Pol yester Polynmer Particles Having A Small Surface To Center Mol ecul ar
Weight Gadient 1. Field of the Invention This invention relates to
polryester polyner pellets suitable for use in the nanufacture of polyester
containers, and nore specifically, to polyester polynmer particles having a
smal| surface to center nolecular weight gradient . 2. Background of the

I nvention Pol yester polyner pellets, and in particul ar pol yethyl ene

t erepht hal ate honopol yners and copol ynmers (PET), experience a | oss of

i ntrinsi ¢ gLREGRI oy YahtigfUHANH & | Sonfed AR, an
jection :

properties of the polyner also dNgipd&GraBientcause of It.V. loss is the
hydrol yti ¢ degradati on of the polynmer caused by water absorbed in the
polymer prior to nelt processing. To prevent hydrolysis, the polynmer is

t hor oughf y @’Tél%fﬁﬁéﬂivérﬂ"gu processing. Wile drying the polymer reduces
the | os -V, ess, sone drop in It.V. is experienced, thereby
requi ri ng t h@hissieveritioa refatds/toepol yesteémeplanet peligts Buiddide foruae indbet ar get

cont ai ner Itf. \{ tof caﬁ)r%?nsat?.forr [,V |SOSSﬁS Ifjufi n(g e%trusli on. The use of
hi gher tRAMTRAER RAYSHETSoNAIRe"S: AL M SRAHEPY oI SRAVEHELBRYBI hi gher
costs duymirfidedRainGachEY stefast tPtemter rvtsdulfdvéightwatienhe pol ymer for a

| onger tine and to agitate a nore viscous nmaterral, and/or due to the
extension of the residence tine during nelt phase pol ynmerization to bring

the 1t. Vb upgdd J6FiHERVeRYiBh: resulting in a decreased production
rate. The et It.V. polyester polyners also has the

di sadvant age Rulyestsqpiohimmey pellets, ard ér particolaf peldethytenedkeyaphthalbteng t he screw
in the extruder. It aould be d olI'L' able to redﬁ)%e tfhei.loss,in #t I,}/.

exper i enPGPARYMHE a5 |C§?88¥VH}erS§§ i?%??‘pﬁﬁh?’?cr?ga POT JIERRE YisgS6it-¥aki ng
cont ai n%@ingﬂ@@?prbp@ésin%in?}for%atﬁﬁﬁéﬂ A infelefon Wh?@&trﬂ@eﬂ]&(;@adﬁ@%ﬁr ed a
pol yester conposition that has an It.V, suitable for containers, yet |oses

| ess |t lesingilir. ni§embysicplrseredien §f theapolsxes aisaglegirda sPercausnef 4.Vs now
provi deq,&. Rehy FsdrEivti® by HRGBbE 8! PoliREPEA ¥R PRt BBSE Bk in the

polymer prior to melt processing. To prevent hydrolysis, the polymer is thoroughly

dried prior to melt processing. While drying the polymer reduces the loss of It.V.,
nevertheless, some drop in It.V. is experienced, thereby requiring the use of a
polymer having an It.V. higher than the target container It.V. to compensate for It.V.
losses during extrusion. The use of higher than target It.V. polymers has the added
disadvantage of higher costs due to more energy consumption required to heat the
polymer for a longer time and to agitate a more viscous material, and/or due to the
extension of the residence time during melt phase polymerization to bring the 1t.V.
up to the desired level, resulting in a decreased production rate. The use of higher
than target It.V. polyester polymers also has the disadvantage of requiring more
energy to feed the polymer along the screw in the extruder.

It would be desirable to reduce the loss in It.V. experienced by the polyester

polymer during melt processing for making containers.
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pol ymer conprising: (a) a carboxylic acid conponent conprising at |east 90

nol e% of the residues of terephthalic acid, derivates of terephthalic acid,
napht hal ene- 2, 6- di carboxylic acid, derivatives of

napht hal ene- 2, 6-di carboxylic acid, or mxtures thereof, and (b) a hydroxyl

conmponent conprising at |east 90 nol e% of the residues of ethylene glycol,

based on 100 nol e percent of the carboxylic acid conponent residues and 100
nol e percent hydroxyl conponent residues in the polyester polymner, wherein
said particle has an It.V. of at least 0.7 dL/g , and the It.V. at the

surface of the, Rtldrl S thd fivehitnn than 0.25 dL/g higher than the It.V. at the

center o&rfre—pm&{-rgt—e—él‘ﬁ%w al so provided a polyester particle having a

degree of crystallinity of at |east 25% and an It V. of at least 0.70 dL/g
at_ its sur, i.ts center,

, d t h .
wheren he We A oMailietis patuSier ¢armioion e his N IbYsSuithie 9155 al ¢
ni gher tdiaaihBR, Yit YeesAbsd N GRANG Il piobBsdi i Sdsiry goldedtban. there is

provi ded a process for nmaking a pol yester ai ner, conprising feeding
poI yest er parfhess isnavapiavisies aipglyestenpolymespartidecempesingta pelsester 15% and an

A dLJg to an extrusion zone, nelting the particles in
the extr Oﬂ?na%'e%%%"ﬁf orma nolten polyester polynmer conposition, and

formng a sf(a)ea cerboayltuncﬁl@dombherﬁtrcwm;m@m@dlelda@ma eiolgfelof tisd egsidpdsy mer
wherein the p?\k%_ester articles fed top(t@he extrusion zone have an It.V. at
their surfac@ligrephthalic agidderivaips ¢f teeephthaliciicih &aph g8 t. V. at their

center. In y%ca??&ﬁéraci%m&é?ma{m@é of hQ?ﬁtﬁaieﬁePZ @‘ﬂ'lcfé%'o%blé%ﬁf S rRiRfrb&! €s

having a particle i ght of greater g per particles and | ess
than 100 g péhereol andarticles, said particles conprising at |east 75%virgin

Compr i g aiCl ahuieay obienl Cafiefsby anbactSord@leilinifvdiedel or

derivates of dt}w]@;@guyadu c acid, or mxtures thereof, and (b) a hydroxyl

conponent caonprising at |east 90 npl e% of the resi dues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole

percent hydroxyl component residues in the polyester polymer, wherein said particle
has an It.V. of at least 0.7 dlL/g , and the It.V. at the surface of the particle is less
than 0.25 dL/g higher than the It.V. at the center of the patticie.

There is also provided a polyester particle having a degree of crystallinity of at
least 25% and an IL.V. of at least 0.70 dL/g , said particle having an It.V. at its
surface and an It.V. at its center, wherein the It.V. at the surface of the particle is
less than 0.25 dL/g higher than the It.V. at the center of the particle.

In addition, there is provided a process for making a polyester container,
comprising feeding polyester particles having a degree of crystallinity of at least
15% and an It.V. of at least 0.70 dL/g to an extrusion zone, melting the particles in
the extrusion zone to form a molten polyester polymer compaosition, and forming a
sheet or a molded part from extruded molten polyester polymer, wherein the
polyester particles fed to the extrusion zone have an It.V. at their surface which is
less than 0.25 dL/g higher than the It.V. at their center.

In yet another embodiment, there is provided polyester particles having a
particle weight of greater than 1.0 g per 100 particles and {ess than 100 g per 100

particles, said particles comprising at least 75% virgin polyester polymer comprising:
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based on 100 nol e percent of the carboxylic acid conponent residues and 100

nol e percent h
particltes hav
| east 0. 77 dbl

wherein the It.

ydr oxyl conponent residues in the polyester polyner, the

ing a degree of crystallinity of at |east 25% an It.V. of at
g, an It.V. at their surface and an It.V. at their center

V. at the surface of the particles is not greater than 0.15

dUg higher than the It.V. at the center of the particles, and having an

acet al dehyde |

evel of 10 ppmor less. 4. Detail ed Description of the

| nvention Th [ es i nvention may, be understoo re readily by reference
Lo the “fol | GAlAETaREUIT AR HuBBeat R &l BRI FDIF AR e e e
provi ded t heigetdtephthaliddsid, @rldsermvbﬁasrtﬁtt@:féphmuc R, @Sﬂﬂxﬂuﬂeé fheredreghéi cation
and the appended cl ai ns, the si ngular fornms "a," and "the" include

plural referdéma hWﬂoéﬁ‘sCQfﬂléOth@mpr@lr@aﬁtl1933tcﬂod!1§|tee/s Otatheemdg@s Afor
exanpl e, ref Iﬁp&fé§9 cdlr ocessing or making a "polyner," a "particle,"
"article

"preform?"”

container," or "bottle" is intended to include the

pr ocessibagedonmeldi mgleq:fersemglﬁltrmf carbdx;ﬂicmaid ad)rinpgmeﬁlt pesliguesr and po@f or ns,

articles, ., con

tai.ners aor bott

f t 1
"o | nghelainean AagH coBtRe ireSHFe RS RaasTRRRUENGE 1BF PRGN ent s or

ot her PR £
or "contai hi'ng"

parti cI et their wfaw:@car@ta;pltéft et thedtcapéerpyhereint thent. Y hat t

or  Met Nagkqou

mat er i al's,  par
mat er i alpartighes,
naned, unl ess
that the nenti
of additional

steps or i nter

Mor eoverd.
identifylng
recited proc
speci f i daldwing

de@r%éﬁﬁ%NsVéFlﬁNty dffat Ie"#éthS"/ @ntlpvtﬂileat%@stmﬂu B¥n IEQNPr i si ng
s neant thaf at | east the naned corrgoun "enment ,

@ﬁpb‘ﬁp@p@ﬂl%r article
r cat al ysts,

SR B 9L R TR 1. BL OB dBPRIRE® o roounte,
tandltmsrmgrmdimmﬂtebm levvel ofnidveprh lue lesre functl on as what is

expressly excluded in the clainms. It is also to be understood
on of one or nore method steps does not preclude the presence
nmet hod steps before or after the conbined Page 3 of 34 recited
venlno met hod steps between those steps expressly identified.
bDeaeriptiomof e vendion i s a conveni ent neans for

'sspi%%%*i b e B RR MR R B B8 RS Lo

tiataiidd desgiptieniof etk invention and the examples provided therem. It

must also be noted that, as used in the specification and the appended claims, the

singular forms "a," "an" and "the" include plural referents unless the context clearly

dictates otherwise. For example, reference to processing or making a “polymer,” a

“particle,

”n

"preform,” "article,” "container," or "bottle" is intended to include the

processing or making of singuiar and a plurality of polymers, preforms, articles,

containers or bottles. References to a composition containing "an" ingredient or "a"

polymer i

s intended to include other ingredients or other polymers, respectively, in

addition to the one named.

By "comprising” or "containing” is meant that at least the named compound,

element,

particle, or method step etc must be present in the composition or article or

method, but does not exclude the presence of other compounds, catalysts,

materials,

particles,

particles, method steps, etc, even if the other such compounds, material,

method steps etc. have the same function as what is named, unless

expressly excluded in the claims.

Iti

s also to be understood that the mention of one or more method steps does

not preclude the presence of additional method steps before or after the combined
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steps can be carried out in any sequence. A stated range includes al

I ntegers and fractions thereof within the range. A pol yester polyner
conposition is any thernoplastic polyester polyner in any state (e.g. solid
or nolten), and in any shape, each as the context in which the phrase is
used dictates, and includes the conposition of matter resulting fromthe
nelt phase, or as a solid, or the nolten conposition of matter in an .
extrusion zone, a sheet or bottle preform or in the formof a stretch blow
nol ded bottle. The pol yester ynmer conposition nmay contain an%st ype a

nunber d?c'%tﬁp%gémtem%n'%meftﬁ Q’étePﬁ?@Bg e these PR RIEF ¥ e Qghout
this de%\ﬁ@b@%:ﬂfih%%ﬁ@ﬁ@éf Hﬂ%oeéé‘@te??'ré §EONen\i’ent €arclor I&Fﬁtf%hq dUg units as
romthe 1nh 0

cal cul ate rent visco rreasure at 25C wt / wt
phenol / tdiareterdabivities basteps, Tare umless othferwise gpetified srecied prarass istepdy
neasuri ng the wei ght.- avera

per neat i GH A& é’BMy‘?‘e%@E)e f S&WOW{I B'Hg?%égﬁ{“f'h@%y@g#as%%&%ﬁ?‘gt ed as

descri begﬂeﬂged%e gg,e,eg;lagt ddlysdduengelsed to estimate the mol ecul ar wei ght
of the polyester pellets for ‘determ ning the nol ecul ar i ght gradient from

the surface #ostetesl resae inclustestalidnisgets andkactipsisbateof %tmfn e rabfene

oo e orm A B ELBPRL UL BRI énfortoRld ndhBP LT,
pol yest emnyptatgrfery. solidlér mblteret htydi Rﬂmpﬁla}m éethexdfhd uonmxsmmmpam)é

azeotrope (--70130 b + 10 toluene flowrate marker. For filled
mat er i alrageyg “ssﬁijqﬂ"éa »s%“q @Ckuﬁéﬁéﬁ%%‘am%s't”ﬂ%f)f ehEasultsg frmyher is about

4 gy, andef Bﬁasfee%%&'a%héoéﬁ’ché%lteﬁ &@;ﬁﬂmﬂﬂ%ﬁn%ﬂ@t ofesdn ilter.

