Pol yester Polynmer Particles Having A Small Surface To Center Mol ecul ar
Werght—Gadrent—t—Frefd—of—the I nvention This invention relates to

pol yester polyner pellets suitable for use in the manufacture of polyester
contai ners, and nore specifically; to polyester polynmer particles having a
smal | surface to center nolecul ar 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
intrinsic viscosity (It.V.) during nelt processing in, for exanple, an

I njection nolding extruder. As a result of losing It.V., the physical
properties of , \Y QsS | S the

hydrol ytic degretRes YMer R ArICeS Raying  si2 BER-L0 Lpate A he

pol ymer prior to melt processi ng. Weidlit®6ta atenhydrol yS|s the polyrrer S
thoroughly dried prior to nelt processing. ile drying the polymer reduces
the loss of It.V., nevertheless, sonme drop in It.V. is experienced, thereby

requiring the uspeffofdhe RiVer®®R having an It.V. higher than the target
container |T-V.— 10 conpensate tor It.V. |osses during extrusion. The use of

hi gher than tar gBtis Inuenhongella;eséo polyester pelymepaletsdiuitable for usgan dite hi gher
costs due t %éﬁgfa[%tu%;g{ %&%@? TUABINR ahd MHird g;?ectlff&arﬁf, qaﬁélpgetegﬁ@¥ﬁ§|: for a

| onger tine € a nore vI'scous ha t he

ext ensi on obattibies haeginglasoall isurfecediorcenter maldculan agighb gradient L zation to bring
the I't.V. up to the desired level, resulting in a decreased production
rate. The use of higher than target It.V. polyester polyners also has the

di sadvant age, of Bw’ dj.'g,m;ofmqnvaﬂwrgy to feed t he pol yner al ong the screw
in the extruder. Tt wou reduce the loss in It.
experienced by t y??&ﬁ'?é’w pe%ﬁﬂ?ﬁr‘" BE'F‘FWQT P@YchﬂF'Eﬁ:mW@'FfGr maki ng
contai ners. h&m%PoI @'r'éadnﬁc% bolyfers (?Eq’?'téxﬁgné%e%%@s Sﬂlﬁﬁ:ﬂyi%rvﬁéoﬁ Syp@'\( ster

conposition tha as an It.V. sul contal ners, yet ss It. V.
during nelt dpmg;leeltpmgessrmnewr examge A wegtimmoldmumtredes ﬁns)wresuﬂmfded a

pol yest er p?cls)ﬂﬁqf vPite dh%lgaﬁ)?%dlqu &Qh@pa%#ﬂst’? Hegrade One cause of It.V.
loss is the hydrolytic degradation of the polymer caused by water absorbed 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., highef 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 It.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.



pol ymer conprising: (a) a carboxylic acid conponent conprising at |east 90
noT 690 01 LNe resraues o1 terepnthal icacrd, 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 polymer, wherein
said particle has an It.V. of at least 0.7 dUg , and the It.V. at the
surface of the particle is less than 0.25 dUg higher than the It.V. at the

center of the p ' Nevhial SO provided a pol yester particle having a
degree of ca' infiafy of 5 Véﬁt"ﬂj't 25% and an It.V. of at least 0.70 dUg ,
said particle having an It.V. at its surface and an It.V. at its center,
wherein the It. t surface of the particle. s | t hap 0. 25 dUg

hi gher than the@?%."ggfsc?‘ﬁéefaﬁf’@}mﬁ sifion that has apﬁﬁgdﬂl"@m?rﬁ”there i s
provi ded a ponigieers, fetlosuskassdt. . duving erditesrocaseingithen existie pulyestdrs. f eedi ng

pol yest er partic{,es havi ng a degree of crystallinity of at |east 15% and an
It.V. of at |easthese s 0‘{'83‘2% pgleypﬁtggqu%rn%p@’glclﬁgpmpﬁgng RePobeastarcl es in

t he extrusi wyﬁ]gﬂgorhﬂ—isﬁﬁq’: m a nol ten pol yester polynmer conposition, and
formng a sheet or a nolded part from extruded nolten pol yester polynmner,

wherein the pol(@kacarbopdicacd compoagnt:comprising,at laast 3h ofithegesidues . V. at
their surface | ' I . V. at their
center. In yet m@rﬁ%ﬁgﬁthglﬁbﬁ'%ﬁ%@%ﬁ@?‘(@aﬁyﬁ@mﬂ)‘?%@?’d@%ﬂggﬁé&%%% particles
havi ng a parti diearbgiylihacidfdegivativesof naphihdeme-2,6pdicariaylip acid, ot mixtured | ess
than 100 g per ]tﬂgr Hjl cles, said particles conprising at |east 75%virgin
pol yester pol yner §8ﬁ% sing: 2 (a) a carboxylic acid conmponent conprising
at |l east 90 nol g ahydrogyl componet comprising aplbast®0intola% of the Fesiiigs\oit es of
terephthalic acieé or r’[ixﬁures thereof, and (b) a hydroxyl conponent
conprising at | e @leos 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, wherein said particle
has an It.V. of atleast 0.7 dL/g , and the It.V. at the surface of the particle is less
than 0.25 dU/g higher than the It.V. at the center of the particle.

There is also provided 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 [t.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 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.

In yet another embodiment, there is provided polyester particles having a
particle weight of greater than 1.0 g per 100 particies and less than 100 g per 100
particles, said particles comprising at least 75% virgin polyester polymer comprising:



based on 100 nol e percent of the carboxylic acid conponent residues and 100
nol e percent hydroxyl conponent residues in the polyester polyner, the
particles having a degree of crystallinity of at |least 25% an It.V. of at
| east 0.77 dUg, an It.V. at their surface and an ItV. at their center
wherein the It.V. at the surface of the particles is not greater than 0.15
dUg hi gher than the It.V. at the center of the particles, and having an
acet al dehyde | evel of 10 ppmor |ess. 4. Detail ed Description of the

I nventi on The present invention may be understood nore readily by reference
to the followi ng detailed description of the invention and the exanpl es
provided therein. It nust also be noted that, as used in the specification

and the appendedafa aambxylit Aid o‘éhﬂﬁHéﬁrcporrigﬁg a@le'ést FmoRif of fﬂ%%mbﬂ&é ude
plural referents unless the context clearly tes ot herw se

exanpl e, refer eiﬁ?ééefﬁi@f“%ﬁ“%éﬂs Phéefbiﬂtmfﬁfgpmhaiwoﬁo}drﬂ mixtgres theneof, @nd, "
"preform?"” arti £ de the
processi ng or ﬁiﬁg orfgi ngul aéntco pris ptl?trt!eﬁ%s% popﬁﬁn'grrrsegd %&;rms,
articles, cont ®tmdenegycohottles. Refer ences to a corrposi tion containing

"an" ingred PPy cl ude ot her redients or
ot her polyne b%s%’ °?‘e1s()8 ?Ie@ céﬂ?éf#gg@ﬁﬁfﬁig%gpoc FiP@"Sﬁ‘ é‘iﬂ?& g corrpri si ng"
or " _colnt ai nm@“‘pegaeanirhydrbxw bahparherite‘esidueﬂ”lia th@pﬂdestaf’mﬂymé:, _th@ﬂ)aﬁﬂaééi ol
particl e, et step etc eco ion or article
or et hod 8 @%@i"ﬂ 3329‘% gé"g ‘tS/f °€"i‘ gﬁp@&ﬂd‘%“ R¥at al yst s,
materials, atathérr mrme afeatah Qo Sdt et ceeité‘r,wrfévaﬁ tiié‘ It. Vhét tﬁé BeFfaga sftheonpounds,
material, particles, nethod st egs etc. he same function as what is

named, unl eBaticles ismot greptes fhan iz di/g rt'gi'@r@iaé.‘ithﬁ ItM.qat the eandey of here under st ood
that the Teprtiles, %fnd%ﬁng@n@eéﬁidaﬁg!g@@ato?ﬁé BRAS (ot PYecl Ude The presence

of addition met'hod st eps before after t |ned 3 recited steps or
i nterveni ng nmet hod steps between those steps expressly i denti fi ed.
Moreover, the lettering of process steps is a convenient neans for
identifying di screte activities or steps, and unless otherw se specified,

recited prodess Dﬂtai@Desnnmnaofrthemmm any sequence. Mboreover, unless

specifically st aI'the presen inven caon may be understood more readily by reference to the
following detailed description of the invention and the examples provided therein. 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 ciearly
dictates otherwise. For example, reference to processing or making a "polymer,” a
"particle,” "preform,” "article,” "container,” or "bottle" is intended to include the
processing or making of singular and a plurality of polymers, preforms, articles,
containers or bottles. References to a composition containing "an" ingredient or "a"
polymer is intended to include other ingredients or other polymers, respectively, in
addition to the one named.

By "comptising” 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, method steps, etc, even if the other such compounds, material,
particles, method steps etc. have the same function as what is named, unless
expressly excluded in the claims.

It is 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



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 drctates, 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 bl ow
nol ded bottle. The polyester polynmer conposition nmay contain any type and
nunber of additives. The intrinsic viscosity values described throughout

this descri mcitwsttﬁgs ?ﬁﬁ@ﬁéﬁﬁwg\/&%oﬁ%ﬁy@%eﬁe&%th@éeest&% gﬁﬁégﬁ}@gﬂﬁ& units as

calculated fromt erent “viscosity neasured at 25C"In 60/40 Wt/ w
phenol / t et r Moraayen thenleteringrf progesy/steps is ; eonyeniest means fosidantifvingd by

bermmat | on SprefEena B A0, LA, Bheihd BhecHled. RRHBE RIERE RN, 2 e o
descri bed beirobe afargediCanynsdquense.i Mareaar uniessspecificalytstatedthe cedited wei ght

of the polyester |l ets faor. determ ning the nol ecular weight gradient from
t he surfaceséBsﬁfggﬁgwpgﬁlo NARE SBAGCRT es: Sol vent: 95/5 by vol une

net hyl ene chl or i Alstateivahdainciadeoall infsgend andifrattibngthlerdot withRi thi rgvgeoni um
brom de Tenperature: anbient Flow rate: 1 nlmn Saggll e solution; 4 ny

pol yest er pol yneh Polyester R%Wﬁ!tcﬁmpé'ﬁi@%m%\yit%mw@@ N%%bm'ﬂﬁﬁhial
azeotrope (afDétafd n(%)@. ¥8lld)or fncHenp lantl dpleO¥adhPlshERbk @k infficH the! ed
materials, the sample mass Is Increased so that the mass of polymer is about

4 ng, and t peraseissedulictates, and dnrcludesbe serapesitanefiinattep resgiiting fram then filter.
st " B of ok o B en SRR RS AP gy oo
pol yst yr ene shachoobettie prefam: ob@che form @@ost@d biow molded bottle. The polyester
polymer composition may contain any type and number of additives.
The intrinsic viscosity values described throughout this description to describe
the pellet it.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 pellets is determined by measuring the weight-average
molecular weight of the polyester by gel permeation chromatography (GPC} from
which the IL.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 particies:

Solvent: 95/5 by volume methylene chioride/hexafluoroisopropanci

+ 0.5 g/L tetraethylammonium bromide

Temperature: ambient

Flow rate: 1 mL/min

Sample solution:

4 mg polyester 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 um Teflon filter.



g/ nole, where MNVis the peak nol ecul ar wei ght Universal calibration
paraneters: PS K = 0.1278 a = 0.7089 PET K = 0.4894 a = 0.6738 The

uni versal calibration paranmeters are determ ned by |inear regression to
yield the correct weight average nol ecul ar weights for a set of five

pol yester pol ymer sanples previously.characterized by light scattering. The
cal cul ati on of inherent viscosity at 0.5 g/dL in 60/40

phenol / t et rachl oroet hane from the wei ght-average nol ecul ar wei ght, <M>,v, is
determned as follows: Ih.V. = 4.034 x 10' <Mrw 891 The intrinsic viscosity
(It.V. or rlnc) may then be calculated fromthe inherent viscosity using
the Bill neyer equation as follows: It.V. = 0.5 [e 0.5x mv. _ 1] + (0.75 x

| h. V.) The sol utinjestiot eshasé:t yopel ates to the conposition and nol ecul ar

wei ght of a polyester | hV _nunbers for the
crystallized pro %ﬁﬂ?’g *g%‘ﬁm@rkﬂbﬁ@q FF%ETWPE’&@PEIGW GMixed &di ent are

cal cul at ed by GHbste@idntUv@bsurbas&saita2ss nigasurenents are nade to determ ne
the It.V. of the pellets and preforns. The follow ng equations describe

such solution viscosity neasurenments and subsequent calculations: 5 1111h=

on (Uto)]/c Vmediéﬁb?'&d’t‘& bR 1 RS iemﬁﬂaarﬁém%ﬁﬁﬁiégr@booo

concentration of 0.50 100
t et rachl or oet har@mple, WhBI&tMWaS thamhm@lmtﬂ@rwe@atnpl e flow tine through a

capillary tube t I tlmathroughacaplllarytubeC—
Concentration of@nmfég c\éﬁa&gfﬂr‘g%mge ‘100 M -of solvent (0.50% _
PS K 01278 a= 07089

PET K=04894 a=0.6738

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 80/40
phenol/tetrachloroethane from the weight-average molecular weight, <M>,,, is
determined as follows:

Ih.V. = 4.034 x 10%<M>,%5%

The intrinsic viscosity (1t.V. or i) may then be calcutated from the inherent
viscosity using the Billmeyer equation as follows:

ItV.=0.5{e ***™ _ 1]+ (0.75 x Ih.V.)

