terephthal ate, isophthalate™and naphthalate

pol yest ers, and isophthalatepimeiglies én the amopntshdesaribegohereinabove, andswhere

! rs, an . o
Byel o 11 s Pan Bne sl e BHEEERGHE of Mo aIRr hRkY SERBlanyfe PoieR
about 250[ err] Cless tHamuabaR0d ericrofranns of acetaidenyte Her It of ¢dritainer mbernkl

275[err] C can be used. W have .
volume, preferably less than about 2.5 micrograms, and more preferably less

than about 2.0 micrograms, and most preferably less than about 1.5
micrograms of acetaldehyde per liter of container internal volume. The level
15  of acetaldehyde in the container is measured by ASTM D 4509-85.

The polyester containers and particularly the bottles of this invention can be
manufactured to a variety of shapes and sizes including those known to
those of skill in the art. One such bottle is depicted in Figure 1. The bottle 1
in Figure 1 includes a threaded finish or neck portion 2, an optional handling

20 ledge 3, which is integral with and downwardly depending from the threaded
finish portion 2 and further includes an outwardly sloping shoulder portion 4,
which is integral with and downwardly depending from the handling ledge 3.
A main body portion, or sidewall portion 5, is integral with and downwardly
depending from the shoulder 4. A closed bottom portion 6 is formed integral

25 with and downwardly depending from the main body portion 5 and serves to
completely close the bottom of the polyester bottle. The closed bottom
portion can aiso be in the so-called “petaloid” form.

Descriptions of polyester preforms and polyester botties and general methods
for their manufacture are provided in PCT Patent Application WO 96/33062
30 published on October 24, 1996, which is incorporated herein by reference.
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mlligranms of acetal dehyde per gram of preform Containers of this
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88/4.5/7.5 TA/N composition (ethylene glycol as the glycol component),
non-heat set and heat set, compared to biaxially oriented films from PET and
polyethylene naphthalate (PEN) homopolymers. The percent decrease in

15 CO, permeability relative to that for the non-heat set PET film is shown.

Tables 1 and 2 show that T/I/N polyester compositions of this invention have
improved density, crystallinity and CO, barrier properties compared to PET.

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

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

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

TABLE 1
88/4.5/7.5 T/I/N Polyester Biaxially Oriented Film Heat Set § Minutes
3.5 x 3.5 Film Density (g/cm") Increase (%) | Crystallinity (%)
No Heat set (°C): 1.3600 22.7
120 1.3661 0.45 27.8
150 . 1.3744 1.08 34.8
180 1.3767 1.23 36.7
210 1.3815 1.58 40.8
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"Wl lington Sears Handbook of Industrial Textiles," by EE R Kaswell, 5
Wellington Sears Co., 1963, both of which publications are
specifically incorporated herein by reference. Table 1 shows the density
and percentWeP8439 | inity of 3.5 x 3.5 biaxially oriented FfVHE"8™ he
88/ 4.5/ 7.5 nole ratio T/1/N pol yester conposition (ethylene glycol as the
gl ycol conponent) and the effect of h&&t setting to 10 I ncrease density.
Table 2 shows the COerr] perneability of 3.5 x 3.5 biaxially oriented
films of the 88/4.5/7.5 T/1/N conposition (ethylene glycol as the glycol
conponent), non-heat set and heat setEXAMPLES ed to biaxially oriented filns
from PET and pol yet hyl ene napht hal ate (PEN) honopol yners. The percent
decrease i n Thystallioity eaiuespeposted ihergin wereatalmdated framatthé alensitye values heat

set PET filmis shown. Tables, 1 and S t I.LN_pol yest er

conposi ti ons WHCR WWeTe) mRasyresh Ysing tﬁﬁﬁ&%\%ﬂ@éﬁ&# pE‘?’;%Péﬁ-l i keBPMnd
Cderr] barri SBE O tyi e ad sk 4 P j ng the
conposi ti gns ((ﬁ;?x'ﬁi @ﬂv?&@gﬁnﬁ&l l‘]‘ﬂfeésgﬁg%'& smﬁ%%}?ﬁg g i!tdg é&(‘:ar on dlat ons, -
i ncl usi ve, sulsscrsediby Fol.sCaskeytin “Modemn BlasticeDpage 148 (1967)HO -
(CHerr])[err] - OH where x =2 - 6, inclusive. Preferably, the glycol
used is ethle, l.e. where x = 2. TABLE 1 88/4.5/7.5 T/I/N

Pol yest er Bi iented FilmHeat Set 5 Mnutes 3.5 x 3.5 Film

Densi t)c/: ( o/ crAc?rthé )preparation ggggeﬁmm&ﬁzationﬁmwu.ﬁmﬁ TN Yerpolyraa! Z gt
err : 1. T

(1[20 19 the following reacjgpts were added to a 56 lites baich reactor made of 3187 3§ 150

1.3744 . . . . '

1 3767 10  stainless steellljeagﬁaped with a helical ar&épe aﬁ%tor rotating 52 rpm:

1. 3815 ethylene glycol (165823 grams), terephthalic 46id3(33,841 grams), isophthalic

acid (1,731 grams), 2,6-naphthalenedicarboxylic acid (3,754 grams), 10% by
weight of a tetramethylammonium hydroxide solution in water (17.19 grams),
antimony trioxide (10.86 grams), and cobalt acetate (3.83 grams). The
15 reactor was purged with nitrogen and the reactor was pressurized with
nitrogen to 40 psig. The oil heating fluid used to heat the reactor had been
heated to 121°C and when the contents of the reactor reached 107°C, the
start of pressure esterification was recorded. The oil temperature was
increased to 274°C in order to maintain a melt temperature (i.e., the
20 temperature of the contents of the reactor) of 260°C, and the pressure was
maintained at 40 psig by the release and condensation of water vapor. After
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 meit
25 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 meit

30 temperature of 274-288°C and the pressure was reduced at a rate of about



WD 98/ 02479 _
PCT/ US97/ 12570 -15- TABLE 2 CO err] Perneability of Heat Set Filnms %

CJ err] PerneghilJ Heat Set Density CJerr]

Decrease Rel at@‘?)(éll’eélda%-' osition (H.S.) (g/cnferr]) Cryst 1"(:'57”597/12570
Pernmeabi lity* 2 to PET**
PET[ err] No 1. 3661/~ 27

30. 0 25 mm Hg/minute to quTl'{e} p]mm Hg vacuum level. Asgthe mqltr\]uscosﬁy of
1.3884 oﬁﬁ

5.3 88/4.5/7. 5[ er rtrrp s4e|_ll'éncreased the speed o?@xedagltator\%%sorgduced step-wise |n22_ 7
26. 3 5 rpm mcrements t6 220 rpifi/ 4F&ﬂ)7coﬁbensa]tlon was continueti2€gr5p83r ]
%238%8 /4.5 7. 5Trgpqt?s when the targe}gg/tg{o&er ?f 2500 pound/inch wasgphieved at 20

