Pol yester Polynmer Particles Having A Small Surface To Center

Mol ecul ar Weight Gradient 1. Field of the Invention Thi s
invention relates to polyester polyner pellets suitable for use in

t he manuf acture of polyester containers, and nore specifically, to
pol yester polyner particles having a small surface to center

nol ecul ar wei ght gradient. 2. Background of the Invention
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Lip to the desired level, resulting in a decreased production rate. The use of higher

than target It.V. polyester polymers also has the disadvantage of requiring more
energy to feed the polymer along the screw in the extruder.

it would be desirable to reduce the loss in It.V. experienced by the polyester
polymer during melt processing for making containers.



There is also provided a polyester particle having a degree of
crystallinity of at |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.V. at the surface of the particle is | ess than
0.25 dUg higher than the It.V. at the center of the particle.

In addition, there is provided a process for maeking a polyester
contai ner, conprising feeding polyester particles having a degree of
crystallinity of at |least 15% and an It.V. of at least 0.70 dUg to an
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particles fed t he extrusi,on have a
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A stated range includes all integers and fractions thereof within the
range. A pol yester polymer conposition is any thernoplastic

pol yester 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
i ncl udes the conposition of matter resulting fromthe nelt phase, or
as a solid, or the nolten conposition of matter in an extrusion zone,
a sheet or bottle preform or in the formof a stretch bl ow nol ded
bottle. The pol yester polynmer conposition nay contain any type and
nunber of additives. The intrinsic viscosity val ues descri bed
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4, Detailed Description of the Invention

The present invention may be understood more readily by reference to the

following detailed description of the invention and the examples provided therein. It
must also be noted that, as used in the specification and the appended claims, the
singular forms “a," "an” and "the" include plural referents unless the context clearly
dictates otherwise. For example, reference to processing or making a “polymer,” a
"particle,” "preform," "article,” "container,” or "bottle" is intended to include the
processing or making of singular and a plurality of polymers, preforms, articles,
containers or bottles. References to a composition containing "an" ingredient or "a"
polymer is intended to include other ingredients or other polymers, respectively, in
addition to the one named.

By “"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, particies, 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



Uni versal calibration paraneters: PS K = 0.1278 a = 0.7089 PET K =
0.4894 a = 0.6738 The universal calibration paraneters are determ ned
by linear regression to yield the correct wei ght average nol ecul ar
wei ghts for a set of five polyester polynmer sanples previously
characterized by light scattering. The cal cul ati on of inherent
viscosity at 0.5 g/dL in 60/40 phenol/tetrachl oroet hane fromthe
meight-average nol ecul ar weight, <M>" is determned as follows: | h. W
4.034 x 104<nPwW0. 691 The intrinsic viscosity (It.V. or lint) may
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viscosity at 25C at a polyner concentration of 100 nL of 60%

phenol and 40% POWeiteQF’O'Y@?"r%’PﬂQﬂ @gﬂqqgnbthermoplas'tlc po%{ester polymer in
any state (e.g. solid or molten}, and in any shape, each as the context in which the

phrase is used dictates, and includes the composition of matter resulting from the
melt phase, or as a solid, or the molten composition of matter in an extrusion zone, a
sheet or botlle preform, or in the form of a stretch blow molded bottle. The polyester
polymer composition may contain any type and number of additives.

The intrinsic viscosity values described throughout this description to describe
the pellet It.V. are set forth in dL/g units as calculated from the inherent viscosity
measured at 25°C in 60/40 wt/wt phenol/tetrachloroethane.

The It.V. of the pellets is determined by measuring the weight-average
molecular weight of the polyester by gel permeation chromatography (GPC) from
which the 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/hexafluoraisopropanol

+ 0.5 g/L tetraethylammonium bromide

Temperature: ambient

Flow rate: 1 mlL/min

Sample solution: |

4 mg polyester polymer in 10 mL methylene chloride/hexaflucroisopropanol
azeotrope {(~70/30 by vol) + 10 pl toluene flow rate marker. For filled
materials, the sample mass is increased so that the mass of polymer is about
4 mg, and the resulting solution is passed through a 0.45 um Tefion filter.



In Natural logarithmto = Sanple flow tinme through a capillary tube

to Sol vent-blank flow tinme through a capillary tube C =

Concentration of polyner in grans per 100 nL of solvent (0.50% _

The intrinsic viscosity is the limting value at infinite dilution of

the specific viscosity of a polyner. It is defined by the follow ng

equation: lint=lim(rjoo/C) =1limliIn (iir/C C>0C>0 whereThnt =

Intrinsic viscosity = Relative viscosity = to/to = Specific viscosity
hr - 1 I nstrunent calibration involves replicate testing of a

standard r ef er qfjeetidmcime! 1@pd then appl yi ng approprlate

mat hemat i cal gfatlons to produce the "accepted" |.V. val ues.
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Repl i cat e Det erpgitédibhong a686b85dLs 258Yine Cal cul ated IhV x Calibration
Fact or

Calibrants: monodisperse polystyrene standards, MW = 580 to 4,000,000
g/mole, where MW is the peak molecular weight

Universal calibration parameters:

PS K=0.1278 a=0.7089

PET K=04894 a=0.6738

The universal calibration parameters are determined by linear regression to
yield the correct weight average molecular weights for a set of five polyester
polymer samples previously characterized by light scaftering.

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 107<M>, 25

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

ItV. = 0.5[e M- _ 1]+ (0.75 x h.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 (ItV or lint) may be estimated using the

Bil | meyer equation as follows: flint = 0.5 [e 0.5 x C'rected 1hV 11 +
(0.75 x Corrected |1hV) There is now provided a pol yester

pol ymer particle having 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 It.V. at the center of the
particle, preferably not greater than 0.20 dL/g higher than the It. V.
at the center of the particle. There is al so provided a pol yester

pol ynmer particle having an It.V. of at least 0.75 dUg , a surface,
and a center, wherein the It.V. of the particle at the surface is
greater than tThe IIMt/G he particle at its center by not nore than
0.25 dL/g, preferably by no nore than 0.20 dL/g. The pol yester
particles are solid at 25C and 1 atnosphere. The shape of the
particles is nehefei mtagh= rﬁheneabweccmima%"'cmIamﬂym@fwheemtrailmheﬁ,
pellets, chips, pastil , s, so forth ticles have a
nunber average wei ght é’gagf?é@@;"f .qE)pEFrk?an‘iﬁg 12312 | es, nore
~preferably greater thatrdchlorgett@he 100 particles, and up to about 100
g per 100 particles. The vol urre of the partlcles is not particularly
limted, but in one enBodf Naial ldas® i s provided a bul k of particles