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



The intrinsic viscosity is the limting value at infinite dilution of the

SpEcific viscosity of a polyner. Tt7isdefi ned by The fortowngequati on:
ri(,t=1im(iwg) =1limln (n,IC GC*0 CG>0 where rlh,t = Intrinsic
viscosity rlr = Relative viscosity = Uto nbp = Specific viscosity =n, - 1
I nstrunent 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 1hV = Cal cul at ed
lhV x Calibration Factor 6 The intrinsic viscosity (ItV or lint) may be
estimated using the Billneyer equation as follows: Tint = 0.5 [e 0.5 X
Corrected nmy - 1] + (0.75 x Corrected IhV) There is now provided a pol yester
pol ymer particl @mhalid®d¥Ci1t.V. of at least 0.75 dUg , a surface, and a
center, wherein the It.V. at the surface of the particle is not greater
than 0.25 dUg higher than the It.V. at the center of the particle,

preferably not owender tfpae IGhe?éntdigchsity 81267C bhapolyher tbndéntratiod b center of
the particle. There is also 1%rQovi ded % pol yest er °EO| ymer particle having an

It.V. of at least 0.750RG9 109 nak,pk 0% phendl an drl.2.éherein the 1t.V. of

the particle at the sunrbpBiorsetegater than the It.V. of the particle at
its center by not nore than 0.25 dUg, preferably by no nore than 0.20 dL/g.
The pol yester particles Inr & Nawiablogerths0c and 1 at nmosphere. The shape of the

particles is not limtegqg. ._‘S?q.@l? | : s, cubes, pellets,

chips, pastilles, stargs, alns oéﬂ%‘ﬁpﬁgq@'ﬁgagghgﬁ'g?gs}ﬁ%ave a nunber average

wei ght of at |east 0.16 g=@Soivenbbiapkflow tmedhrongh a capiianrtabéy greater than

1.0 0 per 100 particl s, anddiond fiod b i APinGeiRE pbP JoBRIL drEoRient The
particu Vy P

vol une of the particles 1s no
(0.50%)__

The intrinsic viscosity is the limiting value at infinite dilution of the specific
viscosity of a polymer. It is defined by the following equation:

Nint=fim  (m3p/C} = lim In (ndC)
C-0 C->0

where nint = Intrinsic viscosity
nr = Relative viscosity = {5/t
Nsp = Specific viscosity = 1 - 1

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

“accepted” |.V. values.

Calibration Factor = Accepted 1V of Reference Material / Average of Replicate
Determinations

Corrected IhV = Calculated JhV x Calibration Factor



limted, but in one enbodinent, there is provided a bulk of particles having
a volume 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 I[t.V.

gradi ént 'of the invention. Therefore, in a further enbodi nent, the average
It.V. gradient in a bulk of particles having a volune of 1 cubic neter or
nore Is snmall as set forth in this description. The It.V. of the polyester
particles is suitable for container applications. The 1t.V. of the

pol yester particles is at least 0.70 dUg. For exanple, the It.V. of the

pol yester partIvrh@mtrfﬁammoatymeaﬁmgﬂa‘s}becusuﬂwaI’e?duéﬁﬁg@?@urﬂgge and up to

about 1.2 dL/g, or e polyester particles i njection
mol di ng ma@Rpalonasdoliowss rabl y not subjected to an increase in their

nol ecul ar weight in the solid state. The pol yester particles have a small
surface to center nol ecul ar wei gradi ent between the surface and the
center of the pagkios e 5f‘ﬁ%fFF‘°1“5‘8-nd]+(DS@kl0¢rreEteﬂtllﬁW)ed pol yester particles.
Wt hout being bound to a theory, it is believed that when there is a
significant difference in It.V. between the center and surface of the

pol yester parti Thete istfow ﬁrowaedga;megferaolz@ubr aaﬁ&@tr@d;n@c&wvt & athedst! ¢l €, and
such a pol yrrer is nmelted, the ai ns undergo chem cal reactions

that equi | ObFAd0 . 2 Furfags; aedip &P"%l‘”@'ﬁfe"&m'@tﬁ Vbﬂtﬂ'@ﬁ“ffﬂ_ﬁﬁe@f thiparticleds
nunber-avernaggreai&&faﬂ'oaésa@?a@merfhznwﬁixe&hﬁé eht8foffilipaiRit | on causes the

It.V. and wei ght-average no ul ar wei ecrease al so causes a
degr adat i opreferablymopgrgater thandl. 2 di/gihighepthaniike It{&blayt!‘@tcmnterm&mr dingly, by

nelt processj . | ' . face.to center

ol ecul o RRItafh: B B Brofidéd  Boffectel hond: e flvind HhEF B St s

p?I yrr:er paﬂ&dstﬁ&'édh@veamrfﬁuefalm;aeegdlerawbmtme ltan(bftrt]ﬁm?értlc\:}h/at&te t he surfac;a
of the particle .s t n.the,lt at e center o
Che: par 1 cioutacs s praatariva DY AR St dBEts (e v g inatt0.98 ot 1 he
center of ftdbg,p Wérhbt?b?noplﬁcﬁ'éma?:NxOGLfﬁ d_Ug or Iess or 0 10 dUg or |ess,
or even 0.050 d ess of the Rolyester

_ﬁg In this e;g%g(glrrgnt, V.
pol ymer at the S polvestespapticies aie solidat An éémew %weih? gRape pfdhe: v, at
the center pafticledgs mn.m.t@aesumlamdwnncuﬁmb@n&ubésow@m chigaere is

provi ded a poI ester particle which has a sm
pastilles, stars, and so forth. The particles have a number 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 particularty
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 to center molecular weight
gradient between the surface and the center of the particles than found in solid-



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 dUg 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 dUg or less, or 0.10 dUg or less, or even 0.50 dUg or |ess.
I n anot her enbodinent, in a bulk of pellets having a volune of | cubic
neter or nore, 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 dUg, or 0.20 dUg, or 0.15 dUg, or 0.10 dUg or

0. 05 dUg. Thstatedpblyesteppartities. Pelithelt Betngltedunt 86! a ¥edr}iat I8 Wefévedl thet ek DY
mass, while the . cenqt'ﬁ.r@a'l_‘s, he |n_neI\r 8 to 16% by nmass around the particle

center poi ntERRAP AS! repce,ipilty- hetwegn the ceeter and svriarerfiheticl e may be
difficult topdeetirpahie i bl 2 solf-dehted LB | t he

I ntersecti ngdtl)’%t vver?aﬁ rr{)e(sjtgg g#tﬁ?%gs%?ﬁaa?%%t I nE?@%ﬂgﬁ%@ghﬁd %g\?éq t hr ough
the parti cl ePahenerds melted theigelymer chamsundergashemical iieadtions theat equilisiatence from

each ot her. b Ve of [ .r,andom
canpl i g of 0"k dejghEaiskiotiiof, Eteluiul harRnte skl PG Yol o T he
8 procedur e isgnaffentad therequilibrafionrcplisas the itd/. wad greight-averagagroletular weightas ur ed
cuts within,.t £ . 8- % di sspl.ved. bei the surface of the pellet
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center, an radi ent being the difference betwee . surface less the
It.V. cent erg‘réﬁ%?%?ﬁﬁ%ﬂﬂ?w#%m@ﬁﬁf@i tpﬁi‘@ﬁ ’R'/ﬁt%i'%regaﬁw-r ange i s not
linmited, and canThe payeéterpdymensariBiéshaveeslifacédnd JFnterehmPthedevcat bed
above is used to separatelrel(qrreasure the It.V. of each $r;é)rortlon di ssolved. In

this way, a te&urfaseofhena g Isipenihan - uilfe bigherthan the)tVi atthe canter of he way
through to t1hig psAleSreRiratiy Rs8 idn %b@dgﬁm@@% RO, ot tHE Ut SUrface

and a center cut or as nmany cuts throu article as one desires.
Al t er nat el y,partigie; preferablyl @.154lLég erdess. ar 01 Gxdlig or lessrar evan 9i050alldg ot he

Separatel y nessoliis gt he 1LV o e iested pEhined iie Biflch BFHC" © 'O

pol yest er paartiaté ean beamischylosves thenl the itf. at thetcentee of the patiche. ulnaanother
embodiment, however, there is provided a polyester 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 di/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 volume 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 diL/g.

The surface of the peliet 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 iregular 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



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 energy costs would be reduced. As a result of the |ower nelt
processi ng tenperatures, the acetal dehyde |evel in the preforns would be
| ower, and the tine required to cool the polyner follow ng nelt processing
\z‘loul d declr geeedusssetdortitin e Eraraples,| the Wekihtddaveragedo il rigadueed bute-

ternately

less drying is tq give th Lt V. |
convent i ona"f"mﬂgﬁééﬁrt&&gm%‘%% ﬁg‘ﬁgﬁe"i‘?e%%gﬁﬂggéﬁ%ﬁ%‘?it%%agglleéﬂﬂre&ﬁﬁ%a:ﬁsaiost s
are reducedtV]diefape] andhe Gadighied BUatdYes 6ChllviedBRiéd B3 WithRPthk 1BdtiszRf i on to a

nol ecul ar wei ght suli tabl e for contal nerg({l})pl i cations having an It.V. of at
-¥e

| east 0. 70 Mags7e being igscentsy isresewied asithg . Ve eanien. apd gradientdeing thecul ar or der:
formati on qf | C : atrhd ' Gk abl
renoval of Cﬁrirftf)és}taﬁ%éf% e nr%gl' %ﬂrgal%eng%ettﬁ%ﬁc},é%%tgﬁ .Ih't'é ﬁ@hggg?ferreép %’ﬁ&?éed %/he
ext ruder f orkenawithig eathangeis Nt imitediandican be asdewy @stoame measurernerst. Fhé ch have

tru . . . ody sasurgnent. The ch ha
o e_eii”nié@‘t’%ﬁﬁ?é_ é’%ﬁ%ﬁ%%d;f?%@%ﬁ%8%%%??9%?.‘%*%?%@%&%@"‘? Bhepth o
R bt pints i iptdiries ttsiivaderimad tvid soesor bl
t he sur . . .

Ly v ade ey bigegH e aiitel § e Rirtivle fusle P8pe 88 JnG Pob ety b

obt ai ned byanded édnter duber asshhylcuts &ireghhpet the PafticlePss dne tesireaD dltehtitely,

re-formng the nolten pol yester into solid articles that do not have a
surface |t.%epanige '%;'tc@adéﬁ@.@@‘ﬁwerﬁ Biges ot tﬁgﬁu{fﬁ@e ysicuy/away,a pigee ebnt er .

