Renoval of Residual Acetal dehvde from Pol yester
Pol ymer Particles CROSS REFERENCE TO RELATED

WQRRBLOEZATd ONS Thi s application clains the benePCT/UsH005/030531
U.S. Provisional Application No. 60/606, 660, filed
Septenber 2, 2004, the entirety of which is hereby
i ncorporated by reference. 1. Field of the Invention
This invention relates to the renoval of residual
ac aahyideediduwah dsitvele fpam tHatyester Polyider Rartipisd
of the Invention A conventional process for the
preparation of a polyethyl ene terephthal ate based

resin (BROSS REFEREQCE TG FELISTED WP §EAFFORBOCESS: a
nmel.t phase g&gcess whi ch includes the esterification

and hforRrlisatRndaimoiferanefit an@-,S-&?ﬂQViaiOQﬁl Applkiﬂﬁofb No.
60/ 46T P L FBBED 2 07004, Yo, GRS fich I pEBRE iithgrated

by referéfee. nelt. In a solid state pol ynerization process,
PET i s exposed to tenperatures of 200-2300C and a
constant counter-current flow of nitrogen through the

1. Fig8iof thOmvansdrpni ficant length of tine. In such a
conventional process, the nol ecul ar weight of the

r edhis inventieprrelatasdoithe rerovaliof residsal asptaidetydelftory. of
poly%gtl%ghaﬁ-ﬁg%_to 0.65, followed by peptization, after

e pellets are crystallized, and then solid
state polynerized with an optional annealing step

after crys a# i%ati n. In the nelt phase, residual
Laeé@ﬁ@i@ﬁ@é@—%—ﬂﬂ&@ﬂ by degradation reactions
OCAHohlEtichkl E)r@@e%‘é ﬂfor‘ltﬁf %%tﬁn?@f aeﬁﬁgéﬂﬁl%ﬁg%r%#ﬂﬂtﬁéq?te

the | ast stages of poly nsati on. a“conventi ona
basest mebsEETAtis ehgrariegzed ap @ twosstaga prasase: a heltmdiaseyiracess

whichThlieine! disifichtionank B8FkSnG8E3N FeABHolE Sand'S s2A5°

state polymerization process for increasing the molecular weight of the polymer

in the solid state rather than in the melt. In a solid state polymerization process,
PET is exposed to temperatures of 200-230°C and a constant counter-current
flow of nitrogen through the resin for a significant length of time. In such a
conventional process, the molecular weight of the resin is increased in the melt
phase up to an It.V. of about 0.55 to 0.65, followed by pelletization, after which
the pellets are crystallized, and then solid state polymerized with an optional
annealing step after crystallization. '

In the melt phase, residual acetaldehyde is formed by degradation
reactions occurring at the high temperatures experienced during the last stages
of polycondensation. In a conventional process, attempting to further increase
the molecular weight at these It.V. levels causes a marked increase in the
formation of acetaldehyde. However, elevated temperatures in the melt phase
are required to facilitate the polycondensation molecular weight building
reactions. Accordingly, the polymer is made only to a low It.V. of about 0.55 to
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In one embodiment, there is provided a process comprising introducing
polyester polymer particles containing residual acetaldehyde into a vessel at a
temperature within a range of 130°C to 195°C to form a bed of particles within the
vessel, flowing a gas through at least a portion of the particle bed, and
withdrawing finished particles from the vessel having a reduced amount of
residual acetaldehyde. In this process, it is not necessary to introduce a hot flow
of gas at high flow rates otherwise required to heat up cool particles to a
temperature sufficient to strip acetaldehyde. Rather, this process provides a
benefit in that, if desired, gas introduced into the vessel at low flow rates and low
temperatures can nevertheless be effective to strip acetaldehyde in a reasonable
time because the hot particles quickly heat the low flow of gas to the particle

temperature.
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There is also provided a process comprising continuously feeding a
stream of polyester polymer particles having a residual acetaldehyde level into a
vessel, allowing the particles to form a bed and flow by gravity to the bottom of
the vessel, continuously withdrawing finished particles from the vessel having a
residual acetaldehyde level which is less than the residual acetaldehyde level of
the stream of particles fed to the vessel and in no event greater than 10 ppm,
continuously introducing a flow of gas into the vessel, and passing the flow of gas
through the particles within the vessel, wherein the particles introduced into the
vessel have an It.V. of at least 0.72 dL/g obtained without polymerization in the

solid state. In this embodiment, particles having high It.V. and low levels of
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5. Detailed Description of the Invention

The present invention may be understood more readily by reference to the
following detailed description of the invention. It is fo be understood that this
invention is not limited to the specific processes and conditions descﬁbed, as
specific processes and/or process conditions for processing plastic articles as
such may, of course, vary.

It must also be noted that, as used in the specification and the appended
claims, the singular forms "a", "an" and "the" include plural referents. References
to a composition containing "an" ingredient or "a" polymer is intended to include
other ingredients or other polymers, respectively, in addition to the one named.

Ranges may be expressed herein as “within” or “between” 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

poini(s).
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In this first embodiment, a stream of polyester polymer particles is fed into
the vessel at an elevated temperature. The elevated temperature is at least
130°C, or at least 140°C, or at least 150°C, or at least 160°C, and preferably
under 195°C, or 190°C or less. By feeding a stream of hot particies to the
stripping vessel, costs associated with heating a flow of gas or providing for a
high gas flow rate are avoided if desired. The hot particles provide the heat
energy transferred to the gas to provide a gas temperature within the vessel
sufficient to effectuate acetaldehyde stripping.

. The polyester polymer particles introduced into the vessel contain a level
of residual acetaldehyde. The invention reduces the amount of acetaldehyde
present in the polyester polymer particles fed to the acetaldehyde stripping
vessel. [n one embodiment, the level of residual acetaldehyde present in the
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range of O"lOCD to 200°C At the preferred low gas flow rates described below, the
gas temperature quickly equilibrates to the particle temperature in the bed within
' the vessel. For example, gas introduced at a temperature higher than the
temperature of the particles will quickly equilibrate to the lower particle
temperature at low gas flow rates relative to the flow rate of the particles
introduced into the vessel. Likewise, gas infroduced into the vessel at a
temperature lower than the temperature of the particles will quickly equilibrate to
the higher particle temperature at low gas flow rates relative to the flow rate of
the particles introduced into the vessel. While it is possible to introduce gas at
high temperature into the vessel, it is unnecessary and represents a waste of
‘energy to heat the gas.
Therefore, it is preferred to introduce gas into the vessel at the low end of

the temperature spectrum. In a more preferred embodiment, the gas is
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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, 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 195°C, particle discoioration is minimized. In one embddiment, the
gas contains less than 90 vol% nitrogen, or less than 85 vol% nitrogen, or less
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particles accumulate within the vessel to form a bed of particles, and the particles
slowly descend down the length of the vessel by gravity to the finished particle
outlet at the bottom of the vessel. The bed height 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 stripping zone containing the particles within the vessel. 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 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
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Since the inlet gas pressure can be substantially atmospheric or at very
low pressure, suitable devices to move the gas through the vessel are
advantageously fans or blowers, although any suitable device for providing a
motive force to a gas can be used.

If desired, the residence time of the particles can be shortened by
increasing the temperature at which stripping occurs. This temperature is largely
controlled by the temperature of the particles introduced into the vessel. The
heat transfer from the particles rapidly heat the gas after it enters the vessel. At
the point where the gas enters the vessel, the particles undergo a temperature
change depending on the flow rate and temperature of the gas.

An additional advantage of this process is the capability to integrate the

heat energy between different steps for producing polyester polymer particles in.
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polyester polymer particles having a reduced level of the residual acetaldehyde.