40. 8 5 itatof & e?ed 29.3 PEN err] No HS
1. 3468 26. Gmm agratofsp 4.9

83.7°* cc-m /1000 in[err]- atmat 35[err]C ** non-heat set PET [err]

pol yet hyl ene tef8® N@ﬁ&!fat\'@s[fé edwils nitegen and 50 psig pressure of nitrogen was

terepht hal ate/i t h e ene
napht hal at e [er?‘j?(‘j)'{H (r'j%h r?é&%p mgP%i}’f“‘%nﬂﬁ% é%twé J'”W g\e use of a
PCT/ US97/ 12570 méﬁptﬁ%ﬁﬁhﬁ&b@lwmt@flthe headtol aTHE StraRBS Weps! chsteaiin AL
calculated fromthe density val ues, which were neasured using the A

D- 1505- 85 pr ocel@theandtshopRed ing amomhquscpeliets) Fbe rmelists hag a 4. @Qsﬂb/@re
measured usig AR Wisity as measured in 60/40 wtwt phenolftetrachloroethane at

30°C at a concentration of 0.4 g/dL. Isolated product yield was
37,000 grams.

Example 2

Sixty-five pounds of the amorphous pellets from Example 1 were placed in a
15 70 liter rotary conical vacuum reactor with oil heat transfer fluid heated to
176°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 0.4°F/minute to a final temperature of 320°F. The pellets
were crystallized at this temperature for 6.0 hours. The temperature was
20 cooled to ambient, nitrogen was used to release the vacuum and the

crystallized pellets were sieved to remove any agglomerated pellets. The
yield of sieved pellets was 64 pounds.

Exampie 3 _

Sixty-four pounds of the crystalline pellets from Example 2 were placed in a
25 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
30 ambient, nitrogen was used to release the vacuum and the solid state



described by T. L. Caskey in "Mdern Plastics," page 148 (1967). Exanple 1
For the preparation by nelt polynerization of a 88/4.5/7.5 T/1/N
terpolynmer, the following reactants were added to a 56 liter b%t_,cq_[eactor
made of 316WM@9/3¢%i nl ess steel equipped with a helical andfSMSEH? Rt or
rotating 52 rpm ethylene glycol (16,523 grans), terephthalic acid (33,841
grans), isophthalic acid (1,731 grans)182, 6- napht hal enedi carboxylic acid
(3, 754 gr ans) poliiérizedvisaiiehs wefe aidvedrtenehiyveaamp agglonieratedxpelletssoThei on in
water (17.19 grams), .antinony, trioxjde (10.86 grans),.gnd cobalt acetate
(3.83 grans). %'Pr‘ﬂe JISS‘eY%d{e(ygtsva’@pégdl‘ﬁ"\ﬂﬁt W“ﬂi ﬁ%é@“e%igﬁaé)ﬁé' ReRs,  was
pressurized W, W (19961078 psig. The oil heating fluid used to heat

t he reactor ha!?laggiefn(ggat ed to 121[err] C and when the contents of the

reactor reached 107 t of pressure esterification was
recorded. The RRAAWAN to 274[err]Cin order to

N e » g 3 Mot ; <
mai ntain a_nelt . t e r I . t r r h ontent s of
t he reactol) (é‘«rfggﬁéﬁ%, ﬁg'&'d ﬁ(ﬁg’p:g?g%g\g?% 'ﬁgggn@%rﬂt Qlﬁé\ya&sﬁb%sgaa by
the rel ease aps/&oTiETAMN polyesfer wdirpositivRAlsing & tkillio? Model KUL£25 17, idagld, gr ans
of condensate was collected and the pressure was reduced over a period of 5

mnutes to at A4éhnidPi singlecsatgme extrudereavipped (with & Beinchi fexible Hips sbeetwas
conducted for AU t akd-SHREAL P 70
grans of condee%gggpgnv\%/aggggﬁ gé’?ﬂe}éﬁe%ﬁ?lfé%m m'}t etﬁﬁg%}&?%ﬁﬁn@aﬁtﬂggsﬁ he
at nospheri ¢ ethreughi @ dfeeuntc exj)) weren 288,r2740f27F, ZF7grATsand 3800SphMeitc aci d
di ssolved in 100 grans of %%ée&glﬁycol was gdded to,the polynmer nelt.

At the ter'®i né?magraé'ﬂfetwes ) $heed, was ¢ 3:[PBhagd dpke-tip sPged was
tenperature ' d | L O

274" 283] or 1] C api o RIRGES B Svpatiie B Sofind Rtel e, Bl of e

98/ 02479 unit was 38°C. Under these conditions, 24 mil thickRextrudstl Ahkabhaving a

the star

density of 1.3364 g/c:m3 was produced.

E e 5. Biaxially Ori | Eilm P i
15 Biaxially oriented fiim was made from the 24 mil 88/4.5/7.5 T/I/N polyester
extruded sheet using a T. M. Long film stretcher. Sample 2% inch squares
were die cut from extruded sheet prepared as described in Example 4 above
and conditioned in a controlied temperature humidity room (23°C - 50% R.H.)
for 24 hours prior to stretching. The conditioned sheet samples were placed
20 in the Long stretcher heated for 120 seconds at 108°C and stretched biaxially
at a strain rate of 300% per second to final dimensions in each direction 3.5

times greater than the starting dimensions. The density of the resuiting 3.5 x

3.5 biaxially oriented film was 1.3600 g/cm”.

E le 6. Heat Sett { Biaxially Oriented Fil
25 Heat setting was done using an aluminum frame having two 4 inch square
openings. A sample of biaxially oriented film was placed 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

30 the frames. Densities of the heat set samples were determined using the
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Vacuum was applied (0.5 man)ngilﬁbthe reacto_{ &%s rotated.,af a speed of 2
rpm The oil tenperattse--Was-i-ACt-eased-0Mer.--a ﬁ [1-00--0f-4. 8’ ours-iat a rate
of 1.0[err] |:5/m£ute It& a final tenperature of 410[err]F. Solid state

For the preparation by melt polymerization of PETI-10 copolymer
(polyethylene terephthalate modified with 10 mole percent isophthalate
moieties, i.e., a 9/1 T/}, the following reactants were added to a 56-liter 316
stainless steel batch reactor equipped with a helical anchor agitator rotating
at 52 rpm: ethylene glycol (16,860 grams), terephthalic acid (35,290 grams),
isophthalic acid (3,920 grams), 10% by weight of a tetramethyl-ammonium
hydroxide solution in water (11.2 grams), antimony trioxide (10.86 grams),

10

and cobalt acetate (3.83 grams). The reactor was purged with nitrogen and

the reactor was pressurized with nitrogen to 40 psig. The oil heating fluid
15  used to heat the reactor had been heated to 121°C and when the contents of
the reactor reached 107°C, the start of pressure esterification was recorded.
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
release and condensation of water vapor. After 230 minutes, 7,475 grams of
20 condensate was collected and the pressure was reduced a period of

5 minutes to atmospheric pressure.

