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Pol yester Pol ynmer Particles CROSS REFERENCE TO RELATED APPLICATICNS Thi s
application clains the benefit of U S. Provisional Application No
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I ncorporated by reference. 1. Field of the Invention This invention relates
to the renoval of residual acetal dehyde from polyester particles. 2.
Background of the Invention A conventional process for the preparation of a
pol yet hyl ene terephthalate based resin ed as a two
stage process: Remsyal : gataldehyge;f 25t e ErEY i cati on and
pol ycondensati on reacti ons, and a solid state pol ymeri zation process for

i ncreasi ng the nol ecul ar meéght of the polynmer in the solid state rather

than In the melt. | nCROSS REFERENEEHHD TER ABRLEYAUEONS  PET is exposed
to tenperatures f ow of nitrogen
t hrough the resFﬁ Sf%"?’ﬂ%%s%gg%h gé}gen %&%%W'ﬁéﬂgﬁﬁbgﬁ%wn mgconventlonal
process, theD/608,680 ffild Septerhberd, 2004, the entiretysofiwthicteisdwdebynincorporadéd phase
up to an It V. .of about 0.55 to 0.65, followed by pelletization, after which
the pell et yarlegar%'?cg?stal lized, and then solid state polynerized with an
optional annealing step after crystallization. In the nelt phase, residual
acet al dehyde is fornmed by degradation reactions occurring at the high
t enper at ur i i ing the | ast stages of polycondensation. In a
conventional pr QgRS8verfibh faRes B9 tHelrehiohbiNstredited @RERIdchY8e FBRECUl ar wei ght
at these It.V. levels causes a marked increase in the ormati on of
acet al dehydmlyaatam@aetc!esa evated tenperatures in the nelt phase are required
to facilitate the pol ycondensati on nol ecul ar wei ght building reactions.
Accordingly, the polynmer is nade only to a low It."V. of about 0.55 to 1

2. Background of the Invention

A conventional process for the preparation of a polyethylene terephthalate
based resin (PET) is characterized as a two stage process: a melt phase process
which includes the esterification and polycondensation reactions, and a solid
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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eventually by the further increase in the nolecular weight of the polyner

in the solid state. During solid state pol ynerization, t ' are
exposed to WOEWHHEEMS current flow of nitrogen gas to capfyeg{"w/@bﬁyl ene

gl ycol, water, and/or other condensates generated during polycondensati on.
The use of nitrogen-also mnimzes the oxidative degradation of the PET
resin at solid stating tenperatures. The nitrogen gas al so hel ps saf eguard
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prefornms and sheet. 3. Summary of the Invention In one enbodinent, there is
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crystallized particle to reduce the agglomeration of the particles in dryers feeding
extruders for the formation of articles such as preforms and sheet.

3. Summary of the Invention

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 fo 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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the melt ph@ﬁ?zobf??z?%s"t-v- of at least 0.72 dUg, or the BE%BS@&I/@?M?LE

partially crystallized before being exposed to the flow

pol yester polyner particles finished by the above nethod are dried in a
dryer and fed to a nelt processing zone without solid state polyneri zing
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acet al dehydggiekor to entry into the vessel. In this enbodi ment, heat
ener gy i npar t'eg to particles during crystallization is harnessed as the
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acet al dehy
the temperature of the hot stream drops below 50°C, feeding a flow of gas into

the vessel and through the stream of particles in an amount sufficient to form a
stream of finished polyester polymer particles having a reduced level of residual
acetaldehyde relative to the level residual acetaldehyde prior to entry into the
vessel. In this embodiment, heat energy imparted to particles during
crystallization is harnessed as the heat energy transferred to the gas in the
stripping vessel needed to reduce the level of residual acetaldehyde on or in the
particles.

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



the streamof 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 j he
particles | MOBRIEREHCi nto the vessel have an It.V. of a{’C%%@"g?gﬁ dUg
obtai ned wi thout polynerization in the solid state. In this enbodi nent,
particles having high It.V. and low | evels of 3 WO 2006/ 028746
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acet al dehy dherebpuesidiag she castlysioid state polgmneiization stépsi red. These and ot her
features of the invention are described in further detail below. 4. Brief
Descri ption of tmell Ghthesengrabédiments, thd udelnficosttyeacetaldaeltysecdcavengbes st ri ppi ng
vessel. Figure 2 is_a.pr ss flow diagram for crystallizing and stripping
acet al dehyo‘@"f#?ﬂﬁ%@‘f%‘f&@gge%{ﬁdyner particles. Figure 3 illustrates a |ab
nodel of a nogjfied chromatograph colu use t anduct experinents. 5.
Detai | ed Desctiqiei i Qperipaty R ?We%@ $?gi§§gﬂ%eﬁdggq{ﬁle6ﬁe@y be

under st ood pepwe readily by reference to the follow ng detailed description
of the invention. It is to be understood that this inventionis not |[imted
to the specific processes and conditions described, as specific processes
and/ or process conditions for processing plastic articles as such nmay, of

course, vary. | BrigiBésciibfich BEthBOradingat, as used in the specification and
t he appended <clains, the singular forns "a", "an" and "the" include plural

referents. Refe'F?‘u?éﬂiiIlu_E@atés%ﬂ%@ﬁdldéh?Qe§@ipbiﬁb%§§el."an" i ngredient or "a"
polymer is intended to include other ingredients or other polyners,

respectively, i pigufdpid #PrdcBsé 6w Arframd f&erystallizing and stripping
acetaldehyde from polyester polymer particles.

Figure 3 illustrates a lab model of a modified chromatograph column used
to conduct experiments.

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 to be understood that this
invention is not limited to the specific processes and conditions described, 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
point(s).



Ranges may be expressed herein as "within" or "between" or fromone value
to another. In each case, the end points are included In the range Ranges
expressed as being greater than or |ess than a value exclude the end
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"containing” or "having" is neant that at |east the naned conpound, el enent,
particle, or nethod step etc nust be present in the conposition or article
or nethod, but does not exclude the presence of other conpounds mat eri al s,

particles, method,steps, etgc, I f he ot.her mat eri al ,
particles, [EYj %@'"Qt @r CRH@E"Q%@ AWy | U%E'F%glﬁnatsgﬁa%gl{ ?s named.
Regar dl ess n@fhea asmgemceétemém epemme esrsmetno@fsteg gtempst (o pr&eﬁemr’tﬁet he
terrperature applied to the p [w | ess ot W, se %E{)res as the

"actual " BWB%VOW@W%PUF’@WQ% Fé‘@t? R pEe the mention
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met hod steps or I nterveni n st eps bet ween t hose steps expressly

i dent i fi edcompourtss, matesiel, @ﬁﬁ@lﬁsnﬁﬁthoéfoQﬂ%etPrh%ﬁtt'i‘%ﬁamﬁéﬂ'}@@ﬂé}s pol yner
particles wﬁQﬂE"ﬁbﬁ]Bg resi dual acetal dehyde are introduced into a vessel at
a tenperature wthin a range of 130Cto 195C to forma bed of particles
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stripping vessel, costs assom ated with heating a flow of gas or providing
for a steps between those steps expressly identified.
In the first embodiment of the invention, polyester polymer particles
containing residual acetaldehyde are infroduced into a vessel at a temperature
within a range of 130°C to 195°C to form a bed of particles within the vessel, a
flow of gas is allowed to pass through at least a portion of the particle bed, and
finished particles are withdrawn from the vessel having a reduced amount of
residual acetaldehyde.
In this first embodiment, a stream of polyester polymer particles is fed into
the vessel at an elevated telmperature. 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. In one embodiment, the level of residual acetaldehyde present in the



high gas flow rate are avoided if desired. The hot particles provide the
heat energy transferred to the gas to provide a gas tenperature within the

vessel suf b9+0§)a£87£60 ef fectuate acetal dehyde stri ppi ngpcrgSbRspskyest er
pol ymer par es I ntroduced into the vessel contain a | evel of residual

acet al dehyde. The invention reduces the anobunt of acetal dehyde present in
the polyester polyner particles fed to the acetal dehyde stripping vessel.
I n one enbodi nent, the |evel of residual acetal dehyde present in the 5 WO
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| evel of residual acetfa resent on’or in articl s fed to the

vessel . Pref asmayacthéemwmm isrless tham the '&&@t@l%&aﬂ acejpidebyde on t he
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standar d t epbRefembodiment)ehe redustioryinseetlatdehyds is dtdesst Seppnedr attgdzod i s used.
O herw se, the t est, met hod usedrafttrrq?céiﬁ(gir)‘pr%n he residual acet al.dehyde

content i SORBFVOE2HEISIHD PARRLY ARPIVRSATNABR) &R i n

Pol yet hyl epgade ] BietithbdiR bpteRidaal ééé?al&’éﬂydg%n Yl rﬁéas?%ﬁed“@édw&hgfﬂo Static
Head- Space Sanpling Device and a Capi'l GC with a Flame |onization
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The polyester polymer particles are exposed to a flow of gas across the
particles in the particle bed within the vessel. The temperature of the gas as |
introduced into the vessel containing the bed of particles is desirably within a
range of 0°C 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 fower particle
temperature at low gas flow rates relative to the flow rate of the particles
introduced into the vessel. Likewise, gas introduced into the vessel at a
temperature lower than the temperature of the particles will quickly equilibrate to
the higher particle temperature at iow 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



the vessel. For exanple, gas introduced at a tenperature higher than the
tenperature of the particles will quickly equilibrate to the | ower particle
tenperature at low gas flowrates relative to the flowr f articles
in{nr)oduced P804 R8740essel . Li kewi se, gas introduced int‘géﬁ“%"?ﬁ@g‘?é at a
tenperature | ower than the tenperature of the particles will quickly
equilibrate to the higher particle tenperature at | ow gas flow rates
relative to the flowrate of the particles introduced Into the vessel.

VWhile it is, possihle to [ntroduc a ' e e into the vessel,
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of the tenperature spectrum |n more preferre odinment, the gas is 6
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t enper at ur eie@fperfdifreor | ess, or 60C or less, or 50C or less, or 40C or |ess,
and preferably at 10C or nore, or 15C or nore, or. 20C or nore, and nost
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oxidizing t I f . L onl £l erature
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the lower half o
flow through the bed. The gas can be infroduced at any desired point on the
vessel effective to reduce the level of acetaldehyde on the particles fed to the
vessel. Preferably, the gas introduction point in to the lower half of the bed
height, and more preferably to the lower % of the bed height. The 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
vvolume.

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 discoloration is minimized. In one embddiment, the

gas contains less than 90 vol% nitrogen, or less than 85 vol% nitrogen, or less



hei ght, and nore preferably to the lower'/ of the bed height. The gas fl ows
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S0 vol une%qf 20bf)2shgd. more preferably through at Ieastpgﬁlﬁﬁ%/&r}l&lparticl e
bed volune. Any gas is suitable for use in the invention, stuch as air,

carbon di oxide, and nitrogen. Sonme gases are nore preferred than others due
to the ready availability and | ow cost. For exanple, the use of air rather
than nitrogen would |ead to significant operating cost inprovenents. It was

bel i eved t hygdn éd\ﬁ)l%srﬁtréﬁen Nint drio8edt mmtrmq@as%@ntamsom@ahumaﬁ whi ch pass
a hot flow of gas t roufg/ a bed of particles, such as_jn crystallizer,

because ni tamsyehofi1d.§ vl qorthO'iehEheé‘ﬁ‘P aGalf %feamfaaetﬁ%mo%%ndﬁi%m d ot herwi se
occur bet VRBIMRDTN mh%gfrta@[he @Q.l,w%ro% viHich MBRe8SE! iPILaRA) (RS ting in

pel | et discoloration wever I ng the process terrper ature | ow such
that the gadiavis notreppatated xRl edo@spre aoed.cResieably @iy aitis fed

di scol oratl n i.s ess than
90 vol % ni 118 th@‘gr%{@étgq/tv wthg " ‘%li@é 25%%5’"%8 it t%%eé%a%%/ 028746
PCTI USZOOS/cE,B!hE&]r sindedhe 8bjecbdfthe inveoiipris td strlaraoelaﬁiehedbﬁﬁmﬂaat , the gas

cont ai ns 0ox a.er' in an amount of 17.5 vol % or nore. The use of air at
anbi ent coﬁ% % on (the conposition of the air at the plant site on which

the vessel is IAﬁ;am@)stfoaeoraammgfparrclwamnmmeéeacbfcyasramduﬁarmbs i s

preferred. Deswabla/ anbient air is_fed H inlet, Wiile the
air can be it ABgovtof foayesse! 'SlsF't?@engPr?f@E@g d %fet'apfﬁﬂ%dt%e%ﬁel si nce"t he
obj ect of thﬁﬁndt; am@aétlaﬁnnfesfotr@a&éddqn@m?mmmrfﬁmémm@éé tancl es. Any

vessel for confaining particles and | owi ng a feed gas and particles

into and o@uﬂeiffo"tth%%%s%@laﬁ eutiet for g @'Smérpaét%‘éﬁﬁal Hhe ‘t’?ﬁéﬁbpﬁegerﬁb ¥vi ded a
vessel haYﬂsﬂ%té'Hto r@l@ﬂ h@é? "I"H e‘5%as iRlet &ﬁ)sbhe%%gba %Ftlc Fe??s RpaBRL er

pol ymer particles, he gas out or the finished
particles. lmlated\mwetherga@fwﬁlabar)d them[ﬂdﬁ iBiet, tpoefierably Wlﬂl’né‘m lattehleeings i nl et
and the fi 6\%?8 ﬂw%f) to'f me%eggél ahd thé fcgﬁ@ BQ% Yoward the bottom of the

vessel. The gas is desirably introduced into the bed within the vessel at about %2

or %, of the bed height within the vessel. The particles are preferably introduced

at the top of the vessel, and move by gravity to the bottom of the vessel, while

the gas preferably flows countercurrent to the direction of the particle flow. The