having a vol unme of at tLeaﬁSarﬁpl@%bﬁlnﬁ%%ugh(Hca}‘ﬁlléryeﬁn%b 3 cubic
meters. For exanple, one or nore random sanplings of 10 or nore
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havi ng a volume of 1 cl@fi08)neter or nore is small as set forth in
this description. The It.V. of the polyester particles is
suitable for container applications. The It.V. of the pol yester
particles is athdinkigsicOiszosiylis the limitingeseduepitdnfindtedilutionvof thé speéxific
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solid- stated polyester particles. Wthout being bound to a theory,
it is believed that when there-is a significant difference in It.V.
between the ce e‘?‘% and ur_f“atﬁ IQ(”SE yPol yester particle, as in the
case of a soli at ed Iyes cle, and such a polyner is
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equi librate the nol ecul ar weight distribution. Even when the
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whi ch al so causes a degradation of the physical properties of the
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The pol yner can be produced by nelt phase polynerization to a

nol ecul ar wei ght suitable for container applications having an It. V.
of at least 0.70 dL/g foll owed by process steps conprising in no
particular order: formation of particles such as pellets,
crystallization, and preferably renoval of nobst of the residual
acetal dehyde. It is preferred to feed the extruder for making sheet
or preforms with polyester particles which have not been subjected
to an increase in their nol ecul ar weight in the solid state since
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(b) a hydroxyl conponent conprising at |east 90 nol e% of the residues
of ethylene glycol, based on 100 nol e percent of carboxylic acid
conponent residues and 100 nol e percent of hydroxyl conponent
residues in the polyester polyner. In another enbodi nent, the
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The pol yester pellet conpositions may include bl ends of polyal kyl ene
t erepht hal ates and pol yal kyl ene napht hal ates al ong wi th ot her

t hernopl asti c pol yners such as pol ycarbonate (PC) and pol yam des. It
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majority of the polyester polynmers, nore preferably in an anmount of
at least 80 w.% or at least 95 w.% and nost preferably 100 wt. %
based on the weight of all thernoplastic polynmers (excluding fillers,
i norgani ¢ conpounds or particles, fibers, inpact nodifiers, or other
pol yners which may form a di scontinuous phase). It is also preferred
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vessel using one or nore sub-stages operating at different conditions
in a single reactor. That is, the prepolyrner 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. In some reactor designs, the
prepol yneri zati on zone represents the first half of polycondensation
internms of reaction tinme, while the finishing zone represents the
second half of polycondensation. Wile other reactor designs may
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the nolten pol yester polynmer through the die. Instead of using a gear
punp, the nolten polyester polynmer 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 through the
di e, the polyester polyner can be drawn into strands, contacted with
a cool fluid, and cut into pellets, or the polyner can be pelletized
at the die head, optionally underwater. The pol yester polyner nelt is
optionally filtered to renpve particul ates over a designated size
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pol yester particles have an It.V. sufficiently high such that the
physi cal. properties are suitable for the manufacture of bottle
prefornms and trays. The non-solid stated high It.V. pellets have been
sufficiently crystallized to prevent themfromsignificantly
agglonerating in the dryer at tenperatures of 140C or nore, and up to
about 190C, or 180C. Dryers feeding nelt extruders are needed to
reduce the noisture content of pellets. Misture in or on pellets fed
into a nelt extrusion chanber will cause the nelt to lose It.V. at

mrsll t tenper ﬁt ur(efah?rlﬂoxﬁrcﬁdcidzédmdnb&t_ tﬁﬁﬁ;ﬁi@irﬂgihal lnmleso Md!é%a%f tr@ﬂébidiﬁeg
change in the t .characteristjcs .he polyner and stretc
ratio of the pﬁ#ﬁﬁﬂﬁ‘%&?oﬂé-. vaigs B#tﬁ’i?ﬁc’ﬂ'@b‘? ag erﬂ%*‘ﬁ?aé?“ep?-iaor to
extrusion the pﬁd:dr@&)gi@wd,dderﬁdﬁ@s oA nhSHIRAERE-U6ed I@ArbANE a8ld, BPBctlres
drive off nost all of the noisture on and in the pellet, meaning that
t he tenperat ur €h®®ot BBdheati ng nedi um (such as a flow of nitrogen gas
or air) is 140GypsH binpbSerfiesinpAlhG at I8ashdn hiyes idtleshiran
t enper at ures ofq 31)40@}(b)$y|r?org t% decPeas%atlEg&r eslﬁggr{c’g@thg‘r’r%sl%swe
pel lets in the &fyene @yepli ncrease t hroughput. To dry at high

t enper at ur | L akMLZI p&%&?ﬁg - ' : t er
eqer) ppeduvx,iﬁtégf'uée{ftgarnl m%@ﬂp egdﬁﬂ g%i tator, ﬁ%&gg‘) &ee?\éi:%gﬁé%@é ngg% rﬁé%
cryst al | i zpercent of igdroxy! compenent mesidiesrimthe pdiyestey polyalerr esi dence tine

of pellets int . veant (140C to 1900
will on aver ageln%ré b%rﬁ%‘n@@@gﬁ%ﬁr&d%ﬁ%ﬁgrhg&&g@&ﬂ@ﬁcegnvemi onal dryer
can be used. THe) @etrbetydicmaly doenponetaotmpdsivg zhleast $2omole% e at kAsb9s

ond renove-vor dip oot b et ARGk i SR A sSePhialigatE) | © ©

ﬁgi tated by a ][r(abﬁmglen@éﬂ,ﬁlgigh:baﬂﬁic@gidpddWaﬂvesTéfmafphm‘didn@tzﬁidicaﬂhﬁcylic
eating gas, if used,.is a_bal ance between energy consunpti on,

resi dence time BGP?BM"P@{"E? th&FﬁP?*p‘?r@f erably avoiding the fluidization

of the pell etsgb@hy@@twc@ﬁpoﬁdn@wmmm ataeae o msRN, BPatlieast®@ scf m
for every poun rged fromthe dryer,

er hour of, K pelletrs disch
preferably frorﬁ‘cg‘?oé- ?fdh%r%stcf'ﬁﬁﬁéﬁt V'Sf'ﬁﬂ'yﬁ‘a' pel | et s. Once the

pel | ets hayecaean odi@d peicBRtofdfi€cirBb e Heig GopbRe®teSidbEd MPTOT ARk
to formnolten pol yester | ymer, foll'owed by processing the nolten

po ) v y
pol yner t oPareRHohthedyeEerylranpongiidasiddesan in POREETHUYMET par i son)
t hrough i nj ect iThg i gl j i r
coating.  Net hodu f e toe! e B IR gt il B Iyt o oanpStert
ext rusi on guwing the preparatien pt the dolvesigr Polviperds inehrestiictidilg the alatedoele
ext rusi on Fﬁétﬁi e | ANk i ' .
manuf act urgérg? S \éh co%ﬁgi% rsfllﬁ%}%ﬁ?ﬂ%%};&%gﬁ?g qygﬁ%@r %‘%rﬂrr)%r{sém gngi ng
f rom 260C desirgd3:3.anghs ardenbf ep tco200mole%Usrelatiye thihedlo0yeaje%rof garhoxylice s

of the invent] t [ s r
ki ng ¢ hetopgt et s T Boy Rl HlGier adk By bikFreBBldn RSO
conposi t i ocontdin theestgied amounisof ardmatic dicartoxplinacd tdsiues @hd rethaheres

properties | yester polynmer. These conponents may be added
neat to tﬁgﬁ%%kg%ﬂggyester, may added as a dispersion in a liquid