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

minutes after the start of the atmospheric esterification step, a mixture of



pol yneri zati on was continued for 18 hours, the tenperature was cooled to 30
"anbi ent, nitrogen was used to rel ease the vacuum and the solid state WO
98/ 02479 PCT/ US97/ 12570 - 18-

pol ymer i zedw@dBIoa4’8 were sieved to renove any aggl oner at edPEEPPYNZS0The
yield of sieved pellets was 62 pounds, and the pellets had an inherent
viscosity (IV) of 0.78 dL/g. Exanple {p-Extruded Sheet Preparation 5
Extruded shee3 38 igramb ol ihospRoNBaciariiks Q0% rasr efdthylene glyeoP&d¢. 5/ 7. 5
T/1/ N pol yester conpositi onpu3| ng a Ki Iofv:égghﬁ/bd? KL- 125ﬁy errg]twi nch, 24/1
L/ D singl e scaddedexor dirr peljmeppateltvni t At athe teraminatian; of éhqa i ptragapheric

Zones 1t hr o gemRtEnster GO ET et BsRn e wibbrods STNG 2 Gabih f ek
260[ err] C. Mefeimpefature WQV#ZBS?C\W fHOprisslile was rreﬂﬂaamealdam ofoatiqun and

take-up speed was 5.5 feet/mnute. The tenperature of cooling water to the
3 rolI's of5 t he5 mméigiminutaite ahaut LOrem Mg vaeyualevele b themelt visersity ol ni |

Bam o 5. b G APEy R diredsfiiic sfed of e Sl R dactBuBlaReIR" |,

was made frongt l'mnzmcreMe&&! 4052D. 5pr‘ﬁ' I / IRowoy\demsattoexMasjamnahm fogi ng a

T. M Long fi stretch guare re die cut from
ext r uded sheeﬁ%ﬂwﬁé e'?:%" &&% ngﬂiﬂ poypdfinchawas ashieved Mted in
a controlled % a@t,#&:ﬁs?gggdl ty room (23[err] C- 50 R H) for 24 hours
prior to stretc ondi ti oned sheet sanples were placed 20 in the

L h |
at 3 stralt rop 9%{?@@83&‘5 refCass BRI firBhert 16 30 po pitesbld S ARRGerP LAY, 7Y
3.5 tines greadded tchthe mlaetort dihei palyrdenwas iextraded into dirands by ttie ubeof a

resulting 3 5mxelt pump on the bottom of the reactor. The strands were cooled in a water
bath and chopped into amorphous peliets. The pellets had a 0.65 dL/g
inherent viscosity as measured in 60/40 wt/wt phenol/tetrachlorethane at
15 30°C at a concentration of 0.4 g/dl.. Isolated product yield was

37,290 grams.

Example 8
Sixty-five pounds of PETI-10 from the above Example 7 were crystallized and

solid state polymerized in a manner similar to that described in Examples 2

20 and 3. The times, temperatures, and vacuum levels were identical to the
previous examples. The yield of sieved pellets was 61 pounds, and the
pellets had an inherent viscosity of 0.81 dL/g.

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

25 Example 9
T/ and T/N copolyesters and T/I/N terpolyesters were melt polymerized in a
manner similar to that described in Examples 1 and 7. The meit polymerized
inherent viscosity values for the compositions and PET homopolymer are

shown in Table 3.



3.5 biaxially oriented filmwas 1.3600 g/cnferr] Exanple 6: Heat Setting of
Biaxially Oiented Film25 Heat setting was done using an al um num frane
having two 4 | c are openings. A sanple of biaxially ori was
pl aced in each}& /eo?]ﬂ g of the frane, and the frame contai ni ngei"ﬁgwslgﬁm

was placed in a hot air oven set at a prgselected tenperature. The sanpl es
were renoved fromthe oven after 5 mi nuf g aIIovved to cool at room
tenperature and then renoved from 30 fes. Densities of the heat set
sanpl es were determ ned using the V\D /02479 .
PCT/ US97/ 12570 -19- gradi ent coldmy tretnot -ASHWESYS85-85). Densities of

3.5 x 3.5 biaxially oriented fil ns fromthe @8/4. 7.5 T/!/Npolyest
conposi ti ons pr-epar-ed-as—deser-bed- { el ow.

| ncrease i n SanfsP@position DMt ty Extruded t\ (%)
Ext ruded Sheeti __ (THIN)* UNRatio : Polymerized 7 'SBE“S x_3Sheet axiial |y
Oiented Film 1. 3600 Heat set | m
([err]O: 12 PET % 3ug162 1096 ,Qf Y8

1.3744 8.0 Mole Perze@t Madified 1. 3767 3.0
210 al. 3815

3i4 ampl e tthe
preparation RETNWe| t polynerjzati on061 PETI - §€X opol%ﬁ
ol yet hyl ene it al at e fied W 0 nble cent Is hal at e
|(Tg| e%II eS?/ i . e. 1@‘{\‘&'9%_6'}'/ I I ;Talgi f-0--0\d btbﬂ-nah ant@7§nr e-added--t.0..a.
56-liter 316 sSt9d/B3fRxE steel R#tch reacnca-; equj ppeglgpi thia heygal anchor

agi tat or rot atii
9 1% Mole Percent Modification

PETI-10° - 0.65 0.81 0.78
12.0 Mole Percent Modification

PETN-122 - 0.64 0.80 0.78
88/4.0/8.0 1/2 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 1/2 0.60 0.81 0.76
84/8.0/8.0 11 0.62 0.80 0.76
PETI-1 sb - 0.64 0.84 0.79

* Ethylene glycol is the glycol component.

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

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 T/l

10 Example 10
TN and T/N copolyesters and T/I/N terpolyesters from Example 9 were
crystallized and solid state polymerized in a manner similar to that described
in Examples 2 and 3. The solid state polymerization inherent viscosity values
for the compositions and for PET homopolymer are shown in Table 3.



10 . at 52 rpm ethylene glycol (16,860 grans), terephthalic acid (35,290
grams), isophthalic acid (3,920 grans), 10% by wei ght of a

t et ramet hyl - ammoni um hydr oxi de solution in water (11.2 grans), antinony
trioxi de (1w@B®wgs®ns), and cobalt acetate (3.83 grans). TRETUSEEREHO was
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psig. The oil heating fluid 15 used22o0 heat the reactor had been heated
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condensati on %@E?@H&@}lﬁ%ﬁtyﬁ?t@%%ﬁﬁﬁh?gg : Eegﬁ%ﬁé}sgﬁ’%g' “Fhe?
condensate waheet oinherdmntd vistadity t baluepr rsithe oomrpositiotisc ahd afor p@ETod  of
5 mnutes to atnospheric he_at nospheric esterification step was

ressure.
conduct ed for e q\m\gga%s “f?e‘f‘thLéﬁraerature of 263[err]C and 420 grams

of condensate was collected. Fifty mnutes after the start of the

at nospheric e hdledat i on step, a m xture of WO 98/ 02479

PCT/ US97/ 12570 -20- 3.38 granms of phosphoric acid dissolved in 100 grans of
et hyl ene gl ycdi/l and Hhtieapelyestas aod ifdN temalyesters shaets drom xamplie ot t he

it ai o meMS e Gerisf o 63 d plarERE oRbiieD HASn lfeRiEtenigLc.
at a rate of abaHht GesctbetNinHExamplots: Theatimigt wdreOther igat\s2t v hrRnfkr  AS
the melt viscosity of the copol yester increased, the, sPeed of the agitator

was reduce® sts¥pilds d@ hat lassrbed 1B, Example Go 2bhe ghitia hegt slemsiy AAnthn was
ggm chgdaz 0r2 § p%mﬁ,{ag@ Oﬂr“/@giggtggﬁsi’cﬁrd%&ﬁy"ink%é%‘é?c%ta?lw, EAHBA/didiedk Vas
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
15  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.



