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I nvention The invention pertains to polyester polyners, and nore
particularly to polyester polyners having physical properties requiring

| ess energy to extrude and suitable for packaging and contai ner
applications. 2. Background of the Invention Wen pol yester polyner
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t hat otherw se woul d cau = f | oss of intrinsic
viscosity (It.V.) during the nolding process. The drying tinme can be
shortened by increasing the drying tenperature. To increase the drying
tenperature, the polyester particles nust first be crystallized to prevent
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1-4 hours, and then solid state polynerized at about 200- 220C for about 8
to 12 hours to increase their nol ecular weight in the solid state. The high
tenperatures and long tines in the crystallization and solid stating
processes. combldidhd WRest@n y i npart to the pellets a degree of
crystallinity in excess of 50% and nelting points above about 220C. Such
high crystallinity and high nelting point in the polyner is a di sadvant age
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When polyester polymer particles are molded into articles, they are first dried to
remove moisture that otherwise would cause chain scission and excessive loss of intrinsic
viscosity (It.V.) during the molding process. The drying time can be shortened by
increasing the drying temperature. To increase the drying temperature, the polyester
particles must first be crystallized to prevent the pellets from sticking at their glass transition
temperature (about 80 °C). By first crystallizing the polyester particles, drying temperatures
of up to about 190 °C can be achieved, above which the heated air begins to cause the
polymer to yellow.

Pellets are typically crystallized at about 140-180°C for about 40 min. to 1 hour, then
preheated to about 180-215°C for 1-4 hours, and then solid state polymerized at about 200-
220°C for about 8 to 12 hours to increase their molecular weight in the solid state. The
high temperatures and long times in the crystallization and solid stating processes
combined typically impart to the pellets a degree of crystallinity in excess of 50% and
melting points above about 220°C. Such high crystallinity and high mélting point in the

polymer is a disadvantage in the extrusion zone for a molding process since more energy is



degree of crystallinity increases the nmass of the crystalline regions,
thereby increasing the energy required to nelt the particles. Accordingly,
it would be desirable to nelt extrude particles with a |ower degree of
crystal |l i ni o 2006/@8w8 energy costs. The energy cost savi pgsushadizgsni f est
itself in a nunber of different ways, including reduced total power
consunption to the screw notor and heating elenents. Alternatively, the sane
anount of energy can be applied to nore efficiently process the pellets by
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Prior to solid-state polymerizing polyester particles, pellets are also prepared in
crystallizers at high temperatures in order to mitigate agglomeration in solid stating zones
which operate at high temperatures needed to advance the molecuiar weight of the
particles. This crystallization process combined with the annealing or perfecting of the
crystals during the long hot solid-stating process imparts to the pellets high melting points
of about 220°C and more. Also, with high melting points, the temperature applied to the
pellets in the dryer can be increased. However, the high melt points have the disadvantage
of also requiring a slight increase of the temperature of the polymer melt in the extruder by
a few degrees, thereby increasing the cooling time of molded products, increasing cycle
time, and increasing the potential for more acetaldehyde formation. Moreover, in the solid
stating process, the high temperatures applied to the polymer can anneal the polymer, with
the effect that at times, some particles do not completely melt in the extrusion zone and
thereby cause deformities in the molded product.



drying, have sufficient nelting point to continue drying at the conventi onal
tenperatures, but not the higher crystallinity and nelting points that are
associated with solid-stating polynerization processes prevalent in the
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bul k of polynmer particles conprising polyethylene terephthalate polyners
and copolyners nodified with 20% or |less nodifiers, the particles

conprising greater than 75% virgin polyester polymer, and the particles
having: A) an It.V. of at least 0.72 dUg, and B) 10 ppmor |ess of residual
acet al dehyde; and C) at least two nelting peaks (on a DSC first heating
scan), wherein one of said at |east two nelting peaks is a |l ow peak nelting
poi nt havgng aSyremary efitberdmtemtion wi t hin a range of 130C to 220 C and havi ng
a nelting endothermarea of at |east the absolute value of 1 Jlg, or having
one or nmore nelting points which, when nmeasured on a DSC first heating
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pol yest er pol yApan pas.tof at least Mi72ddigyamg) zone to produce dr| ed particles; B)

introducing th |ed rtcheS| to an nelting zone; C nelting the
pol yester pol yﬁ?e%ﬁa'i"t e;%ssofrﬁmgpéaﬁg fadenyde e ng zone, and 3 WO
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pol ymer; wherein the polyester gol yner particles i ntroduced into the drying
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least the absolute value of 1 J/g, or having one or more melting points which,

when measured on a DSC first heating scan, has a heating curve departing from
a baseline in the endothermic direction at a temperature of less than or equal to
200°C, or less than or equal to 190°C, or less than or equal to 180°C.
The particles preferably have a low degree of crystallinity within a range of at least
20% and a maximum degree of crystallinity Tcmax defined by the equation:

Temax = 50% - CA - OH

where CA is the total mole % of all carboxylic acid residues other than terephthalic acid
residues, based on 100 mole% of carboxylic acid residues in the polyester polymer, and
OH is the total mole % of hydroxyl functional compound residues other than ethylene glycol
residues, based on 100 mole% of the hydroxyl functional compounds residues.

There is also provided a method of extruding polyester polymer particles comprising:

A) drying polyester polymer particles in a drying zone to produce dried particles;

B) introducing the dried particles into an melting zone;

C) melting the polyester polymer particles in the melt processing zone, and



of 10 ppmor |ess, and have at |east two nelting peaks, wherein one of said
at least two nelting peaks is a |l ow peak nelting point having a peak
tenperature within a range of 140C to 220 C and having a nelting endot herm
area of at [Ww@aweN1sd48absol ute value of 1 J/g. The parti eceasewsbioss

enbodi nent al so preferably are within the range of crystallinity nentioned
above. In yet another enbodinent, there is provided a process for nelt
processi ng polyester polymer particles conprising: A if a drying zone is
present, drying the particles in the drying zone to produce dried
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in feeding dried particles into a melt processing zone;

C) melting the particles in the melting processing zone, and

D) forming articles from the melt;
wherein the polymer particles introduced into the melt processing zone or into the drying
zone if present comprise polyethylene terephthalate polymers and copolymers modified
with 20 mole % or less of modifiers based on 100 mole % of the carboxylic acid residues
and 100 mole % of the hydroxyl functional compound residues, and the particles comprise
at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a residual
acetaldehyde content of 10 ppm or less, and have at least two melting peaks in which one
of said at least two melting peaks is a low peak melting point with a peak temperature
within a rahge oft140°C to 220 °C and having a melting endotherm area of at least the
absolute value of 1 J/g; and the melt processing zone comprises a barrel, a die or orifice,
and a heating element directing heat to the barrel; and the temperature setting of a heating
element directing heat to a last zone on the barrel closest to the die or orifice is established,
said temperature setting being lower in said last zone on the barrel than would be applied
to melt process the same polyester polymer particles having a low peak melting point (or a

sole peak melting point where two peaks do not exist) greater than 220°C, to form the same



the nelt processing zone other than the tenperature setting. In another
enbodi nent of the invention, there is provided a process for nelt
processi ng pol yester polyner particles conprising: A if a drying zone is
present, dr WOhyoe/dp8748articles in the drying zone to prodBC®USINEHBL534
particles; B) feeding the particles into a nelt processing zone, or if a
drying zone is present, feeding dried particles into a nelt processing
zone; C) nelting the particles in the nelting processing zone, and D)
formng articles fromthe nelt; wherein the polymer particles introduced
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processi ngt ga&ter59%Gifgin Polyester, have an It.V. of at least 0.72 dl/g, have a residual
acetaldehyde content of 10 ppm or less, and have at least two melting peaks in which one
of said at least two melting peaks is a low peak melting point with a peak temperature
within a range of 140°C to 220 °C and having a melting endotherm area of at least the
absolute value of 1 J/g; and the melt processing zone comprises a barrel, a heating
element directing heat to the barrel, a screw rotating within the barrel, and a screw motor;
and a melt residence time within the barrel is applied which is shorter than the melt
residence time that would be applied to melt process, at all of the same other settings to
the melt processing zone, a polyester polymer having the same It.V, same composition, a
low peak melting point (or a sole peak melting point where two peaks do not exist) greater
than 220°C, to form the same article having substantially the same level of haze.
There is further provided a process for melt processing polyester polymer particles
comprising:
A\) if present, drying particles in a drying zone to produce dried particles;
B) feeding the particles into a melt processing zone, or if a dryer is present, feeding
dried particles into a melt processing zone; |

C) melting the particles in the melting processing zone, and



WO 2006/ 028748 PCT/ US20051030534 D) formng articles fromthe nelt; wherein
the polyner particles introduced into the nelt processing zone or into the
drying zone if present conprise polyethylene terephthal ate polyners and
copol yners NU2006/638748wi t h 20 nole % or | ess of nodifiersPEEAISDIF0IBO nol e%
of the carboxylic acid residues and 100 nole % of the hydroxyl functional
conpound residues, and the particles conprise at |east 75%virgin polyester
pol ymer, have an It.V. of at least 0.72 dl/g, and have a degree of
crystallinity within a range of 20% and a maxi num degree of crystallinity
Tcrmax defi ned £64& 1O X = 50%- CA - OH where CAis the total
nol e % of all @g?ggﬁ T c ac? ;ggl ués ot her than terephthalic acid
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residence ti wthin the nelt processing zone to formthe sane article
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copol yner safBdbhé @&crew motor, and wherein a total power is applied to the motor and to the
heating element which is less than the total power that would be applied to the motor and to
the heating element at the same settings to melt process a polyester polymer having the
same It.V, same composition, a degree of crystallization greater than T¢max, and at an
equivalent melt residence time within the melt processing zone to form the same article
having substantially the same level of haze.
In yet another embodiment, there is provided a process for melt processing
polyester polymer particles comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polymer particles introduced into the melt processing zone or into the drying
zone if present comprise polyethylene terephthalate polymers and copolymers modified

with 20 mole % or less of modifiers based on 100 mole % of the carboxylic acid residues



with 20 nmole % or less of nodifiers based on 100 nole % of the carboxylic
acid residues 6 WD 2006/028748 PCT/ US2005/ 030534 and 100 nole % of the
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conduct experinments.
or |gss of modi?iers based on 100 mole % of carboxylic acid residues and 100 mole % of

hydroxyl functional compound residues, the particles comprising greater than 75% virgin
polyester polymer, and the particles having:

A)an It.V. of at least 0.72 dl/g, and

B) 10 ppm or less of residual acetaldehyde; and

C) a low temperature shoulder on a DSC first heating scan such that a heating curve

departs from the baseline in the endothermic direction at a temperature less than or

equal to 200°C, or less than or equal to 190°C, or less than or equal to 180°C.

There is also provided the bottle preforms and stretch blow molded bottles made
from the particles mentioned above or made by any one of the process embaodiments
mentioned above.
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4. Brief Description of the Drawings

Figure 1 illustrates a lab model of a modified chromatograph column used to conduct
experiments.



WO 2006/ 028748 PCT/ US2005/ 030534 5. Detail ed Description of the Invention
The present invention may be understood nore readily by reference to the
following detailed description of the invention. It is to be understood
that this i NW@MV/MNE748s not |imted to the specific processeszasnedosmandi tions
described, as specific processes and/or process conditions for processing
pl astic articles as such may, of course, vary. It nust also be noted that,
as used in t he specification and the appended clains, the singular forns
"a", "an" and "the" include plural referents. For exanpl e, reference to

processi ng a thahilPbasdription Bf #eQhvEntionar ticle”, "container”, or "bottle" is
I nt ended mm—%ﬁ%pm'mm%a pl ural | ty of therm)pl astic
prefornms, articles, containers or bottles. Reference to processing a

pol ynmer at a &, r

t enper at ures Zﬁ"}t‘?{ga‘%’f‘. onaﬂ%ﬁea ﬁ\egme e?st@o?ﬁ%‘i'éf&ﬁg%g‘?@ﬁemdﬁe%%ﬁlﬁ%ﬁéﬁg t he

one st at edetatledidésceiption of theisventiomutis doibe tihderstancldhat thip ihvesttion ys notlliested

ot herW| se,stated... Referenc osition contai nin " ngredi ent or
e ol ynist B PR AReRet T elion S ARET e SR PIarStseR araloh Fiskers.
respecti vebnditions fadstotésting Slaticardaies B8 8Bch mBgNgFaureyy vagy. expr essed herein

as "within" or "between" or fromone value to _another. In each case, the

end poi nts ar &t Myst alge deingtedibat a5 yeed Rhﬁ@égeﬁ'ﬁﬁ?t@é‘s%lﬂ’ the appedey %@’@ét ke
than or | §’rﬁ§ul‘éhﬁiﬂn§ nyabae meotimdite NI RAEBA(SS For &amﬂ@r@féréﬁd&o or

"contai ning® or "having" is nmeant that at |east the naned npound,

el ement, pmcessjn@a ﬂaﬁrme@!af:@@ "Rretgsmatartielest "cpatajnes’s @ntbqttlﬁ"tlwtwlegé@ inclusie or
ticl d
articl e Og, pa?%il‘c’\ Ao ;?lr@t%ﬁt tthéﬁ‘rfo'p’é@ﬁcbrb‘?orpr{seﬁﬁf&tf'%é%ntﬁﬁ@?sr orct%'ﬁ%%”n S,

mat eri al s, steps, etc, even er suc rrpounds
mat eri al , Refarencd toprocassingd pdympsatea statdademperaturezpravithumbeating edemetat i s

tenper at ol C0gE SeB e BB B4 el e BBEFREYENGRls B S TRE LMo RIS "
"actual " pndawémi)dratrr:itl)ﬁrﬁfbtr}tettlm&Jﬂﬁ?@nﬂﬁtgggﬁr%%etssmlgmtbq mwe%me?r:gsemIambat t he
0ad s

t , h

ddi 1 ona ReIRIEES SAuREIs o P IR ritatedielt &ra’ BeveEis MERGEb dfelhde
expr essly ottde Hgrddigsts oTBﬂhe'r Bbryhfé‘ﬁé Gesﬁe'éﬁ@eay iy aMéihélﬁ% fhesdiiel amskd. hr oughout
this description are set forth /g units as calculated fromthe

i nherent vi 5003?@93%%9?@69%5%@rem Fpmithinpor vigetween” or from one value to
another. In each case, the end points are included in the range. Ranges expressed as

- being greater than or less than a value exclude the end point(s).

By "comprising” or "containing" or “having” 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, materials,
particles, method steps, etc, even if the other such compounds, material, particles, method
steps etc. have the same function as what is named.

Regardless of the context, the expression of a temperature means the temperature
applied to the polymer unless otherwise expressed as the “actual” polymer or melt
temperature.

It is also to be understood that the mention of one or more method steps does not
preclude the presence of additional method steps or intervening method steps between
those steps expressly identified.

The intrinsic viscosity values described throughout this description are set forth in

dL/g units as calculated from the inherent viscosity measured at 25°C in 60/40 wt/wt



8 WD 2006/ 028748 PCT/ US2005/ 030534 phenol /tetrachl oroet hane. The i nherent
viscosity is calculated fromthe neasured solution viscosity. The foll ow ng
equati ons describe such solution viscosity neasurenents and subsequent

cal cul ati onsV@@a006M28748 and from Il h.V. to It.V: '"Itnh = On pcra/se@spiossamher e
ri;nh = Inherent viscosity at 25C at a pol ynmer concentration of 0.50 g/ 100
nm. of 60% phenol and 40% 1, 1, 2, 2-tetrachl oroethane In = Natural logarithmis
= Sanple flow tine through a capillary tube to = Sol vent-blank flow tine

t hrough a capillary tube C = Concentration of polymer in grams per 100 niL of

sol vent (@?&%Eﬁetragmgrd Hane"StHe lxﬁérgﬂf\}lééés|t)z‘stééﬁ:dlét€¥ Woﬂwgtgg%ébesg?%i étﬂ;{doﬂ' te

di lution speci |c Vi SCOSI
f ol I ovvi ngviscpsity.i 'dihne fdlbw;ngteqdatlam dléﬁ:lﬁbéi)suc;h bmlmlcbmylscdslbyﬁ)eascremerms afd where

r); -Intr|n5| it el af, i cosity =is/to rlsp =

SpeC| fic M 588%‘?'} §a u%??ns%llhi\hanp Wé’ht \zetp\ﬂo?atl on invol ves replicate
testing of a standard reference material and then applying appropriate

mat herratl cal equations to produce the "accepted" Ih.V. values. Calibration
Factor = Acceptred Ints()l/ff Ref erence Material / Average of Replicate

Determ nat| ons Corrected | h.V. Cal culated Ih.V. x Calibration Factor 9 WO
2006/ 028748 PCT/ US2005/ 030534 The intrinsic viscosity (It.V. or rlint) may
be estinmated usgheng t hen@id Intmegest vEsqosityiabﬂS%Gatépbllymzcond:éntratiorﬁ)oﬁo beé g/

15 orovi ded bul i of ol ebkel Y PRERIARADE L A2t or than 750
virgin polyester pol yngar,=Naturafbgarth@s havi ng:

ts = Sample flow time through a capillary tube

to = Solvent-blank flow time through a capillary tube

C = Concentration of polymer in grams per 100 mL of solvent (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:

C-0 C-0

where Mint = Intrinsic viscosity
1 = Relative viscosity = ts/t,

sp = Specific viscosity = 1, - 1

Instrument calibration involves replicate testing of a standard reference material and
\
then applying appropriate mathematical equations to produce the “accepted” Ih.V. values.
Calibration Factor = Accepted |h.V. of Reference Material / Average of Replicate