Thus, in angé B@\ﬁteﬁgfeap&@hnd g e irfenrgegyﬂa@ydn@agﬂleuwtﬁéamﬁnhmo% havi ng
an [t.V. of at |east O. 0 dUg obtained by nelt phase polynerization and
wi t hout soldegcrikadaheveo| yreri zation, wherein the particle has an It.V., a
surface, and a : ' g f rticle is
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weight gradient undergo less It.V. loss during melt processing than conventional

polyesters, one or more advantages are envisioned. The subject polyester can have
a lower It.V. than conventional products to 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 meit
processing temperatures, the acetaldehyde level in the preforms wouid be lower,
and the time required to cool the polymer following melt processing would decrease
as would the overall injection molding cycle time. Alternately, 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



It.V. at the center of the particle, preferably I ess than 0.2 dUg hi gher
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 dUg. There
I's al so provided a process for making a pol yester container, preferably a
preform dor beverage bottle, conprising feeding crystallized pol yester
particles having an It.V. of at least 0.70 dUg , to an extrusion zone,
melting the particles in the extrusion zone to forma nolten pol yester

pol ymer conposition, and form ng a sheet or a nolded part from extruded
nol t en pol yester polyner, wherein the polyester particles have an It.V., a

surface, angdiyestepiricles WhitA hale heBtsdendubjRblel 8 aR indrédse IRPhalEMmbREUIRRT ti Cl es,
preferably all the particles, have an |t.V. at their surface which does not

vary from teight in the golichgtatersince typigal splidsstatepalymerization pepcgeges ipwertanabl y by
no nore th : hel i are
preferably .@%ﬂrﬁ@@%dﬁ%@ﬁ@\ﬁgéﬁ%ﬁﬁ;& %@%ﬁbﬁﬁ F%ﬁ'lé%[h"??ggt allinity to

prevent t heufacenhtbe particlegHoweveralf Hlm!ﬂSteIMSbﬁequﬁqDWtﬂPQﬂmel}i@ddgyi ng at
ol vent e SAREE S e nbitinel felohPliuichb G0 pEoptdifiey 6 WRIRGHAE Sl |
T B P e e e L O o
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t her nof or mefllit®eentéd. ownol ded contai ners. Typically, polyesters such as
pol yet hyl ene terepht hal ate are r.eac a diol such as ethyl ene

| made tin
glycol with a dffes Ranpthes em&"‘&%"_%@%’eﬂ? B"é"’!gegc? Relyester particla RgMind @4t er ¢ o
produce an |pgigpht I@Bﬂ%?ﬁ)’dl?%@?%inéﬂ' uﬂﬁaﬁﬁr%se\yglwﬁbr&éﬁoﬁ mwm%of%eﬁ@ensed to

produce the polyester. M han one conpound ‘cont ai ni ng carboxylic acid
group(s) orstalepolymerization,)whereindoe partidlelhas aB Y ca sutaces gnd deceptasicess. Al l the
conpounds L B cah | ' | ' eof that
arerin ¢ nanardh Helly o @ ieRace oMbl Eied fen 035 g hifcthah 38 *e aoof
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o i o The Bfer & el Pl Y6 yBrkholtitr bhodGiftient Raid pHLEHES anlv.
at the surface which does not vary from the It.V. of the particle at its center by more
than 0.25 dL/g.

There is also provided a process for making a polyester container, preferably
a preform or beverage bottle, comprising feeding crystallized polyester particles
having an 1.V. of at least 0.70 dL/g , to an exirusion 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 ail the particles, have an IL.V. at their surface which
does not vary from their It.V. at their center by more than 0.25 dU/g, preferably by no
more than 0.20 di/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 fo 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 orf
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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 hydroxyl group(s). Mre than one conmpound cont ai ni ng hydroxyl
group(s) or derivatives thereof can becone part of the pol yester polyner
product(s). Al the conpounds containing hydroxyl group(s) or derivatives
t her eof t hatiedseTRéEhgEoF mfdeBdiaft dah QUG K )précesBEd Bimake theRvBloRN¥d or
conponent. The nole % of all the conmpounds containing hydroxyl group(s) or
derivatives Qowpeided confaingise ore part of said product(s) add up to 100. The
resi dues of conp her eof
w;sn?yu ) polfeiets Bh&%ﬂ?&l?&ﬁ%n?ﬁ?éﬂ?ﬁﬁélat@n Oﬁ{da\é r¥§§hn

that becone part al d” product e portio npaund( s)
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and car boxy (ErauRig)a o Beatyfist Fefed? 8 g renslril e ode Pacsae kB ned by pr ot on
NIVRd The polopﬁﬁabt gndssinyaiming carlbomf agig\g?ﬂ}ip(ﬁ/rbrfmt ativets) tr:jéraoi(tn)atf ﬂtezciﬁr bﬁ?ﬁ' : c
acCl conpon C rsin eas e% o resi (0] ere alic
aci d, drenrol Viﬁ%groﬁﬁg W%%Pﬁ%? ‘?rﬁ H%ﬂeé'ﬁe Eeﬂ“"‘%jé}‘b%frﬂyd%l ic gm d,
derivatives dbfanalﬁHH doatAfiRg 8ar§oﬁweaseiacgfau¢(§) &weﬁvatﬂresgptpﬂéruaﬂﬁat irageof , and

(b) a hydro nponent conprising at |east 90 nol he residues of

ethyl ene gl )%@)P"Odlé@s”éﬂ uprio 18 m'@%eﬂ&compwaﬁﬁbwt?@"@&@%h%éﬁdnt
resi dues an%ﬂ%ﬁ&?h@mm& g érybugsfgfé)me eq“rsfars {ofhb @pﬂf&n'd?saéae

pol yest er I'n anot nment yester yner conpri ses:
compound(s) which remains in the ohgomer andlor polymer chain after the

condensation 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 hydroxyi 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 |east 92 nole% or at |east 96 nole% of the

resi dues of ethylene glycol, based on 100 nol e percent of the carboxylic
aci d conponent residues and 100 nole percent of the hydroxyl conponent
residues in the polyester polynmer. The reaction of the carboxylic acid
conponent with the hydroxyl conponent during the preparation of the

pol yester polyner is not restricted to the stated nole percentages since

one may utilize da)acayboxylic asid compbhentltpohpriging ateasidtemble%s of tesebsiedes €. 9.
on the order of y 00. Mol e% rel ati.ve tq the 100 | e% of _ ¢car boxylic

aci d conponent us?zEe&gﬂ'ﬁlaq'ﬁ%r%%é?%%‘%oquPﬁww rlaﬂngthf"‘@%fq'é‘n will,
however, cont ai niidaftwxgiicedcid] derivatives obhaphtinierd-Z.6 dicbbatiy htig, dGhituresi dues

and et hyl ene ¢l ryuﬁl resjidues. Derivates of terephthalic acid and
napht hal ene di carMS8%t #% acid include C, - ¢4 dlalkylterephthalates and C, -

C4 di al kyl napht habpd Rarosip'éémdnentlbombriving SRR b0 MR b residue

di met hyl naphthal ate I'n addition to a diacid conponent of terep tﬁgfi c acid,
derivates of tedpangalvel.aci d, napht hal ene- 2, 6-di car boxyl i ¢ aci d,

o . ) : : i i f, th
erivatives eésgagn%b%ogg§g§ce§;ofgﬁgﬁa&gg>§§gn@%n%m %idﬁbngtyaHaggpu geof, the

carboxylic aci onpone yester | € one or
mor e addi ti opercentofihydrexyl cempanept residues éh the polyepten pdiymeSuch addi ti onal

i car boxyl 1 ¢ act o S hrRmaR heldohieRE PR SRRRBRL, umper of T
car ]lc)oxyL: c ﬁCi d Qa)cmq:m'boxzﬁuadulcempbnmmdmrﬁsingrat Ibastgﬁmglb%s)o_k hcleaslégeis

Dt of or abl y  navi Nipiereegf e feRlei o erentina bl ebafesif e R r e ity |
aci ds_pr ef er abl y napnhalené2,6-dicdrBoRyait Beid, @érivatives\§ImaphtRaRhEiZ6-gicargixgik Of
nodi fier dicarboxylic acids useful as an acid conponent(s) are phthalic

aci d, i sopht hal i @CcPrMixisesthgegob B2 6-
(b) a hydroxyi component comprising at least 92 mole%, or at ieast 96

mole%, of the residues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 moie
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 moie% relative to the 100 mole% 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 diatkylterephthalates and C, - C4 dialkylnaphthalates, such as
dimethylterephthalate and dimethyinaphthalate

In addition to a diacid component of terephthalic acid, derivates of
terephthalic acid, naphthalene-2,6-dicarboxylic acid, derivatives of naphthalene-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 compounds and
conmpounds with a higher nunber of carboxylic acid groups to nodify the

pol yester. In addition to a hydroxyl conponent conprising ethylene glycol,

t he hydr oxylcompoonizsn8oth additidnal modiientarpa)dylieasie compyundscheldée atmiot | onal

o oupe. EuaRBe sk Roupls FERSIIIS iAol i MRS Bl e ¥
diols pref em@thn@nuechsmbwlianiwgrbm Bk&fipled blude aabmah@aicaru&gi
such

preferably having 3 to carbon atons. Mre specific exanples o

di ol s incl ude Blpéﬁfﬂ?P’é‘r’P@V'Qg)%BIM cerhopatgmeAliphaticcdiearbaxylic acids preferably
cycl ohexane%(rﬁg LER cafBoRRM, bre dbaxbhattaa.@é?soiwéaé.ue prefeRBhAL niglé diol;

hexane- 3- et hyl pent aned| ol - 4); 2-nmethylp nt ane

2,2, 4- tri rré@h%pp'bnn amwdwgte sRecific: exar esafqu!f@xdmdmvhqqcn@ usaulza@n et hyl
pr opane- di ol X benzene;

2, 2- bi s-(4- hy%h roxycyc gﬁ@%ﬁ ﬁﬁﬁﬁ%’?)cp%%ldé;léo?ﬁﬁ'-ghc QBM%MM%}S‘

di hydr oxy- 1 dm&;diyﬁoeadchmi:bi}éxangdibarbaxwioacid2c52;ldb1iesar(é3ﬁacetic acid, diphenyl-
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more 13 prefigeaping cbﬂe%ibnﬂiﬁi@la&td athyaliddse astbrsB AndvaciticchiRkides of 1hasé adids W -
and nost pref erﬁgﬁg based on the weight of all thernopl astlc

pol ymer s ( edtinglyperinithe tegmscar pmpgaﬁ dtig @Ir-scnmaglecfpr trigarboxyl COmPoRdS s |
 pact ool BampBindaifra AGhHTRAeHG) ool oL oo T HWOUS phase).
fillers, filpelyesteor inpact nodifiers or other polyners 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 inciude diethylene glycol; triethylene glycol; 1,4-
cyclohexanedimethanol; propane-1,3-diol; butane-1,4-dicl; pentane-1,5-diol; hexane-
1,6-diol; 3-methylpentanediol- (2,4); 2-methylpentanediol-(1,4); 2,2,4-
trimethylpentane-diol-(1,3); 2,5- ethylhexanediol-(1,3); 2,2-diethy! 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-tetramethyi-cyctobutane; 2,2-bis—(3-
hydroxyethoxyphenyt)-propane; and 2,2-bis-(4-hydroxypropoxyphenyl)-propane.
The polyester pellet compositions may include blends of polyalkylene
terephthalates and polyalkylene naphthaiates along with other thermoplastic
polymers such as polycarbonate (PC) and polyamides. Itis 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 ester cation
zone, followed by pol ycondensation in the prepolynmer and finishing zones in
t he presence of a polycondensation catal yst; or ester -exchange usually in
the presence of a transesterification catalyst in the ester exchange zone,
foll owed by prepolynerization and finishing in the presence of a