carrier or mnay Dedvatesleftetephthatic beil lanp obpiehalane disatbhopylicyarid mciude Cy -

concentr at t.ai ning.at | t ab D % of the conponent in
t he pol yes‘?‘b‘ﬁg‘% er (Bﬂ%ifiﬁﬁ? Sﬁ(?ﬁé' g&ﬁ%"%@??@ﬁ%@ 35’ Sudn' The types of
sui t abl e cimpthyitarephthalateushe dimgthymbphtaaateon ai ds, i npact nodifiers,
surface lubricants,. stabil.izers, denestin nts.,. antioxidants,
ultraviolet i ffh%"sd?ﬂﬁ’é‘&?’ﬁiciﬂ |§6gﬂ?@enﬁ@f£tgqe%8§%ﬁg PO VAR or ant s,
nucl eat i ngerRpRMkEc add, diaphthaltyid2,d-0icaiborgiccrith dendtives ehemhttadne-2 6-

enhanci ng aids, stick qttle additive ch as,talc, and fillers and
The 11 ke immolc e dvirs (aeph rcr gl B rioRaNg el s of

br anchi ng fe&int fol§eitr may heiutie bRk bPdte Aldifdar RbLINE! ¢RB@yliE QERNONET S

12



that "cut' divided by the total chromatogram peak area for all of the
"cuts" of that sanple. O her than the It.V. values reported for
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to 12 carbon atoms. More specific examples of modifter dicarboxylic acids useful as

an acid component(s) are phthalic acid, isophthalic acid, naphthalene-2,6-
dicarboxylic acid, cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-
4 4'-dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic
acid, and the like, with isophthalic acid, naphthalene-2,6-dicarboxylic acid, and
cyclohexanedicarboxylic acid being most preferable. It should be understood that
use 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 compounds
and compounds with a higher number of carboxylic acid groups to modify the
polyester.

In addition to a hydroxyl component ¢comprising ethyiene glycol, the hydroxyl
component of the present polyester may include additional modifier mono-ols, diols,
or compounds with a higher number of hydroxyl groups. Examples of modifier
hydroxyl compounds include cycloaliphatic diols preferably having 6 to 20 carbon
atoms and/or aliphatic diols preferably having 3 to 20 carbon atoms. More specific
examples of such diols include diethylene glycol; triethylene giycol; 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-hydroxyprOpoxypheny[)-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

13



Cal cul ated from<Mw 1 (surface) 0.090 71794 0.976 2 0.168 62511
0.881 3 0.245 58167

preferably in an amount of at least 80 wt.%, or at least 95 wt.%, and most preferably
100 wt.%, based on the weight of all thermoplastic polymers {excluding filters,
inorganic compounds or particles, fibers, impact modifiers, or other polymers which
may form a discontinuous phase). Itis also preferred that the polyester polymers do
not contain any fillers, fibers, or impact modifiers or other polymers which form a
discontinuous phase.

The polyester compositions can be prepared by polymerization procedures
known in the art sufficient to effect esterification and polycondensation. Polyester
melt 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 pblycondensation in the prepolymer and finishing
zones in the presence of a polycondensation catalyst; or ester exchange usually in
the presence of a transesterification catalyst in the ester exchange zone, followed. by
prepolymerization and finishing in the presence of a polycondensation catalyst, and
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 11 psig up to about 70 psig. The'fesidence time of the
reactants typically ranges from between aboﬁt 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 of at least 60% is achieved, but more typically untit a
degree of esterification of at least 85% is achieved to make the desired monomer
and/or oligomers. The monomer and/or oligomer forming reaction{s) are typically
uncatalyzed in the direct esterification process and catalyzed in ester exchange
processes.

Polycondensation catalysts may optionally be added in the esterification zone
along with esterification/ester exchange catalysts. If a polycondensation catalyst
was added to the esterification zone, it is typically blended with the diol and fed into
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the esterification reactor. Typical ester exchange catalysts, which may be used
separately or in combination, include titanium alkoxides, tin (ll) or (IV) esters, , zinc,
manganese, or magnesium acetates or benzoates and/or other such catalyst
materials that are well known to those skilied in the art. Phosphorus containing
compounds and some colorants may also be present in the esterification zone.

The resulting products formed in the esterification zone include bis(2-
hydroxyethyl) terephthalate (BHET) monomer, low molecular weight oligomers,
DEG, and water (or alcohol in the case of ester exchange) as the condensation by-
pfoduct, along with other trace impurities formed by the reaction of the catalyst, if
any, or starting materials and other compounds such as colorants, impurities in the
starting materials or the phosphorus containing compounds. The relative amounts
of BHET and oligomeric species will vary depending on whether the process is a
direct esterification process in which case the amount of oligomeric species are
significant and even present as the major species, or a ester exchange process 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 reactars. Alternately, the monomer and oligomer mixture could be produced -
in one or more batch reactors. |t is understood, however, that in a process for
making PEN, the reactibn mixture will contain monomeric species of bis(2-
hydroxyethyl) naphthalate and its corresponding oligomers.

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

Each zone may comprise a series of one or more distinct reaction vessels
operating at different conditions, or the zones may be combined into one reaction
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vessel using one or more sub-stages operating at different conditions in a single
reactor. That is, the prepolymer stage can involve the use of one or more reactors
operated continuously, one or more batch reactors, or even one or more reaction
steps or sub-stages performed in a single reactor vessel. In some reactor designs,
the prepolymerization zone represents the first half of polycondensation in terms of
reaction time, while the finishing zone represents the second half of
polycondensation. While other reactor designs may adjust the residence time
between the prepolymerization zone to the finishing zone at about a 2:1 ratio, a
common distinction in many designs between the prepolymerization zone and the
finishing zone is that the latter zone frequently operates at a higher temperature
and/or lower pressure than the operating conditions in the prepolymerization zone.
Generally, each of the prepolymerization and the finishing zones comprise one or a
series of more than one reaction vessel, and the prepolymerization and finishing
reactors are sequenced in a series as part of a continuous process for the
manufacture of the polyester polymer.