10 .The vacuumwas released with nitrogen and 50 psig pressure of nitrogen

.was added to t
of a nelt pu
wat er bath a

b kot

he reactor.

0o

The str

The pellets
/w phenol /tetrachl oret hane at 15
| sol at ed product yield was 37,290
fromthe above Exanple 7 were

ands we

The pol yner was extruded into strands by the use
e bottom of the reactor
ed into anorphous pellets.
I nherent viscosity as neasured in 60/4
30[err]C at a concentration of 0.4 g/dr%
grans. Exanple 8 Sixty-five pounds of FEABLE®

PR G

65 dUg

crystallized and solid state pol yner iggslpidpestidgrnner simlar to that

described in E

| evel s were id
was 61 pounds,
ot her conposit
Exanpl es 1-7,
t er pol yesters
in Exanples 1

conpositions ali

PCT/ US97/ 12570
Vi scosity (dL/
Solid State

APt EBEF 20 AU Ghest 1€ 111 B533 nd ABPCABW $HS 2408 Yacuum
entTCar— t o the prevrous exanptes—— e yrerd-of—sreved pellets
| Baesitylgicmbe| | etis hddB¥HB _iinhe @670 vi scasi ty.386850 81 idL/g. The

@N\Rcrahsd i S i mvention can bg jgade usiing Gy procedur es of

nehusrve:r25—Exanpt-e-9+¥-t—and-TN-gopot-yesters—and T/1/N
N @ryatel t pol yner AR inia @fher sinil.adS® that described
a he nel t; pol yneri Zed 4gpherent Viscgpsdty val ues for the
ngﬁﬁ.é?"ﬁu..upui ymer-are-s o Tabte S Wo-581-62479

PEIN-8TABLE 3 Summary of T/I/N Conpositions |nherernt
DD RFML 1 ON | 43364 1.3626 1.3830 Mel t

i =XTTiodaed

% Increase - 1.96 3.49

% Cryst. 3.7 25.7 429

CO, Perm. - 30.2 (-15.6%) 25.8 (-15.4%)

92/4/4 TNIN

Density glem® 1.3379 1.3653 1.3835

% Increase - 2.05 3.41

% Cryst. 36 26.3 41.4

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

92/5.3/12.7 THIIN

Density g/icm® 1.3376 1.3631 1.3835

% Increase - 1.91 3.43

% 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

% \ncrease - 1.95 3.01

% Cryst. 3.6 25.8 37.9

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

88/4.5/7.5 TIMN

Density g/cm® 1.3368 1.3615 1.3785

% Increase - 1.85 3.12

% Cryst. 3.2 239 38.2

CO, Perm. - 32.0 {-10.6%) 25.0 (-18.0%)




5

(T/1/N)* I/N Ratio  Polymerized Polymerized
-Sheet PET 0. 62
0.76 0.73 8.0 Mol e Percent Modified PETN-8[err]
0.61 WO 98/02479 0. 80 0. 75 92/ 4. OPETYS12570
1/1 0.61 0.78 0.73
92/5.3/2.7 2/ 1 -24- 0.61
0.81 0.79 10.0 Ml erABLElt Modification PETI-10[err]
0. 65 0.81 . 0.,7? 12.0 Mol e Percent
Mbdi fication PEIN-12[err] Film Properties{cont'd
0. 80 88/8/4 TIN o 73 igg/Shestg 3x 3 no HS 3 x 3 HS 21pi5
0. 60 Density /éd® 1.3366 1.3634 0. 80 88/334p54. 0
2/ 1 0761 081 0.78
16.0 Mol e Per ¢¥¥ncmedse f i cat.ion. PETN-16[.er 201 3.28
0. 58 % Cryst. 0.78 18 24.1 0.73 8443 3/10.7
1/ 2 060 081 0.76
84/8.0/8.0 CO, Perm. -1/ 1 26.8 (-25.1%) 19.60-35.7%)
0. 80 PET|_1°b j Z? PETI - 16[ er r] o .
0.64 U o \v Et-hyterre—ed ycol is
the glycol coipPensitytg/emr ] PETN-388312  146.3628ns_a pol ve3838 ene
t er epht hal at e: s}a‘p‘g'teggé ate copol yest er 5 497 havi ng 3841 10 and: 16 nol e
per cent napht val-ate-moi-eties: aTrN—ferri-PET=16—and-PEH - 16 neans
a pol yet hyl ene4 ervéhht hal.at ex ) scib%t haI at.e2%dhpol vestier. 4b%ing. 10 ol e
percent i sopht b@quieﬁ.nand 16 ol e _percent 35ppbs Ba)at e, 1d §p8EGEVEI Y, 1. €.,
a T/l. 10 Exa | e 10T and—T-Ncopot-yesters—and-¥/r7N-terpotyesters
from Exanple: r16” cr\Lstal lzed and solid state polynmerized in:a manner
simlar totha Lhed in The soli ate
pol ymeri zati ofr- 1 ﬁﬁnt ~\tsC os*"r--t--y*"vﬁ Ue’s--"‘fﬁg?e%t he"coq‘rpesf?ﬁ)ﬁs -antd for PET
honopol yner ar & kieeasei n_Table 3. 1.88 3.08
. % Cryst. 2.6 243 38.1
: CO, Perm. - 26.6 (-25.7%) 23.0 (-24.6%)
84/5.3/10.7 T/lIN
Density g/lcm® 1.3360 1.3617 1.3772
% Increase - 1.92 3.08
% Cryst. 2.5 24.3 375
CO, Perm. - 25.1 (-29.9%) 22.0 (-27.9%)
84/8/8 TN/N
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 g/cm® 1.3374 1.3601 1.3789
% Increase - - -
% Cryst. 0.6 19.2 34.6
CO, Perm. - 24.2 (-32.4%) 21.0 (-31.1%)

and 16 mole percent naphthalate moieties, i.e., a T/N.