The degree of crystallinity of the polyester polymer particles is not
particularly limited. It is preferred to employ crystallizable polyester polymers.
The process of the invention is capable of producing high It.V. polyester polymer
particles having low levels of residual acetaldehyde ready to be shipped or fed to
a dryer feeding an injection moiding machine or extruder for making an article,
such as sheet or preforms. To reduce the tendency of the particles to stick to
each other in the dryer, it is preferred to feed the dryer with partially crystallized
particles. Therefore, in one embodiment, the polyester polymer particles fed to
the acetaldehyde stripping zone are partially crystallized, preferably to a degree
of crystallinity of at least 25%, or at least 30%, or at least 35%, and up to about
60%. The particles can be crystallized to a higher degree of crystaliinity, but
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temperature. Optimal process conditions to minimize oxidation reactions,

discoloration, maintain the It.V. of the particles , and remove acetaldehyde while
keeping the production costs low are to introduce the gas at ambient
temperature, to feed particles within a range of 150°C to 170°C into a vertical
cylindrical vessel at an air flow rate ranging from 0.002 SCFM to 0.009 SCFM per
11b of PET. The size of the vessel is such that the residence time of the pellets
averages about 10 to 24 hours. ‘

The process of the invention provides an advantageous low cost means
for reducing residual acetaldehyde from a polyester polymer having a high
molecular weight and high It.V., such as at least 0.70 dL/g. The low level of
acetaldehyde may also be obtained without the need for adding an acetaldehyde

scavenging compound into the melt phase for the production of the high It.V.
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is also prowded another embodiment where a stream of polyester polymer
partlcles having a residual acetaldehyde level are fed continuously into a vessel,
allowed to form a bed and flow by gravity to the bottom of the vessel,
continuously withdrawn from the vessel as finished particles! having a residual
acetaldehyde level which is less than the residual acetaldehyde level of the
stream of particles fed to the vessel and in no event greater than 10 ppm,
continuously introducing a flow of gas into the vessel, and passing the flow of gas
through the particles within the vessel, wherein the particles introduced into the
vessel have an IL.V. of at least 0.72 dL/g obtained without polymerization in the
solid state. '

The finished particles are directly or indirectly packaged into shipping

containers, which are then shipped to customers or distributors. It is preferred to
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60% The particles can be crystallized to a higher
degree of crystallinity, butsatisfactory results in
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phenol/tetrachloroethane. The lnherent viscosity is calculated from the
measured solution viscosity. The following equations describe such solution
viscosity measurements and subsequent calculations to |h.V. and from 1h.V. to

It.V:
Ninh = [In (ts/t,))/C

where Mish = Inherent viscosity at 25°C at a polymer concentration of
0.50 g/ 100 mL of 60% phenol and 40% 1,1,2,2-
tetrachloroethane
In = Natural logarithm
ts = Sample flow time through a capillary tube
t, = Solvent-blank flow time through a capiliary tube
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averages about 10 to 24 hours. The process of the
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polQatibtationFlcitFer Accepted IV of Reference Material / Average of

Replicate Determinations

Corrected lhV = Calculated 1hV x Calibration Factor

The intrinsic viscosity (ItV or nyr) may be estimated using the Billmeyer
equation as follows:

Tine= 0.5 [@ 00x Comected WV _ 41 4 (0,75 x Corrected IhV)
There is also provided an embodiment where the process conditions are
established such that the L* color value differential measured as
(L* finished polyester polymer - L* of the particle feed)
is 5 or less, or 3 or less, or 2 or less, and desirably greater than -3, or greater
than -2, or greater than -1. Preferred L* value differentials are close to 0. While

positive changes where the L* is actually increased in the finished polymer are
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particles having a residual acetal dehyde |evel are fed
continuously into a vessel, allowed to forma bed and
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conti nuously withdrawn fromthe vessel as finished
particlesl having a residual acetal dehyde | evel which
is less than the residual acetal dehyde | evel of the
stream of particles fed to the vessel and in no event
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e S OB TR g SR B AP i
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that the b* color value of the finished polyester polymer is less than the b* color
value of the polyester polymer fed to the acetaldehyde stripping zone, or is
unchanged, or is greater than by not more than 1.0, but is preferably unchanged
or less. For example, a finished particle b* color value of -2.1 is less than a feed
particle b* color value of -1.5. Likewise, a finished b* color value of +2.0 is iess
than a feed particle b* color value of +2.7. b* color value shifts in the direction
toward the blue end of the b* color spectrum is desirable. In this way, the
process conditions do not add a substantially greater yellow-hue to the particles. -
The measurements of L*, a*, and b* color values are conducted according
to the following methods. The instrument used for measuring color should have
the capabilities of a HunterLab UltraScan XE, model U3350, using the CIELab
Scale(L*, a*, b*), D65 (ASTM) illuminant, 10° observer, integrating sphere
geometlry. Particles are measured in RSIN reflection, specular component
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preferably -0.02 dl _/g or nore, or -0.01 dL/g or nore,
and nost preferably close to 0, within experinental
weeee287dhe It.V. val ues described throughout P¢I/ES2005/030531
description are set forth in dL/g units as cal cul ated
fromthe inherent viscosity neasured at 250C i n 60/40
wt/wt phenol /tetrachl oroet hane. The inherent. viscosity
is calculated fromthe nmeasured sol ution viscosity.
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concentrati on of 0.50 g/ 100 ni. of 60% phenol and 4

vibfating thesamplg calt Hipe @é{ah@rﬁ@w MBI K@&t@m (W dnterrational,
HER I
WGSSCEI vent &bi?égwnﬁ% ﬂﬁt@ﬁ{&y?ﬂ r ou fnb Ii(* % gg‘ge/ué g%dé%f A:STM

E1064 8tandand Practice tml@btammgws;gecarcmhpmméiﬁﬁ Ddta fafObject-
Si C Visco

oo S P LR ok e et -

thw@a@seﬁemmfeda)mbymmmém i s defined by the follow ng
equat i on: pt = Nm hs /@C‘i =limln (hr/C CO0OC O

whetke mqaﬁwemqnﬁs of p@n@t iaidoareraptained fraen diffevential
hr - 1
s Eabinet) AoRSRIrD BRAE ool 8RR C {esting of a

standard reference
%ocrystallinity = [AHm /AHM®] - 100%

where AHm is the heat of melﬁng of the polymer determined by integrating the
area under the curve (Joule / gram) of the melting transition(s) observed during
the first scan of 25°C to 300°C at 20°C per minute in a Perkin Elmer differential
scanning calorimeter and AHmM® is a reference value of 140.1 J/g and represents
the heat of melting if the polyethylene terephthalate is 100% crystalline.

t 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 , stars, spheres, spheroids, globoids, cylindrically shaped
peliets, conventional pellets, pastilles, and any other shape, but particlés are
distinguished from a sheet, film, preforms, strands or fibers.

The number average weight (not to be confused with the number average
molecular weight) of the particles is not particularly limited. Desirably, the

' particles have a number average weight of at least 0.10 g per 100 particles, more
preferably greater than 1.0 g per 100 particles, and up to about 100 g per 160
particles. .