Determinations

Corrected Ih.V. = Calculated |h.V. x Calibration Factor



A an It.V. of at least 0.72 dl/g, and B) 10 ppmor |ess of residual

acet al dehyde; and C) at least two nelting peaks, wherein one of said at

| east two nmelting peaks is a low peak nelting point within a range of 140C
to 220 C and;209p/08748 nel ting endot herm area of at | eastcrhs2mbenbait e val ue
of 1 J/g, or having one or nore nelting points which, when neasured on a
DSC first heating scan, has a heating curve departing froma baseline in
the endothermc direction at a tenperature of less than or equal to 200C,
or |ess than or equal to 190C, or less than or equal to 180C. The particles

preferably ha (o] =To1 C : 20%
and a maxi num V@]eeglp er@ygf cr;%@{ Qﬁlecﬁlevqﬁéc)}n%%te'ﬁ% neé‘gg@ tﬁ%@ﬂ@aeﬁfe{ QQUAt%ﬁ‘SIatS

= 50% - Cllow&H where CAis the total nole %of all carboxylic acid resi dues
other than terephthalic acid residues, based on 100 nole % of the
carboxylic acid residues in the polyester polynmers, and OHis the total

nol e % of al |l fydoop OSkaretsdNal 1 poqmpsREdrRetauasy pt her than ethyl ene

gl ycol residues, based on 100 nol e % of the hydroxyl functional conpounds
residues in the polyester polymers. The polyester polymer conposition is in
its isolated fgr, e I ed
Lo oo et o ) r?@ggnm“ Rifeiftee ?@lscﬂrowﬁéd'ﬁﬁlﬂ of bBlbitet oty HBRb&Eles BamBRARG

ext ruder graabar than 65%B'irgln nﬂlmeilnoiymnerytheuwwﬂmm@mg'fhe shape of the

pol yester pol yRer i ted, and can include regular or

i rregul ar shape rblﬁ %érots{ig a\b\ngl hout limitation on their dinensi ons,

i ncl uding fl ake)10 ﬁpraroslessrdﬁ%smjal aostelehydmaindpel | et s, needl es, past| | | es,

and any ot her e, .bu rticl re, di stingu ed from shee film
ot orrs otr fnahgastAve ohindfeae SRS A Sl om g, sheely L1\
particles des'ﬁ@ék'Melhﬁg’gmﬂtWlﬂﬂﬁh%rraﬁyébﬁﬂﬂ)%ﬂbmb °@far@thé\m@é nfeittHg 9 per 100

particles, nore preferably greater than 1. er 100 particles, and up to
about 100 g pe®n 'w%?@p&ﬁtégas&h@abﬁnlwﬁé/abne erﬂellgemthadlr@sonesormre melting
particularly | h é‘d‘f?ﬁlm t k of
particles occu%@?llt%gﬂ“creguh&rrgn%ﬁg gst lhlésu tdg;fl péos?é{gtg%égacMS cubi c

neters, or at depestingsraeishaseineindhe vndothpumig dlreetiomloat;ﬁetgmerqtuneﬂﬁess than
parti cles is aby éq%%ﬂo 21&)%5&] I@gffﬂaﬂaorrrehﬁél% ’193‘@ o i tHan or equal to 180°C.

The particles preferably have a low degree of crystallinity within a range of at least
20% and a maximum degree of crystallinity T.max defined by the equation:

Temax = 50% - CA - OH
where CA is the total mole % of all carboxylic acid residues other than terephthalic acid
residues, based on 100 mole % of the carboxylic acid residues in the polyester polymers,
and OH is the total mole % of all hydroxyl functional compound residues other than
ethylene glycol residues, based on 100 mole % of the hydroxyl functional compounds
residues in the polyester polymers.

The polyester polymer composition is in its isolated form since a degree of
crystallinity is imparted, as opposed to polyester compositions in a melt phase process or
as a melt in the extruder since as a melt, crystallinity disappears.

The shape of the polyester polymer particles is not limited, and can include regular
or irregular shaped discrete particles without limitation on their dimensions, including flake,
stars, spheres, conventional pellets, needles, pastilles, and any other shape, but particles
are distinguished from a sheet, film, preforms, strands or fibers.
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wi thin the weight and vol une ranges expressed above. The bul k of pol yester
particles exhibit the characteristics expressed herein as an average across
a random sanpling of 10 or nore particles in the bulk of particles. As in
any manuf actW@ R0Ggo3sr48cess, it is possible to obtain anomerawssopessiscl es

whi ch exhibit characteristics either inside or outside of those stated
herein. The particles of the invention, however, exhibit the stated
characteristics across a bulk, and these characteristics can be neasured by
taking a random sanpling of at |least ten particles and determ ning the

stated charactgri St . verage Q . ti . I, hEen
particles may Tgug p%%%ci%sf %'%@g&%&%ﬁé{eﬁéﬁég& %?'Q%J%?Leééﬁbggﬂ ‘lﬁ% I1gb may be
sepEr atglparﬁm&,ya@d.pré?emﬂnugdeatértrrmi ye{g;mr_mmbganml ] eqoan_tiiupltesbd)nsth’miegg' pﬁbl y
package to cont.ai ner. a s, of suyit nt.ai.ners to ho t he
particl es‘\(g)r%arg?lﬁ?'at@e ¥&PE‘§ cﬁh%qarﬁclpﬁgs ﬂaﬁﬁu&@?\ﬂ}\%ﬂe YR ONG RAIPCAMEN e nt
from one thefedikippsvided @BQM&barﬁﬁl&td&@ﬂpﬁﬁfgﬂgﬂb@nﬁ ofat Gtk f‘-l!ci]BTc nhéter, dr &t St A
hopper attached to an extruder or injection nolding machi ne. Anot her exanpl e

of a con? SiieMaershen &t leard SpAPIGBEIEEs. i s a shippi ng container, such as a
Gayl ord box, & h‘ér“glﬁlg"’ 8ﬁpcg§é;§rt{;:lwymé\’ parfdiesis dt st ‘f@{)&lot&e@bélﬁ@lag,dpré%rf’ocl)& ruck,

a drum a cargo hol p, ‘or any other suitabl e package use
t r anspor t within thecweight antligolump éargesrexpprssed @bave ohbebwikof palyester paiticles| es

whi ch ar e_Jf:0i ' (g | or
conver 01 rgIHLPESHARIEASEE KBl el HeR s o avoPadl SHIE0A rasfcth SAROIRERY 107
t he part i al reorerpamtidlies inthe butkof platictdse Axrio @ay sharyifaciurihg proaessy it éslpassitbe to
produce a jarticle with '

.characterjstics acceptable to.its custoners who
Ponvert «Aanapnrtie P dre hakh SbltsharRiERRt aRr e S e BTk Rs oy
OCﬂpr a @tatearhﬁn@ippeme dﬁhﬁzléscm\tb% In@éntidn, peWbeé;rg ezaTiBicm sthtbe cbaﬂdcteﬁﬁtiwel |
pellets into t ryer hopper and, renoves residu i,sture fromthe pellets
o r eventorgseabuf, 87 redB BRamaiersioTicnn orToapiren iy aKas Agandam SPmolHbde
enbodi menhGeadtién partitleslafd deferfnifing PRIAAtB8 IchalRiRisAds & Bh BUEME: bB®ss the
foll owi ng characteristics: u W 2006/ 028748 PCTI US2005/ 030534 A) an It. V.

of at | eal$h rarticesd| Alhtenpagtiags ey pp measurasstogether Banguanalysise caPadHfticle and

C) at lea ' , Wherein one of said at least two nelting
peaks is gltaytg\iv%eggﬁélirgpg'%ééﬁpoi nt within a range of 140C to 220 C and

havi ng a mel t i rMidiedndioofhealyastergemlymer particles is desirably packaged into a container.
Examples of suitable containers to hold the particles are storage silos to hold the particles
while they await shipment from one location to another. Another example of a container is
a dryer hopper attached to an extruder or injection moiding machine. Another example of a
container to hold the particles is a shipping container, such as a Gaylord box, a crate, a
railcar, a trailer that can be attached to a truck, a drum, a cargo hold on a ship, or any other
suitable package used to transport particles. Thus, there are provided containers with
particles which are finished and ready for shipment or in shipment to a customer for.
converting the pellets to an article. The particles have been subjected by the particle
manufacturer to all the processing conditions needed to produce a particle with
characteristics acceptable to its customers who convert the pellets to articles. In the
embodiment where the pellets may occupy a dryer hopper, the converter of pellets places
the bulk of the pellets into the dryer hopper and removes residual moisture from the pellets
to prevent excessive |V degradation during melt processing.

in all these embodiments, the particles in the containers have at a minimum the

following characteristics:
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of at |east the absolute value of 1 J/g, or having one or nore nelting

poi nts which, when neasured on a first DSC scan, has a trace departing from
a baseline in the endothermic direction at a tenperature of |ess than or
equal to 200 2006/038ems t han or equal to 190C, or |ess tpanustfoo9esdsss to
180C.. In a preferred enbodi nent, the bulk of particles are not solid state
polynerized, and in a nore preferred enbodi nent, there is provided a bulk
of particles in a container, nost preferably a shipping container, which
have not been solid state polynerized. The pol yester polyner particles are

solid at ZSCWQ%‘}%@Hg%gE%ﬁgg{)% 721‘&]}:9 gﬁﬂye_st er particles have sufficient melt

strength to tai ner applications such as bottles
and trays. TheB)I10. pbmo’r|dsb©fpeﬂlcymaeétalnehyd€:bed is at least 0.72 dUg. For

le, th th t t I t O. dUg,
ot | east 0. 75 Cheast i Mol Beshs undipinre il aliAk opst Bu e kg s 5w 1
dUg. In apsfd mémﬁ%gamwﬁmrﬁ ran@b@fnmfm@tm OOéHd/IﬁTﬁFn arn’&éll‘iﬂgeéndéﬁﬁ#m' ared

above have an | t | east . The "pol yes pol yrrer of this

i nvent i onof & leasy thenaisebiie yalupof ﬂoqu;@sh@vm@an?@émore mﬂlty@s@%m S phishopedst i ¢
pol ymers pleakitgql 'oH‘éef’ Yst B8CH@nTha 4 fiﬁblé éét?a‘?!u?q frome ?és%'ﬂhé’ nrﬁ{h)é%habtheﬂﬁﬁcy”er S
and thernosetting polymers 1 n that er no ners have

appr eci abtligection @t a dempenature of esatthiancor Qﬂuﬁhf@ ZQOQGI @r |(3$§31ha)1 oplgud to1AR3C,an be

remel ted S o nol ded article, and liquid crystal polyners
and t her n%ggﬁ%&%ﬁgl fgﬁég) gre unsui table for the intended applications

such as pac kagnrag)refermdremmmmgnt thecbutiobithdrticles ke rotsolid aiat&apolyriibezqnblaydst er
Phe pol ymthe B et EoppaRbRrLinds 2 pE b BTN Fliods LracahabR it "
ol ek J"E"ﬁ?’?ﬁz Lol T Eph hal 1 ¢ actd. gf 06T yatcs of { er epht hal ¢

() . o
acid, or mxtul& }ﬁ%?t%ro‘?‘)'y’aﬁrdg QG%BWG@%&%M@M‘%@W& ih??lao ¥estPeast
80 nol e% Eérﬂbl‘é@ h%@é beﬁ@l%nPﬁ'\eﬁtsz'@H@o ik GREm s&@aﬁ(@f&%ﬁfaﬂ%@éﬂ@hcatlons such
PCT/ US2005/ 030534 based on percent of carboxylic acid conponent

resi dues aphottlgs aﬁ@FTQY%eWb%HtV @rf therm!ye@i@;r|pact&leﬁ)lﬁ@ﬁiea«s Qi7d 4. i frriep@mple,
pol yest er BH%Q't M”@che g)ﬁg/bgt%'r |o¥mcfé%'c>éﬁ%%%rt feast's st/ Yr Yelda¥l 678 oLRY, 8P 1Bk at e

are nmade reac
0.81 dL/g, and up to about 1.2 dL/g, or 1.1 dL/g. In a related embodiment, the polyester

polymer particles described above have an {t.V. of at least 0.75 dL/g.

The "polyester polymer" of this invention is any thermoplastic polyester polymer.
Polyester thermoplastic polymers of the invention are distinguishable from liquid crystal
polymers and thermosetting polymers in that thermoplastic polymers have no appreciable
ordered structure while in the liquid (melt) phase, they can be remelted and reshaped into a
molded article, and liquid crystal polymers and thermosetting polymers are unsuitable for
the intended applications such as packaging or stretching in a mold to make a container.

The polyester polymer of the invention contains ethylene terephthalate repeat units
in the polymer chain. More preferred are polyester polymers and copolymers which
comprise:

(a) a carboxylic acid component comprising at least 80 mole% of the residues of

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

(b) a hydroxyl component comprising at least 80 mole% of the residues of ethylene

glycol,
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such as ethylene glycol wth a dicarboxylic acid as the free acid or its
C-C4 dialkyl ester to produce an ester nononer and/or oligoners, which are
t hen pol ycondensed to produce the polyester. Mre than one conpound

cont ai ni ng wardoawzgisg aci d group(s) or derivative(s) thereodeande reacted
during the process. Al the conpounds that enter the process containing
carboxylic acid group(s) or derivative(s) thereof that becone part of said
pol yester product conprise the "carboxylic acid conmponent.” The nole % of

all the conpounds containing carboxylic acid group(s) or derivative(s)

conpound (24 3higtniig Pertig oy FareBie #Bg) Sufen Sioyes B B0 s reweptas
LQ%LOSLS(*L%‘““&“@“‘“EW%@%%{'“2‘2@?‘?5&3?%?%? ot oduct af per saig
conmpound( s) yPieg Qﬁte\ﬁ B2 gl %liaﬁ H§ 'ﬂ@&ﬁ@kﬂﬂacwg@ﬁ)
and furt hgichrelenegertegises! with a dicarboRPlc)Rid éﬁthléq}éé'”&!”d éhﬁ?é O?-C%udﬂévl ¥t80to

| engt h. More than one conpound contal ni ng hyd rox% gr oup or derivatives
t her eof cRIRAUGSAbRREpAPROFET aRdopaligpaars witieh gied e@p@wg@mqe;rﬁedm prodiee the

conpoundspd, 6{7I%Ttere|0|bf‘é %H%n%;dggr%%nd %8%?1! @aﬁbw& RN rSﬂ;S’(‘égé r% lveé%)

derivati ves t'hereof that art yest nprise
t he hydr othgteof carpbe egsctedtieringothe p%czefss Al thelcompoupdstied ententhn proc@s hydr oxyl

Po 160, el ERiEGKER: IERERPLS 1 Lo iRHOHE B e e OReba BB o Voo

t he(rjeof t;ljcay%slw)qmaﬁvmlqbgompnsé timficdrm&ylsc&&icbcomp@th Thetmie °/& of dllithe pgrt i on of
sai d conpoun ich.rema ins roduct er Saj

C ammoundl Smpcus fuEitule bRk dsk tsturBle ey s e ot sk i Phd.c o
group(s) prrodd@raduaﬁpltuelm) Thé\%@ﬂneﬁnﬂ cbmpbwsWM&ﬁlmg%myﬁ@aél@gmup( s)

pol yester poly hai ns_of varyin he nol e% of the%t{Q roxyl

resi dues arrﬁﬁrwav\@&saﬁher@oamaaafee@.t'amé@d Pﬁlyﬁﬁ@r prosyciceters to thepastonyfissidi ned
by proton &‘M%unh g%vfﬁ’&lelfe‘?ﬁélﬁglnetﬁggglﬁ:ﬁ%yesteﬁ' R)d?lel Hest<@id &ﬂhy&ﬁfd Hdpri ses:

(a) a car oxyli1c conponent co | east 90 nol e% or at | east 92
nol e%  oeonglenseshwith @ Gomplogns () comielnm&ydwyl goupe) epd further polyepriensed tovat es

of ter ephfo%ifo@e%t% égg%%g(éﬂ'g%g%ﬁgaﬁﬁéﬁl '05/ 030534 acid,

napht hal ene- oxyl'I'c acl t'i ves of
napht hal ene- 2,Moerditoan bme(ybmpoum:camtainingrhyzltoxylegroup(sb eoderivatides thereof can

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

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

In a preferred embodiment, the polyester polymer comprises:

(a) a carboxylic acid component comprising at least 90 mole%, or at least 92 mole%,

or at least 96 mole% of the residues of terephthalic acid, derivates of terephthalic
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(b) a hydroxyl conponent conprising at |east 90 nole% or at |east 92 nole%
or at least 96 nole % of the residues of ethylene glycol, based on 100 nol e
percent of the carboxylic acid conponent residues and 100 nole percent of

t he hydr oxyWQEHWAGE8E8t resi dues in the pol yester pol ymer PCThs20ne@ei3ikon of

t he carboxylic acid conponent with the hydroxyl conponent during the
preparation of the polyester polyner is not restricted to the stated nole
percentages since one may utilize a |arge excess of the hydroxyl conponent
if desired, e.g. on the order of up to 200 nole%relative to the 100 nol e%

of carboxylic g, ﬁaﬁqﬁa@ﬁ@@t,e-a@sﬁboxﬁtaeacid?gsleweﬁw%é &ﬂ%ﬂﬂﬁéleﬁ@%-@%‘aﬁb‘&?ﬂic

reaction will, however, contain the stated anounts of aromatic dicarpoxylic
aci d resi dues agifsl oeminures ghejpgic@ndr esi dues. Derivates of terephthalic acid

d ht hal ' ‘ ' oW ' hal d
2 naphinal o0t ShATRRN N bengfl nidlitia o paffinth f Akag ihbRa. 8l e =
2, 6- di met hy| nagrst BéInadle % of theaiesiduesoof etivylenedglgecdld conmponent of terephthalic

id, derjvat t ht hal | id,. t hal -2, 6-di | i id,
o vat VRSSO Dbk RAe ok g s A cARpRNSHTeSfst ned0d mofeor it he
car boxyl i geraentdf PG Cohpoierit hesigiedsetie peilottst gilyay | ncl ude one or
nore additi onarl nodi fi er. car bgééléii ¢ acid conpounds. Such additional nodifier

carboxyl i ¢ aci (!i‘_edﬁﬁ?}&ﬂrﬂjéh‘? R CrASIR fvite thehydrexrpemperent during
di car boxyﬂnbcprafaraluorp&rm@Egﬁésteaaayﬁ@mm%%tﬁ&té@toathe!s%sa MU BEceftages
carboxylic acid gro%F$. anpl es “include aronmatic dicarboxyllic a0|8s

pr ef er abl §iNeRQNMEag utiizelalacge BYresabthe hydrepyheemeonarit Falestey:6.¢ actheorder
pr ef er abl i ; OBl | ' ' XYh.i.C
acids pr e?fed}gtéljyﬁﬁ?}%%gé% t'? (é;%l)gﬁcar bonlee{O J(S)frr(%l.Y G‘kﬁ’?‘%@g%@hﬁ"gé@%ﬁgl g-lg bof
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cycl ohex aﬁ@}r%?ih_d&a@%xﬁl&zﬁﬁ@@%@fé& Q‘%@F@ﬁ’iﬁﬁé@?ﬁéﬁc% aci d,

di phenyl - 4, 4' -Dervatdsof yérephihaliclacid @and inaplethalend dicardxglic aciddiaydeadj pCs aci d,
azel aic agi sehaci ¢ aci d,the |i i th isophthalic acid

napht hal eﬁ'@&'xl:‘%-eg‘ﬁgalﬁ%ﬁﬁﬂd?% ':(31 ﬁ'?%ﬁﬁpﬁtg?'@gﬁh3%%%8’5@%%9?@%@?@”%i ng
nmost pr ef gsadinethylnapkihaigdtsl be understood that use of the corresponding acid
anhydrides, esters, and acid chlorides of these acids is included in the 14

WO 2006/ 02874dn pdditiosina diasisbermponest af tepaphthintic iactd. defivates ofterephthalig acid,

possi bl e fhth &IL55 BN ArbELAR AL HemMivES BRI E-D 62dicarboxylic acid, or
mixtures thereof, the carboxylic acid component(s) of the present polyester may include
one or more additional modifier carboxylic acid compounds. Such additional modifier
carboxylic acid compounds include mono-carboxylic acid compounds, dicarboxylic acid
compounds, and compounds with a higher number of carboxylic acid groups. Examples
include aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic
dicarboxylic acids preferably having 4 to 12 carbon atoms, or cycloaliphatic dicarboxylic
acids preferably having 8 to 12 carbon atoms. More specific examples of modifier
dicarboxylic acids useful as an acid component(s) are phthalic acid, isophthalic acid,
naphthalene-2,6-dicarboxylic acid, cyclohexane-1,4-dicarboxylic 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 chiorides of these acids is included in the
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hi gher nunber of carboxylic acid groups to nodify the polyester. In addition
to a hydroxyl conponent conprising ethylene glycol, the hydroxyl conponent
of the present polyester nmay include additional nodifier nono-ols, diols, or
conpounds wWW®2W6/B8GHer nunber of hydroxyl groups. ExanplP€3/UstoosrotisFsi er

hydr oxyl conpounds include cycloaliphatic diols preferably having 6 to 20
carbon atons and/or aliphatic diols preferably having 3 to 20 carbon atons.
More specific exanples of such diols include diethylene glycol; triethylene
gl ycol; 1, 4-cycl ohexanedi net hanol ; propane 1,3- diol; butane-1, 4-diol;
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esterificati on and &ml yf nsat i on Pol est mel t {%i'ase manuf act uri ng
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opt i onal | igoptithAteadi, G?a%ﬂﬁ%lé?fe cﬁéér%)t)ﬁlb%%' eytiGtkahddiithadnBl, 5hA diethylene
esterification zone, lowed by polycondensation in the prepolyner and

fi ni shi ngdl¥eMes in the presence of a polycondensation catalyst; or ester

exchange usualyng Ay ddié RUIBEESHTSostion8 may include blends of polyalkylene terephthalates
and/or polyalkylene naphthalates along with other thermoplastic polymers such as
polycarbonate (PC) and polyamides. |t is preferred that the polyester composition should
comprise a majority of the polyester polymers, more 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 fillers, inorganic compounds or particles, fibers, impact
modifiers, or other polymers which may form a discontinuous phase). It is 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
polycondensation in the prepolymer and finishing zones in the presence of a
polycondensation catalyst; or ester exchange usually in the presence of a
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WO 2006/ 028748 PCT/ US2005/ 030534 transesterification catalyst in the ester
exchange zone, followed by prepolynerization and finishing in the presence
of a polycondensation catal yst. Once the pol yester polyner is manufactured
in the nelt whzweosolsyneri zation, it is solidified. Thepoetukndsd s+
solidifying the polyester polynmer fromthe nelt phase process is not
limted. For exanple, nolten polyester polyner fromthe nelt phase may be
directed through a die, or nerely cut, or both directed through a die
followed by cutting the nolten polymer. A gear punp nmay be used as the
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or twi n sfinishingitthe pessencd oéatplolydenbdrisaﬁmgbatalydt e, optionally at a
tenperature of 190C or nore at the extruder nozzle. Once through the die,
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above its For exanpl e, nolten yner fromthe nelt phase

pol yrer i zauﬁrmtllma@tt@dlcmyswet @Qllefﬁn@ag%sﬁam dofsed cenysy@ncer PaliRtidingvat er
and t hen r tJ-Qn reactor
wher e thep%%%gf}tv@sté{r rﬁg%%'%t' éﬂe\?&r%&?g l&ﬁg&é}%ﬁé\l*ké@ ng nol t en

pol ymer magnttiigedpelletizesssed t o cooI to belowits T9, and then fed to an
underwat er thermal crystallization apparatus or any ot her
The polyester polymer of the invention is partially crystallized to produce semi-

crystalline particles. 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 T4 of the polyester
polymer, preferably at 140°C to 190°C; or any other means known in the art. Also, the
polymer may be §train crystallized. The polymer may also be fed to a crystallizer at a
polymer temperature below its Tq4 (from the glass), or it may be fed to a crystallizer at a
polymer temperature above its Tq. For example, molten polymer from the melt phase
polymerization reactor may be fed through a die plate and cut underwater, and then
immediately fed to an underwater thermal crystallization reactor where the polymer is
crystallized underwater. Alternatively, the molten polymer may be cut, allowed to cool to
below its Tg, and then fed to an underwater thermal crystallization apparatus or any other
suitable crystallization apparatus. Or, the molten polymer may be cut in any conventional
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suitable crystallization apparatus. O, the nolten polyner nmay be cut in any
conventional 16 WD 2006/ 028748 PCT/ US2005/ 030534 manner, allowed to cool

to belowits T9, optionally stored, and then crystallized. Optionally, the
crystallizedVQa0982874% nay be solid stated accordi ng to lkawws20vsbivesis. The
crystallization and annealing are effective to inpart the desired degree of
crystallinity and nelting point characteristics to the polyester polyner.

The pol yester polyner particles have at |east two nelting peaks on a DSC
first heating scan, wherein one of said at least two nelting peaks is a | ow
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on a DSC first heating 'scan is | east the absol ute val ue of t he
area unde@ dtfﬂeéerttlaks;r@nnmc@#gmﬁetarn(Dsﬁ)wrgch mﬁ@aaﬁ%mectamﬂeyaturredmwrm arale a
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the neltin ints o a atin urve. For r cogputin e
orea o the haneng et e pavest pobimeroapislan Bt Ik R TR Y b
t he poi nt pgs\ehe |é\h<pearaﬁ{@tmgwm i& BENSIABrEE tdBS T, ol 2358 yalﬁéwruﬁﬁérh@éiowhe
basel i ne. In this enbodinment, if two or nore peaks aﬁgear on a heat |qrgllscurve

from a DSghichiselassiied ang nzeétm PQakéﬂthﬂthGfar‘?%WQ%éfke atingecurggehaStaist i ng
poi Nt TM ReatRdchi & SAELRIPERLINE value of 1 J/g. If the area under the curve is less than

1 J/g, the uncertainty around whether a curve is truly a peak or not becomes too high.
Moreover, one can determine that at least two peaks exist when the endotherm(s) on a
DSC scan exhibit at least four slopes, a first slope departing from a baseline, a second
slope of opposite sign from the first slope, and a third slope of opposite sign from the
second slope, and a fourth slope of opposite sign from the third slope. The temperature
locations of the peaks on each curve define the melting points on that heating curve. For
the purposes of computing the area of the melting endotherms, the dividing point between
two peaks is at the point between the peaks where the curve most closely approaches the
baseline.

In this embodiment, if two or more peaks appear on a heating curve from a DSC first
heating scan, then the first peak is the low peak melting point Tr,1a, and the second peak is
the high peak melting point Tm1y, such that Tmia < Tme. The low peak melting point of the
polymer particles is within a range of 130°C to 220°C. Preferably the low peak melting

17



the high peak nelting point Trmilb such that Tma < Tm b. The | ow peak nelting
point of the polyner particles is within a range of 130C to 220C.
Preferably the | ow peak nelting 17 WD 2006/ 028748 PCT/ US2005/ 030534 poi nt

of the pol y®Q 206/498748ner has a peak tenperature of at | east/usboshosm at

| east 150C, or at |east 160C, or at |east 170C, and does not exceed 210C
or 200C, or 195C. In sone cases, particularly at low crystallinity due to
crystallization at relatively low tenperatures and/or for short tines,
rearrangenent of crystals can occur so rapidly in the DSC instrunment during

first h t ' 0 t
& ot | o AR e bRt H' &£ e refibelatiebfch e RrCO: BB iBoeEDL "
t enper at wret leasht60°6t er alfleastel 70T, anﬂbdoasn'@mexeemi 2@°ﬁgors’i’ﬁ£0°Ceor WAples. | f

th I h t )
Sean’ b up 1 Sof Haed pRMASIERGE g bryblaliny §ud REdhRap Bate s Balln B
eer [) ! ;anCtedmpeatmteé aatior I‘t?rgﬂhottemkeéa;mraage@erét/ ofedrpstaly eay otcbw rhlpit’.llﬁsin&':it?

exnl ol (0] a. slin | eakK al a m anrae no Iow neltin
peak | 5 eRpbdrmae fuio bistRedtdicins itfscan o Read s miminat helananeiing on
the specifdift is A6t dEréctbd. srtr@rmmﬁemhgep&ﬁ{ ¥&5theh bedskR byn@&rbsé.ﬁg tﬁehemla%ture

heating curve obtained upon a DSC Tirst heating scan nmay e bit an
endot her nfiagpsiaéa efdbe DSE mﬁ@um@mam%ma@rﬁawleﬁ Ifithe: sgmpkadiq@aa low

endot her ”r‘n%lhﬂ?é&éﬁ‘gt WIF?‘B@kseEﬁ(%z t RighbP&nty s ?;E‘;é o%'%? Ho Webkchfih éﬁﬁ%emsl ting

peaks. Al érature ermcsou hi's type I's I ned by
means of uded. d-'wrsehdastamdr&ammqs thak expericheed fdlativelyddgh tmxnparatumstfnr redativelyt to

the der i vage Jebafg@hlleil 3Bl SRR EmR8RaTie 8ol Bt "
departs pduk ipaspadtetcevat atthigheesaanirated) i n the endot herm c direction at a
t enperat ure preferablg{ Ies than or

200C
Lo0e or ! e IR e dnstangs; de (i ecE e hitops S fe moR RSl tetbvant | <

fromthe b@h’e@é ltmiﬁDS@méatlhgﬂurfv@\dbmﬁé?d kadrﬁ@DlSQﬁfn@ﬂ%atm I%E:Qﬁﬁ’mqﬁexﬁlbltraﬁht ur nS to
t he basel i ne but does not cro?s t he baseline. At sti] 'E?her eratures,

the deri veiqoierpif shoulqey ondbe loyy-temeratyrg side PEWE&W ncipake Ot%ﬁfﬂ“‘é@gf R9pends

t owar ds t . i mary
ol 11 g pok RaRy AT <ChbRfle s el eI PRae M Bk R per Ul ntvd by

t he shoul eRgothesmicsinyides of this hpe isdeflinediyaneansofdhe gurvalobiired by takingdbeeen

LSIme" Bt UySEydBllk i A hoBA T e AR BREIOL, I Ui aphiie
as a peak in the derivative curve. With increasing temperature, the derivative curve departs
the baseline (at temperature A) in the endothermic direction at a temperature preferably
less than or equal to 200°C, or less than or equal to 190°C, or less than or equal to 180°C,
then achieves a maximum displacement from the baseline, and then reverses direction and
approaches or returns to the baseline but does not cross the baseline. At still higher
temperatures, the derivative curve reverses direction (at temperature B) and again bends
towards the endothermic direction, marking the beginning of the primary melting peak in the
original DSC curve. The heat of melting represented by the shoulder corresponds to the
area under the original DSC curve between temperatures A and B, and must be greater
than or equal to the absolute value of 1 J/g to be considered a true shoulder. Those skilled
in the art recognize that minor instrumental noise in the original DSC curve can appear as
high-amplitude short-duration spikes in the derivative curve. Such noise can be filtered out

by requiring that all features in the derivative curve spanning less than 5°C be ignored.
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in the art recognize that mnor instrumental noise in the original DSC curve
can appear as high-anplitude short-duration spikes in the derivative curve.
Such noise can be filtered out by requiring that all features in the
derivative Wripec/eB8a8ni ng | ess than 5C be ignored. 18 WOPQDOS1005287353

PCT/ US2005/ 030534 Extrenely high nelting points, e.g. those on the order of
230C or nore, are not needed to effectively dry the polyester pol yner
particles at tenperatures ranging from 140- 190C as once thought. Now there
is provided a polyner particle which is both crystallized and has a | ower
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less than or equal to 190°C, or less than or equal to 180°C. In this embodiment, the DSC
heating curve may exhibit only one melting point, or it may exhibit two melting points. In
any event, the heat history of the particles is such that they exhibit at least one melting |
point which, when measured on a DSC first heating scan, displays a heating curve which
begins to depart from the baseline at a temperature of less than or equal to 200°C. In this
embodiment, the area of the endotherm curve represented by the melting peak departing
from the baseline below or equal to 200°C is at least the absolute value of 1 J/g.

In all embodiments, the area of the endotherm curve may be at least the absolute
value of 1.5 J/g, or at least the absolute value of 2 J/g.

In a preferred embodiment, the crystallizer conditions are adjusted to produce
polymer particles having a degree of crystallinity within a range of at least 20% and a
maximum degree of crystallinity T.max defined by the equation:

Temax = 950% - CA - OH



In a preferred enbodi ment, the crystallizer conditions are adjusted to
produce polyner particles having a degree of crystallinity wthin a range
of at least 20% and a naxi num degree of crystallinity Tcrmax defined by the
equation: TOVRAX&OBOH - CA - OH 19 WO 2006/ 028748 PCT/ UBR0ASL080HB4 wher e
CAis the total nole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 nole % of carboxylic acid
residues, and OHis the total nole % of all hydroxyl functional conpound
resi dues other than ethyl ene glycol residues, based on 100 nole % of
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re preferably, t ellets are crystallized to a degree of crystalljzation
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as set forth in the fornul'a, in many cases the degree of crystallinity does

not exceedearssf enstadinituef 80%h Anpalyestermalyreer meditiedhyith arfterting materiahathehe
Cat'or 1 et [ RigBhielf btk SubRrEl dtcoP it aclebe Bf Epbiahi BB e
sanpl e cohsi exampé, apelpethylens taepithalaterpalymer mpdifjed with 12 reole Yoisoptithalic acid
preferabl Vesfo%)es and 2.7 mole% diethylene giycol residues will have a maximum degree of
crystallinity of 45.3% (50-2-2.7).
More preferably, the pellets are crystallized to a degree of crystallization of at least
25%, or at least 30%, or at least 32%. While there is no preferred upper limit below the
maximum degree of crystallinity calculated as set forth in the formula, in many cases the
degree of crystallinity does not exceed 45%, or not more than 40%.
Pellet melting temperature and the degree of crystallinity are 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 and proceeds upward to
about 290°C at a rate of 20°C/minute. 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/gram. The
heat of melting of 100% crystalline PET is taken to be 119 Joules/gram, so the weight
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a sanple taken fromseveral grams of cryogenically ground pellets. The first
heating scan is perfornmed. The sanple is heated from approxi mtely 25C and
proceeds upward to about 290C at a rate of 20C/ mi nute. The absol ute val ue
of the areawofwédvest®l ting endothernms (one or nore) m npErEHGsABE Of any
crystallization exotherns is determined. This area corresponds to the net
heat of nelting and is expressed in Joules/gram The heat of nelting of
100% crystalline PET is taken to be 119 Joul es/gram so the weight 20 WO
2006/ 028748 PCT/ US2005/ 030534 fraction crystallinity of the pellet is
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Baseline subtraction is performed to minimize the curvature in the baseline.