Page 4 of 34 Injection vol une: m set: Pol yner oratories 5 pm
PLgel , Gheetorbditia pef@m, Deirethte fonn afw atmm blameobjedmtle\ nhheapolpesiat s:
m)nodl S%%'I’ Sn%aerpc%n)(p ts%{o%nn?af tcg r}g% éjny type and number 011} aggl%\/es
The intrinsic viscosity values described throughout this description to describe
the pellet 1t.V. are set forth in dL/g units as calculated from the inherent viscosity
measured at 25°C in 60/40 wt/wt phenol/tetrachloroethane.
The It.V. of the peliets is determined by measuring the weight-average
molecular weight of the polyester by gel permeation chromatography (GPC) from
which the [t.V. can be calculated as described below. The GPC analysis is used to
estimate the molecular weight of the polyester pellets for determining the molecular

weight gradient from the surface to the center of the particles:

Solvent: 95/5 by volume methylene chloride/hexaflucroisopropanol

+ 0.5 g/L tetraethylammonium bromide

Temperature: ambient

Flow rate: 1 mL/min

Sample solution:

4 mg potyester polymer in 10 mL methylene chloride/hexafluoroisopropanol
azeotrope (~70/30 by vol) + 10 pl toluene flow rate marker. For filled
materials, the sample mass is increased so that the mass of polymer is about

4 mg, and the resulting solution is passed through a 0.45 pm Teflon filter.
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gl rol e, where MWVis the peak nol ecul ar wei ght Universal calibration
paranmeters: PS K=0.1278 a=0.7089 PET K=0.4894 a=0.6738 The uni ver sal
calibration paraneters are determ ned by linear regression to vyield the
correct wei ght average nol ecul ar weights for a set of five polyester

pol ymer sanpl es previously characterized by light scattering. The

cal cul ation of inherent viscosity at 0.5 g/dL in 60/40
phenol/tetrachloroethane fromthe wei ght-average nol ecul ar weight, <M>,, is
det erm ned aﬁ fO||OMﬁ ﬁ = 4.034 x 10"4<M>w 691 The intrinsic viscosity
(1t.V. or rli W??mHhV°PW 10lcal cul ated from the inherent vi scosity using

the Bill m?yerCcﬁ&HﬂtéePnPél?nfe?'LbB&\Fatoriés é/pm:PQgé GRak PMikbdec - 11 + (0.75 x
| h.V.) The solution viscosity relates to the conposition and nol ecul ar

wei ght of a Driegtost &IV ghsioybance #2A%kdwgh the | hV nunbers for the
crystallized products to determ ne the nol ecul ar weight gradient are
cal cul ated by GPC, solution viscosity neasurenents are made to determ ne

the I't.V. of gdigrams giododisgeeeiodystirend Reandaedd, GVVNG 580 ¢E. Y GDTS00ESCr i be
such solution viscosity measurenments and subsequent cal cul ations: Page 5 of

34 'ninh = [ 19/mples W@ﬂMW hiedeptimpleculphwelobht viscosity at 25C at a

pol ymer conc B3 0 nL of 60% phenol and 40% 1, 1, 2, 2-
t et rachi or oet é%%g%lﬁéﬂg{qa'?upa&rﬁétgéssl thmis = Sanple flow tine through a

capillary tu¥st ¥ S0IN2&8t - blabk0BBow time through a capillary tube C =
Concentrati oronlf %L%%b4l n.ar gnEqRer 100 nL of solvent (0.50%

The universal calibration parameters are determined by linear regression to
yield the correct weight average molecular weights for a set of five polyester

polymer samples previously characterized by light scattering.

The calculation of inherent viscosity at 0.5 g/dL in 60/40
phenal/tetrachloroethane from the weight-average molecular weight, <M>,,, is

determined as follows:
Ih.V. = 4.034 x 107*<M>,,%5%

The intrinsic viscosity (It.V. or ninr) may then be calculated from the inherent

viscosity using the Billmeyer equation as follows:
ItV.=0.5[e **™Y _ 1]+ (0.75 x Ih.V.)

The solution viscosity relates to the composition and molecular weight of a
polyester potymer. Although the IhV numbers for the crystallized products to
determine the molecular weight gradient are calculated by GPC, solution viscosity
measurements are made to determine the [t.V. of the pellets and preforms. The
following equations describe such solution viscosity measurements and subsequent

calculations:
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The intrinsic viscosity is the limting value at infinite dilution of the
specific viscosity of a polyner. It is defined by the follow ng equati on:
flint="lira (rIsP/C) =1limln (fly/C C+0 C>0 where flint = Intrinsic
viscosity fly = Relative viscosity =is/t TISP = Specific viscosity = fir -
1 Instrunment calibration involves replicate testing of a standard reference
mat eri al and then appl yi ng appropri ate nmathemati cal equations to produce the
"accepted” 1.V. values. Calibration Factor = Accepted |V of Reference
Material / Average of Replicate Determ nations Corrected I hV = Cal cul ated
lhV x Calibration Factor Page 6 of 34 The intrinsic viscosity (I1tV or flint)
may be esti mﬁingd: [1413&5'7'9)1@9 Bill meyer equation as follows: flint = 0.5 [e
0.5 x corrected lhv™_ 1] + (0.75 x Corrected | hV) There is now provi ded a
pol yester polyner particle having an It.V. of at least 0.75 dug , a
surface, and center, wherein.the |lt.V. the surface of the particle is
not greater t 0. ZSWiWQFWGWrV'S[C%{ty fl%@h dl\ pgltyn‘rteﬁgoeggﬁtéllogf(%t he

particle, preferably gpegp ﬁﬁggtnq_r of 589, Pheifbl GhHA0% gbﬁg,gt han the It.V. at the

center of the particle. "There is also provided a polyester polynmer particle

having an It.V. of attetrebigoethar® dug , a surface, and a center, wherein the
lt.V. of the particle at_ is greater than the It.V. of the
particle at its cent elrrl bywr%g%ra%éé%&an 0.25 dLIg, preferably by no nore
than 0.20 dL/g. The pRl yeSasplpiowitincehraugh sobpilagttuBeC and | at nosphere.
The shape of the particlgs is not limted Suitable sha E?S i ncl ude spheres,
cubes, pellets, chipslt pasiveniilank dpwtine Hyguahaicspliary ke particl es have a

nunber average wei ghtof- glhnk&asdtionbiHBvind8h B s PRF YDEInSIS of 8QVERPr ef erably
greater than 1.0 g per 100 Barti c‘ogs, Jp(aér}'gn up gto g@%ut 100 8 per 100

particles. The vol une(0df0%he particles is not particularly

The intrinsic viscosity is the limiting value at infinite dilution of the specific

viscosity of a polymer. It is defined by the following equation:

Nt =M (ng/C) = lim In (1,/C)
C—0 C-0

where Nint = Intrinsic viscosity
1 = Relative viscosity = t/t,

Nsp = Specific viscosity = 1, - 1

Instrument calibration involves replicate testing of a standard reference
material and then applying appropriate mathematical equations to produce the

“accepted” |.V. values.

Calibration Factor = Accepted IV of Reference Material / Average of Replicate

Determinations

Corrected |hV = Calculated |hV x Calibration Factor
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limted, but in one enbodinent, there is provided a bulk of particles having
a volunme of at least 1 cubic neter, or at |least 3 cubic neters. For
exanpl e, one or nore random sanplings of 10 or nore particles in a bul k of
at least 1 cubic neter will yield the small surface to center |t.V.

gradient of the invention. Therefore, in a further enbodinent, the average
lt.V. gradient in a bulk of particles having a volune of 1 cubic neter or
nore is snall as set forth in this description. The It.V. of the polyester

particles is _suitable for i ner applicatjons of the
pol yest er part1€dMEEsicyisOs| gag\?obnnpbrr%qb&e%mé}gggﬁmgetheﬁ{zmpyerv_ of the
pol yesteéq@gbfllaglf@%“%an be at least 0.75, or 0.77, or 0.80 dug, and up to
about 1.2 dLlg, or 1 dL/g. The pol yester parti cles fed to an i njection
nol di ng machi ne are desirably not subjected to an increase in their

nmol ecul ar wei ght td36 csRhdaGy St te e pol yes particles have a snall
Fpr R ferv e )

surface to cé}'ﬂte | ecul ar weig n the surface and the
center of the particles than found in solid- Page 7 of 34 stated pol yester
particles. Wthout being bound to a theory, it is believed that when there
is a significlwere @irfdvepravided mpolyester pelymee partiole bavingandhl. slatflesst of t he

Coch . Gop Ok Sor@R, el SORotRe Ry RV AT R TR BB T ome ™

t hat eqmdtlgbésﬁénethahlm@mgcmjraerr tm\ fHet 1t.¥1 at thelusnterof ty partihgn t he
naffected, the equilibration causes the

nunber - ave e nol ecul ar welg wg\
It.V. arﬁeﬂ%%ljhﬂob@'@??ﬁ'j@%@ LéQh iegﬂtan thg Ie¥caidhg eent@hict e so causes a
degr adat dﬂa‘?ﬂcléf ThER |Q%Ys%' r8lideg %%I$é§§ BPparB@l'e)’H’a‘iﬂi ﬁ?@.odf‘%ltng' y, by
melt processing a polyester partic avi g a smaller ur ace to center
mol ecul deastd). Thhdl/gr, adsusfaice, amdalcester] whereinthei it Ve etitheguartidrb et fied yest er

t he surface

pol ymer ticles have a,s andace nd . the It.V.

bF The purprkiuRely it iRV obss R e AN enhRy hREmote Yiarll 250" cont e
of the d?_&’gtpr@ﬁeﬂablpb?h@rﬁ&b}thb@@szddjLaQ 0.20 dUg higher than the It.V. at the
center of the particle, preferably 0.15 dL/g or less, or 0.10 dL/g or |ess,

or even 0.050hgRpl¥sster|pasgticles are quu'idsatgﬁtfééﬂﬁén%tmqsﬁéeﬁ The ghapeef hel yest er
o o BRI A5 CEullRe REHA FLS G DU AL A e LV
provi degastifed, pss, eemdpm:rﬁ)rtbl dhetparticlesbage s maimber average weight of at least
0.10 g per 100 particles, more preferably greater than 1.0 g per 100 particles, and up
to about 100 g per 100 particles. The volume of the particles is not particularly
limited, but in one embodiment, there is provided a bulk of particles having a volume
of at least 1 cubic meter, or at least 3 cubic meters. For example, one or more
random samplings of 10 or more particles in a bulk of at least 1 cubic meter will yield
the small surface to center It.V. gradient of the invention. Therefore, in a further
embodiment, the average It.V. gradient in a bulk of particles having a volume of 1
cubic meter or more is small as set forth in this description.
The It.V. of the polyester particles is suitable for container applications. The
It.V. of the polyester particles is at least 0.70 dL/g. For example, the It.V. of the
polyester particles can be at least 0.75, or 0.77, or 0.80 dL/g, and up to about 1.2
dL/g, or 1.1 dL/g. The polyester particles fed to an injection molding machine are
desirably not subjected to an increase in their molecular weight in the solid state.
The polyester particles have a small surface fo center molecular weight

gradient between the surface and the center of the particles than found in solid-
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surface to center It.V. gradient in that the absolute value of the
difference in the It.V. between the center of the pellet and the surface of
the pellet is less than 0.25 dL/g such that the surface It.V. can neither
drop bel ow nor exceed 0.20 dUg relative to the center of the particle,
preferably 0.15 dLIg or less, or 0.10 dL/g or less, or even 0.50 dL/g or

| ess. I n anot her enbodinent, in a bulk of pellets having a volune of 1
cubic neter or nore, the It.V. average of the differences between the It. V.
of the urfac art es, an V., of t. nter of, the
par t1 ol 6SAieH e sningni A, oMb Ay B e iy, R GSREB A o, 15
dUg, or tﬂe@lstﬁ-étgmﬁcﬁar@dﬁﬁerd‘hdegm [TWebstwekbatre eéntehangeutate ostkef i ned as the
outer 8 to 12% by mass, while the center is the inner 8 to 16% by nass

around tRRAYgsieRpatlide casipdhe 56$¢19f applid-statecbpolygster palisier@ngfsugh d r r equl ar
shaped %ﬂrrh@ Elﬂ@] dbﬁmedﬂ)élim%%ﬁalﬁ uH&@@h%lergzﬂtr@%%ﬂdﬁ% thélte(p]dlﬁtfl%lma best

appr oxi on of I nt'ersect i1 on nost ~ of e strai ght Tines that
can be dhemnletulmmélghmm}mautmml Evbreivhvearthe hen@égesemgeonolmeu&arlmmrghﬂg t he