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

Typical polycondensation catalysts include the compounds of 8b, Ti, Ge, and
Sn in an amount ranging from 0.1 to 500 ppm based on the weight of resulting

polyester polymer.
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This prepolymer polycondensation stage generally employs a series of one or
more vessels and is operated at a temperature of between about 250°C and 305° C
for a period between about five minutes to four hours. During this stage, the It.V. of
the monomers and oligomers is increased up to about no more than about 0.5 dL/g .
The diol byproduct is removed from the prepolymer melt using an applied vacuum
ranging from 4 to 70 torr to drive the reaction to completion. In this regard, the
polymer melt is sometimes agitated to promote the escape of the diol from the
polymer melt. As the polymer melt is fed into successive vessels, the molecular
weight and thus the intrinsic viscosity of the polymer melt increases. The pressure of
each vessel is generally decreased to allow for a greater degree of polymerization in
each successive vessel or in each successive zone within a vessel. However, to
facilitate removal of glycols, water, alcohols, aldehydes, and other reactidn
byproducts, the reactors are typically run under a vacuum or purged with an inert
gas. Inertgas is any gas which does not cause unwanted reaction or product
characteristics at reaction conditions. Suitable 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 [t.V of the melt in the prepolymerization zone
{typically 0.30 but usually not more than 0. 5) to an It.V of at least 0.55. The It.V. of
polyester compositions ranges from about 0.55 to about 1.15 dL/g. Preferably, the
it.V. of the polyester particles ranges from 0.70 dL/g to 1.15 dL/g without solid state
polymerization. The final vessel, generally known in the industry as the "high
polymerizer,” "finisher," or "polycondenser,” is operated at a pressure lower than
used in the prepolymerization zone, e.g. within a range of between about 0.2 and 4.0
torr. Although the finishing zone typically involves the same basic chemistry as the
prepolymer zone, the fact that the size of the molecules, and thus the viscosity
differs, means that the reaction conditions and vessel(s} may also differ. However,
like the prepolymer reactor, each of the finishing vessel(s) is operated under vacuum
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(center) 1.000 44861 0.692 The results show that the It.V. of
the surface cut (Cut 1, outer 9.0% by weight of the pellets) was
0.976 and that the It.V. of the center cut (Cut 14, center 15. 3% by
wei ght of the pellets) was about 0.692. This corresponds to an It. V.
di fference of 0.284 between the surface and center of the pellets.
The dried pellets were nelt processed into preforns using a
commerci al -scal e injection nolding machi ne for nmaking the preforns.
The tenperature of the nolding machi ne extruder barrel zones ranged

from 275C bemaﬂ@@a éﬂdeedch [Mypméllgmam&bﬁmam ol @‘L&hylhfﬁé tglycol
0. 044 dUg Exanpl e

processi ng @?UL@E g’&‘?’ be, redu
Pol yest er BEM @t%%@ﬁt%ﬁsse @&lhf%ﬁﬁgwti% to the
pel lets of ExanddiivbsRaf bdRdbéd féth@frnéptp@%&eeho&hégglye&ﬂepa th@?&?' ty)

after drying under the sane conditions as describ The
pel | et s ha@nkangedfieperfrmanceprepertias oftherolyssier PegMsYLHsy emmglen as

measured by ﬁﬁz 6, SmPpatt nitirlefs %Bﬁéz?&gbﬁéb%té Heﬁestﬂpaagbﬁf%t bet ween

t he center ace was rreasured accor |ng ufes
descri bed atabméersmbydantseulga\ﬂ@etlmhtai@sorlésmmg@'ltafmeta easdivatomyent s.

Tabl e 2: 1 tcoléﬂ’an@: ﬁﬁiél&ﬂhg a%%nfst‘gcef chl-zlﬁ}dﬁ I&Ler%%p%uﬁd%ﬁh%%eat lve
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enhancing aids such as elemental antimony or reduced antimony or reducing agents

to form such species in situ, silicon carbide, carbon black, graphite, activated
carbon, black iron oxide, red iron oxide and the like, sticky bottle additives such as
talc, and fillers and the like can be included. The resin may also contain small
amounts of branching agents such as trifunctional or tetrafunctional carboxylic acids
or their derivatives and/or alcohols such as trimellitic anhydride, trimethylol propane,
pyromellitic dianhydride, pentaerythritol, and other polyester forming polyacids or
polyols generally known in the art. All of these additives and many others and their
use are well known in the art and do not require extensive discussion. Any of these
compounds can be used in the present composition.

The molten polymer from the melt phase polymerization may be allowed fo
solidify from the melt without further crystaliization. Alternatively, the molten
polymer can be first soiidified and then crystallized from the glass.

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

The method for solidifying the polyester polymer from the melt phase process
is not limited. For exafmple, molten polyester polymer from the melt phase may be
directed through a die, or merely cut, or both directed through a die followed by
cutting the molten polymer. A gear pump may be used as the motive force to drive
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Fraction Dissolved <Mw It.V. Calculated from<ww 1 (surface) 0.102
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the molten polyester polymer through the die. Instead of using a gear pump, the
molten polyester polymer may be fed into a single or twin screw extruder and
extruded t.hrough a die, optionally at a temperature of 130°C or more at the extruder
nozzie. Once through the die, the polyester polymer can be drawn into strands,
contacted with a cool fluid, and cut into pellets, or the polymef can be pelletized at
the die head, optionally underwater. The polyester polymer melt is optionally filtered
to remove particulates over a designated size before being cut. Any conventional
hot pelietization or dicing method and apparatus can be used, inciuding but not
limited to dicing, strand pelletizing and strand (forcéd conveyance) pelletizing,
pastillators, water ring pelletizers, hot face pelletizers, underwater pelletizers and
centrifuged pelletizers.

The method and apparatus used to crystallize the polyester polymer is not
limited, and includes thermal crystallization in a gas or liquid. The crystallization
may occur in a mechanically agitated vessel; a fluidized bed; a bed agitated by fluid
movement; an un-agitated vessel or pipe; crystallized in a liquid medium above the
Tg of the polyester polymer, preferably at 140°C to 180°C; or any other means
known in the art. Also, the polymer may be strain crystallized.

It is desirable to crystallize the pellets to at least a 15% degree of
crystallization, more preferably to at least 25%, or at least 30%, or at least 35%, or at
least 40%.

- Pellet crystallinity is determined using Differential Scanning Calorimetry
(DSC). The sample weight for this measurement is 10£1 mg and the sample
consists of either (1) a portion of a single pellet, or more preferably (2) a sample
taken from several grams of cryogenically ground pellets. The first heating scan is
performed. The sample is heated from approximately 25°C to 280°C at a rate of
20°C/minute, and the absolute value of the area of the melting endotherms (one or
more) minus the area of any crystallization exotherms is determined. This area
corresponds to the net heat of melting and is expressed in Joules. The heat of
melting of 100% crystaliine PET is taken to be 119 Joules/gram, so the weight
fraction crystallinity of the pellet is calculated as the net heat of melting divided by
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119. Unless otherwise stated, the initial melting point in each case is also
determined using the same DSC scan.

The percent crystallinity is calculated from both of:

Low peak melting point: Ty1a

High peak melting point: T

Note that in some cases, particularly at low crystallinity, rearrangement of
crystals can occur so rapidly in the DSC instrument that the true, lower melting point
is not detected. The lower melting point can then be seen by increasing the
temperature ramp rate of the DSC instrument and using smaller samples. A Perkin-
Elmer Pyris-1 calorimeter is used for high-speed calorimetry. The specimen mass is
adjusted to be inversely proportional to the scan rate. About a 1 mg sample is used
at 500°C/min and about 5 mg are used at 100°C/min. Typical DSC sample pans
were used. 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 biow 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 bottle preform suitable for stretch blow molding comprising drying PET peliets
having an It.V. ranging from 0.7 to 1.15 dl/g and a small surface to center molecular
weight gradient in a drying zone at a zone temperature of at least 140°C, introducing
the dried pellets into an extrusion zone to form a molten PET polymer composition,
and forming a sheet or a molded part from extruded molten PET polymer.