The polyester polymer of this invention is any thermoplastic polyester

polymer. A polyester thermoplastic polymers of the invention are distinguishable

from liquid crystal polymers and thermosetting polymers in that thermoplastic
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mat eri al and then applying appropriate mat hemati cal
equations to produce the "accepted" 1.V. val ues.
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i ncrease due to the oxidation of a netal, which
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a reﬁeat a |t|ve Its function as a ré
wi Imixtlires Hieseofi andxi di zed even t hough the L* col or

et 35 AR SR b ol o fsn 6P oAt &f gt st 80
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to ac{ as a reheat additive i n many cases, the
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rea?t@@f&&‘&ot%uq Oatnst é&lylén%egl)ggo? wetﬁ a dlcarrt])%gw %Saemd as IThe ﬁ’ee acid or
its dimethyl ester to produce an ester monomer and/or oligomers, which are then
polycondensed to produce the polyester. More than one compound containing
carboxylic acid group(s) or derivative(s) thereof can be reacted during the
process. All the compounds containing carboxylic acid group(s) or derivative(s)
thereof that are in the product comprise the “carboxylic acid component.” The
mole % of all the compounds containing carboxylic acid group(s) or derivative(s)
thereof that are in the product add up fo 100. The “residues” of compound(s)
containing carboxylic acid group(s) or derivative(s) thereof that are in the product
refers to the portion of said compound(s) which remains in the oligomer and/or
polymer chain after the condensation reaction with a compound(s) containing
hydroxyt group(s).

More than one compound containing hydroxyl group(s) or derivatives

thereof can become part of the polyester polymer product(s). All the compounds
containing hydroxyl group(s) or derivatives thereof that become part of said
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reheat which can be tolerated. However, if the
function of the netal is already served or not
w0 paoessde by an oxi dation reaction, then an i NPCEHES®05/080531
L* to any degree nmay actually be desired. Another
advantage of the invention is that the stripping
process is conducted under conditions to prevent the
pol ymer from exhibiting a significant change in col or
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rnationa Chester, PA). The_ instrunent for
nmedakhe naagtlmbbﬂhaq@rlg@whg gc@r@mpqmgpwlth the hydroxyl

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

Derivates of terephthalic acid and naphthélane dicarboxylic acid include
Cy - C4 dialkylterephthalates and Cq - C4 dialkylnaphthalates, such as
dimethylterephthalate and dimethylnaphthalate. ‘

In addition to a diacid component of terephthalic acid, derivates of
terephthalic acid, naphthalene-2,6-dicarboxylic acid, derivatives of naphthalene-

2 6-dicarboxylic acid, or mixtures thereof, the carboxylic acid component(s) of
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E 1164 "Standard Practice for Cbtaining
Spectrophotonetric Data for QObject- Color Evaluation.”
wW@006/028786 det er mi ned on a sanple by using its BUBFUB2M0®030531
value - the value determ ned by the instrunment. The
~ measurenments of %rystallinity are obtained from
differential scanning calorinetry according to the
fol low ng equation: %rystallinity = [DHm /DHr 100%
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det d by integrating.th .
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pretaraity GavIOIA ool GH1oB aEdEF- VRIS e ok
dic&hg{(}gig KR 1Ryl &9 BAERICComEdrdidisiiare phthaliclatidaisbphthalic
S

ets, conventional pel ets_%%)gsti_lles and
aci&mapotiaienesBapticarbaxylisaadid. dyelohgxanedicarbagiical from

heet ,. fi . b .. .
cyolpERaRetak g G RPTP 4 UIsRCR A abit Sickinic sEic BTkeHfo
aci@\aRyiple %lcmp }a@@fti!c:w_ctidalasbggg): acfd, }ahé tiﬁﬁke,dvlgslsozghthahc acid,

articularly limfted. sira r
nerialne s AeskaRoRdlcRic andpankxeh B Bt &5 R Most
prefé%t%lle? t @Rouli Peturfcpdibd Hat usk @RtRS corfespohdfgoagiér 100

particles, and up to about 100 g per, 10

] | .
e leskirs cancaiy sblorges oh ese st s drelydschyhe Tim
"oty gt et 1 oo RARRILEE K YoeBn Cofiolifs 8hd compounds
wittéla i Heg wiusrbab b cdrborylid apid graupgdo atodifyl thenpolyested.

hae S466RdE PLNAEPILESTPEN S SomR e By B Y hal )
hyd%‘ﬁﬁ RompBRY¥NIGH I Bresent polyester may include additional modifier
mono-ols, diols, or compounds with a higher number of hydroxyl groups.
Examples of modifier hydroxyl compounds include cycloaliphatic diols preferably
having 6 to 20 carbon atoms and/or aliphatic diols preferably having 3 to 20
carbon atoms. More specific examples of such diols include diethylene glycol;
triethylene glycol; 1,4-cyclohexanedimethanol; propane-1,3-diol; butane-1,4-diol;
pentane-1,5-diol; hexane-1,6-diol; 3-methylpentanediol- (2,4); 2-
methylpentanediol-(1,4); 2,2 A-trimethylpentane-diol-(1,3); 2,5- ethylhexanediol-
(1,3); 2,2-diethyl propane-diol-(1, 3); hexanediol-(1,3); 1,4-di-(hydroxyethoxy)-
benzene; 2,2-bis-(4-hydroxycyclohexyl)-propane; 2,4~ dihydroxy-1,1,3,3-
tetramethyl-cyclobutane; 2,2-bis-(3-hydroxyethoxyphenyl)-propane; and 2,2-bis-
(4-hydroxypropoxyphenyl)-propane.
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remel ted and reshaped into a nolded article, and

[iquid crystal polyners and thernosetting polyners are
wap®eioess e for the intended applicati ons suchPEEUS2005/030531

packaging or stretching in a nold to nmake a contai ner.

The pol yester polyner desirably contains al kyl ene

terepht hal ate or al kyl ene naphthalate units in the

pol ymer chain. More preferred are pol yester polyners

whi 8% nmrfmrs,stbe polyjester pahibusryhay pe&fe@btxowrjmarmjch
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cydllﬂltfxtah@&&r&harﬁalﬁanﬂ diathytend digcaici d, der| vat i ves of
napht hal ene- 2, 6-di car boxyli c aci d, xture
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0
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polflB2t6 &St tndfe £85btiss BIRSRERIRLEE phERter Palyters,
mofeprefdraplyan antgneurition at Rt 80 WLYRUR ddYedst s WY, andlhst

uch as ethlenqulyco thadlcarboxllc acid as
preferably (198 viefogbased e the W@lehwf @kﬂﬂerm@maﬁwcbg@meém

/ | r
(o e T e G B LA BEP Ao, ! el odifiers, or
otheopwnats wbichanay fmgm@dﬂsomytlnuoua@hdsg)r dtijs(al$o preferred that

theBhle Y o ereia il Apalitiame S iy Bagt Modinees o
othar sBlyrheds WhicH €riny aldiscehtinudUagsiele. that are in the
prqduct conprise the "carboxylic acid conponent." The

ol camROSitinRs ARk RieRaEathPY BolYRIeHEReN ¢ aci d
proSRIBS Rhowh usﬂﬁ{e' é’rf‘%%fgaéﬁr%toté??erc?@ ehﬁeéuo?sfa%d n the

product add resi ues compound( s)
polymndansattmg d%alyﬂstw melt phask gmufza(c@)nrrg prbeessestinslads direct

condensa%on otfh a&lcgrrb%xyllh% acu? wﬁfw (t)he 8:0! 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 transesterification
catalyst in the ester exchange zone, followed by prepolymerization and finishing
in the presence of a polycondensation catalyst, and each may optionally be solid

stated according to known methods.