The low peak melting point and degree of crystallinity of the polyester polymer are

obtained by and influenced by a number of crystallization conditions and other factors.
These conditions and factors include controlling the temperature conditions applied to the
polymer during crystallization, the residence time within the crystallization zone, the nature
of the polymer, the efficiency of the medium used to crystallize the polymer, and the strain
undergone by the polymer. Those of skill in crystallizing polyester polymer are aware of
the suitable conditions in conventional crystallizers to adjust the melting point and the
degree of crystallinity, and can obtain polymers having a melting point and a degree of
crystallinity within the stated ranges for a given polymer composition. For example, mild
thermal crystallization temperatures of 100°C to 200°C can be used at residence times
ranging from 1 minute to 3 hours, the exact conditions depending upon the nature of the
polymer. While these variables affect both the melting point and the degree of
crystallization of the polymer, not all polyester polymers crystallized to the same degree of
crystallinity will have the same melting points, and not all polyester polymers having the
same melting points will necessarily have the same degree of crystallinity. Polyester
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degree of crystallinity, and can obtain polyners having a nelting point and
a degree of crystallinity within the stated ranges for a given pol yner
conposition. For exanple, mld thermal crystallization tenperatures of 100C
to 200C canwbeoosgesisit residence tinmes ranging from1 rnpdyusfods®scksfours,

t he exact conditions dependi ng upon the nature of the polyner. Wile these
vari ables affect both the nelting point and the degree of <crystallization
of the polymer, not all polyester polyners crystallized to the sane degree
of crystallinity will have the sane nelting points, and not all polyester
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di stingui shed from post consumer recycle poIVyrrer. However, while wvirgin
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nat eri al MRIp viraintnaataralcerentisely Of Yirgin Materiabr VHgIn mategalenanihsiidesstap Acrap or
reground | | o s} I | 1y mel t
phase polry ’ﬁdz";{“l‘%'ﬁb@?%?%&s'gbﬁgﬁ%&r ﬁ@géﬂo{%ﬁ%@ggﬁg}’ @%get eﬁﬂé}i r%%bv%glvg@@t er
pol ynmer tvirgin matedaluhay cantaigiscrapuornrapiing materiabin anehembagiment sacramey, i . e.

termer at draguidmipheyscensBFEoRed UEGHBOVRIRES .o os“an al 2o bo used 14 make
e P! Y, TR 8 HleHnn TR oo S RN Bl ™
be renel tvirdin folyestx palyheerito aanolexdlanseight Suithblevierdcdnyaih&eapplitations, i.e. It.V.
Cr VSt ol b P R b SRR b e e 1020
ol ecul aryo veh 90! othbt pricestesar Gishk tigeddo fRaldl#8d polymer compositions of the
invention. For example, a virgin polymer with a level of crystallinity and melting point
outside of the ranges can be remelted, for example in an extruder, followed by thermal
crystallization at relatively mild temperatures (100 to 200 °C). Alternatively, following melt-
phase polymerization to an intermediate molecular weight (It.V. of 0.20 dL/g to 0.70 dL/g),
the polyester can be crystallized at mild temperatures to a degree of crystallization within
the stated range, followed by solid-state polymerizing also at mild temperatures ranging
from 170° to 200° C to increase the It.V. to that suitable for container applications, although
in this latter case‘, the residence time in the solid state polymerization zone is either
increased, the pressure further decreased, the inert gas flow rate increased, or any
combination thereof.
Preferably, the polyester polymer is manufactured in a melt phase polycondensation
reaction to an It.V. of at least 0.72 dL/g . In another preferred embodiment, there is
provided a shippin'g container containing polyester particles which have not been solid-

state polymerized and have the 1t.V., melting point, and AA characteristics described

22



the pol yester can be crystallized at mld tenperatures to a degree of
crystallization wwthin the stated range, followed by solid-state

pol ymerizing also at mld tenperatures ranging from 170 to 200 Cto

i ncrease t hava 208028t48 t hat suitabl e for container applicattosmps@otsnaough in
this latter case, the residence tine in the solid state polynerization zone
Is either increased, the pressure further decreased, the inert gas fl ow
rate increased, or any conbination thereof. Preferably, the polyester
polymer is manufactured in a nelt phase polycondensation reaction to an
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high temperatures applied to the polymer for long times can at times actually over-anneal
the polymer, with the effect that some particles do not completely melt in the melt
processing zone and thereby cause deformities in the molded or extruded product.
Accordingly, it is preferred not to solid state polymerize the particles, and to provide
particles with suitable It.VV. made in the melt phase process for the production of the
particles.

The polyester particles of the invention contain 10 ppm or less acetaldehyde (as
measured by ASTM F2013-00 “Determination of Residual Acetaldehyde in Polyethylene
Terephthalate Bottle Polymer Using an Automated Static Head-Space Sampling Device
and a Capillary GC with a Flame lonization Detector”), and more desirably, about 7 ppm or
less, or 3 ppm or less residual acetaldehyde (“AA"). This may be accomplished by gas
stripping the AA from the particles. Alternatively or in addition to gas stripping, an
acetaldehyde scavenger may be added to the polymer, which has the attendant advantage

of also reducing the acetaldehyde generation rate. If the scavenger is added after the AA
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processi ng zone and thereby cause deformties in the nolded or extruded
product. Accordingly, it is preferred not to solid state polynerize the
particles, and to provide particles with suitable It.V. nmade in the nelt
phase proce®® Jooe0281#8 production of the particles. The potyswbszoparticl es
of the invention contain 10 ppmor |ess acetal dehyde (as neasured by ASTM
F2013-00 "Determ nati on of Residual Acetal dehyde in Pol yethyl ene

Terepht hal ate Bottl e Pol ymer Using an Automated Static Head- Space Sanpling
Device and a Capillary GC with a Flanme |onization Detector"), and nore
desirably ] ,
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composition is not particularly limited, and includes nitrogen, carbon dioxide, or ambient air.
The gas does not need to be dried, since the function of the gas is not to dry the pellets but
to strip residual AA from the pellets. If desired, however, the gas may be dried.

While gas stripping of acetaldehyde may also occur in the dryer feeding the extruder
for making an article, it is preferred to feed the dryer with polymer particles already having
10 ppm or less of residual acetaldehyde in order to reduce the gas flow used in the dryer
and/or improve the quality of the articles made from the extruder. Moreover, in an AA
stripping process, dry gas is not required to strip the AA from the particles, whereas in a
drying process, a stream of dried air is circulated through the particles primarily to reduce
the moisture on or in the particles with the secondary advantage of also removing AA.
Thus, in an AA stripping process, ambient air can be and preferably is used as the stripping
medium. ‘

Thus, in one embodiment, particles having an It.V. of at least 0.72 dL/g and either a

degree of crystallinity within a range of 20% to Te¢max, OF @ low peak melting point in the
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conposition is not particularly limted, and includes nitrogen, carbon

di oxi de, or anbient air. The gas does not need to be dried, since the
function of the gas is not to dry the pellets but to strip residual AA from
the pel | et sWQ2006[@28748ed, however, the gas nmay be dried. YiTius20gaesostsri ppi ng
of acetal dehyde may al so occur in the dryer feeding the extruder for making
an article, it is preferred to feed the dryer with polyner particles already
having 10 ppmor |ess of residual acetal dehyde in order to reduce the gas
flow used in the dryer and/or inprove the quality of the articles nmade from
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reduce the Teve tal
gas flows through at least a portion of the particle bed, preferably through at least 50

volume % of the bed, more preferably through at least 75% of the particle bed volume.

Any gas is suitable for use in the invention, such as air, carbon dioxide, and nitrogen.
Some gases are more preferred than others due to the ready availability and low cost. For
example, the use of air rather than nitrogen would lead to significant operating cost
improvements. It was believed that the use of nitrogen gas was required in operations
which pass a hot flow of gas through a bed of particles at temperatures above 180°C, such
as in a crystallizer, because nitrogen is inert to the oxidative reactions which would
otherwise occur between many polyester polymers and ambient oxygen resulting in pellet
discoloration. However, by keeping the process temperature low such that the gas exiting
the vessel does not exceed 190°C, particle discoloration is minimized. In one
embodiment, the gas contains less than 90 vol% nitrogen, or less than 85 vol% nitrogen, or
less than 80 vol% nitrogen. In another embodiment, the gas contains‘oxygen inan
amount of 17.5 vol% or more. The use of air at ambient composition (the composition of the
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in the particles fed to the vessel. Preferably, the gas introduction point
Is to the lower half of the bed height in the vessel, and nore preferably
to the lower % of the bed height. The gas flows through at |east a portion
of the partwemodaesrdspreferably through at | east 50 vol eaeUSHad030d3e bed,
nore preferably through at | east 75% of the particle bed volune. Any gas is
suitable for use in the invention, such as air, carbon dioxide, and
nitrogen. Sone gases are nore preferred than others due to the ready
availability and |l ow cost. For exanple, the use of air rather than nitrogen
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t owar d t heessektodonmbé bed of pegisiss, andrihe pgaticléssslowlyidespend dawn drrilesgthi ofthe t he

e o " b 30 cthe Mo palfctute e AR e g Vol M Banilly
is not limited, but is preferably at a substantially constant height in a continuous process
and is at least 75% of the height of the vessel containing the particles within the stripping
zone. The vessel preferably has an aspect ratio L/D of at least 2, or at least 4, or at least 6.
While the process can be conducted in a batch or semi batch mode in which as the
particles would not flow and the stream of gas can be passed through the bed of particles
in any direction, the process is preferably continuous in which a stream of particles
continuously flows from the particle inlet to the finished particle outlet as the particles are
fed to the vessel:

A suitable gas flow rate introduced into the vessel and passing through at least a
portion of the particle bed is one which is sufficient to reduce the amount of residual
acetaldehyde on the particles introduced into the vessel. For example, for every one (1)
pound of particles charged to the vessel per hour, suitable gas flow rates introduced into
the vessel are at least 0.0001 standard cubic feet per minute (SCFM), or at least 0.001
SCFM, or at least 0.005 SCFM. High flow rates are also suitable, but not necessary, and
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and nove by gravity to the bottom of the vessel, while the gas preferably
flows countercurrent to the direction of the particle flow The particles
accurmul ate within the vessel to forma bed of particles, and the particles
sl owl y desc&¥i208¢/(048748he | engt h of the vessel by gravityPCoustes/ésosssshed
particle outlet at the bottomof the vessel. The bed height is not limted,
but is preferably at a substantially constant height in a continuous process
and is at |east 75% of the height of the vessel containing the particles
within the stripping zone. The vessel preferably has an aspect ratio LID of
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acet al deh%@a‘%atl'g @E)o éd’géﬁf $EVERING FRMpeReN B’lﬂ@ﬂ%ﬁst% ﬁ_l'?é?e near

the end Oéoﬁcaﬁtrafékkaﬁba%edea QR émd@? dr'ﬂ&m@@l'iéb@?é‘or%of%ld §&Nendlhgndi ng t he
high IV particies with the scavenger. Addition scavenger to the nelt-

phase pr oeRMBReNSAt 62N be YRS VigeoRHaP. U@aameeerwsoflth@ aeifsphass Presdustioppither abl y
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under vac nor e
can be blended W|th polymer particles at temperatures which maintain both types of

particles in the solid phase. The blend of concentrate and polymer particles can then be fed
to an extruder, preferably an extruder used to mold plastic articles, such as bottle preforms.
A melt-phase process to produce polymer particles can employ a combination of
acetaldehyde stripping and acetaldehyde scavengers added near the very end or exit of the
melt—phaSe process. The particles exiting the stripping zone can be blended with
concentrate particles at temperatures which maintain both types of particles in the solid
form. \

Examples of effective acetaldehyde scavengérs are any of those known in the art,
and in particular, amino-terminated polyamides having a molecular weight of less than
25,000 g/mol, or less than 20,000 g/mol, or less than 12,000 g/mol, and preferably the
reaction products of adipic acid with m-xylylene diamine. The end groups of these
polyamides form 'imines’ with AA and virtually bind it into the polyamide chain ends. The
amino-terminated polyamide acetaldehyde scavengers disclosed in U.S. Patents No.
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after the finisher stage. Conpounding to form polyner concentrates with
relatively high |[|oadings of an acetal dehyde scavenger is known in the art.
The pol yester concentrate contains at |east about 0.5 wt. % of the
scavengi ng WEM909eEAT48i n t he pol yester. These concentr at BET/USRMVBTAded Vi a
an extruder, or liquid dispersions of said scavenging conponent can be
added via a punp, near the end of the nelt-phase production of the polyner
while the polynmer is still nolten. Alternatively, these polynmer concentrate
particles can be blended with polyner particles at tenperatures which
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AA and vi rt ualAydrinagolyestenpelymeepadichearin adrningzonetodyoduueedried particles;

am no-ternm nat disclosed in U S. Patents
No. 27 V\o2006%'"-7&‘?@6@?8@%@@%@%@aﬁgﬁ%ﬁﬁg%éem, 6, 239, 233, 5, 340, 884,
5, 266, 413, and>)3n@ligg fedpolyesteripebyongraradiates ihdhemeltiprocessingrzeneeandh t hei r
entirety. At vatlves may be used, such as

t hose di scl osﬁéﬁ%ﬁbéﬁaﬂaéﬁ‘&%%@r‘bé%%ﬁé’%ﬁf 275 and 6, 274, 212 B,
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ol ymer i cl es made with t st rties,,the to
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noi sture &ff WPpEhSr l@s‘stérﬁd ﬁf@e AGEt elwsiemn?tdéfak@ wr%réhsdheﬂff%}élddéiqlea%t fi@g hod of
melt processing yester polymer particles conprisi nqp yi ng pol yester

pol ymer p@ﬁlﬂnem@@fzs i$ %.IOWFBﬂQKQanMQEp@‘Bt withj @dange pfewopa i2¢ e§ ‘and having a
melting endotherm area of at least the absolute value of 1 J/g.

The drying zone comprises a dryer. Dryers feeding a melt processing zone reduce
the moisture content of particles. Moisture in or on particles fed into a melt extrusion
chamber will cause the melt to lose excessive It.V. at melt temperatures by hydrolyzing the
ester linkages with a resulting negative impact on the melt flow characteristics of the
polymer and stretch ratio of the preforms when blown into bottles. Therefore, prior to
extrusion the particles are dried with a flow of hot dry gas at a temperature of 140°C or.
more to drive off most of the moisture on and in the particle. It is desirable to dry the
particles at high temperatures of 140°C or more to decrease the residence time of the
particles in the dryer and increase throughput. In general, the typical residence time of
particles in the dryer at conventional temperatures (140°C to 190°C) will be on average
from 0.75 hours to 12 hours.

Any conventional dryer can be used. The particles may be contacted with a flow of
heated air or inert gas such as nitrogen to raise the temperature of the particles and
remove volatiles from inside the particles, and may also be agitated by a rotary mixing
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B) introducing the dried particles into an nelting zone; C nelting the
pol yester polyner particles in the nelt processing zone, and D) form ng an
article fromthe nolten polynmer; wherein the polyester polynmer particles
i ntroduced W 906/928748r yi ng zone conprise at |east 75% vechuseopodysst er and
have an It.V. of at least 0.72 dl/g, a residual acetal dehyde content of 10
ppm or |ess, and have at |east two nelting peaks, wherein one of said at
| east two nelting peaks is a |l ow peak nelting point within a range of 140C
to 220 C and having a nelting endotherm ar ea of at |east the absolute val ue
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I b/ hr of TYAPE, stam thet dicests dhepelymer B eng/Y BeisHMAd cayitiep A %‘F"E‘pfen‘? rfbduced

into a n%bndaa%ﬁs&éuﬁweszga&uewefamﬁ (BaiBbAEN pol yester polymer, followed by
formng an article such as a sheet or a 'nolded part. Any conventi onal

t echni que used h@d)aml mayaonfa ere anmoriemperatie zaneshdheftermperature zone of
maximum temperature applied along the length of the barrel is typically closest to the die

plate in an extruder. The maximum temperature in the zones across the length of the
barrel may range from a minimum sufficient to melt the pellets up to a temperature where
the polymer degrades significantly or burns. Typically, in an extruder barrel, the maximum
temperature applied to the barrel in the process of the invention can be as low as about
250°C, or 255°C, up to about 305°C. Suitable backpressures and shear rates vary
depending upon the particular peak barrel temperature, desired throughput, the polymer
composition, and the morphology of the particles. In general, backpressures may range
from O to 700 psig, or about 100 to 200 psig. Suitable screw speeds are within a range of
40 to 100 rpm, and suitable melt residence times in the barrel range from 30 seconds to 3
minutes.

By using particles having the stated It.V., melting points, and low level of residual
AA, optionally and preferably also with the stated degrees of crystallinity, the acetaldehyde
level generated during the melt processing of the polyester polymer into an article can be
lowered. By using the particles of the invention, one or more of the following advantages

29



can be used. Suitable nelt processing zones include extruders equipped with
a barrel, one or nore screws in the barrel, a notor to turn the screw,
heating el enents to direct heat through the barrel to the particles, and a
die plate t N\YOUYHOMASch the nolten polyner is forced. TireTdiszosespsize a
sheet die, optionally connected to a thernoform ng nold. Another nelt
processing zone is an injection nolding nmachi ne equi pped with the sane
features, except a sprue is used instead of a die through which the pol yner
is forced into a runner systemthat directs the polyner into one or nore

(par i somcenBReg eI R eheflind aelruftE R He e gy A ok BBl ™

t enper at wiceomingly: of  maxi num t enper at ure appl i ed al ong the | engt h of the
barrel is typical Ily_/%closest to the_di n_an ext '

f r., The rTPXI mum
Cenperat ure. | ¢ netossenerey edsumieon B inof e Sng i Fipe cARg T om
m ni mum sdxkrfied cﬁﬁﬁjebtﬁbmbldlr}ﬂﬁaﬁﬁﬂ\é ahé ptiRert @nibet SGPRIpMiEd € theasclew Hidfor or

pol ymer de%a es significan or burns. Typically, in an extruder barrel,
t he maxi riame healgrsiAde pat a&?@lt?%'BW?E?dt he barrel in the process of the

i nvention cangbe agpd Péfg.@e%c@bmoftﬁ’é@%n b%'?r@%ah‘Be‘l&N&QQUértﬁ@%?eraﬁ‘ékélébl e

backpressures and shear rates var upon the particul ar

barrel t dimeefthamelt chadia loweret, mﬁgatpmlso re@cmgltbaeacetaddﬁm'dggengwte indhe he

nor phol o Sm?\z I essures may range fromO to
700 psi g?r}{%lféniggﬁ Bicfé%ﬁ1%l@ﬁa wﬂg%@%gh@%rew speeds are within a range
of 40 to 1003r pm Thedcreui nnajabe r@taﬂatbghdermelmlumeswlihnut inerdaainggloweange
from 30 secaonds

t i cl ' t tated Lt.V.,
ol i g o egptaharall FBb ot HE AT ol ade e R e dfa T Herlol
T 1 ot e iy ot iy e
grt icle ggﬁreb qudﬁg'l‘“é'ag r‘@yarﬂgﬁ"ﬁé’f ?a%alﬂﬁf‘lfqeecggbe)(%?edt'ﬂgﬂ? H%/?gﬁt i on, one or
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be realized if the operating paraneters in the melt processing zone are
adj ust ed compietelyi ngly: 1. Lower energy consunption to the nelt proceSS| ng

zone. In the gase I dﬁg{u
(anper age) appli ed?b%%teﬂrg@s%fre %rlrl{) r(:hﬁjrb%%\}v%ﬂnﬁLég%%? ¢ g%%ﬁ can be

| ower ed. operate the crystallization equipment.