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



| ocated bel ow the gas outlet and the particle inlet, preferably wth the

| atter bei ng tovvard the top of the vessel and the fornmer being toward the
bottom of ty ?146 The gas is desirably introduced into the bed within
t he vessel at or % of the bed height within the RFI§&RP050305a1
particles are preferably I-ntroduced at the top of the vessel, 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

accunul at &\pbd théc?) aE&EH\éﬁftg%n fe ﬁé?ﬁ @m%&'u %Vtﬁé Ghssol. PRfelBeparticles

sl owly descen th of t vessel by gravity to the finished
particle thnln@ne@ftne@vmg@wbmetlm@nv@mmt is Wwenmlemgght is not limted,
but is pr s%t}ﬁr{ uous
process aﬁ% V'S a%(nt? gggfe % éﬁa%ﬁ ogb{]ﬁgég%gr’itﬂﬁgp%ﬁg‘gtﬁée@cont ai ni ng

t he pal‘tlcétél$e gag iniehistiowe. Fese)eamplﬁhﬁer evm’ysaee (Prpesiued adf partickes cargespect ratio
L/ D of at ast 2., or  at j rocess can be

I t 6. .. I t h
conduct ed tP eav%sgialcqgr(l}pu ém%%é%%%ﬁ%(ﬁ%teisﬁ%ﬁsm%w 'Qgﬁ\’h hf"'ﬁ’@sﬁ‘gr #8 es woul d not
fl ow and tlb&t@tooearawfdagﬁ@m@mebﬁemm@(scmmpehattlbestm'pswm brcles in any
direction, the ﬁrocess S Fgge;er ably continuous in which a stream of
particles '3t daast B M-1 g Rlasre s suitplle lPHtétOtPEC‘?sﬁ@% @Afshed
particle amol ot smaénwnewft@@véle Jnhecéé@,sﬁﬁéner@ édﬁshﬁmt.en %g%hé low rate

i ntroduced into the vessel assing throug | east a portion of the
particle t&e@numn?nf@nﬁmrchlpwg% %\{eéﬂt lStn@t d%ﬁir@ééoundulamgh e 8 W

nt roduced e PN (aLear, Bfe"fS?ﬁ“'&*‘@hls?ﬁf*ﬁ%ﬁ% el A B e of the
i nvient : on,ﬂOW(TateS|t9ﬁcmlemrTm@gwﬁmMWtew?Bmmsssfthe mmntgmssand r Ieg\l/JvCi l;gr
gigrr;o?e, C]fbiéf%@%@r &%Hg%@)& E%Und 0 Mtoﬁhﬁ?te@ai%;&%egﬁat 0 t'ﬁe 'J\)'éoésel . per

hour, sui thigHee tigms0.0% SOFMaioe svemhotddghos? thard.01 SIOF W freeknedree @) | east
0. 0001 st andar.d, cubi c, f eet 001 SCFM or at

t
ot 0. 0ABIBeELETApEHPATtRS et T e Al DawTate s deBT 8¢ Recoscary . and
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the consumption. Moreover, by providing low gas flow rates to the vessel, the gas is
quickly heated within the vessel by the hot particles, thereby providing a hot gas
throughout a substantial portion of the particle bed within the vessel effective to
strip residual acetaldehyde from the particles.

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.



A

gas punps, fans, or blowers. Mreover, it is not desired to unduly cool the
particles or dry particles, both objects which typically require the use of
high gas §l,9WdBtARs to achieve. The gas flow rate in thewhempsespf the
invention I's preterably not any higher than 0.15 SCFM or not higher than
0.10 SCFM or not higher than 0.05 SCFM or even not higher than 0.01 SCFM
for every one (1) pound of charged particles per hour. The optimal flow
rate is desirably set to provide the needed | evel of acetal dehyde renoval
Wi t hout unipatihedet Yassesamy exitiog thegisselcan Mondsesed By pfovisle Kbatg | ow gas flow
rates to the ye sek, th,? g‘;as I S quicklg heated wi,thin the vessel by the hot
particl es, T3MFETIB PG Suitahie,garts ofa PY¥Ster AT HRIRNE o4 88 A3QUErR PAI porti on of
the parti cégnhpton duthaistdhsbur@ssriot hd RE4 fureadetto IGWér tRe ePsiglual acet al dehyde
fromthe particles. Since the inlet gas pressure can be substantially

at nospher i 'eggireraents &f {he UBACr essure, suitabl e devices to nove the gas
through the vessel are advantageously fans or blowers, although any

suitabl e devi ce Theovprabirenass faf maldng pelyesiercrolymerdegis hewavase used. | f
desired, (hgohfs! ot dBBnBividalf uRAL eSS £AACIBE IRRLLE R e 1 ner easi ng
the tenperature at Ich stripping occurs. S tenperature 1s largely :
cont r ol | edadejaldéhydesiripping 2one dofnat heveto bé béated upto tempardtureafiet he vessel .

Th heat. f ' ol it t

he vesee Soatpegiion’ A8 a8 BhslefzE3 pbmeles ¥ O el BB sEMafbh “har 1 cl o

;JEdergo a Fomsvgwr?u neaiilngdlglmpg;ﬁcléepe?dmg) ibe delsiped in_tmdltnitbaj tembe_talam{mer?ture of
e gas. addi tional .advantage o | S, progess .is the capabpili o]

i nt egrat e%h%ceqﬂgﬁqy%r%?%m%é@f S PRETa% &c&qfﬁggﬁéﬁéerp& PRI Thg %ol yest er

pol yner pahfelgfdtes pfdtess Fhaieindsie st hofmdi hrtiditOAte cPrbaiftded ihflzat the hot gas

streamexiting the vessel can now be used to provide heat transfer to other

t he . ,
sui t abl e paY§talligation zepedisgheraedAsaelream ghpargpleg fom @Smlﬁﬁauoﬂonbust i on,
such as a 2purft paficidteinpemturks ifeldesdB8LH0°CT of MVKCeddISF RIPEIYr in™ €qUI rement s

of the furnace.
excess of 120°C, or in excess of 130°C, or even in excess of 140°C, and before

the stream of particles is allowed to drop to a temperature below 50°C, or below
70°C, or below 90°C, or below 130°C, the stream of hot particles is fed to an
acetaldehyde stripping zone in which a flow of gas is introduced at a temperature
within a range of about 0°C to 250°C, and the gas is passed through the stream
of polyester polymer particles in an amount sufficient to form a stream of finished
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 molding 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 crystallinity, but

- 10



The overall process for making polyester polyner resin, however, becones
much nore economcal if the crystallized particles introduced into the

acet al dehydgoShdslored zone do not have to be heated up } ure after
crystallization. Allowing the crystallized particles tong-G}S%gngé"r%gl

crystallization, followed by heating the particles back up to the desired
I ntroductory tenperature for acetal dehyde stripping, wastes energy.
Accordingly, there is provided an integrated process wherein pol yester

pol yner pagdtisfcRity EsRIltS IiyddcrdddimEHeilévehof sariicieahddiembtationzafde di scharged as
a streamof particles fromthe crystallization zone at particle

terrperatur@gaiﬂﬁdm@éﬁeﬁﬁr@%ﬁ,-. or in excess of 100C, or in excess of 120C,
or 1n excess OfThéaggssidgé\cf{?HﬁQhé Vedstfis ot gértiétﬂgﬁy \irﬁﬁ@d.bﬁﬁ@(/é‘ss stream of

|
particles is allo op to a tenperature bel ow 50C, or l?e ow 70C, or
bel ow 90C, bomalnidined cleeto ambient canditions, witita plight anlogst ¢fspresstire &0 an
Femper at uy roagaeHT GO VERSE Winbihe el oBlp RSk Srade R0 BERL T 2
t hr ough t hieot particke® arefintppauyedfrem the biy intet tpthd aicoatieti A prassuregrdadientf f i ci ent

to forma stream of finished ol yest er.. pol r particles havi a reduced
over " of ol PR dlueto MeitEreR ek e ikl PRI Be bR | Fhe [ oo
pol Iyest er méw@wstgiwthé mlaggel ima@feF apﬁfetgasui_wrlﬁfd:lusé tmt‘hé@éfs inletesser eferred to
enpl oy crystallizable polyester polyners., The process of the invention is
ool o bl iinslonuanons FTBROPELAPSIGE SRk 30 P5is Brataracyor BPed ORS ng | ow
level s of Hebodufd psi§Bratonebsle o af 3 gsipe shipped or fed to a dryer

' I di n

feeding an injection no machi ne or extruder for naking an article,

such as sheet dhegesifienaestimeref the padislesie cortaeteviththeflownef gaamithin es to stick
to each L s VA=Y SPTR Y0 SRR [T o AT <Y : hth
part i al Iy DPaces 5 3% tkEtcudy MnQRC sG] oo R tmotraiby fom's |1
pol yest er s e fropat® hedresorffestn 4& hourseancbep td atsiupd8 hours, ppBhhoarsne ar e
partially é:rraéit’s?llr%i zed, preferably to a degree of crystallinity of at |east
25% or at™| 3 0% or at least 35% and up to about 60% The particles
can be cryst al Mhequodess af theghnantide pravidesfthe figndbifitlylof adugtind & thuibel\O
2006/ 028744 PCT/ US2005/ 930531 . " . ,

of variables to maintain a constant particle It.V. and to mitigate discoloring the

particles. The process variables include the,particle introductory temperature,

the particle residence time, the gas flow rate, and the gas introductory

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

1Ib 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 [t.V.

11



satisfactory results in decreasing the |level of particles aggloneration can
be obtained within these ranges. The pressure within the vessel is not

parti cul arlﬁy |imted. The vessel can be nmaintained cl o]g(gré‘tjﬁ rIB pt
H‘?“(l) ‘ksﬁe vessel .

condi t i onsWOdPH28748| i ght anount of pressure to force

Wthin the vessel, a slight pressure gradient will exist if hot particles
are introduced fromthe air inlet to the air outlet. A pressure gradi ent
al so exists due to the pressure drop fromfriction of the gas on the

pellets.  Tfeshi BARMHE. %&Q,itneﬁe*a?eg@mgp éé‘éér%‘r'é&&ig&%asli%g%togﬁﬁ gl et cl ose to

the gas in Junction ran om about about 30 psig,
pr ef er abl yedmprisingbout 0 psig to about 10 psig, or fromabout O psigto 5
psig. The residence tine of the particles in contact with the flow of gas
within the vessel is also not particularly limted. Suitable residence

tibrres 21 gnge frdmﬁpolgéslhé@olmeﬁreeiglhbginb@urlsv.hmfratiefastmm Mﬁﬁd 5and up to
about ours, or our s, or - our.s. e process of the I nvention
provi des the fIPRYYi P*?stﬁpe&ﬁﬁd%fwdﬁé’f'g‘ﬁbt %9"3&FPE%POQ’BP"&%%P@B{"% maintain a

constant parti ol e pblydsterdtiyrhér rébihingdtiean &iri6I0pRaded drhey. Bpdtldadtes. The
process variabl es include the, particle introductory tenperature, the

particle resi don@dly mithoutrasdingear acelpldeftyde sgavendek taythe noktmerduct ory
t Cure. y T ante S t1ons.
G ool or at | on. LA e ARES BrddEd, Il e Ma e 00 LOo et ol dehyde
\tmi le feepi g acétsldshydricaritent of Sqipsn ordessacetaldehyse; audnpeefetmblyggtst at anbi ent
enper at ur e S , 0 a
't 11 Agr B AL oy ¥ b 85 B Boid Sl AvPeBiInG a0, scem ¢ o

vertical cylindrica e ow rate Tangi

0. 009 SCFM per polynieb. of PET. The size of the vessel is such that the
residence tinme of the pellets averages about 10 to 24 hours. The process of
the i nvention prcoriveéatormhpolgestat prodaction lteshnotogly, tegrodyesterpolyatards ng r esi dual