Once the polyester polymer is manufactured in the melt phase
‘polymerization, it is solidified. The method for solidifying the polyester polymer
from the melt phase process is not limited. For example, molten polyester
polymer from the melt phase may be directed through a die, or merely cut, or
both directed through a die followed by cutting the molten polymer. A gear pump
may be used as the motive force to drive the molten polyester polymer through
the die. Instead of using a gear pump, the molten polyester polymer may be fed
‘into a single or twin screw extruder and extruded through a die, optionally ata
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refers to the portion of said conpound(s) which

remains in the oligonmer and/or polynmer chain after the
W@ oovdeessad | on reaction with a conmpound(s) conteCHUSIY05/030531

hydr oxyl group(s). Mre than one conpound contai ni ng

hydr oxyl group(s) or derivatives thereof can becone

part of the polyester polynmer product(s). Al the

conpounds contai ning hydroxyl group(s) or derivatives
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_ remains ih sald pro ter sard conpound
pelietizatinmdendieingwnethod an:ndrqmaraﬂ@s):am: batusied; ingludargoloxtyridtc

g B BB R EnCbe Tt b ol eT Comdbrocst P izingg
paétma@hf] wakberimgppellétiobrd, het fayd pelistizere AUritiepFamp @elletlzers and
car boxyljc acid residues in the product(s) can

cerﬁgﬁugg RERA128YS-pr ot on NMR. I'n anot her enbodi ment , the

ester polyner conprises Zﬁa car boxylic acid
r%wm{ve%@rhmly@ﬁﬁ@aé{ta%fa@pw l¥asiddbglegirechas netedtabare.

t
B 35 o BOLELR RS RS
limitesd lahtdl ahcém@szmérrdaloayﬁebhydztlm in@ ghs deliquidit Thesryatallization
ht hal ene

ma ABUR 2 ARG Ry AR eSS it Bt bed agitated by
fluid ﬁﬁﬁbm%ﬂt el @YagdtedvebeR of PP,)% Bﬂls@(ﬁze@! m%t lldLﬁ@ﬁ{edﬂﬁn

mol e % of the residues of hyl ene g@/ based
aboygdherd ef therradyastestpalyaes @rqf@sthy at H0"§ tectasaeen any other

eSS RSSO HOONEE BBl o el O ey e
polyreetcm:ap alsofbe fed toar d:rgsmlhzer atca ﬂolgmmpwmpera‘mmfbdldw its Tq
(fromy tg\e glglss) or it may be fed to a crystallizer at a polymer temperature above
its Tg. 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 Tq, 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 manner, allowed to cool to below its T, optionally stored,
and then crystallized.

" 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 botties by conventional processes. Thus, there is also prov:ded in

an embodiment the botties made from the partlcles of the invention, or made by
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conmponent during the preparation of the polyester

polymer is not restricted to the stated nole
WEeroeeeR7ages since one may utilize a | arge excPGHUSH005/030531

t he hydroxyl conponent if desired, e.g. on the order

of up to 200 nole%relative to the 100 nol e% of

carboxylic acid conponent used. The pol yester pol yner

made by the reaction will, however, contain the stated
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bewaﬂgﬁsaahlbbﬁpe h@t fﬁ'@ddnf@dhﬁ batlesare gxa q‘@ typgsof bottles
b f
whngﬁ%egﬁ%gﬂ% gro?gﬂ'l 8{}%@%@8 [;__)\)éﬂlétg ot tHhek Qﬂﬁﬁhdﬂi er o

l'es 1 nclude aromati c
dl qagltn@sw arel Zldlludtrakerrefrehramhg pecdssdlosy embedimeitson
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desii”f)ﬁ‘gf@v\b@@%\‘? 089U dgt? 8§‘$| phatic di carboxylic

acids @Ir@ﬁeb%%ﬁnh@ﬁfhdt Qﬁstélmelaolcyesﬂeopaalcmseconmmnmga'
sp eC| exanpl es of nodifier di arqu%aglr‘c aci

lovelsresiual Adngteiel thanp B mem [Enrareeshn V%S%?&q§5 through
parb% n&\ g@h%cl 8?0 'T%g 3 éé‘?dr béd QOﬁ'vﬁﬁf Phendssere05land

i car boxyl 1 ¢ ac , cycl ohexanedi aceti ¢
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ot riog having R et 7B AheRPE fo pom or
esBERURAD S 61 e b B ol it 8 e e
lowehai of the vammgtg&@éqtmﬂtsudgeledpc lpgscapl! @%ﬁs %q? dacl udé a
bot?om inlet closer toward the particle outlet 103, or a top feed. After picking up
acetaldehyde from the particles, the gas is removed from the vessel 105 through
gas outlet 1‘04. The location of 103 and 104 relative to each other are preferably
chosen so that gas flows across the majority of the particles in the bed 106.

The polyester particle stream flowing into particle inlet 101 are at a
temperature of 120 to 180 °C, and contain more than 10 ppm acetaldehyde. The
stream rate of the particles is not limited as this process will be effective at a very
wide range of rates. The mass of the particles in the bed 1~06 is selected to'give
the desired residence time for particles in the vessel 105. For example, if the
rate of particles in stream 101 is 10,000 Ibs/hr, and an average residence time of
20 hours is desired, the mass of particlés in the bed 106 should be (10,000
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anhydri des, esters, and acid chlorides of these acids

is included in the term"carboxylic acid". It is also
w@owsiokd7es f or tri carboxyl conmpounds and conpouPKiBUSZ00$1030531

a hi gher nunmber of carboxylic acid groups to nodify

the polyester. In addition to a hydroxyl conponent

conprising ethylene glycol, the hydroxyl conponent of

the present polyester may include additional nodifier
b/ hr26-s) §,206iQ@IO§gs.o'rrhe sirpctiifie vesseh 1851 gifiicienticheantain the
beYgpoxy! groups. Exanples of nodifier hydroxyl

conpounds i nclude cycloaliphatic diols preferably
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di hyshiemy- . :
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as tB% Z;q%g%ﬁ:lgé{qllgso@\é\f@ }%@%101. One skilled in th% art is aware that these
rates may be intentionally set differently to adjust the mass of the bed 106.

The rate at the gas inlet 102 is preferably greater than 0.0001 SCFM per
Ib/hr of particles 101 fed to the stripper. There is a balance between having
sufficient gas to dilute the acetaldehyde and ensure a large driving force for
acetaldehyde to leave the polymer particles, versus the cost of providing higher
gas rates to the stripper. At the low gas rates that are preferred, the temperature
of the gas is not limited as it does not have a large impact on the temperature of
particles in the bed 106. At high gas flow rates, for example 1 Ib/hr of air in
stream 102 per 1 Ib/hr of particles in stream 101 the gas temperature can have a
significant impact on the temperature of‘ bed 106 and must be chosen to give a
bed temperature between 120 and 180 °C. The inlet gas stream 102, is

preferably air substantially free of acetaldehyde.
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(excluding fillers, inorganic conpounds or particles,
fibers, inpact nodifiers, or other polyners which nmay

WO oori0287dé scont i nuous phase). It is al so pref eP€BUSI00H030531
t he pol yester polynmers do not contain any fillers,
fibers, or inpact nodifiers or other polyners which
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Lext ry zzle. Once through the die, the ster,
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be_pelletized at the die head, optionall
cutter 203 sweeps the cut particles away from the cutter ang into the outlet pipe

208 for transport into a crystallizer 209.