I t . th t V. th f d
t he contisinaeteg e LRtoR Abhes SeIEV BUE Seialfayeipi Moidctfariaiiahy °"
di ssol vag dqaefetsd! wauch%iédl%@@g% @é@‘rédatmm@rqﬁé rpﬂyﬁ@hl ;Sr@Péﬁleb'bfftHﬂ@ Exarrpl es,

t he wei ghted average of neasured cuts hin th irst 8-12 mass %

di ssol verplypsierg Agserdingly, a{uemgh pregesgiag eepolvgsteé@aﬁ@@h%ng gtsmaliesur f ace, and

the vel Qe 8L R8P alectldr AR SHEY e oL 1 NEdREgS- 16 s bei ng

t he center record and gradi e eing the

di fference be'rthmﬂydster\ﬁolmerf particles dave h&ulrﬁac&and%t@iter ‘Hnel thantder atof
nmeasur enent s akﬁtﬂ Wi t hi n. each raggg iE not ted, E{éd can be as few as
offthe ?d

one neasif EHEREE pagisée isdeppthal Qzlh'%%rv andhe 84 atdhe ggates b v
nmeasure tﬁ??ah‘c{e préffar RBss B?Jﬁ 0.20 dli ﬁ@h\é?fl’}an'tﬁe BV SatiBY cefted bR &Nt

starting omthe sur aceo the particle all he way through to the center
of the pearti¢lel prefesgblpe). rrfédis(q@dessﬂu@xQOWQoa!e@amra@@n raaaoaugam er cut or

par 1 of dor” 0 PR AnB Y rsfe EBBRRCBERHIGTtath PAHE € e ey, &

pi ece ofpartidie cas beerudhslodit thamthe |EViCaitthe Yeftee of epardoial ah ahptheeasur ed by
the GPC rret hod descri bed abgve. Because the polyester particles having a

smal | s @mbedimept. beweuer, thare ds,pivided a potyester particle which has a small
surface to center It.V. gradient in that the absolute value of the difference in the It.V.

between the center of the pellet and the surface of the pellet is less than 0.25 dL/g
such that the surface It.V. can neither drop below nor exceed 0.20 dL/g relative to
the center of the particle, preferably 0.15 dL/g or less, or 0.10 dL/g or less, or even
0.50 dl/g or less. In another embodiment, in a bulk of pellets having a voiume of 1
cubic meter or more, the It.V. average of the differences between the It.V. of the
surface of the particles and the It.V. of the center of the particles in the bulk is not
greater than 0.25 dL/g, or 0.20 dL/g, or 0.15 dL/g, or 0.10 dL/g or 0.05 dL/g.

The surface of the pellet is defined as the outer 8 to 12% by mass, while the
center is the inner 8 to 16% by mass around the particle center point. While the
center point of an irregular shaped particle may be difficult to precisely determine, it
is the best approximation of the intersection between most of the straight lines that
can be drawn through the particle between the edges or corners having the longest
distance from each other. To measure the It.V. of the surface and the center, a

random sampling of 10 pellets from a batch is gradually dissolved according to the
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wei ght gradi ent undergo less It.V. loss during nelt processing than
conventional polyesters, one or nore advantages are envisioned. The subject
pol yester can have a lower It.V. than conventional products to obtain the
sane It.V. and physical properties in a nolded part; therefore,

manuf acturi ng costs for the polyester are reduced. The lower It.V.

pol yester may al so reduce the viscosity of the polynmer during the early
stages of nelt processing; hence, |ower tenperatures would be required

and/ or ener [ u d be reducgd. As he | o

processifg %ﬁﬁ éft%ﬂt\rqo dithg Eéaféte aﬁtge\%e)ggt%peqygraq%ot{ﬂtm&agp t°NouI d be

| ower, aghif B ﬁﬁsz8-1QQﬁIaBsr%CH|§§bl@&pbelh§ﬁ1@§uﬂéwofftﬁé|p@ﬂeﬂi§ réBbideBrAcessi ng
woul d decrease as would the overall injection nDIdlnaﬂc ycle tine.

Al t er natleVysurfages apd $hen yeighted averagarcy afl oneasieed putsyuiin the last Bolds as
conventi o g b ] tal costs
are redur@g%% % !P%L%SEF;? %@trer i%%rcgéd%cf%sdﬁcégvgcerﬂ&e %%}B&enﬁp&ngﬁﬁ% ation to a
nmol ecul a:hﬁemm':@bemmehtla‘bl mrfane lesstha I0Et cempt | Clad: nurrtbehan‘rmugasarerhént‘s’ of at

| east 0.,70 dLl| Iovved roc Ss ste rrsrn in no particul ar

o dor - 1BkGraYItR Eh said imet raeanand b be @B aE measdseraent: She

pr ef erab(hB‘Cﬁﬁéﬂ%Mé'de@énti&séb&fa i$ hsedr ﬁﬁt@b@btermebaur@qhmﬁv bfedch preferred to
feed the extruder for making sheet or prefornms with Page 9of 34 pol yester

parti cl gorign disstlued dhisbeay asgreidiest ew@rting Hemithe sueeee ohthenpariiclentliecul ar

Prpart e VIR otsT Y b g b ER R R e S B B S BBt T re
parti cl eardnglcéniter sutrdragenaty tite tinauyheltehe Parielesas ohé debee@omema@élyhas been
solid state polymerized, a small surface to center nolecul ar wei ght

gr adi enttherRarticle Silisechwiih Bymiceptomeg amirce Jfdhe §udace ICY AWRYs BieeRPt i cl es
and therthégeterret aWa,gat exr%geag@tt){ét?&@ﬂ rhfetﬁpﬁ%ur‘éd tfl,atrhte'@bésméﬂfbtd do not

have a surface : s 0.03 i gher than the at its
cent er . dEsatbed abeueot her enbodi nent, there is provided a poI yester particle

naving, 20 o BT oS S 2 A AE B e BOARB BBV |7 O
a sur f aggsigltigtadicAtiMds 9 lagaar @i s derihd mélt p?rbcéés&\gﬁﬂfafnaétﬁw@ﬁhém particle
is | ess than 0.25 dL/g gher than the

polyesters, one or more advantages are envisioned. The subject polyester can have

a lower It.V. than conventional products fo obtain the same It.V. and physical

properties in a molded part; therefore, manufacturing costs for the polyester are

reduced. The lower It.V. polyester may also reduce the viscosity of the polymer

during the early stages of melt processing; hence, lower temperatures would be

required and/or energy costs would be reduced. As a result of the lower melt

processing temperatures, the acetaldehyde level in the preforms would be lower,

and the time required to cool the polymer following melt processing would decrease

as would the overall injection molding cycle time. Aiternately, less drying is

necessary to give the same It.V. loss as conventional polyesters; therefore, drying

operational and capital costs are reduced.

The polymer can be produced by melt phase polymerization to a molecular

weight suitable for container applications having an It.V. of at least 0.70 dL/g

followed by process steps comprising in no particular order: formation of particles

such as pellets, crystallization, and preferably removal of most of the residual

acetaldehyde. It is preferred to feed the extruder for making sheet or preforms with
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It.V. at the center of the particle, preferably less than 0.2 dL/g higher
than the It.V. at the center of the particle, and in yet another

enbodi ment, said particle has an It.V. at the surface which does not vary
fromthe It.V. of the particle at its center by nore than 0.25 dLlIg. There
I's al so provided a process for making a pol yester container, preferably a
preform or beverage bottle, conprising feeding crystallized polyester
particles having an It.V. of at least 0.70 dLIg , to an extrusion zone,

ool yrmor Ral g S whibritie i e st Riftclch BRI R L e

ol t en peéigasihehe Bolid/ sate smmtwlcral bbial-pratey pslyeierizatior pmc@sSéwmaﬂaht V., a
surface, and a center, (and at |east a portion of the  polyester particl es

pref er abqiriﬂeélrﬁb'w\@’gﬁé‘l'ffqr@’l‘%'n 'hgvﬁe%?eptthﬁlceﬁﬁerpﬁmerp%"ﬂ?'ﬁaﬁ%j N8 ch does not
vary frog) aﬁ'og'trg%pécmal'@t {:LdWé\ferCl I#@‘s RS tt%}é@'ﬂs&rdzsiafé%l%nbﬁﬁécﬂ ably by

no nore t e particle e extrusion zone ar€e

pr ef er ab$rpaltisiréate toﬁhetepmalem[erswellgbt gradignt hmbebgub'tfalrta@m meityetthiel inity to
prevent them, fr 0 _each ot her .and/ or ui pent  during drying at
B enper Sttt o Paictehorei{ in Patimifg e ol ek iVetler dbe ite

pol yest efarfi@es tdt @8 rotHalda lshiffagX IthShatexeesads @fﬁlﬁcﬂUﬁdﬁ%ht—:EFQhﬁrﬁ ﬁ@rt.fml y
contain low | evel s of acetal dehyde (as neasured by the French National

St andar c@tfiseNtersuch as 10 ppmor less, or 5 ppmor |ess, or even 2 ppm or

Page 10 of 3 S Em% %ﬁﬁ)&% &Q dto
make t her nof gTrHrrgdﬁ‘oarn bl owno dd@&”don%%ﬁsn ﬁMd pPBfiFFffrtp%g[cJ/éé’é g%zluch as
pol yet hyit.¥nef atdemihl?(ad:lldge)bebaﬂaedrhglenéjyphmcnolyrgenmtnhmdmc‘swdhomwdhyI ene

lycol with a di ] d as, the f dor it t ter t
o1 bauce SHCHESTRARR AR R EFIeRar ah . e diaset Aaf A Wondensed Lo

produce WhéeRcthy eV eit- thévemaéé]@frth@@%rtm%qug@tmro ab @L@h@ﬁépﬂ?@x‘ﬂ the acid
group(s) or derivative(s) thereof can be reacted durin process. Al the

conpounds Veahthaiogniey o i¢lpcprgterablydessothen b? dbér hlgger m@oéyeﬂm\éraiof t hat

are in d nol e % of
2T the NSRS BTe SRUE, A e ARBHRP Eicoffgi S8 TR has ahIE VTG, <)

t her eof Athlaé sanfacd which deep hotlum'y fauthal theplt MoofLthe péfhele atetsméuw byahore

corrpoundtggl)I ng%néﬁg_ni ng carboxylic acid

There is also provided a process for making a polyester container, preferably
a preform or beverage bottle, comprising feeding crystallized polyester particles
having an It.V. of at least 0.70 dL/g , to an extrusion zone, melting the particles in the
extrusion zone to form a molten polyester polymer composition, and forming a sheet
or a molded part from extruded molten polyester polymer, wherein the polyester
particles have an It.V., a surface, and a center, {and at least a portion of the
polyester particles, preferably alt the particles, have an It.V. at their surface which
does not vary from their It.V. at their center by more than 0.25 dL/g, preferably by no
more than 0.20 dL/g. The particles fed to the extrusion zone are preferably dried.
The particles desirably have sufficient crystallinity to prevent them from sticking to
each other and/or equipment during drying at a temperature ranging from 140°C to
180°C. Moreover, the crystallized polyester particles fed to the extrusion zone after
drying preferably contain low levels of acetaldehyde (as measured by the French

