Pol yester Polynmer Particles Having A Small Surface To Center Mol ecul ar
WEI'ght Gradient 1. Field of the Invention This invention relates to

pol yester polyner pellets suitabl'e for use in the mnmanufacture of polyester
contai ners, and nore speC|f|caIIy to polyester polyner particles having a
snall'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 nj ection nol di ng extruder As a result of losing It.V., the physical

properties ofpdni & éé bleagtars the
hydrol yti c dégrad ' e [ TET ] : ' oL=]e

pol ymer prior to melt processing. radie thydronS|s the polyner is-
thoroughly dried prior to nelt processing. Wiile drying the pol yner reduces
the loss of It.V., nevertheless, sonme drop in It.V. is experienced, thereby
requi ring tlhe UQddaﬁthel iBr having an It.V. higher than the target
container It.V. ensa The use of

t.V. |loss dur,i extrusion.
hi gher than tarBE? my?n nrﬁlgfe%tglpglyﬁggr 'P‘?hé'"ﬁr(ﬂfglﬁts %ﬁ'@@g\’ IWSEB 188 hi gher
costs due hRnlRtRIreoRIobske REHENEr) And afbié Eﬁéblﬂdallrft@bolybﬁer paliriger for a
| onger tine and to agitate a nore viscous nateri and/ or due to the

ext ensi on aaﬁlplﬁéha‘é@maéﬁ@ﬂwﬁﬁrﬁ@&ﬁn%mﬁlﬁwl%wg@ gedjaRtr i zation 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 polyners also has the
di sadvant age_of Backgnoundof thednvention gy to feed the poI ynmer al ong the screw

exper enced by TAESIPOME pefi Jnﬁﬁ“‘ Sa""?m ERE B 8ol i ng
cont ai ners hori:oﬁolyr&ermmd)coptblymhﬁs (PE\'I'&:rExpelrieMe d‘laseofdntmsmeriaﬁdsw oV yest er
conpositio

! that@llg f ﬂ con i ners (s‘& | oses, less It. V.
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pol yest er mimgrrw aphiysibsl peerartidsSaf e Polpaky £ Bégrade. 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 i.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 1t.V. experienced by the polyester
polymer during melt processing for making containers.



pol yner coEprising: (a) _a _carboxylic_acid conponent conprising at |east 90
nol e% of the residues of terephthalic acid, derivates of terephthalic acid,
napht hal ene- 2, 6- di carboxylic acid, derivatives of

napht hal ene- 2, 6-di carboxylic acid, or mxtures thereof, and (b) a hydroxyl
conponent' 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 ghe pgu,ﬁ,i"gh{gofﬂ;a%@e,{tﬁ,ral so provided a polyester particle having a
degree of Crystallrnity ol a east 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. d £ ' 5 dUg
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pol yester partisgl es. havj . [ f aor | i ni f. at | eas 15% and an
N or a1 ednerdis T e ded § 0GR it Sl phibe oS e lar ol es i n

t he extr uspglymeosenprigingor m a nol t en pol yester pol yner conposition, and
formng a sheet, or | ded part from extrud ten | yest er, pol ymer,,
wherel s the. pAPAGHEPRISAER PRBonEl SCBPRED ek PRI boAe! evesidhse | v, at
their surface wiidiplitalicl@Rs dbliftedodbrephaal st nabhdvaldriaez bt . V. at their

center. In yet another enbodinent, there is provided pol yester particles
having a par t idicasbasylicanid, sleriyatves of napidhalane2.§-dirarbaotic gaids pemeduraad | ess
than 100 g per {188 BRGticles, said particles conprising at |east 75%virgin
pol yester polymer coénprising: 2 (a) a carboxylic acid conponent conprising
at | east 90 nol(epa bydroxcoraponantsompiisingatdesst 9ImaleUoofdhe msiduesiofat es of

terephthalic acj rom xtures thereof, and (b) a hydroxyl conponent
conprising at %g&%n%%y@%l e% 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 IL.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.

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 IL.V. at its
surface and an It.V. at its center, wherein the It.V. at the surface of the particle is
less than 0.25 dL/g higher than the It.V. at the center of the particle.

in addition, there is provided a process for making a polyester container,
comprising feeding polyester particles having a degree of crystallinity of at least |
15% and an It.V. of at least 0.70 dL/g to an extrusion zone, melting the particles in
the extrusion zone to form a molten polyester polymer 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 I1.V. at their center.

In yet another embodiment, there is provided polyester particles having a
particle weight of greater than 1.0 g per 100 particles and 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
least 0.77 dUg, an It.V. at their surface and an It.V. at their center
wherein the It.V. at the surface of the particles is not greater than 0.15
dUg hlgher 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 t he appenddd) carbagylic ahid cosipegentnontpsising at least dGmolethf theresiduas| ude
plural referent t r
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processi ng or I, N qf ingular and a plurality of polyners, prefornms,
articles, cont 3Wﬂﬂ%g ¥ bottl es. References to a conposition containing

"an" i ngr epigedtonoro0mole pamemnarthe 8arbBkyio Ger Mpmehue&m}éﬁmd 1o@y edi ents or
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mat eri al I as what is
nanmed, unI% &5@3 e%@r“%@é%ﬁ@pﬁﬁ%ﬂ%‘ﬁ?p%ﬁﬁ S é*{ﬂért)dft be under st ood
that the nmrtm:les;anﬁhamagan acetadehpddiedelsif dPppdoardessiot precl ude the presence
of additional nethod steps before or after the conbined 3 recited steps or

i ntervening method steps between those steps expressly identified.

Moreover, the lettering of process steps is a convenient neans for

I dent i fy| ng discrete actjvjtie st , and unl ess ot herw se specifi ed,
recited ~ piled Description of the Inventi any sequence. Moreover, unless

specifically Sq'%b%sénhmvérﬂ%htrﬁﬂr 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 clearly
dictates otherwise. For example, reference to processing or making a “polymer,” a
“particle,” "preform," "article," "container," or "bottie” 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 "comprising"” or "containing" is meant that at least the named compound,
element, particle, or method step etc must be present in the composition or article or
method, but does not exclude the presence of other compounds, catalysts,
materials, particles, 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 dictates, and includes the conposition of matter resulting fromthe
nelt phase, or as a solid, or the nolten conposition of matter in an
extrusion zone, a sheet or bottle preform or in the formof a stretch bl ow
nmol ded bottle. The pol yester polynmer conposition may contain any type and
nunber of additives. The intrinsic viscosity values described throughout
this descr repitécbsteps odiatetvenirgy methed steps detwden\thosty stepebxfressipidentifibdy units as
cal cul ated fromt@}fir Hherﬁgt Vi scosi t neasure at 2

Wt 1wt phenoMPEEuP ocesf 8pb 5,2 SoTveIeRt mBENS Ry ML, i ned by

nmeasuring Hlb@'&tﬁcﬂbﬁ]e@ﬁﬁﬁw anmﬂhﬁz@slbﬁfenmge gﬂi'éciﬁéd Pétﬁeﬂ‘ph@%&@fepby gel
permeati on chromat ography (GPC) from which t be cal cul ated as
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of the pol g@?ggén peLAsbLS ofiQh aqggqugn@éng the nol ecul ar weight gradient from
the surface to the center of articles: Solvent: 95/5 by vol une
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polymer composition may contain any type and number of additives.
The intrinsic viscosity values descnbed throughout this description to describe
the pellet It.V. are set forth in dng umts as calculated from the inherent viscosity
measured at 25°C in 60/40 wtlwt phenolltetrachloroethane
The It.V. of the pellets is determmed by measurlng the weight-average
molecular weight of the polyester by ge! permeation chromatography (GPC) from
which the It.V. can be calculated: ;as described below. The GPC analysis is used to
estimate the molecular weight of the polyester pellets for determining the molecular
weight gradient from the surface to the center of the particles:

Solvent: 95/5 by volume methylene chloride/hexafluoroisopropanol

+ 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 voi) + 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 throdgh 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 ver sal
calibration paraneters are determ ned by linear regression to vyield the
correct weight average nol ecul ar weights for a set of five polyester
polyner sanpl es previously characterized by l'ight scattering. The

cal cul ation 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, ,,
is determned as follows: Ih.V. = 4,034 x 10-4<M>wW0. 691 The intrinsic
viscosity (It.V. or rlint) may then be cal cul at ed fron1the i nher ent

vi scosity usi ngnjestiorBvdlumey @ pbquation as follows: It.V. =.0.5 [e 0.5x mV.

M $0 0o X SBtinlsel WaBAM edParth SO0 def 1A« Wbl composi ti on and

nmol ecul ar wei g ster yTer unbers for the
crystallized prietaction: Y abdetbance aE235rennol ecul ar wei ght gradi ent are

cal cul ated by GPC, solution viscosity neasurenents are made to determ ne
the It.V. of the pellets and preforns. The follow ng equations describe

such sol uti on VE&libestits:ymoRedsicesEpdlgstrade stahaascMW = Gabasuadoowme: 5 rlinh =
pn (tt/t)]/C V\/nere rI i nh %gherent viscosity at 25C at a pol yner
concentration d¥mote. whery M the Pegk rB@'%lﬂﬁre‘H ghthnd 40% 1, 1, 2, 2-

tetrachl or oet h%ﬁﬂvér@alnah&hﬁﬁlﬁﬂ)arh%&rrét hmis = Sanple flow tine through a
capillary tube to = Solvent-b kK flow tinme through a capillary tube C =

Concentration dfSpolRmed27% gﬁlar%79§§r 100 nL of solvent (0.50% _
PET K=0.4894 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 60/40
phenol/tetrachloroethane from the weight-average molecular weight, <M>,,, is
determined as follows:

Ih.V. = 4.034 x 10%<M>, 21

The intrinsic viscosity (It.V. or ) may then be calculated from the inherent
viscosity using the Billmeyer equation as follows:

It.V.=0.5[e *°*"V- - 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 crystallized 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 ig the Iimting value at_infinite dilution of the
specific viscosity of a polyner. It is defined by the follow ng equation:
runt=1im(TI5~ C =1limln (rlr/C) C*0 CG>0 where rent = Intrinsic
viscosity rlr = Relative viscosity = Ls/to rlsp = Specific viscosity =rlr
- 1 Instrunent calibration involves replicate testing of a standard
reference material and then applying appropriate mathematical equations to
produce the "accepted" 1.V. values. Calibration Factor = Accepted IV of

Ref erence Material / Average of Replicate Determ nations Corrected |IhV =
Cal cul ated IhV x Calibration Factor 6 The intrinsic viscosity (ItV or lint)
may be estimated using the Bill nmeyer equation as follows: lint= 0.5 (e

0. 5xcorrected lb I AOS] 5 x Corrected IhV) There is now provided a.

pol yester pol yr&f ™~ 0 etedl% "havi ng an It.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 %&.V. at the center of the
particle, prefdemy mon=dphesentviscasity ab 250C at 2 golymenepnaeniiatiomeal 1t . v. at
the center of the parfy : I s RBo VA ol yester pol yner
particle having an It.yfsao 1&6 gfag?/ogj.@@d?ﬂg%dﬂ)gq’sﬁ’gace, and a center,
wherein the It.V. of telrashlordathaneat the surface is greater than the It. V.
of the particle at its ceqnt pore than 0.25 dL/g, preferably by no
nore than 0.20 dL/g. Tr'{‘g 50'\?%}“'%899’182'5% cles are solid at 25C and 1

at nosphere. The shape &f #*Sampbaflew timedhrosgmatcapillanyttee Sui t abl e shapes

i ncl ude spheres, cubes, peld ets,..chips, .. tilles, stars, and so forth. The
particles have a nunber® avér‘?ﬁ’aat%%ﬁ?wBPeiﬁrf’P%%Etca*’@?%”Be per 100
particles, nore prefergbly Guneenteatiohlofpolimer in grarns peO1 9B LI oflseirenind up to
about 100 g per 100 par&%&j ?s. The vol une of the particles is not

particul arly (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:

nu=lm  (1g/C) = lim I (ndC)
C—0 C-0

where Nt = Intrinsic viscosity
nr = Relative viscosity = i/t
nsp = Specific viscosity = 1 - 1

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

"accepted” V. values.