In this embodiment, the pellets which are prepared for introduction into an
extruder are preferably not solid stated, or if solid stated have been re-melted and
solidified to yield a desired small surface to center molecular weight gradient. These
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polyester particles have an IL.V. sufficiently high such that the physical properties are
suitable for the manufacture of boitle preforms and trays. The non-solid stated high
It.V. pellets have been sufiiciently crystallized to prevent them from significantly
agglomerating in the dryer at temperatures of 140°C or more, and up to about 190°C,
or 180°C. Dryers feeding melt extruders are needed to reduce the moisture content
of pellets. Moisture in or on pellets fed into a melt extrusion chamber will cause the
melt to lose 1t.V. at melt temperatures by hydrolyzing the ester linkages with a
resuiting change in the melt flow characteristics of. the polymer and stretch ratio of
the preform when blown into bottles. Therefore, prior to extrusion the pellets are
driéd at a temperature of 140°C or more to drive off most all of the moisture on and
in the pellet, meaning that the temperature of the heating medium (such as a flow of
nitrogen gas or air) is 140°C or more. It is desirable to dry the pellets at high
temperatures of 140°C or more to decrease the residence time of the pellets in the
dryer and increase throughput.

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 time of pellets in the dryer at conventional
temperatures (140°C to 190°C) will on average be from 0.75 hours to 8 hours. Any
conventional dryer can be used. The pellets may be contacted with a flow of heated
air or inert gas such as nitrogen to raise the temperature of the peliets and remove
volatiles from inside the pellets, and may also be agitated by a rotary mixing blade or
paddie. The flow rate of the heating gas, if used, is a balance between energy
consumption, residence time of pellets, and preferably avoiding the fluidization of the
pellets. Suitable gas flow rates range from 0.05 to 100 scfm for every pound per
hour of pellets discharged from the dryer, Apreferably from 0.2 to 5 scfm per ib/hr of

peliets.
Once the peflets 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 (parison} through injecting the melt into a
mold or extruding into a sheet or coating. Methods for the introduction of the dried
pellets into an extrusion zone, for melt processing, injection molding, and sheet
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results show that the It.V. of the surface cut (Cut 1, outer 10.2% by
wei ght 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 prefornms using the same conditions as described in
Exanple 1. The It.V. of the prefornms was 0.812 dUg. Melt processing
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for processing the polyester particles of the invention.

At the extruder, or in the melt phase for making the polyester polymer, other
components can be added to the composition of the present invention to enhance
the performance properties of the polyester potymer. These components may be
added neat to the bulk polyester, may added as a dispersion in a liquid carrier or
may be added to the bulk polyester as a polyester concentrate containing at least
about 0.5 wt.% of the component in the polyester let down info the bulk polyester.

The types of suitable components include crystallization aids, impact
modifiers, surface lubricants, stabilizers, denesting agents, antioxidants, ultraviolet
light absorbing agents, metal deactivators, colorants, nucleating agents,
acetaldehyde lowering compounds, reheat rate enhancing aids, sticky bottle
additives such as talc, and fillers and the like can be included. The resin may also
contain small amounts of branching agents such as trifunctional or tetrafunctional
comonomers such as trimellitic anhydride, trimethylol propane, pyromellitic
dianhydride, pentaerythritol, and other polyester forming polyacids or polyols
generally known in the art. All of these additives and many others and their use are
well known in the art and do not require extensive discussion. Any of these
compounds can be used in the present composition.

Not only may containers be made from pellets made according to the process
of this invention, but other items such as sheet, film, bottles, trays, other packaging,
rods, tubes, lids, filaments and fibers, and other injéction molded articles may also
be manufactured using the polyester particles of the invention. Beverage bottles
made from polyethylene terephthalate suitable for holding water or carbonated
beverages, and heat set beverage bottle suitable for holding beverages which are
hot filled into the bottle are examples of the types of bottles which are made from the
crystallized pellet of the invention. | '

The invention may now be further understood by reference to the following

non-limiting illustrative examples.
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Conventional solid-state polynerized pellets comrercially avail able
from East man Chem cal Conpany as Voridian CB12 solid stated to an

R V. (before drying) of 0.850 were dried in a snmall dryer

(approxi mately 40 pounds capacity) at 150C for 6 hours. The pellets
had a degree of crystallinity of about 48% by wei ght as neasured by
DSC. The It.V. difference between the center and surface (the pellet
It.V. gradient) was neasured according to the procedures described
above and the results are given in Table 3. Table 3: It.V. Gadient

for the Pellets of Conparative ExanpkampLEst Cumul ative Wei ght
Fraction Dissolved .4.4>w it.V. Calculated from<M, 1 (surface)

0. 083
The method for determining the malecular weight gradient throughout the

pellets was as follows. 10 pellets having a combined mass of 0.20 £ 0.06 gram were
placed in a small stainless steel wire mesh basket. The basket was placed into a
small flask containing 3 to 4 mL of stirred GPC solvent (70% hexafiuoroisopropanal,
30% methylene chloride) such that the pellets were immersed in the solvent. Aftera
period of time appropriate for the dissolution rate of the pellets (about 2 minutes for
the pellets of Examples 2 and 4 and 10 minutes for the pellets of Comparative
Examples 1 and 3) the basket was removed from the flask. This caused the outer
layer of the pellets to become dissolved in the GPC solvent. The procedure was
sequentially repeated using fresh solvent for each cycle until the pellets were
completely dissolved. The solution from each dissolution cycle (“cut”) was diluted
with additional GPC solvent to increase the volume to 10.0 mL. The motecular
weight distribution of each “cut” was measured by injecting 10 pL into the GPC. The
it.V. was calculated from the <M>,, using the relations given above. The mass of
polymer present in each “cut” was calculated as the chromatogram peak area for
that “cut” divided by the total chromatogram peak area for all of the “cuts” of that
sample.

Other than the [t.V. values reported for determining the molecular weight
gradient, reported It.V. values are determined by the solution viscosity method.

Comparative Example 1
Conventional solid stated pellets commercially available from Eastman

Chemical Company as PET CB11E were dried in a commercial-scale desiccant-air
dryer. The temperature in the primary dryer hopper (5.5 hour pellet residence time)
was 175°C and the temperature in the secondary dryer hopper (2 hours residence
time) was 185°C. The pellets had a degree of crystallinity of about 47% by weight as
measured by DSC. The It.V. of the dried pellets was 0.803 dl/g. The It.V. difference
between the center and surface (the pellet It.V. gradient) was measured according to
the procedures described above and the results are given in Table 1.
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80992 1.067 2 0.143 73439 0.992 3 0.212 67237 0.930 4 0.340 61829
0.874

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

Cumulative '
Weight It.V.
Fraction Calculated
Cut Dissolved <M>, from <M>,,
3 .
(surface) 0.090 71794 0.976
2 0.168 62511 0.881 -
3 0.245 58167 0.836
4 0.318 55004 0.803
5 "~ 0.394 52909 0.780
6 0.475 50790 0.757
7 0.522 50210 0.750
8 0.575 49440 0.742
9 0.620 48601 0.733
10 0.683 47826 0.725
11 0.718 47403 0.720
12 0.820 46720 0.712
13 0.847 46314 0.708
14
(center) 1.000 44861 0.692

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

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

dl/g.
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5 0.467 57023 0.823 6 0.608 54777 0.800 7 0.737 51950 0.769 8 0.862

Exampie 2

Polyester pellets having a similar chemical composition to the peliets of
Example 1 had an #t.V. of 0.831 dL/g (sofution viscosity) after drying under the same
conditions as described in Example 1. The pellets had a degree of crystallinity of
about 36.5% by weight as measured by DSC and were not solid stated. The It.V.
gradient between the center and surface was measured according to the
procedures described above. Table 2 sets forth the results of the measurements.