Accordingly, in one process embodiment, the energy consumption of an extruder or
injection molding machine can be reduced by:

A) if a drying zone is present, drying the particles in the drying zone to produce dried

particles;

B) feeding the particles into a melt processing zone, or if a drying zone is present,

feeding dried particles into a melt processing zone;

C) melting the particles in the melting processing zone, and

D) forming articles from the melf;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if
present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 di/g, have a
residual acetaldehyde content of 10 ppm or less, and have at least two melting peaks in
which one of said at least two melting peaks is a low peak melting point within a range of
140°C to 220 °C and having a melting endotherm area of at least the absolute value of 1
J/g; and the melt processing zone comprises a barrel, a die or orifice, and a heating
element directing heat to the barrel; and the temperature setting of a heating element
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2. The residence time of the nelt in a barrel can be |owered, or the overal
cycle tinme of the nelt can be | owered, thereby al so reducing the
acet al dehyde generated in the nelt and possibly increasing throughput of

t he machi ne WB2006/98748cr ew may be rotated at hi gher revol BCT/OR®OVIDIISUL

I ncreasi ng power consunption, thereby al so reducing the anmount of
acet al dehyde generated in the nelt. 4. The tenperature applied to the barrel
by the heating el enent can be |lowered, thereby also reducing the anount of
acet al dehyde generated in the nelt. 5. If desired, the processing step of
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of a heati nt 30 WO %%06/ 028748 PCTI US2005/ 030534 d re E.l,l'
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formthe Igcyy@/eartlﬁgg grqm:@, ipgnelt points will affect the minimum processing setpoint
temperature in the melt processing zone, where every degree difference significantly

impacts the acetaldehyde generation rate.

In this and other process embodiments identified below, the invention is practiced
within the claims without the necessity of actually making a polyester polymer particle
having a low peak melting point exceeding 220°C and melting it in the melt processing
zone as a benchmark. Rather, the process invention is practiced without establishing the
benchmark. The benchmark only serves as a useful measuring tool to determine if the
settings to, for example, the heating elements, motor power, or the residence time and
screw speed as practiced are within the scope of the invention, and the invention can be
practiced without actually taking such a measurement.

The polyester particles of the invention also require less energy to melt relative to
the total power that would be applied to the motor and to the heating element at the same
settings to melt process a polyester polymer having a degree of crystallinity exceeding
Temax but having the same It.V, same composition, and at an equivalent melt residence time
within the melt processing zone to form the same article having substantially the same level
of haze. The amperage demand from the heating element and the screw motor is lower

relative to the amperage demand when using the particles with higher degrees of
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substantially the sane | evel of haze and applying all of the sanme settings
in the nelt processing zone other than the tenperature setting. In this
operation, the tenperature setting on the heating el enment can be | owered by
about at | eW€x2046928W@B by about 1 C to 5C or nore since tPET/USAO5H86834 el ti ng
poi nt of the polyester polynmer of the invention is wthin 130C to 220C.

Al t hough the differential between a polyner having a | ow peak nelting point
or a single peak nelting point of about 240C or nore and a polymer having a
| ow peak nelt point of 220C or less is 20C or nore, this difference in
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using the particles with higher degrees of 31 2006/ 028748
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motor and heating elements. For example, by using the particles of the invention, the same
power can be applied to the motor to deliver a higher screw speed, thereby optionally
increasing the throughput and lowering the residence time of the melt in the barrel.
Accordingly, there is also provided another melt processing embodiment comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce dried
particles;
B) feeding the particles into a melt processing zone, or if a drying zone is present,
feeding dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and
D) forming articles from the melt;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if
present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 dlI/g, have a
residual acetaldehyde content of 10 ppm or less, and have at least two melting peaks in
which one of said at least two melting peaks is a low peak melting point within a range of
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rpmon the screw. By using the particles of the invention with | ower degrees
of crystallinity, one will find that the total power draw to the heating

el ements and the screw notor will be lowered. If one desires to establish a
benchmar k, WE208@28748gs to t he heating el ement and the POUOs200d/3853hed to
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changed, the residence time of the melt in the barrel can be decreased by using the
particles described above, optionally with the melting point characteristics described herein.
By lowering the temperature and/or residence time of the polymer melt in the barrel, the
amount of AA generated during processing can be lowered, and thus the residual AA level
in molded article can also be lowered.

Therefore, another embodiment is provided for melt processing polyester polymer
particles comprising:

A) if a drying zone is present, drying the particles in the drying zone to produce dried

particles; \

B) feeding the particles into a melt processing zone, or if a drying zone is present,

feeding dried particles into a melt processing zone;

C) meiting the particles in the melting processing zone, and

D) forming articles from the melt;
wherein the polyester polymer particles fed to the melt processing zone or to the dryer if
present comprise at least 75% virgin polyester, have an It.V. of at least 0.72 dl/g, have a
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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.

In each of these embodiments, the articles of manufacture are not limited, and
include sheet and bottle preforms. The bottle preforms can be stretch blow molded into
bottles by conventional processes. Thus, there is also provided in an embodiment the
bottles made from the particles of the invention, or made by any of the processes of the

34



present conprise at |east 75%virgin polyester, have an It.V. of at |east
0.72 dl /g, have a 33 WD 2006/ 028748 PCT/ US2005/ 030534 resi dual

acet al dehyde content of 10 ppmor |ess, and have at |east two nelting peaks
in  which oW® 2906/28748 at | east two nelting peaks is a | oncpesdosbs ng poi nt
within a range of 140C to 220 C and having a nelting endotherm area of at

| east the absolute value of 1 J/g; and the nelt processing zone conprises a
barrel, a heating elenment directing heat to the barrel, a screw rotating
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acet al deHjraiéind Blustrative exanpissnds, reheat rate enhancing aids, sticky bottle
additives such as talc, and fillers and the |like can be included. The resin
may al so contain small anpbunts of branching agents such as trifunctional or
t et r af uncthpparlatic® PRAAPRI$ such as trinellitic anhydride, trimethylo
propane, pyronelli1tirc dianhydride entaerythritol, and other polyester
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with ethylene glycol, followed by prepolymerization and polymerization to an inherent

viscosity of about 0.62 dL/g. The polymer was then continuously crystallized and solid-
stated in a conventional process. The level of residual acetaldehyde in the pellets was less
than 1 ppm as measured by ASTM F2013-00.

In each of the examples, about a 10 mg sample of the polymer was analyzed by a
DSC first heating scan starting at about 25°C and ramping up to 290°C at a heat-up rate of
20°C/minute. 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/gram. The heat of melting of 100%
crystalline PET is taken to be 119 Joules/gram, so the weight fraction crystallinity of the
sample was calculated as the net heat of melting divided by 119 J/g. The initial melting
paint of the sample was also determined using the same DSC first heating scan.

In each fo the examples, the percent crystallinity was calculated from both of the low

peak melting point, Trm1a, and the high peak melting point, Tm1, endotherms.

35



bottl es by conventional processes. Thus, there is also provided in an

enbodi nent the bottles made fromthe particles of the invention, or nmade by
any of the processes of the 34 WD 2006/028748 PCT/ US2005/ 030534 invention
or nmade by WQ200@?8Bd8ti onal nmelt processing techni que uspagusioas/sesssi cl es of
the invention. Not only may containers be nmade from particl es 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 nolded articles nmay al so be manufactured using the
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t er epht ha@f/ éol ymer nodified with 3.0 nol e% isophthalic acid and 2.7

nmol e% di et hyl ene gl ycol and having an intrinsic viscosity of 0.84 dL/g was

anal yzed for its nelting point and degree of crystallinity. The pol yner was
commer ci dExample@duced by the esterification of terephthalic acid with

et hyl ene gl ycah.: I B L Zatd - hol i Zait | -
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was anal yiokelwdybpmeldpreddlyméridation iand pdhaterizttidrt tongh intringlouscodfopatsbut e/gRi ng
up to 290&/at a egt-ulpl%azﬁte of 20C/ m nute. The absol yute vah e ?‘f .the area
of the meftnk WARIBEREVREIESH " B CORTONS PrRGRSE DY ASaIPad: tBroUgh jwo horizontal
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[
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gir ziség'd' L@hiﬂ é’%fj‘}ég?ﬁ'wﬁ.bﬁ fgfﬁ%@étl@#g&i% A8 vbS& BFhbdRAB50T. Teddiddnde
time of the polymer in the vessels was about 30 minutes. The level of residual
acetaldehyde in the pellets was 125.6 ppm.

A 10 mg sample was analyzed by DSC according to the same procedure as set forth
in Example 1. Two melting endotherms were observed, the lower of which at 180 °C is
defined as the actual melting point. The area of the endotherm represented by the low melt
peak Tm1a Was measured at 3.78 J/g, and the collective area of the endotherms was
measured at 40.5 J/g, indicating about 34.0% crystallinity. This polyester would require

about 16.5 J/g less energy to melt than the polyester described in Comparative Example 1.

Example 3 \
This polyester polymer was also modified 3.0 mole% isophthalic acid, and contained

about 3.6 mole% diethylene glycol. Its intrinsic viscosity was about 0.82 dL/g. This
polymer was produced by the same melt-phase polymerization process described in
Example 2, and then crystallized in a batch rotary double-coned dryer by heating the
polymer up to 180 °C for several hours, then cooling back to ambient. The level of residual

acetaldehyde in the pellets was 6.4 ppm.
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poi nt of the sanple was al so determ ned using the sanme DSC first heating
scan. In each fo the exanples, the percent crystallinity was cal cul ated from
both of the low peak nelting point, Tma, and the high peak nelting point,
T b, endot Wéx24e6/02888\WD 2006/ 028748 PCT/ US2005/ 030534 | PCEHSH0HBIBhe
exanples, the intrinsic viscosity was determ ned from solution visconetry in
60/ 40 wt/w phenol /tetrachl oroet hane by the nethod descri bed above. The
results in this exanple showed one endothermwith a Tml b nelting point at
236 C. The area of the endot hermwas measured at 57 J/g, indicating a

d f t4al t
rodl 11 e it 1 Hapiple S flaliidd 67058 decorall & O LURR ﬁ%%%%*%?%%“’?@'%
di et hyl emeExgmplel1. Twe nieliingi ensiotherins eese 'opsewaed dbe lowed o8 Whitbicat TBAEC i IS

ol yester ce st f t f t h

Byt one TORh T el R BRIG R 55 ohER SR SR BBR SR indfimi o "an
i ntrinsi pedk Inpsvay g@efasattmwt 8RBAg, ﬁﬂdgtheldolluﬁ&etdnmabm?esmaldnsémé(rjmﬁ\l/vas ed
conti nuous rocess assing it thraou ri ta acke el ongat e
vessel s \Pf H‘?ﬂe‘?t 4a%r’@a?‘@iﬂ’ s‘/gabq’tgﬁg é&ﬂf? "‘rgtﬁfaf &RQ'YPJF%{d’Y%H‘i?qu”H%u%t ed
paddl es. ahBgt 112G UIgIEsSBAEHTS ek Wha Bd ﬁoWe@téB'@le&&rﬁ)eldaﬁ mparstivestxaipid $0 C,

which yielded a tenperature for the pelléts exiting the vessel of about 165
C. Residence tine of the polymer in the vessels was about 30 m nutes. The
level of desiHual |glgdehyde in the pellets was 125.6 ppm A 10 ng sanple
was anal d| ng to the same procedure as set forth in Exanple
1. Two nel ti nghisrbiyastarpolymear avastatzr medified mithl Hiverolesh isaphtitaliaacidgond: i s
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A 10 mg sample was analyzed by DSC according to the same procedure as set forth
in Example 1. As in Example 1, a single melting endotherm was observed at 241 °C, and
was taken as the melting point of the polymer. The area of the endotherm was measured
at 62.5 J/g, indicating about 52.5% crystallinity. This polyester requires about 5.5 J/g more
energy to melt than the polyester described in Example 1.

Comparative Example 5
The polyester polymer particles of Example 1 were injection molded to determine the

minimum processing setpoint temperature at which they could be molded before
unacceptable crystalline haze appeared in the preforms as determined by direct visual
inspection of the preforms.

The injection molding was performed on a Husky LX160PET hot runner injection
molding machine with robotic post mold cooling and with an 8 cavity, 24.6 gram, 20 ounce
bottle preform mold. The injection molding conditions were a uniform temperature profile in

the barrel and shooting pot at the prescribed temperature with nozzle tip heats of 40% and
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Exanple 2, and then crystallized in a batch rotary doubl e-coned dryer by
heating the polynmer up to 180C for several hours, then cooling back to
anbient. The level of residual acetal dehyde in t he pellets was 6.4 ppm 36
VIO 2006/ 028 PABBEH281982005/ 030534 A 10 ng sanpl e was anal §EBUSIHYS/DE34
according to the sane procedure as set forth in Exanple 1. Two nelting
endot herns were observed, the lower of which at 194 Cis defined as the
actual nmelting point. The area of the endothermrepresented by the | ow nelt
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gram 20 tagopen threaded neck contactlng the top of the transparent plate over the lamp. Normal
amounts of gate crystallinity, generally distributed concentrically and evenly about the gate
vestige, were judged to be acceptable. Unacceptable haze was judged as that occurring
slightly further away from the gate and is indicated as generally faint, streaky, and
asymmetric. This type of haze is caused by excessively cold polymer melt temperatures,
indicating that the minimum processing setpoint temperature in the extruder had not been
achieved. The minimum processing setpoint temperature is determined by dropping the
barrel temperature setpoint for each run until preforms are made which have unacceptable
crystalline haze. The range of minimum processing setpoint femperature is bracketed by
the minimum setpoint tempefature which produced preforms that had acceptable haze and
the closest lower setpoint temperature at which the haze of the preforms was
unacceptable.

The particles of Example 1 were injection molded in this manner. Preforms made at
275°C had acceptable haze, at 265°C were acceptable, at 260°C were unacceptable, and
to tighten the range, another run at 262°C was found acceptable. Therefore, for this
material, the minimum processing setpoint was found to be between 260 °C and 262 °C.
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bottl e preformnold. The injection nolding conditions were a uniform
tenperature profile in the barrel and shooting pot at the prescribed
tenperature with nozzle tip heats of 40% and 37 WD 20061028748

PCT/ US2005/ 9@@0@028048 pr ue bushi ng heat of 10% The pel | eecr/veoes/Bisst dri ed
for 7 hours at 150C and then held at 65C until transferred to the hopper of
t he nol di ng machi ne. The machi ne was started up at a tenperature of 275C,
with a uniformtenperature profile across the barrel, shooting pot, and
mani fol d zones. Wien the process tenperatures had stabilized to within

about +/ - the setpoint, about 6 mnutes |ater sanples of preforns
wer e col I%Xé&ggé-gThe screw speed was set to 69 rpmwith a backpressure of

128 psi g. Sanphegpolyester polgmes of Erampladhwadiojectien enaldéd cdetdrmife thecomairsampl e

run, 8 npreforns, f.r ach.cavity, re.collected fqr, visual inspection
of haze. PROTRRG sehRoiBf AN 1 SBH e maed pRfirs Fiaisetebie BN ER ool ng
time of Zappeae@and® prafdrmansirgytheisameqrotdcdlhindseersisndatdsan Eeanplersy, tinme
of 3.31 seconds were enpl oyed to_give an overall c%’cle tinme o&é )

appr oxi meXEERt thy the sere rﬁP;e.ed\W%ﬁ@ kPR Backpresskire Was dsrhs e Hars'edimer med

by i I'l umpgy 2 59 sbishdR! BeeEowr) imd watM.9 $eEdRBIOP PR kEle itifeddt 1@iher wi se
dark room The preformwas placed vertically wmth the Open threaded neck

cont act i rfi§CPMds.- t op of the transparent plate over the lanp. Nornal anounts

of gate cryst aldpphd vaadgj%l'fj‘ggg‘]éi Had Eg&gg{% RaZ ANOBONC WAl adcdpbiblE R Dgkcabout

t he gate vestige, were A naccept a aze Was
j udged aswermamacesptatie,rand teltighten! the rangeh anotheriyn fat 257G avagdoendhacteptable.