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

Corrected 1hV = Calculated IhV 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 nmeter will yield the small surface to center It.V.
gradient of the invention. Therefore, in a further enbodinent, the average
lt.V. gradient in a bulk of particles having a volune of 1 cubic neter or
nore is snmall as set forth in this description. The It.V. of the polyester
particles is suitable for container applications. The [It.V. of the

pol yester particles is at least 0.70 dL/g. For exanple, the It.V. of the

pol yest er par t i Tdledntringin viseosily (¢ a5 impmag be @stipated, using the@EXlmieypr and up to

about 1.2 . 1, dL/g. The polyester particles fed to an injection
nmol di ng mg%ﬁhg&ioﬂ%gg.si rably 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 eghl @feMRivIN radi ent bet n the surface and the
center of the pinTPollgs t han foU‘h‘h‘T -TS‘iﬁPaf-reqtedYﬁ@t ated pol yest er
particles. Wthout 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 yest er par t iTdieEe isaowipiovided @ pelvegier polwpen prritlahavingenyeidat past i cl e, and
such a po ' t : [ ' : tions
I A e e

nunber - avencigeeater thau 026 divg jpber than thedt.Y cattkeicenterofdpe particteat i on causes the

It.V. and ' - r ' i al so causes a
degradat i Oé\%ﬁﬁ%l*ﬁ&%@%&@?h?&ﬁp@lq ﬁ%@g%a? h{e)e Iggz%%%% gpwﬂﬁﬁ\gr di ngly, by
mel t procepartitig. Aheeliy alst provitedta pdlypestenpohmen partizld lavingan ftAtef bab cent er

nol ecul ar wei radient, the loss,.in It V., I educed. .. The, pol yest er

pol yner palle?f'%&r{gv@ surfach A @ CRRLFrWhatRip dhe ﬁ:}{ﬁ(?gh’?eoqﬂt'é[‘?/.at @F yt he surface
of the paréirfics id grehtes thahiaaitV. 3bthd gartitiecodtets dehtdm bl et ibrathadto.2die center of
the particle, pr r le | ess th%n 0 %0 dUg higher than the It.V. at the
center of @He P"Béﬁeh@b!é,omoé?@@ﬁ P%p@-.ﬂ-S dL/g or less, or 0.10 dUg or |ess,
or even 0.050 @H@p@lyesﬂe??ﬁt;tiﬁlgéﬁrééﬂl@ #®5TaRB N aimédpheld. - The Sagelst ol yester.

=]
pol ynmer at the surface o 1e particle can be nuch lower than the It.V. at
t he cent érp&ticlenis nehlimited. eSuilahleshgpag include spheres, cubes, pellets, chips,

pastilles, stars, and so forth, The 3pérticles have a number average weight of at least
0.10 g per 100 particles, more préf?re{bly greater tﬁan 1.0 g per 100 particles, and up
to about 100 g per 100 particles. The volume of the particles is not particularly
limited, but in one embodiment, the:re is brovided a bulk of particles having a volume
of at least 1 cubic meter, or at ieas_t? 3 cubic meters. For example, one or more
random samplings of 10 or more paflrticles in a bulk of at least 1 cubic meter will yield
the small surface to center It.V. gfadient 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 deécription.

The It.V. of the polyester pa;r;ticles is suitable for container applications. The
It.V. of the polyester particles is at l;east 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 dLfg. The polyester pﬁairticles fed to an injection molding machine are

desirably not subjected to an increase in their molég_ular weight in the solid state.

The polyester particles hév:ef a small surfacé to; ‘center molecular weight
gradient between the surface and; the center of the' paf_riicles than found in solid-



enbodi ment, 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 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 dL/g or

| ess. I n anot her enbodinent, in a bulk of pellets having a volune of 1
cubic nmeter or nore, the It.V. average of the differences between the It. V.
of the surface of the,garticles and. the It.V. of the center of the

part icles $tﬁteﬂli\9|3f§§1|9kp¢ iclpgt Wihputhalta bt to atBeayt isqieligverbthatiyhenr 0. 15
or 0. ihg Zeﬂr Réd mﬂéﬂencéf ﬁ%\?%eft\%@n e csﬁer_aﬁh 'sﬁﬁgeéond@g ned as the
k A to

outer Sto center 1s the inner % by nass
ar ound thepqimstercnaslc{ﬁeasmthpmaae of ynolidestated polyestee pagicienandsuehai rr egul ar

shaped par Lyghg: UReNBE, {1 DA Endif BBl Ual BRI 1 d coplibrahlie Pes!

appr oxi rrat es t hat
can be dr aﬂvemdietmlaﬂwergm drsa'mutrorh eEbat whemthemanddgese@ge enolacular weightng t he
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wei ghted av of al] sur cuts, in the f 8-12 ss %
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the wei ghtﬁﬁfa@ié%é’éiﬁerqﬁotéédla K REdiEM! re\tbdshh A herddebd 8- 16  mass% bei ng
the center is recorded as the | . center, and gradi ent being the

di fference bet idepolyester palynerparticles Bave e suface andeerrter, aRed tha Vet of
nmeasur eneng,g surféé%?]f A @E&e%@s Er%HQst gugﬂggga fRah&fe 113Nt G REerdy few as
escri

one neasurenent net hod ove Is used to separ atel y
measur e t hige partigle, preferablyi lessdhan 6.20 diigdughasdhan thett satibg centerpfdbie ent
starting f [ t the center
of the paré%lée’rb%@%’fﬁqSquigﬂe?%ktr (ﬂ&d 9"5'&5% @%" dqé%}l&bgtggter cut or
as many cuess.t I thisgmhddirnén, marltvmféheaeolmseerdmiymwsatﬂm swfacatafthe  the

par 1l Gt B8 BB S BTy i MR b o

the GPC nﬁémwhlmdﬁﬁ howdrves, therevs provided a polyester particle which has a small
surface to center It.V. gradient in that the absolutejvalue of the difference in the IL.V.
between the center of the pellét and the surface of the peliet is less than 0.25 dL/g
such that the surface it.V. can nieither drop below nor exceed 0.20 dL/g relative to
the center of the particle, preferably 0.15dUg or Iess, 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. ever%age of the differences between the IL.V. of the
surface of the particles and theffl‘t.\j/. 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, er 0.10 dL/g or 0.05 dL/g.

~ The surface of the pellet is defined as the outer 8 to 12% by mass, while the

center is the inner 8 to 16% by mass around the particle center point. While the
center point of an 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 partlcle 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 drssolved according to the



Because the pol yester particles having a small surface to center nol ecul ar
wei ght gradient 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 |t.V. and physical properties in a nolded part; therefore,

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

pol yester may al so reduce the viscosity of the polyner 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 |lower nelt
processi ng tenperatures, the acetal dehyde |evel in the prefornms would be

| ower,  andracraureisebiortduihedeanmples die Weightgd ayarage bl Gigasyradeuts pr ocessing
woul d decr QAR théArst'BMbinddd®s ALRbRLY béiﬂ?ﬁfé&ﬁf&c@‘b‘f tHeBkifeY (&l rBcbriBE as
Alternately, less drying is necessary To give the sane It.V. |oss as
convent i oniﬂV- surfgess gad e weightgdaveragsrofiafl gneaspadautowithindhellashPitbal cost s
are reduce Y, t ; ization to a
ol ecal ar - ST Gee| S SEERR rabrBsAaL bRt Plecier aRlBRBIEDUITIT ' U o 3
| east 0. 70 differgnce betwesodt.\bysupiaoe tess the lbiscerden rlihei mynber ai measutenwantar or der :
formation A C C . : | | | ref.erably
rempval o SHSEH SRR ol SR, e carf b 3 oy b BhL Ribos SR HICTRLSS ¥
extruder f @POmkthod deberibed@abope ixf ueddo vefdnatelypobasesd tre |h¥T bf @dohs whi ch have
not been subj.ected to j.ncrease in theift | ecul ar . wei.ght ip the solid
State sinclotiondRspved | RahSWaYes gerdemt Mestng oar ik et St pparfcigal

undesi r abl yhd idRralighfte trysenitdridf tHe pértidheinag ©e ridtRuts) taingdbnly AssuprRES i ¢l e and
the surface of the ptartlcle. Ho if the Elgl ester has been solid state

ver
pol yner i ze@"d g cenigr Pyt of G many Ct“&'*m@@\'ﬂb?“tﬁm eRUFIgAs phegiRsrgs-afltgnatahty be
obt ai ned aneff?drﬁdlé‘% dib&] witiwh indlcidlohie @ pile/ e Hhesuritelis elitawa)) @ didtibf
re-formng the nolten polyester into solid Eyartlcles t hat "do not have a
surface |t the canteits eyt @aysansl they aagthan geraratetydneasyeed by the GBE metodent er .
Thus, in aﬂ?&c?i?é gphadi ment, there is provided a polyester particle having
an It.V. of a ?east “0.70 dUg obtained by nmelt phase pol ynerization and
wit hout solid Becavee thel poiwester partisies havieg @i smallrurisse io cérdetmelegulart . V., a

surface, ar\}v%igﬂt ﬁl%meﬂ{ 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 ?o obtain the same It.V. and physical
properties in a molded part; therefore, ménufacturing costs for the polyester are
reduced. The lower ILV. polyesté.r may also reduce the viscosity of the polymer
during the early stages of melt prbcessing; hence, iower temperatures would be
required and/or energy costs would be reduced. As a result of the lower melt
processing temperatures, the acétaldehyde level in the preforms would be lower,
and the time required to cool the =Epolymt—:ar following melt processing would decrease
as would the overal! injection mold:ing cycle time. Altermately, tess drying is
necessary to give the same It.V. !oss as conventionai pelyesters; therefore, drying
operational and capital costs are reduced.