As illustrated, the crystallizer 209 is an underfluid crystallizer having a high
liquid temperature in which the liquid is kept under a pressure equal to or greater
than the vapor pressure of the liquid to keep the fluid in the liquid state.
Crystallizer 203 comprises of a series of pipes in a coil or stacked to form a three
dimensional box or any other shape, including a long linear tube. The liquid (e.g.
water) temperature at the outlet pipe 208 and through the crystallizer pipes 209 is
above the Ty of the particles, and preferably at any temperature within a range of
greater than 100°C to 190°C, and more preferably from 140 to 180°C. While
underfluid crystallizer is illustrated, any conventional crystallizer is suitable. For
example, a suitable crystallization method includes passing a countercurrent gas

of hot nitrogen or air or both at a gas feed temperature of 160°C to 220°C
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underwat er. The pol yester polyner nelt is optionally

filtered to renove particul ates over a designated size
whedoenss7hei ng cut. Any conventional hot pell et P@RUSZING/030531

or dicing nethod and apparatus can be used, including

but not limted to dicing, strand pelletizing and

strand (forced conveyance) pelletizing, pastillators,

wat er g)?spel letizers, hot face pelletizers,

threwghen mi plid peliats egiatad by den oas flayer penpehaniealagitation,

|
or JenBRloHEthehe BT T a8 R EiSIa B el rpuon
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raq%ﬂ%ﬁ%%l%%%%@@tﬁ% v y %ﬁ%@%&)p g‘goagfgar dlscharge from
t

amnksal |y agitated vessel a fluidized bed; a bed
agitated by fluid novenent; an un-agitated vessel or

IOI p,&f’ter?fo\é\ﬁﬁ@{Hrb%?ﬁthe%r?stthé‘ﬂicﬁupggg t%ﬂ% g éﬁhi %%1 @es are

he pol yester p prefera
feddhroa!giz pipen2i 0 ireaparticediquid separatana1l. Al maratbebeiwmir

Y R T T
a ghé or tHe Whllooh 4 Desd é§ﬂie hext ttahsfasolbfed. €rhd ﬁ’leﬂwod or
pol yner tenperature above its

t | t
eqlma%glé@ aﬁéélgarfaﬁw 3@@6[@@1‘9% Hayigl dsnphiEmited. t WQI@S Ofsuitable
B e RN AL
centiftigesvanr simpledilterd orcsoy@ansa intorathicbrihe padtcdnf/hqmda skumyhe fed

with Ryl felghite SsrPR ShHHE profoh Bl Bkaion. !
Thd liquid in pipe@12eay betibriztly 88 rerdenmeicas bRoure of Ilqwd for the
feeéluéSt allization apparatus or any ot her suitabl

Qthg vpceiflvig culiSpar at us. , the nolten pol yrrer may
be e parﬁcnegéré:%w%rg{e@ A3k g@ﬂm%r r 23 e Harfobulid

below'its T t1ron y stored,

pipe 2Y3 and fed ido vemeéaeﬁ toe Afhsisippinghedseterindhe event that a
con%ﬁtno%a?érysiall%? st L?s?etdu the S‘eqr? cles tcan be fteg directly or indirectly
from the crystallizer to the AA stripping vessel 105. The particles fed to the
vessel 105 have high heat energy imparted by the crystallizer 209. The heat
energy in the particles is used as the source of heat transferred to the gas
supplied to the vessel 105 through line 103 which flows through the particle bed
106.

In this embodiment, the polyester particle stream is fed into vessel 105 at
a temperature of at least 50°C. The crystallized particle stream discharged from
the separator 211, or discharged from a conventional crystallizer, is typically at a
temperature in excess of 90°C, or in excess of 120°C, or in excess of 130°C.
Between the conventional crystallizer, or the separator 211, and the stripping
vessel 109, the particles may cool somewhat through heat losses to the piping,
or heat losses in the separator 211, or within optional 'equipment between the
separator 211 and the vessel 105. Between the discharge from the crystallizer,
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and i nclude sheet and bottle preforns. The bottle
preforns can be stretch blow nolded into bottles by
wa@omvspegTiOnal processes. Thus, there is al so ppPOWUS®AS/030531
in an enbodi nent the bottles nade fromthe particles
of the invention, or made byany of the processes of
the invention, or nmade by any conventional nelt
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SCIe¥#rer are preferably

Experiment Set 1

This set of experiments illustrates the effects of time énd temperature on
the residual acetaldehyde, molecular weight, color, and crystallinity of the
polyester polymer particles.

Three different polyethylene terephthalate based polymers representing
three different geometries were placed in a fluidized bed reactor and exposed to
either 150°C, 160°C, or 185°C temperatures and a low air flow rate for at least 24
hours. More specifically, the experiments were conducted in a column reactor

comprised of a modified chromatography column to allow for the introduction of a
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chosen so that gas flows across the majority of the
particles in the bed 106. The pol yester particle
w@reoears7ié om ng into particle inlet 101 are atPEI/US2005/030531
tenperature of 120 to 180 0OC, and contain nore than 10
ppm acet al dehyde. The streamrate of the particles is
not limted as this process wll be effective at a
very wi de range of rates. The nass of the particles in
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bottomd flaglednd accahn@cttooﬁommta cdrelepiseeam t hough particle
ture rate, and feed | ocati on of

i nl 01, th
gas TR ef e T tBagish PPYEEparans YNBSS ol
collli% anﬁtthé 9us KBl Ry SRS tﬁé‘&&?mér 'b%rtgfl’é iRthE QH‘U\‘\‘H is r@,@ﬁlated

have a | ar ge | act on the avera rrpera ure
by @é‘uxmglee@lﬁahlet sw:évejém am@undvbcpﬁwmlﬂask aomecéa@tcememﬁumn at -

ol 507 e3R8 EAARR A E53h0BR A MBRor e g
solvdntid pe r@crnaiméelrtenhlé réHdt(}ifarG)dlrMen? r(]ﬂs bf— t160‘ft¢); awbg%?m;l

t es e tenperature
(bntgcﬁﬁoo&) 8@%8 Geodtsl bc%rrd1%‘g§) Wassised 35 B lemperaivEe.
reg&l@ﬁng-s'—Bl@ehteVa of acetal dehyde in stream 103 depends

prinmarily on the rate and acet al dehyde content of -
parlhecx@srimentsivete enndeigiedlio Iwoﬁm&Sdm)@Taigmgéhawessel

TS ahaB 680 815 bR Bl bl R TG A ETRG e
exparifieats) e/ dsin was branged|td theyeesyehbET00 @.rhh %ri@oébﬁm B0
grar%lérsla% léshv?/erset éollggtedgat each time inferval indicated on Table 1. Ina
second set of experiments, the resin was charged to the vessel at 5:00 p.m., and
about 60 grams samples were collected at each time interval as indicated on
Table 1 below. The samples were submitted for residual acetaldehyde analysis
using the test method as described above, for inherent viscosity test
measurements as described above, to color (reflectance) analysis as described
above, and for %crystallinity analysis as described above.

Within each set of experiments, three different runs were made. In the
first run, a polyester polymer thermally crystallized at 175°C to a degree of
crystallinity of 33% and having an It.V. of 0.816 was used (“Polymer 1"). In the
second run, a polyester polymer crystallized with a roll processing unit to a
degree of crystallinity of 35.7% and having an It.V. of 0.802 was used (“Polymer

2"). In the third run, a polyester polymer crystallized underwater to a degree of
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process. At steady state, the rate of pellet renoval

106 is on average the sane as the rate of particles at
wo b@oiozd7éé 101. One skilled in the art is awarPCT/O§1005/030531

these rates may be intentionally set differently to

adj ust the nmass of the bed 106. The rate at the gas

inlet 102 is preferably greater than 0.0001 SCFM per
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e bed gas flow rates or example 1
| bNVithlrmthaa$ercohd set c:fe@)mexmerﬁ@,rorm nup/was perfigrarad wsieg in

PolheE B he SeTRL PSP Gt R b *™

tempbm_ﬂﬁ graeptc.e a bed terrperature between 120 and 180
The in| et gas stream is preferably air .
S UMSHTR e SBr SroeT ieualtivay 45 Meed PaETasd LRBoghe
{ e
samt b fhesd et sgt é‘g‘ﬁ*p@“ﬁ%er' g RISl
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the gglyrl#xglga/rafslaléldgd %J %hteevreslsgl \}v,laé ggtt ésat %dstargfl tlr)ﬁe for the experiment
(Time = 0 hr). The temperature of the polymer particles was measured by a
thermocouple placed on the fritted glass support (4 in Figure 3)