Tabie 2; [t.V, Gradient for the Pellets of Example 2

Cumulative t.V.
Weight Calculated
Fraction from
Cut - Dissolved <M>,, <M>w

1 (surface) | 0.102 57851 | 0.827

2 0.300 57576 0.829
3 0.444 58347 0.838
4 0.695 57871 0.832
5 0.691 58300 0.837
6 0.791 57608 0.830
7 . 0.850 . 59243 0.847
8 0.801 59208 0.847
9 0.936 53596 0.840
10 0.970 59483 0.849
11 (center) 1.000 59128 0.846

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

The dried peliets were melt processed into preforms using the same
conditions as described in Example 1. The [t.V. of the preforms was 0.812 dL/g.
Melt processing caused the It.V. to be reduced by 0.019 dL/g, less than 50% of the
It.V. reduction experienced by the conventional pellets of Example 1.
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50299 0.751 9 0.904 50609 0.754 10 0.952 49795 0.746 11 0.977 49063
0. 738

Comparative Example 3

Conventional solid-state polymerized pellets commercially available from
Eastman Chemical Company as Voridian CB12 solid stated to an It.V. (before
drying) of 0.850 were dried in a small dryer (approximately 40 pounds capacity) at
150°C for 6 hours. The pellets had a degree of crystallinity of about 48% by weight
as measured by DSC. The IL.V. difference between the center and surface (the
pellet It.V. gradient) was measured according to the procedures described above

and the results are given in Table 3.

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

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

The resuits 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 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 [aboratory-scale
injection molding machine. The temperature of the molding machine extruder barrel
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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 wei ght of the pellets) was about 0.744. This corresponds to an
It.V. difference of 0.323 between the surface and center of the

pel l ets. The dried pellets were nelt processed into preforns
using a | aboratory-scale injection nolding nmachine. The tenperature
of the nolding machi ne extruder barrel was 285C. The It.V. of the

pr gf or gs bwa@s Qggﬁ:é Twlblgt..v.wu’lce @gﬂﬁmswaag.?mm@ hMeg Ipll'éce¥5|]pb Q;aheehd the
reduced by : a ol yester pellets fromthe sane
batch as tﬁgégoﬁ%?ﬁp?ﬁgﬁﬁﬁgg@-mre dried and nelt processed into
prefornms using the same conditions as described in Exanple 3. These

pellets had an It.V. (before drying) of 0.830 and | ess difference
(<0.2 dug) Exemplééh the 1t.V. of the center and surface of the pel | et .

The 1t.V. of t %IWsﬂr%@ts %ﬁ1 tﬂe%&ﬁ’me@a‘t& adfRbie ﬁeﬂ%%&hﬁ?!é@%@dﬁ&?

It.V. to be reduced by dUg, less than 50% of
reducti on é&fb@}eitmaswntorrée@aﬁwwm mfaasanp@mr@!t@n@ﬁsmamm@l iB. Wat

we clai migiample 3. These pellets had an It.V. (before drying) of 0.830 and less difference
(<0.2 dL/g) between the It.V. of the center and surface of the pellet. The It.V. of the
preforms was 0.810 dL/g. Melt processing caused the it.V. to be reduced by 0.020
dl/g, less than 50% of the It.V. reduction experienced by the conventional pellets of
Example 3.
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1. A process for making a container froma polyester(s) polyner,
conprising 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, nelting the particles in the extrusion zone to
forma nolten pol yester polyner conposition, and form ng a sheet or a
nol ded part from extruded nolten pol yester polyner, wherein the

absol ute val ue of Whatdwefelagnds: in the kv, between the center and

t he surface of theqpal ol t ' S
| ess than 0. 95 dl 4 ) EEOCESs R aAR d EfalhnbR B! 4 SRIGESREAT
pol yrreri zed bef oP®NREE:SOPHE ™SI d particles into the extrusion

zone, and the pol yRedéng pailyestbepaltivles havageh aededy d€ ctystellimty 10
bpm or 1 ess before |9f kPR 1SR BRIV dal Rt BT BEYLUS 40
zone. 2. The proceSs of. claim1, erein e absolute diPference is
less than 0.20 dL/g.eXU8SIOREOLG.0cess of claim 2, wherein the

absol ut e di f f er encamelidng theparticjes in thesextrusion zime torforasa nuglten ai m
3, wherein the absolp@]gre@térflﬁﬂ fes camPosfiich/dahdr | ess. 5. The
oh "k

irees e b o S iR,

dL/ g. 6. The progéﬁg
between the It. V. ofPQ]IY@SEé‘rHQ]é’P&‘?s at their surface and at their

center is 0.05 dL/whereinetie absdltdhalpe adere diffedenics i), thehét. ¥l n t he
gg' grests er par .t 't cl es bAHF QAR driteP ahlghe st e T thé 5 1 ékﬁ%r%aa?g?;n ee
wher eiyn t he deg%/ee ot?élgﬁgﬁéf’ﬁﬁﬁl &gtzopgéggg%ﬁga 6 : éﬁig ocess
of claim1, whereithe: pelyrsierpasticlasy sraingtnselid; statg pelyme

before introducing said particles into the extrusion zone,

and the polyester particles have an acetaldehyde level of

10 ppm or less before introducing said particles info the

extrusion zone.

2. The process of claim 1, wherein the absolute difference
is less than 0.20 dL/g.

3. The process of claim 2, wherein the absolute difference
is 0.10 dL/g or less. )

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

5. The process of claum 1, wherein the absolute difference
is less than 0.15 dL/g.

6. The process of claim 1, wherein the absolute difference
between the It.V. of the particles at their surface and at their
center is (.05 dL/g or less.

7. The process of claim 6, wherein the polyester particles
introduced into the extrusion zone have a degree of crystal-
linity of at least 35 percent.