Aot ol 0otk BRINSTLCS S0l T PR ol o BB i Sl ot o0

al so be olbezhuissa firthepincrdzge imitat résalts idtle baildap o€ ehadodptabiiehigh
levels of acetaldehyde. As a result, the molecular weight of the polymer is further
advanced in the solid state rather than in a melt to avoid further increased, and to
actually decrease, the levels of residual acetaldehyde. With the process of the
invention, however, to solid state polymerization process may be avoided
altogether while obtaining a particle with low residual acetaidehyde. Thus, there
is also provided another embodiment where a stream of polyester polymer
parti'cles 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 It.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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scavengi ng conpound into the nmelt phase for the production of the high It.V.
11 WD 2006/ 028746 PCTI US2005/ 030531 pol yester polymer. Thus, there are
provided several additional enbodinments conprising: 1. pol yrer
resin havi N 289%7%. of at least 0.70 dUg and 5 ppm or@f/ggisoxi@é gl dehyde
Wi thout solid state polynerizing the polymer; 2. A polyester polyner resin
made in a nelt phase to an It.V. of at least 0.70 dUg w thout addi ng an
acet al dehyde scavenger to the polyner during nelt phase production, the

pol yest er %?H,J fe é}?&?lﬂﬂe ﬂlé\@ﬂ@éﬁ{ﬁﬂ%ﬁ%ﬁﬁﬁﬁ@dﬁeﬁf décﬁﬂ@d F’Nére'iness

acet al deh era an acet al content o ppm or | ess
wi t hout soWIthDLt’;S@ltcbstﬁbl galmnerzinggthem@mqmlqtmy point pdoriegrackaging theol yest er

producti on 0 t ized in the nelt to
a rel ativeP%/rﬁﬁggvﬁk %Ppa%g%rﬂgfnt%gssa ou?r%og)gg[)%gom%ﬂ{j%@ébecause a further
i ncrease ipolymer‘ttatuoesthépartmlestriw tbe:snhtnje@ied ufnummueptjdjlhbyalhl gh levels of
acet al dehyde As a result t of the polymer is further

advanced | NOPRRSINGGHERP 'beﬁl‘%e?rh?@ye‘?ﬁﬁﬁ%prfe ¥ to avoid further

i ncreased, and ShippiRfarddiharsdre centamerd lhvedlfawﬁi:ppm? oV@dandadeadr airal dehyde.
Wth the process of the  invention, however E{o solid state polynerization
process melxasepies, eleg ra‘!ﬁ’?f%@%‘ﬂ‘h@?" taiReTse Caye bexes: angghipihalle with 1 ow

resi dual acet algipiurdge advititag etsfmree mkxénti?ahﬁ@tﬁ&imé &ﬁgp.ﬁ@eﬁda%&s %ﬂbodl ment

where a stream of pol yester po ymer particles having resid
acet al dehyemrdugiedat g temperatuge low en@iah where the replwagrs@es naf| | owed to forma

bed and 11 gt ciagi@udrdbu blIRoBBIILORLBf s itimboditht ggys! y i hdr aun

fromthe vesse RS art aving’ a residua al dehyde | evel
whi ch i s |iesentiphaprotéss ooedntlduahreemtalaiisuwym that/tbk 10¥. difierentialr eam of

partlclesfe to. the v a h
conti nuousrln§ uﬁ?q Bﬂﬁf’ Iﬁg @JtP?ﬁa}%&’ Bég%\{%ﬂ??lﬁﬂgr %ﬂé{tgél 8% (?{gh%asm ng the flow
of gas t hpahyegtertpolymeniéd wlthe avetaliehyddstripsing 2bne, W ks ithart heophrticles
i ntroduced i nto totbeé

dL/g, or +0.020 dL/g or less, or +0.015 dL/g or less, or +0.010 dL/g or less, and'

preferably -0.02 dL/g or more, or -0.01 dL/g or more, and most preferably close

to 0, within experimental error.

The It.V. 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

phenolftetrachloroethane. The inherent viscosity is calculated from the

measured solution viscosity. The following equations describe such solution

viscosity measurements and subsequent calculations to [h.V. and from h.V. to

it.V:
Minn = [N (ts/1))/C

where ninh = 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 capillary tube
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vessel have an It.V. of at least 0.72 dUg obtai ned w thout polynerization in
the solid state. The finished particles are directly or indirectly packaged

into shippin cont ai ners, which are then shipped to cu
di stri but o?’%‘?z"f"i"’%"%“ﬁpr eferred to 12 WD 2006/ 028746 PCT?‘E@%@'/@B&M
subject the crystallized particles to any process enbodi nent descri bed

herein wthout solid state polynerizing the particles at any point prior to
packagi ng the particles into shipping containers. Wth the exception of

solid state pol ymerizatgon chigniatibn Gi*ﬁyrﬂ@l%n%ﬁ@k'gbﬁ?é@%ﬂd? nuner ous

additional processing steps In-between any of xpressed steps. Shipping
cont ai ners are cont ai nesavent 8350%) shi ppi ng over land, sea or air. Exanples
include railcars, sem -containers, Gaylord boxes, and ship hulls. One of the
advant ages of the invention is that the stripping process is conducted at a
t enper at ur e | oWherintripbicwiseositytib ¢heplohiting: valde asinfinite dipudiby of treespeeifiend bui | d up

nmol ecul ar wei ght. . Thu in, an,_enbodi t.of. the .invention, process

condi t i onsv'ﬁ?‘gﬂ%é’f QBP‘SYQWéHt @L?@ﬁn?cﬁg)f %ﬁ@llqv’pf‘gﬁq'ﬂ?t@er ential measured as the
It.V. of the finished polyester polyner and the It.V. of the polyester
polyner fed to the acetal dehyde stripping zone, is less than +0.025 dL/g,
or +0.020 dUg OmnF &&s, (nedChG bis Iy r less, or +0.010 dUg or |ess, and
preferably -0.02 d @’ nore, ol -0.01 dUg or nore, and nost preferably
close to O, within experi rren?a error. The |It.V. val ues descri bed

t hroughout this description are set forth in dUg wunits as calculated from
the inherent viscosity neasyred at.25C in 60/40 wt/w

phenol / t et r achl €@t haneNnt THRINRGYISSAP™/i scosity is cal cul ated from the
measur ed sol ution vi scosjll{t % RIIBfvd R5doRMY RO RguUat i ons describe such sol ution
vi scosity neasurenents and subsequent cal culations to Ih.V. and fromlh. V.
to It.V: Tllnh = [In (twhESpetiic viscosity = n, -1

instrument calibration involves replicate testing of a standard reference
material and then applying appropriate mathematical equations to produce the
“accepted” I.V. values.
Calibration Factor = Accepted IV of Reference Material / Average of
Replicate Determinations

Corrected |hV = Calculated IhV x Calibration Factor

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

Mot = 0.5 [e ¢2*CometedtV _ 11 4 (0.75 x Corrected 1hV)
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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where rlinh = I nherent viscosity at 25C at a pol yner concentration of 0.50
g/ 100 nL of 60% phenol and 40% 1, 1, 2, 2- tetrachl oroethane In = Natural

| ogarithm = e flowtime through a capillary tub — nt - bl ank
flow tinme ﬁ?éﬂ?gﬁ{@lﬁcapi Ilary tube 13 WD 20061028746 BT B 0s a1 o
Concentration of polynmer in grans per 100 nL of solvent (0.50% The

intrinsic viscosity is the limting value at infinite dilution of the
specific viscosity of a polynmer. It is defined by the follow ng equation:

711, 1= 11 maCedsiarie amd bUER &sifable] té&)sid&at@e&oﬁjsbméﬁ ith f@_bco‘udt BEHNSi ¢

viscosity rl, '= Relative viscosity = 1s = Specific viscosity = TI,
- | | nst r utfisneagen why the Idris inereaAseds It e eages, Leean ingrassesusttatirar d

pr oduce  neXeRfidia B8, vifh B8P of b F BE AidcaplBRRIRAEE . PaaT Vo7
Ref erence Kapending ugonAhe furption bf thRepetak: d_f theMeetet isipnesenbas a réeatect ed | hV =
ol ot b o S e B AT BB kb 8?01,
x correct ed* bytor brightness (fitrédsesx IiCthis eadeethel divduntiod rretal predenocan byi ded an
LIRS = TN T TR e E L
the parti ckgadt@@® reheat additive, but in many cases, the amount of metal remaining

after its oxidation to function as a reheat agent is a balance against the additional

brightness obtained as indicated by the increase in L*. The particular end use

application and cost will control the degree of increase in L* and reduction in

reheat which can be tolerated. However, if the function of the metal is already

served or not impacted by an oxidation reaction, then an increase in L* to any

degree may actually be desired.

Another advantage of the invention is that the stripping process is

conducted under conditions to prevent the polymer from exhibiting a significant

change in color fn the direction toward more yellowness. Accordingly, there is

provided another embodiment in which process conditions are established such

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

geometry. Particles are measured in RSIN reflection, specular component
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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. Wile ositive changes where the L* is actuall iocreased in
the fini sh@@ﬁ’@f’%ﬁ& are 14 WD 2006/ 028746 PCTI US2005/ 5§H§§T05%’858épt abl e
and even desirable, consideration should be taken into account as to the
reason why the L* is increased. In sone cases, L* can increase due to the
oxidation of a nmetal, which may or may not be a significant consideration

d di ' | '
depencing el od ARl B 810 PR bl oSGk PP, 2 °
oxi di zed e\D=tertrivatigh of Riastit Peliets'or Plasticgielletsse iptaced &s a83-rhm pdths case, the

amount of netal present can_be, .jncrease r.,opart i onat el o,allow for the
presence o ergﬂ} ?‘ﬁ@?gﬁ?ssé? H@lgble%qrgﬁupger gk and aé{"wsﬂg%%e%m/t ive, but in
many cases yibrdtigah® samplefceliisilg d labBiatorp Yiniafdrigker (AVBEAhRAIEtOAaK 0 functi on
as a reheat agent is %bg.l ance agai ?st t he .addi ti onal brighé ess obt ai ned
as indi cat Vet -hester.iFfr daednsiry !_en_t CFITRSaFARY egipgis %ﬁﬂpb@e r %BMI cation and
cost Wi ll GonbY obtahditd FREERS fOf Ob@ﬁﬁrfgﬁ@ﬁedtmphétomid BaaTh QleebP reheat

whi ch can be tolerated. However, if the function of the netal is already

served or reloribvslietien’ (5plals detenained onacsannle Ry Ustngritsabsplite walde—i n L* to
any degr e,y ; es| not her advantage of the invention is
that the S??‘I pplf%gétgﬁﬁlhéqsts?'?iﬂgeeﬁé%%ﬂﬁ%tﬁed under conditions to prevent the
pol ymer from exFdmeasiremeptsyfi%berystalinitcararobtained tromdlifférantidie di recti on

t oward nor | I ngl e ] provi ded anot her enbodi nent.
in which p?8%§@§f%ﬂﬁﬁﬁ?ﬁf§@?5§ﬂ@9g?%%é@?@@ﬁhéiﬁ@ﬁﬁ-that t he b* col or val ue of
the finished polyester polyner is less than the b* color value of the

pol yester polynmer fed to the acetal dehyde ro PRI zone, or is unchanged,
or is greater than by not }F;‘B'V%aﬁ'ﬂﬁh'iéém/f}gﬁnohsPé)dléferably unchanged or

| ess. For exanple, a finished particle b* color value of -2.1 is less than a

feed particle b* color valuye of -1.5. Likew se, a fjnjshed b* color value
of +2.0 i swhsgesAHmnth%qeéeﬁrrﬁﬁweiOi#@ RO'YTRe Asterpnetbyintegrating the col or val ue

shifts in Ghg lﬂi'dé?fﬁei Qfve (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 AHm® is a reference value of 140.1 J/g and represents
the heat of melting if the polyethylene terephthalate is 100% crystalline.

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
pellets, 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 thermaoplastic polymers of the invention are distinguishable
from liquid crystal polymers and thermosetting polymers in that thermoplastic
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toward the blue end of the b* color spectrumis desirable. In this way, the
process conditions do not add a substantially greater yell ow hue to the
particles. wdhsotmassr enents of L*, a*, and b* col or val pegyssossesesauct ed
according to the follow ng nmethods. The instrunent used for neasuring col or
shoul d have the capabilities of a HunterLab U traScan XE, nodel U3350,
using the ClELab Scale(L*, a*, b*), D65 (ASTM illum nant, 10 observer,
integrating sphere geonetry. Particles are neasured in RSIN reflection,
specul ar cpojyoreshavehoAddecaEt0R ird GhRCN thiSHeus (8bb3iase thelywdaderode

di t M d T i Det t f
B st ¢ Porfaclet angtediped JAAH Aclaeh 2iycabd i 2ved elivmd R *FHengt h opt | cal
gl ass cell xhewasétmid polifmemddsmmeulta&im forthé inlehdeedpplizatiend sweches Vi brati ng

the sanple cell  usi a | aboratory M ni-Vortexer (VAR International, West
Chester, PR?CkaQWquﬁg'FV’UWQH? apeld iR Make 3NN i s set up under ASTM E1164

"Standard Pr actTﬁ‘@pcfwstéﬂ%wnﬁbrrwasﬁaagbaﬁtameraﬂw@téreeﬁth%léte lor Obj ect - Col or
Eval uation.” Color is deternm ned o nple by using its absol ute val ue -

t he val ue a@v!@nemﬁ@luh@?tetmtsmhgﬁm’rwn@r Ch‘Fme M@r&we@ﬁ@dtage@ply%heystm linity

are obtain scanning calorinetry according to the
fol | owi ng ggllx@t%@]mb/@ryg %Ilnlty = [AHMm /AHnj  100% where AHm i s the heat

of nelting of t(akapatbpwyic atid eomporant bympririrgjatdeast@itmele’apktheunder t he

le / he fi
curve (9902, | bl gL bR A B0 R38R, 1 T
scanni ng cal or |2r9{dmarbnx§llloﬁa¢rd i derivativeserf eapidhaleherd,6dicarbdxylicIdaid, and

represents the h at @f ng if the polyethylene terephthalate is 100%
crystalline. poI yester polymer particles is not limted,

and can incl uota aagdl’oayl o@mpon&&@dnmnsmb@msﬂmmﬁ% Predttieast 69 Wt hout
limtation on thei | mensi ons stars, spheres, spheroids,

gl oboi ds, cyli HB?'P%‘aPFW‘eé'ﬁ%{S'é%P Ofﬁﬁﬁ%ﬁesgly RUBKPEBRSOlpel I ets, pastilles,
and any ot BgdediP R mblelpepddiit bf b&HoRNiE acid component residues and 100 mole

percent of hydroxyl component residues in the polyester polymer.