The results of the experiments run at 150°C using Polymer 1 are reported
on Table 1. The results of the experiments run at 160°C using Polymer 1 are
reported on Table 2. The results of the experiments run at 185°C using Polymer
1 are reported on Table 3.The results of the experiments run at 150°C using
Polymer 2 are reported on Table 4. The results of the experiments run at 185°C
using Polymer 2 are reported on Table 5.The results of the experiments run at
150°C using Polymer 3 are reported on Table 6. The results of the experiments

run at 185°C using Polymer 3 are reported on Table 7.
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conventional type of pelletizer can be enployed to
make pellets which are eventually fed to a

w@eos287Hé zer . The source of the nolten pol ynmePCTEF2008030531
frompellets fed through an extruder to the gear punp
202 or fromthe nelt phase high pol ynerizer or
finisher (not shown) fed to the gear punp 202. The
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After flowi ng through the crystallization pipes,

t he

crystallized particles are fed through pipe 2 10 to a
w@anobiozd7ad | | qui d separator 2 11. A separator 2PAWUS®05/030531
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however,

i f conventi onal
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a vessel
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Figure 2 as 109,
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crystallizer,whet her conventiona

| osses in the separator 2 11,
equi pnent between the separator 2 11 and the
PCT/US2005/030531

or as illustrated in
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Three different polyethylene terephthal ate based

pol yners representing three different geonetries were
wpb@emeB7er a fl ui di zed bed reactor and exposedP@DUS2005/030531

ei ther 1500C, 1600C, or 1850C tenperatures and a | ow

~air flowrate for at
specifically,

| east 24 hours.
the experinents were conducted in a

Mo

re

col um reactor conprised_of a nodified chromatography
colum to allow for the T#I®dduction of agas stream

over the po
t enperature

$oNm

BPbt4t9'585C aRd G.G?G'FQ

€ polyner partic

erRje the

a round bottom

flask
Elapseds

'nnﬁﬂghg

chanb

br 30
oy 3

aRdsialuabnd

ratgﬁdlﬁgﬁa
ﬁ§;|s a

ensor .
guieVa.

Yol

trLtted

The col ynm reac
Loutlside gl

Th

walH 3

articl es.
gl ass support

2 i t hi
At th

t or

is
ass wal
n |cr
e bott&
304

t hir ough

| 30fh

Griptatjinity

OﬁﬂiCh

ou

is f a gas

bh a corl of

28

ass t

Bog ¢ ag5 1481 ¢

i ng

505%,

308 | o
t he out

W ngg 18
si de

gtass
2 to
tenpe

VVdIIjS

rature of th

coImiIetTl

nfl 08 and @669e6t5@830$
e col ump reactd

O SUT
+600a
Or , _pol vy

for—a

cedddn 3
ner par

UUIIU
er . 40194
ticles

1)

nth

| um

I ese‘.? ﬁPt he

iR |

5230

wnd bhot

| ot S8 70y

rxm‘Flﬂr\

gve %ﬁhé

[ u

| o-onnoe

| ﬁgbgﬂﬁr

taoad-ta

Jul l.u

4t4= C
the c

bl unmt, $9
plum at 8 t

I D OU’I V\,I]L

i nl

ITI_U.IU\

et0.800 |
o al | ow

HTTa " UUt

26.d@n
for th

LI L%

lenter |
b refl ux

LA AYALLL

S -@Gta¢
i ng sol

LC T CUO O

hed41.d4
vent to

62(330{

1850C

ecl ai
ohexa

(b.

was_used

to thh

q.

084§

the tg

oh 5667

jlefﬂgl

r.e ram

SRl

Iaflna

%

OOC);%G:J,_

solvent

7H® e

charg

Xper igmnt s

ng the vess

regeen
eI w th

bnmer at
nperat

jusd 2yl

1.5 po

n-1108
inds (68

St agigs b
0 g) of

Yy 40.89
a

part
er
7:00

arty cr

stal

ment&s93 t he

a.m ., and about 60

i zed Pl

r &797 wh

—1_resi

15O Bhr

[arr&s

T TH
hed)-P9 t

npl es

e TiTSI
hel-¢8ss

P
re cm

lected

set of
el 41.97

14Hp €2

secon

d set 0o

i nte
exp

Iy y
erlnentq

ggnﬁlggﬁgd

3Dl
esin we

n

g

€.d.18
s C

a
od | 3638

—+ 1
Uire v

16.00

] 4 =
ool al — J.

-1.61

A
U BLLA

0804

arct

55.16

-0.95

18,
4

-0.48

52.75

18.00

1.38

0.801

56.5

-0.98

-0.47

42.43

20.08

1.24

0.803

56.32

-0.97

-0.41

37.04

22.00

1.22

0.797

56.43

-0.95

-0.48

41.59

23.92

1.14

0.800

57.47

-0.98

-0.58

42.00

24.50

1.04

0.804

56.50

-0.95

-0.45

37.18

39.25

0.86

0.797

56.35

-0.94

-0.47

47.70

32



about 60 grans sanples were collected at each tine

i nterval
WoOwR0e/038Théri tt ed for

using the test nmethod as descri bed above,

vi scosity test neasurenents as described above,
(refl ectance) anal ysis as descri bed above,
for %rystallinity analysis as described above.
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and are detailed in Tables 1 through 7.in each case.

The polyner charge was 1.5 I bs in each case.. The
w@ologes74evas added to the column reactor afterP€h®S2005/030531

colum had reached the target tenperature of 1500C,

1600C, or 1850C, dependi ng upon the solvent used in

each set of experinents. The tine at which the polyner

was added to the vessel was set as the start time for

the experiment (Time = OTHH® 6 The tenperature of the

pol ymer part i@f’?‘?@?"q‘%s@%ﬁq d)uogy pfocoupl e

pl aced on the gl'ass support |n Figure 3)
The results of the experinents run at 1500C using
——-——QQ-I——)LHE.L 1 are 'VV')rLarJ on—Fable4+—The resuylts—of—the
Elag%ga meResidugh o} Clusi ng ﬁbol ymer [l are rjepor ted

aphgetalddi\id ESUI'LS of {he ihqu*l ment gy urn at

TimegBOC usi ng Po yrrer(dl/g)r ¢ reported on Thbl e 3./ Trystallinity
results ofpnm)e experinments run at 1500G usi ng |Pol yner

ar.o Tkl Tl L4 £ A P
Z ol 'IC[JUFLCU of—TapTr € 4. 'S FeESUTrtS L SLLLA>E

Od(per | ment!9.88un af 0.880C|u€8.2d Pol-y:T8r P -arig rlepoBB&d
on Taple .The results of |the experi nents run at 1500C

R A R e ?ﬁ’% ol |3 Pt 0
reportedon-Tablel 7 Fabl¢—1 Polyrer—+ 1560,

D06 SCFVEASl ¢ 2| RoBgee] do4p 160021 O, 0060 SCFMEaBEE
3 Pol ymer 1 at 1850C and|0. 0067 | SCFMrabl e 4 Pol yner 2