pol ycondensati on catal yst, and each nmay optionally be solid stated

accor di ng t preferabiy iman awdunt of at feast #lbwt. %l onatdeast 85 WA.%iandumestqireferablypr nor e
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pressure andisgPntiqUOYSPRRSeAt ure of about 240C to about 270C. The
esterification repad dyastér%oﬁ@agmmn w\&rebarad%%%éﬁ&amﬁwéa&aé' on of at

| east 60% i s achieve but nore typical unt i | egree of esterification

of at |east keews indhearisuffigignt to Qﬁ&ﬁfésﬁﬂcml ar@opqmqgrsat@m%tye@uer gomers.
Th | t al d
e nonomer m%ﬂgfs d5e ﬁ%h@@@ﬁﬁné deﬁb%s ﬁél%}é &%Féorﬁf&ﬁséﬂb‘ﬁ'é‘f% dié’argﬁﬁﬁgea yze

in the direct I catl rocess and catalyzed 1n ester ex [
processes. Bolﬂwthrﬂl@dlohppma\ﬂmram?Qr@enag'otmwrdiqzatld’rycaiely%tadadhe n the

t f t I t
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T est er exchan ) arately or. in
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nmanganese, @fepdRAHtASAtion medindhi® iR thdsrag@itieas apil/cond@isatsn satalyst ahal yst
each may optionally be solid stated according 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 abdut one and five hours. Normally, the
dicarboxytic acid(s) is directly esterified with diol(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
ot her conpounds such as colorants, inpurities in the starting materials or
t he phosphorus contai ning conpounds. The relative anounts of BHET and
oligoneric species will vary depending on whether the process is a direct

est eri f i catheestgificatiensrepatonriiypicabester exnbangematalysts, whithymag bewsedeci es are

significan : s LES; ex nge
process i n%@ﬂ?g@@g&.g& 'ﬁﬁ@gir'% .aepJ\;g tg%én iaﬁ%@? E’Bﬂl‘:(iils B’?%‘g)zﬁé%‘t e%n‘gver t he
ol i goner i c hgnganese, or Magnesiin acétatesair behzdalessandéormtieet sush chtalysst eri fi cati on

br oduct s. - TSRS e el Kihwoh 888 SRude nhe Bt Stisebols collaitf: “and
ol i gomer micsinpbends dndasayhe cloThhts taysdiso bé presestin tie edterifitatio®om@r € reactors.
Al ternately, thg nononer ' I Xxture coul d he Brodu ed in one or

and ol.i goner .m |

more batch reac ge_sul.ppg P"so_laﬂﬁtaé?rgﬁ?dﬁ,th {f@?t,‘c’rl?ﬂ‘te'?‘?{ %eB'F ess for

maki ng PEN,nFaﬂaﬁyétﬁﬂﬂter@ntﬂaaté (BIETY thbndieH RWmBRBABEWEIGhEARPITRPs 0f bi s(2-
hydr oxyet hy napht hal ate and its correspondi ng oligonmers. "Once the ester
nononer / ol | diwatergealcenal fiethgcase elesirgxebange) ag feseandepsationry-it i s

tr anspor t eGhrddeihaldh vih' i thaea implitie At by e F&%u@ﬁbﬁhbfdgwefmﬂ zone 1o
t he pol ycondensati off zone conprised of a prepolymer zone and a finishing
zone. Pol ycopdestartingpmatesialstandrathercompaundsasush ageglotants. impudtiesinthe nel t

P no PR BRI o T Refots BRI SR Y B BRRIR 1 2,
t he form ofof BhiETsandaigbreesc specieswill vary ldeperdizgpen wlethier therprocess isanpri se a
e O AR e b VB b e SR BB etle S ST
one or nor sighificant srdesven pesseht apthatmalorf dpecies) orcosstért axehandepracéssial e

which case the relative quantity of BHET predominates over the oligomeric species.

The water (or alcohol)is removed as the esterification reaction (or ester exchange)

proceeds 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. Altemately, the monomer and oligomer mixture could be produced -

in one or more batch reactors. It is understood, however, that in a process for

making PEN, the reaction mixture will contain monomeric species of bis(2-

hydroxyethyl) naphthalate and its coresponding 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
FWWWWELLH 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 pol ycondensation. Wile other reactor designs
may adjust the residence tinme between the prepolynerization zone to the
finishing zone at about a 2:1 ratio, a comon distinction in many designs
bet ween the prepol ynerization zone and the finishing zone is that the

latter zonevdgseniiy dne SHiRéralseb-skiges opbldfin af Qﬁé@hﬂédﬁd&:on@%‘é%ﬁndlé’mr
pressure than the aferatln conditions in prep ol nerlzatlon Zone.

General |y, feet r%ﬂ?ﬂlmrﬁtﬁwn\éﬂl‘tﬁ 'ﬂ"ﬁé’sﬁloﬁp%Pﬁ@oi%th!'&)rrpr i se
one or a SSﬁérﬁﬁd%nWoﬁslﬁrm &%r@%@h' reSctYRS SPbvenie 6r|?ﬁor?rr@9(9‘o¥|”er | zation

and fInIShIng reactors afe sequence In a series as part a cont1 nuous
process f or step@or suinslages pariormed inmsipgleyeaatenvessely iesome neadter designs,

he’ | ow mol SE SPoNffEneh aohel Bpeh e sl At E oKieBadiBnd aghty 4= ' ="

pol ycondens sdaction ﬁme,fvd*nlmthmﬁmd’llm/tmepeptlsttlhm‘sactoadrhalfpéster (or PEN

pol yester) i t he prese a _catalys Lf th not added In
t he” mononer pa@@"@??%“@ﬁt %ﬁeé%éea%g%é'gpﬁmtade@?g‘&d@éﬁﬁ'ﬂc\,\é{aﬁpg stage to
c?t alyze t hBet?v@aﬁ thmep?lﬁhmm henmrtn@amshmg doh@ut abouea 2t ‘Bfatweg ght )
commounds sGRRMEE CIHGERHAR Teny dRvars petyect BIRmBRRLPeEUEn 2oV RRR RS and.
col orants Cﬁﬁsﬁh@@ormsmm laflerZbfe fl’é&@é?ﬂiy)dﬁiﬁfdté’@ét' @ﬁgﬁéﬂ@mpzmﬁr% conpounds
may, however, be added in the finishing zone instead of or in addition to

the pr epol yﬁ%ﬁ OQIQWBWG%M@W%@@?‘WQ eqnditions imihe prepalyraerizatipe ZpneNVT- based
process, Rer3lfy. etaeﬁﬁfe mggf%oyrﬁerrzsﬁ&%ﬂqzmetr Rhing'28Rés Eahatidebne g7d o | 2

and p0|nts 0] materi a Ingredients vary froma
typi cal di reertesmfnmre thaoaine seaglion yessel, anyihe plepplymesizatineranat finishingt al yst s

{0 500 ppm BACERE 4% EAlensal nf sape¥an i of £ CorkBp i BT ol gD "0 1M O 1

manufacture of the 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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16 This prepol ymer pol ycondensati on stage generally enploys a series of one
or nore vessels and is operated at a tenperature of between about 250C and
305 C for a period between about five mnutes to four hours. During this
stage, the It.V. of the nononers and oligomers is increased up to about no
nmore than about 0.5 dUg . The diol byproduct is removed fromthe prepol ynmer
melt using an applied vacuum ranging from4 to 70 torr to drive the
reaction to conpletion. In this regard, the polyner nelt is sonetines
agitated to pronote the escape of the diol fromthe polynmer nelt. As the
polymer nelt is fed into successive vessels, the nolecular weight and thus
the intrinsic vi'ﬂﬁmpﬂepylymfer p@lychmdbysaﬂnnsﬁge g'eneraﬂaemloy"éh&eqﬂesaﬁuhe opf each
vessel is generall reased, to, allow f reat er

d f
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t
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conditions. Suita a argon, helium

and ni t r ogerangingdrase ég@mtmtoldgweaw rreaeimnttn@omphqyonylnémlsmdﬂbea fi ni shing
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one_wher o Biime? el ibdhlimdaghated SOBRARIE ke WhosBe SPABIUR i e

finishing v necessari gher
t enper at ur epolymanmeli.cAsthe poiymerenelplséed)lnymmmcesmve)vasselsethetmolecMaﬁ ue within

a range of fr 27 tg 3 I t. V. I ncr eas dfrom
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pol yester conpositions ranges.from about 55 tQ about 1.1

dL/g
Pref er abl y, SaHLsUCEesS{ye yoss r?é"b%ﬁcpéyp@sswsmew&mraav@égf 79 dug to

1.15 dUg Wi ffemttite Fém\éléft s, n@téfrmdhmt bﬂ@hyd'@éeaﬁd Bier Vé%fé:ﬁ@rll general ly
knomn in the industry a i gh polynerlzer finisher, "

" pol ycondenBrodudts; tlam@aafp@ﬁrattymcq@w 84 Rder BoREkUm s RUrges with an l"ﬁﬁ
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and thus t hgrg\éh.sﬁecfﬁ}nt and nitrogen.

The prepolymer is fed from the prepolymer zone to a finishing zone where the
second half of polycondensation is continued in one or more 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 meit 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 vessei(s) is operated under vacuum
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differs, neans that the reaction conditions and vessel (s) may also differ.

However, [|i1ke the prepolyner reactor, €ach ol tne 1T1mamnyg Vesses, 13
oper at ed under vacuum 17 or inert gas, and each is typically agitated to
facilitate the renoval of ethylene glycol, although the formof the

agitation'is suitable for higher viscosities. Additives can be added to the
nelt phase or to the pol yester polynmer to enhance the performnce
properties of the polyester polynmer. For exanple, <crystallization aids,

i mpact nodifiers, surface |ubricants, denesting agents, stabilizers,
antioxidants, ultraviolet |ight absorbing agents, netal deactivators,

col orants, woinedgas andepshtisiypwally agitatduiddadiidaterthe ceroovap ofiettiglens gheal, rat e

enhanci ng ai e t, ti ced ntlnDny or reducing
agents to fc?ﬂﬁf?@ﬁﬁe?og@c*ggﬁgb?ﬂ% uﬂ?‘ﬂfgé N!!??BJ!S&%S' '%ar bon” bl ack,
graphite, activahdditvesaahbe addedtkihimeelt phasder to e polyestep blmer s the Iike,
sticky bottle additives such as talc, . ,and fillers and the |i ke can be

i ncl uded. TIREhNEE;the performagge peapedien of he nolyesier prlvmenFas eXamRle g agent s such

as trifunctichrellizefior £, 3mpacinaiiftrs, GarBeXNbiicants; iddRest édéﬁtsr derivatives
and/ or al cohol's, such as_trimellitic anhydride, trineth propane,

pyromel | i t i Sabiizens,antiosidantseviiravielet light absorbing agentscmne ﬁ?ﬁfgfb’@ﬁorﬁ.or m ng
ol yaci ds Oy &F{?ME f dditives and
Prang; ot hers alr??hk%gll@e [s'31 g'éh{sya hg}dé l&\b@ﬂ éeoma'rﬂdnde ehgﬁtﬁg ear equire

ext ensi ve diesbansingsids suoh asfelemerstal arttlmephs@nc@ucadm apimonyeer rieduclh@ agemisent

i 1 ued to QR s Sibidih LHE, cifobf bles, EBibbn BRER SrhTBENAR] 07 ™ P
Al ter nfllt : \Z/gIcyrb:)nﬂﬂacmrdnlsoxldsqooslbq/trr:rromm!bthé:lize.tstlsw battlé :ddt’?m?cihﬁ:sl .

i vectly froeRE R Ry B o e Bk P BRY BRI oY <y e
The ol coul at o drt ot BB Locyal ot DaLyaarer ol vier s o iaty i ol y
dependi ng o' {heiid g”‘.@fﬁ?ﬁ@"@? ?'H@/ \ﬂggg%eﬁhﬁﬁnlfyé’ﬂéﬁ*tt”"ﬁeﬁwﬁ EBrr edy
that the polp ?p‘l%ﬁieﬂitlcﬂﬁnhyd‘rid% ﬁmhfitdprbn@(vmrlp‘éﬁ@s@? fd% pol éi:ndgafe virgin

pol yester polymer. A virgin paol yeSter poly i s made post consuner

recycl ed polPpiyelsgenerglly kmc’%‘y theat. ﬁb¢f|ts}es?oaﬂd&vas apd H]?“MP“FQ!@ lanﬁ@qsrm ymer .
use are well known in the art and do not require extensive discussion. Any of these
compounds can be used in the present compasition.