2 PETN-8, 12, 16 means a polyethylene terephthalate-naphthalate copolyester having 8, 10

b PETI-10 and PETI-16 means a polyethylene terephthalate-isophthalate copolyester having
10 mole percent and 16 mole percent isophthalate, respectively i.e., 2 9/1 T/l and a 84/16 T/I.



WD 98/ 02479 PCT/ US97/ 12570 -22-
Exanple 11 T/1 and T/ N copol yesters and T/I/N terpol yesters from Exarrpl e 10
wer e extruded I%’? ﬁ{met in a manner simlar to that describgd. _?

4. The sheet YRREPHAL vi scosity values for the conpositions and for PET 5
honmopol ymer are shown in Table 3. Exanple 12 T/I and T/ N copol yesters and
T/1/N terpol yesters sheets from Exanpl e2%1 were biaxially oriented into 3.0
x 3.0 biaxiall d filmin a manner simlar to that described in

deccri bed i n EXhrE SN CoBSREFY andCul B Hom ER0BR, AT, VOR,

the filmdensi tbiaxnd&rﬁriérﬂedi RoeRs @, bRxidilyarientad film hpa anribr @icniler to that

perneability,
shown in Tabl e desctipe
210[err] C far
pernmeability (Perm
shown for CJerr]

and carcg

ues

i oxi de_barri er
¥RIRPIRe At ;fg

&red &ifid Gl c&k@é@

re cc-m

vjnq

aTl}b%O%B stf"F’er r

|nprovenent conp

ared to PET are
g sheeh ang film) daﬁ‘&!f'%% | PRrReRk depsityyt

f £arbon dioxide 15
y atm The percentages
perneablllty are the percentages for the change in

perneability relative to PET. TABRE&/ 02479
PCTI US97/ 12570 -23- TABLE 4 Film MT Sheet
3 x 3 no HS 3 x 3 HS 210/5
Density g/cm’
Composition Increase Film
TIIN® I/N Ratio | Sheet Film (%) Crystallinity (%)
PET - 1.3376 1.3702 2.44 30.5
8.0 Mole Percent Modification
| PETN-8" - 13364 | 1.3671 | 2.30 205
92/4.0/4.0 11 1.3379 1.3674 2.20 28.1
92/5.3/12.7 2/1 1.3376 1.36B89 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 1/2 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® ~ i93380 | 13613 | 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 1.95 236
| PETI-16" —~ 1.3374 | 1.3635 1.95 22.0

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

b

10 PETI-10 and PETI-16 means a poiyethylene terephthajate-isophthalate
copolyester having 10 mole percent isophthalate and 16 mole percent
isophthalate, respectively, i.e., a 9/1 T/l and a 84/16 TIl.



Density g/cnferr] 1. 3376 1. 3670 1.3885 %

- I ncrease - 2.20
3.81 % Cryst. 3.8 27.9
45.5 CQO er ryOpe9a479 - 35.8 35.8 PCT/US97/12570
30.5 PETN-8[err] Density g/cnferr] 1. 3364 1. 3626
1. 3830 % I ncrease - 26- 1.96
3.49 % Cryst. 3.7 25.7 42.9
CJerr] Perm 30.2 (-15.6%
25.8 (-15. 4%Prefzms452 ﬁ/gr/amsmdsmgnyd dorcarbtraight wall 2 liter stretciablyw molded
1. 3653 2. 05
3 41 % Qryst . bottle werellnlo’qufén o@&é%%‘?o 80 lyGPgT control resin, 0.89 (\V f%Tld& err]
Per m resin, and 0.81 IV 88/8/4 mole rath TN Jrésnﬁ%n an Arburg 820H( sih§le3%)
9215.3/2.7 T/I/N Density g/cnferr] 1.33
1.3631 5 cavity injectiongnelding marhigee Temperature proﬂ!es and cycle times were]. 91
3.43 % Cryst 3.0 24. 3 41. 3
Cqerr] Permas Shown below. 28.7 (-19.8% 24.8 (-18.7%
PETN-12[ err] Denst {Tempetatiie; rC¢) PET 1..3%EX1-10 8818/4622
1.3764 % | ncrease - 1. 95
3.01 % Cryst. Nozzle N 275 260 26iQ 260 37.9
CJerr] Perm Front Zone - 285 287y (- 20. 45
25.0 (-18.0% 88/ &r5/7T5THt1N ensug ghenferrti 13368 1. 3615
1.3785 % | ncr ease | Middle Zone 270 265 1. 85
3.12 % Cryst. .9 .2 Cderr] Perm
32.0 (-10. 6% ’393"2”"?8 G‘}{} 215 255 285

Cycle Tlme sec. 39.0 33.9 33.9

Two liter straight wall bottles were stretch blow molded on a Krupp
Corpoplast LBO 1 stretch blow molding machine from these preforms. The
preforms from ail the compositions were heated to 105°C prior to stretch blow

10 moiding.

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
15  whole bottles.

Bottle Sidewall Properties

Non-Heat Set PET PETI-10 88/8/4
Density g/em® 1.3700 1.3640 1.3610
Crystallinity (%) 30.4 23.8 22.1
After Heat Setting
Density g/cm® 1.3768 1.3716 i 1.3705
Crystallinity (%) 35.9 29.9 30.0
CO, Permeability on Whole Bottle
Estimated Shelf Life in Weeks 11.7 14.5

! % Improvement in CO,

i Permeability Over PET - +24




WD 98/ 02479
PCT/ US97/ 12570 -24- TABLE 4 Film Properties (cont'd) 88/8/4 T/1/N

Sheet 3x3 no HS 3 x 3 HS 210/5 Density g/c err

1. 3366 W0, 9843478 1.3805 % | ncrease MUS97112570
2.01 3.28 % Cryst. 1.8 24. 1
38.3 CJerr] Perm - =27 26.8 (-25.1% 19.6

(-35.7% PETI - 10hese Hakessow\the/exaglant]CO, gas bardersgroperties achigvespg the

éé??ng’g % Qryst. polyester compogitigns ofth?fp\fert%f&?g. 6% 19, 84(1'- 35%/()er r]

PETN- 16[err] Density g/cnferr] 1. 3350 1. 3601

1.3761 % I ncrease 1.88 3.08 %

Cryst,. Example 15 2. 6 24.3 38.1

CCIerr] Per . . - 6? A . 23.0
“ha. v oal's. SP YGRS the BleBelow are thE Bl &P tneanalysis for agatgidenyce

1 3617 leveus of7 Battio prmrmssand bottles made from PET, a PETI 10 bn82an

3.08 % Cryst. 5 Cgerr]

Per m . 88/8/4 T/IN. The got(leg gleg%ﬂ 022 Qo@!e§ nquegf;gm@zg,/?@ram injeqtion

Density g/cnferplided preform by ur}ec?i%ﬁjlstrg%ch blow ﬂwo%@%s. The molding tem?aepaéaréy%

| ncrease
shown below is the temperature used for the preform molding. The cycle

10 time is the time for resin injection into the mold, molding and ejection of the

preform.