The polymer can be produ;cied by melt phase polymerization to a molecular
weight suitable for container applii‘i:ations having an It.V. of at least 0.70 dL/g
followed by process steps cqmpr'i;jsfing in no particulaf order: formation of particles
such as pellets, crystallization, and preferably removal of most of the residual
acetaldehyde. itis preferredE to fééd the extruder for making sheet or preforms with



wherein the It.V. at the surface of the particle is less than 0.25 dUg

hi gher than the 1t.V. at the center of the particle, preferably | ess than
0.2 dUg higher than the It.V. at the center of the particle, and in yet
anot her enbodi nent, 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 is also provided a process for making a pol yester container,
preferably a preformor beverage bottle, conprising feeding crystallized
pol yester particles having an It.V. of at least 0.70 dUg , to an extrusion
zone, nelting the particles in the extrusion zone to forma nolten

pol yest er polyner conposi.tion, rmng a sheet or a nplded part from

fo
extruded nBMYeSierRarticas whic rb'&@w%eﬁﬁ'\ whietied tpamicirase &y theirapelpeulas have an

It. V., a SWélbﬁﬁ&th@&Sl‘d%téi@Bh@é typﬁc%ﬂéblﬂ%tét@%‘étyn?én&ﬁ!‘d \}ﬂﬁc@ésetshﬁl paff@hyester
partlcles prefera al particles, havée an at their surface

whi ch doe@nde@trabhalayge ‘ﬂlﬁﬂﬁeﬂﬁfélfﬂt Vi bajween therr@mer@émeewarbgle abddhe han 0.25 dug,
pref er abl ys@écgﬁg hg‘?fgr?tici&%@%\?e@ i po-%@tepﬁéé b rFscblli:ies‘iatEgiu Jfrfer%&réjs' on

zone are prefera arti c desira hav I cl ent
crystal | i nsmail sLufque&weerﬁenmdetulamelglntug:adlarg roay beabﬂamﬁityrmaihdgtlm equi pnent

rystan 1 eheshodubeHe ey SRILN fetorARale ingn pdGBter IS 8L i 1o
pr ef er abl ypartitlesithat H@motl have lassutfaca it tal ehgedes (003 divg highed tHan théét.\Fr ench

Nat i onal Stga, dar Test), such as 10 ppmor less, or 5 ppmor |ess, or even 2
ppm or 10 PHSLENPRe sheet or nol ded partcan be further processed to make

thlermm;1 olrrred OWhublaﬁmahh | gesmbadiinaht) triefe isprviged bpolyﬂ@tbvpéﬁueﬁma&w@mhrals

pol yet y ene tere ht ha e reactin | such as et hyl ene
HRRO T O AN AR AT TN A N W AT 0 T
produce anstﬁt%wyrﬁm&armf MEFUIthheqidrlﬂ%Tﬁéssan IMM EsifRel Hda eehﬂépondensed to
produce the polyester. an one conp ‘cont ai_.ni ng carboxylic acid

group(s) owhereinithetti% at @1)'-: suﬁéqa%@ff’the ﬁﬁmﬁ'@ i l@&&ttféfw @1gP Ak higeerdhaites. Al the
are i thel ot aana paler RGBT, FELpal Rt O o N ) B L OEee oo
all the cihecentetef thepadicie and tfarebas@theroerabmhmgmtoa@(i@)artwe bR aviiM.ve( s)
thereof gty &LGdd8 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 It.V. of at least 0.70 dL/g , to an extrusion zone, melting the particles in the

extrusion zone to form a molten polyester polymer composition, and forming a sheet

or a molded part from extruded molten polyester polymer, wherein the polyester

particles have an It.V., a surface, and a center, (and at least a portion of the

polyester particles, preferably all the particles, have an It.V. at their surface which

does not vary from their It.V. at their center by more than 0.25 dL/g, preferably by no

more than 0.20 dL/g. The particles fed to the exirusion zone are preferably dried.

The particles desirably have sufficient crystalliinity to prevent them from sticking to

each other and/or equipment during drying at a temperature ranging from 140°C to

180°C. Moreover, the crystallized polyester particles fed to the extrusion zone after

drying preferably contain low levels of acetaldehyde (a:sémeasured by the French

National Standard Test), such as 10 ppm or less, or 5 p[:om or less, or even 2 ppm or
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t he product add up to 100. The "residues" of conpound(s) containing
carboxylic acid group(s) or derivative(s) thereof that are in the product
refers to the portion of said conpound(s) which remains in the oligomner
and/or polynmer chain after the condensation reaction with a conpound(s)
cont ai ni ng 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 polymer chain after the said conponent is condensed with a conpound
cont ai ni ng hydroxyl group(s). Mre than one conpound cont ai ni ng hydroxyl
group(s) or derivatives thereof can becone part of the pol yester polyner
product ( s) lesal Thersheet onpodad padean ap fiirthgr progassad o nugksutbegoformetbor vat i ves

t hereof th “mmgec 3 f said product(s) conprise the hydroxyl
co'rrponent.ﬁEFhe no eo&)ér?erg'll t he conpounds cont ai ni ng hydroxyl group(s) or
derivati ves t heFypafally, palyebtecosmchpsr gol veth viariedempbthatat¢ aje sdde by réactih§0.  The
resi dues of und C LNl droxyl aro Qr. ri.vatives thereof
that beco ﬁ'éﬁog g‘?‘% il ét@ QF’B&)@&%@ l%{ﬁ% @%‘?’8’&18 a?'ﬁ’ea%&gé%ﬁ% r?cgforsf%?i C&méﬁ%ou nd( s)
whi ch rgzraieﬂer toi mg&ﬁe@%a@dunénﬁmﬁérmnd@gbﬁbmpumdlﬁ aze ih_%nm_lydﬁmﬁe;&ﬁieﬁ/i th ?
conpound(s) containin car boxylic aci roup(s), or derjvative(s) thereo
and fur;he}OWBBWHEQﬂQEEte R&P{Xt}m%?s‘{‘) %88&9@?'% 0 .'c\?ﬁ'gjyi ng | ength.
The resi dU@ﬁ:\_uﬁLs)bh%d%dﬁﬂ%e@ﬂﬁ@ﬂ@é‘?eacfe@f@lﬁﬁg tee /;&lb@eﬁ?ml'tlﬁ?é‘ of the said
conmponent which remains in said groduct. The mol e% of the h%/droxyl resi dues

~and car box$PMECUs goptaiting caEbexylic Aed gfpupitlOF (jg')i"%iz!(_)ﬁ&ﬂ)g‘ed%?fé #iafed by prot on
NVR -~ The pe{eystsdit ddmprige e '%Erﬂo??ic'd&ibeéﬁnhﬁheﬁf?nﬂﬁé fBle %k alle @ carboxylic

aci d conponent conprising at |east 90 nol e% of the residues of terephthalic
aci d, deri vempaungs coatainig taIpexylieacid graumision dedvalive(sptheseefdhatagin ¢ aci d,

(b hydr DfrofRad i ' Foct 1he teERLBR o colpbfidts) Byhibbitaiba B "
et hyl ene glbsoup(s) obderivative{s)itberenbinat arerin vet profiuct aeforsdpithe partiod of saigonent
rest dues A QRS hicH SR o BiGHHRF thabPRBREindi ShaliRg 1 " The

pol yest er 8 _ _
condensation reaction with a compound(s) containing hydroxyl group(s). The

residues of the carboxylic acid compornient refers ta the portion of the said
component which remains in the oligomer and/for polymer chain after the said
component is condensed with a compound containing hydroxyl group(s).

Mofe than one compo(md containing hydroxyl group(s) or derivatives thereof
can become part of the polyééster polymer product(s). All the compounds containing
hydraxyl 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 there'of that become part of said product(s) add up to 100.
The residues of compound(s)f containing hydroxyl group(s) or derivatives thereof that
become part of said product refers fo the portion of said compound(s) which remains
in said product after said comgpound(s) is condensedjviz_ith a compound(s) containing

- carboxylic acid group(s) or dérivative(s) thereof and further polycondehsed with
polyester polymer chains of varying length. The resndues of the hydroxyl component
refers to the portion of the said combone%nt which remalns in said product.

The mole% of the hydroxyl re$idu§s and carboﬁ&j;lfic acid residues in the
product(s) can be determined by proton NMR.

The polyester polymers of the invention comprise:
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I n anot her enbodi nent, the pol yester polyner conprises: (a) a carboxylic
aci d conponent conprising at |least 92 nole% or at least 96 nple% of the
resi dues of terephthalic acid, derivates of terephthalic acid,

napht hal ene- 2, 6-di car boxylic acid, derivatives of

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

resi dues of -ethylene glycol, based on 100 nole percent of the carboxylic
acid conponent residues and 100 nole percent of the hydroxyl conponent
residues in the polyester polymer. The reaction of the carboxylic acid
conponent with {3 taybiylyacid omrmpnm condprising) at Inastflapale ofthe oésid s

pol yester pol ymaftel' hitic a@iﬁt&ér ?‘?{é@'ﬁh‘ﬁ caécﬁp Il'ltﬁ lteﬂ%fg-nt ages since

one may utilize a ge excess o roxyl desired, e.g.
on the order of dmprl:bmyli%(ﬁhdqﬂbﬂ%twes aftnaphthateriekﬂae-ﬂﬁlﬁrhmdyb&/a@ﬁ sranistuxed i C

aci d conponent #}? T'},df pol yester polynmer made by the reaction wll,
however, conta "?cﬁ’e ated amounts of aromatic di carboxylic acid resi dues

and et hyl ene gl(bbcaqiydrca@l ébmneﬁetdngﬁtsﬁ@ a:ﬂedsegemmmldfmmsmuagdf
napht hal ane di C%{;‘p’%ﬂégl c acid incl C4 di al kyl terephthal ates and C, -

C4 di al kyl napht ¥@lych as di net hyl t er epht hal ate and
di met hyl napdsBabatgo hiblegetchtan cmo%iela@ral SOnipBRINRBIdues ah@ neehidiel i ¢ acid,

derivates of terepht hal1c acid t hal ene- 2, 6-di carboxylic acid,
deri vat i vesPessenhatimdranyksrmmponent W@HF%WD? PelYESIPHPOIYMER xt ur es t her eof, the

carboxylic acidyf W%ﬁﬁ}m(g}ﬁ trggogggtgls&;wm 5. may include one or

nor e addi ti onal car box' 12" conp Such addi ti onal
modi fi er car boxiﬂ)|ad:85hnxd|m:®¢t¢)9@mﬂ@ﬂenihGQDTUEIESImﬂ)&UeaSiQEUOQI?%, or atledst(ﬂﬁrrpounds

di car boxyl i c achﬁeﬁﬂfmwgérdué{,‘gffé%@ﬁéggécw dedtBtestr IBHHBUIRGQ T

carboxylic acid grou & G omrat oxy
pref erabl y havi ngptihalenet2, Serhca‘ubmxyhcc atid, degiivailestaf caphtbalehes2y8-dicadoxdi:

preferably havi 0 1 toms, or cycloaliphatic dicarboxylic
aci ds preferabl9 'aW|W&U?%$§{e?g%E§r bon atons. More specific exanples of

modi fi er di car b(bywlhydroxgl ctenpomehtdongsising at least 92 mole%, or at least 96
mole%, of the residues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.

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

Derivates of terephthalic acid and naphthalane dicarboxylic acid include C, -
C4 dialkylterephthalates and C; - C,4 dialkyinaphthalates, such as
dimethylterephthalate and dimethylnaphthalate

In addition to a diacid component of terephthalic acid, derivates'of
terephthalic acid, naphthalene-2,6-dicarboxylic acid, derivatives of 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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an acid conponent(s) are phthalic acid, isophthalic acid, naphthal ene-2, 6-

di carboxylic acid, cycl ohexanedi carboxylic acid, cycl ohexanedi acetic acid,

di phenyl - 4, 4' -di carboxylic acid, succinic acid, glutaric acid, adipic acid,
azel ajc 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 wuse of the corresponding acid
anhydrides, esters, and acid chlorides of these acids is included in the
term"carboxylic acid". It is also possible for tricarboxyl conpounds and
conmpounds wth a hlgher nupber of carboxylic acid groups to nodify the

pol yest er . CPRPais: Perh adsitional mpdilin caskmmytinasid cempprnds Rgude Myanene gl ycol |
the hydroxxhrbog,ﬁmeﬂ%hp%nam.d%&wmao@@wrﬁﬁéﬁ{dsnaxyd EdHh n%lgfj g@&ﬂ] 4ional

nodi fi er nono- diols or conpounds wth a higher ydr oxyl
groups. Exambeeeuroberr@éaarbpéﬂlc aRigaronss - Emmd&aawludecargmetlwcawwmat iC
di ol's pref | I

pr ef er abl y%EIav #)Keéél'gﬂly @Qggg ?g?ﬁgﬁ%gdog%om%bérﬁgﬁ %t%ggﬁ}lﬁ?:@hg%gﬁﬁ pgesfg'(L) '?uch
di ol s i ncl heénglde h% banhen gtomslor cyoim%lphgtioaﬁ@rmwwg:id&pneferably having 8

| oh 4-di t 1,5-diol;
hewane 1, & i SyooShmer bRRERecine airBles ot BB Ol s AR 54 7" °
2,2, 4- tri Iaﬁtabbdlcpﬁmbaétﬁ(s)lard pr(tﬁaii&)acucﬁgs&phmhwhdﬂemwmamneéz,efs) 2, 2 di et hyl
2r(2)pgln§ ?|4 &}168}@3) y@hﬂdl Ol%éqggéz}@c %\'gé;pyclo% r%f%eilggé\t/i duBﬁQﬁy?-”e
di hydr oxy- Xﬁd%al%ok t:raemeklhﬁdm@wh @Mbﬁé‘@erd ?acﬂplbbéldﬁﬁzelalc ac1d sebacic
hydr oxyet hoxyphen ? ropane; and 2, 2-bis- F' - hydr oxypr opoxyphenyl ) - pr opane.