National Standard Test), such as 10 ppm or less, or 5 ppm or less, or even 2 ppm or
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group(s) or derivative(s) thereof that are in the product refers to the
portion of said conpound(s) which remains in the oligoner and/or polyner
chain after the condensation reaction with a conpound(s) containing
hydroxyl group(s). The residues of the carboxylic acid conponent refers to
the portion of the said conponent which remains in the oligoner and/or

pol ynmer chain after the said conponent is condensed with a conpound
cont ai ni ng hydr oxyl group(s) More than one conpound containing hydr oxyl

group(s) or eri.vatives re a cone part, . of ster onrre
pr oduct ('§¥ ﬂ] é Mp‘&%ﬁg?‘f{p}%pnﬁ% 9}?"{;@‘835? &r g9 vat i ves
t her eof 5|h@h1mmaéﬁg_ of said product(s) conprise the hydroxyl
conponent. The mole % of all the conpounds containing hydroxyl group(s) or

derivatives thicady, RostEEHRE asaalyedhyiens erppiigalas are agdely reactiom.  The
d th f
ot pea ol SR BV o R R AUEELINE adkt BURE a8 ackPer MEUIMARY T0LE0)
whi ch r epstemts proa!uaaaardeﬂeodmbrrteﬁ'taad/csalllgomermmm«:ﬂ ane hhenmminndedsadth a
d(s d d t] th f
et b kbR Bt PR Y ap e b TR kb SBHe) g et .
The reSIg«@ V\E s%r Hél%d%wé(s?mdreﬁpéﬁ?%@f&actécﬁ&%r&;%ﬁrﬁ@es@ml'tﬁ@ of the said

componen remains in said product. The nol e% of the hydroxyl residues
and car b@ﬁmmtmdémta«r@sg gadoxyic acid groymial endesivabvelshihedeefhai aednby pr ot on

R TeBRAERE oL ScaboLIE AW EARRAIL AT AEP0R ddng! 34 (3 2

carboxyll conpri’sing a resi dues of

t er epht h@dm;@omn:isd:ontmmngaa&mxpﬁc ahcd gphupis) mrodamadve me-e@ﬂ thakar?, if-

di carboxylic acid, .deriv es of . napht hal ene- 2, arbox lic acid,
it ur esheipredies Rt SRdo (D! 1R arRe CRBHRRO (S S era s R SEiH0 ol eot

of the rag|guesr eénva%soé mtee@ﬂt»iﬁpére lﬁﬁe?ﬁrdél'&ctll%@eﬁg%%@Fbﬂ%ﬂtof%faldmr boxyl i c
aci d conponent residues and 100 nole percent of hydroxyl conponent residues

in the peIyraingdfs) pwhmmamalrath@toi@pmmod/lqm@tymemapoaﬁ@rsmer pol ymer

conpri S €sndensation reaction with a compound(s) containing hydroxyl group(s). The
residues of the carboxylic acid component refers to the portion of the said
component which remains in the oligomer and/or polymer chain after the said
component is condensed with a compound containing hydroxyl group(s).

More than one compound containing hydroxyl group(s) or derivatives thereof
can become part of the polyester polymer product(s). All the compounds containing
hydroxyl group(s) or derivatives thereof that become part of said product(s) comprise
the hydroxyl component. The mole % of all the compounds containing hydroxyl
group(s) or derivatives thereof that become part of said product(s) add up to 100.
The residues of compound(s) containing hydroxyl group(s) or derivatives thereof that
become part of said product refers to the portion of said compound(s) which remains
in said product after said compound(s) is condensed with a compound(s) containing
carboxylic acid group(s) or derivative(s) thereof and further polycondensed with
polyester polymer chains of varying length. The residues of the hydroxyl component
refers to the portion of the said component which remains in said product.

The mole% of the hydroxyl residues and carboxylic acid residues in the
product(s) can be determined by proton NMR.

The polyester polymers of the invention comprise:
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(a) a carboxylic acid conmponent conprising at |east 92 nole% or at |east 96
nol e% of the residues of terephthalic acid, derivates of terephthalic acid,
napht hal ene- 2, 6-di carboxylic acid, derivatives of

napht hal ene- 2, 6-di carboxylic acid, or mxtures thereof, and (b) a hydroxyl
conponent conprising at |least 92 nole% or at |least 96 nole% of the

resi dues of ethylene glycol, based on 100 nole percent of the carboxylic,
aci d conponent residues and 100 nole percent of the hydroxyl conponent

residues in't pol,yester .nol ymer. The reacti Q he., car lic acid
component wi () erarRa6agh TebTEeRanromBETe 5t Best 00 BB R A srSefes

pol yest er pol oftelephthall®acidederivatee df fepepiigalit adi@ thaphiitalemel2@nt ages si nce
one may utilize a | arge excess of the hydroxyl conponent if desired, e.g
on the order @¢arhpxylis asish depyaliyesqf faphbalenerH8-dierybruYlicoadd. AAP8Xesi ¢

aci d conponeng,gised qThe pol yester polymer made by the reaction will,
however, contain the stated anounts of aromatic dicarboxylic acid residues
and et hyl ene (bybyhydfoxyesirmpersent Domipviaingsat ddast 80apdlebadi theaesiduandf

napht hal ane di,carboxylic acid include C, - C4 dial kylterephthal ates and C,
- 4 dial kyl?{ﬁgﬁ?ﬁﬂg’ﬁf’es, such as dimethylterephthal ate and

di et hyi Bagdt il G0 oldpadeht dfddarbkyfic dtidCdoinseape Aeidudy anenephidial i c aci d,

derivates of terephthalic acid, naphthal ene-2,6-dicarboxylic acid,
deri vat i Revsenfof hygrirbearneonent residues IBRe Prlyester ®olyeRerni xt ur es t hereof, the

carboxylic agj . may include one or
nore additi on@%@o@%ﬁgﬂr&i@%@g&ﬁté}gy%sg%%gp%%gﬁgﬁl conpounds. Such

addi ti onal nod) dicarbaxglidaciy lcompaoedt compririmgl at east 3@ enateffipor atlebsix§b i ¢ aci d
conpounds, dicarboxylic acjd c ounds, and conpounds. W t . hi.gher nunber
o ar boxy! | cnaerkl s St S ERNALT AHE. SPBIAEY & BRI AT act ds
preferably hayphthaheri2 5ddieabbeNicad tRieridhiiyadf raphittaeand-Hicafdohdfic
preferably having 4 to 12 carbon atons, or cycloaliphatic dicarboxylic

aci ds pref er aasids dnavxtyessthetapfiantar bon at ons. More specific exanpl es of

S o O POBYAS PSS Pag g 201 2 SRIBALEPS Bl P11
mole%, of the residues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.

The reaction of the carboxylic acid component with the hydroxyl component
during the preparation of the polyester polymer is not restricted to the stated mole
percentages since one may utilize a large excess of the hydroxyl component if
desired, e.g. on the order of up to 200 mole% relative to the 100 moie% of carboxylic
acid component used. The polyester polymer made by the reaction will, however,
contain the stated amounts of aromatic dicarboxylic acid residues and ethylene
glycol residues.

Derivates of terephthalic acid and naphthalane dicarboxylic acid include C; -
C4 dialkylterephthalates and C, - C4 dialkylnaphthalates, such as
dimethylterephthalate and dimethylnaphthalate

In addition to a diacid component of terephthalic acid, derivates of
terephthalic acid, naphthalene-2,6-dicarboxylic acid, derivatives of naphthaiene-2,6-
dicarboxylic acid, or mixtures thereof, the carboxylic acid component(s) of the

present polyester may include one or more additional modifier carboxylic acid
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di carboxylic acid, cycl ohexanedi carboxylic acid, cyclohexanedi acetic acid,

di phenyl - 4, 4' -di carboxylic acid, succinic acid, glutaric acid, adipic acid,
azel aic acid, sebacic acid, and the like, with isophthalic acid,

napht hal ene- 2, 6-di carboxylic acid, and cycl ohexanedi carboxylic acid being
nost preferable. It should be understood that use of the corresponding acid
anhydri des, esters, and acid chlorides of these acids is included in the
term "carboxylic acid". It is also possible for tricarboxyl conpounds and

conmpound Ify the
pol yestegompéwbogd?’f’%&%dg'%ggﬁn%f? % rggr‘%gﬁe coﬁ‘p ﬁaﬁ@f*ﬁﬁg%‘?\e gl ycol ,
t he hydr eabxylieErbdesE o ds] H@aﬁ:@@k&f\amﬂ@b}mﬁuﬁdsmﬁ cmbud@dsidﬁthta onal
nodi fier nopno-ols, diols, _or conpounds with a h‘u%her nunber of hydroxyl

gr oups. Eﬁﬁ%m%b@fc’frﬁﬁﬂ?@ﬁyﬁ‘i afidEreuRE - ESARPIRRISCIURE A atiy dicsEPPPMSt i ¢ di ol s
f b t bl

Pavi g 3 0g" BiR0f IR EEFRALAR A0 AR A RBTHIE LI FeRE00 2 e

di et hyI eha\ugg m@ 2 carbost atgpinsner gyojeadiphatic 4+cad;m<b/b¢16&|dae)dmf&mtth3ahamng;ﬁ opane-

1, 3-d - 1.4-diol; t

3" ot | ol G glors 3 onscREREN RISk dbiafer EAAS0A 408 Lerur as

trinet hyérﬁ)gah%ﬂxpéjn@ht(éﬂara)phtr?alﬁ-acﬁi wdp hlﬂﬂasmﬁh Haphihatdrie-2,62- di et hyl

pr opane-di ol - (I ); hexanediol -(1, 3); (hydroxyet hoxyc? benzene;

2, 2- bi s-qlzpaﬁwvlmmqﬁ@yglﬁamr)edlqﬁr@@%é ac@ 4yclahﬁwm@:eﬂc atid, glipheared-r am

t hyl |

o 7 bi o~ $-FSARRYisraciE sfichink acfa, dMGHE KRS BRI HEEY S REIRALReL30E (i 1 ons
may i ncl acle, é]i&thd&lkefwmolsy)phihyalleaeld trepé izl dred- atﬁe&carh)dxpl(d @t kahaéene

napht hal a al on th ot therrm | ast ch g I carbonate
(PO andyaARadsaop R beiBe rareratie T BiTJaBeeindesnped fidion shoul ¢

conpr i seygs Hthe rchrés;SHndﬁ acBG Iahﬁ;arﬁespe&ﬁé@ rahd AW eniBREEs bBtHilsedfbidy ef erably
in an anmount of at |'east or at |least 95 wt.% and nost preferably

100 wt . % incigdat! iorihe mmwg:amaxym aalm ltthalsmmmbleéorptacgrw\sl gassedurdisng

ot her . pof ey RPGH A RTRIAET nBioRP B bbBRY s A e B .7 o o e

t hat thepcﬂgaést@gst er polymers do not contain any fillers, fibers, or inpact

nodi fiers or other polynmers which forma .
In addition to a hydroxyl component comprising ethylene glycol, the hydroxyl