8. The process of claim 1, wherein the degree of crystal-
linity is at least 25%.

9. The process of claim 1, wherein the degree of crystal-
linity is at least 35%.

10. The process of claim 1, wherein the degree of crystal-
linity is at least 40%.

11. The process of claim 1, wherein the particles have an
It.V. of at least 0.80 dL/g.

28



10. The process of claim1, wherein the degree of crystallinity is at
| east 40% 11. The process of claim1, wherein the particles have

an It.V. of at least 0.80 dL/g. 12. The process of claim1,
wherein the particles have an acetal dehyde | evel of 5 ppmor |ess
before introducing said particles into the extrusion zone. 13. The

process of claim 12, wherein the degree of crystallinity is at |east
40% 14. The process of claim 13, wherein the absolute difference

is less than 0.05 ﬁt/fb 15. Thg rrocess .of ¢lagim1, ,‘gne ein the
particles have an heelBfduRgass peclainbl, Wheyeinthe parti¢les haye an

i ntroduci ng sai cagednldetiyele lewebof Beppnt ondessbaiome introdbeingeid
process of clai rpé!rﬁcq\@@ﬁﬁbr}hbi&tmligﬁ(ioagt is a container preform
17. The process of,¢glal m 16, conprisinga.stretch ow nol di t he
breform nto s bevkiabbe SERRaTHas claim 12, Wi che deled o drin 7
wherein the conttalligity s et deassfe. of 3 liters or Iess. 19. The
process of clai m 114.COR®Rretess Of ¥ldith 13¢ viasrelis Hes absokutdiffeg- zone
at tenperature Oénc%;iall%ﬁihglf@.d?aﬁgg mel ti ng the particles in the
€ process, ¢

extrusi on zone. claim1, further cogpri si ng
&

drying the particlks boe arecesseef slgiené, pharewn the partigles brve @ on
zone, wherein t ecepaldehydedenekofidtppwl orl legsabefopeligtreduea batidor e

dryi ng. 21. BRI QCBIS t?g edisiod zog@pPri sing a, bul k of said
particles havin %él\c,d:rﬁrre of at %eﬁst :[ Cufgl C. Nﬁge_r e%zﬁﬁ#{he
process of clai m 10-whBE BrRCeFReOhS I e MRFE1R HRE Il Bart 15 2
under wat er pel | @nainer preform.

17. The process of claim 16, comprising stretch blow mold-
ing the preform into a beverage container.

18. The process of claim 17, wherein the container has a
volume of 3 lilers or less.

19. The process of claim 1, comprising drying the particles
in a drying zone at temperature of at least 140° before melting
the particles in the extrusion zone.

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

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

22. The process of claim 1, wherein the particles are
obtained from underwater pelletizers.

23. The process of claim 1, wherein said particles fed to the
extrusion zone comprise spherical particles. '

24. The process of claim 1, wherein the particles contain
phosphorus.

25. The process of claim 1, wherein the particles are
obtained by polycondensing in the presence of a catalyst
comprising titanium.

26. The process of claim 1, wherein the particles are
obtained by polycondensing in the presence of a catalyst
consisting essentially of titanium.
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23. The process of claim1l1l, wherein said particles fed to the

rusi on zone conprise spherical particles. 24. The process of
gr;in11, wherei n Fﬁe partPcIes contai n phosphorus. 25. The process
of claim1, wherein the particles are obtained by pol ycondensing in
the presence of a catalyst conprising titanium 26. The process of
claim1, wherein the particles are obtained by polycondensing in the
presence of a catalyst consisting essentially of titanium 27. The

of claimlpy her ei n _di articles are optained by
Bgﬁgggﬁdensing in fﬁg s ﬁg§?8f9€(§%¥%L£85$@%ﬁﬁpl EnpaBilehirg
26 e ocees, Y SPGETPY Pkt e prscace oty
pol ycondensi ng i eotiErifngsamaopfy. a catal yst consis .
Contain & Teheat rote oaparecees ot Bl 1" WRlchl YR BcIes ey
contain a reheat . cu&% aid. . . 8 | ,
wherein the rehegb%_ﬁﬁan Y iR 8116181%}%’11185@% Pepiieare anft aneatglystar bon
bl ack, graphite, C@Bsiilagiessentiallyiafeantinihy. The process of claim 1,
wherein the parti cR@sThemrocess of ERiifh ]?,r\\\,\(fhhte?éih' tﬁ%ﬂ)&?ﬁwefé.sctqeiggina? e
pol yners. 32. MRt 96E (éﬁaﬁmq erein e partic
dried at a tenperajyure o . Jore prior to feeding the.
particles into th @xﬁlﬁﬁfé’ﬁeiﬁ)ﬁgdal%ia wihgrepn tloe ssheat exllmingify
wherein the part#id emprisedeiatental _@nﬂi@ﬁo%,%rb@h%]@ék,%:ﬁghﬂey’ofCf m
per | Db/hr. 34.hIHRR iR5ReRE8e0f claim 1, Iereltn a gF;ner ggfi:gﬁégr
i | t for making.the yester pol 3 :
!3; a'(lj'ﬂgdpﬁ gcgsgeof:;.]glhg?‘?rp{({c%sé rqq%mgl’ivﬁﬁé@ﬁ&‘e?ﬁmlﬁg colpmss t en
pol yester pol ymefirain arystallized modyesder polymbie for heat set beverage
bottl es. 32. The process of claim 1, wherein the particles are dried

at a temperature of 140 °C. or more prior to feeding the
particles into the extrusion zone.

33. The process of claim 3, wherein the particles are dried
at a gas flow rate 0f 0.2 10 5 scfm per Ib/hr,

34. The process of claim 1, wherein a metal deactivator is
added to a melt phase for making the polyester polymer
particles.

35. The process of claim 1, comprising injection molding
the molten polyester polymer to form a container suitable for
heat set beverage bottles.

36. The process of anyone of claims 23-35, wherein the
particles are obtained from underwater pelletizers.

37. The process of anyone of claim 22 and 24-35, wherein
the particles are spherical.

38. The process of anyone of claim 22-30 and 32-35,
wherein the particles comprise strain crystallized polyester
polymers.

39. The process of anyone of claims 22-23 and 25-35,
wherein the particles contain phosphorus.

40. The process of anyone of claim 22-35, wherein the
particles fed to the extrusion zone have an acetaldehyde level
of 2 ppm or less.
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36. The process of anyone of clains 23-35, wherein the particles are
obt ai ned from underwater pelletizers. 37. The process of anyone of
claim22 and 24-35, wherein the particles are spherical. 38. The
process of anyone of claim22-30 and 32-35, wherein the particles
conprise strain crystallized polyester polyners. 39. The process of
anyone of clains 22 23 and 25-35, wherein the partlcles contain

hosphor us. 0 f cI re|n t he
Bart:ocl es fed to t e ex%%@?%% @Lﬁ@ %;Cewﬁﬁfede i)@-%@rpe dCht 2
ppm or | ess. part C‘BH%RT&% of claim1, wher e| n the pol yest er
pol ymer parti c: es (QQ@@&?BOX Bt #cidagda: Mhéﬁt @@rﬁ% Q?!R%a;s(‘_[; 9{9(:' d
conpri sing at | east (
orngeriva?es of tersﬁ‘tﬁ%ﬁﬁ%‘g 8&%&@;&@?;&%&@@ TEESS a
hydr oxyl conponent FRAKY E?ta‘F]é]a@Fn@@WSeﬂl%‘%@ taﬁld resi dues of
ethyl ene glycol, Hdgedyahrok§0conipometeceniprdéineha l6at 00x1bleYe6f d
conmponent resi dues atﬁ@! el I @Iggggysqu oxyI conponent residues
i @ 0

t he pol yester pol f the polyester pol yrer
: 2 vir glpn %ol ymer . 'ba S%H%n'm@ ¢ Percett of therparoxihisrasial comapo-
pol yester pol yner parenteesisluesapdi l¥kmolepervenshiydxytylcoamnpdnent
conmponent conpri si n&e@ﬂdde@éﬁ&h@%o!%s@ef (E%;H& aﬁﬁ%!t ?796/00{the

theroof | and (b) %%é{??%ﬁﬁgﬁ%@%% “at Ieast 92 mole

at Ieast 92 nole %

of the residues ofd piosegs pf olainbdbeshere 1m®hep0l3&mmr}mdm1mf t he
carboxylic acid pggem;m glegues and 100 nol e percent hydr oxyl

conponent resi due?aj 3 &Qr%o" INERE c%mﬁ’oncnt comprising at least 92
mole % of the residues of terephthalic acid, or derivates

of terephthalic acid, or mixtures thereof, and
(b) ahydroxyl 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.