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

Instead of making the polyester particie 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 optionaily contain scrap or regrind potymer.

The method for solidifying the polyester polymer from the melt phase process
is not limited. For example, molten polyester polymer from the meilt 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 polyner. A gear punp nay be used as the
motive force to drive 18 the nolten polyester polyner through the die.

I nstead of using a gear punp, the nolten polyester polyner may be fed into
a single or twin screw extruder and extruded through a die, optionally at a
tenperature of 190'C or nore at the extruder nozzle. Once through the die,

t he pol yester polymer can be drawn into strands, contacted with a cool
fluid, and tbemditet polyesteepalymer thtdugh piod giee Instead dfaispngl 4 géarpeninmithe t he di e

head, optio T olyner nelt s optionally
filtered t@@ik%%%%ﬁ%}ﬂ?b@[ﬁr a&ibe@%}'n‘?i%%@@Feg%rarﬁeghsc&\ggxkgq%a@dbei ng cut.
Anydco_nvelnt%maéd tHann@uiFgoptmaﬂm at(:jtprngibﬁturg oﬁﬂsmmﬁorla'rde_aamﬁé éttudiie@ an bg
used, 1! U Bica ol e nd BT ngrar SR g B e ot 20
face peli etéonicted Witifie co6liard, BRd batlintd pelets bt the Folymef salePe peildtRbi aers. The
met hod and apparatus used to crystallize the pol yester polyner is not

limted, anihedifcheadesrtionallyndeciatst. Jneipslvestenprolmgr mel ixeptianglly filterede
crystal li zag,i : ' éﬁ%@é& | i o ardi i di zed
bed; a bedatggrlgl?g‘{éggyrgeﬂ?#ﬁio{c’i& érﬂr“i)ve nt ;ggénﬁ%f%@%%@aﬁgd“@ ??QY"@’P B:‘gﬁjpe;
cryst al | i zehptipalietizationordicirgimethodiandepparatuspndre used, ipoludingtbait npbl yrer
preferably @at. "G 1O LG . r ' he art. Al so,

t he pol yrrerlﬂ‘r‘rr';a‘:'é/ﬁ g%sr{qhgﬁ%crr%yseg%w?lg'}z{deggh%t(fq}gﬁdi%qugg%) P guettc'rgglgt allize the
pel |l et s to pdstillatars] watel 6A¢ peliptizers diot faeypedieliders;, aindemvatenpedietizess andbl y t o at
| east 25% or e*t PtIﬁj;;qa@t .30% or at least 35% or at |east 40% Pellet
crystalli ni‘fesptrf‘ég PHRSRd usi ng Differential Scanning Calorinetry (DSC).

The sanpl e wei giThemethddard appasatus 0aY toicpystdliizertbe polyesteepsigmel & natonsi sts of
Caken f1 om FotRGy &pd GrdAes BRTER DLAzetp: 1 SoRAdoper | HecehSiAbAid: hoat | ng
f; tag gfs PehbBPBERH in d RRcRAEAIQ agRatB8 b8!, far AT AR biidegitakd®y Mid90C at a
movement; an un-agitated vessel or pipe; crystallized in a liquid medium 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 101 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 s 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 peliet is calculated as the net heat of melting divided by
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20C/ mnute, and the absolute value of the area of the nmelting endotherns
(one or nore) M nus THE area. o= army-cry sttt rr ot @il i Bt

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 19 119. Unl ess ot herw se
stated, the initial nmelting point in each case is also determ ned using the
same DSC scan. The percent crystallinity is calculated fromboth of: Low
peak nelting point: Tml. Hi gh peak nelting point: Tmib Note that in sonme

cases, par t‘h@“'tﬁ\'iés‘éoﬁL ST it kit BB AAEATAL efaisgrystal s can

occur so ra C 1 nstrunent e tru ower nel ting point
i s not det @mrnwh@lﬂgdhesamelﬁsmgcquou nt can then be seen by increasing the

tenperature ra sing smal l er sanples. A
Per ki n- El nmer @Pé @éﬁfeca rﬁ@@er {ﬂgﬁlésg%h)@}ﬁl gh-speed calorinetry. The
speci men rrass |lsowpdjalusieﬁldgtmtrittérnjmversel,y proportional to the scan rate.

About a 1 sa used at 500C/ m n and about 5 ng are used at
100C/ mi n. Typ| c ﬁ@izg'ﬁtfﬂ ns™bwer e used. Baseline subtraction is

performed to ni Notd thst |hh6mél¢é§@é @éﬂl@l@ﬂ%hﬂowﬁﬂmmmﬁ redrrafgembhist! V. percent
crystallinity is also calculated fromthe avera radi ent .~ tube densi ty of

two to thr &EYSIRIS Faft accurse mRigly inthe DS clpsryryentday |%t"!-'%» iBwer HePRiea poit cor di ng
to ASTM D %9R8t detttdd) THéIBWH%BR;ﬁ@bQiﬁtédhfﬁ@ﬁ BE sebN6¢ ircheasitfy thet s are

crystallized to the desired degIﬁ are transporte to a machi ne for
mel t pr ocedemperature cammeateekthe %W&E@"e@@ﬁ ugingsinealies samplest A&enkifi-or mi ng

into trays Qﬁ’eppﬁ% %?@gé%?@ﬁe& &y @H%}e%ﬂ cgloﬂmeﬂﬂ f] é&gpéc% nprf'a\ég ésah Vi ng a

f ood cont ai ners bevera nt ai ners contai né
vol ume of Zadjustedrte berinvepsely pl@pOl[lIaMIdO fherscaoratei Abqut @at ingreamede isafseddr i nks,

o e RS g Pl Btk A 1aE 1B BTBANR e L ™
conpri si ng whry used. Baselpe! dubtraction is performed to minimize the curvature in the
baseline.

Alteratively, 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 15085, using lithium bromide in water.

Once the peliets 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 moiten PET polymer composition,
and forming a sheet or a molded part from extruded moiten PET polymer.

In this embodiment, the pellets which are prepared for introduction into an
extruder are preferably not solid stated, or if solid stated have been re-meited and
solidified to yield a desired small surface to center molecular weight gradient. These
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having an It.V. ranging fromO.7 to 1.15 dUg and a small surface to center
nol ecul ar weight gradient in a drying zone at a zone tenperature of at

| east 140C, 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
smal| surface to center nol ecul ar weight gradient. These 20 pol yester
particles have an It.V. sufficiently high such that the physical properties
are suitable for the manufacture of bottle preforns and trays. The

non-sol i d sPelyestennagicles havg andty| W&'WV@‘QB’&EM’W@%PMQ@ Pfﬂpﬁstt&ﬁl argzed to
prevent 't heQﬂnfa’bFérfbﬁhg %Jdu@a%mrw bage gmgmrégg triRe ridhYedliia giaté&ﬁ@ﬁf atures

of 140C or nore, and up to about Dryers tfee
ext ruders ald. nel&ﬁ%hawed:eeewﬂ’slqnmecwsiaﬁnzadtommmmem &brrpsgmﬁcmtlylvm sture in

't v o merdokTRka f fa @Rl of Shinsfodbedl PR G attubre, ARG Moyt Tighc © 1 0%

resul ting cb.amaecj' Drybis feadinng e \wxelidara atecidedibt ¢ rediucé v POIsITE Copteft St et ch
rati o of Qfea?e@ref%‘g\ﬁvm en bl own |n§o bottles Ther ef or prior to extrusion
the pellets etsq urgn gr pg, pellets fed into & melh gerysion ghagmbes will causedhe nost

al' I of the Hpitsd 1666 It aaﬁﬁlmémséﬁtua@é tyeth drél?ﬂﬁb the dsbatllinkdifest witiPgr at ure of

t he heating medi um (such as a flow of nltro gas or air) is 140C or nore.

It is desi rEasulting ghanag ip the rpelt flew sharacterisfies ﬂTﬂ:RQ‘)&'ﬂ%er!\;ﬂ gfetavatiosf more to
d th
ecrease fhf' dﬁ%’?gﬁ bloW?r ifo HoitfesP q'hEPéf\Aifel &l&ftf@extﬂfsﬁﬁf thagﬁflé@%g ase

t hr oughput . |ghterrperatures e mnmzin oneration in a
conventi onaHnedjanashemqmttpp@mmmranomtb Hova off mosbalt efttbe maisterepm! 4t s shoul d

b tallized d t f
el et s 1 Pre aRlamegaing ol fmprtelfe e heati mPRGTIsE Soadpuati | on
average be hitrgargasortiy isS1400C Dr Rivré.Sit |ﬁ!‘é&f&l§l@ﬂb’ﬂ§&h@'ibélletg%i/ﬁighca” be used.

The pellets may bé contacted with a flow of heated air or inert gas such as
ni trogen t otampesatunes of 140f6coraneredo decrease helresigencariing efitbe pelletsimthiel es from

i nside the Q&F}ﬁdsm?rgggﬁwugﬂhap be agitated by a rotary m xi ng bl ade or
t

paddl e. The ow rate 0 eating gas, if used, is a balance between
ener gy To dry at high temperatures while minimizing agglomeratuon in a conventional

dryer equipped with or without an agitator, the peliets should be crystallized at 140°C
or more. In general, the typical residence time of pellets in the dryer at conventional
temperatures {140°C to 180°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 pellets 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 Ib/hr of

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

to form moiten polyester 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
peliets 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 polyner 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

i ntroduction of the dried pellets Into an extrusion zone, for nelt

processi ng, exifjisien arerronventiong angrinownde thoge ofskit inthe mamutactweastictonal and
known to th . ko . ruder
barr el tenpgraaa&freres:kﬁrig#g?ﬁ%érwt igg%@@sﬁéﬁ%@ acérbgggt??%gééf%ﬁéﬁpocessmg
t he pol yest@rmm%smgmmlyeswpaﬂmﬂof(mmmaenttohe extruder, or in the nelt

Phe: composi 11 on N RRRyeEcdTo eieBhass ot Reking MESOITRS: siffur e ™ '

pL opgr][ |k es Gl:bmpbnems)barebé aﬂdqﬂbﬁMtomﬂ'ctm ofmmpreeemé.nvmgohm enltiied neat tg
t he u ol yest ersi,on i ul carrier or ma e
hlGed t o DhdiearforafalaBeigs S0ma polyBREL PRl dhise pahTs Mavbes: | cast

about 0.5 V\ﬂadﬁt’ed)ﬁeéth@ térnmfab%d@ﬁ ¥£4a dipetsiin il @yuidéatrieng bul k

pol yester. The types of sw able co oner]ts i ncl ude cré&lal [ zatlon ai ds,

| npact rmdlni"'#&%; dded 9 H'Leebq K polyesienas a pqlygstericoppantrate.fendaining at

anti oxi dant shoitl 6.5 ¥ HPbfthe cémgmen@mﬁé lﬂb@@stéﬂl%ﬂ&éwn m ﬂ\'e amaﬁ&w&épr s,

col orants, nucleating agents acet al owerlz@% npounds; reheat rate
enhanci ng ai ds ‘élﬂetyngs Bfﬁlt'tﬂble campﬂenﬁwcwewrmam ien alﬁ’ﬁdlmnﬂclers and t he
l'i ke can be ranchi ng
agents such as tr| gﬁ%@@na or ft%%ﬁfgﬁs qugg.%?géh(g%@hgﬂgé;ﬂgy%g%ﬁ@gP

trimellitic lightrabdoibirg agentsrinelta}idenctivatops coloranis, swsleating agerd$.anhydr i de,
e I aoahih By BSNARLE e SR RBl A B, oenor !
wel | known iagditives such agnalc dandillersr argithe bkascarehssln\zladeld Sihesresiomay\algo of t hese
compounds C%gnt%ﬁl sumaefl amounttshgf tﬁ'anc ?nngt agce%{g)such as%functaonaf or tetrafunctional
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 composition.
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 injéction 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 bottle are examples of the types of bottles which are made from the
crystailized peliet 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

i njection nolded articles may al so be manufactured using the pol yester
particles of the invention. Beverage bottles made from pol yethyl ene
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 invention. The invention may now be further
understood by reference to the fol | GXAMPLESNn-linmting illustrative
exanpl es. 22 EXAMPLES The nethod for determ ning the nol ecul ar wei ght

gradi ent throughout the pellets was as follows. 10 pellets having a conbi ned
mass of 0.20 0. THe gethod ferrdeterpiragptheimolecutaraddiglstigradiémtibrosghedt thé r e mesh

basket. The basket wa | ac into.,a, small flgsk co | nj 3to 4 nL of
otirred PSS Wi 55 RBMAe1G PRRIS bACRG R Epmmhined assar o P decrem e e
such that tprceeld £imansamidsE Rt Kife hibshBasked! TRE baskt wek placedbhiodd of tine
appropriate for the dissolution rate o ets (about 2 mnutes for