PET PETI-10 88/8/4 T/I/N
Molding Temp. (°C) 275-280  255-265 250
Cycle Time (sec) 29.6 27.4 274
Acetaldehyde (ppm)
Resin * 1.0 0.4 0.5 micrograms per gram of resin
Preform ® 10.5 5.2 4.3 micrograms per gram of preform
Bottle Headspace ® 2.9 1.3 1.1 micrograms per liter bottie volume
a Acetaldehyde levels measured using the procedure described herein

above for measuring acetaldehyde levels in preforms.
b Measured using a procedure based on ASTM D 4509-85.
15

These data demonstrate that the method of this invention produces preform

and bottles having low levels of undesirable acetaldehyde.



%Cr_yst. 1.8 22.5 36.2 CJerr] Perm

- 25.2 (-29.6% THIS SHEET HAS BEEN 20.8 (-31 .8%
PETI - 16[err] Density g/cnferr] 1 pPBIKEED 1. 3601
1.3789 % | nwosasz4796 Cr yst . 06 1BCTUSY7/12570 34, 6

CJerr] Perm - 24.2 (-32.4% 21.0
(-31.19 [err] PETN-8, 12, 16 neans a.zgl yet hyl ene

t er epht hal at e- napht hal at e copol yest er ' 8, 10 and 16 note percent
napht hal ate noieties, i.e., a T/N. 5 err] PETI -10 and PETI-16 neans a

pol yet hyl ene terepht hal at e-i sopht hal at e copol yester having 10 nol e percent
and 16 nol e pdavieadessihad the inyentionethal whichds wlaimed is:y 9/ 1 T/1 and a 84/ 16
T/ 1. WD 98/ 02479 " . , ) _

PCT/ US97/ 12570 - 251 ExdhpPiyester epmpgsition crmpsipig fae fllowing, reppatingunits
terpol yesters from Exanple 11 e bigxially orienyed into 4 x 4 biaxially
oriented filmin a manner simlay to f{hat described in Exanple 5. The sheet
and filmdensities, percent deftisC+3R-5C—O-r¢CHg)ge filmcrystallinity

val ues are shown in Table 5. TABLE 5 4 x 4 Fil m Properties Density
?agp&:;;] sconRggll'et inozrllny unitX ﬂwwip;qqfé,spiected from 2 throughy & jppiysive, apd et

Film g - | Jrieied 3 - -
1.3376 1. 390%™ Gt least 2 pomoﬁfmgéﬂi t8'R ¥ ¥%-giehy, and whesen st legst

Percent Mbdi f abeutiSomokegerceptef the total units R is 1,3-phenyl, and where theldessiiy
1.3671 of the polyester i€ af fast about 1.362 glom®. 29.5

2. The polyester of Claim 1 wherein about 8 to about 25 mole
10 percent of the total units R is 1,3-diphenyl.

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

4. The polyester of Claim 1 wherein X is 2.
5. Articles of manufacture comprising the polyester of Claim 1.

15 6. Containers comprising the polyester of Claim 1 having a stretch
index of less than 130 cm.

7. Fibers comprising the polyester of Claim 1.

8. Films comprising the polyester of Claim 1.
9. A polyester composition comprising terephthalate moieties and

20 at least about 8 mole percent isophthalate moieties having a density of at
least about 1.362 glom®.

10. A polyester composition comprising terephthalate moieties and
at least about 5 mole percent isophthalate moieties which compaosition has
been subjected to a combination of strain induced and thermai crystallization.

[l

et Has Been Replaced

| A IO

Th



> 5o 40 28.1 o215, 4718, SHEET 1S BeEn | SFh

1.3376 1. 3689 2. 34REPLAGED | 29.1 10.0 Mol e
Per cent Modi f V¥R BATPETI - 10[ err] PCT/USIT/25M333
1.3673 2.17 27.7 12.0 Mol e Percent

Modi fication PETN-12[err] -29- 1.3362 1. 3666
2.28 11.  2Costairisrd cOMPriSing the polyester of Claim 9./ 2

1. 3368 1. 3659 2.18 27.6 88/8.0/4.0
2/ 1 1. 336 . 1.3657 . 2. .

26.0 16.0 Nbl e Per cei%' Vo PRIBINGTS SAMBETG the ppivester of Claim 10.

1. 3350 1.3613 1.97 25.3 84/5.3/10.7
1/2 . 1.336013.  The polyéstés Zontainers of Claind 19%made by injection stretch
25.0 84/8.018.0 ) . 1/1 1.3361 1.3621
1.95 blow molding; ugingarstretel ftio of about 21 and lower.

1. 3374 1. 3635 1.95 22.0 [err] PETN- 8, o
12, 16 meansga pol yejdyl i s g 8,
10 and 16 rmtl5 e per ce?IJtp nggﬁ? glrygt@tgr %hg'ﬁrg%ﬁe%ﬂ qgﬁ?ﬁfﬁ%ﬁé&ﬁﬂn Q(?é{t'cﬂ

PETI-10 and Pbipw meldingusing asstrgich vatiosfl 24nand loaveepht hal at e- sopht hal at e
copol yester having 10 nol e percent isophthalate and 16 nol e percent

| sopht hal ate, respeckgvel y, . o/ 1 /I ngg' a, 84116 T/I. WD 98/ 02479
P Uso 7 12670 < 26.  Examve Metfiod oot plaigg, B raﬂ?ﬁ‘}sg%egf’ A& f GPMRrising
strai ght wall Zsubjeetingsa pelyesteblcompueition ¢obpirising the fsliowing fépgeatingemited from
0.80 IV PET control resin, 0.89 IV PETI-10 resin, and 0.81 IV 88/8/4 nole

ratio T/I/Nresin on an Arburg 3 HsinIeS cavityy injection nolding
machi ne. Tenperature profiles and gyclejti nes were as| shown bel ow.
C—R—C—0O—(CHp)x—

10 to strain induced crystallization and optionally followed by thermal
crystallization to achieve a density of the polyester of at least about
1.362 g/cm®, 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
wherein at least about 5 mole percent of the total units R is 1,3-phenyl.

15 16. The method of Claim 15 wherein the strain induced
crystallization is accomplished in a container stretch blow moiding apparatus.

17.  The polyester of Claim 9 wherein the mole ratio of terephthalate
to isophthalate moieties is 92:8 to about 82:18.
18. A polyester container manufactured by blow molding of a
20  preform wherein the polyester comprises terephthalate moieties and at least

about 8 mole percent isophthalate moieties and wherein the container has a
stretch index of less than 130 cm.