Hndi cat _ Lt . . e : .
caused by RS s PhA e SR pretaSs RIS ORL as follsp L ¥8DeReclf P, L °
m ni mrum #2556 and2H73@t Pbe idwdrangléngpoinandiortithe loswe rdeteee bacrystatliniyefon this

achi eved. The nini rocess| setpoint tenperature.i.s determ ned by .
ir opp! ng TSN AIPAEY T RRIAEY I ce BlchE Moldegh X dOWeF UMY [SpreEr G Ui
made whi giropéieadiiaéd fidlcifd Eonditiors! shdricheydié imes HiRl 16@BEAAQendtationare
processing setpolnt tenperature is bracketed by the m nimum set poi nt

t enper at RASSRIG Wi 1HiRRIVBET pr ef or ns t hat had accept abl e haze and the

cl osest | ower setpoint tenperature at which the haze of the preforns was
unacceptable. The particles of Exanple | were injection nolded in this
manner . rativ 7

The same material as in Example 4 was injection molded to determine the minimum
processing set point at which it could be molded before unacceptable crystalline haze
appeared in the preforms using the same protocol and haze standard as in Example 5,
except that screw speed was 59 rpm, the backpressure was 129 psi, the transfer time was
4.4 seconds, the recovery time was 0.84 seconds, for a total cycle time of 18.1 seconds.
The fill speed was increased to prevent short shots.

Preforms made at 265°C had unacceptable haze, at 270°C were marginal, with
severe gate crystallinity, and at 275°C was found acceptable. Therefore for this material,
the minimum processing setpoint was found to be between 265 °C and 270 °C. However,
the melt temperature needed to be raised to 275 °C to reduce the gate crystallinity to an
acceptable level. The higher melting point and/or the higher degree of crystallinity for this

material required the material to be injection molded at a higher minimum temperature.

Example 8
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275C had acceptabl e haze, at 265C were acceptable, at 260C were
unacceptable, and to tighten the range, another run at 262C was found
acceptable. Therefore, for this material, the m nimum processi ng setpoi nt
was found t¥HWGEBWEen 260 C and 262 C. 38 WO 2006/ 028FABUS2005/030534

PCT/ US2005/ 030534 Exanple 6 The pol yester polynmer of Exanple 3 was

i njection nolded to determne the mninmum processing set point at which it
coul d be nol ded before unacceptable crystalline haze appeared in the
preforns using the sanme protocol and haze standard as in Exanple 5, except

that the scre : Wéwwﬁ ' ransf er
time was 2.6%%%%5%%%@%{@%“{32'&3\}% | S 1.%%@%‘%\%@?\}? ?I%\)éfgfi al cycle
time of Iesidual seelaldgbyddoidess thanrfddeprathaBe@MLY. atatdpastifl. & dig; end &ith@60C
were acc 255 I t J b range,

anot her %8%9%5{ %ét'ﬁﬁg%g\tﬁ\ﬁ%@%@gﬁ%%%g a?ﬁ%ﬁgftm&g%g?%%gael%%ggﬁal, t he
lm' ni mum l[m@ttrgsscbint;ha/iﬁgda;)péak tequlferétotm\githia ahen%]mbmcltlaf&amar?d?rﬁﬂﬁg ahe
ower meltirn oint and/or the | ower ee of crystallinit or, this

mat er i al YRR AR of 21 east e sPrplHis AP ot YEuSk MPITERANt e T m

t enper at wigasukld h tHeITIPE fitst hasling s, WhkEHiMthearird! ddpans frofh@bhsdlingYet ti nes
and | ower AA generation are possible with this polyner. Conparative Exanple

7 The sarf@dtheanicaliregtion af adegraeralure ofdess ipeer Paval 1B PERE-t o determine the
M ni num  pr oc e diif&8ht &ﬂ;‘lé’iﬁylé‘ﬁe Y&Pé&hr&&éteodﬁﬁbg &B@Ifrr@!s Meﬁgiﬂg ﬁréree

unacceptabl e crystalline haze appeared in the orns usin sane

pr ot ocol diffetemt-gesmetigsefmelletshapesrndpizes Biere placegin a Auidized bed reaaiercangas 59
th ' ' th
Fecovery TRER BMECIIOT, A600R) 165 Pl S T iolPay ndhy I st | "7,
fill speed hwass.i Moresmeidicaly, theexperinsnts weshainslucteden arovtunmmrbactktr 265C had
tabl e h t 270C ' |t . tallinity,
and at " 2 1oryiaad pha Heoled ant et Bhmtloraow i BTl @eust 47 Bes o ni vum
pr ocessi ngreant @i thie peigméoparticles ahé tdeigorta the@bmpergrebi Ghépolimeeparticlest he

melt tenperatyre needed to be raised to 275 Cto reduce the gate
crystall i%Wotuygthﬁ%’H%aaE'@é‘ﬂtaaﬁq@%nﬁ%l . The higher nelting point and/or the

hi gher degr ee 1ok colursii RlatioRid ifudtited i Fgure 1. The outside glass wall 301 contains an
inside glass wall 302 within which is a chamber 303 for polymer particles. At the bottom of
the chamber 303 is a fritted glass support 304, through which is fed a gas at a gas inlet port
306 flowing through a coil of glass tubing 305. On the outside glass wall is provided a
connector 307 for a round bottom flask and a connector 308 for a condenser.

The temperature of the column reactor, polymer particles within the column and the
gas flowing over the polymer particles in the column is regulated by refluxing a suitable
solvent in a round bottom flask connected to the column at inlet 307. The column is
insulated to minimize heat loss. A condenser is attached to the column at 308 to allow for
the refluxing solvent to be returned to the reactor. Cumene (b.p. = 150°C), cyclohexanol
(b.p. = 160°C) ordiethyl octoate (b.p. = 185°C) was used as the temperature regulating
solvent. _

The experiments were conducted by charging the chamber 303 with 1.5 pounds
(680 g) of a partially crystallized PET resin. Samples of about 60 grams were collected at
various subsequent times. After subjecting the particles to the AA stripping operation, the
particles were submitted for analysis to determine the level of residual acetaldehyde using
the test method as described previously, the inherent viscosity using the test
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material required the material to be injection nolded at a higher m ni num
tenperature. Exanple 8 39 WD 2006/ 028748 PCT/ US2005/ 030534 This set of
experinments illustrates polyester polyner particles having a | evel of

resi dual ack@arugersieRe of | ess than 10 ppm having an |t .P¢r/uskocansdseast 0. 72
dl/g, and either at |least tw nelting peaks, wherein one of said at |east
two nelting peaks is a | ow peak nelting point having a peak tenperature
within a range of 140C to 220 C and having a nelting endotherm area of at

| east the absolute value of 1 J/g; or a nelting point when neasured on the

DSC fi r stych8@birettsssndeschbed BiaViduafy, Eﬁea%erye@nﬁwtgana R odv é}ﬂﬁl‘ﬁlt;h peak N the

endothermc direction at a tenperature of 'l ess than or equal to 200C. Three
di ffer enmeﬁmgﬁemnynaéﬁ@ ane tpater:nf dhelowameting endatbesm Iuemlg% RPSChigst methed
dlfferen pel l et shapes and sizes were placed in a fluidized
bed reac or a expo ed to either 150C, 160C, or 185C tenperatures and a

| ow air fl ow Farttee fi50 *Giand ¢ 185 A2 choditiens, Weedtffpe&xitfrmmsawelye,madm lexper i nent s

were con ted in ol u ac dl.fie hr t oqg.aphy
ol urm_t I1SERoa AR BsfeR g8 her BRERonEEF R 58 i<¥bnhallh febiad, SoaUhEB idbe
particl esf (ﬁétﬂlyleﬂergda,@ul alchdvigy &€ ML oR01816 vids deegema"w@mepaT)t Teees, a round
bottom f| ask, and condenser. The colunn reactor is illust %t ed in Figure

1. The ofPBPERItQ) Hfolymen 1 sefs the, maximum Qﬁgrqer@.ca@tajiﬂaysﬂmmt 3¢2e. mlmnﬁr
whi ch isq @&hﬁ&*ﬁ%ly%ﬂ%ﬁlﬁﬂedﬂ@b rreepéf éryﬁbmﬁlty e%S?ti‘% ul?‘étdoﬁﬁfr‘uﬂfus pré&ssipgnber

303 is a fritted ass su 304, through whi d a gas at a gas
i nl et popessum)@thrp@m e h%?@ﬂ‘@'hja&k@t@ﬁ |elqsnga§ﬁda@§5@lamh@ wers agifatedHy aut si de

gl ass Waldngngdlﬂél%ﬁbﬂ%hggdlﬁfﬁnﬁ%ﬁﬁh@d oIl Ofit ||[|1§ l%fclir@c?’lgteﬁnd a

connect or for a condenser tenperature o urm reactor,

pol yner pueugicihesackiet betrat 1168 *Gowbieh Yisided axéem@@rstum tnmth@peileés exiting i;b\el ymer
particle | n a
Found boreo PSR AR ne il A s dterkie frie GBS W Ese B Rt MG 0

I nsul at echnmlnesm mherazerageaambkesﬁmeésnoomdfelhslynner $ vaire abdmtdI 84)me xpK@mmmat

308 £ o) B eBhng e el BB e R e R BB Ry,
185C) wag 7umels abditinglenerghioRand Baviegeh &V.1g 0.802 waﬁbhar'ﬁbﬁ ‘@Wﬁer@ﬁt'ﬁwé’\er e
conduct ecciorl%%os(’:‘{?gg g 8),,%2? 2 %Qt%qu L]ai?n?urw dtegrele 05f cl?ystallcujnlty Temax at 45.3%. Polymer

2 was crystallized with a roll processing unit to a degree of crystallinity of 42.0%. The roll

processing unit was operated at a rate of about 325 Ib/hr with a calendar roll temperature

setpoint of 155°C and a polymer sheet temperature before the calendar roll entrance of

about 147°C The average particle dimensions of Polymer 2 were about 2.45 x 3.09 x 3.90

mm. In the third run, a polyester polymer modified with 2 mol% of isophthalic acid and

about 2.7 mol% of diethylene glycol and having an It.V. of 0.820 was charged (“Polymer

3"). The composition of Polymer 3 sets the maximum degree of crystallinity Tcnax at 45.3%.

Polymer 3 was crystallized underwater to a degree of crystallinity of 35.9% with a water

temperature of about 160°C for a residence time of about 5 minutes. The average particle

dimension of Polymer 3 was about 2.75 mm diameter. For the 160 °C condition, only

Polymer 1 was used.

The air flow for each experiment was set at 0.0067 SCFM using ambient plant air.
The amount of solvent charged to the round bottom flask connected to the column reactor
was 1000 ml. The polymer charge was 1.5 Ibs in each case. The polymer was added to

the column reactor after the column had reached the target temperature of 150°C, 160°C,
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(680 g) of a partially crystallized PET resin.
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at 45.3% ,Poly t‘w%ta [ qaed u rwat tlo degrge of
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2 185°C 20.67 2.83 2.56 0.812 200 250 16 420

3 150°C 19.83 2167 0.84 0.792 178 249 7.0 36.9

3 185°C 18.01 10.0 1.05 0.844 217 247 101 403

The results indicated that for all temperatures tested, 150°C, 160°C, and 185°C, the
level of residual @cetaldehyde remaining after about 24 hours was about 3 ppm or less,

with each sample having a double melting peak with the low peak melting temperature Tm1a
at or below 220°C.
Comparative Examples 1 and 4 require at least about 4.9 to 10.4 J/g, respectively

more energy to melt than any of the samples tested in this example.
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di rensi on of Polynmer 3 was about 2.75 mmdianeter. For the 160 C condition,
only Polynmer 1 was used. The air flow for each experinent was set at 0.0067
SCFM usi ng anbient plant air. The anpbunt of solvent charged to the round
bottom fl ask connected to the colum reactor was 1000 m . The pol yner
charge was 1.5 I bs in each case. The pol yner was added to the col umm
reactor after the colum had reached the target tenperature of 150C, 160C,
41 WD 2006/ 028748 PCT/ US2005/ 030534 or 185C, dependi ng upon the sol vent used
in each set of experinents. The tinme at which the polyner was added to the
vessel Wﬂ?' gt as the start tinme for the experinent (Time = 0 hr). The
tenperatlre Of the polyner particles was neasured by a thernocoupl e placed
on the fritted glass support (304 in Figure 1) The results of the
experinments are reported in Table 1.  Table | Poly- Pro- Initial Tine At
Final Fihal & Rak Oﬁpﬁbzmerraaﬁmlﬁ%mmmsmrpotyéwlwge teephihalpterpely@sss Resi dual

33? alTlm Nu(rannl‘ql‘%'}‘?‘d mtﬁ Zéﬁ%sg?’q%dn;ér?gﬁ a&fi’ﬁ%&é@@hﬁ@@gé% g%g%%szg 188
243 10.1 309. mrgm acﬂmtéﬁp@gemaa {76 partmmesm #10y:185 243 6.0 35.4 1 185C 43. 36

7.5 5.13 0.826 50C 7.52 24.5 1.04 0.804 178 252 3.4
43.8 2 185C 2 B‘?“ iﬁgﬁz’*?é%aséggﬁzd%@"%o 1.6 42.0 3 150C 19.83 21.67 0.84

0.792 178 249 7BP3%§n90r @34%59‘331&5(%0&@&@@@5&% 844 217 247 10.1 40.3 The
results indicated t for all tenperatures tested, 150C, 160C, and 185C,

the |level of rEpatdaast twoenaltldglwalss rvgmareini o off said ableast twoamellingpeaks about

3 ppmor less, .wth each s ing a _doubl e pe the | ow

penk el ti ng- 1 elfbPlt G ARG SmGVvih SaPdbbete B A fels d et and

4 require at | epsi°C08 4 nl Balihgs Metlingr&fioftdriy@len of at least the absolute
value of 2 J/g.

2. The particles of claim 1, wherein the particles have a degree of crystallinity within

a range of 20% and a maximum degree of crystallinity T.max defined by the equation:
Temax = 50% - CA - OH

where CA is the total mole % of all carboxylic acid residues other than terephthalic acid

residues, based on 100 mole % of carboxylic acid residues, and OH is the total mole %

of all hydroxyl functional compound residues other than ethylene glycol residues, based

on 100 mole % of hydroxyl functional compounds residues.

3. The particles of claim 2, wherein the particles are crystallized underwater.

4. The particles of claim 1, wherein the low melting point is at least 150°C.

5. The particles of claim 4 wherein the low peak melting point is at least 160°C.

6. The particles of claim 1, wherein the degree of crystallinity ranges from 25% to
45%.
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nore energy to nelt than any of the sanples tested in this exanple. 42
Clains 1. A bulk of polyner particles conprising polyethylene terephthal ate
polymers nodified with 20% or less nodifiers, the particles conprising
greater than 75% virgin polyester polyner, the particles having: A) an
It.V. of at least 0.72 dl/g, and B) 3 ppmor |ess of residual acetal dehyde,
and C) at least two nelting peaks, wherein one of said at least two nelting
peaks is a |low peak nelting point having a peak tenperature within a range
of 140C7t o Tre particids bholairg 1awmerain the degreeod cryshalbizityofanges freas80%He

absol ute alue of 2 J/g. 2. The particles of claim1l, wherein the particles
have a cf‘é)&/ee of crystallinity within a range of 20% and a naxi mum degree
of crystallinity Tcmax defined by the equation: Tcnmax= 50%- CA - OH where
CAis the total mole % of all carboxylic acid residues other than

t er epht h8l i ¢ TAwi partieles péaledm Thwheteip the partislesarecorstalizesbwyderwateri d

residues, and CHis the total nole % of all hydroxyl functional conpound
resi dues other than ethylene glycol residues, based on 100 nol e % of

hydr oxyl 9f unctheqseaticleo Bpolaid s, vberélb@ise n&nb@h@veragélv@d@m difthe patticled,is wher ei n
t he part| cles are crystalli zed underwat er . particles of claima1,
wher ei n lea¥ 1-@@rams PPRE0PBRARICIassangd no mpse ”1651)@0 QranT*hée"prQ partislesof claim 4
wherein the | ow peak nelting point is at |east 160C. 6. The particles of
claim1l1, wherein the degree of crystallinity ranges from25%to 45% 43 7.
The partinal esTrwpartiel'emoiplawmar aihereihéhel pgrtieksadre coptirdd inma slyippimgges from
30%to 40% . The particles of claim7, wherein the particles are

crystal |94 ¥derwat er. 9. The particles of claim1, wherein the number
average weight of the particles is at least 1.0 grans per 100 particles and
no nore than 100 grans per 100 particles. 10. The particles of claim1,
wher ei n fihe pletpartidles of elaporit aiheseinithe padiclgspragtored in a storage silo or

contained in a dryer hopper.

12.  The particles of claim 1, wherein the it.V. of the polymer ranges from 0.75 dL/g
up to about 1.1 dL/g.

13. The particles of claim 1, wherein at least 95% of the polymer is virgin polymer.

14. The particles of claim 1, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 90 mole% of the residues of
terephthalic acid, derivatives 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 carboxylic acid component residues and 100 mole

percent of hydroxyl component residues in the polyester polymer.
15. The particles of claim 1, wherein the polyester polymer comprises:

(a) a carboxylic acid component comprising at least 95 mole% of the residues of

terephthalic acid and/or derivatives of terephthalic acid, and
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container. 11. The particles of claim1, wherein the particles are stored in
a storage silo or <contained in a dryer hopper. 12. The particles of claim
1, wherein the It.V. of the polymer ranges fromO0.75 dL/g up to about 1.1
dL/g. 13. The particles of claim1, wherein at |east 95% of the polyner is
virgin polymer. 14. The particles of claim1, wherein the polyester polyner
conprises: (a) a carboxylic acid conponent conprising at |east 90 nol e% of
the residues of terephthalic acid, derivatives of terephthalic acid, or

m xt ur es t herleod hydneadyl(dompeorend comprisingres deash ©5qoolpls of the rasiduessf 90 nol e%
of the residugs, of et thI ene glycol, based on 100 nol e percent of carboxylic
aci d conpone XJ%%? 8‘0!8%’and 100 nol e percent of hydroxyl conponent residues
in the pRls¥8NETOOPOW BErceAof thEaftxlichsid compenehfiebidusiesr’i 100 Mele

pol yester polyner conprises: (a) a carboxylic acid conponent conprising at

| east 9Feiesd@f die hydroxdsompenest residuespnthrapolyester BOWAEror deri vati ves of
terephthalic acid, and 44 (b) a hydroxyl conponent conprising at |east 95
nol e% of the residues of ethylene glycol, based on 100 nol e percent of the
car boxyl 16. adihe pavtigles efitlaimdi, Haeag andwlgdakmeléing peint svithiroé rafge 6y tBoSgy |
conponent residues in the polyester polynmer. 16. The particles of claim1,
havi ng 40|18§/§$e%ﬁea@ﬁtqfr?gYS§%J#'w{y @NEia Mg b0 69 %1 Bisohumpen ayrtage Weidiitee of
crystal | {¢my aAngi; 9 %Unnt 6y r i he
et ol e PaleRE IS Bt LY Okt o oo QT ARG oBEEhRPEIT0 o 100
grans e 100(apticies, dnasthe aesidusleacetaldehyale conderatlisl@tppde octessent is 7 ppm or

| ess. 17. The particles of claim 16, wherein the It.V. of the polyner ranges
fromO0.75 dL/g wup to about 1.1 dL/g, and at |east 95% of the polyner is

Vi rgin payynethe FHiicI68 BF 8ialti 18, whBRRIRthd RS opfherﬁcsiweaka@@@tfairﬁ@mai&/g 18.