('\

component of the present polyester may include additional modifier mono-ols, diols,
or compounds with a higher number of hydroxyl groups. Examples of modifier
hydroxyl compounds include cycloaliphatic diols preferably having 6 to 20 carbon
atoms and/or aliphatic diols preferably having 3 to 20 carbon atoms. More specific
examples of such diols include diethylene glycol; triethylene glycol; 1,4-
cyclohexanedimethanol; propane-1,3-diol; butane-1,4-diol; pentane-1,5-diol; hexane-
1,6-diol; 3-methyipentanediol- (2,4); 2-methylpentanediol-(1,4); 2,2,4-
trimethylpentane-diol-(1,3); 2,5- ethylhexanediol-(1,3); 2,2-diethyl propane-diol-(1,
3); hexanediol-(1,3); 1,4-di-(hydroxyethoxy)-benzene; 2,2-bis-(4-hydroxycyclohexyl}-
propane; 2,4- dihydroxy-1,1,3,3-tetramethyl-cyclobutane; 2,2-bis-(3-
hydroxyethoxyphenyl)-propane; and 2,2-bis-(4-hydroxypropoxyphenyl}-propane.
The polyester peliet compositions may include blends of polyalkylene
terephthalates and polyalkylene naphthalates along with other thermoplastic
polymers such as polycarbonate (PC) and polyamides. It is preferred that the

polyester composition should comprise a majority of the polyester polymers, more
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di sconti nuous phase. The pol yester conpositions can be prepared by

pol yneri zati on procedures known in the art sufficient to effect
esterification and pol ycondensati on. Polyester nelt phase manufacturing
processes include direct condensation of a dicarboxylic acid with the diol,
optionally in the presence of esterification catalysts, in the
esterification zone, followed by pol ycondensation in the prepol yner and
finishing zones in the presence of a polycondensation catal yst; or ester
exchange usually in the presence of a transesterifil cation catalyst in the
ester ex ol o f ol the
presence ofé}gglgzrr?g@gnc?wnsgf\?gﬁgé{étatm%' Q%‘?%‘%@%ﬁ%é%&r{n@%ﬁ@h@ tt))!} sol i
stated at@bwtlnpatbed kmdivmweeghlhoﬂal] thﬁombpialshepoiyiﬂens(emlte:jm@ﬂhremture of one

di boxyl d bl di b I d
et or ' § OAICHR RHTRARIEl S8 HeR o 02t B B0l f5ncor o BOFrE i huous! y

fed to anag%rﬂf h Glseahfirbustesey. @Poeélaég f@ireatﬁaﬂrm@be Xééfer%lyn%ﬁsv&?n about
2000C and 3000C, typically between 240" C, pressure of
bet ween md@ontain pay tilarp, fiherasyimpact rpedl@ermreothersmiﬁmees whigd fefmtehe

react ant ges from between about one and five hours. Normally,
the di c‘if"%‘%"&/ﬁ&éé@%(s) is directly esterified with diol (s) at el evated

pressure and Hie ;aolyésemmrmammmsfcmmeaéfbiby polyhauizafad ptocetinees
esterification reaction |? conti nued unt de ree of est |f|cat|on of at
| east 60939 BdRe adteswifidant tesiectspirificriion ﬁﬂ PPl g%lfraé' Qdyesden £ i cati on

of at | eqgh pRay h%nﬂfd?:'t&ﬁ@dp %Qe%‘?néln@e Qﬁéétrc‘%ﬂdﬂﬁé‘é}fa?{of aaf]@i@éfﬁoﬁhé gomers.

The nononer and ormng reaction(s) are typic catal yzed
in the dacigwithdse did, fqp(uanalbnnﬁhepmnaa@f estesifigatinn ¢atalystsein teechange

d | yst ti || d th
Cetor: {1 Elen GRIOS AL e Pl PY ROWEd e Fetaf Pk Pa e BB ARGt Ve s. 11
a pol ycoasirRSatiepresahcd ofsd polyesndatdation eatahiet,eftedtdridxeBdh@nug@aBsinit is
typi cal I%gbl ended with the diol and fed into Page 14 of 34 the

esterifi nr@ﬁence&éedfanswtgrlaeat'%'sqaéalyexe me]getewm%rgeszonﬁhf@lnwmybsbe used
separ at %rﬁg&%ﬁeﬁz&WA&Fﬁm%n e;ﬂ—%séﬁéeﬂ&ﬂél &fion Eéféu(ét d’f (1V)
esters, |, I NC, manganese Sl um acet S or enzoat es or ot her

such catedchanay opt:onally be solid stated accordlng to known methods.

To further illustrate, a mixture of one or more dicarboxylic acids, preferably
aromatic dicarboxylic acids, or ester forming derivatives thereof, and one or more
diols are continuously fed to an esterification reactor operated at a temperature of
between about 200°C and 300°C, typically between 240°C and 290°C, and at a
pressure of between about 1 psig up to about 70 psig. The residence time of the
reactants typically ranges from between about one and five hours. Normally, the
dicarboxylic acid(s) is directly esterified with dicl(s) at elevated pressure and at a
temperature of about 240°C to about 270°C. The esterification reaction is continued
until a degree of esterification of at least 60% is achieved, but more typically until a
degree of esterification of at least 85% is achieved to make the desired monomer
and/or oligomers. The monomer and/or oligomer forming reaction(s) are typically
uncatalyzed in the direct esterification process and catalyzed in ester exchange
processes.

Polycondensation catalysts may optionally be added in the esterification zone
along with esterification/ester exchange catalysts. If a polycondensation catalyst

was added to the esterification zone, it is typically blended with the diol and fed into
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materials that are well known to those skilled in the art. Phosphorus

contai ning conpounds and sone colorants may al so be present in the
esterification zone. The resulting products forned in the esterification
zone include bis(2- hydroxyethyl) terephthal ate (BHET) nononer, |ow

nmol ecul ar wei ght oligomers, DEG and water (or alcohol in the case of ester
exchange) as the condensation by- product, along with other trace inpurities
formed by the reaction of the catalyst, if any, or starting materials and
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phase I NofBHET %ﬁ@|0M@@rheﬂ@§péme§@ﬂ|&/awdebérﬁdﬁ@@d wmhaeth@qirbcéémg% in a
fInIShlﬂg zone, after which the nelt is solidified into precursor solids in

the for rAlsct esfepicationinregess i whighycass theranagu of ofgeRerefRedey atnpri se a
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condi tion o the Zon Into onée reacti of 34
vessel ushioly case therrefative geabtitytod (¢ o pedaminateaover mbeml@nme:rmmbdcltmls in a
single The water (or alcohol)is removed as the esterification reaction (or ester exchange)
praceeds to drive the equilibrium toward products. The esterification zone typically
produces the monomer and oligomer mixture, if any, continuously in a series of one
or more reactors. Alternately, the monomer and oligomer mixture could be produced
in one or more batch reactors. lt is understood, however, that in a process for
making PEN, the reaction mixture will contain monomeric species of bis(2-
hydroxyethyl) naphthalate and its corresponding oligomers.

Once the ester monomer/oligomer is made to the desired degree of
esterification, it is transported from the esterification reactors in the esterification
zone to the polycondensation zone comprised of a prepolymer zone and a finishing
zone. Polycondensation reactions are initiated and continued in the melt phase in a
prepolymerization zone and finished in the melt phase in a finishing zone, after
which the melt is solidified into precursor solids in the form of chips, pellets, or any
other shape.

Each zone may comprise a series of one or more distinct reaction vessels

operating at different conditions, or the zones may be combined into one reaction
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reactor. That is, the prepolyner stage can involve the use of one or nore
reactors operated continuously, one or nore batch reactors, or even one or
nore reaction steps or sub-stages performed in a single reactor vessel. In
sone reactor designs, the prepolynerization zone represents the first half
of polycondensation in ternms of reaction time, while the finishing zone
represents the second half of polycondensation. Wile other reactor designs
may adjust the residence tinme between the prepolynerization zone to the
finishi 0, | [ desi gns
bet ween (iieon i piegtnofe Sk oldilel pefatrb L erh oo LR (e
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pressure than the oper ting condi s in the pre nerization zone.
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process the preméymﬁmailpa@pueéemsewé the fiyss Siad of pelygardensationtie terms of
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oligoners to form prepol yner an split as a by-product. O her
conpoundishiehzase ishibatithe fatter cone dieauantly cperptasmatsy higbeatempsapuoends, and
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t he prepGéndrany,zach @mt@m@pauydmemtaﬁcﬁn hhe &id imisEing eoned Bompti¥piobalor a
Dl VI T- based process, those skilled in the art recogni ze that other catalyst

mat er i al SeARE ohBI9RE hasrongiraastion Hessehtand tbe ﬂfﬁﬁ"é’ym§r'2%tiﬁ' FhBRIshingr edi ent s
vary f rc’r@a@torﬁt é(r% SRlueAtELmta § éasrég %@?Et’lﬁ'&o&ﬂﬁiﬁﬁamg R kol ycondensati on

catal ysts Inc the conpoun n1n an amount rangi ng
fromO. mamféﬂﬂr@thqub,dzsmn pohanewei ght of resulting polyester polymer.

In the prepolymerization zone, also known in the industry as the low

polymerizer, the low molecular weight monomers and oligomers are polymerized via
polycondensation to form polyethylene terephthalate polyester (or PEN polyester) in
the presence of a catalyst. If the catalyst was not added in the monomer
esterification stage, the catalyst is added at this stage to catalyze the reaction
between the monomers and low molecular weight oligomers to form prepolymer and
split off the diol as a by-product. Other compounds such as phosphorus-containing
compounds, cobalt compounds, and colorants can also be added in the
prepolymerization zone. These compounds may, however, be added in the finishing
zone instead of or in addition to the prepolymerization zone and esterification zone.
In a typical DMT-based process, those skilled in the art recognize that other catalyst
material and points of adding the catalyst material and other ingredients vary from a
typical direct esterification process.

Typical polycondensation catalysts include the compounds of Sb, Ti, Ge, and
Sn in an amount ranging from 0.1 to 500 ppm based on the weight of resulting

polyester polymer.
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Page 16 of 34 This prepol yner pol ycondensati on stage generally enploys a
series of one or nore vessels and is operated at a tenperature of between
about 250, 1C and 3050 C for a period between about five mnutes to four
hours. During this stage, the It.V. of the nononers and oligoners is

I ncreased up to about no nore than about 0.5 dUg . The diol byproduct is
renmoved fromthe prepolyner nelt using an applied vacuum ranging from4 to
70 torr to drive the reaction to conpletion. In this regard, the polyner

melt is sonety ' Lo
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dL/g. Priatffe0temoldief %Ik/&elé/; whter tdGoHM, \REdBideBaand 6IheP réaptgps from 0. 70
dL/g to 1. 15 dL/g without solid state polynerization. The final vessel,
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chem stry as the prepolyner zone, the fact that the size of the nol ecul es,
and t husérgfie Raliyanand jitrogen.

The prepolymer is fed from the prepolymer zone to a finishing zone where the
second half of polycondensation is continued in one or mare finishing vessels
generally, but not necessarily, ramped up to higher temperatures than present in the
prepolymerization zone, to a value within a range of from 270°C to 305°C until the
It.V. of the melt is increased from the It.V of the melt in the prepolymerization zone
{typically 0.30 but usually not more than 0. 5) to an It.V of at least 0.55. The It.V. of
polyester compositions ranges from about 0.55 to about 1.15 dL/g. Preferably, the
It.V. of the polyester particles ranges from 0.70 dL/g to 1.15 dL/g without solid state
polymerization. The final vessel, generally known in the industry as the "high
polymerizer," "finisher," or "polycondenser," is operated at a pressure lower than
used in the prepolymerization zone, e.g. within a range of between about 0.2 and 4.0
torr. Although the finishing zone typically involves the same basic chemistry as the
prepolymer zone, the fact that the size of the molecules, and thus the viscosity
differs, means that the reaction conditions and vessel{s) may also differ. However,

like the prepolymer reactor, each of the finishing vessel(s} is operated under vacuum
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differs, nmeans that the reaction conditions and vessel (s) may also differ.

However, |ike the prepolyrner reactor, each of the finishing vessel(s) is
oper ated under vacuum Page 17 of 34 or inert gas, and each is typically
agitated to facilitate the renoval of ethylene glycol, although the form of

the agitation is suitable for higher viscosities. Additives can be added to
the nelt phase or to the polyester polyner to enhance the perfornance
properties of the polyester polynmer. For exanple, crystalli zat i on ai ds,

i mpact rrap.hghaggtar%éé rtgtwgﬂ@ggo f&%emfat@wm of 8

anti oxi dant's raviol e g agents, ea t|
col or ant althougbltbafdmgofatgemgﬁaticacietsasitdblle)fdehlgbaevrsmﬁlfm&mpounds reheat rate

crhancing a1 S5, 25,5 SUEH B BT TBRA b GFS PRRoB v ™

graphi t egniifiicetaé BeErf6mMidRIR propatiks of e stéiter pEYmer. For@satigpland t he Iike,
sticky bottle additives such as talc, and fillers and the |ike can be

i ncl udedcrysiadizatien aidsainnact modiieraisyriasaiubricanisudeaesingAgant®i ng agents such
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compounds can be used in the present composition.