The pol yesegf grithe wbd%qmiﬂlﬂ!fg aﬁ‘éy napkd a'aeeﬂab%ﬂ'agrbaxy!m%mw ene
terepht hal ey&axeﬁaﬁbd%ar &Jylwhaasemgmﬁséﬂa}aérssleah%ﬁ&naﬂbtemnab&%ootthsf mopl astic

pol ymers such as pol ycarbonate am des referred that the
pol yest er g8Rrploibe corrspoRding @C@(ﬁﬁbwwsaew sOand gcid chioridepo t#@%ﬁ agidpol yrrer s,
nore 13 p a
and nost p?sgﬁg{r] ‘§tﬂéf8@ﬂwt. () '%gé' tmg? ﬁﬁtpoggblﬁﬁtfor/ 'caIngil ﬁLﬁéhvastlc
pol ymers ( and bordpoupds iither igherinuotbgaof Qarmyb@amdgrmrpsﬁamddﬂ’yé‘w f i bers,
i npact nodi fII ehsp Or ot her polyners which may forma di scontinuous phase).
It is also Br"%‘?%rred that the polyester polyners do
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 hydroxy! 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-diol; 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-diethyl propane-diol-(1,
3); hexanediol-(1,3); 1,4-di-(hydroxyethoxy)-benzene; 2,2-bis-{4-hydroxycyclohexyl)-
propane; 2,4- dihydroxy-1,1,3,3-tetramethyl-cyclobutane; 2,2-bis-(3-
hydroxyethoxyphenyl)-propane; and 2,2—bis—(4-hydroxypropoxyphenyl)-pro_pane.
The polyester pellet compositions may include blends of polyalkylene
terephthalates and polyalkylene naphthalates along with other thermoplastic
polymers such as polycarbonate (PC) and polyamides. It is preferred that the
polyester composition should comprise a majority of the polyester polymers, more
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not contain any fillers, fibers, or inpact nodifiers or other polyners which
forma discontinuous phase. The pol yester conpositions can be prepared by
pol ymeri zati on procedures known in the art sufficient to effect
esterification and pol ycondensati on. Polyester nelt phase manufacturing
processes. include direct condensation of a dicarboxylic acid with the diol,
optionally in the presence of esterification catalysts, in the
esterification zone, followed by polycondensation in the prepolynmer and
finishing zones in the presence of a polycondensation catal yst; or ester
exchange usually in the presence of a transesterification catalyst in the

b esence. oPTEISOYG o AEIRuE! ot ot 87 pEPe, ob AElead ik, SbOBHRIFabk sol | d
stat ed aCCQOdlm%,tbésweﬂ\{deélbﬁﬂﬁaIITIﬁErﬁféblaBﬁépd)lwtéfst(éﬁélﬁdm?f%r%tUre of one
or nore dicarboxylic acids re aromat i ¢ di carboxyl'ic acids, or

fera
ester for mifRjoYH ¢ PYBRQUALS Of RRTiElsS, f’béf% irppact Srodifiers or athsr solymers whishnuousl y

fed to an Hh Ahuofsehase)0 8 Bratbrred fharpRr lyntGs \Ween about
200C and BOOCY,% bféﬁég}: betg\%egie)Zgg%alg ngQrCr)C and aﬁ%ﬁvgsger?gssurgwgf

bet ween abdat cqtt@s agy ﬁlbers dibatso gt imm@chpdifiersins othesipelymass whiah form ahe

reactants b s from between about one and five hours. Normally,
the di cartgy)s?yﬁmyog%mi ; is directly esterified with diol(s) at el evated

pressure and at The pelyegtencampositions earobe pzpe@dihy pdwoerizalloCprobiedures

t f ' ' | t f at
Coast 6056 10N TG EH YDigfenf RSt Edteritbion afy PAYSTRRREBR, Falldsti 1 Cat on
of at Ieastmaﬁmaise reambfagtueidg tpoooeases intladel disect edndesatian of adidadioxglid goner s.
The nononer o) r forping react [e t al | uncat al yzed
in the di r@g @Tté?gﬂll gagge%a\lydrp H“?ecgﬁseét‘?a tﬁ%&f@?ﬁﬂncﬂ B@f 1éﬁchange d
processes. detrificstion ebee follbweeidygiohtbRderagtiopini thegtépplmraﬂdemnshmgt he
esterification zone along wth esterlilcatlon ester gﬁge catalysts | f

a pol ycond@Ragk ndbe E@F%"‘i?sqfa Rebxcondensatien catrlyst of @‘T‘tP'F? uslyinit s
typically hepdashdsids 'étidﬁgeﬁe@ﬁcaﬂ&dcétﬁlgsﬂiﬁ‘tﬁe éﬁeﬁéﬁ%hﬁrﬁ@idﬁé f(ﬂlbWéB H eact or.

Typi cal ester exchange catal ysts be used separate y O
conbi nat i ofPrepoimesigatian angfini flﬁh*%ﬂ RdRe Besenay ¢f q palycapdengalipn gatabyst, and 2| nc,

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 abotJt one and five hours. Normally, the
dicarboxylic 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 fof at least 60% is achieved, but more typically until a
degree of esterification of at Ie;as't 85% is achieved to make the desired monomer
and/or oligomers. The monomer and/or oligomer forming reaction(s) are typically
uncataltyzed in the direct esterification preCess and catéalyzed 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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manganese, or magnesi um acetates or benzoates and/ or other such catal yst
materials that are well known to those skilled in the art. Phosphorus
cont ai ning conpounds and sonme col orants 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

nol ecul ar wei ght oligonmers, 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 phosphgrus cgntaining c ounds. The rel ative a nts of BHET and
ol i goner i cﬂfpee'%?rg@awr\ fﬁé&%%@ﬁ@%ﬁcwmﬂﬁsrtﬂ& 'f"'@bft?_@s!-'sieg a direct
esteri fi catéghtateystas SorhBindtuns hchaigaitdrnan akexides, Al () bO@REdtersSPaREES are
significant and even present as the nmjor species, or a ester exchange

process i nmaﬂﬁﬁ@ﬁ%ﬁ%’@aﬁﬂﬁ?'%%@tﬁ?@ %Qamﬁqatgs ad/agathersus st es over the
ol | GOMer i ¢ niAGfEOMat ar BRIABRA 14 os8 SRIKAPIINS aft SBIBHORS coifaidiag er | T 1 cati on

reaction (or ester exchange) proceeds rive the equilibriunttoward
product s. Tbspedndsrantisone) aprorants enawaisache presentrio thecestenficetiomromer and

ol i gonmer m xtur | ' i eSO | f. nore reactors.
Al ternately, th@‘%’%&‘gﬂ@‘?p%’ﬁ@&%ﬁ}g{é@é m%é%tt%}f%gﬂédgﬁ?ogg%agg% %Lzéd in one or
nmor e bat ch hydraxyetny). tetephihalaten(BHET jonohonmsyewanoletiiart weightoligooees,s f or

maki ng PEN er ti,on ,m re wll contaj neri c_speci es aof bis(2-
ot oy o nPIEC. A R G AC I e Shid of Bl R A odiBhibntys ot o
nmonomer / ol ggfmer. aicﬁg W@thaftﬁabe irﬂmlties&rdmgrtqfih@feﬁcﬂem efﬁh_b]icc_eﬁlﬂ's_bﬂf it is
transporte romthe esterijficgation reactprs jn t esterification zone to
the. pol ycoRBlkE SHATiia atetals G e GomPoUNdsy s B welorgimdmantiies inithe s hi ng
zone. Pol yegtRhaletisl of 8RGHoeporas Eontainingoftbodfids. CTIY feltRe anibunhe el t
phase in a | yneri zation zone and fi ni shed he nelt phase in a

r epo > int
fi ni shing QBEHF'?MQiQOWWBF% wibyary deperglingon wegthentng RSPerssrisar sol ids in
the form Ofdiréé't'eEf%riﬁ@ﬁﬂoh%&qesQin Whith cA3dRE aRitRRAEf cﬁ@ﬁﬁ]eﬁé‘@geg?é’%@onp“ S€ a

series of one or nore distinct reaction vessels operatin i f_f er ent
condi t i ons sigpificantand ener prasgnias the MAIKEperins.r GrRsteraxehange progess in

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. Alternately, 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 corresponding oligomers.

Once the ester monomer/oligomer is made to the ._desired degree of
esterification, it is transported from the esterification reactors in the esterification
zone to the polycondensation zone comprised of a prepolymer zone and a finishing
zone. Polycondensation reactions are initiated and continued in the melt phase in a
prepolymerization zone and finished in the meit 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

15



vessel uUsing one or nore sub-stages operating at different conditions in a

single reactor. That is, the prepolyner stage can involve the use of one or
nore reactors operated continuously, one or nore batch reactors, or even
one or nore reaction steps or sub-stages perforned in a single reactor
vessel . I'n sone reactor designs, the prepolynerization zone represents the
first half of polycondensation in terns of reaction tinme, while the
finishing zone represents the second half of polycondensation. Wil e 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 desi giygsssbusiag Ane ﬁ'émﬁfﬁeii&'#ﬂﬂﬁﬁ m@tms gt gifterept ¢onditions inra gingleg zone i s
that the | fdos:. Fiolide ieprd gagﬂnxs Pihvaive d L BHonb gl Gorand/ Of

| ower pressure than t'he oper Itions in the prepo ynerlza I on zone.
Generally, oeartatectﬁontlh@tpw«epm 9hmprezlaat¢lbrea§t¢us toneven ang ol mgrez taastiowonpri se
one or a t rization
and fi ni shi n&k%ﬁg @é?g‘%@cﬂ@eeaﬁrga Sﬁ@fé Heg&o}s’gésigls Ig%ﬁﬂ‘ue '%ggtlng ggéc)'ée@?nuous
process fothd ;In'e;Jommsniailoh zore tépremtsdbbﬁﬂ helf obp:blyumdensailohhw terms of

pr epol yrreri za .i zon known i n the ustr | ow polynerizer,
the. T ow mof Ve, ArRisHEE £oan errrepimbe Sk Bl Grer Ty e vi &

po: yconde ;lfpatyb@ﬁtieheatfdnr Wik otﬁéhuh@toedésajrsmﬁwadjasteh@:dsmte timfeor PEN

pol yest er

th t added
t he” nonoreP® “’@?Pé'f"? B{eﬁag%ﬁzgt"&&@"ehgiﬂsgf@ ng§? é%‘ét)ésgt"\?%‘ﬁ gost?tgeetoI "

catal yze t f&smm%stmanorhﬂtmﬁ@ruesms BeRRERthe ?fééol ridBicC20rR antethe ht
oligonmers to form prepol ymer "and lit off i ol ‘as a by-product. O her