18. The container of claim 18 wherein the mole ratio of
terephthalate to isophthalate moieties is about 92:8 to about 82:18.
25 20.  The container of Claim 18 in the form of a bottle.
21. A polyester preform for injection stretch blow molding wherein

the polyester comprises terephthiate moieties and isophthlate moieties and

This Sheet Has Been Replaced

O ) LT L




(Tenperature, [err] Q) PET PETI - 10 881814 Nozzl e

275 260 260 Fron %“ﬁfg"’gé:-‘- WAS BEEN 285 270
265 M ddl e Zone g -l “ED 265 Rear Zone
275 WO2B82479 255 | oycl RFRHAEEY soe BGI/YS97/12570

33.9 33.9 Two liter straight wall bottles were stretch blow

nol ded on a Krupp Corpoplast LBO Lagtretch bl ow nol di ng machi ne from

these pref or Havingha tavaf@rrﬂaetarde de lleéshthaﬁoamw 8 infiBfogh&ms rafh bf
105[err] C pri orwnt-ag stretch H% di ng. Density and pdg'?géent

crystalllnltwrgfor@arrpl es taken fromthe S|dewall of the 2 liter bottles as

A so shown ar e caron ANEAETLStSEARF P3 Wherdh ihe aBERLSr GriamaRilk, o1 o |

and esti mat edp hihélat‘e&nb%ﬁési .g)gbanlgb@@t‘,rs)nsr etention of 15 whol e

bottles. Bottle Sidewall Propertles Non- Heat Set

PET 5 PETI 280 A polyester prefome for injeqjion$igateh blow molding wherein
1.3700 : 30.4
238 thé- tler, pompripge M pfNeIE inbitiel, Inthalate moities and
1.3768 2,6-naphthéldte moietiés andhalingss &vel of bpétiddehyde less than about  35. 9
29.9 30.0 errl] Pern;aab ity on Whole Bottle Estimted Shel f
Life in WeksB micrograms;per gram of prefory” 5 o4 | nprovenent in COerr]

Permeabi | ity Over ET A polyester container comprising terephthiafate moieties and at
10 least about 8 mole percent isophthalate moieties and having a level of
acetaldehyde less than about B micrograms of acetaldehyde per liter of
container volume.
25. A polyester container comprising terephthalate moieties,
isophthalate moieties and 2,6-naphthalate moieties having a level of
15 acetaldehyde less than about 8 micrograms of acetaldehyde per liter of
container volume.
256. The bottle of Claim 20 having a stretch index of about 90 cm
and lower.
27. The bottle of Claim 20 having a stretch index of about 85 cm
20 and lower.
28. The bottle of Claim 20 having a stretch index of about 80 cm
and lower.
29. The bottle of Claim 20 containing a liquid selected from the
group consisting of water, a beverage, carbonated water and carbonated

25 beverage.
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These data show the excellent COerr] gas barrier properties achi eved by

t he pol yester conpositions of this invention. Exanple 15 5 Provided in the
tabl e bel ow aWQ”gB@”? esults of the analysis for acetal dehydeP¢¥y¥ 4253}
bottle prefornms and bottles made from PET, a PETI-10 and an 88/8/4 T/I1/N.
The bottles were 12 oz. bottles nade froma 21.7 graminjection nol ded
preform by injection stretch bl ow nol ding. The nol di ng tenperature, shown
below is the tenperature used for thd grkform nol ding. The cycle 10 tine
is the tine for resin injection into the nold, nolding and ejection of the

preform PET PETI-10 88/8/4 T/I/N Ml ding Tenp. ([err]C 275-280
255-265 250 Cycle Tinme (sec) 29.6 27. 4 27.4 Acet al dehyde (ppm
Resin [err] 1.0 0.4 0.5 mcrograns per gramof resin
Preform[err] 10.5 5.2 4.3 mcrograns per gram of
preform Bottl e Headspace [err] 2.9 1.3 1.1 mcrograns per liter
bottle volunme [err] Acet al dehyde | evel s nmeasured using the procedure

descri bed herein above for neasuring acetal dehyde levels in prefornms. [err]
Measured using a procedure based on ASTM D 4509-85. 15 These data
denonstrate that the nmethod of this inventigQn produces preformand bottles
having | ow | evel s of undesirable a /twge. 28

~ S

FIG. |

SUBSTITUTE SHEET (RULE 26)



o B g % Gt L€

CLAI MB Having described the invention, that whi dHHLe CEME R 8HERTS 15G A
pol yester bottle forned by strain i nducéd- crystial Prycsiviion : ofigal . pabyesier
conposition conprising terephthal ate noieties a{ﬁdq‘ﬂrﬂm(ﬁi 8 nnlw&dré’érthns\d 20
i sophthal ate noieties to 18 nol e percent isophtlhaPavengfoi epiea . fhe page d -
pol yester bottle having a density of at |east| 1l3&8tgoy cni Bideli -7 25

pol yester bottle of claim1 wherein the8pol yester bottle has a denél‘fy frcm
1.362 gmcnjerr] to 1.380 gmcnjerr]cLaxmMs The bgﬁ:l@rqfc&t m@i[hq‘mg a

stretch i Ndfky@hg! 888ckRB8a OFnEUtkived 18, Chatl which NES hokdinteddiis
containing a |I%e£d selected Tfromthe group consisting of water,

beverage, chrborap@ypsiRabaie frred by HEiHandirch ey elpligaion o] aPOIY%“ﬁGP‘?é@E‘é’F‘
preform for inj g s@r&tt? fepifthdifle Rbofes lfr@hﬂgmwa%x%kﬂ &Bﬁhﬂ%%%% to 18
conprises ter epht I'at™e |et| es, an rom8 nole percent to

per cent secondamyplerpérednt éoplgdlac edkties ¢ potiestgr beide bavisg stdpwgywﬁ" at lcast

i sopht hal ate an 3%2 napht hal ate, wherein the polyester conposition
conprises from ﬁ%’( percent to 10.7 nole percent 2,6-naphthal ate
noieties, and fromb5.3 nole percent to 8 nole percent isophthal ate

nmoi eti es; the pdbyeslvatcr;boelf:@f nlnha\l/iwingreial thepellyestel balethad alddngitie frbmdds3han 8
m crograns per gr A pol yester contai ner conprisin

t erepht hal ate ngfnz g% g%(?g rom8 nol e percent to 18 nole percgﬁt °

i sopht hal ate noi eties and having | ess than 8 m crograns of acetal dehyde per
liter of cadhtai e batte of@lainy] havingA sprotcly gtreof less thaaionequalto fpeinsi ng
terephthal ate noieties, and from8 nole percent to 18 nol e percent
secondary i et i i i and
secondary ! otk pafl SECAh, EATLANE 94 PURE0NEH 3 Bl LRORLIR\GIE and
percent to 10. 7arhsn‘lemgp,aiad:enatccwﬁemﬁharhaiaaﬂécmget| es, and fromb5.3 nole
percent to 8 nole percent isophthalate noieties, the poI yester bottle has a

density of Sa.‘t l?\a%glyg'stéegrcﬂ)/n%ni‘o?riﬁj]cction stretch blow molding wherein the polyester

comprises terephthalate moieties, and from 8 mole percent to 18 mole percent

secondary moicties selected from the group consisting of isophthalatc and 2,6-
naphthalate, wherein the polyester composition comprises from 2.7 mole percent to
10.7 mole percent 2,6-naphthalate moietics, and from 5.3 mole percent to 8 mole
percent isophthalate moicties; the polyester preform having a level of acetaldehyde

less than 8 micrograms per gram of preform.