Typically, polyesters such as polyethylene terephthalate are made by
reacting a diol such as ethylene glycol with a dicarboxylic acid as the free acid or
its dimethyl ester to produce an ester moriomer 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 to 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
hydroxyl 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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di stingui shed froma sheet, film preforns, strands or fibers. The nunber
average weight (not to be confused with the nunber average nol ecul ar

wei ght) of Weeopedkisgl €es is not particularly limted. Deﬁéf/ﬁ‘g'o{ 5 g
H3"8hr ti cl es,

particles have a nunber average wei ght of at |east 0.10 g per

nore preferably greater than 1.0 g per 100 particles, and up to about 100 g
per 100 particles. The polyester polynmer of this invention is any

t her nopl astic pol yester polyner. A polyester thernoplastic polynmers of the

it Rvent i 0 tnt @fcﬁitﬂf(?)tddhﬁbﬂs_é fﬂ?e?l;]ﬁjro{(yl @ombb?eht?'_rm mgtea% qgggsg}i@g@?ggmwds

ernosetti n Qlyners n er, astl C |

PCT/ US2005/c84gmig | hyﬁw%gpypa‘;\?ég%vr%%%&‘éwoéﬁﬁ&g\?‘r‘ﬂfae\Rﬂ8| SAld t he 1 quid
(el t) phappodutbi§adeaip t8e100! THE tdsidlicd i hy@oRa P@ttibRalCompBdhdey @ ticle, and

liquid crystal polymers and thernosetting dpolymars are unsuitable for the
i nt ended agBryatixes of that bagomp paKahsalg Repdust relerste e pertian gbsaidt o make a

cont ai ner. cmﬁggﬁ(ﬁmaﬁ rti éfﬁ{séi'ﬁ.ieordgg dfef 8k RoRolhiis) RSbrigheafit hal at e

or al kyl ene ate units 1n yner cha preferred are

pol yest er witblaycommuntist horteiniigi caeboxyli acid genup¢s)driderivatiye(s) theneeht
COTPY 7119 g R he TR GRA Bhe REerhE ROl SR B 2, &
derivatives of Tixphbledh eftheIlyﬁfatyhasiboas,'bmd:ca'bbxylic(achd residuas E{sthtehter ggf , and
(5) o, " GBS IS R B B AES! OO, ole, O oL Lot 80 e
percent of car bi@gnbtter ambddiptareane pblyester polpdeptsmpeshol e  percent of
Slch s pol yor P BTER Bt GPEPES ESRERENG B B0 T cirbloashich as
et hyl ene gl ycol goynblaog ofliaf RAECIE ofetk 6f e dsidid dft&RphAthaflc 8kid, | t s di met hyl
ester to produce an ester nononer and/or oligoners, which are then
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 90 mole%, or at least 92
mole%, or at least 96 mole % of the residues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100
mole percent of the hydroxyl componeht residues in the polyester polymer.
The reaction of the carboxylic acid component with the hydroxyt
component during the preparation of the polyester polymer is not restricted to
the stated mole percentages since one may utilize a 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 naphthalane dicarboxylic acid include
C1 - C4 dialkylterephthalates and C1 - 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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pol ycondensed to produce the polyester. Mre than one conpound cont ai ni ng
carboxylic acid group(s) or derivative(s) thereof can be reacted during the

process. Al g hes/e@imgounds cont ai ni ng car boxylic acid gr{)ﬁl%g ({3”
derivative(s) thereof that are In the product conprise Car ?))?yl ic acid

conponent. " The nole % of all the conpounds containing carboxylic acid
group(s) or derivative(s) thereof that are in the product add up to 100.
The "residues" of conpound(s) containing carboxylic acid group(s) or

deri vative(trse)pfebaﬁtmiyetstwtna@n@cmde bh@omommidutudnef rlogifieocdrbexylier t i on of said

conpound( s chre S the o ner and or ol ner ch after the
co%egsagl Zﬁﬁ C:QHIHOPBEB\ﬁn‘{CHIaadE'BHﬂdUﬁI)@%%)w%W&? g, gom 9@?%('%' g?oup(s) Mor e

than one conpRLUb&YNE atia 'cBﬂlpBMﬁdém)HartﬁiS(Slitpécﬁd c@rhpé'@fdsVaﬁd! ¥8mpolifi§y eof can

become part of the pol yest er g %rrer producté . t he conpounds
cont ai ni ng Wi@ highar nyriep pEGarBexwie aridarouRss m%smpwae appalie part of said

17 WO 2006/ 7 oxyI
conmponent . d%ﬁ)%?}(@lff@éé@%@?&?ﬁ%@ﬁ%%@ﬁ H%é?}t]?@?ﬁﬁgéﬁ% rbla?églgroup(s) or
deri vat i vescida preferfabtyrtmvingetion® ¢arben aﬁomaodcycmdmhaito(@qarhdwnumcids 100. The
resi dues of 4,0 u ereof that
become par tprég&gé%bwmftz%%e'fggﬁ% &ﬁ@%ﬁ’) eq(%é*p\( +fd'ﬁg%'h%pound(s) whi ch
r emai nsd| ndmarhd)xmmhnm usful egis Iamuacid«.:og1pomeni(s3)are phtbglmlam@esbphthéll@ ﬁ f g
conpound(s 0 n r hbox ac or, de |vat|ve s) thereof an
fun)her E)ol) @’r‘ﬂgﬁ ﬂ%\??’ﬁ’b @P'dp?}f%%%'}%ﬂ arggmg Gy né I)ength The
ol e% of t laycldﬂa&rmwhcéﬂ@sacmwﬁ;h@nﬂ mrdmtydxync acit deceﬁlicdatﬁé lkakig e

product (s) e determ ned | ment, the

{,
pol yest er 6‘6‘8y?ﬁé?’°@8ﬁip?¥%%‘§ac'@af Q‘fg)%'?p ﬂ&glé%ng‘" d 'PQS’ Khpri sing at
| east 90 mﬁbﬁr%al@ﬁe-@% Jil@é’f%bxyllc a%% BRY @( Iot@xa%dlb@ﬁékmn@@cl@éér@ Riost he

resi dues of terepht halic acid derivat es of terephthalic acid
napht hal en@referablgi t sherds peiunderstapd thateise\af the easrasponding acid

napht hal engpgy frds G deidEihiBrid e of MeteUckR it iRt in H¥term

"carboxylic acid". It is also possible for tricarboxyl compounds and compounds
with a higher number of carboxylic acid groups to modify the polyester.

In addition to a hydroxyl component comprising ethylene glycol, the
hydroxyl component of the present polyester may include additional modifier
mono-ols, diols, or compounds with a higher number of hydroxyl groups.
Examples of modifier hydroxyl compounds include cycloaliphatic diols preferably
having 6 to 20 carbon atoms and/or aliphatic diols preferably having 3 to 20
carbon atoms. More specific examples of such diols 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); 2,2,4-trimethylpentane-diol-(1 ,3); 2,5- ethylhexanediol-
(1,3); 2,2-diethyl propane-diol-(1, 3); hexanediol-(1,3); 1,4-di-(hydroxyethoxy)-
benzene; 2,2-bis-(4-hydroxycyclohexyl)-propane; 2,4~ dihydroxy-1,1,3,3-
tetramethyl-cyclobutane; 2,2-bis-(3-hydroxyethoxyphenyl)-propane; and 2,2-bis-
{(4-hydroxypropoxyphenyl)-propane.
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(b) a hydroxyl conponent conprising at |east 90 nole% or at |east 92
nol e% or at |least 96 nole % of the residues of ethylene glycol, based on

100 nol e percent of the carboxylic acid conponent resid nol e
per cent of W‘h@oﬂ%?ﬁxyl conponent residues in the pol yeis;?@}]g%g?@@r%l The
reaction of the carboxylic acid conponent ‘with the hydroxyl conponent during
the preparation of the polyester polyner is not restricted to the stated
nol e percentages since one nmay utilize a |arge excess of the hydroxyl

component if degd medified, the Lgmy%gg& pRfyAedr nedy %}-@fé_rrﬁb@ggntgm fnrel ative to the

100 nol e% of carboxylic acid mporient used. e pol yester polynmer made by
the react Fenongmers assneh es Isapbihalie acidheanithalare disaibekyicacidr omat i ¢

di car boxyl l:)zclcfhce& "eﬂﬁéiﬁ“ﬁﬁﬁﬁﬁQiemyﬂ%ﬂggﬁ'%&' ycol residues. Derivates of

terephthalic acid a nap ane oxylic acid include Cl1 - C4
di al kyl t er epht Hitlespatyestercpetiet conpbsitions kdyriagidenblendesf palyalkylene

dinethyltefe hal ,at e d di neth t I .0 itLon to a.diacid

component - srourage AufRg ARV ele PARhaRteS Fona TRt nmbBegec

gaghéI hal egﬁolﬁTérscﬁma?bcpo}ycb;boaethPOJﬁhu\oalgybmﬁesoﬂt isqmd;feb P‘_édﬂilﬁ_-tf(lje (s)
, 6-di carboxylic acid, .or mxtures thereqf, t carboxylic acid conponent (s

ot * 150 BOURSHS SBRRSIHER DR G BEEE S ity O FieTaNESH RADERE. rmy | el ude

one or nor gordgtietdramin 8% diouRe ofGR Id28K80 WE %A oF dt easiIBIRER, affibshddi ti onal
nodi fier carboxyli ounds inclu nono- car boxylic acid conpounds,

di car boxy| Pefesebiy 15@%&3&&&%%%&“%\6{%&%&5 thegmaplastisipgh@reraunber  of
b cf or bl y e e e ek, A e s ol e
pr ef er abl yothewpolgnarstwhisl» maxiferona dissastinuors ehasaalltip Rlsointeigrmed thatxy| i ¢ aci ds
G car boxy! HEPElBdeF pofrs G8RAMRRIR Ry AIGE SRS IhSad kRIS of 07 T
i sopht hal i otherpolymersnvelyith fominendis@rtindoussphasey| i ¢ aci d, _
Cy o bt b S BB bhthucd P Pery! 4,40
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 prepdlymer 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 pblymer may be fed
"into a single or twin screw extruder and extruded through a die, optionally ata
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acid, adipic acid, azelaic acid, sebacic acid, and the like, with
| sophthalic acid, naphthal ene-2,6-dicarboxylic acid, and

cycl ohexanedi car boxylic acid being nost preferable. It nder st ood
that use ofw?ﬁ‘@“/e%??‘?l‘espondi ng aci d anhydrides, esters, 5ﬁg&gg‘ﬁﬂg@ﬁﬁori des of

these acids is included in the term "carboxylic acid". It is also possible
for tricarboxyl conpounds and conpounds wth a higher nunber of carboxylic
acid groups to nodify the polyester. In addition to a hydroxyl conponent

CoMpri S1 N (GhBULERC o oteClor nidl8 at MEHiNer MRERO it floldhnBbRa G POl yest er
may include a drtional modifier . nono-o s, diols, or conpounds'with a higher
nunber of Ipplyesteypolyneugan be Brawrrpintesstisndsngntactad Wikl asepl luidrardueds i ncl ude

cycl oal i phat,] Ol ' ; and/ or

al i phatic 3%%&%‘%%@? é@%@‘gﬁ'ﬁgé%{nngggg‘ieg%cgatttggr%geoﬁ@%fgﬁrgsﬁ%e specific
exanpl es ofunderviateti Dhes polpestedeol gnert iglt Broptighsilydiitered toiretoyeene gl ycol ;

1, 4- cycl ohexgnedi net hanal ;. propane-1,.3-di ol ; butane-1 4-dial;:

pent ane. 1. BagRlesgaA e tioBE RS beforatrerul, ARUGPEYentpR fiot .

net hyl pent gagstizafior( dr. diding Fhethdlt &rd aRiavetls eat Be @sed,dhel(dingbut Aot5-

et hyl hexanedi ol - (511 3); 2, r2p-£$| et,hél I’E:i)ropanﬁ)- di olé&é, S{% .. hexanedi ol - (1, 3);
1,4-di-( hy dmégg ta dieing) strandrpeligtizingand sirand (eregicnueygnsel elletiang opane: 2, 4-
di hydroxy- %aétgl%to'ﬁs‘, waRér dletizdr¥ Ao Ridedfetizers, underwater pelletizers and

2, 2- bi s- (3-hydroxyet hoxyphenyl) - propane; and 2, 2-bi s-

(4- hydr oxy seeipbigpp pelistizels. pr opane. 19 WD 2006/ 028746 PCT/ US2005/ 030531 As

nodi fi ers, the polyester polyner ma|y %referat_)ly .contain such conononers as
such as | sopht hEhe polyester pahaper may alse baicogtaliized if desired @s noted above.

compos ¢ | onseRanal i aAak BRI FBT AN flo pold HokfiRerds 2BE . anasor

pol yal ky! efimitedgindiiztlsdesshatmai grystallizatiornisra gaeomigpicisthecryplalligatiors such as