] - of the pell 4
the pel | et s SBall figsirgontaining 344 mlgeicstirgd @Rtuselwent §70% hexgfliioreisaprgpancl,
Conpar at i ve 3oixAgmiBie ehifidk) duch fiar BRSeRbts ek e d if e f Thi's
caused the outer }’Iayeer of . t)he pte}fal.et ?E?o bec%rre ?%S(')I ve;gc?%tt'hjéﬂ%c
sol vent . Theefodefding 2pprepriate foq therdissolution rate ¢f thecpaliets{gboute minsdésfent f or
each cycle ' r %I".ﬁlré &I ' ution from
each di ssol %%Jﬁle%%l%g%bfé%?'%vﬁ%n%l ute f\)/S\{ wﬁﬁ%géqét?}?gﬁﬁb%@@esol vent to
i ncrease t h&xamplesd and 3) thelbasket Waseramuved froar the Wasky hThis icatisedahitioaterof each
"cut" was asur by, lLhjectin 0. pL . in ! . V. was
cal cul at ed ”qu%ﬁ?ﬁﬁ%pélm;% |cﬂrg"%tdises°&8fjéq{h§r§$§ F%ﬁ“‘a&@é’.’é’%ﬁ’é‘fﬂa’éé of
]I90| ymaL pr esedillen'tiﬂlyergpéat%@ uiii;:g yrash s?lmﬁ farteadh ggclé hntilctlliﬁ peltét@fgrbﬁe'n Ioleakf ar ﬁa
or that "cut', divide e tal. chro 0 m peak .area for, a of the
ottt of ¢ FmPelEFeves e bR il et glseobiigBide o3¢ Bues Bicter or mi ni ng
the nol ecul jith\w8liGRal GPC solvent to increase the volume to 10.0 mL. The molecular
weight distribution of each “cut” was measured by injecting 10 pL 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 [t.V. gradient) was measured according to
the procedures described above and the results are given in Table 1.
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gradient, reported It.V. values are determ ned by the solution viscosity
met-hod Conparative Exanple 1 Copnventional solid stated pellets

comercially avail able from Eastman Chem cal Conpany. as oI Corr—t—nere
dried in a commerci al -scal e desiccant-air dryer. The tenperature in the
primary dryer hopper (5.5 hour pellet residence tine) was 175C and the
tenperature in the secondary dryer hopper (2 hours residence tine) was
185C. The pellets had a degree of crystallinity of about 47% by wei ght as
measured by DSC. The It.V. of the dried pellets was 0.803 dUg. The It. V.
difference between the center and surface (the pellet It.V. gradient) was
nmeasured according to the procedures described above and the results are
given in Table 1. 23 Table 1: It.V. Gadient for the Pellets of Conparative
Exanple I Cunul ative Weight It.V. Fraction Calculated Cut D ssolved <Mm,,
from<wN, 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

47826 0. 725 11 0. YE17 104 CradRtiot it A A AR ExplE 1047 4631

0. 708
Cumulative

Weight it.V.

Fraction Calculated

Cut Dissolved <M>y, 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 It.V. difference of
0.284 between the surface and center of the pellets.

The dried peltets were melt processed into preforms using a commercial-
scale injection molding machine for making the preforms. The temperature of the
molding machine extruder barrei zones ranged from 275°C to 285°C. The IL.V. of the
preforms was 0.759 dL/g. Melt processing caused the i.V. to be reduced by 0.044

du/g.
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14 center 1.000 44861 0.692 The results show that the It.V. of the surface

cut (Cut I, outer 9.0% by Wergnt . or TIe perers = mas o oromame—tirat—tie
lt.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 preforns using a conmercial - scale injection nolding machine for making
the preforns. The tenperature of the nolding machi ne extruder barrel zones
ranged from 275C to 295C. The It.V. of the prefornms was 0.759 dUg. Melt
processing caused the It.V. to be reduced by 0.044 dUg. 24 Exanple 2

Pol yest er pdéxasipte Daving a simlar chem cal conposit i on to the pellets of
Example 1 had an_lt.V. of 0.831 d sol uti.on VISCO ) after drying under
the sane condi tngﬁgé{ﬁrquyggmvﬁ'&f%'ﬁﬁﬁ@ﬁm‘@l ﬁomﬁ?ﬁé lf%"é? Qefﬁiﬁl fa degree of
crystallini tBkagiple abéwan R&. 6P0.831 deigqbélutish wmw)@tebuw@@mmw thegfind Ot

solid stated. The |t gradient between the center and_surface was

measured ac COREHoNs Qscﬂqsﬁ%beddf'gé@ﬂ‘ﬁleeg Heeesllelhpdmdegree phprystallinge o 1 ort h
the resul ts by Féﬁ%@%}éﬁ@i’ﬁghﬁeasi@ﬁ i1 o8C bhd Meré%&%ﬁ@&taftéa fﬂ@u el lets of

Example 2 Cunul ative'lt | culated Fraction from Cut D ssol ved

<M>", <Mbw glact@uham;ltmgmewwssyrf@cems pegpusgrbacrpsding 2o 3 0. 444
58347 0.838 prételurdd Aesdibbl aBofe 2Table 9-sEYort® #eGelulfkdf thémdaditbnmpp?8 0. 830

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
0.300 57576 0.829
0.444 58347 0.838
0.595 57871 0.832
0.691 58300 0.837
0.791 57608 0.830
0.850 59243 0.847
0.801 59208 0.847
0.936 58596 0.840
0.970 59493 0.849
11 {center 1.000 59128 0.846

acoooslmcnhmm

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 peliets 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 it.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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7 0.850 59243 0.847 8 0.901 59208 0.847 9 0.936 58596 0.840 10 0.970
59793 0. 840 IT center I U0U BUIZS U 846 The TesurTs—stowthat—the |t.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
pel |l et's) was about 0.847. This corresponds to an It.V. difference of 0.020
bet ween the surface and center of the pellets. The dried pellets were nelt
processed into prefornms using the sane conditions as described in Exanple
1. The It.V. of the preforns was 0.812 dUg. Melt processing caused the
It.V. to be reduced by 0.019 dUg, less than 50%of the |It.V. reduction
exper i enced Gompanativedaxampte dnal pel l ets of Exanple 1. 25 Conparative Exanple

3 Co ti I i d- ' - nel | .Ci ilable f
East man Chen cal COBRBNTH SeRCHHEGHONR B bofios cSBIERGAN B Topt  ber or o
drying) ;)f Ea%?ﬁ%n@?@nh%li%ﬂnﬁany&a_?ﬁtmhia‘nfﬂs!m?]cﬂigmgdim EJV%( (Héfomoulnfl_s _ f
capaci t at, . urs. e ets ree crystallinity o
Zbout 8% pyprigalgho eh vere dtedng SYabieeResmall dBipounds espasiiien t no
center and g8bi@feR 6(Hobk. mldeﬁétslﬁad\éd@rr@éimn{éwm@ OTRABUN £8% BGGRIigHtNg to
t he procedures described boveg\gnd the results are given in Table 3. Table
t

30 1t.V. G AinedasuresbyRC.pihe BAG diferencebeivganthe continand surfagedthet i ve

Weight 1t. V. nagtd ' ; (surface)
0 088" 50003 PRIIER drifledtias rdiatted dbortin 46 e tocdtifed GESEHBA dhove
and the results are given in Table 3.

Table 3: It.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 0.768
8 0.862 50299 0.751
9 0.904 50609 0.754
10 0.952 49785 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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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 wei ght
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 nelt processed into prefornms using a | aboratory-scale
i njection nolding machi ne. The tenperature of the nol ding machi ne extruder
barrel 26 weas 288%L. ThelkV. of the preformisevasre8®t disg wiieltpré&Essingoauséed the

processi ng XN reduced by 0.049 dUg. Exanple 4 Pol yester
pellets froiﬁ%ﬁggggﬁ"ﬂpxﬁ'ogéa“%se used in Exanple 2 were dried and nelt
processed into prefornms using the sane conditions as described in Exanple

3. These pelgégts hfd an It.V. (before drying) of 0.830 and |ess difference
(<0.2 dUg) ¥ the 1t.V. of the center and surface of the pellet. The

I't.V. of the pre sisrpmsts@ro&it@uecﬂdme BétdH athose Bsedia Exawiphsl2re fie. to be
reduced by 0.020 d J@% 00/ of the It.V, reduction edx%erl enced by
t he convent i29f AeltRE ‘P?"@F E&’&Wﬁ uging t %?a‘mﬁ?m'ons as describe

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 pellet. 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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1. 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%
5 and an It.V. of at least 0.70 dUg to an extrusion zone, nelting the
particles in the extrusion zone to forma nolten pol yester polyner
conposition, and formng a sheet or a nolded part from extruded nolten

pol yester polynmer, wherein the polyester particles fed to the extrusion

zone have an It.V. at their surface which is less than 0.25 dUg hi gher than
10 the It. V. @taleeir center and are not solid state polynerized before

I nt roduci ng sald particles into the extrusion zone. 2. The process of Caim
1, wherein the It V at the surface of the partlcles Is less than 0.20 dL/g
hi gher than the e center of the artlc The process, of

Clai m 2, wherei T‘r ﬁ]@rqﬁﬁﬁ t‘?fdnﬁﬂagé\ ¢QNiRIDREfr Bb?\ﬂ@ ﬁs q{é) PRlyEr, Gomprisiige
particles at theigg &}Iﬁ%rel %é’sﬂﬁ b%}ﬁ’F esCRAYIRY @eod}gé%é%ysg?lﬁlﬁlyss étgeaé#h1e5-5}c?e

process of Caim 3, erence S
process of Claim 3nd\meitéﬁ of ahkeasb 0 J&dldgr o arsexrusion aoney meitefgthen 6. The

process of Claim}5, ri $i ng,stretch bl %P mol d| aﬁth@ eform into a
beverage cont ai nePart USIO0ZPNG todPHN | g0 OYESETRONBRE ai ner has

a volume of 3 "t%bﬁlﬁbrsmdneﬁﬁd f&mﬂg% $HXt 8% & rRbidelHdR FonTCOTRIded Meieh Yi ng

the particles in a drying zone at enperature of at |east 140C before
mel ting the parti @olyester adiwneumhﬁemdhemmst@‘fpmlclwbéecptmtresextmfsncm aim1,

furth I bef t | t th
ext rUsi on zone,  wREPEMAVERD oy Bt kel Sias® ifien & 55 Ben DA B b gpeR '
before diyi ng. 104, \prmﬁéisc@ﬁteﬂaaurar&now@suf@staté BBIyHﬁierbﬁ't%?oﬂéaVe an

acet al dehyde level of 10 ppmor less prior to nelting in the extrusion
zone. 30 11. The ntoxbingsaidiparicles inthdheeextrysien gohgest er pol yner particl es

omPr € L) B SRS oPE nch RVER BTGBk e RO R
m xtures less than 0.20 dL/g higher than the it.V. at the center of the particles.