conpounds §Uk§hlnﬁ§°@¢|t§§b$fdh'ﬁ@ﬁ§b¥ﬂﬂﬁ Fravgnticongrelenata highskfemrasaigsrinds, and
col orant s %ﬁ&/ogiomr Breos8tiaatar fhelos aﬁrﬁ%%@ﬁﬁ:ﬁd}%ﬁhﬁéﬂn%golg@%ﬁzatm% ¢onpounds

may, however e ad - zone | nstea I n ad Ition to
the pr epol \Genetaliptdash ofmeanramiyresmzaﬂom anfétheo‘misimgezones@omnnyppoaloralvrr based

process, 11955, thll e dhl MBS B0 58 gL hAAEh g™ o

and poi nts Sarar yst ma er| a ngredi en vary froma
typi cal di rrm:itoreatsaseqhema&d inra sarlesaspartﬁf/plconﬁntpusvmna@fmalne on catalysts

i nclude the co unds,, of and Sn in an anount ranging fromo0.1
to 500 ppm"ﬂ%'é'%ﬁgﬁofwg atﬁ?_bgly'%?ésul ting
In the prepolymerlzatfon zone, also known Iin the industry as the low

polymerizer, the low molecular weig:ht' mohomers and oligomers are polymerized via
polycondensation to form polyethyiene 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'lovjv molecular weight oligomers to form prepolymer and
split off the diol as a by-producf. Other compounds such as phosphorus-containing
compounds, cobalt compour:lds, and colorants can alisfb be added in the
prepolymerization zone. Thesé compounds may, however, be added in the finishing
zone instead of or in addition td the prepolymerizatiohf‘z'one and esterification zone.
In a typicat DMT-based process thc;se skilled in the aft‘ recognize that other catalyst
material and points of adding the cataiyst 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 01 to 500 ppm based on the weight of resulting

polyester polymer.
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pol yester polyner. 16 This prepol yner pol ycondensation stage generally

- enploys a series of one or nore vessels and is operated at a tenperature of
bet ween 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 oligoners is

| ncr eased up to about no nore than about 0.5 dUg . The diol byproduct is
renmoved fromthe prepolyner nelt using an applied vacuum ranging from4 to
70 torr to drive the reaction to conpletion. In this regard, the polyner
melt is sonmetines agitated to pronote the escape of the diol fromthe
polynmer nelt. As the polyner nelt is fed into successive vessels, the

mol ecul ar  wei ghhis @rrpolymes polysondensating sfage genesaltyeroployha spuesofeenenar t

i ncr eases. X V, I | ow f or
o cater JIF YR Rhpreiaf t 2 BB SHatlrd of BRRL AbOHE SRR SN T oo,
successi ve prenudtuum@ mswe mlrkumwelfourml;rst mnhg trﬁé stagenpead v adf gl ycol s,
wat er, al cohol's, al dehy and E_l?her rea tion products, the reactors are

typically ﬁ%mBH%Prsaﬁr\‘)’ 'Eﬂﬁﬁﬁr's resead \HP ¢ abept; nﬁép@&’t@@g&\b(pg{@& dygs is any
gas whi ch dpesidi8lpreatdss wm&ea%nnﬁa@?é@gmﬁr RSIOGRHS] an @ @ima%gu&t'cs at

reaction conditions. Suitable gases incl but are not Timte ar gon,

hel i um and r?ﬁg'ﬁg)f@%'ﬁ‘”qfﬂg torr Eb@“&ﬁfﬁ'? reagtion:tp qunﬂiﬂﬁft%"bﬁh!ﬁaf@lﬂﬂelthezone to a
finishing g tds bifetifes Agltdtdiolor ;ﬁ‘?@ @he BEEHIBYT Hd @) frdmeRE! | nued I n

one or |n| I ng vesse gener necessarl ranmped up to
hi gher terrweiymeuna;t Asdhe pof&menmeltmsﬁeﬁentogtl@qasswwesm ithmmotaoalart 0 a val ue

withinar t?a{jld r{ugqb)g@lﬁ'&sl]%;t%?@ t‘iﬂﬂﬁ% holgnl?l%r mleft intrefos! Phe PR gﬁgrle of

i ncreased fr repol ynerizati ontz
(typi cal |y eacl3Gedsel is generally demeasedrte aﬂdn.afnr@: gréatet degrae lof pMymfenaatndnemst 0. 55.

The 1t.V. of ol yest er co ost ons. ra a to Pout 1.15
BT g | pr ef SpaREctSRuS Vo8B pith Ak eacione il Srkes BRkler Rom 0. 70 g

to 1.15 dUGacmétb@erho\sapbfgyedlgtvmterpelbwms laldéhydés aﬁh?tﬁdrﬁﬁécﬂbﬁssm general l'y
I NI sne

X Dol yconde Peroacts ¢t pehciare areoPEaly DS slivg 4 GARbm araurOSibamh an ek
Por?™ MTHSEEL R SR m gttt s cananuslortel Maetsbsgiodly? o0 -0
chem stry @bgmnf@nstlcs at reactlon condltlons uitable gases include, but are not limited to

argon, helium 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 melt in the prepolymerization zone
{typically 0.30 but usually not more than 0. 5) to an It.V of at least 0.55. The IL.V. of
polyester compositions ranges from about 0.55 to about 1.15 dL/g. Preferably, the
it.V. of the polyester particles ranges from 0.70 dL/g to 1.15 dL/g without solid state
polymerization. The final vessel, generally known in the industry as the "high
polymerizer,” "finisher,” or "polycondenser,” is operated at a pressure lower than
used in the prepolymerization zone, e.g. within a range of between about 0.2 and 4.0
torr. Although the finishing zone typically involves the same basic chemistry as the
prepolymer zone, the fact that the size of the molecules, and thus the viscosity
differs, means that the reaction conditions and vessel(s) may also differ. However,

like the prepolymer reactor, each of the finishing vessel(s} is operated under vacuum
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prepol yner zone, the fact that the size of the nolecules, and thus the

viscosity differs, means that the reaction conditions and VesSel(s) nay

also differ. However, |ike the prepolynmer reactor, each of the finishing
-vessel (s) is operated under vacuum 17 or inert gas, and each is typically
agitated to facilitate the renoval of ethylene glycol, although the form of

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

I mpact nodifiers, surface |ubricants, denesting agents, stabilizers,
ant i oxi dant¥ineft 93saang pash isitypically agitated fnyfasijtate e aeoxal of elfedenagived,

col orants, élﬂhﬁh@ﬂﬂwb?&n‘f‘%ﬁé%gitﬁbﬁt@hﬂ%'ﬂl&%r h@ﬁ@rr\}ié&éﬁfeapounds, reheat rate

enhanci ng aids Such as el enmental antinony or “reduced antinony or reducing

agents to form dddiivepear kasaddeddp the melt phassordathe prlyesten psdymet tack,

graphite, ' ' ' | | and the |ike,
ok bot 13 L eGR R pelBiidtte choftitles & e Y, idfinar B8 RIIRRATC. "0

i ncl uded. Tdrgstallizstion aigg, inipact modifieispsigfakllubrisantsndenesfindpagentsj ng agents such
as trifunctj | _or tetrafuncti . Gcan | i | ds.,..,0 hel.r _derivatives
and/ or al coﬂ%fq@e%gﬂ{i@@%"h H\&.H"ﬁ&gg'g ng%ﬁr@eggeﬁfﬁ ﬁﬁtﬂﬁegw\ﬁt%rﬁane,

pylr onel Idi ti coraiiarala,hujréreiadng a@@ﬂf,mt&lduhw@lqwr?ﬁﬁgl combgufirladso][ef%ﬁt pite f 3 & m ng g
pol yaci ds or ql yol s ner nown in the art. of these additives an
Pany ot hor SnbaRcig s sIGLES Semenlsl B otk TRddtey aslimonar iRFiie Sasis 1 o
extensive %WHﬁﬁJcﬁ%Peﬁ@yinoéituE SIRGon cafSIa Carstn Hadk, BRipHAS thdtilatehe Present
conposition. The nolten polyner fromthe nelt phase Eol yneri zati on may be

al | oned to cassn, biaglyiren gride:1ed iran Oxidpe @ne the iker Birky boripsdgitives suehas
Al ternati vehi, aﬁdmefg;éﬁoeme RO LABE ing@a?@.erﬁd resih ris) m&lb Ebdinadidalf hen

crystallized fromt | ass. Instead of meking the polyester particle
directly f ra;munﬁseofrbéamc?mwntwcpﬁértr.lf,@a@tmﬁl girtelszfyRctionple cphoxylig acidmy be

made by melLigg cflé%%ti%%’%ﬂﬁralcoﬁ&g?éﬁg?gs {?ﬁéﬂﬁﬁta%g e/ fFﬁﬁethQﬁV@‘\S?ﬁne si nce

t he nol ecul ar wel gh recycle ol yester po yr'ns_rs o ary W del y
dependi ng awyrarhaliitic dianhyddde pentaehithriielr and-ether pejyestenfeming ipplyasidpoef er r ed
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use are well known in the art and do not require extensive discussion. Any of these

compounds can be used in the present composition.

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 sblidiﬁéd and then crystallized from the glass.

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

The method for solidifying the polyester polymer from the meit phase process
is not limited. For examp_le,'mc)lten polyester polymer.g,from the melt phase may be
directed through a die, or merely cut, or both directed ;thr'ough a die followed by
cutting the molten polymer. A géar_pump may be used as the motive force to drive
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consuner recycled polyners, but it may optionally contain scrap or regrind
pol ymer. The nethod for solidifying the polyester polynmer fromthe nelt
phase process is not limted. For exanple, nolten polyester polyner from
the nmelt phase may be directed through a die, or nmerely cut, or both
directed through a die followed by cutting the nolten polynmer. A gear punp
may be used as the notive force to drive 18 the nolten pol yester polyner
through the die. Instead of using a gear punp, the nolten pol yester polyner
may be fed into a single or twin screw extruder and extruded through a die,
optionally at a tenperature of 190C or nore at the extruder nozzle. Once

t hr ough t héheonelten priyasterpolymer threughhihe dieninstead ohuping atgeas pumpdthe  cont act ed
with a cool i ' : > : pelletized at
the di e ottt pBvedBrpéiinet RbpBiod figta sifbiolr Sy Sekipbxiier 3PP

opt i onal | y ekiridesrtbrdugh @ dis raptiengliyat & tcemparetireoktSGBCde sigye at tu: svitwdebef or e

bei ng cut. C | 0 | el ' i £1.00; od, and

be1 19 U1 i B R iR 5o o8 o PR A S

pel leti IZ: ngpatacledwu;thtrmt]:cc(oi mm,esthldaml!humymltets, optHel ;zzﬂymerr@l,n btep[aeltetitécagtor s, water
rin elletizer ot .fa etizers, under er eti.zer

centr | T uged i ees SeparailyBerler s o dERa Ao B8k e BRs L AR e ¢ ne

pol yestle_r mn:jemmeﬁ paﬁticﬂiéf[tesj clwematdedignated slz@@dﬁi@beh@&fnﬂﬁﬁn?_f:cyl&felﬁhbhé’lat I ?ndl n a
gas or liquid. 1e crystallization ,may occur {n a nechanic - agitate
Sossel: o hptpeletion bhcERoiBeheg Arc FeRerglys CrR b LoREBRIANNG PHHAGtag t at ed
vessel or RinRed t-didifg,adttahd Pdildtizing dndBtrafd S@ﬁﬂed%ﬁ@é%ﬂcéhﬁaﬂeﬁﬂn@,f the _
pol yester polyner, preferably at 140C to 180C, or any other nmeans known in

the art. APagfiiaiond wateryingrpelietizerse hot iase Relstiversaunderwater peligtizetseand: abl e t o

crystalliz £ LRlisels0 at least a 15% degree of crystallization, nore
pr ef er abl y%?lt(')matggﬁgalgétt 3@% or at least 30% or at |east 35% or at |east

40% Pel | et cr yBheakihoidtapdiapparatusrused éaicrysiahige bief palyesteri pollyrserds mohg
o e oy Pkt 90 O 0 TR TR 79 o e
pr ef er abl y n{a)oceursiasphechanizaibnaditated wsselr afluidizadbedf a bed agitated bl fiyidgr ound
pel | ets. Trr]neov];:rinrég’g; arrll %%Eajgﬂgte %%Qseil r pipe; crystalliied in a liguid 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 crystailinity is determined using Differential Scanning Calorimetry
(DSC). The sample weight for this measurement is 10£1 mg and the sample
consists of either (1) a portion of a single pellet, or more preferably (2) a sample
taken from several grams of cryogenically ground pellets. The first heating scan is
performed. The sample is heated from approximafeiy 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 exothemms is determined. This area
corresponds to the net heat of melting and is expréssed- in Joules. The heat of
melting of 100% crystalline PET is taken to be 1'19 Joules/gram, so the weight

fraction crystallinity of the pellet is calculated as the net heat of melting divided by
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performed. The sanple is heated from approxinmately 25C to 290C at a rate of

20C/ mi nute, and the abSol Ul e Val ug or TE o O T e e e Ot e .