Do e bor 8 gsbn S A A Yl MRk e D =L

pr ef er abl y fluid reavearentrdn wf-agitatédeexiselid) pie; Yystallized ih edigliddheditim? and nost
above the T, of the polyester polymer, preferably at 140°C to 190°C; or any other
means known in the art. Also, the polymer may be strain crystallized. The
polymer may also be fed to a crystallizer at a polymer temperature below its T,
(from the glass), 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 bottles by conventional processes. Thus, there is also provided in
an embodiment the bottles made from the paﬁicles of the invention, or made by
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preferably 100 wt.% based on the weight of all thernoplastic polyners
(excluding fillers, inorganic conpounds or particles, fibers, inpact

nodi fiers, 20%@?;46pol yners which may forma di scontinuous phase). It is
al so preferred t he pol yester polyners do not cont aP@I’HRRPOTIP3er s,
fibers, or inpact nodifiers or other polynmers which forma discontinuous
phase. The pol yester conpositions can be prepared by pol ynerization
procedures known in the art sufficient to effect esterification and
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pol ynmeri zation, it 1s solid for solidifying t ol yester
pol ymer  f totties madeefrqm pﬂag@yﬁgng@g@hthalamumabmf@éhpldm@rwaéaramrpl e, nolten

or ol cut CONTE Hel oLl et BARSefEE O BB B RO 2, Fe ol en
po: yrre[ Abgleemgpmwblch raag/}]hcbt;a’rllladmoém hdtie amexfammtsmfethe typ&smfbottlleet hrml telnt
pol yest er ' e . di. ead of usj a gear punp, e nolten
pol yest er 8@\'% Wﬂi{#ﬁ’gn heeocry§tﬁ 'géda‘gé]ﬁ%#gﬁgh%wvfaw ‘screw extruder and
extruded t hr oughigaredi teandoPlilustrate Inpndiniting2itob¥3sFRN6eMBEdIr@enECTI US20051030531

tenperature of 190C oy nore at t extr der nozzle. Once through the die,
the pol yegﬁé?r'bﬂlﬂiiﬂ% d%‘f?"lgenﬁp';\aﬁ Cine 'cgiirands contacted with a cool

fluid, and cut |y mg@eneblsﬁbém d?fhof stamhy wryegteﬂpmcleslcbﬁﬁairﬁ aat the die
head, optionally underwater. yester polynmer nelt is optionally
filtered t &pvpbg%ggdual AA greater than P 0 ppm is introduced into a vessel 105 through
particle inlet pipe 101. The particles form a bed 106 within the vessel 105 and
move downward toward the vessel outlet 103 o form a stream of crystalline
polyester particles having a reduced level of residual acetaldehyde of 10 ppm or
less. A stream of gas is fed into the vessel through a side inlet 103 toward the
lower 1/3 of the vessel height, Other suitable locations, not illustrated, inélude a
bottom iniet 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 104. 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 106 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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particul ates over a designated size before being cut. Any conventional hot
pell etization or dicing nethod and apparatus can be used, including but not

limted to _dicin strand pelletizing and strand (forc 568 )
pel | eti zi n&',ozo?)ﬁé@{”l“ﬁ ators, water ring pelletizers, hof'q% ace“@ﬁ)ﬁ%{ei zers,

underwat er pelletizers and centrifuged pelletizers. The pol yester pol yner
may al so be crystallized if desired as noted above. The nethod and .
apparatus used to crystallize the polyester polynmer is not |imted, and

i ncl udes t @B hA'YEJedd0 BE TRE sizB oRtdafes8sl 10508 saiciERetoWontdirtid zat i on
may occur 1n a nmechanically agitated vessel; a fluidized bed; a bed agitated

by fluid bed/#fent; an un-agitated vessel or pipe; crystallized in a liquid
di b t t I to 190C
o iy ooy e oSl sl R e RIS gb 18y 406,

or any other ne I'n e a SO ain
crystal | i ZEuk aviérage fentpenaturenafthapanrticles irf the hed H06ds withinl 12026randt188 pol yner

tenperaturg . below its . (from.th | as or it be fed.to a

crystalli zi ary W\é\f 4%999%?”‘%’@&19@#&? Eﬁrgp%{ﬂﬁ%% ra{et Enq'?e\élllg?at@i'ﬁpl e, molten
pf)l %/rrer L rpﬁl‘{i&lb@gé@httttwwgﬁspar%m% Kﬂmn_omhgmnpiaau{cr@,rrater,ram@eeédadcéﬁvn?ughtﬁ di eI
pl ate and cut underwater, an ni i ate o] n upder wat er erna
crystalli z¥tgas ihrodgh infst 1R cqnd 'F‘F?Z '%ggﬁ@mat}‘g ‘%ﬁgﬁgﬁl f‘f&’&’ NEhgéfwat er.

Al ternati vghgs tﬁef@srmﬂefaﬁfwm%vme aRYgdRnpet on Hd MRshd RnfifeRatubof bel ow its
Tg, and then fed To an underwater thermal crystallization apparatus or any

ot her sui teastidezintbeapd 196t i on apparatus. O, the nolten polymer may be cut
Stor od, and thaa ot aapinovd 1REmGe (ke hiafingiens fad do b ST ol e of
manuf act ur aetatdehyde. Mheiteraperatusie df streanud@3 st timited abddepengs ef or ns.  The
bot 1.0 <y SF bl ko P REERRNY s cRRaRHET Lo
fromthe paidratd efnlef gds1t02, ane heatdossesifromatie assel105\\Th20664| @2 8746
E g:;(, g §t2 ?gﬁéq%’f[}’qﬁq?hlyde?# Xtré)a]:m Elgf dg;r)gnc sspsriemsarﬁ))]lc ortl G‘nee rate éc?ert]éldgﬁydga de by any

content of particles in inlet stream 101, the temperature and mass of particles in

bed 106, the rate and temperature of gas 102, fed to the vessel, and the rate at

which acetaldehyde is chemically generated in the polymer during the stripping

process. At steady state, the rate of pellet removal 106 is on average the same

as the rate of particles at the inlet 101. One skilled in the 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 rafes 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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processi ng techni que using the particles of the invention. Not only may
containers be nade fromparticles nade according to the process of this

i nvent | on, v&g%@%{gz{? itens such as sheet, fil m bottles %/Eg%gwﬁ {her
es

packagi ng, lids, filanments and fibers, and 0

articles may al so be manuf actured usi ng the pol yester particles of the

I nvention. Beverage bottles nmade from pol yet hyl ene terephthal ate suitable
for holding water or carbonated beverages, and heat set beverage bottle

suitable for hothtbaageabm&@h%aﬁetWouq@oﬁaeerbgé tid $drhél ab Meavdiggdpittl e are
exanpl es of the types of bottles which are made fromthe crystallized

pel | ets of offhe Qlaﬁ\VHﬂtt']Q?n Thei t@@pggatqreaﬁaotjlmltqdug@cﬂ willkdeapsAd IPrimariyep pr ocess
1 ow enbodyghboraASSSH R 061 IWHIALRH NADeRfenR sk BBuBEBBIGged, T i gure

1, a streamo ot crysta ster part cl es contai ni ng | evel of
resi dual Aexiting:thestesselard h@@cppentna@on of acaialdelyderat dhexgaseutiat 1945willhr ough

nd rove BevniirTive itdount BEackfile e Templiet fo U bRmér Ak IRy 1O

crystalli nmegzslfmsrtam particles having a reduce'd | evel of resi duaI
acet al dehyde of A strea as is.fed .into tE\e vessel

through a side |'ﬂ?r§&0'f@§°th8vxﬁ?'a'l'?1ﬁ@g BNe cif pbedimeioichlfieght . ot her

sui tabl e | pggttdnensy: frcnﬁithe particies Erﬁ;féﬂtedlmuﬂh deyseallizandi hiegtaéd gfitaser toward
the particle outlet 103, or a top After picking up acetal dehyde from

the parti cF’l@senef%eﬁﬂgeq for ﬁE‘rPBlV‘SM grﬁ%ﬂ"%ﬁﬁ'@t%§fﬂur§@55‘m@0gw lyestaf out | et
104. The | pﬁg«thbp é’%m IORdaden &Réerﬂah%htt&ezdsom%%@h IRk 20% Ry PG&der ably

chosen so | ows across the majorit articl’es”In the bed
106. The ppuypL0@asihe mosvefosee. cd/iile a@wn@\gﬂuﬁtwttpa:stﬂ ustreteidnpRy 101 are at a

Lermper at Ut eoRlondt e DofenzBnh OB AbOY RIS ERE Bl BBy GE! 2 dehyde. The

streamraté o €S I'sS no rocess wll
ef fecti ve evenduallyrfgd tond diystallizge Tife sauraesof théenaites polymer neaytae froml es i n t he

vessel - 105P3els eeiphaB dhiéRryd To PEUPURE R MeTmb RbnBSARs " T0, o0
| bs/ hr, angolgmefxstiorgrishersindeshown fatttodhe geér gump 202.s Tiesliquedl, the nmass of
part i Cl s Imrt]edlturr]nelst%eéj in C(J) gut?er}%ldg%]rg&gé aL ?ée%oglpe 206 into the cutter 203. A

suitable liquid medium comprises water entering the housing at a fluid velocity of

11ft/s to 8 ft/s, preferably 1 ft/s to 4 ft/s. The flow of liquid medium through the

cutter 203 sweeps the cut particles away from the cutter and 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 greatef
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. Whi]e
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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22 WD 2006/ 028746 PCT/uS20051030531 |b/hr)(20 hr) = 200,000 | bs. The size
of the vessel 105 is sufficient to contain the bed 106. Preferably the

vessel 105 5. ed to prevent unnecessary heat | os er age
t enper at ur e‘béﬁb@@ggﬁért icles in the bed 106 is within 1%8%7%5%@%%%% C and

wi |l depend primarily on the tenperature, rate, and feed | ocation of
particle streamthough particle inlet 101, the tenperature, rate, and feed
| ocation of gas through inlet 102, and heat |osses fromthe vessel 105. At

low inlet ghsugh atbed,of sbid PélrtSadiees by the gastloWardyanédiaaital agigtionon t he
aver age tenperature of articles in t Particles are renoved 106

bed 106.
from t he vealernabiyalyithe ﬁﬁatl souecertg dhe H‘Q'gﬁﬁp'%pr%vg&dabﬂ@ﬁ;d@ﬂsﬁﬁQ‘rpﬁgﬁ)er ature

of stream Jtﬂéjabﬁeta@wah'smaeés@ndm@?@ﬂaés aRaih@Pdddrde Bcri/blikawgrer at ure and
rate of incomng particles 101 the tenperature and raté of inlet gas 102,

and heat | d3rging fremm 0% ot 66% onabort 5%tpabot S0°%@ttenrigehsrae fiom st r eam

103 dependsthé)grjgggni%%%_ on the rate and acet al dehyde content of particles in
inlet stream : e tenperature and nmass of particles in bed 106, the

rate and tenper : ; I t which
acet al dehyde | sgf:tﬁgfr%\’@é? P@éug%ne%aact egaulﬁz‘ra\t"%ﬁE'pgg’@%ps%%eh?%{iﬁé{?@i ppi ng
process. Atfedtheaugih pipe&0 ta & partislediquid sephitater 21dmb\sepadd 214 isnohver age t he
sane as t of ticles. . nl.e skilled i.n the art is
awar e t hat hl%ﬁé“g&e%?”&%’ g'g 'fﬁgé\’%ﬁwﬁ%’tcﬁﬁ?ﬁllﬁéﬁ'§élc$'é’tqu§)ré’] %F%?@Pﬁy”ﬁ"g“ 'é%ﬁ ust the
nﬁss 8f 0})8613 QBCbSCF I\rﬂll@@waﬂ'f\gf/ aeéss;elaas Mbﬁelaﬂtsaﬁs(gélreiougd& Tr&hmémbd_roabl y g_rl_ ﬁat er

t han 0. { r r of .particles, ed. t e strippe ereis a
bal ance be AIBMEAL T sgparetira et MoEuElly i hol Fted Exudes sbAjiablelng ensur o
a large dr 'sébé’rﬁtd‘r@frﬁﬁndb@entriﬂf%l ahdph¥elRi droscréanvisovi tenPigesepudtrt i cl es,
versus the cost of providing higher gas rates to the stripper. At the |ow

gas rates toRBfifuges. eredmelefars erinsracafide whishdhe perticlaioyitsibgy ifed| i nited as
Loe % P IUERLtoRR RAGh el SUBRMRILE oMb 2t 1 11 e
e liquid in pipe 212 may optionally be re-circulated as a source of liquid for the
feed into the underfluid cutter
The particles are discharged from separator 211 through particle outlet
pipe 213 and fed into vessel 105, the AA stripping vessel. In the event that a
conventional crystallizer is used, the particles can be fed 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 particie 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 105, 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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stream 102 per 1 |Ib/hr of particles in stream 101 the gas tenperature can
have a si gnificant I npact on the tenperature of bed 106 and nust be chosen
to give a “E g ature between 120 and 180 C. The i Bl@lysSRgemtieam 102,
is prefera a| r substant ially free of acetal dehyde. 23 WO 2006/ 028746
PCT/ US2005/ 030531 The rate at the gas outlet 104 is on average the sane as
the average rate of the gas inlet 102. The tenperature is not |limted, and
will depend primarily on the tenperature of the bed 106 through which the
gas has | astheftterwenvdntibnaler aexIIUStratedtuhlEguee;Seb 1097hthectempen‘aitmratdfm of