8067 S o 6 #E/me B354 | 186 ana2dToger <604
Q

SCEMIAhl e 7 Pol yner 3 at 11850C 7 SCEMIChe
agsul s i nohgat ed| thaiyf oreabl | eopegaturegat est eds 15
15000, 160Q0C, and; 1850C, ({the | eyel of rlesi dual
acetafdehyde Temarmi ngéa ter 247hours S 1esg tham 3
54m for al84%anpl es0.Be4t ¢d69-Men th€5priocdL9 \as 34.67
conduct ed at 1850\C an
6.08 472 0.848 69.26 -1.71 -1.99 34.29
8.00 3.26 0.791 | 69.02 -1.68 -2.09 31.14
13.67 1.44 0.796 69.65 -1.64 -2.20 30,72 -
16.00 1.17 0.809 69.83 -1.65 -2.27 4410
18.00 1.02 0.840 69.45 -1.65 -2.21 37.24
20.00 0.91 0.835 69.59 -1.65 -2.15 38.29
21.67 0.84 0.792 69.83 -1.62 -2.13 - 31.35
22.00 0.81 0.840 69.69 -1.64 -2.10 46.21
24.00 0.79 0.791 69.76 -1.64 -2.15 39.03
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i ncrease in nol ecul ar wei ght was observed due to the
pol ycondensation reactions occurring at this high
wao esoper&Isar e. Al so, at 1850C, a significant i nPCEHESMOF/080531
L* was observed, and an increase in the a* and b*
col or value were al so observed. However, when the
process tenperature was | owered to bel ow 16Q0C, no
significant change in the nol ecul ar weight, L*, a* or
b* was observed. Based ubHet’he experinenta
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| east 0.75 dL/g It.V. obtained in a nelt phase
production process for making the particles. 4. The

w@r@ensE40f claim 3, wherein the particles havECHUS2005/030531
degree of crystallinity of at |east 25% before being
exposed to the flow of gas. 5. The process of claim1,
wherein the finished particles are introduced into
dryer to formdried particles fed to a nmelt processing
zone, wherein the finished particles dried in the
dryer have not been solid state polynerized. 6. The
process of claim1, wherein the finished particles are
| oaded into a shipping cont ai ner and have not been

connarsufts sl horBeetlesbernlies EGh 42016, 1, and

1855¢ nth§ h(,ﬁ}él Bﬁfetsldﬁbﬁécétél‘d%h?dé RshaiHRlg AfRel4 Kurs was less than
acet al dehyde of |less than 5 ppm 8. The process of

3 prin dorrallisamipies tasted. hdVien thed:rregeerﬁawes gandyoled at 18%°C, an

f
nore G Beliey FoNSIghe RS Bsel Byt (2 BARBORIARERY O |
reactions eecwting Iaymlsihlghrtetrgpeca‘tum Allmsat 185% J& significant
i nt rodyci ng .t he articles

t I t t h
INCTRFRS (st 14 RRRSTS. @0 Brss Uh e s aTiLe” oL PaIbs Nes
alsoscst%eﬁ/éao HOWRNVBE et ﬂne p@@ééés%%era'iﬁﬁé wag lcfw@;rbfa 6 Below

particles have a resid acet al dehyde | evel ppm
160%¢, neesignifigantThenge o*t%t@gn@lﬁcwlaawmght Linat er i wRe q@égrved
Bas%ix p$ﬂ i?\ép%)gtgaz@%&ﬁglt tenfgtli)ﬂs\é]r?esﬁag %Hcl% e/°tik?é/t r&gfgﬂgfee :

alm Intr

acetldehytie forateat duringcthe HiXlplasel mﬂmeﬂatnoﬁfﬁ RE'b oegsheof
rein the aS| intro

eff e&'%@ﬁ%ﬁ%ﬁ@@@@g&h |r%§l,g%ola ow O gasdat & temperature which

does not significantly affect the fitness of the particles for its desired use as
indicated by insubstantial changes in the It.V., L*, or b* color values of the
particles. The finding that the b* color value can remain unchanged in the
presence of atmospheric oxygen is an important consideration because in solid
state polymerization operations, great care is taken to minimize the concentration

of oxygen to prevent changes in b* color at the high temperature conditions.
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12. The process of claim1l1, wherein the process is
conti nuous. 13. The process of claim 12, wherein the
wa@e@batsiehyde stripping zone conprises a vessePCTEHS1008030531
a particle inlet, a particle outlet, a gas inlet, a
gas outlet, and a particle bed wwthin the vessel, and
gas is introduced into the vessel through the gas
inlet and exits through the gas outlet after flow ng
WhatiWeugaimats: | east a portion of the particle bed, and
the particles are introduced into the particle inlet
and finished particles are discharged fromthe vesse
through the particle outlet. 14. The process of claim

131. V\Ihequl’OCGSSS{tdnqa‘iaimﬁ introdyeiag@oly@eteyrmtynp@rmarﬁd:les is
nt.r oduced |nto he ,ve sel thr h the [ nl et
contzfhing {eNGH aECiRIleRs o4 TRB By YePRE ehorBRES Withiha Bnide of

1309t & 796 tobeh & bed BEpdrieins hathitf heVessSICTiGRING £48S through
i ntroduced into the vessel ranges from 1300C to 19Q0C.

at lepst a PRigprafdee padiclebed At a gas fipwratenatiskcgading .- & SCGEM
| 3 W
per Bt of PtippEpSEff Bht WA BrnbThREl Rafied folithe
ves:teﬁwaonﬂ\gcaemdumabamnpairtelsn:luel beataldehyas. poi nt bel ow V
of the particle bed, the particles introduced into the
papt i cl Thé ptozess of olaim He dharein ey pargclagiintyoduretidnto the

o o LB o S B b
acet\tﬁ;tfehg@é'id 6x@sElpWo phfn. The process of claim 13,

I'n the vessel has an aspect ratio L/ D of at |east

18. | r
a t3h| a tnﬂg Wc%§§%§cl%me ggm&ﬁt £i8lkes htak}éd?l !@%’SPf%

vesse measur at t gas inlet/vesse

least 0rvét dLdg lin\aroféainéd ona m@smrgaaeqormdugmngqrmeessﬂme nakingethe
t iﬁcl aiml, wherein the process is continuous, the

pa Yicles are fed to the acetal dehyde strippi ng zone

al ? feﬁ?e E)r%tcgés ar gla}:n? 3, w%erem the particles have a degree of

crystallinity of at least 25% before being exposed to the flow of gas.

5. The process of claim 1, wherein the finished particles are
introduced into dryer to form dried particles fed to a melt processing zone,
wherein the finished particles dried in the dryer have not been solid state

polymerized.

6. The process of claim 1, wherein the finished particles are loaded
into a shipping container and have not been solid state polymerized prior to

loading into the container.

7. The process of claim 1, wherein the finished particles have a.

residual level of acetaldehyde of less than 5 ppm.

8. The process of claim 1, wherein the particles have an It.V. of at
least 0.75 dL/g obtained in a melt phase process for the production of the
particles, the particles have a degree of crystallinity of at least 25% prior to

introducing the particles into the zone, the particles are continuously fed into the
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pound of particles fed per hour, the flowrate of the

introduced gas is at |east 0.005 standard cubic feet
w@enen2stue e (SCFM). 20. The process of cl ai m 2PA7/US2005/030531

wherein the flowrate is not greater than 0.10 SCFM 2

1. The process of claim?22, wherein the flowrate is

no greater than 0.05 SCFM 22. The process of clai m 2

1, wherein the residence tine of the particles in
zonetwithpit fitst selidsteimpelymerizging fhe watticles, sndghe figisged ﬂgrticles

havy‘é?ré%@%‘?éﬁetgfd ké‘é Byvh of"f@?ﬁ' lé% gas is anbient

esso erein the It.V. of

t he, par /

1% P i P R e 8 T RaBR SRR of
oflégstﬁantgsvabyk/elameo 70 dL/g and 5 ppm or |ess

acet al dehyde W t hout soLVgTst ate R/ 2| n t he

pol Wher Thegroaess ofrids er@'l“aﬁ%ﬁ ig int ?ﬁ%mperafure
Offoeéloc,hp@g acet al dehyde content of the part| cI es fed to

the zone is greater than 10 ppm and the level is

r edudced The processmfaltaimets whereinthe gps iciegedutedpbdm 1,
i dual acet al dehyde content of the

temBqutp@ %ftsgb?gooﬁ%ssfhe zone is greater than 20 ppm and
t hej2, evaheigpodedlstethimnot, 5vl1m6‘h<1he|pﬁc$t&ass2§coﬁihﬁloﬂsocess

O % o Tl o Gh S She Beri e B s rene
corﬁﬁr s\és C?%J rgt@llrlﬁ%ﬁgf‘é ’paﬂﬁ;liés ﬂ?%sgﬁtaﬁhtlac?nfé ‘?‘53%3 fP@é& irﬁéte aldasV-
outlet, and a partlcle bed within the vessel, and gas is mtroduced |nto the vessel
through the gas inlet and exits through the gas outlet after flowing through at
least a portion of the particle bed, and the particles are introduced into the
particle inlet and finished particles are discharged from the vessel through the
particle outlet.