The molten polymer from the melt phase polymerization may be aliowed to
solidify from the melt without further crystallization. Alternatively, the molten
polymer can be first solidified and then crystallized from the glass.

Instead of making the polyester particle directly from the melt phase
polymerization process, the particle may be made by melting post consumer
recycled polyester polymer. However, since the molecular weight of bulk recycled
polyester polymers can vary widely depending on their source or their service
requirement, it is preferred that the polyester particle composition comprises at least
75 wt% virgin polyester polymer. A virgin polyester polymer is made without post
consumer recycled polymers, but it may optionally contain scrap or regrind polymer.

The method for solidifying the polyester polymer from the melt phase process
is not limited. For example, molten polyester polymer from the melt phase may be
directed through a die, or merely cut, or both directed through a die followed by

cutting the molten polymer. A gear pump may be used as the motive force to drive
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The nethod for solidifying the polyester polynmer fromthe nelt phase process
Is not limted. For exanple, nolten polyester polynmer fromthe nelt phase

may be directed through a die, or nerely cut, or both directed through a

die followed by cutting the nolten polynmer. A gear punp nmay be used as the
notive force to drive Page 18 of 34 the nolten pol yester polynmer through the
die. Instead of using a gear punp, the nolten polyester polyner may be fed
into a single or twin screm/extruder and extruded through a die, optionally

at 2 L emme Al es;h?lﬁ) ByrBheldis. RSt usi é@'g%r &rough the

die, the po yester drawn into stran nacté V\nthacool
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used, i ncl udlg(g but not limted to dicing, strand pelletizing and strand
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met hod and "appar dt crysta er
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preferably at 140 of any other nmeans Known in the art. Al so,
t he pol yrastillatas, watestring welietlx;@’samtuf@@@pelltqtlzess d@gervaaieépeuﬁttzey%aadl i ze the

pell ets 5% degree of «crystallization, nore preferably to at
| east 2 9%trifbgé$8§ljetﬁ{a 0% or at |east 35% or at Ieast 40% Pel |l et

crystal | ini tyrheSrnd&bdramrﬁqbavahﬁgs&ﬁ td enyetdliizel thepahmsty poafoer igaicty (DSC) .
The sanpl e wei

s b A R SR e At
iy oy e i g 511
a rat e ahovement; an un-agitated vessel or pipe; crystallized in a liquid med:um above the
T, of the polyester polymer, preferably at 140°C to 180°C; or any other means
known in the art. Also, the polymer may be strain crystallized.
It is desirable to crystallize the pellets to at least a 15% degree of
crystallization, more preferably to at least 25%, or at least 30%, or at least 35%, or at
least 40%.
Pellet crystallinity is determined using Differential Scanning Calorimetry
(DSC). The sample weight for this measurement is 10+1 mg and the sample
consists of either (1) a portion of a single pellet, or more preferably (2} a sample
taken from several grams of cryogenically ground pellets. The first heating scan is
performed. The sample is heated from approximately 25°C to 290°C at a rate of
20°C/minute, and the absolute value of the area of the melting endotherms (one or
more) minus the area of any crystallization exotherms is determined. This area
corresponds to the net heat of melting and is expressed in Joules. The heat of
melting of 100% crystalline PET is taken to be 119 Joules/gram, so the weight

fraction crystallinity of the pellet is calculated as the net heat of melting divided by

Page 19 of 34



200C/ m nute, and the absolute value of the area of the nelting endotherns
(one or nore) mnus the area of any crystallization exotherns is

determ ned. This area corresponds to the net heat of nelting and is
expressed in Joules. The heat of nelting of 100% crystalline PET is taken
to be 119 Joules/gram so the weight fraction crystallinity of the pellet
Is calculated as the net heat of nelting divided by Page 19 of 34 119.

Unl ess otherwi se stated, the initial nelting point in each case is al so
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carbonated soft drinks, or water. Thus, there iS al so provided the process

for maki WeresusasnBaseltne sipgactan is partgymedto Mipivtize thepewvatuie utheabl e for
stretch ployw.pol ding conprising drying PET pellets

Alternatively, percent crystallinity is also calculated from the average gradient
tube density of two to three pellets. Gradient tube density testing is performed
according to ASTM D 1505, using lithium bromide in water.

Once the pellets are crystallized to the desired degree, they are transported
to a machine for melt processing into the desired shape, such as sheets for
thermoforming into trays or preforms suitable for stretch blow molding into beverage
or food containers. Examples of beverage containers include containers having a
volume of 3 liters or less, suitable for hot fill, carbonated soft drinks, or water.

Thus, there is also provided the process for making a container such as a tray
or a bottle preform suitable for stretch blow molding comprising drying PET pellets
having an It.V. ranging from 0.7 to 1.15 dL/g and a small surface to center molecular
weight gradient in a drying zone at a zone temperature of at least 140°C, introducing
the dried pellets into an extrusion zone to fbrm a molten PET polymer composition,
and forming a sheet or a molded part from extruded molten PET polymer.

in this embodiment, the pellets which are prepared for introduction into an
extruder are preferabiy not solid stated, or if solid stated have been re-melted and

solidified to yield a desired small surface to center molecular weight gradient. These
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having an It.V. ranging fromO0.7 to 1.15 dL/g and a small surface to center
nol ecul ar weight gradient in a drying zone at a zone tenperature of at

| east 1400C, introducing the dried pellets into an extrusion zone to forma
nol ten PET pol ymer conposition, and form ng a sheet or a nolded part from
extruded nolten PET polyner. In this enbodinent, the pellets which are
prepared for introduction into an extruder are preferably not solid stated,
or if solid stated have been re-nelted and solidified to yield a desired
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or more. In general, the typical residence time of pellets in the dryer at conventional

temperatures (140°C to 190°C) will on average be from 0.75 hours to 8 hours. Any

conventional dryer can be used. The pellets may be contacted with a flow of heated

air or inert gas such as nitrogen to raise the temperature of the peliets and remove

volatiles from inside the pellets, and may also be agitated by a rotary mixing blade or

paddle. The flow rate of the heating gas, if used, is a balance between energy

consumption, residence time of pellets, and preferably avoiding the fluidization of the

pellets. Suitable gas flow rates range from 0.05 to 100 scfm for every pound per

hour of pellets discharged from the dryer, preferably from 0.2 to 5 scfm per tb/hr of

pellets.

Once the pellets have been dried, they are introduced into an extrusion zone

to form molten potyester polymer, followed by processing the molten polymer to form

a molded part, such as a bottle preform (parison) through injecting the melt into a

mold or extruding into a sheet or coating. Methods for the introduction of the dried

pellets into an extrusion zone, for melt processing, injection molding, and sheet
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consunption, residence tine of pellets, and preferably avoiding the
fluidization of the pellets. Suitable gas flow rates range from0.05 to 100
scfmfor every pound per hour of pellets discharged fromthe dryer,
preferably from0.2 to 5 sctmper Ib/hr of pellets. Once the pellets have
been dried, they are introduced into an extrusion zone to formnolten

pol yester polyner, followed by processing the nolten polynmer to form a

nol ded part, such as a bottle preform (parison) through injecting the nelt
into a nold or extruding into a sheet or coating. Methods for the
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may also contain snmall anounts of branching agents such as trifunctional or
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present eFRHBSMA!lFMounts o branching agents such as frifunch afunctional
comonomers such as trimellitic anhydride, trimethylol propane, pyromellitic
dianhydride, pentaerythritol, and other polyester forming polyacids or polyols
generally known in the art. All of these additives and many others and their use are
well known in the art and do not require extensive discussion. Any of these
compounds can be used in the present compaosition.
Not only may containers be made from pellets made according to the process
of this invention, but other items such as sheet, film, bottles, trays, other packaging,
rods, tubes, lids, filaments and fibers, and other injection molded articles may also
be manufactured using the polyester particles of the invention. Beverage bottles
made from polyethylene terephthalate suitable for holding water or carbonated
beverages, and heat set beverage bottle suitable for holding beverages which are
hot filled into the bottie are examples of the types of bottles which are made from the
crystallized pellet of the invention.
The invention may now be further understood by reference to the following

non-limiting illustrative examples.
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Not only may containers be made from pellets nmade according to the process
of this invention, but other itens such as sheet, film bottles, trays,

ot her packaging, rods, tubes, lids, filanents and fibers, and other
injection nolded articles may al so be nmanufactured using the pol yester
particles of the invention. Beverage bottles mnade from polyethylene
terephthal ate suitable for holding water or carbonated beverages, and heat
set beverage bottle suitable for hol ding beverages which are hot filled
into the bottle are exanples of the types of bottles which are made fromthe
crystallized pellet of the inventipraMHIgES nventi on may now be further
understood by reference to the folTowng non-limting illustrative
exanpl es. Page 22 of 34 EXAMPLES The nethod for determ ning the nol ecul ar
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t he nol egith atidiBh@INGPC solvent to increase the volume to 10.0 mL. The molecular

weight distribution of each “cut” was measured by injecting 10 plL into the GPC. The

It.V. was calculated from the <M>,, using the relations given above. The mass of

polymer present in each “cut” was calculated as the chromatogram peak area for

that “cut” divided by the total chromatogram peak area for all of the “cuts” of that

sample.

Other than the It.V. values reported for determining the molecular weight

gradient, reported It.V. values are determined by the solution viscosity method.

Comparative Example 1

Conventional solid stated pellets commercially available from Eastman
Chemical Company as PET CB11E were dried in a commercial-scale desiccant-air
dryer. The temperature in the primary dryer hopper (5.5 hour pellet residence time)
was 175°C and the temperature in the secondary dryer hopper (2 hours residence
time) was 185°C. The pellets had a degree of crystallinity of about 47% by weight as
measured by DSC. The It.V. of the dried pellets was 0.803 dL/g. The It.V. difference
between the center and surface (the pellet It.V. gradient) was measured according to

the procedures described above and the results are given in Tabie 1.
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gradient, reported It.V. values are determ ned by the solution viscosity

nmet hod. Conparative Exanple 1 Conventional solid stated pellets commercially
avai l abl e from Eastman Chenmi cal Conpany as PET CBl1 |E were dried in a
commerci ai -scal e desiccant-air dryer. The tenperature in the primry dryer
hopper (5.5 hour pellet residence tine) was 175 C and the tenperature in
the secondary dryer hopper (2 hours residence tine) was 185 C. The pellets
had a degree of crystallinity of about 47% by weight as neasured by DSC.
The 1t.V. of the dried pellets was 0.803 dL/g. The It.V. difference between
the center and surface (the pellet ItY. gradient) was neasured according to
t he procedures descri bed above and the results are given in Table 1. Page 23
of 34 Table 1: It.V. Gadient for the Pellets of Conparative Exanple 1

Cumul ative I1t.V. utWight MwCal cul ated Fraction from <Mw Di ssol ved 1

0. 090717940. 976 Tabler f: ag®) GtadidhBo2 BslPelfild oBCorfRh@heMOxdidpledD. 318550940. 803

50. 394529090. 780 6Q 475507900 757 70 522502100 750 80 .575494400. 742
90. 620486010. 733 Cumulative
Weight It.V.
Fraction Calculated
Cut Dissolved <M>,, from <M>,,
1
surface) 0.090 71794 0.976
2 0.168 62511 0.881
3 0.245 58167 0.836
4 0.318 55094 0.803
5 _0.394 52909 0.780
6 0.475 50790 0.757
7 0.522 50210 0.750
8 0.575 49440 0.742
9 0.620 48601 0.733
10 0.683 47826 0.725
11 0.719 47403 0.720
12 0.820 46720 0.712
13 0.847 46314 0.708
14
(center) 1.000 44861 0.692

The results show that the It.V. of the surface cut (Cut 1, outer 9.0% by weight
of the pellets) was 0.976 and that the It.V. of the center cut (Cut 14, center 15.3% by
weight of the pellets) was about 0.692. This corresponds to an IL.V. difference of
0.284 between the surface and center of the pellets.