acet al dehyde out 1 e armu t of

acet al dehycf‘éysil%\‘ﬁggé’@%fq??ﬁﬁrﬁ %589%?“61‘5?? g%elg\gg%aﬁd or ffgs Bﬁ% "PPow rat e.
Figure 2 i shefjiptsves of@ded ndﬂdrrwsel@wagopd:eor%earnoem@mjmﬁoocm: \Whigebs t he heat
energy fromthe particles inmparted durin stallization is integrated with

the ener gy Nobd@phelpw $10°% Ip Hys ﬁ@bmm%qheﬁr%@mgféwstau'zpﬁwﬁ@qs ISa nol ten
pol yest er fQ@InY&TfFIB sﬁﬁodzuﬁgjgés@elfﬁﬁ,thfbl@p ﬁﬁﬁ?élhlé'tﬁtp@“?tmeéta?tgﬁ‘ eﬂégh line 201

usi ng a gear he notive I’CG e an underf cutter is

i | lustratedf ahlﬁgst B@Pﬁe\mlie@mw pﬁ/g@s istfegthiroughi Qaérlnl@hﬂnoz)@nféﬂvo@etmet o make
pellets me%la o?%&staﬁ’ﬁ@{i"wﬁ#c‘e%1 et Sf?t%%gﬁrt%rﬁ%@at]dr ¢ of at I% J?PU(';?SE of the

nol t en pol ymer an ex 0 the gear punp
202 or frorprefbeedrbéctaqsbmE)Warg#mpq:ratweﬂarthezmsldencé timiesd éve partitlesrothn) fed to

h h 03 th h f eed
e 9506 | assel raindgefat B! FiSitdd Bddidles 18 it St hituch paricli o o o, | °°

entering thetigdingi10g ant the ésxisdjuscmbtyedtpre@fablﬁtowa/r@thteOtoB oftHes\/esQéleferabl y 1
ft/s to 4 ft arg& qgedlumthroughthe cutter 203 sweeps the
t n

e flo
out parhcl@é@fﬁ)&@‘?ﬁaﬁn\gﬁﬁ d into the outlet pipe 208 for

transport into rntﬁé)ésémlthat&ﬁét&fi)&ratﬁseoﬂthuéﬁysau%d ptahﬁ:lé‘srff&hfal lizer 209 is
an underfiuid crystalllzer having a hig quid t erature in which the

liquid is leptalizeeer r%m;@rl@gdﬁc@déaewtqr@rqns Qﬁ'%ﬂ@? tthplreans ofapor pressure
of the | quindtdiRelipaRiclditeahld hbitel 8 a 1bS11808E BY Gny conventional

heating means. Even though thermal energy may be to be applied to reheat the

stream of crystallized particles; the integrated process requires the application of

less energy than would be required if, for example, the particle temperature falls

to ambient temperature. Suitable heating devices include pre-heaters or thermal

SCrews.

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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Crystallizer 203 conprises of a series of pipes in a coil or stacked to form
a three dinensional box or any other shape, including a long |inear tube.

The liquid ! er) tenperature at the outlet pipe 08, ugh the
crystalli ze&%pzlg?o%os?g\%& is above the T. of the particles, %méfog éfr)abl y at

any tenperature within a range of greater than 100C to 190C, and nore
preferably from 140 to 180C. Wiile wunderfluid crystallizer is illustrated,
any conventional crystallizer is suitable. For exanple, a suitable

crystalli Zagds@%reﬁﬁidé)m ;\Hd}ﬁdlwﬁaspar?aeé agd fo :@gunateemew?mpgtggﬂ@s:f gfza(‘) Chgt "o
nitrogen or_air or th at a ed tenperature of 1 to 4

2006/ 0287460%?%@2@?8@'63’_@%%?%ﬁafghaaggé@ne?"%| i d pellets agitated by
the gas flow or ThY cBR@itFREERE isAlistatddIn FigRe 3alThelduddide gla¥s wiallgoheat source
to the pellets is provided by heat transfer throu j acketed walls of a

h th
vessel . | Thecoplains e esidgiaiassmiall HEHiin hichris 3 CHAMRER0RIeT PRSI 1 om 209%
t bout 65%+ iy o th
c(r)ygt gﬁ [ z?’r%t@%’?@? H% PQWI ntg?% roughb‘é? %{2§£%§§{ﬂgplﬁﬁ§§[s?§%8%?g%'s 1(:a he
cryst al | i zdbropghwihidhais fatr @ gas etia gas g poyti3ee floning toraugbar caildfeglassqui d

separ at or t . | . d, tf _conventi onal
crystalli zéﬁ%gﬂépi'ﬁcﬁﬁli%u%{gmé%@aggW I]asdp'&ﬁﬁgﬁ au°§ggg‘§x§§%7 {(’)orr atrﬁgn l1s of a
vessel as thottohefidsktandmsdoanestoud@for dlvendeddepd or equi pnent for separating
particles fromlLiquid is not_linmted. Exanples of suitable  ,separators

i ncl ude centrif h’b%}f‘erﬁpv@%«? OE%PiCBFUH?” '?@Fé’érP@m&f Ragitles wilgadhe pusher

centri f ugessolupin Shdiblegyas floWifgSovdr tHRCSS@RNGT paHicled\hl thE chlitrPigreg@ate! | qui d
slurry is fed wi.th the liquid flow r}% t hrough the screen and out through
liquid out IRrefiRg 2 gyitablersplvent inp soynd batiom fask copgecipd i thel qojurpr at

re-circul atigd: 867 2ASMEERePls Atttibd td B doltfnn 5 Allborof tHe réRdaRg | Ui d cutter
The particles are discharged from separator 211 through particle” outl et

pi pe 213 arf@ivestitoihetreciisaestio the reactare Camener (P Frilg0YEk suelohexenche event t hat
o overy GRS O AT pelatge < Fopes Lobeds SNchRefage oLl ©f
particl es fregulating sodvent. ,
The experiments were conducted in two stages by charging the vessel
with 1.5 pounds (680 g) of a partially crystallized PET resin. In the first set of
experiments, the resin was charged to the vessel at 7:00 a.m., and about 60
grams samples were collected at each time interval 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 df 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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vessel 105 have high heat energy inparted by the crystallizer 209. The heat
energy in the particles is used as the source of heat transferred to the gas

suppl i ed t owbheosnesae! 105 through Iine 103 which fl ows dchiyie@Botddsy particle
bed 106. In this enbodi ment, the polyester particle streamis fed into

vessel 105 at a tenperature of at |east 50C. The crystallized particle
stream di scharged from the separator 211, or discharged froma conventi onal

crystallizer, is typically at a tenperature in excess of 90C, or in excess
of 120C, ocrystallinitycefs3.5f and®@ving Bat el G.820 wanusat i(‘@wmen%/i;t Wlizer, or

t he separ af on pnan L_ppi es may cool
sonewhat t ?Cgucé%éhﬂé'glp%p%ggé§&E"5'8Fh’§9Sip\éﬁ% , |enge3§5$g§[h%|a§§g§§8¢n t he separat or
211, or vvipdsiymemﬁvimymb neal4i (pfiete! divatbwegiic adie cortentisabhthalld &cidnd t he vessel
105. Between har e fromthe crystallizer 5, WO, 2006 8746

PCT] US2005TG4HSAEN. JRBCNERoe SRR TaTent cap et Bbout drbax 2P 2 digur e 2 as
109, the tgmpor4sxise9xf3.9dv@im, <‘arnmsat796 innvzendm@eértneeb@cmv@ryeferably does not drop
bel ow 50C, or does not drop below 75C, or does not drop bel ow 90C, or does

not drop bel owW@U@th%?ecéPB@§et f GXPERIBENtS PR FUD RS PerformAd UISBShodi ment , t he

stream of I vessel 105
t hr ough paI?étSI @Eﬂﬁ |ér#;§ﬁ tﬁé%% 101 bﬁrgebg\ﬂn%ééﬁérfblﬁngﬁoa?ftﬁém gg'gt 130C, while a

flow of gatemperature af HEB4gh gas inlet 102 and through the bed of

L, D MR SR B8 S,

preferred because a ure’s, resid the particles
in th vessame pelymeceas indhe first setef eﬁwmlrmema egxaeptithatdbe third sbtofhar ged t hr ough

P! bt DR ot b8 s RSP TEL <o0 Y o b
t he tenper at ur §hefairtflosy for gadhaéxperiadnpwas sell at9.006F 8 GFMassjrgf arhbierer or from a
o P o P Al T By S Al o 22,
means. EveffecBRHGTTehBBF WBS 160y TREYeshiente tike it patlcies washeskdt he

and are detailed in Tables 1 through 7.in each case. 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, or 185°C,

depending upon the solvent used in each set of experiments. The time at which

the polymer was added to the vessel was set as the start time 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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stream of crystallized particles, the integrated process requires the
application of I|ess energy than would be required if, for exanple, the
particle tegpebgidss falls to anbient tenperature. Sui tplgl®46Ra5ds50 devi ces
i nclude pre-heaters or thermal screws, Experinment Set | This set of
experinments illustrates the effects of tine and tenperature on the residual
acet al dehyde, nol ecul ar wei ght, color, and crystallinity of the polyester
pol ymer particles. Three different polyethylene terephthal ate based pol yners
representing three different geonetries were placed in a fluidized bed
reactor and exposed to either 150C %b or 185C tenperatures and a | ow
air flowrate for at |east 24 hours re specifically, the experinents
were conducted in a col um Palgmieor, 1509Cp0i006BSCFMa nodi fi ed chr omat ogr aphy

col um t o -aH-ew-for—the—nt mdlmtr e—6f—a—26—WD-2006/-028746
PCT/ USZOO!S/Q%#)%Q% 9555@}'? a o!/ t he pol yner parL[i cles|and b reg}ul ate the
t enperatufe LAcggjwédeeoar iCles, g rqundg*botlt ogg+f | ask, &hd a
condensor | Tirhe(hrpll um reactor( i(gl/g) | ustrategd in Fijgure 3] Crpstallinityi /de gl ass
wal | 301 {contains an{RRM) de {gl ass wal | 302 within which|is a chanmber303 for
pol yner partittes—Ar the bottomrofthe chanber—303Ts g fr1tted gl ass
support 304, 0.00hr pugh4@t?3ch ijs G.-8Hl a é‘&snht al. 4% |i nB.86 port 3266 fllowi ng
through ajcoil of!{glass tubilng 305.{On theg outside glass wall is grovided a
connector | 307gfor |a rayrg bot t(pg@g skg.dnd aq@annecstop B08 Beh a dondenser.
The tenpefrature of the col um reactor, polyrrer pariti clesiwithin thg colum
and the gas—ftowmg over the %/ partigtes Tnthe cofumm s T1equl at ed
by refl uxjng2-80sui t abPeé-28ol vent0-81p bol 88m|f F&8R conné28ed tlo the
colum at|__inlet 307 A rnndgnqu isl attachied to tihe col at 8 tqg allow
for the reflayhng| sobxagnt tqg heg{ec] Fgrd [t Q1izhe |reagho (fb.p. =
1500, cyglo exanrpl (b.p. =1]160C) or gi et hyl octqgate ?b ﬁr?SSC) was used
as the te[perature

3.83 19.98 0.810 | 66.44 -1.23 -3.37 31.9

6.33 10.95 0.812 | 66.41 -1.27 -3.23 31.3

8.00 7.26 0.821 66.76 -1.22 -3.28 34.5

9.50 6.00 0.819 | 66.90 -1.25 -3.25 38.3

14.00 5.37 0.803 | 66.69 -1.18 -3.29 33.5

16.00 3.39 0.813 | 67.37 -1.19 -3.41 30.6

18.00 2.95 0.816 | 66.35 | -1.16 | -317 | 325

20.50 2,63 0.816 | 67.35 -1.15 -3.36 32.4

22.58 254 | 0.816 | 67.29 -1.18 -3.46 34.8

23.50 2.50 0.821 6710 | -1.15 -3.43 35.7

23.75 - 245 0.829 | 66.86 | -1.1933 | -3.21 33.7
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regul ati ng sol vent.

t he vessel

In the firsyoSedsoas €XPEri Ments,
7:00 a.m,

i ndi cated on Tabl e 1.
to the vessel

each tine
submtted
descri bed
above, to

The experinents were conducted in two stages by charging

with 1.5 pounds (680 g) of a partially crystallized PET resin.

the resin was charged plcq/ishfsyfsHe!

at

and about 60 grans sarrpl es were collected at each tine interval

In a
at 5:00 p.m,
interval as indicated on
for residual
above,

col or

and

Table 1
-acet al dehyde anal ysi s
for inherent viscosity test
(reflectance) anal ysis as descri bed

%¢rystallinity analysis as descri bedahlec?e.

second set of experinents,
about 60 grans sanples were coll ected at
bel ow. The sanpl es were
using the test method as
measur enents as descri bed
and for

above,

the resin was charged

Wthin each set of experinents,

three different runs were
thermally crystallized at

B o o B O SCBY. T PPE T ot "Sath anc

havi ng an{lt.V. of OR8siuahs us\(’aﬁ(.jv( h0| yrrer 1"). Iin the jsecond run, a
pol yest er | jxlagsest cry | 1ized -h rol | {progessjing unijt to%a degree of -
crystalli ﬁb’!ﬁeﬂ‘t ws@“?%‘g?méa i@? ﬁe 1tV |of ®). 802 3%a Ngeg ik ?thrrer 2").
In the th r H, ﬂhyﬁpter 9 r crystjal i zed under T { degree of
27 WO 200 “/ 028746 US2005/030531 [ crystgdllinity of 30J5% and havi ng an
It.V. of 8% E usgt;l_ofz" Pol lyrgegs 8" ) -6519% ea(;lil_3t7as e.3ghe polzﬁeg pol ymer
was a pol/et yl eng terephthalate % sed pollyner hdving 2 (of t ot al
di car boxyliTacid contEhr) rSpopntharj ¢ _aci g nodi fircation.— The age
particle ¢i nbA8i ons wérd0about 08k x 68.088 |x -2.343 | n¥w 02 45 35@ 09 [x 3.90
nmm and 2|75 mmdianeter regpectively WTthin thdg second set of
experinments,pgge run wegssper florggsh Usigams Folypgr (1.3 except 4 seqond
experinment was petfforned at tlhe higher temperature of 160C.” Wthin the
third set [of expefTments, tNrjee runs| Were perforngd using the —samg pol yners
as in the| fi$80 set of0&8%perijnEh®s! 66638 [t HAR1t He-3-6Pr{ se&d7.f

4.83 12.51 0.813 | 66.48 -1.18 -3.48 27.44

6.75 7.16 0.822 | 67.07 -1.20 -3.73 28.99-

8.58 5.22 0.822 | 65.99 -1.09 -3.41 30.21

23.75 3.00 0.810 | 66.50 -1.06 -3.40 30.06
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experinments was performed at the higher tenperature of 185C. The air flow
for each experinment was set at 0.0067 SCFM usi ng anbi ent
amount of sWwbvedsin2&hér ged to the round bottom fl ask conngghedods@sossi he

colum reactor was 1000 nl.
and are detailed in Tables |
1.5 I bs in each case..

colum had reached the target tenperature of 150C, 160C, or
The tinme at which

plant air.