(one or nore) mnus the area of any crystallization exotherns is

determ ned. This area corresponds to the net heat of nelting and is
expressed in Joules. The heat of nelting of 100% crystalline PET is taken
to be 119 Joules/gram so the weight fraction crystallinity of the pellet
is calculated as the net heat of nelting divided by 19 119. Unl ess ot herw se
stated, the initial nelting point in each case is also determ ned using the
same DSC scan. The percent crystallinity is calculated fromboth of: Low
peak nelti ngo.ponhless ofhehvsdbtatedpthekinit@lrhéltg peintih eadintisdNetaisd hat in sone
cases, particularéﬁﬁat Iow1crﬁ§bﬁllinity, rearrangenent of crystals can

occur so r dpiFaTed Hsipg thesgme ¥ABnt that the true, |ower nelting point

I s not detect etheTﬂt@cérﬁb%tdmggisrﬁldM&téﬁfrslﬂrbottrher'ﬂ be seen by increasing the
tenperature ranp rate of 'the C instrunment and using snaller sanples. A

Per ki n- El mer Pyovspeakdaelting peittedmias used. f or hi gh- speed cal orinetry. The

speci nen mass i ITEAN inPer i .nversely proportional to the scan rate.
About a 1 ny san‘B‘i] ggéﬂsjﬁlu@g%beg?q—%tbdm n and about 5 ng are used at

100C/ mi n. Typi dédte bRCinssome easesnpartiquiarty atdew cryBtaiisity,reasangenaentiobn i s

per f or med \ U Vi ' ' t ernat.i vely, percent
Crystal 1 npoyelelobur ety R Bst g enRFag el fue, e melind ooty ot
two to thrismobdeteeted. The kvermieltingmointeanithan beesdanty inerepsindheged accor di ng
to ASTM D 1505, .using |ithi.um mde in.water. Once the pellets are
crystal | - ERReAtESRpspd TR OPEA it 474 hing SERTet HnAlEy APRadi ne 1 or
_nrelt t |tor oc eEMeTG’yi'if@-ﬂ Qaldﬁma_ﬂ?ﬁt :mﬂf f@hﬁi‘gh-;sptsyrg:]ballaﬁméthﬁlelm épépir?émlghﬁs)fsor m ng
into trays qor preforps suitable. for, stretc W ing into beverage or
f ood con?a?ﬁl‘-ﬁtg‘? .?%%?@Elyﬂowg@ethﬁ3?&"&@3??9%?ONE%HJH SgHRtes Heed %avi ng a
vol une of gt 800P@/nsin Bhd bB&E 5 Y iafedder! dt a0 inid. MypicacBsbMRAiphslpgsf t dri nks,

or water. Thus, there is also provided the process for naking a container
such as a Wergused. Baseline subtraction is performed to minimize the curvature in‘the

baseline.

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

Once the pellets are crystallized to the desired degree, they are transported

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

Thus, there is also provided the process for making a container such as a fray
or a boftle preform suitable for stretch blow molding comprising drying PET peflets
havihg 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 peliets into an extrusion zone to ‘fbrm a molten PET polymer compaosition,
and forming a sheet or a molded part from extruded moiten PET polymer.

In this embodiment, th‘eépellets which are prepared for introduction into an
extruder are preferably not so!i’cl,stfatéd, or if solid stated have been re-melted and
solidified to vield a desired sfnéll shrface to center nﬁolecular weight gradient. These
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or a bottle preformsuitable for stretch bl ow nol ding conprising drying PET
pellets having an It.V. ranging fromO0.7 to 1.15 dUg and a snall surface to
center nol ecular weight gradient in a drying zone at a zone tenperature of
at |east 140C, introducing the dried pellets into an extrusion zone to form
a nol ten PET polynmer conposition, and formng 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 th t he physical properties
Dre | cui T abmvestH paiistintFAlP 2DitY. ey hioh SiPa it ine eietel Rippertnhans
non-sol i d séuatgie foi tae manufadture ef bﬁl@rmsmﬁr@uf fTheineRidoYid &fatéd Righi zed to
prevent them fraom si %nlflcanéjly a%_g t(é{rer(gltl ng in the dryer at tenperatures
of 140C or HKrielle gheen suifigienty oystalizeg,fo pravrnt themy e sigaiticatdlynel t
extruders d}ﬁﬁg ] i I kSture in
or on pell g@lfue ﬁ:gQgéﬁgﬁf&et%ﬁﬁﬁgﬂi?%rgégm%@ﬁmﬁﬁe, gg%sggté.t)%[e)émrrﬁyté‘to | ose
|t.v|.tat ne¢rt180eﬁmp@rmrarfwlwnawemqezsargnqedeémmd;rce tneagestumtcbnmgt Ceten
resulting c i L. i,CS.: Y ITET stretc
rati o of tﬂgﬂlg;tgi‘ Eﬂro%ﬁb%?%b\ﬁ\@ltsﬁﬁg '@giaﬁf' %‘Eé"tﬁ%'e@e?h%ﬁ@’,epSJH'?'%?“%%H%Xt rusi on
t he pel | et smalt to losk it.&d abrinelh tereperatusesibych ydfolyiA@therestas linkagesdwittve of f nost
all of the nmoisture on.and | he pel l.et. .. meani ng,that th rature of
the heati ngreﬁlgﬁ'i"%?ﬂa("gﬁghphgé'"at tﬁqvbﬁﬁ%?deﬁt'ﬁ BE@ﬁ Fg’&’é"%ra"gﬁ?ﬁett&g%%ﬁ or nore.
It is desirigbeeféen éhan blo@nmttb betiesAThéiefite, frionpeedtusicthepelddGrer nore to
decrease the resi.dence time of the pellets in the dryer and increase

t hr oughput . drird alyerapemsiuge of MAsErarmgre do diive ff meat gl ofithgy meddureranyand on in a
conventi ona; ' ' | =Tl [ et I s shoul d
o oryst al | pelft, pRErkfifat tHe \ciiratltd Gt neRRANBALAY (sl B B>, S10CL
pel | et s i n nitnegedrgesror air) isddCe or owoed. It tsatesitale to dry thd polets at KIGAC) wil | on

' ryer, can be used.

\
The. pol 1 o SCTRSTBIEEE BhTAURE st Mee o S pes e FFAER Uil o o5 PLFRF 1 BBs. such as
ni trogen t ergéﬂeﬁ,g ihdreadetiRRighputt € of the pellets and renove volatiles from
inside the pellets, and nay al so be agitated by a rotary m xing bl ade or
To dry at high temperatures while minimizing agglomeration in a conventional

dryer equipped with or without an agitator, the pellets should be crystallized at 140°C

or more. In general, the typical residence timei of pellets in the dryer at conventional

temperatures (140°C to 180°C) will on averagé be from 0.75 hours to 8 hours. Any

conventional dryer can be hsed. The pellets mjay be contacted with a flow of heated

air or inert gas such as nitrogen to raise the tefnperature 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 heétin'g gas, if uséd. is a balance between energy

consumption, residence time of fiellets, and préferably avoiding the fluidization of the

pellets. Suitable gas flow ra'tés 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 molten polyester polymer, followed by processing the moiten polymer to form

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

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

pellets into an extrusion zone, for melt processing, injection molding, and sheet
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paddl e. The flow rate of the heating gas, if used, is a bal ance between
energy 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 scfmper Ib/hr of pellets. Once the pellets have
been dried, they are introduced into an extrusion zone to formnolten

pol yest er polyner, foll owed by processing the nolten polynmer to form a

nol ded part, such as a bottle preform (parison) through injecting the nelt

into a nold,or, extruding.into sheet r ds for the

It Ponuct | RDFOR A8 GivaRionaL ndiionT e hbes @ B ths e ESurGRf o
processi ng, confireé.i ERruaer dana tempdraﬁ.h@etangmga‘mnﬁ Qsmmoam C @Y edtdppnal and
known to those of skill in manuf act ure of such containers. Extruder

barr el tenﬁ@F@PWWQtBﬂQPWSStPPBﬁ'ﬁ'@@%"fé gdveptieh.are suitable for processing

the polyester pagiHed@edel of &hé ﬁiéﬁ'thQé‘formakH@E}hébbfyH%F po helrrbth%]f mel t
phase for making the pol yester polymer, other nponent s c ded to

t he conposig&ampenentsiche bgraddedto mﬁ\mmppﬁﬂon of thg Iﬁéﬁﬁ@ét mvw@lqmetofemmame
ed
propert'esotﬁégaﬁ&r%ﬂl;ggﬁdgggeeg W poly Bl 281 ARTPARRB BB AR mAJHE neal to

the bulk p ster spe fon 1n a l1qu carrler or nmay be
added t o t hasidedinkattoltyebulk polyestar, prayasited as adlispensiominea iquid zamiengr at | east

about 0.5 t he bul k

pol yester. Wgé)é%&ee%g gg'lﬂ? ggllgzeétgr E?Eﬁﬂ&{%@fé‘ Cehtgétgr%}é\@m Fé g%\lfaf”%% ai ds,

I npact  nodaboutd.s wtskof mee:otnpbnernanntr@ pcslyeatur let iews tntd@nmbﬂlkrp@l;@gmnt S,

ant i oxi dants, Vi oI ht abso hi agent net al deactivators,

col orants, nucl ih‘? g@‘m@‘ comRang(t 'Pé;‘gdee %%ﬁ?ﬂﬁmﬁ%WHﬁg reheat rate
enhanci ng ahdmﬁerstswfaye hbtitares, smhiizbm(dénééﬁﬂb agénts partioxidastsf ultladlofetand t he

| i ke can be inclu resin Iﬂtt ain small anpbunts of branching

. |
agents sucH‘gﬁtsaQSPdt?'%%‘? Anetg)d ‘fag?rgw?ﬁqqr Bits| nuclesing GEER'S: such as

trimelliti Cac@tylaéﬁwéi&;wehhgwh ¥liils, RsheBEvag emwnemgldudst bickydoenydr i de,
pentaerythritol, and other ?/est er form ng pol yacids or polyols generally

known in t Hsditives sugh asdalc; ﬁ'&@ esyand thedike sary berdncludedEhes resiimay@lse use are
wel | known difteil\§mal hmBhtls SPoRRERIRG 9Yérits sl SO ifuRRtSHF bHtiAhcribiy Of these

comonomers such as trimellitic anhydride, trimethylol propane, pyromediitic
dianhydride, pentaerythritol, and other polyester forming polyacids or polyols
generalty known in the art. Al 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 peliets made according to the process
of this invention, but other iternsj such as sheet, film, bottles, trays, other packaging,
rods, tubes, lids, flaments and fibers, and other injéction molded articles may aiso
be manufactured using the p:olyéster particles of the invention. Beverage bottles
made from polyethyiene tere'ph'tzhalate suitable for holding water or carbonated
beverages, and heat set beverage bottle suitable for holding beverages which are
hot filled into the bottle aref_egamples of the types of bottles which are made from the
crystallized pellet of the inv‘ehtion. '