3. The process of Claim 2, wherein the wherein the difference between the

15 It.V. of the particles at their surface and their center is 0.10 dL/g or less.

4. The process of Claim 3, wherein the difference is 0.05 dL/g or less.

5. The process of Claim 1, wherein the molded part is a container preform.

6. The process of Claim 5, comprising stretch blow molding the preform into
a beverage container.

20 7. The process of Claim 6, wherein the container has a volume of 3 liters or
less.

8. The process of Claim 2, comprising drying the particles in a drying zone at
temperature of at least 140°C before melting the particles in the extrusion
zone.

25 9. The process of Claim 1, further comprising drying the particles before
feeding the particles to the extrusion zone, wherein the particles are not
solid state polymerized before drying.

10. The process of Claim 9, wherein the particles have an acetaldehyde level
of 10 ppm or less prior to melting in the extrusion zone.

30 11.The process of Claim 1, wherein the polyester polymer particles comprise:
(a) a carboxylic acid component comprising at least 90 mole% of the
residues of terephthalic acid, or derivates of terephthalic acid, or mixtures
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28 thereof, and (b) a hydroxyl conponent conprising at |east 90 nol e% of the
resi dues of ethylene glycol, based on 100 nole percent of the carboxylic
acid conponent residues and 100 nol e percent hydroxyl conponent residues 5
in the polyester polyner, and at |east 75% of the polyester polyner is
virgin polynmer. 12. The process of Caim1ll, wherein the pol yester polyner
particles conprises: (a) a carboxylic acid conponent conprising at |east 92
nol e% of the 10 residues of terephthalic acid, or derivates of terephthalic
acid, or nixturestméggf%mg, and (b) a hydroxyl conponent conprising at | east
92 nol e% of the residués of ethylene glycol, based on 100 nol e percent of

t he carboxylic acil) a hpdmpaykecompesiedtiesmprising @ least @0peoledéh of thedresiddes

conmponent residues in the | yest er | yner. 13, e process of Claim
11, wherein the dé’@r%gyiﬁf‘e&le?ﬁ%%/sﬁﬁiqwﬂﬁ e pgregint oggt%gqr OiceAqid ocess of
Claim 13, wherein ; L A1 | 9 ; The
process of Claim fbh@gﬂggl{ ?ﬁﬁjeﬁﬁ&m@%bﬂ%ﬁd@}?' g{cg@%%r\r) ﬁrg(%rz‘i%sgj?'ﬁﬁe of
at least 4 cubic iretherpolyéstempelypeart and at leasty 3%nofibe pohastenpdlyract is. V.

average of the differences between the It.V. of the surface of the
particles and theVI'¥MPCYNel-he center of the particles in the bulk is not

great er than 0.0 1HG 085k 3f CIBIR PRUHEAR th6 oGRS oy BPEgiIde 1.V

average of the erences Is not greater t L7 g. | ow nol ded
cont ai ner obt ai nedompriseshe particles of aim1l. 19.A preform obtained

fromthe part!cl egeol conlid sehosooniin bSmP Rl S 5B iifesd Bl e
10 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 carhoxylic acid
component residues and 100 mole percent hydroxyl component residues
15 in the polyester polymer.
13. The process of Claim 11, wherein the degree of crystallinity is at least

25%.
14.The process of Claim 13, wherein the degree of crystallinity is at least
35%.
20 15. The process 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 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 dL/g.
25 17.The particle of Claim 16, wherein the It.V. average of the differences is
not greater than 0.10 dL/g.
18.A blow molded container obtained from the particles of Claim 1.
19. A preform obtained from the particles of Claim 1.
20. Polyester particles having a particle weight of greater than 1.0 g per 100
30 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 80 moie% of the
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30 particles and |l ess than 100 g per 100 particles, said particles,
conprising at least 75%virgin polyester polyner, conprising: (a) a
carboxylic acid conponent conprising at |east 90 nole% of the 29 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
resi dues of ethylene glycol, 5 based on 100 nol e percent of the carboxylic
aci d conponent residues and 100 nol e percent hydroxyl conponent residues in

t he pol yester po I LE havi a of at
| east 25% an ltl.r%(%f&%?s g{‘%@@g{:h@%%@%@%@%ﬁe ??9{7‘? r%f’ ﬁ%%?'hshtwiépéasnd an
It.V. at their céwreof dmdrein the It.V. at the surface of the particles is
not greater than 10 hi gher than the It.V. at the center of the
particles, and ha\ja? n@h&&roxgg m%@@ﬁyﬁeomewngai 'eﬂft@BrH’@P’gé’gEhe repidyes
particles of C ai %}?eq grgqé;dgﬂt he particles conprise a bulk having a

vol unme of at | east ubi®c meéter. 22. The particles of Caim21, wherein
in the ItbhV. averbgeedbnt‘r&ﬁ oiold peresobsf thé&:ab%xydaeracidweodnpoﬂenbfesidWSurface

of the particles angt e It.V. of th nter of the particles jn the bulk
is not greater th&f 010%5 persgnt "I’ﬂﬁ'obﬁr‘ﬁm‘ﬁ?"&fr‘a@ eminine pplveeeh t he
It.V. average of RB% \A}]I*?éﬁé‘l‘ﬂ%ﬁes' wﬁtf/é d@@?@é Sf"crﬁtgl%']ln@t 19 off et Zﬁ% -Flhe

particles of d ai ereln the erage s not greater t
0. 05 dUg. 25.A bl Mn@ﬂaiéehsi@'f'édh@ aodt. ¥i abﬂeirrsmnﬁak:heambam itd) et tiodir Cl al m

per for m obt i ned- PPBIAr R Fedf Usatiies b 36 s panicte s sk Sk BBl m 11,
e o ob o 1S 019 ALERNghectia o) VAEconis oy PBCRATRRBARR 4, 10
is stretch bl ow nakdtaddeéhyde level of 10 ppm or iess.
21.The particles of Claim 20, wherein the particles comprise a bulk having a
volume of at least 1.0 cubic meter.
22.The particles of Claim 21, wherein in the It.V. average of the differences
15 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 dL/g.
23.The particles of Claim 22, wherein the It.V. average of the differences is
not greater than 0.10 dL/g.
24 The particles of Claim 23, wherein the It.V. average is not greater than
20 0.05 dL/g.
25.A blow molded container obtained from the particles of Claim 20.
26.A beverage bottle obtained from the particles of Claim 20.
27.A perform obtained from the particles of Claim 20
28.The process of Claim 11, wherein the article formed from the polyester
25 polymer composition in the extrusion zone is a preform.
29.The process of claim 28, wherein the preform is stretch blow molded into
a beverage container.
30.The process of Claim 11, wherein the particles have an acetaldehyde
level of 10 ppm or less prior to melting in the extrusion zone.
30 31.The process of Claim 30, wherein the difference between the It.V. of the
particles at their surface and at their center is 0.05 dL/g or less.
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a beverage container. 30. The process of Caim1ll, wherein the particles
have an acetal dehyde |evel of 10 ppmor less prior to nelting in the
extrusion zone. 30 31.The process of Claim 30, wherein the difference
between the It.V. of the particles at their surface and at their center is
0.05 dL/g or less. 30 32. The process of Caim31, wherein the polyester
particles introduced into the extrusion zone have a degree of crystallinity
of at least 35 percent. 33. The process of claim 36, wherein polyester

PV ot Cat 1 oo TRTESETS Y GBI bolpstct Baldes BtEEB 1S A7,
having an |t.V. athe édrusiors aofiebaveiddgres ofeqstalh'&tydf R0ealit/35 pergbet. t han
el ted 1o Tor mihi 16 0GRS SCAED ARANeE FDIASTE PaTioas NGV PRIGSOInot | e
Dl east 35 10 peOSEIMmIofdtidRy 2 potBREad aR R N ATl LPARLA L DL Y of
Clha| m 34, 5fvvher ei nlobtmeﬂhMtboeimrélgtmawﬁMymbﬂza:]ﬂon\br;}ubhamhg anplaM. Ectmr at

their surface is estn05 r than the [t.V. at their center.
36. A process for A# ?%W '%Fg%%s %‘é‘?‘to é&ggfg Bighg" ?"\?é'dihﬁdt Voabtr'i'e@[%&rum on
zone pol yest er pajd 5di2iedd8irde fo SaiRBHRRNAIR], mdRld @lfff’sid g@pééﬂaﬂ the

particles in the extrusion zone orma nolten polyester poly
conposi tion, and polymergompusititey] apdrforméd mtosaam:ttlerpkefennpol yester pol yner

COMOS! {1 0N "NE] S0 55ecka AP 5 i Iog ebeh BB SR ERY o
10 ppmo | ess, Frde’ht eq{%a%étq;%s% 07 gﬁ L/g, and an It.V. at their

surface |ch S ess t an than the It.V. at their center,
said pol yest er3ﬁoihem¢bmscamﬁ>lalm |3r49u4blergmsthed|ﬁmémebetvmanamadwbgf the

reacting a diol Cga icles gﬂhgfrg lrfggg lsgle%s?har% 0% (ﬂ_/glhﬂ: %X}l the ﬁ(il at their

center.
36.A process for making a molded part comprising feeding to an
15 extrusion zone polyester particles obtained from underwater
pelletizers, melting the particies in the extrusion zone to form a
molten polyester polymer composition, and forming a molded part
from said molten polyester polymer composition, wherein said
polyester particles fed to the extrusion zone have a degree of
20 crystaliinity of at least 15%, an acetaldehyde level of 10 ppm or less,
an 1t.V. of at least 0.70 dL/g, and an It.V. at their surface which is
less than 0.25 dL/g higher than the It.V. at their center, said
polyester particles comprising polyester polymers obtained by
reacting a diol comprising ethylene glycol with a dicarboxylic acid
25 comprising terephthalic acid.
37.The process of Claim 36, wherein the It.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.

31



25 conprising terephthalic acid. 37.The process of Caim 36, wherein the
It.V. at the surface of the particles is |less than 0.20 dL/g hi gher than
the It.V. at the center of the particles. 31 38. The process of Caim 37,
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. 39.The process of
Claim 38, wherein the difference is 0.05 dL/g or less. 5 40.The process of
Claim 36, wherein the nolded part is a container preform 41. The process

Sontainor o BRThE dCBLE B Clalth 8, Ttk AP \ina R e il Blen B BENGATE
of 3 10 liters thé RSB ofihe J%d&&ﬁ@ﬁ%.@&ﬂ@ %%%eﬁi&%%@%@ ﬁwv_% the

particles in a drying zone at tenperature o | eas efore ting
the particles in ot ssextrusi on zone. 44. The process of C aim 36, wherein
the particles are not solid state 15 polynerized prior to feeding the
particles to ti89. &kenuscess od{EHaim 88, Wrerpinotesdifiereftaiisn0AH dweoeilesd.he
pol yester polyner conprises: (a) a carboxylic acid conponent conprising, a
modi fi er Tar boxdfl.Tbe procdss affidain 3dnadvhereinetiet maddeipadh isfa chataiesi dues of
terephthalic acid, or derivates of terephthalic acid, or mxtures thereof,
and 20 (b) a hydr@f@/fp”@orrponent conprising at |least 90 nol e% of the

oi d component edNauletany ofdIarbID. seruRRINa U PIOFREEAne sr dues i n
bol yher 26 a6, The GPoRaste doeihe 22N GRel ol n The pol yester pal ymer o
compri ses. 42.The process of Claim 41, wherein the container has a volume of 3
10 liters or less.
43.The process of Claim 36, comprising drying the particies in a drying
zone at a temperature of at least 140°C before melting the particles in
the extrusion zone.
44 The process of Claim 36, wherein the particles are not solid state
15 polymerized prior to feeding the particles to the extrusion zone.
45.The process of Claim 36, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising, a modifier carboxylic
acid compound and at least 90 mole% of the residues of terephthalic
acid, or derivates of terephthalic acid, or mixtures thereof, and
20 (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 hydroxy!
component residues in the polyester polymer, and at least 75% of the
polyester polymer is virgin polymer.
25 46.The process of Claim 45, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising a modifier carboxylic
acid compound and at least 92 mole% of the residues of terephthalic

acid, or derivates of terephthalic acid, or mixtures thereof, and
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(a) a carboxylic acid conmponent conprising a nodifier carboxylic acid
conpound and at |east 92 nole% of the residues of terephthalic acid, or
derivates of terephthalic acid, or mxtures thereof, and 32 (b) a hydroxyl
conponent conprising at |east 92 nole% 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 5 polyester polyner. 47.The
process of Claim 46, wherein the degree of crystallinity is at |least 40%

48, The Process of (6] aiydIBiKEhBhAehETRARES, B |y Sookld ki o g, 2 | east

40% 10 49. The process resin k "of said particles

having a volune eésjgliekeAsktrlylendighdpt er. 50. The process of O ai m 36,
wherein the nol ded part conprises a preform 51. The process of C aim50,

wherein the prefobases @t n60ahold perowpit dddhe HarbokRiccabievesageneant ai ner .
52. The process of C aimb51, wherein the difference between the It.V. of the

particles at thei residuéaandhdl amolehmgncenehy@moxyscOnm it gesidukeda.the 53.
The process of Caimb52, wherein the polyester particles introduced into the
extrusi ondzone hawolyesdegpelyndr.crystal linity of at |east 40 20 percent.