The dried pellets were melt processed into preforms using a commercial-
scale injection molding machine for making the preforms. The temperature of the
molding machine extruder barrel zones ranged from 275°C to 295°C. The It.V. of the
preforms was 0.759 dL./g. Melt processing caused the It.V. to be reduced by 0.044

dl/g.
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1.000448610. 692 (center The results show that the It.V. of the surface cut
(Cut 1, outer 9.0% by weight of the pellets) was 0.976 and that the It. V.

of the center cut (Cut 14, center 15.3% by weight of the pellets) was about
0.692. This corresponds to an It.V. difference of 0.284 between the surface
and center of the pellets. The dried pellets were nelt processed into
prefornms using a comercial - scale injection nolding nachine for making the
pref or ne pxdip@id 2nperature of the nolding machi ne extruder barrel zones
ranged from 275C to 295C. The It.V. of the preforms was 0.759 dLlg. Melt
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Table 2: It.V. Gradient for the Pellets of Example 2

Cumulative It.V.
Weight Calculated
Fraction from
Cut Dissolved <M>, <M>w
1 {surface) 0.102 57351 0.827
2 0.300 57576 0.829
3 0.444 58347 0.838
4 0.595 57871 0.832
5 0.691 58300 0.837
6 0.791 57608 0.830
7 0.850 59243 0.847
8 0.901 50208 0.847
9 0.936 58596 0.840
10 0.970 59493 0.849
11 (center) 1.000 59128 0.846

The results show that the It.V. of the surface cut (Cut 1, outer 10.2% by
weight of the pellets) was 0.827 and that the It.V. of the center cuts (Cuts 8-11,
center 15.0% by weight of the pellets) was about 0.847. This corresponds to an It.V.
difference of 0.020 between the surface and center of the pellets.

The dried pellets were melt processed into preforms using the same
conditions as described in Example 1. The It.V. of the preforms was 0.812 dL/g.
Melt processing caused the 1t.V. to be reduced by 0.019 dL/g, less than 50% of the

It.V. reduction experienced by the conventional pellets of Example 1.
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from Di ssol ved<M>w 1 surface0.102573510. 827 20. 300575760. 829

30. 444583470. 838 40.595578710. 832 50. 691583000. 837 60. 791576080. 830
70.850592430. 847 80.901592080. 847 90. 936585960. 840 100. 970594930. 849 11
(center)1.000591280. 846 The results show that the It.V. of the surface cut
(Cut 1, outer 10.2% by weight of the pellets) was 0.827 and that the It. V.
of the center cuts (Cuts 8-11, center 15.0% by wei ght of the pellets) was
about 0.847. This corresponds to an It.V. difference of 0.020 between the
surface apghpeatverExdimplea pellets. The dried pellets were nelt processed
into prefornms _using the sane conditions as described in Exanple 1. The

It.V. of the preyitiggalsplidestatenaliperizagpellets eremercigl-avalable fremt.v. to be
duced 0 : ' i db
{he convaueimtiPréifta, CORRANY AR VAN CBTS solit slgted P H It e BRIE ol e 5
Convent i dnérg)sI0i8b0swereal rigal ip mesmaledryee (apprexicatety 40ipaiungsaapatigplat from
East L ¢al . Co Vor i di CBl12 | i d.st at t lt.V, (bef
dryi ng) SPOGH K86 WRHE Hve BRISHA nadariedrona) SRSt At el Lo gy slate”
capaci t y hsateastPby DECO T Y. dffefemal bavechale defiRgbAR soffaes Y@lal | i nity of
about 48% by weight” as neasured by DSC. The It.V. difference between the

center apalieiltY swadientiavasgapasyred@ceorditcidi tha Pyoseilirae deserivedaglymredi ng to
t he prOCSHHEr?esre@ﬁ%?a}é)@%r?f?ﬁ@ole%nd the results are given in Table 3.

Table 3: 1t.V. Gradient for the Pellets of Comparative Example 3

Cumulative
Weight it.V.
Fraction Calculated
Cut Dissolved <M>,, from <M>,,
1
 (surface) 0.083 80992 1.067
2 0.143 73439 0.992
3 0.212 67237 0.930
4 0.340 61829 0.874
5 0.467 57023 0.823
6 0.608 54777 0.800
7 0.737 51950 0.769
8 0.862 50299 0.751
9 0.904 50609 0.754
10 0.952 49795 0.746
11 0.977 49063 0.738
12
{center) 1.000 48459 0.731

The results show that the It.V. of the surface cut (Cut 1, outer 8.3% by weight
of the pellets) was 1.067 and that the It.V. of the center cuts (Cuts 9-12, center
13.8% by weight of the pellets) was about 0.744. This corresponds to an It.V.
difference of 0.323 between the surface and center of the pellets.

The dried pellets were melt processed into preforms using a laboratory-scale

injection molding machine. The temperature of the molding machine extruder barrel
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Table 3: It.V. Gadient for the Pellets of Conparative Exanple 3 Cunul ative
lt.V. utWeight MewCal cul ated Fraction from <M>W Di ssol ved 1 0.083809921. 067
(surface) 20.143734390.992 30.212672370.930 40.340618290. 874

50. 467570230. 823 60. 608547770. 800 70.737519500. 769 80. 862502990. 751

90. 904506090. 754 100. 952497950. 746 110.977490630. 738 12 1.000484590. 731
center The results show that the It.V. of the surface cut (Cut 1, outer 8.3%
by weight of the pellets) was 1.067 and that the It.V. of the center cuts

(Cuts 9-ds 2887t erhe LY. 8P nRYpreRirgliwaf 0.80¢ dRRY.| Rl )pro@sssaPedudedifd. This

corresponds to an It.V. difference of 0.323 between the surface and center
of the phiM.é&e be ragusedhydiOfperdl&: s were melt processed into preforms using a

| aborat ory-scale injection nolding machine. The tenperature of the nolding
machi ne extruder barrel

Example 4

Polyester pellets from the same batch as those used in Example 2 were dried
and melt processed into preforms using the same conditions as described in
Example 3. These pellets had an It.V. (before drying) of 0.830 and less difference
(<0.2 dL/g) between the It.V. of the center and surface of the peliet. The It.V. of the
preforms was 0.810 dL/g. Melt processing caused the It.V. to be reduced by 0.020
dL/g, less than 50% of the It.V. reduction experienced by the conventional pellets of
Example 3.
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Page 26 of 34 was 285C. The It.V. of the prefornms was 0.801 dUg. Melt
processing caused the 1t.V. to be reduced by 0.049 dLIg. Exanple 4

Pol yester pellets fromthe sane batch as those used in Exanple 2 were dried
and nelt processed into preforns using the sane conditions as described in
Exanpl e 3. These pellets had an It.V. (before drying) of 0.830 and | ess
difference (<0.2 dL/g) between the It.V. of the center and surface of the
pellet. The It.V. of the prefornms was 0.810 dLIg. Melt processing caused
the |t. WyHpWReCIfgused by 0.020 dUg, |ess than 50% of the It.V. reduction
experienced by the conventional pellets of Exanple 3. Page 27 of 34 \Wat W
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napht hal ene- 2of@eraphtrealib axig, derieates of heephthalio/agd ofaphthalene-2,6-

napht hal ene- 2, 6-di carboxyljc acid, .or mxture hereof . an b).a hydroxyl
conponent con’?ﬂ??rgpﬁ ICHC! ,éfgglya%esrﬂﬂr\g%ﬂh}aﬁegq?e—irﬁé@pgbggylg‘fac:g{é{ﬁgﬁge | ycol ,
based on 100 mel&fpsigcent of the carboxylic acid conponent residues and 100
mol e percent hydroxyl conponent residues in the polyester polyner, wherein
sai d parti cl elb) gdwdedxyl eomporsgnt gompsiging a least §0gnolednaf thegepiduys okt t he
surface of th&hg@{)gi ﬂcSI is less than 0.25 dL/g higher than the It.V. at the
center of the par |§ €. 2. The particle of claim1, wherein the particle has
an |t. V. badedadn @@ atol®partedbfghe Sarbixglipacitlicohwonkntiesidue?, anth€d® ol he
particle ha i C.

DL R b onbefinl EaRle e et ool L Sh S Bl >
hi gher t Radafh ey |df aVieadt 0.70QILFENERA tHf It hat #RY durflce of the particle is less

than 0.25 dL/g higher than the It.V. at the center of the particle.

2. The particle of claim 1, wherein the particle has an It.V. of at least 0.74
dL/g.

3. The particle of claim 2, wherein the particle has an 1t.V. of at least 0.77
di/g.

4. The particle of claim 2, wherein the It.V at the surface of the particle is iess
than 0.2 dL/g higher than the It.V. at the center of the particle.

5. The particte of claim 1, wherein the It.V. at the surface of the particle is
less than 0.15 dL/g higher than the It.V. at the center of the particle.

8. The particle of claim 1, wherein the particle has a degree of crystallinity of
at least 25%.

7. The particle of claim 1, wherein the particle contains less than 10 ppm
acetaldehyde.

8. Polyester particles having a number average weight of at least 1.0 g per
100 particles, wherein each particle is the polyester particle of claim 1.

9. The polyester particle of claim 1, wherein said polyester particle is a virgin
polyester polymer.

10. The polyester particie of claim 1, wherein the polyester polymer contains

at least:
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5. The particle of claim1, wherein the It.V. at the surface of the particle
Is less than 0.15 dL/g higher than the It.V. at the center of the particle.
6. The particle of claiml, wherein the particle has a degree of
crystallinity of at least 25% 7. The particle of claim 1, wherein the
particle contains |ess than 10 ppm acetal dehyde. 8. Pol yester particles
havi ng a nunber average weight of at least 1.0 g per 100 particles, wherein
each particle is the polyester particle of claim1l. 9. The pol yester
particle of claiml1, wherein said polyester particle is a virgin polyester
pol yner. 10. (He qmb@qditacicha)m;watobmriaing\a]t1ead11@|:?emmlet’/hef melrgaeEiUes

| of.. 3 b d
Dot i RoeePraalisTacid foivalh o ferepatific 8. B FRLTESibEoR A e or
derivates of grepifrdal témpshent Wmphskigiaigeaste eefe% @lﬂthe( r@s.cﬁ:é@.&tﬁr oxyl

conmponent conprising at |east 92 nol e% of the residues of ethylene glycol,
based onettyEned! !éc%.ercent of the polycarboxylic acid conponent residues and

The par i1 o1 o g1 & 1o Holg BBRERERHnE FENGARTp I B8R SFRRErefleTl oo

does noanyd0§ niclemetdent hydrdxylafomﬂmeparetsnmj$ intthe pelyeei]et eolymernor e t han
0.10 dLIg. 12,

article of cI . of the particle
at the surfacé! ?5'8 %?Obglfiynﬂ, Eer’fé etl\{v\(lfog het‘Pf’é'?ﬂ ﬂIYQﬁﬁL’%@C‘?g e%ent er
by nore hbawhr) fréth t?He/IHV éthhe ide bt tEbantsf bg hdirétddn oWoeNgy.N the pol yester
pol ymer contai ns at | east a) a carboxylic acid conponent” conprising at

| east 96 ol ed2.Jhetnasticlesf dawe 11owherwinsibiethX| pEtheparticle at the swfaess of
ht h
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conprising a e resi es of yCo based on
100 nol e per cthiThefpdriicte ohclamx il whemrdtmqrmpeme:tpmlmedummmsdat Ié@ﬂ nmol e

percent hydr O((a)f Ia carggxy?g gadrc%%géjn%%t Iccr)]mwgln at ttgé n%ie% o{ the residues
of terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 96 mole% of the residues of
ethylene glycol,

based on 100 mole percent of the carboxylic acid component residues and
100 mole percent hydroxyl component residues in the polyester polymer.

14. The particle of claim 13, wherein the particle has a degree of crystallinity
of at least 25%.

15. The particle of claim 1, comprising a bulk of said particles having a volume
of at least 1 cubic meter.

16. The particle of claim 15, wherein the It.V. average of the differences
between the I£.V. of the surface of the particles and the It.V. of the center of the
particles in the bulk is not greater than 0.20 dL/g.