The

The residence tinme of the particles was varied

through 7.in each case. The pol yner charge was

The pol yner was added to the colum reactor after the

upon the solvent used in each set of experinents.
S the start time for the experinent

pol ymer was added to the vessel
The tenperature of the

(Time =0

hr).

was

pol yner

185C,

dependi ng
t he

particles was neasured by a

t her nocoupl e pl aced on tPP@WmBl.'tl@ngﬁ“&‘swd;Q.}BﬂGTSqFMl n Fi gure 3) The results

of the exp Hehts rau USTg rU|yn —i—are IUPUILCU ern—Fabj e 1. The
results of Elggsgd(per H‘%Bﬁ{ug up qz[tvl615C using Polyner 1 ane reported on
Tabl e 2. The Tesulltacetdidéfivdecxper i nent sLy un ata*l85C ugi ng Polynmer |[1 are
reported ofimehn} (3. The resul t s(d¥B)t he experiments| run at Crystallingtyn
Pol ymer 2fare repcrteéPRj'H) Tabj e 4. The results of fthe experinents rjun at
185C usi ng Polyrmgr Z are reporte N Tabl'e 5. The fesult$ of _The experinments
run at 150008 ng Pol4y ar%sgkarQSe%qn 433 o 63-12hé redhiPds of the
experinenLs__Lun—%L_185£LusLnF;POJV r 3 arle reported onlTahle 7 28 WO
2006/ 028746 PGH/ US20034@90531] (ahd e| o5y yvimen 3b, [159Gp 0. 00y $6FM | Resi dual
El apsed 11.V. % Acetal dehyde} L* a* p* Timg (hr) (jppm (dl/g) Crystfallinity
0.00 45.28°0 881 5. 78 - 1. 349 - .86 2.6  1.00 34917 0. 803 66. 1L -1.133 -3.20
34,2 2.0 13.78 0.809 | 67.43 -1.20 -3.36 32.95 ‘

3.00 8.13 0.818 | 67.69 -1.13 -3.21 31.78

4.00 6.85 0.820 | 66.94 -1.07 -3.02 30.77

5.50 6.44 0.808 | 67.52 -0.99 -2.90 37.23

7.50 5.13 0.826 | 67.16 -0.96 -2.36 36.85

15.00 292 0.813 | 68.68 -0.73 -2.05 38.99

17.17 240 0.827 | 68.82 -0.71 -1.77 40.49

18.50 2.21 0.845 | 68.46 -0.66 -1.69 38.36

20.00 1.78 0.858 | 69.36 -0.63 -1.68 39.68

21.33 1.71 0.857 | 69.47 -0.67 -1.53 38.05

23.00 1.48 0.852 | 68.56 -0.55 -1.28 40.64

23.17 1.25 0.826 | 69.47 -0.6 -1.34 38.53
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2.00 32.28 0.815 66.33 -1.32 -3.29 32.3 3.00 25.43 0.812 66.48 -1.32 - 3. 38
33.9 3.83 10.98 0.810 66.44 -1.23 -3.37 31.9 6.33 10.95 0.812 66.41 - 1. 27

323 31.3 0.821 66.76 -1.22 -3.28 34.5 9.5 66. 90

L oe 5 e o e O s G660 S a8 s 29 3arctubaudids 00 %0 o

67.37 -1.19 -3.41 30.6 18.00 2.95 0.816 66.35 -1.16 -3 .17 32.5 20.50 2, 63

0.816 67.35 -1.15 -3.36 32.4 22.58 2.54 0.816 67.29 -1.18 -3.46 34.8 23.50
250 0.821 67.10 -1.15 -3.43 35.7 23.75 2.45 0.829 66.86 -1, 1933 -3.21 33.7
29 WD 2006/ 028746 PCT/ US2005/ 030531Talleldi ¢ 2 Pol ymer 1 at 160C, 0.0067 SCEM

Resi dual Elapsed I1tV. L' ;% Ti t (dug) a* b" Crystallinity
(ppm 0.00 57.02 0.831 6ROy %'?%éﬁ%g%ﬁz@@wiﬁ% 47.40 0.831 66.08 -1.31

-3.70 26.55 2.50] 25R5%id0ajS23 66.85 - 1. 28 13.78 28.52 350 20.55 0. 821
66. 38 - 1.|2Elapsedo| 27. 57 4.83 1V51 (0.813 66.48 -1.18, -3 48 Fh. 44 |6.75 7.16
0.822 67.[04 1(1%9 Agetaldehydeg Fud8 5.35 0]828 65 |00b% 1. 08rystarfihitd)- 21
23.75 3.00 0" 56. S@pm). 06 |- A9 40 06

0.00 7.52 0.800 | 5543 | -0.97 | -0.06 36.18

2.00 6.08 0.809 | 55.84 | -1.00 | -0.23 40.91

3.00 5.11 0.807 | 56.03 | -1.07 | -0.21 34.31

4.42 419 0810 | 5642 | -1.02 | -0.31 41.44

6.00 3.47 0.806 | 56.02 | -1.04 | -0.31 45.63

7.58 2.94 0812 | 56.47 | -1.03 | -0.56 40.89

9.42 253 0.797 | 5691 | -0.95 | -0.45 41.97

14.00 1.71 0793 | 5659 | -094 | -0.18 36.38

16.00 1.61 0.804 | 5516 | -0.95 | -0.48 52.75

18.00 1.38 0.801 | 565 | -0.98 | -047 4243

20.08 124 0.803 | 56.32 | -097 | -0.41 37.04

22.00 1.22 0.797 | 5643 | -0.95 | -0.48 41.59

23.92 1.14 0.800 | 57.17 | -098 | -0.58 42.00

24.50 1.04 0.804 | 56,50 | -0.95 | -0.45 37.18

3925 | 0.6 0.797 | 56.35 | -0.94 | -0.47 47.70
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30 WD 2006/ 028746 PCT/ US2005/ 030531 Table 3 Polyner | at 185C and 0. 0067
SCFM Residual Elapsed It.V. % Tine (hr) ''cetal dehyde (dUg) L" a* b*
Crystal |'i nivwpg 20deBsie 0. 00 43. 36 0.821 65.98 -1.35 -3. 12 s34vdo0shsdd®y 34. 90
0.810 65.49 -1.30 -3.12 33.15 2.00 13,78 0.809 67.43 -1.20 -3.36 32.95
3.00 8.13 0.818 67.69 -1.13 -3.21 31.78 4.00 6.85 0.820 66.94 -1.07 -3.02
30.77 5.50 6.44 0.808 67.52 -0.99 -2.90 37.23 7.50 5.13 0.826 67.16 -0.96
-2.36 36.85 15.00 2.92 0.813 68.68 -0.73 -2.05 38.99 17.17 2.40 0.827
68.82 -0.71 -1.77 40.49 18.50 2.21Teblkss 68.46 -0.66 -1.69 38.36 20.00

23100 1. 48 0855 68, 56 _ oline2 3p19%EaM dudar SERY %3¢ o0 47 o6 1 54

38.53 31 \Iéll) 2006/ 02RégkuRCT/ UStZt%SI 030531 | Tabl e |4 Pol yper Zo/at 150C and
a . D, * ¥ *

0. 0067 SCF - reesh W%Eta'ﬁ'ié’rf’fd%d W 96 Acetial dghyde 1< af b* %

Time (hr) (dllg) - Crystallinity
(Ppm)

0.00 20.67 0.810 556.49 -0.80 -0.32 35.20
1.00 5415 0.799 56.53 -0.85 -0.59 356.67
1.83 3.63 0.786 | 56.00 | -0.78 | -0.46 35.70
2.83 2.60 0.812 56.70 -0.81 -0.6 35.69
4.75 1.72 0.793 56.91 -0.78 -0.72 45.51
6.83 1.18 0.802 55.58 -0.77 -0.38 40.25
12.75 084 0.798 57.65 -0.78 -1.04 40.15
14.50 0.79 0.797 57.36 -0.78 -0.72 37.84
16.42 0.69 0.803 57.91 -0.81 -0.61 40.64
18.25 0.63 0.816 57.85 -0.75 -0.77 41.98
21.00 0.65 0.815 57.88 -0.77 -1.00 41.06
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Time (hr) (ppm) (dUg) Crystallinity 0.00 7.52 0.800 55.43 -0.97 -0.06 36.18

2.00
34. 31
-0.31
-0.95

20. 08
41. 59
-0.95

Resi dual

Crystalli
56.53 -0.
0. 812 56.
1.18 0. 80

4.4
45. 63
-0.45 41.97

-0.31 41.44 6.00 3.4
-1.03 -0.56 40.89 9.

fgtsiogn

6.08 0.809 55.84 -1.00 -0.23 40.91 3.00 5.11 0.807 56.03 -1.07 -0.21

P78, 0761 56 a7

02 -1.04

Y97 56. 01

14.00 1.71 0.793 56.59 -0.94 -0.18 36.38 16.00 1.61
0.804 55.16 -0.95 -0.48 52.75 18.00 1.38 0.801 56.5 -0.98 -0.47 42.43

{578 a1 g5k

47 47.70 32 WD
M 185C and 0.0067 SCEM

1.24 0.803 56.32 -0.97 -0.41 37.04 22.00 1.22 0.797 56.43 -0.95 -0. 48
23.92 1.14 0.800 57.17 -0.98Table® 42.00 24.50 1.04 0.804 56.50

-0.45 37.18 39.25 0.86 0, 79
2006/ 028746 PCT/ US2005/ 0Behamer raly

El apsed Acetal dehyde It.V. L* a* b* % Time (hr) (ppm (dllQ)
ity Q ()?()_ﬁ]() 10 55 49 -0 -0.32 3520 1. 005415 0.799
8% - 0. 59| 35Regidual g 3,83 0.786 5¢. 00 -0.78 -0.46 35,70 3.83 2.60
7&laRseg; 6‘9 @@%@% a'¥5 1 73,0.793 56.91 19. 78 - 0.2 45/51 6. 83
DTk (HF) | ok 4Qdrs) Crystallinity
(ppm)

0.00 19.83 0.800 | 6821 | -1.78 | -2.17 33.74

1.00 16.94 0794 | 6839 | -1.74 | 2.20 37.90

2.08 12.38 0.806 | 69.12 | -1.71 | -2.20 33.55

3.00 9.61 0.807 | 68.98 | -1.74 | -2.17 33.93

4.00 7.37 0.744 | 69.21 | -1.68 | -2.13 33.15

5.08 6.41 0.854 | 69.23 | -1.65 | -2.20 34.67

6.08 4.72 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 39.72 -

16.00 1.17 0.809 | 69.83 | -1.65 | -2.27 44.10

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 0792 | 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 0791 | 69.76 | -1.64 | -2.15 39.03
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12.75 0.84 0.798 57.65 -0.78 -1.04 40.15 14.50 0.79 0.797 57.36 -0.78 -0.72
37.84 16.42 0.69 0.803 57.91 -0.81 -0.61 40.64 18.25 0.63 0.816 57.85
-0.75 -0. 77 wid 288028%4- 00 0.65 0.815 57.88 7 -1.00 41. 06 pd3\¥3046§06{,028746
PCT/ U52005/ 030531 Table 6 Polyner 3 at 150C and 0.0067 SCFM Resi dual

El apsed It.V. % Acetal dehyde L* a* b* Tinme (hr) (ppm (dlilg) Crystallinity
0.00 19.83 0.800 68.21 -1.78 -2.17 33.74 1.00 16.94 0.794 68,39 -1.74 -2.20
37.90 2.08 12.38 0.806 69.12 -1.71 -2.20 33.55 3.00 9.61 0.807 68.98 -1.74
-2.17 33.93 4.00 7.37 0.744 69.21 -Takd@7-2. 13 33.15 5.08 6.41 0.854 69.23