14.  The process of claim 13, wherein a stream of polyester polymer
particles is introduced into the vessel through the particle inlet at a temperature
of at least 90°C.

15.  The process of claim 14, wherein the temperature of the particles
intfroduced into the vessel ranges from 130°C to 190°C.

16.  The process of claim 13, wherein the gas inlet to a and the finished
particle outlet afe located below the gas outlet and the particle inlet, the gas is
infroduced into the particle bed at any point below ¥ of the particle bed, the
particles introduced into the particle inlet form a bed and move gravity to form a
flow in a direction towards the bottom of the vessel while the gas flows
countercurrent to the direction of the particle flow.

17. The process of claim 13, wherein the vessel has an aspect ratio L/D of
at least 4.

18. | The process of claim 13, wherein the pressure within the vessel

measured at the gas inlet/vessel junction ranges from 0 psig to 10 psig.
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29. The process of claim28, wherein the It. V.

differential is +0.020 dL/g or |less. 30. The process
w@Rooshzs7we 29, wherein the I1t.V. differential iBCHOSDEF030531

dL/g or less.3 1. The process of claim1, wherein the

pol yester polyner particles are fed to a vessel

through a particle inlet, and the L* color

differential defined as (finished particle L* color -

f ed®. pahpdrrecass of glayn 1. Wherein dhe pEgeess isgontiryeus, the

S¢.Qf ' eln t * s
parfii0F Rsreflitg fluByaatny A SHBlflo'ie'at a8k lhate and for eqch
pount exf @artictdssfed pey Astie thefbwy nate gidne intlodsced gas é&lat least
ssel, throu article.l t, and the b* col or
O'OQ\gﬁ@Qdﬂth“%ég g@ﬁpg%'é‘ﬁ"%%&dPg*ﬂis is less than the b*
cobgr vahH@rédessHt cRantd1C Wherdigthd ol RateMi8 $BEhreaér than
reater than the b* color value of the particles fed

0.1 8GHhb vessel by no nore than 1.0, or renmains

ol ns THeidess 3T SRR Mol fufvato e FbThBolel ek

0.08.SOMMErein the particles are pellets. 36. The process
of claim1, wherein the polyester polynmer conprises:

(ap2a cThberxddse ofeidimdmbein tleorasidediceding of #agiaréles
.ol e% of the residues of tergfjéélgal ic acid, derivates
in they strigpiBg FPARIAIeSITAN R4S OUFS: 6. di car boxyl i ¢
aci d, derivatives of naphthal ene-2, 6-di carboxylic
acikd; of hapraaess of clalindohersin thegagisgbiery Al
conponent conprising at |east 60 nol e% of the residues
of 24t hyTeaerafiegs of c&imﬁp wiharain gheplt.V. of the particles is at least

0.75 dL/g.
25.  The process of claim 1, wherein the finished particles have an It.V.

of at least 0.70 dL/g and 5 ppm or less acetaldehyde without solid state
polymerizing the polymer. '

26. The process of claim 1, wherein the residual acetaldehyde content
of the particles fed to the zone is greater than 10 ppm, and the level is reduced to
10 ppm or less. ,

27. The process of claim 1, wherein the residual acetaldehyde content
of the particles fed to the zone is greater than 20 ppm, and the level is reduced to
- 5 ppm or less.

28.  The process of claim 1, wherein the polyester polymer particles are
fed to a vessel through a particle iniet, and the It.V. differential, defined as

finished particle It.V. ~feed particle It.V.
is less than +0.025 dL/g. ‘
29.  The process of claim 28, wherein the It.V. differential is +0.020 dL/g

or less.
30. The process of claim 29, wherein the It.V. differential is +0.015 dL/g

or less.
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based on 100 nol e percent of carboxylic acid conponent
resi dues and 100 nol e percent of hydroxyl conponent

WO e®ic@esIge i N t he pol yester polyner. 37. The prPCEES200$/030531
claim1, wherein the acid conponent conprises the
residues or terephthalic acid in an anount of at [ east
92 nnle@band ethylene glycol in an anpbunt of at | east
92 nol e% gcess conprising crystallizing

pol yést efD %sr%%? opgleim dp wherein fhopelyastar pelymer P@étmles are
fedfoysladdd %ﬁgu%%%b%ﬁk‘i‘é ninl YR thaPRd &di6! @ﬁ‘er‘éﬁl’él%fg%g as

aver age degre crystallinity of at Ieast
havi ng a péinishedpartioip bt avlor e féeed pariekesL‘ofol@POC,

is %gnhl nu@usl y feeding the hot streamof particles at
2 rature of at least 1300C into a vessel before

thegpe fTDHﬁ@f)tUc@s@bf tihen Bot whéleaRedr ogsto@fienntisle.3 or
feeding a flow of gas into the vessel and t hrough at

lesSeast a portion of the stream of particl es at a gas

floygsrat ﬁ\é‘gltocE&S\eaE\H?Wwﬂxérewam geﬁel Dl fg(rjparticles are

particles per hour to fofma's
fedoiol eywset thpaughne pagiiate mtﬂt,eemdﬂzhw l‘JTg:CﬂDIT\EﬂiIEdehEEFWEhedf

ehyde r e to.the re ual,

patisdy Fsn J6d i torodd b e esPidies (relibdhe V88selners
greRtIaRass Y b'ctaomyalde offfhe éﬂﬁblé@f&lﬂb&hé Ves&dl byl MdFe than
streamis in excess of 130. 40. The process of claim4

1.01 or (geeaigs HNEMRNASG: streamis introduced into the
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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 60 mole% of the residues of
ethylene glycol or propane diol,
based on 100 mole percent of carbexylic acid component residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.

37.  The process of claim 1, wherein the acid component comprises the
residues or terephthalic acid in an amount of at least 92 mole% and ethylene
glycol in an amount of at least 92 mole%.

38. A process comprising crystallizing polyester polymer particles to
produce a hot stream of crystallized polyester polymer particles having an
average degree of crystaliinity of at least 25% and having a particle temperature

in excess of 90°C, continuously feeding the hot stream of particles at a
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stream of particles fed to the vessel and in no event greater than 10 ppm,
continuously introducing a flow of gas into the vessel, and passing the flow of gas
through the particles within the vessel, wherein the temperature of the particles
intfroduced into the vessel is within a range of 130°C to 190°C and have an It.V.
of at least 0.72 dL/g obtained without polymerization in the solid state.

43.  The process of claim 42, wherein the particles comprise:

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

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

ethylene glycal,
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based on 100 mole percent of carboxylic acid component residues and 100 mole

percent of hydroxyl component residues in the polyester polymer.
44.  The process of claim 43, wherein the acetaldehyde content of the

finished particles is 3 ppm or less, the gas is ambient air, and the temperature of
the gas introduced into the vessel is 50° C or less.

45.  Polyester polymer particles obtained by converting to particles a
polyester polymer made in a melt phase process to an It.V. of at least 0.70 dL/g
without adding an acetaldehyde scavenger to the polymer during melt phase
process, crystallizing the particles to form a stream of crystallized particles, and
thereafter contacting the particles with a flow of gas effective to form a finished
stream of particles having a residual acetaldehyde content of 10 ppm or less
without solid state polymerizing the particles.

46.  The particles of claim 45, having a residual acetaldehyde content of

5 ppm or less.
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