17.The particle of claim 16, wherein the 1t.V. average of the differences is not
greater than 0.10 dL/g.

18. A blow molded container obtained from the polyester polymer particles of
any one of claims 1 through 17.

19. A beverage bottle obtained from the polyester polymer particles of claim 1.

20. A polyester particle having a degree of crystallinity of at least 25% and an
It.V. of at least 0.70 dL/g , said particle having an It.V. at its surface and an 1t.V. at its
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14. The particle of claim 13, wherein the particle has a degree of
crystallinity of at least 25% 15. The particle of claim1l, conprising a
bul k of said particles having a volune of at least | cubic neter. 16. The
particle of claim15, wherein the |It.V. average of the differences between
the It.V. of the surface of the particles and the It.V. of the center of the
particles in the bulk is not greater than 0.20 dLIg. 17. The particle of
claim16, wherein the It.V. average of the differences is not greater than

0.10 dLl gentéﬁ.vﬂnéaém\mhéul\dem! tl@@ﬁm@écﬂaadjf thbtpaitivtslis [eeertHaned. RO Iy &$ highhepol ymer
particles of one of rough 17. 19. A beverage bottl e obtained

fromthet Wltp@z&ratﬁﬁ? 9?@!” Béﬁhﬁlﬂﬂ €of claim1. 20. A pol yest er particle
having a degrgg B;%m%a#bubnﬁtzn whe.aeﬁn r@ap%:yé’sﬁ%/e BAgmBPcontainé; of at |east

0.70 dLIg , sal partlcehawng an : Its surface anc?anlt V. at its
Page 29 of 34 ad@maébvxmgc@monnmamt cwmﬂngwél%aatﬂacmole% ohibepasiduese is
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carboxyl i c acjy aqwm@twﬁonqmmht Sorngrigihg ke Rist 90 msmé%%fctﬁerrému@esbﬂues of
terephthalic acid, or derivates of terephthalic acid, or mxtures thereof,

and (b) thdﬂﬂ‘le(ﬁlmo'corrponent conprising at |east 90 m)l e% of the residues of
ethyl ene g yceésedba%w%%)rn g&c@m&r BRIy abidGeSRLBOXHY 1POFALI | ST dues

and 100 nol e percent resi ues In e polyester polyner.” 22. The
pol yest epegant ihqm@xgl‘residaemrizme mtmséerrpctlmedegree of crystallinity is at

oSt 3% g 8 e SR BB bl AR oL olbinAa S o
the part jezse358,, hhd tiit Vaektharphridle icateast .34 ALAR dL/ g or |ess, 24.The
ol yester pargiche of ol 23s o iEhebl bheets Heifaee ok Bedicd: g pr less.
of the particle at its surface and its center is 0.15 dL/g or less.
24.The polyester particle of claim 23, wherein the difference is 0.05 dL/g or
less.
25. A blow molded container obtained from the polyester particles of claim 1
having an degree of crystallinity of at least 35%, and an It.V. of at least 0.77 dL/g,
said blow molded container obtained without increasing the molecular weight of the
pellets by solid state polymerization.
26. A process for making a container from a polyester(s) polymer, comprising
feeding polyester particles having a degree of crystallinity of at least 15% and an
It.V. of at least 0.70 dL/g to an extrusion zone, melting the particles in the extrusion
zone to form a molten polyester polymer composition, and forming a sheet or a
molded part from extruded molten polyester polymer, wherein the polyester particles
fed to the extrusion zone have an It.V. at their surface which is less than 0.25 dL/g
higher than the It.V. at their center.
27.The process of claim 26, wherein the 1t.V. at the surface of the particles is
less than 0.20 dL/g higher than the It.V. at the center of the particles.
28.The process of claim 27, wherein the wherein the difference between the
it.V. of the particles at their surface and their center is 0.10 dL/g or less.

29.The process of claim 28, wherein the difference is 0.05 dL/g or less.

Page 30 of 34



25. A bl ow nol ded contai ner obtained fromthe polyester particles of claiml
havi ng an degree of crystallinity of at least 35% and an It.V. of at |east
0.77 dUg, said blow nol ded container obtained w thout increasing the

nol ecul ar weight of the pellets by solid state polynerization. 26. A
process for making a container froma polyester(s) polynmer, conprising

feedi ng pol yester particles having a degree of crystallinity of at |east 15%
and an |t.V. of at least 0.70 dL/g to an extrusion zone, nelting the
particles in the extrusion zone to forma nolten polyester polyner

conposi tion, 3ahdheqratesy of ddimel6, evheseinrtbé dealdgdpartfis e wosieimardedfoml. t en

pol yester pol .. Wher ei he | yest er rti.cles f tQ the extrusion
zone have an ﬁmrr\'?e pé?cq%eqqr&@mﬂgﬁnwﬁﬁsg}go ﬁ%et?%b@“f W&qu@ﬂ ;arg&ornmn er than
the It. Vaietddeidonegndrer . 27. The process of claim 26, wherein the It.V. at
the surface of the particles is less than 0.20 dL/g higher than the It.V.
at the cent er 33fTheruoeagstof dai 3havheraindhe castaingr hasa yp!ome ofkliteison he
wherein g difference between the |t.V. of the particles at their surface
and their center is 0. 10 dL/g or less. 29. The process of claim 28, wherein
t he differencgl.iMbe(profesldfglam 27 semprang BYingfth8 patilesTine grnyoeessnedf cl ai m

26, wherejn the nold art i.s ontainper preform . 31. The, process of

ol & m 308l et ALTe g LA OFF Befafo mtiep HRPAPUrRS IS RO ST age
contai ner. 3234 MpeRiro6asofaif 28, Mrler coRfirBiny dMmCRBlRIess Bapre vol ume of
3 liters or less. 33.The process of claim 27, conprising dgfll ng the

par ti cl efpadingthampitiniesiortae extrusiongenas wheredt thetpartigles arei0d sdidstatenel ti ng
the part| i .1Usi on zone. 34. The process of claim 26, further
bl fRyibBd bBRIEUME:

conpri si yi ng ep cles before feeding the particles to the
extrusi on zong5. Thbqrredcasstdielgimrid, ethesciartiee patticksl havesdraseetallehyde tdvaed
before dre//i)(ggp@%. The. process of 34, wherein the particles have an

| ai
acet al defi \RE|lessggriordo i lQﬂ'ngg@X HPBP 2PB®nel ting in the extrusion
zone. 36. Theg@MAGERScadl oF IR RS whehaR Bhé pbhesP bsRM paplager particl es

comprise:

(a) a carboxylic acid component comprising at least 90 mole% of the residues
of terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylene giycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent hydroxyl component residues in the polyester polymer, and at least 75% of
the polyester polymer is virgin polymer.

37.The process of claim 36, wherein the polyester polymer particles
comprises:

(a) a carboxylic acid component comprising at least 92 mole% of the residues
of terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 92 mole% of the residues of
ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent hydroxyl component residues in the polyester polymer.

38.The process of claim 37, wherein the degree of crystallinity is at least
25%.
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conprise: (a) a carboxylic acid conponent conprising at |east 90 nol e% of
the residues of terephthalic acid, or derivates of terephthalic acid, or
m xtures thereof, and (b) a hydroxyl conponent conprising at |east 90 nol e%
of the residues of ethylene glycol, based on 100 nol e percent of the

car boxylic acid conponent residues and 100 nole percent hydroxyl conponent
residues in the polyester polyner, and at |east 75% of the polyester
polymer is virgin polynmer. 37. The process of claim 36, wherein the

pol yester polyner particles conprises: (a) a carboxylic acid conponent
conpri si ng at3%.8aetpré@ssulf elbiof 26, hdereaitie degreef ofteeysaltinihaisi 4t |l@adtd, or
derivategsgj terephthalic acid, or mxtures thereof, and (b) a hydroxyl
componen onprising at |east 92 nol e% of the residues of ethylene glycol,

based on 100 A®HRcRP6ERRLoffaif! s, eampAX Fba@kiol sERIMANABE hadPgdies and 100
nol e percent hydroxyl conponent residues in the polyester polynmer. 38. The

process wolugienfat S5ast egbigimetehe degree of crystallinity is at |east 25%
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bul k of batwdepaht ito).es theawinfgresof the partieleaf arad thiedh¥t oflthewenterrofties . 41. The

particle of claim40, wherein the It, erage of the differences between
o €9 Lt

the It. VP‘""@B'F"efﬂ"’Hrét qllé&nqugrgqa,tgr %nd the I1t.V. of the center of the
particles in iﬂ?h@tﬂgﬁtiﬁl?of\‘/&binﬁiﬁ?ﬁkﬁére}iﬁﬁ% IQV?Q\/&EQQ of the diffBeerRastid pbe of

claim4l, wherein average of the differéences is not greater than

0. 10 dL/ greates.than BI1Ovili®l ded cont ai ner obtai ned fromthe particles of claim
26. 44 A pref LRt hog ohtatlr bBERA b 8 pRHictLLMAR: 26.

44 A preform obtained from the particies of claim 26.

45, Polyester particles having a particle weight of greater than 1.0 g per 100
particles and less than 100 g per 100 particles, said particles, comprising at least
75% virgin polyester polymer, comprising:

(a) a carboxylic acid component comprising at least 90 mole% of the residues
of terephthaiic acid, or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100
mole percent hydroxyl component residues in the polyester polymer, the particles
having a degree of crystallinity of at least 25%, an It.V. of at least 0.77 dL/g, an It.V.
at their surface and an It.V. at their center wherein the It.V. at the surface of the
particles is not greater than 0.15 dL/g higher than the It.V. at the center of the
particles, and having an acetaldehyde level of 10 ppm or less.

46.The particles of claim 45, wherein the particles comprise a bulk having a
volume of at least 1.0 cubic meter.

47.The particles of claim 46, wherein in the It.V. average of the differences
between the It.V. of the surface of the particles and the 1t.V. of the center of the
particles in the bulk is not greater than 0.15 dL/g.

48.The particles of claim 47, wherein the It.V. average of the differences is

not greater than 0.10 dL/g.
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45. Pol yester particles having a particle weight of greater than 1.0 g per
100 particles and less than 100 g per 100 particles, said particles,
conprising at least 75%virgin polyester polynmer, conprising: (a) a
carboxylic acid conmponent conprising at |east 90 nol e% of the residues of
terephthalic acid, or derivates of terephthalic acid, or m xtures thereof,
and (b) a hydroxyl conponent conprising at |east 90 nol e% of the residues of
et hyl ene glycol, based on 100 nol e percent of the carboxylic acid conponent
resi dues and 490herpdricl@ebEQRIM BB OKAEin %@VUQ@ra?é% Aotesrehterithgn pol yest er
polymer, the particles having a degree of crystallinity of at |east 25% an
it.V. of O dldast 0.77 dLIg, an It.V. at their surface and an It.V. at

their center ' : - i gkes is not
greater than gﬁﬁagﬁlﬁgﬁﬁgkgk{@ﬁ%rﬁb tlf%%é(ﬁ&@].cﬁaeﬁj %rﬁﬁg%gﬁ@éﬁh% "t he

particl es, anfil.labévegagebattietobitaiedy tteml theqlartidled 6f gpim 45. | ess. 46. The
particles of im45, erei,n th article ompri se a bul k having a

vol ume of at g%}sf?e orgy B’i"@dﬁfﬁ"éfﬁ&ﬁ#‘d‘?ﬁ@?ﬁ%’mit@ es of claim46, wherein
inthe It.V. average of the differences between the |It.V. of the surface of
the particles and the It.V. of the center of the particles in the bulk is
not greater than 0.15 dLJg. 48. The particles of claim47, wherein the It.V.
average of the differences is not greater than 0.10 dUg. Page 32 of 34 49.
The particles of claim48, wherein the It.V. average is not greater than
0.05 dLIg. 50. A blow nol ded container obtained fromthe particles of claim

45. 51. A beverage bottle obtained fromthe particles of claim45. 52. A
perform obtained fromthe particles of claim45 Page 33 of 34
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