The particles of claim1, wherein the |ow peak nelting point is a shoulder.
19. The walotabsugd. odl/gl andrat leagh®$%iof theypolymeyis wirgin pelymaen aod esnteinsges from

0.78 dL/;ﬂ)m %Plejss]ofqé‘éigual acetaldehyde.

18. The patrticles of claim 1, wherein the low peak melting point is a shoulder.

19. The particles of claim 1, wherein the It.V. of the particles ranges from 0.78 dL/g
to 1.1 dL/g.

20. The particles of claim 1, wherein the It.V. of the particles ranges from 0.81 dL/g
to 1.2 dL/qg.

21. The particles of claim 1, wherein the particles are contained in a shipping

container, and the particles are not solid state polymerized.
22. The particles of claim 1, wherein the particles are crystallized underwater.
23. A process for melt processing polymer particles comprising:

A) drying polymer particles in a drying zone to produce dried particles;

B) introducing the dried particles into a melting zone;

C) melting the polyester polymer particles in the melt processing zone, and
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20. The particles of claim1l, wherein the It.V. of the particles ranges from
0.81 dL/g to 1.2 dL/g. 21. The particles of claim1l, wherein the particles
are contained in a shipping container, and the particles are not solid
state polynerized. 22. The particles of claim1, wherein the particles are
crystallized underwater. 23. A process for nelt processing pol yner
particles conprising: A drying polynmer particles in a drying zone to
produce dried particles; B) introducing the dried particles into a nelting
zone; CO) nel D)rgrmihe apnatieletfrom e yolien palymiearl es in the nelt processing

ol yirer erendhs ofimerathifded it Eae TP Y iR APV pob gk er |
pol ymer popaiérdiddntgnial dt et 86 Onatedeéthglehl Ightel Elsidits bapidde S0P AR @f 100

nol e% of  hydroxyl residues in the polynmers, and the particles conprise at
| east 73wveyhTasidugsiin e pelypargrandsthamertideecemprise 9t legpt Ba%|virgin 0. 72
dl/g, a j Qﬁw e t 0 X at | east
two nel t‘f°$?§ésgé’e+§{?éﬁﬁ§’tesfée| n o\%ea%ﬁ Q};e(l)?gt gat% fs} ggg,?m lgmé rgn%ﬁ@?lnéad%gaelg OI%S a |l ow
peak meldontant pbBmorot leiss, and:ange of 140C to 178 C and having a nelting

endot herm area of at |east the absolute value of 2 J/g. 24. The process of
cl ai m 23, Wni\a&? it ?e}?ét e maltng Reakspyherel ?ﬂ%@fg?ar‘ﬁ’ aé%.%S‘rW\‘-P [Be @Qs}%eagﬁ ¥l ai m

23, wherein fahewpqéaxkrrﬁémﬁgrﬁgie@hgm RtaIGedonte {Aae claNd ﬂgvingwemﬁge a

degree of crystallinity r rom25%to 45% 26. The procesS of claim 23,
wher ei n t he Eodptermrarpalof atleasbinerabsefute yalueaf@ai/foxyl i ¢ aci d conponent
conprising at |east 95 nole% of the residues of terephthalic acid,
derivates of terephthalic acid, naphthal ene-2,6-dicarboxylic acid,

derivatiggs ofhapriteaalo?Brir. 23, Whersih oy bitieledisi dbotfe préfskir es thereof , and
(b) a hydroxyl conponent conprising at |east 95 nol e% of the residues of

et hyl ene gl ycol or propane diol, based on 100 nol e percent of carboxylic

" Uhe panycanerirabryR Aty 33 B 1 BB P S TR cB I B TRE T o1 ce

i nt r oducesheildve 4 degrde\of Reystallity ranges from 25% to 45%.

26. The process of claim 23, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 95 mole% of the residues of
terephthalic acid, derivates of terephthalic acid, naphthalene-2,6-dicarboxylic
acid, derivatives of naphthalene-2,6-dicarboxylic acid, or mixtures thereof, and
(b) a hydroxyl component comprising at least 95 mole% of the residues of
ethylene glycol or propane diol,

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

percent of hydroxyl component residues in the polyester polymer.

27. The process of claim 23, wherein the particles introduced into the drying zone
have a a degree of crystallinity ranging from 30% to 45%, the number average weight of
the particles is at least 1.0 grams per 100 particles, the It.V. of the polymer ranges from
0.75 dL/g up to about 1.1 dL/g, and at least 89% of the polymer is virgin polymer.

28. The process of claim 23, wherein the melt processing zone is the barrel of an

injection molding machine.
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have a a degree of crystallinity ranging from30%to 45% the nunber average
wei ght of the particles is at least 1.0 grans per 100 particles, the It.V.
of the polymer ranges from 0.75 dL/g up to about 1.1 dL/g, and at |east 89%
of the polyner is virgin polynmer. 28. The process of claim 23, wherein the
melt processing zone is the barrel of an injection nolding nmachi ne. 46 29.
The process of claim 23, wherein the nelt processing zone is the barrel of
an extruder, and the article is filmor a sheet. 30. The process of claim
23, wherein the particles are not solid state polynerized 31 The process
of cl ai ereln th cess s the n. _extruder,
and the 201 I HrBeBeg e, 2N ARTNr Al Bocelsh 7pB2 s Ble.8arddt afa m 25,
wher ei n gtiRideAIdndthe ardi€ ichiltéed khe&d underwater. 33. A process for nelt
processi ng pol yester polyner particles conprising: A if present,
introducing the particles into a drying zone; B) feeding the particles into

a melt phg Cesﬁie&%éﬁ? cﬁémﬂ §3awﬁér3éﬁ{th8)spa%<ﬁ§§%n { Q! Skeldl Zyrﬁér]rjizt%gi.e ol t

particles into rusion zone, Pe particl'e
processing zone, and D) formng articles fromthe nelt; wherein the pol yner
particle zone or |nto t he ing zone

|ntroduced|no_th nme|]t processin
if pr eseﬁf’ cotteRTRCESS Pé%@'tm g@ WB?@“E})% &PWP'@H Ges§iRgIZongds fkan B%sciénon
hydroxyl )Tt,ru%%f q}h‘?isthb%rﬁé]&so _y(gfﬁé %xﬁr@(’ﬂ%ﬂ b,lg)? eprtl cles conprise at |east 75%

virgi n polyester pol yrmer, | east 0.72 dl/g, and have a
degree of crystal linity W|th| n a range of 20% and a maxi num degree of
crystall Tcmax defi ned t he equatiop: Tcrmax = 50%,- OH where CA
75 The 1 dtal “THA Woses oLdfim 28RSt nacies A Sy StaER WiERVE € epht hal i
acid resi dues, based on 100 nole % of carboxylic acid residues, and OHis
the total nole % of all hydroxyl functional conpound residues other than
et hyl ene 38l ycllipreegssdeseltnrseessinthpalyesten pelymes Paricteosgmpiigingt i onal

conmpounds re one conprises a barrel,
a heating el eAﬁ)gP@%& I‘égqtl ng ﬁ‘g%yh%ﬁ# m@ gr%gﬁﬁb ané’r ew within the barrel,
and a screw r®tfeedingle particles into a melt processing zone, or if a dryer is present,

feeding the dried particles into a melt extrusion zone;

C) melting the particles in the melt processing zone, and

D) forming articles from the meilt;

wherein the polymer particles introduced into the melt processing zone or into the drying
zone if present contain at least 80 mole% ethylene glycol residues based on hydroxyl
residues in the polymers, and the particles comprise at least 75% virgin polyester
polymer, have an it.V. of at least 0.72 dl/g, and have a degree of crystallinity within a
range of 20% and a maximum degree of crystallinity T.nax defined by the equation:
Temax = 50% - CA - OH
where CA is the total mole % of all carboxylic acid residues other than terephthalic acid
residues, based on 100 mole % of carboxylic acid residues, and OH is the total mole %
of all hydroxy! functional compound residues other than ethylene glycol residues, based

on 100 mole % of hydroxyl functional compounds residues; and

wherein the melt processing zone comprises a barrel, a heating element directing heat

to the barrel, a screw within the barrel, and a screw motor, and
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wherein a total power is applied to the notor and to the heating el enent
which is less than the total power that would be applied to the notor and
to the heating elenment at the sanme settings to nelt process a pol yester

pol ymer having the sanme It.V, sanme conposition, a degree of crystallization
greater than Tmax, and at an equivalent nmelt residence tine within the nelt
processing zone to formthe sane article having substantially the sane

| evel of haze. 34. The process of claim 33, conprising applying | ess power
to the notor to turn the screw. 35. The process of claim 33, wherein the

ticle js a. pref 36, _Th f claim33. wherein the. k
mel t 1 ng WBe RIS ot Pwls aBPled OB eBr ot B e Heae Hengal BRich TR0 1 7
and the Hggtieetobdl powertiat wolll el a5pled td tH Mokl Undo 48 hediing dietheapt aeess of
claim 33, wherein at | east 89% of the polymer is vi rgl n polyner, the

parti cl dbeseme seffingg tomplt arecass exgalvestacpelymenpavieathe sapeiltVneprae | east 95

nmol e% of eS| i i der | ter hal i c
ci d.  are iR ot SR of bSERRRNGh ghedtpl e Viren BB 88 <L Re
resi duesresidenét tisnecniehigtiye alelt frasestimnzdriidtonalm the sametartiéledtaiimgxyl i ¢ aci d
conponent residues and 100 nole percent of hydroxyl conponent residues in
the pol yebstantiglly {hessamedeverabhazescess of clai m 33, wherein the | ow peak
melting point is a shoulder. 39. The process of claim 33, wherein the It.V.
of the particles ranges fromO0.78 dL/g to 1.1 dL/g. 48 40. The process of
cl ai m 3334wherhe procbss bt claim 88, ¢cdmeprising Bpplymgriasgpewer tonthe.rBdtodtd wrn the 1. 2
dL/g. 41. The process of claim33, wherein the particles are contained in a
shi ppi ng®*"®8nt ai ner, and the particles are not solid state pol ynerized. 42.
The process of claim33, wherein the particles are crystallized underwater.
43. A process for nelt processing polyester polynmer particles conprising: A
if a dryidhg zDreprosegs eg@la'tm 3dr whergin the pticleiie bgeefonmt he drying zone to
produce

36. The process of claim 33, wherein the low peak melting point of the polyester

particles is within a range of 140°C to 178°C, and the degree of crystallinity ranges from

25% to 45%.

37. The process of claim 33, wherein at least 89% of the polymer is virgin polymer,
the particles comprising:
(a) a carboxylic acid component comprising at least 95 mole% of the residues of
terephthalic acid and derivates of terephthalic acid, and
(b) a hydroxyl component comprising at least 95 mole% of the residues of
ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100 mole

percent of hydroxyl component residues in the polyester polymer.
38. The process of claim 33, wherein the low peak melting point is a shoulder.

39. The process of claim 33, wherein the It.V. of the particles ranges from 0.78 dL/g
to 1.1 dL/g.
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dried particles; B) feeding the particles into a nelt processing zone, or if
a drying zone is present, feeding the dried particles into a nelt
processing zone; C) nelting the particles in the nelting processing zone,
and D) formng articles fromthe nelt; wherein the polyner particles
introduced into the nelt processing zone or into the drying zone if present
contain at |east 80 nol e% et hyl ene gl ycol residues based on hydroxyl
residues in the polyners, and the particles conprise at |east 75%virgin

pol yest e#). hdhe pracedst of\claiof 3htwheraistthe It7?. ofithg pattivles angesifivoaf.81 dL/g
acetaldqhﬁg? @pntent of 3 ppmor less, and have at |east two nelting peaks
wherein '8 8 Ysaid at |east two nelting peaks is a |low peak nelting point
within a range of 140C to 178 C and having a nelting endotherm area of at

| east the absolute value of 2 J/g and the nelt processing zone conprises a
barrel, 41hedtherRjoeessnefrlaim 3dcvherginaatrarticles A ¢paitaispd IRaSHIRAIPG ot at i ng

W thin t r X r : d w revolutions are at a
setting(%ﬁFﬁﬁgﬁgh%Fgﬂg?ﬁfﬁ§ﬁ§§%gyégﬁ%ﬂ?§%9%pﬁ?ﬁ%%g than would be applied to
melt process, at the sane power, a polyester polyner having the sane |t.V,
same conposition, a |ow peak_peltin oint, or a sole peak | ting point
where t we2: pb%!@sorﬂﬁe%‘\# ‘gﬁ'ﬂb?’?’v wWhers et%ﬁlﬁ'%%fecffyﬁfé"ff%sam“g%@”%ts article
havi ng substantially the same |evel of haze. 44. The process of claim43,
wherein the article is a sheet or a filmor a pipe. 49 45. The process of
cl ai m 4343whék piogeshorpaelt prdcessing el yestes|pol ymergearticlesicotnpnisiag: r ange of 160C

to 178C, and g .deqree of crystallinit angi ng from25%to 45% 46. The
process of clpgi'ﬂ? ggl,ln%%qedsgprteﬁ%ntp Ty)'figs{h r&ﬁﬁ‘ﬁﬁ?’rﬂth@oﬁﬁmps@g? to pyodiice
car boxylic agjrdg gent conprising at |east 90 nol e% of the residues of

terephthalic acid, derivatives of terephthalic acid, . _
napht hal ene- B)deedinathprgtticles it aimelfairpceasingzons, or if a drying zone is

napht hal ene- - di.C Yhi CraQl ' d (b) a hydroxyl
conponent cof%‘%éi{lth%%g%lthg(sat”aéé)%r’rrtgﬁée%ﬂég%@s?}gg%ﬁg 286& et hyl ene gl ycol
or propane di®)Imeltingdide partitls inthe mattirgerocesdsingedexydridc aci d conponent
resi dues and 100 npl e  percent of throxyI conponent residues in the

pol yest er polBfgFming articles from the melt;

wherein the polymer particles introduced into the melt processing zone or into the drying
zone if present contain at least 80 mole% ethylene glycol residues based on hydroxyl
residues in the polymers, and the particles comprise at least 75% virgin polyester, have
an It.V. of at least 0.72 dl/g, have a residual acetaldehyde content of 3 ppm or less, and
have at least two melting peaks wherein one of said at least two melting peaks
is a low peak melting point within a range of 140°C to 178 °C and having a
melting endotherm area of at least the absolute value of 2 J/g
; and the melt processing zone comprises a barrel, a heating element directing heat to
the barrel, a screw rotating within the barrel, and a screw motor; and the screw
revolutions are at a setting which is higher than the screw revolutions than would be
applied to melt process, at the same power, a polyester polymer having the same It.V,
same composition, a low peak melting point, or a sole peak melting point where two
peaks do not exist, greater than 220 °C, to form the same article having substantially

the same level of haze.

44. The process of claim 43, wherein the article is a sheet or a film or a pipe.
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47. The process of claim43, wherein at |east 89% of the polymer is virgin
polymer, the particles conprising: (a) a carboxylic acid conponent
conprising at |east 95 nole% of the residues of terephthalic acid and
derivates of terephthalic acid, and (b) a hydroxyl conponent conprising at

| east 95 nol e% of the residues of ethylene glycol, based on 100 nole
percent of carboxylic acid conponent residues and 100 nole percent of

hydr oxyl conponent residues in the polyester polynmer. 48. The process of
claim43, mherein t he Iom1peak nelting point is a shoulder. 49. The process

f cl ticl f 78 dL/ t
o 1 dog 0. THRD e i 43, aiarad InBarisies Bave P NG BOPRITERG | ol es
ranges fré 8f ¥80°dLiod 78F@, én@a(ﬂe/ggee 80crdtallilitg réai g ronPds %! tBiame43, wherein

the particles are contai ned in a shipping container, and the particles are
not solid state polynerized. 52. The process of clai m43 wherein the

particl egs ar I r f |t processing
pol yest e?e polerh%ggéar téffﬁ? %np%é tSe p%fyesfé %Oﬁﬁﬁ% 'ﬁ%rh%%i S present,
dryi ng the pgaya caexyiic édi@ cdhmbncntzmrﬁsbng)aoléustego dfdl@izé ghalié residirss d$)
feeding the partlcles into a nelt processing zone if a drying zone is

present, feedfBBhthRHC aP'idege%\éﬁttVﬁélo&erP%tBaﬁc ﬁ@ptni‘ﬁ'ﬁtﬂ@@gﬁﬁgﬁ'ﬁtﬁ@ébo’@}‘c mel ting
the part i cl egcigngbh tW%Etdf rf'lg 93‘?1%5% 8%5&88)%@6’%&,@ mhiQfufe heEdil Ghes from

the nelt; whereln the pol yrre particles 1ntr into the nelt processing
zone or i nto(b)rmhsddry)xylg:ommntbompesmgtatm 80male% efthe réSidued ePo et hyl ene
gl ycol residues, based n h 0oX residues in the polyners, and the

particles coﬁ’ﬁ? ylene gltyccp %b}%lg'ﬂ*gl n pol yester, have an It.V. of at |east

0.72 dl IihseBdNEI 00 MR &éféén@é?%%di&h&’gad%%&iﬂenﬁes?dmrﬂf1d)(?ﬁ§>|e and have
at least two nelting peaks wherein'one of said | east two nmelting peaks

is a | owepesrkt ofrbydriony qeonpanent résidues lﬂéh@@owﬁsmﬂ@dwmﬁrlm C and having a
mel ti ng endotherm area of at |east the absolute value of 2 J/g ;
47. The process of claim 43, wherein at least 89% of the polymer is virgin polymer,
the particles comprising:
(a) a carboxylic acid component comprising at least 95 mole% of the residues of
terephthalic acid and derivates of terephthalic acid, and
(b) a hydroxyl component comprising at least 95 mole% of the residues of
ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100 mole

percent of hydroxyl component residues in the polyester polymer.