43. The process of claim 41, wherein the molded part
formed from the polyester polymer composition in the extru-
sion zone is a preform.

44. The process of claim 43, wherein the preform is stretch
blow molded into a beverage container.

45. The process of claim 41, wherein polyester particles
having a degree of crystallinity of at least 25 percent and an

It.V. of at least 0.75 dL/g obtained without solid state poly-
merization, wherein the absolute value of the difference in the
1t.V. between the center and the surface of the polyester
particles is 0.20 dL/g or less, and wherein the molded part is
a bottle preform.

46. The process of claim 45, wherein the degree of crys-
tallinity is at least 35 percent, the It.V. is at least 0.77 dL/g,

47. The process of claim 46, wherein the absolute differ-
ence between the It.V. of the polyester particles at their sur-
face and at their center is 0.05 dL/g or less.
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43. The process of claim41l, wherein the nolded part fornmed fromthe
pol yester pol yner conposition in the extrusion zone is a preform

44. The process of claim43, wherein the preformis stretch bl ow

nol ded into a beverage contai ner. 45. The process of claim41,
Wherei n pol yester particles having a degree of crystallinity of at

| east 25 percent and an |It.V. of at |east 0.75 dL/g obtai ned w t hout
solid state polynerization, wherein the absolute value of the
difference in the R¥. Abprogess fvenakmga comaires fsomf aqmipésten®)

pol yester particpebyrner,Cfipdisirgg or | ess, and wherein the nol ded part
Is a bottle prefor ; T’Q}wr f [ 5.:whergin the.degee
of crystallinity ifsgez(iit111 S ht ‘913’?% .e?' E‘ﬁl@ f‘llagnﬁ 4 aﬁg{e%9§7

dL/g.  47. The procPeStHfiy,e heea ereiardiaeltysef at Least 40 ence
bet ween the V. of tdxb/g)mglaﬁ}ﬁruaoantziomjees at their surface and at

their center is 0.Q%lhsthesph&ical partich® inAhLERESSOH e
com e ner om0y Il ISR OO ST D cal

pol yester particl eIs avin

and an It.V. of atlOfBHEE  SAgEHOr R maokiedepart lpon extnslednplalteny t he
spherical particl es palyestergalynsion zone to forma nolten pol yester

pol ymer conposi ti aphersif 1 Absslute SAARE oFr ¢l aﬁ%&%ﬂcﬁ%tﬂ{]er A
extruded nol ten pol I ei n lhe ol'ute value; of the
difference in the It. %&qgmqea\ﬁﬁﬂ&e&u%q til egtcal pelynhe
spherical pol yest er §5tTtpatiedes & totharxtensiongone isdass tlsarl @95 t han
0. I25 dL/ g, dagdf the : o g;qﬁ%ﬁd!ﬂmcﬂpl%@ﬂ I:qt@agéljégtei- pgnw]%sﬁ@% ?'sbﬁdﬁ ate
pol ymer i zed bef or e inieqshighAsiAal eRaelin o%ﬁ]%tga AL hig?
zone, and the spher I ester po r rti S, C 33 Pa) a
carboxyl i ¢ aci dpcon%%ggﬁfﬂ@g%rzﬂg%ﬁni{ﬁ?‘? éﬁﬁ?ﬁ PRIvEStE golymer

resi dues of terepht ParilelesGampesederivates of terephthalic acid, or
m xtures thereof, - r I t. conprd sing,at | east 92
nol e % of the resi @ggda 19 bg)tégﬁ eér)lee(i.ggl?&@ B@ﬁ §8&1.Igﬁ51_{1@03 ?%gtpﬁce”t
of the carboxylic ac? %g/g Eﬁtreﬂ P3¢l Jerepdithalic asidh qreteravates
hydroxyl conponent r@stegephthialia aeidpot yesdtteres thereof, and
(b)a 11ydrpxy] component comprising at least 92 mole % of
the residues of ethylene glycol,
bas_ed on 100 mole percent of the carboxylic acid component
're51dues and 100 mole percent hydroxyl component residues
m the polyester.
4.9.. The process of claim 48, wherein the degree of crys-
- tallinity of the polyester particles is at least 40%.
50.. The process of claim 48, wherein the absolute value of
the difference in the It.V. between the center and the surface of
the polyester particles fed to the extrusion zone is less than
0.05 dL/g.
51. The process of claim 48, wherein the particles are dried
at a gas flow rate of 0.2 to 5 scfim per Ib/hr.
52. The process of claim 48, wherein a metal deactivator is

added to a melt phase for making the polyester polymer
particles.

53. The process of claim 48, comprising injection molding
the molten polyester polymer to form a container suitable for
heat set beverage bottles.
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49. The process of claim48, Werein the degree of crystallinity of
the polyester particles is at |east 40% 50. The process of claim
48, wherein the absolute value of the difference in the It.V between
the center and the surface of the polyester particles fed to the
extrusion zone is less than 0.05 dL/g. 51. The process of claim48,
wherein the particles are dried at a gas flowrate of 0.2 to 5 scfm
per | b/ hr. ocess of cl.aiim 48 ein a netal, deactivator
is added to a rrel tggh © pEecemskPhslama 48, y@mr@m Abe ypagtices are | es.
53. The process obtathed fretd, umwderpvatst pglletizerst i on nol di ng the nol ten

pol yester pol yrer g Tﬁég}&c&emwﬁsﬂg%%?éﬁthgg,ﬁ?ﬁggsgg@}ggvgrage

bottl es. 54.. The
obt ai ned from unﬁ@%a‘f@rg 3??@&102813%1@ Poéﬁmeﬁre process of clai m 48,

wherein the partl cfesThempocsss of ¢claim 48,yw11ei-é1n2thd paetiykstleve an

pol ymers. %ﬁ@q i rein the particles have
an acet al dehyde % ,@% &9l 8{‘915;3 wgg 1e_1 ﬁ %‘f of ¢laim
48, wherein the It ¢ PrH i@rd%aw E‘Flést £l v @ tﬂﬂ@PQiYT usi on
zone is 0.80 dL/epterpamicdes fed to the extrusion zone is 0.80 dI./g or more.
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