The invention may h_ow be further understood by reference to the following
non-limiting illustrative examples.
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conpounds can be used in the present conposition. Not only may containers be
made from pell ets nade according to the process of this invention, but
other itenms such as sheet, film bottles, trays, other packaging, rods,
tubes, lids, filanents and fibers, and other injection nolded articles may
al so be manufactured using the polyester particles of the invention.
Beverage bottles nade from pol yet hyl ene terephthal ate suitable for hol ding
wat er or carbonated beverages, and heat set beverage bottle suitable for
hol di ng beverages which are hot filled into the bottle are exanples of the
types of bottles which are nmade fron1thﬁ Erystallized pell et of the

I nvention. The invention may now be understood by reference to the
following non-limting illustrative exanples. 22 EXAMPLES The nethod for
determ ni ng the_nol ecul ar wei ght gr adi ent throu%hout the pellets was as

follows. 10 pel iTbeseihed fogdetednininaiee melesylapwelahp gradignd thrgugfiaukdhee  pl aced
in a smll kﬁéll@is%fssd% PG, ﬁ@nlffggﬁ@irﬁ%sgﬁﬁdbing@ﬁ]agfﬁkﬁéow(;%g}?lg?é?ﬁ%e'rgt 0 a

smal| flask containing 3 to 4 f stirred GPC sol vent
hexaf | uor oi plageddparspiall stagesssteelwirarvesghbasket e hesbasket was ptaced rdblact s wer e

i mrer sed i I ' fo £ ' for th

il sco ot one etk pbfiaking’d folf mf of BeGPE sl eRE (RAPRERL Bl drnanf

Exgngl) esh2 ?Wnﬁtfwi@e]dhlmﬂapsl? thalrthtl:1 belﬁine*vﬁmi%:‘qﬂrs@mrihgabhmat. ﬂl@ﬁlﬂ): es 1
an t he asKel.,.Was renmve omthe. a . I'S ause e outer ayer
ST o ot Reid B e 2phPRH Sl hR disstron Hiete A s 15 2irp s b vt
sequenti al : tu? plemm%bﬁ@xalmmeg@z 1&_?]@& fanlaqltoyﬁinuteé Bdr tﬁapﬁueﬁyef e?mPh&dtivé heI pel( | et ts )
wer e conpl et e SS ved. SOl utl on rom eac I SSol utlion cycle Cu
nes i ot pdSxaginigs Loy ) Ba beskabwes PRy Fem e pasks TS caupeH S oMer 10 o' .

The nol ecul na%er ofMHetlle®its beddid HidBoldd RARGPEolveds THE pfdteldrddiad Nj ecting
10 pL into the GPC. The It.V. was calculated fromthe <Mw using the

rel ati ons gieAuentialy (apeateqdisingSteshisolvept fpnaachpvstaottil the nellels weret ™ was
cal cul ated 0 gg@r I el outd iy t he
total chr orrc%t'?n %‘%}g%gp%g a'rggég%‘r a flr&ﬁf% ggﬁhgigﬁ%@tﬁg{cygﬂ%uﬁ Mggﬁn@f%y

with additional GPC solvent to increase the volume fo 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 chromategram peak area for
that “cut” divided by the total chromatogram peak area for all of the “cuts” of that
sample.

Other than the IL.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 desfccant-air
dryer. The temperature in the primary dryer hopper (5.5 hour pellet residence time)
was 175°C and the temperature in the secondary dryer hopper (2 hours residence
time) was 185°C. The pellets had a degree of crystallinity of about 47% by weight as
measured by DSC. The It.V. of the dried pellets was 0.803 dL/g. The It.V. difference
between the center and surface (the pellet it.V. gradient) was measured according to
the procedures described above and the resuits are given in Table 1.
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O_her than the It.V. values reported for determ ning the nol ecul ar wei ght

gradient, reported 11.V. Val UES arl g el el i Uy i e st i =Gr6-0 St
nmet hod. Conparative Exanple 1 Conventional solid stated pellets
comercially available from Eastman Chem cal Conpany as PET CBI |E were
dried in ‘a commercial -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 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. 23 Table 1: It.V. Gadient for the Pellets of Conparative
Exanple I Cunul ative Weight It.V. Fraction Calculated Cut D ssolved <Mw

from<mew 1 (surface) 0,09Q 71794 0.976. 2 0,168 62511 0.881 3 0.245 58167
0.836 4 0.318 556%&'%01.18'63- 853‘5611%@32(t@%@’e‘bﬁﬁ)o&é@npﬁaﬁv&ﬁsa@e'ﬁgb 0.757 7

0.522 50210 0.750 8[U™575 49420 U 743 9 0 620 Tm-ro-r?:; 10 0: 683 47826
0.725 11 0.719 47408 0.720 | CamOm#e®.| 46720 0. 712
Weight it.V.
Fraction Calculated

Cut Dissolved <M>y, from <M>,, |
: :

(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 © 0.3094 52009 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 0683 | 47826 0.725
11 0719 | 47403 0.720
12 0820 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 peliets) 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 peliets were melt processed into preforms using a commercial-
.scale injection moiding machine for making the preformé. The temperature of the
molding machine extruder barrel zones ranged from 275°C to 295°C. The L.V. of the
preforms was 0.759 dL/g. Melt processing caused the it.V. to be reduced by 0.044

dl/g.
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13,0 . 847 46314 0.708 14 (center) 1.000 44861 0.692 The results show that

the I't.V. of the surface cut (CUL I, OUTer U U7 DY T —i——tre—eitet-s
was 0.976 and that the It.V. of the center cut (Cut 14, center 15.3% by

wei ght of the pellets) was about 0.692. This corresponds to an |t.V.
difference of 0.284 between the surface and center of the pellets. The
dried pellets were nelt processed into preforns using a commercial- .scale

i njection nolding machine for making the prefornms. The tenperature of the
nol di ng machi ne extruder barrel zones ranged from 275C to 295C. - The It.V. of
the prefornms was 0.759 dL/g. Melt processing caused the It.V. to be reduced
by 0.044 d¥gmpei2 Exanpl e 2 Pol yester pellets having a sinmlar chencal
conposi tion to Ug (solution
Vi scosity) afte?B %:élln‘gé?%%’ﬁ vu@%ﬁ@éﬁcﬁenﬂ@%@ﬁl ghért%/r%togtég eﬁ%{ééﬁl n Exanpl e
1. The pel Ib@npkatihad de e of 6f83¢rdjc£g(ablhtlmn vigcasity) aftem@ryiﬁgsuﬁﬁérhhewmght as

d b d tafed . Ih t th
ressured Sl JBE00h S8gh 7 S il el oo
gbmée. tTa]plaer::ola!t:ﬂ%%lblfycmtfetigijhttabeirru;r:xsxsmicitl;ss;ID&;Cuctahlev\;aa@ﬁutraf.vmarst:sn\a/d\eTmlﬁét;ﬂC\/§lI Ilt E/d

adl en (0] e mul ati v | Cul at e
o oot Ton | e beest e Bentena uiishe WA DEstusEacerdpg te ther o g2y 5
8 ggo 5757 @rébelddfts desélittihbeds A Talle 3%3ts f&ﬂﬂt@l@sﬁl?ﬁgf]thgn%urén&négl 58300

Table 2: It.V. Gradient for the Pellets of Example 2

Cumulative It.v.
Weight Calculated
Fraction from
Cut - Dissolved <M>,, <M>w
1 {surface) 0.102 57351 0.827
2 0.300 57576 0.829
3 0.444 58347 0.838
4 0,585 | 57871 0.832
5 0.691 | 58300 | 0,837
6 0791 | 57608 0.830
7 0.850 | 58243 0.847
8 0201 | 59208 0.847
9 0.936 | 58596 0.840
10 0.870 | 9598493 0.849
11 (center) 1.000 .| 59128 0.846

The results show that the It.V. of the surface cut (Cut 1, outer 10.2% by
weight of the pellets) was 0.827 and that the It.V. of the center cuts (Cuts 8-11,
center 15.0% by weight of the pellets) was about 0.5847. This corresponds to an It.V.
difference of 0,020 between the surface and center of the pellets.

The dried pellets were meit processed into preforms using the éame
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 (3).019 dL/g, less than 50% of the

. it.V. reduction experienced by the conventional pél_liets of Example 1.
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Gl 791 57608 0,830 7 0.850 59243 0.847 8 0.901 59208 0.847 9 0.936 58596
0.840 10 0.970 59493 0.849 11 (center) 1.000 591 ) € results show
that the It.V. of the surface cut (Cut 1, outer 10.2% by weight of the
pellets) was 0.827 and that the It.V. of the center cuts (Cuts 8-11, center
15. 0% by wei ght of the pellets) was about 0.847. This corresponds to an
It.V. difference of 0.020 between the surface and center of the pellets.

The dried pellets were nelt processed into preforns using the sane
conditions as described in Exanple 1. The It.V. of the prefornms was 0.812
dUg. Melt processin ca sed the It.V. to be reduced by 0.019 dUg, |ess than

50% of t he Compalative &% experienced by the conventional pellets of
Exanple 1. 25 CQHMn%hél%olﬁiétﬁfé mﬁné?%uwle@@aﬂmﬁé%mﬁﬂbsleﬁ&w”er' zed
pellets comrercially avail able from Eastman Chem cal npany as Vori di an

CB12 sol i d EsskpanChemigal ¢qmppny(a§eYQ5|d@n QB2 sejid bated tegn Mér(b*’-‘f@fe ed in a

Il d weg Th
[Sjg?l et srﬁg(r?r%@ygr@egg %:méét)lgl I ni fgﬁgﬁ?&%%h%% 15,;E}ﬂ)%‘nrjgrcf’gaghgymaasur :d by
DSC. The | t150°C fbir Bfhoues Cihelpellotseadtehdegres oberystallinity offaboot 48%dy weightet |t . V.
di ent dth
Peoul 1o ar SRR EHECC ThENI difbrere, tRAGETENE SonfF 8 bURRSR T o 27
Conpar at i vepeEatelmblgfatﬂentmasu hwasmed\ﬂaccg‘dhmlto ihé profedwres desdtibed abeved Cut

Di ssol ved <M5the resBIEnare aWenn ﬁ.ag]r fsgce) 0. 083 80992 1. 067

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 0.769
8 0.862 50299 0.751
9 0.804 50608 0.754
10 0.952 49795 0.746
11 0.977 - 49063 0.738
12
(center) 1.000 48459 0.731