48. The process of claim 43, wherein the low peak melting point is a shoulder.

49. The process of claim 43, wherein the It.V. of the particles ranges from 0.78 dL/g
to 1.1 dL/g.

50. The process of claim 43, wherein the It.V. of the particles ranges from 0.81 dL/g
to 1.2 dL/g.

50



and the nelt processing zone conprises a barrel, a heating elenment directing
heat to the barrel, a screwrotating wthin the barrel, and a screw notor
and a nelt residence tinme within the barrel is applied which is shorter
than the nelt residence tine that would be applied to nelt process, at al

of the same other settings to the nelt processing zone, a polyester polyner
havi ng the sanme |It.V, sane conposition, a | ow peak nelting point, or a sole
peak nelting point where two peaks do not exist, greater than 220C, to form
t he samebhrt iThleeprhesssnef dlaibs4Adnwherelnthepartidesatecaaritaiotd imaeshigping The

process of .claim wherein the article is bottle preform 55. The process
of cl ai rﬁO@?'"‘%\%éP@iﬁhe Pﬂ'g"’%érﬁf?é‘loééo' g@{aeapcﬂ%rln{apﬁ ‘point within a range of
160C to 178C, and a degree of crystallinity ranging from25%to 45% 51 56.
The process of claim53, wherein at |east 89% of the polymer is virgin

pol yrer , 52t hd hsarreresscel dajph3.ovheyein thp mrhcaemmrvataﬁtzed upgapYRient
conprising at |east 95 nole% of the residues of terephthalic acid and
derivates of terephthalic acid, and (b) a hydroxyl conmponent conprising at

| east 9558v| fpriceshformasit proeessihg pelyestes pelyphargedrticloeasemhpising00 nol e
percent of carhoxylic acid, con‘gonent,resi dues and 100 nple percent of

hydr oxyl conpoiehHYiRgZenR S RreSeMedrying beRarticles jmibe drying zpRe 19 PRRAISE of

cl ai m 53, V‘h‘?frl%lki?)atrﬂi@e .ow peak nelting point is a shoulder. 58. The process
of claim53, erein the It.V. of the particles ranges fromO0.78 dL/g to
1.1 dUg. 59. BiHeeding dhees paniclesliniona 6@t prbegssing xdres, lor if\a diyfng fnepiar ti cl es
ranges fromQ. 81 qL{% . tq 1.2 ﬁL/ . .60. The qu{]ocess .0f _claim53, wherein the
particles ar @8RG he gng ﬂ?gti'%%s Nt AMETHRICCESHS 2R par ti cl es are not
solid state m)niemhgaeslpatitiesTiReh@rMRYSprotesdifd FbR3 anttherein the particles
are crystallized underwater. 62. A process for nelt processing pol yester
pol ymer par t iR fegniograsticles frgm e melt.a drying zone is present, drying the

e ol S P MO A00ES Ag E[ APTIE B b s
zone if present contain at least 80 mole% ethylene glycol residues based on hydroxyl
residues in the polymers, and the particles comprise at least 75% virgin polyester, have
an It.V. of at least 0.72 dl/g, have a residual acetaldehyde content of 3 ppm or less, and

have at least two melting peaks wherein one of said at least two melting peaks

is a low peak melting point within a range of 140°C to 178 °C and having a

melting endotherm area of at least the absolute value of 2 J/g ;
and the melt processing zone comprises a barrel, a heating element directing heat to
the barrel, a screw rotating within the barrel, and a screw motor; and a melt residence
time within the barrel is applied which is shorter than the melt residence time that would
be applied to melt process, at all of the same other settings to the melt processing zone,
a polyester polymer having the same It.V, same composition, a low peak melting point,
or a sole peak melting point where two peaks do not exist, greater than 220°C, to form

the same article having substantially the same level of haze.
54. The process of claim 53, wherein the article is bottle preform.

55. The process of claim 53, wherein the particles have a melting point within a

range of 160°C to 178°C, and a degree of crystallinity ranging from 25% to 45%.
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present, feeding the dried particles into a nelt processing zone; C nelting
the particles in the nelting processing zone, and D) formng articles from
the nelt; 52 wherein the polynmer particles introduced into the nelt
processing zone or into the drying zone if present contain at |east 80

nol e% et hyl ene gl ycol residues based on hydroxyl residues in the polyners,
and the particles conprise at |least 75% virgin polyester, have an |t.V. of
at least 0.72 dl/g, have a residual acetal dehyde content of 3 ppmor |ess,
and have at |east two nelting peaks wherein one of said at |least two nelting

k i Kk | ti. i W t hi f 0C 8 .C and
bov ng 0B mel RO aT auseifia todht Boe REReioiegis ) dalibamaly, o
and thetm@bgrﬁ@re@mrmgz_one conprises a barrel, a die or orifice, and a

heating elenent directing heat to the barrel; and the tenperature setting
of a heati ng (@ 2aaBOXHic aad camponpet ¢amprifing atlepst 3 matetofdhe msiduss afhe
barrel is es i Sal L i,ng lower in said zone on
t he barrel t%%%b@l%ﬁgag@aéangjp(ﬁ%e‘%?%sgsﬁr#%ﬁphﬁ%'%e@”ﬁ‘g same pol yester pol yner

particl es hayb)@hydrogy qeeatornsat tomgripiag rat Jeast 98 nsalb® pfethls residlieés of poi nt
where two peaks do not exist, greater than 220C, to formthe sanme article
havi ng subst Y09 §VEPle same [evel of haze and applying all of the sane

Setti NObasia R 00Rble PKIEEASTIALANE 2B DmddiEht FERISATRRS T ERISE! Li NO.

63. The process of claim wherer'n the arti preform 64. The
pr ocess pefcerit af hyd@2xylwivenginent hesiduast ialtbie pplyesteopblymeri n t he preform at said
tenperature setting is | owered. 65. The process of claim62, wherein the
barrel is a barrel in an injection nolding mnachine. 66. The process of

cl ai m 6257 whahgiglotdss dFadldifl 53, witerbmrthellow peak nfatlind psint isSd shddigerdr ocess of
claim 62, wherein the particles have a nelting point wwthin a range of 160C

to 178C, and a degree of crystallinity ranging from25%to 45% 68. The
process g Chgl, rQ@ess"\@fecfa%ggs%t Ae‘?@ﬁ\tthg?ﬁ/@o&f tﬁQ?aQﬂ:llé@Ern bs frond 8178 49 Y
avjl a ylic aci orrpoﬁ

the particCles conprisi ng:| carpboxyli C ent conprising at
| east 93orol égof the residues of

59. The process of claim 53, wherein the It.V. of the particles ranges from 0.81 dL/g
to 1.2 dL/g.

60. The process of claim 53, wherein the particles are contained in a shipping

container, and the particles are not solid state polymerized.
61. The process of claim 53, wherein the particles are crystallized underwater,

62. A process for melt processing polyester polymer particles comprising:
A) if a drying zone is present, drying the particles in the drying zone to produce
dried particles;
B) feeding the particles into a melt processing zone, or if a drying zone is
present, feeding the dried particles into a melt processing zone;
C) melting the particles in the melting processing zone, and

D) forming articles from the melt;
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terephthalic acid and derivates of terephthalic acid, and (b) a hydroxyl
conponent conprising at |east 95 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. 69. The
process of claim62, wherein the | ow peak nelting point is a shoulder. 70.
The process of claim62, wherein the It.V. of the particles ranges fromO0.78
dL/g to 1.1 dL/g. 71. The process of claim62, wherein the It.V. of the
parti cl e¢heraindes pf)Wmﬁl’O)GBtldd?dI"@'OdUOed_irQO megmevtz)romir;gmcsr iofo tbeairyimg2,

wher ei n the | es,are |,Nn Shl er nd, t

Tt ol ong ke iR & BR3t B0 RiledaruBygR BRlcOfes iR HeBBhon R IR

wher ei n regidudaint thelpesyniére, Shy Hepartigred c@ﬁﬁﬁl%té@it ®ast 78% vu‘iglh@btyegterarr%f\@r m
obtained fromnelt processing polyner particles conp r|S|n%ppgreater t han 75%

virgin @ ¥spbat Ig@ﬁﬁwﬁz di/g thaviear fQSdﬂl@éaﬁatﬁldrﬁ?@ydﬁﬁannltpf BT ORlesS$ sk 0. 72
di/g, and B) ﬁa\{l’ﬁﬁé?l%st t%%n&}mé%%ai?g?)h{eﬁéi%ﬂ %?@}é;éﬁtilﬁgﬁ b n%ltul'@gégﬁ b peak

nel ting peaks, erern one east eak

mel ting poi ntisvd loli peak mahigg pintMithin anﬂ@@oﬂm tloawiswtc andlatinga
endot herm area of at | east the absol ute val ue The preform of
clai m 74, wheMeftingiandothgimage orat ﬂqa@“}%ﬁbﬁohﬂ@ Véiuq @%9/91500 76. The

pr e O Ml th Md drbootdIfg Sbfle Epmlqe& BAelT™ bl AL arcPa RbatifPelomkhRC.

54 77. The preformo erein the degree crysta ty ranges
from 25%meotmg¢5@/at ta8he Phaehmefidheterhperatiirenséttingvdfer k¢ atinghalemhegt diecading
crysta n|t ran es from30%to form of %Ia|m74 wherein

79. The
the nunt) FSTeeGiro 1 4 Rane, AP the Pazel s eafaorBed s3ld ey 100
particl %’iettﬁi@;cbéiﬁg Bt ik Bary Zdhe &H MR tﬂé?pwﬁalﬁtbecéﬁﬂredag mdl hsrolé{a@zf, fHem of
claim74, wherein the particles are contained in a sh IP cont ai ner.
same polyester polymer particles having a low peak melting point, or a sole peak
melting point where two peaks do not exist, greater than 220°C, to form the same article
having substantially the same level of haze and applying all of the same settings in the

melt processing zone other than the temperature setting.
63. The process of claim 62, wherein the article is bottle preform.

64. The process of claim 62, wherein the acetaldehyde content in the preform at said

temperature setting is lowered.

65. The process of claim 62, wherein the barrel is a barrel in an injection molding

machine.
66. The process of claim 62, wherein the barrel is a barrel in an extruder.

67. The process of claim 62, wherein the particles have a melting point within a

range of 160°C to 178°C, and a degree of crystallinity ranging from 25% to 45%.

68. The process of claim 62, wherein at least 89% of the polymer is virgin polymer,

the particles comprising:
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81. The preformof claim74, wherein the particles are stored in a storage
silo or contained in a dryer hopper. 82. The preformof claim 74, wherein
the I't.V. of the polyner ranges fromO0.78 dL/g up to about 1.1 dL/g. 83.
The preformof claim74, wherein at |east 95% of the polyner is virgin
polyner. 84, The preformof claim 74, wherein the pol yester polyner
conprises: (a) a carboxylic acid conponent conprising at |east 90 nol e% of
the residues of terephthalic acid, derivatives of terephthalic acid,

napht hal ene- () @-afirc@nioragld companent camprigingi atdgasd 95 mole% of the residues of

napht hal ene- 2. 6-di car boxylic acid r.mxtures thereof, and (b) a hydroxyl
conponent co%ﬁ?qtg%'%{f %ﬁ'&(%Qggte”%teﬁﬁ?é%efﬁt%?h%a?'gs? es of ethylene glycol
or propane dimla hyere:ed compbRBntadripisnd aieasf 95 BIOR% S itife Astidlegasfponent
resi dues and 100 nole percent of hydroxyl conponent residues in the

pol yest er pofthiene abyol. The preform of claim 74, wherein the pol yester
| YT . ; po! | east
PO ymrpﬁ%@éﬁﬁﬁé molgée&ae)nft i ggrrbBQm’c{%ﬁd a6 PgQgﬂ%ﬁ@p%a%ﬂﬁplrdo%Bﬂ al leas

95 nol e he resi dues o erep ic a erirvatives of

t er epht petcent afchydiroxah dofippnantnediduey lin tepalpestier papmer.si ng at | east 95 nol e%
of the residues of ethylene glycol, based on 100 nol e percent of the
carboxylic acid conponent residues and 100 nole percent of the hydroxyl
conponer@9. r esShelpexceisa of blaim @2y adieesin e omepealBieltifgepqimtas arshoafdet! ai m 74,
having a nelting point within a range of 160C to 178C, a degree of
crystallinity ranging from25%to 45% the nunber average wei ght of the

particl eg 1 STRE pk&@sh o*c%ir‘él;@@i\_ﬁlé%in ItRAISF tHd Bartigied rgnagésr figh ¢r88eR 100

grans per 100 particles. 87. e preformof claim 86, ein the It V. of
t he pol {aren dldgges from 0.78 dL/g up to about 1.1 dL/g, and at |east 95% of
the polyner is virgin polyner, and contains 2 ppm or |ess of residual

acet al dehyde. 88. A stretch bl ow nol ded bottle obtained fromthe preform of

cl ai m 7471, 89Thd prodeiss fop EHimf62C Wiiefeid 4he WhelcRithe badicleeWapgakfroml 6.8NdLRPI Nt 1S
a shoul der. 90. The preformof claim74, wherein the It.V. of the particles
ranges f@bAd/F8 dL/g to

72. The process of claim 62, wherein the particles are contained in a shipping

container, and the particles are not solid state polymerized.
73. The process of claim 62, wherein the particles are crystallized underwater.

74. A bottle preform obtained from melt processing polymer particles comprising
greater than 75% virgin polyester polymer, the particles having:
A)an lt.V. of at least 0.72 dl/g, and
B) 3 ppm or less of residual acetaldehyde; and
C) at least two melting peaks, wherein one of said at least two melting peaks is a
low peak melting point within a range of 140°C to 178 °C and having a melting

endotherm area of at least the absolute value 2 J/g.
75. The preform of cilaim 74, wherein the low peak melting point is at least 150°C.

76. The preform of claim 74, wherein the low peak melting point is at least 160°C.
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1.1 dL/g. 91. The preformof claim74, wherein the It.V. of the particles
ranges fromO0.81 dL/g to 1.2 dL/g. 92. The preformof claim 74, wherein the
particles are crystallized underwater. 93. The preformof claim 74, wherein
the particles are contained in a shipping container, and the particles are
not solid state polynerized. 56

77. The preform of claim 74, wherein the degree of crystallinity ranges from 25% to
45%.

78. The preform of claim 74, wherein the degree of crystallinity ranges from 30% to
40%.

79. The preform of claim 74, wherein the number average weight of the particles is at

least 1.0 grams per 100 particles and no more than 100 grams per 100 particles.

80. The preform of claim 74, wherein the particles are contained in a shipping

container.

81. The preform of claim 74, wherein the particles are stored in a storage silo or

contained in a dryer hopper.

82. The preform of claim 74, wherein the It.V. of the polymer ranges from 0.78 dL/g
up to about 1.1 dL/g.

83. The preform of claim 74, wherein at least 95% of the polymer is virgin polymer.

84. The preform of claim 74, wherein the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 90 mole% of the residues of
terephthalic acid, derivatives of terephthalic acid, naphthalene-2,6-dicarboxylic
acid, derivatives of naphthalene-2,6-dicarboxylic acid, or mixtures thereof, and
(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylene glycol or propane diol,

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

percent of hydroxyl component residues in the polyester polymer.

85. The preform of claim 74, wherein the polyester polymer comprises:
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(a) a carboxylic acid component comprising at least 95 mole% of the residues of
terephthalic acid and/or derivatives of terephthalic acid, and
(b) a hydroxyl component comprising at least 95 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.

86. The preform of claim 74, having a melting point within a range of 160°C to 178°C, a
degree of crystallinity ranging from 25% to 45%, the number average weight of the
particles is at least 1.0 grams per 100 particles and does not exceed 100 grams per 100
particles.

87. The preform of claim 86, wherein the It.V. of the polymer ranges from 0.78 dL/g up
to about 1.1 dL/g, and at least 95% of the polymer is virgin polymer, and contains 2 ppm
or less of residual acetaldehyde.

88. A stretch blow molded bottle obtained from the preform of claim 74.

89. The preform of claim 74, wherein the low peak melting point is a shoulder.

90. The preform of claim 74, wherein the It.V. of the particles ranges from 0.78 dL/g to
1.1 dL/g.

91. The preform of claim 74, wherein the It.V. of the particles ranges from 0.81 dL/g to
1.2 dL/g.

92. The preform of claim 74, wherein the particles are crystallized underwater.

93. The preform of claim 74, wherein the particles are contained in a shipping

container, and the particles are not solid state polymerized.
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