54. The process of _Claim 36, wherein the polyester particles conprise

pol yest er pol ynef-d heoefiocesa i ¢18ira 4odvierein ehe Beeiae ef sersdallivdy ¢t leasind
said particles arﬁgﬁpherical, have a degree of crystallinity of at |east 25
percent and an |It.V.°of at least 0.75 dL/g obtained without 25 solid state

7o) Y 2t 0n AR BCRR dr il TSP HABEQIN BF el 9 4 B2
40%.
10 49.The process of Claim 36, comprising a bulk of said particles having a
volume of at least 1 cubic meter.
50.The process of Claim 36, wherein the molded part comprises a
preform.
51.The process of Claim 50, wherein the preform is stretch blow molded
16 into a beverage container.
52.The process of Claim 51, wherein the difference between the It.V. of
the particles at their surface and at their center is 0.05 dL/g or less.
53.The process of Claim 52, wherein the polyester particles introduced
into the extrusion zone have a degree of crystallinity of at least 40
20 percent.
54.The process of Claim 36, wherein the polyester particles comprise
polyester polymers modified with a modifier carboxylic acid residues,
and said particles are spherical, have a degree of crystallinity of at
least 25 percent and an It.V. of at least 0.75 dL/g obtained without
25 solid state polymerization and have an It.V. at their surface which is
less than 0.20 dL/g higher than the It.V. at the center of the particles,

and said moided part is a bottle preform.
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and said nolded part is a bottle preform 33 55. The process of C ai m 54,
wherein the degree of crystallinity is at |east 35 percent, the It.V. is at
| east 0.77 dL/g. 56. The process of Caim55, wherein the difference between
the It.V. of the particles at their surface is |less than 0.05 dL/g hi gher
than the 5 1t.V. at their center. 57. A process for nmaking a container froma
pol yester (s) polyner conprising feeding spherical polyester particles
conprising said polyester polymer to an extrusion zone, nelting the

spherical  pol yastgE p%&b%,gloff%nbwn the vﬁz@rgwgfh%g?gg@%pgfgwfs%wﬁms apng)e}aggnlo

pol yester polyner conposition, and formn rom

pol yester pol yner 3sqiesht,itB. It Whey at !éatsh@ﬁpg%.cal pol yester particles

are obtai ned from underwater pelietizers, sai spherical particles having a

degree of crysts8.Thaigrpceds aif Clamsth53%heraim tHet diVierehcatodtwash tAe 70vdbf g,
and an acet al dehyde | evel of 10 ppmor 15 less, and an It.V. gradi ent at

their surface whithe particies at hagir BufECe ds /esshihgine®. 05hdln/g highler .tvan dbet hei r
center. 58.The process of Claimb57, wherein the It.V. of the particles is at
| east 0.7 dL/g. Do athbefrey¥es of C aim 58, wherein the difference between

the 1t.V. of 2Q the particles of this surface and at thejr center is 0.10
dL/ g or |ess. E%OATW@Cﬁﬁéégéé“%ﬁ‘mg}aﬁ%t@‘ﬂerv&@ﬂe@F’? W?@twe{/félpfﬂ?’m%et al dehyde

el Lots are cryst BPMLGIRICSINOGTiS Bel POV h IORHP O BTE 1) 588D 25
added acet al dehydBOPEIT: Hoy BB AERF BN o BRI ARG " ner el n
Itot‘gsgﬁgeg? e; flo't égﬁfjer%ﬁ’éé};@%@get% R fhe QRIAIBRIORY BObRRRECHTH At N the
10 polyester polymer compositicn, and forming a molded part from the
molten polyester polymer composition, wherein the spherical
polyester particles are obtained from underwater pelletizers, said
spherical particles having a degree of crystallinity of at least 35%, an
It.V. of at least 0.70 dL/g, and an acetaldehyde leve!l of 10 ppm or
15 less, and an [t.V. gradient at their surface which is less than 0.25
dL/g higher than the Iit.V. at their center.
58.The process of Claim 57, wherein the 1t.V. of the particies is at least
0.77 dL/g.
59.The process of Claim 58, wherein the difference between the It.V. of
20 the particles of this surface and at their center is 0.10 dL/g or less.
60.The process of Claim 57, wherein the level of acetaldehyde in said
particles is 2 ppm or less.
61.The process of Claim 58, wherein the pellets are crystallized at a
temperature ranging from 140° C to 190° C.
25 62.The process of Claim 57, wherein the polyester polymer particles
contain added acetaldehyde reducing compounds.

63.The process of Claim 57, wherein the polyester polymer particles are

obtained by polycondensing in the presence of a titanium catalyst.
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34 64. The process of Caim57, wherein at |east 75 weight % of the

pol yester polyner particles conprise virgin polyester polyner. 65.The
process of Claimb57, wherein the particles are dried at a tenperature of
140 C or nore prior to nelting. 5 66. The process of Caim57, wherein said
pol yester polyner particles conprise polyester polyners containing residues
of at | east one of naphthal ene-2, 6-dicarboxylic acid, isophthalic acid,
phthalic acid, or cyclohexane di baroxylic acid. 67. The process of any one

of clains 1- 14’6@%82&8???’8%?@% SSi?i%eer% QPE%E?E?%MB@'I’%’%{OJHEEOM ai ned by

a process conprisin condesni ng’a polyner g zone, and

adding a phosphobg B0 B egse] gg@gg%@ﬁ”g@@”bggPé@)e%gerzlg@grne@ The

process of any of clains 1-14 an erein ster yner contains

a netal deacti\g8.0he prpc8s off®laph G7essharkirCi gaﬂticlé@ﬁréfbﬂeb% particles
are obtained from underwater pelletizers. 70. The process of C aim 69,

wherein said parttahpsrdtace bb 180 Cest mise gricedoenchimge an acet al dehyde | evel
of 10 ppmor less. 71.The process of Claiml, wherein said particles fed to
t he extrusi on Zifhéheapocespafddakptids, ivdadrepasaidchelsestz? pdlymeppadédss of

Claim1, wherein the particles contain phosphorus. 73.The {)rocess of Claim
1, wherein the pafPMITES BPYestRr NoWAERy COpipEen@sHEiafyof Al tagst pnesehce of

ar ti ol oo are oot BPREHARIEE BIASRAEAL AT TeRREn Bl S e BMaHC GG 9
parti ol es-are oot arneeRgne bBBMR Ablg "t he presence of a catalyst
conprising antidgipijs ndRess of any one of claims 1-14, and 28-66, wherein said
10 polyester polymer is obtained by a process comprising
polycondesning a polymer melt in a finishing zone, and adding a
phosphorus containing compound to the finishing zone.
68.The process of any of claims 1-14 and 28-66, wherein polyester
polymer contains a metal deactivator,
15 69. The process of Claim 1, wherein the particles are obtained from
underwater pelletizers.
70. The process of Claim 69, wherein said particles fed to the extrusion zone
have an acetaldehyde level of 10 ppm or less.
71.The process of Claim 1, wherein said particles fed to the extrusion zone
20 comprise spherical particles.
72.The process of Claim 1, wherein the particles contain phosphorus.
73.The process of Claim 1, wherein the particles are obtained by
polycondensing in the presence of a catalyst comprising titanium.
74.The process of Claim 1, wherein the particles are obtained by
25 polycondensing in the presence of a catalyst consisting essentially of
titanium.,
75.The process of Claim 1, wherein the particles are obtained by
polycondensing in the presence of a catalyst comprising antimony.
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76. The process of Claim1l, wherein the particles are obtained by

pol ycondensing in the presence of a catal yst consisting essentially of
antinmony. 77.The process of Caiml, wherein the particles contain a reheat
rate 5 enhancing aid. 78.The process of Claim1l, wherein the reheat
enhancing aid conprises elenental antinony, carbon black, graphite, or

bl ack iron oxide. 79. The process of Claiml, wherein the particles conprise
strain crystallized polyester polynmers. 10 80. The process of Caiml,
wherein the particles are dried at a tenperature of 140C or nore prior to

feeding the partd Theprbbéss 6MClafit, YWHPEINZRE Parttles érha.eomraﬂ%e of C aim 80,
wherein the particles are dried at a gas flowrate of 0.2 to scfm per

| b/ hr. 82. The pro@b@gndensmamﬁfm presenes nfalﬁ:etqzbwa'ttqoostsﬁng@ssanmw afet al
deacti vator. %g im he process of Caim1l, conprising injection nolding
t he nolten pol yes F 831 ymer to forma container suitable for heat set

beverage bott! er7 Thé.prdbesP6OCRHA 10WHHEINGRE pafticléSboMainla Peheathiateei N the
particles are obtained from under wat er pell etizers. 85. The process of any

one of cl@i m 69- 7@nBAACING a8, wherein the particles 20 are spherical. 86.

The process of 3 wh n the particles
corrplrol se strai n—’aé;?thgrbjf)?%szse!&fa%@rsest“&\&gglta(?)ré&% atﬁ%ﬁé’@r%ﬁ&@@p&i‘%ﬁny one
of clainms 69-71 aeibn?&tal%anmh@ﬁ;eldarbmbla@ktg@pﬁﬁe 60Bhak froRlagdEIor us. 25 88.
The process of an&éone of clains 69-83, wherein the particles fed to the

extrusi on zone FhJbedioaess of Qlaimde wherein the pzrtmbeﬁ eempgse stram crysiallizgedcess
of Caim1l1, wherei Blyegfaer%%rlg}ﬁ'ng es have an It.V. of at least 0.80 dl/g. 36

10 80. The process of Claim 1, wherein the particles are dried at a temperature
of 140°C or more prior to feeding the particles into the extrusion zone.

81.The process of Claim 80, wherein the particles are dried at a gas flow rate
of 0.2 to 5 scfm per Ib/hr.
82. The process of Claim 1, wherein the particles contain a metal deactivator.
15 83. The process of Claim 1, comprising injection molding the molten polyester
polymer to form a container suitable for heat set beverage bottles.
84.The process of any one of claims 71-83, wherein the particles are
obtained from underwater pelletizers.
85.The process of any one of claim 69-70 and 72-83, wherein the particles
20 are spherical.
86. The process of any one of claim 69-78 and 80-83, wherein the particles
comprise sirain crystallized polyester polymers.
87.The process of any one of claims 69-71 and 73-83, wherein the particles
contain phosphorus.
25 88.The process of any one of claims 69-83, wherein the particles fed to the
extrusion zone have an acetaldehyde level of 2 ppm or less.
89.The process of Claim 1, wherein the particles have an It.V. of at least 0.80
dl/g.
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