The results show that the It.V. of the surface cut (Cut 1, outer 8.3% by weight
of the pellets) was 1.067 and that the [t.V. of the center cuts (Cuts 8-12, 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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2 0.143 73439 0.992 3 0.212 67237 0.930 4 0.340 61829 0.874 5 0.467 57023
0.823 6 0.608 54777 0.800 7 0.737 51950 0.769 8 0.862 50299 0.751 9
0.904 50609 0.754 10 0.952 49795 0.746 11 0.977 49063 0.738 12 center
1.000 48459 0.731 The results show that the It.V. of the surface cut (Cut 1,
outer 8.3% by weight of the pellets) was 1.067 and that the It.V. of the
center cuts (Cuts 9-12, center 13.8% by weight of the pellets) was about
0.744. This corresponds to an It.V. difference of 0.323 between the surface
and center of the pellets. The dried pellets were nelt processed into

preforns usin . oratory-scale injecti | di ng machi ne. The

P erpor at ur SvaSr28BHE T By e Brerernsts BT Aar nde SrofSten Gaysed e 1 ¢ v,
of the prefioyns peasdiibed®Y oi4n diMpl t processing caused the [t.V. to be
reduced by 0.049 dUg. Exanple 4 Polyester pellets fromthe sanme batch as

those used in Exanple 2 were dried and nelt processed into prefornms using
the sane cqdilPyps as described in Exanple 3. These pellets had an It. V.
(before drying) of 0.830 and less difference (<0.2 dUg) between the It. V.
of the center aRdlyesterpalletsdton the saene atch 5 thase uged of Exaraple grwérerdriedwas

0.810 dL/ 9?6'%%“ @ﬁg&??&{jﬂ&{; Qishngnk Sanfe cbﬂ%jﬁ(grg/sr ﬁ&'&%‘ﬂib@{ ip; 020 dUg,

| ess t han , educti on“experi ence e conventional pellets
of Exanpl éxamphkr3. These pellets had an It.V. (before drying) of 0.830 and less difference

(<0.2 dL/g) between the I1.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
dlL/g, less than 50% of the It.V. reduction experienced by the conventional pellets of

Example 3.
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What W Claimls: 1. A polyester polyner particle conprising a polyester
pol ymer conprising: (a) a carboxylic acid conponent conprising at |east 90
nol e % of the residues of terephthalic acid, derivates of terephthalic

acid, nap l.ene- 2, §-di carboxylic acid, derivatives of
napht hal eﬁ&g"‘?,\@??ﬂa&@ﬁﬁoxyl ic acid, or mxtures thereof, and (b) a hydroxyl

I Si | .ol e %of th si d f hyl | I,
ES:JES”iRt 188”ﬂéI"%I'°%g?sliéfrﬁo‘?vaSértﬂ%gtw@e?ﬁ%ge@??’ng_cat %@ﬁ%@%ﬁ%ﬁﬁo%?%ﬁgi and 100
Cai 0 par 1ol o A GERIRREnERE MBIt gt 8 Sl L egiieg ol e ' "
ent or Of tho il el Lhe SUriace foing the outr B 120 by Mss of the
t . . - 0,
particl e and d?ﬂ‘éa“gsﬁP‘éﬁlapﬁﬁvaﬁ@“%ﬂéw‘iﬁ*ﬁ%@@% S S RRITER M par 1
Cubj oct ed 1 0 & 1 HEPEERLSTRSRAE borpith 41558 85T o BRS readen L elilender” ¢

havi ng been sughjcected to solid state pol ynerization, has been re-nelted and
solidified into particles to yield said intrinsic viscosity gradient. 2. The
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.wherein each particle.i.s the polyester
The pol yesﬁ%%?ﬁ%‘ﬂtq qutééi%?t%cﬂl%{?j ﬁ?@,'”tm‘?_@ﬁ%sﬁﬂfﬁdﬂﬁﬂtyester particle is a
virgin polyester_ polyner, 10. The polyester parti f claiml1, wherein
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comprising at .l east o idol daine 2 whersin He e aiigs haa an 1LV, of at least 0,77 dLig.

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

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

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

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

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

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

polymer.
10. The polyester particle of claim 1, wherein the polyester polymer contains at least:

(a) a carboxylic acid component comprising at least 92 mole % of the residues of

terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

~ (b) a hydroxyl comporient comprising at least 92 mole % of the residues of ethylene
glycol,
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terephthalic acid, or derivates of terephthalic acid, or m xtures thereof,
and (b) a hydroxyl conponent conprising at |east 92 nole % of the residues
of ethylene glycol, 28 based on 100 nol e percent of the polycarboxylic acid
conmponent residues a r dr oxyl. onent residu Lnh the
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claim 16, gdwetein the lt.V. average of the differences is not greater than
0.10 dUg. 18. A blow nol ded contai ner obtained fromthe pol yester polyner
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14. The particle of claim 13, wherein the particle has a degree of crystallinity of at least
25%.

15. The particle of 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 L.V. of the center of the particles in the bulk is not
greater than 0.20 dL/g.

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

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

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

20. A polyester particle having a degree of crystallinity of at least 25% and an It.V. of at
least 0.70 dL/g , said particle having an it.V. at its surface and an It.V. at its center, wherein the
It.V. at the surface of the particle is less than 0.25 dL/g higher than the it.V. at the center of the
particle, the surface being the outer 8 — 12% by mass of the particle and the center being the
inner 8 — 16% by mass of the particle around the particle centre point, and wherein said particle
has not been subjected o an increase in its molecular weight in the solid state, or, if having
been subjected to solid state polymerization, has been re-melted and solidified into particles to
yield said intrinsic viscosity gradient.

21. The particle of claim 20, wherein the polyester polymer contains:
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| east 0.70 dUg , said particle having an It.V. at its surface and an It. V.
at its center, wherein the [|t.V. at the surface of the particle is |ess
than 0.25 dL/g higher than the It.V. at the center of the particle, the
surface bei ng the outer 8 12% by mass t he center being
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25. A bl ow nol ded contai ner obtained fromthe polyester particles of claiml

havi ng an degaeahefpolyeyiet phitticieidf vlaih 23twheraiatthaditferenod iss006 HLM.ortdssat | east
0.77 dL/g, said blow nolded container obtained wthout increasing the
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particles in the extrusion zone to forma nolten polyester polyner

conposi t i GRYMEHGY® i ng a sheet or a nol ded part from extruded nolten

pol yester pol r, wherein the poI est particle to the extrusjo
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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, the surface being the outer 8 —
12% by mass of the particle and the center being the inner 8 — 16% by mass of the particle
around the particle centre point, and wherein said particles have not been subjected to an
increase in their molecular weight in the solid state, or, if having been subjected to solid state
polymerization, has been re-melted and solidified into particles to yield said intrinsic viscosity
gradient.

27. The process of claim 26, wherein the It.V. at the surface of the particles is less than
0.20 dl/g higher than the It.V. at the center of the particles.

28. The process of claim 27, wherein the wherein the difference befween the It.V. of the
particles at their surface and their center is 0.10 dL/g or less.

29. The process of claim 28, wherein the difference is 0.05 dl/g or less.
30. The process of claim 26, wherein the molded part is a container preform.

31. Thé process of claim 30, comprising stretch blow molding the preform into a

beverage container.
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12% by mass of the particle and the center being the inner 8 -16% by nass of
the particle around the particle centre point, and wherein said particles
have not been subjected to an increase in their nolecular weight in the

f havi n d to.solid state rlzatlon
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stretch bldiingol ding the preforminto a beverage container. 30 32. The
process of claim 31, wherein the container has a volune of 3 liters or |ess.
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zone at te eraturF of 1Elast 140 C. before melting the particles in the

extrusion ¥ ‘?‘ﬁ?pr@ﬁ O'?ﬁ@"%r‘rb ESXUFIORFANEm 26, further comprising drying the
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wher ei n t herapbihyisadid, araleyivates phictdphiietic aciapsr mikfures dgredf eatboxyl i c acid
conponent conprising at |east 90 nole % of the residues of terephthalic

aci d, or deri vB} ®aydrbxjl eo@pbihdralcompasing at leastrB0Oxhole 86 of theresifiuesasi@ttylthea
hydr oxyl éﬁ&% nent conprising at |least 90 nole % of the residues of ethylene
glycol, b 'on 100 nol e percent of the carboxylic acid conponent resi dues
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hydroxyl component residues in the polyester polymer, and at least 75% of the polyester

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

{(a) a carboxylic acid component comprising at least 92 mole % of the residues of

terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

(b) a hydroxyl component comprising at least 92 mole % of the residues of ethylene

glycol,

based on 100 mole percent of the carboxylic acid component residues and 100 mole percent

hydroxyl component residues in the polyester polymer,

38. The process of claim 37, wherein the degree of crystallinity is at least 25%.
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37. The process of claim36, wherein the pol yester polyner particles
conprises: (a) a carboxylic acid conponent conprising at |east 92 nole % of
the residues of terephthalic acid, or derivates of terephthalic acid, or
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carboxylic aci onent s _and. 100 ercent droxy nent
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degree of leaststalbidmetey. is at | east 25% 31 39. The process of clai m 26,

wherein the degree of crystallinity is at |east 35% 40. The process of
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42. The particle of claim4l, wherein the It.V. average of the differences

i s not great erd2.tTenpditide ofitlgim 48 .wherdih the bW aedageooftibe differevioesiisned gfeaten t he
particles (%f @@ 44. A preformobtained fromthe particles of claim
26. 45. Po t r%rtlcles having a particle weight of greater than 1.0 g
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conponent aeslessithana0d gl 100 lpartigsceaid partiylds, coyprisingyad feast 73% virgiv @slyestet he
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| east 25% e C‘?)“Pfdﬁ'“ t least 0.77 dL/g an It.V. at their surface and an
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terephthalic acid, or derivates of terephthalic acid, or mixtures thereof, and

{b) a hydroxyl component comprising at least 90 mole % of the residues of ethylene
glycol,

based on 100 mole percent of the carboxylic acid component residues and 100 mole percent
hydroxy! component residues in the polyester polymer, the particles having a degree of
crystallinity of at least 25%, an It.V. of at [east 0.77 dL/g, an It.V. at their surface and an It.V. at
their center wherein the [t.V. at the surface of the particles is not greater than 0.15 dL/g higher
than the It.V. at the center of the particles, and having an acetaldehyde level of 10 ppm or less,
the surface being the outer 8 — 12% by mass of the particle and the center being the inner 8 —
16% by mass of the particle around the particle centre point, and wherein said particles have
not been subjected to an increase in their molecular weight in the solid state, or, if having been
subjected to solid state polymerization, has been re-melted and solidified into particles to yield
said intrinsic viscosity gradient.

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

least 1.0 cubic meter.

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

48. The particles of claim 47, wherein the It.V. average of the differences is not greater
than 0.10 dL/g.
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than the It.V. at the center of the particles, and having an acetal dehyde
| evel of 10 ppmor less, the surface being the outer 8 - 12% by mass of the
particle and the center being the inner 8 - 16% by nass of the particle

around the parjjcle centre i.nt _ and wherei.n said particl.es have ot been
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i f having theen.053dlyy.ected to solid state polynerization, has been re-nelted
and solidified into particles to yield said intrinsic viscosity gradient.
46. The parti 30esA blowahaldet 4ontainbesithined frempas pacibies o€ oapt #5e a bul k havi ng
a volunme of at least 1.0 cubic neter. 47. The particles of claim 46,
wherei n in thesiltA Vevernge batte obtatned frdnf theparicks dekimeds. the [t. V. of the
surface of the particles and the It.V. of the center of the particles in the
bulk is not g2a perférhasbtfindd frdtdghe g8iticlebef ¢lai 481 es of claim 47, wherein
the It.V. average of the differences is not greater than 0.10 dUg. 32 49.
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wherein a cet al dehyde | owerin onpound j.s not added to the polyester

pol yner i ﬁ°§‘"%&¥95§?ﬁé§iv%?fdﬁa&$bﬁ?ag§ _ro#ﬁ “barticles of claim45, wherein
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to the polyester polymer in a melt phase production.
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