6. A polyester container comprising terephthalate moieties and from 8 mole percent to 18
mole percent isophthalate moieties and having less than 8 micrograms of acetaldehyde

per liter of container volume.

7. A polyester container comprising terephthalate moieties, and from 8 mole percent to
18 mole percent sccondary moieties selected from the group consisting of isophthalate
and 2,6-naphthalate, wherein the polyester composition comprises from 2.7 mole
percent to 10.7 mole percent 2,6-naphthalate moieties, and from 5.3 mole percent to 8
mole percent isophthalate moieties, the polyester bottle has a density of at Icast 1.362

glem’.
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29 8. A pol yester bottle fornmed by strain induced crystallization

foll owed by thermal crystallization of a polyester conposition conprising
terepht hal ate noieties and from 8 nol e percent isophthalate noieties to 18
nol e percent isophthal ate noieties the polyester bottle having a density of
at least 1.362 gnicnferr]. 9. The pol yester bottle of claim8 wherein
the polyester bottle has a density from4. 362 gnicnferr] to 1.380
gmcnferr]. 10. A pol yester bottle formed by strain induced
crystallization of a polyester conposition conprising terephthal ate
noieties and from8 nole percent to 18 nol e percent secondary noieties

sel ected frdm thé pelmssr dotiksi Brmery bpfstaigoirtudsd | carstallimadom fglowad iyt thatnz e,
wherein the poly . e [¥: . to 10.7
ol e porcont 2, SCRemipRE 8L bl SRR AR bR ol e BIGE g’ Rt
per cent isopht haBabde peicet iisphthtlhte mpattiessd dB hdt tpeeehasiphthalatediaoisiidsythof at

| east 1.362 g/c rr].,211.. . A pol yester bo e foryed by strain induced
crystallizati onﬁ’%?"i%ﬁg‘?}%ﬁvv{%&‘%ﬁ%y@ gdeast “’égaﬁ“?/ﬁ‘ﬁ ‘of a pol yester
conposition conprising terephthal ate noieties and from8 nole percent to 18
nol e per cent. sectimdpriyesenba@ti¢ elclaml ehadcinftlicopnljchter gridaies actessiytfrang 1.062

i sopht hal ate and 2, 6snapht.hal ate, wherein the pol yester conposition

conpri ses fron12$WkﬁbF§' QUL -t 0 10.7 nol e percent 2, 6-napht hal at e

noieties, and fromb5.3 nole percent to 8 nole percent isophthalate
noi eties, the poAyebiser Hoaletfbendddyishgindndiesisirysyallivhtia ofl ymifestdr Hibosition

g/cnferr]. 12. A net hod for nmaking.a pql yester &(’)Ittle conpri sj ng: a.
provi ding a pol y‘é"é’fpé‘tsmé&ﬁﬁ?B}g{"’t“i‘tBr{n‘E%Wﬁrﬁngi‘¥Rj" S8 P‘H&ﬁ“étt%nlﬁofn@ i BEcRhd
from 8 nol e percepéndhg ABicl® ScIR\IICHBH 1he ORI BdRIsEnd 1Ok idpRdalal- and 2,6-
providing a form ng neans; and . .
naphthalate, wherein the polyester composition comprises from 2.7 mole percent to
10.7 mole percent 2,6-naphthalate moieties, and from 5.3 mole percent 8 mole percent

isophthalate moieties, the polyester bottle having a density of at least 1.362 g/cm”®.

11. A polyester bottle formed by strain induced crystallization followed by thermal
crystallization of a polyester composition comprising tercphthalate moieties and from
8 mole percent to 18 mole percent secondary moieties selected from the group
consisting of isophthalate and 2,6-naphthalate, wherein the polyester composition
comprises from 2.7 mole percent to 10.7 mole percent 2,6-naphthalate moieties, and
from 5.3 mole percent to 8 mole percent isophthalate moicties, the polyester bottle

having a density of at least 1.362 g/cm’.
12. A method for making a polyester bottle comprising:

a. providing a polyester composition comprising terephthalate moicties and from

8 mole percent to 18 mole percent isophthalate moieties;

b. providing a forming means; and
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C. using the formng neans to subject the polyester conposition to
strain induced crystallization thereby forning the pol yester conposition
into a polyester bottle having a density of at least 1.362 gmicnjerr]. 13.
The net hod according to claim 12 including using the formng neans to

subj ect the polyester conposition to thermal crystallization after the
strain induced crystallization. 14. e method according to claim 13
wherein the forffi ng Hnhe famipgmnapy te spbierhlifPoRsHacampesitiongo straimindseadod f or
making a pol yester b n l:yes

conposi tion conpri si ﬁ%&%lg%aggﬂ%éa{%gt gmrr;g’fgetthlc e@r)gér?&rdk%rgg ugl?r[;)ﬁg épg“'z’%?rﬁ%‘ to 18
nol e percent secondabsitiqisivisgiaalsnsitsloBatilendt F.363ramv/ére’. gr oup consi sting of

i sophthal ate and 2, 6-napht hal ate, wherein the pol yester conposition

conpri ses fzom b

noi eti es, alr31d f?g%n%mgeﬁ%&re per cc?aa?\l[{l]itgo némm?ugﬁ%?}%g%ﬁng? meﬁﬁ Fmﬁédﬂh@

noi eti es; b. pplyeldr domppsiioh by themgl cmfaaiiszatlamdftcu the straius'ndmgedtdnﬁta‘llmammg
nmeans to subject the polyester conposition to strain induced

crystallizgyi on I ester
bottle hav?gg aTgé;ﬁ{seF{ag ag%g}tlé]%egg& ?9?%]%%5#]6% Q%Shur%qs arﬁfmeablg\(?pé
according to cl amarats. i ncl udi ng using the form ng neans to subject the

pol yester conposition to thermal crystallization after the strain induced

crystallizgki ong Jefhod forfd V\Pg sé?ﬁ&ﬁéj&o'ﬁgmgﬂgd aim 15 wherein the
n

formng neans is a bottl e g apparatu
a. providing a polyester composition comprising terephthalate moicties and from
8 mole percent to 18 mole percent secondary moictics selected from the group
consisting of isophthalate and 2,6-naphthalate, wherein the polyester
composition comprises from 2.7 mole percent to 10.7 mole percent 2,6-

naphthalate moieties, and from 5.3 mole percent to 8 mole percent isophthalate

moieties;
b. providing a forming means; and
c. using the forming means to subject the polyester composition to strain induced

crystallization thereby forming the polyester composition into a polyester

bottle having a density of at least 1.362 gm/cm®.

16.  The method according to claim 15 including using the forming means to subject the

polyester composition to thermal crystallization after the strain induced crystallization.

17. The method according to claim 15 wherein the forming means is a bottle blowing

apparatus.
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