69,05 1 68 2 00 31 14 RUVEP TG Rabobbr Sl "t 00 507757 6 0o

1.17 0.809 69. 83 -[1. Residual/ 4#4.10 18.00 1J02 0.840 69.45 -1.65 -2]21 37.24
20. 00 0.91 Blapsedqa9 53 dé 68 {2.14.¥. 38. 2?_* 21.67,0.84 0. 792 69.%83 -1]62 -2.13
3L.35 22,08, @) CMEAHBIVES |- 15g {2 10 4p. 28 24. 08" 0.[Tg Aefiflief P 76
-1.64 -2.15 39. 34 (ppm)

0.00 18.01 0.840 | 67.86 | -1.61 -2.45 27.28

1.00 13.81 0831 | 68.95 | -1.63 | -2.37 29.90

2.00 4.76 0825 | 7029 | -150 | -2.21 29.10

3.00 2.09 0813 | 7115 | -1.46 | -2.14 31.60

5.00 1.51 0830 | 7145 | 145 | -1.96 27.64

7.00 1.27 0836 | 7160 | 143 | -1.80 ° 34.25

10.00 1.05 0844 | 7112 | -1.40 | -1.81 34.23

14.00 0.81 0.840 | 71.87 | -1.38 | -1.64 35.58

18.00 0.57 0859 | 7198 | -1.38 | -1.49 36.54

23.00 0.38 0880 | 7195 | -1.35 | -1.37 37.30
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WD 20061028746 PCT/ US20051030531 Table 7 Polymer 3 at 185C and 0. 0067 SCFM
Resi dual El apsed It.V. Acetal dehyde L* a* b* % Tinme (hr) (ppm (dl/g)

Orystal lini 8.01 0.840 67.86 -1.61 -2.45 27.728 0. 831
68.95 - 1. 63%22"@6%&3794%90 2.00 4.76 0.825 70.29 -1.50 - 2.5%@8’.“@“@?00 2. 09

0:813 71.15 -1.46 -2.14 31.60 5.00 1.51 0.830 71.45 -1.45 -1.96 27.64 7.00
1.27 0.836 71.60 -1.43 -1.80 34.25 10.00 1.05 0.844 71.12 -1.40 -1.81 34.23
14.00 0.81 0.849 71.87 -1.38 -1.64 35.58 18.00 0.57 0.859 71.98 -1.38 -1.49
36.54 23.00 0.38 0.880 71.95 -1.35 -1.37 37.30 35 WD 2006/028746

PCT/ US2005/ 030531 The results indicated that for all tenperatures tested,
150C, 160C, and 185C, the |l evel of residual acetal dehyde remaining after 24
hours was | ess than 3 ppmfor all sanples tested When the process was

conducted at 185C, an 1increase in npl ecul served due to the
pol ycondensat i ohhe results indicateg thak ﬂbtempefawr ‘F%ﬂé’tﬁp@r i@%pea” A so, at

185G, a siggsig, wlteveuo?%s@cmabéta!dehy%sre%ﬁﬁﬁgsﬁer PNRoRE WeRqesapgni N the a

and b* col or val ue were | so observed. However, when the process
t enper at ur & nnqurelhearaalesée%@d oWhersthe prarsss wgsicondasted ah3BRy€, @n t he

L erune! oMl ool ek WRSBSEI HEGlo vERSARNIBNARS 0Er e el
mel t phase rq:m:ltnymmmacna‘tngmi thi higatemperature. Also, at 185°C, a significant
increase in L* was observed, and an increase in the a* and b* color value were
also observed. However, when the process temperature was lowered to below
160°C, no significant change in the molecular weight, L*, a* or b* was observed.
Based upon the experimental observations, one may conclude that residual
acetaldehyde formed during the melt phase polymerization of PET may be
 effectively removed by exposing the resin to a flow of gas at a 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.

36



effectively renoved by exposing the resin to a flow of gas at a tenperature
which does not significantly affect the fitness of the particles for its
desired us\&lats\!v icﬂdic ted by insubstantial changes in the It.V., L*, or b*
col or val uB8%ofth¥™ Particles. The finding that the b* color value can
remai n unchanged in the presence of atnospheric oxygen is an |nportant

consi der atj qpeERUSRpHSing MitdHuchigFofchiel YOPMEZprtiORs ORRkialgQBsidudr eat care
is taken to mnimze Phe concentration of oxygen to %r:event changes in b*

col or at tavetaldebyde ipteprvesselrag a conphirathrerixithig@ rineetofMB0TE &0 K90°6:to1. A process

conpri sing. i ntrodugin ol yest er pol r.particles ai.ni ng.res dual
acet al deh 88“?&?@@1’%}35@&?‘){‘29 ejtvg?‘?ﬁgl&ﬁ?m& 2 it Oﬁgggpfgﬁﬂea pg?tl%%tlc to 190C
to form anhbestiele Healht h gheBowiritBnbt dxeeedifs6.2b SCHM Peigbuad @8 parttidlegugh at
| east a portion of the particle bed at a gas flow rate not exceeding 0.15

SCFM per prenhdurpinrwithiliaierg fipishedpagticlessinem whe Yrspel hevigeiredusidd particl es
fromthe vesseltf#qavjd\{’]}gl a rﬁpﬁc(gd anount of residual acetal dehyde. 2. The
process of AU AT TFS! = i e'parti cles introduced into the vessel have an
It.V. of at least 0.70 dL/g, and contain a |evel of residual acetal dehyde in

excess of - YiheRPtBessof cldifh PAARBER i parti@idhod M8 it hd WRsAdald &1 s have an
It.V. of at least 0.75 dL/g I1t.V. obtained in a nelt phase production

process f ot Virakatdgast RE§0pihr/g,.iant esntaif a [hel of rasidbwbacstalddhydenBexopsseafei n t he
particles ﬂ?ve a degree of crystallinity of at |east 25% before being
exposed to 11| ow of gas. 5. The process of claim 1, wherein the finished
particles are introduced into dryer to formdried particles, wherein the

{i ni shed paryGh &35 Athnd ) ieifl Sor UL BEF Nor A slo 95 81

pol yneri zed. e process o erein the finished pafregti cles are
| oaded i ntlo. Vaobfainegiimg medtopiiase pretducion preocss foo madbaeyths phitdlest at e pol yneri zed
prior to loading into the container. 7. The process of claim1, wherein the

finished particles have a residual |evel of .
4. The process of claim 3, wherein 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, 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 ItV. 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 zone without first solid state
polymerizing the particles, and the finished particles have a residual acetaldehyde

level of 7 ppm or less.
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acet al dehyde of less than 5 ppm 8. The process of claim1l, wherein the
particles have an ItV. of at least 0.75 dL/g obtained in a nelt phase
process f he prod i.on of, t rticles. e i a degree of
Cryotall | 00 BrotR Gl Sl g b i gl e SR AT el T 0% The
zone, the pardlimées are continuously fed into the zone w thout first solid
state polynerizing the particles, and the finished particles have a
residual acetal dehyde |evel of 7 ppmor less. 37 9. The process of claiml,
wher ei n t hd. Jhe pressssaiiglaimdgatheredhgasris insfodbesdat aiempaauge oy 7761 aine. 10. The
process of, claim 1, wherein gas is introduced at a tenperature of 70C or
less. 11. The process of claim 10, wherein the gas is introduced at a
tenperature of 50C or less. 12. The process of claiml, wherein the process
IS continuuUghe E)ﬁ)ceémff_cp{iﬁclﬁﬁfh@eiﬂh@'ggé S antrQRESh {ehfpeitne oF shas 2
particle inlet, a particle outlet, agas inlet, a gas outlet, and a
particle badessi thin the vessel, and gas is introduced into the vessel
through the gas inlet and exits through the gas outlet after flow ng
through at least a portion of the particle bed, and the particles are

i nt r oduced!?- Ahe prasess qf&ffatlmcllaé"l'ie?ﬂﬂéﬁleéﬁ%f‘fﬁi I§iCORERNOYar ti cl es are di scharged
fromthe vessel through the particle outlet. 14. The process of claim 13,

wherein a am of pal yest.er pol r particles s .introd iLnto the
Vessel "t hr Bud e A enan HERe nhgeiRe BRE S Rmde AL BRUSEDARE” TS, e
process ofa gdsahlet, h4as Vst eind 4 fietidle Bpevathin tBe Oésséinend@dstib alt@dutddt r oduced

into the vessel rang:as from 130C to 190C. 16. The process of claim 13,
wher ei n t hatogthe vesselahrongh thengastiplas anderitp drongh the gag pwilet after flawiagt ed bel ow

t he gas Outiej%f,%tg{l %g%aétgéoﬁt?&{)ci)ﬁc t(i)l\e,e\})%_l?llﬁﬁt at 4 H@ E%r;&igllege A erig,ggflﬁcgd iin% Qe he

particle b y e of "the pa e e particles

i nt r oducedpartidl® inléthad Pinished berticlek @fe disvhargad Beeh thiedesgeY thr@ighvhéy to form a

flowin a direction towards
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 introduced into

the vessel ranges from 130°C to 190°C.

16. The process of claim 13, wherein the gas inlet and the finished particle outlet are
located below the gas outlet and the particle inlet, the gas is introduced into the
particle bed at any point below 1/2 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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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 r9af]rh9 p{‘c{%gss()ff claal lea remt e;b?(’)q[egi' i Cgﬁt?lﬁl%ﬁ? tﬁ; ezﬁjti@fe J uncwﬁer ein the

pressure w't vesse sure as I n ESSE 1 on ranges

from O psitfe VessdlQit pSéed. raﬁ&aﬂd?for ¢heh fouag e ﬁarﬁf:le@ feal por hounpktey fowa rdtdref pr ocess
is continuous, the particles are fed to the vessel at a feed rate, and for

each poundh@fm'i?ékl?qd(ﬂaéés atdepsh@ P05 stapdard gebie feshperanmutss (SGEM)- i nt r oduced gas
is at least 0.005 standard cubic feet per m nute (SCFM 20. The process of

claim19, ein the te I's no 21. The
bt ocess of RN s prestr Qe 19" eref B oS GRS ol B0 dP TR 05 scrm
22. The process of claim 21, wherein the re5|dence time of the particles in

the strippifAge E%@ssrcﬁ"}% 20, Qierkéh 16 Yo% Itafé 1§‘ﬁo ALK thar. 0§_§€F1Q/f ocess of

claim1, wherein the gas is ambient air. . The process of claim1, wherein
the It.V. of the particles is at |east O. 75 dL/g 25. The process of claim
1, wherei M2 ae btotbshedlaparali, olheimne eesidentd tiMe oftheaparlidesin th®. 70 dL/ g and 5
ppm or | ess acetal dehyde wi thout solid state polynerizing the polyner. 26.
The pr ocessripAing peefanges (st &9 ROWR o P@BoWkal acet al dehyde content of the
particles fed to t he vessel is greater than 10 ppm and the level is reduced

to 10 ppm rr S roges&eofscl 1th .wherein the residual
acet al dehytfe BB RISHS gfc at"ﬁle PR E1e8Es 15 %ntf% e vessel is greater than 20

ppm and the level is reduced to 5 ppm or less. 28. The process of claim1,
wherein the ggt }SR)%E@sronPJlaﬁnie"w}E?eﬁﬁ 19 éftﬁe%%&eg i§ 19easy §F8QIL/¢ hrough a

particle inlet, and a It. differential Ined as finished particle

It.V. - feed particle It V is less than +0.025 dL/g. 29. The process of

cl ai m 28, 2th@heproctseoficlaiM. 1, ehilietedn drtfirdhed partidled h@velhd §.\roflaekast 30. The

process of claim 29, V\/nerefn t he lthX differential is +0. 01\‘-'i1 dL/ g or |ess.
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 vessel 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 vessel 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 the
vessel through a particle inlet, and a 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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39 31. The process of claim1, wherein the polyester polyner particles are
fed to the vessel through a particle inlet, and an L* color differential

defined as, (finished particle L* laor - feed parti.cle L* l@r) is |less

than 5. 321 THEPFRERSLERp € pheteim 8 eithist FOPREPOHEEF ol T R Bt Tl Te
or less. 3gssel iRolhacsfticlefiniel, ahdunlL* vbier gifferdntial @efineas efiniflddyner particles
are fed to a vessel through a particle inlet, and the b* col or value of the

fini shed prertiqlel&solos - fesdparticimh* eoler)ds lespihan Sval ue of the particles fed to
the vessel, or is greater than the b* color value of the particles fed to

th | t .0 [ h d, 34. Th f
cl'ai m a3, VndrEpEne sl R bR T gar HERRES ol (ne b+ ol or

val ue of the particles fed to the vessel. 35. The process of claiml,

wher ei n thﬁs.ﬁﬂ%}&k&%ﬁia@mﬁ%u&%}% ﬂégvrog;ggﬁr P&Sl?ﬁl%? arfibleShi 0l {o o Wherein the

pol yester polyner conprises: (a) a cC oxyltc acid conponent conprising at
| east 80 mmkeltlobugheparticlcdunles and thetbdropfuirtvahieiof thecfind shedepairticd¢sas las$

PR Bt R B B 2%, s
conponent &R T 9hAparti8@Sfed 89 NSS4 8 nb Mforé BRnAUE Sr 9dmaifé hy! €ne gl ycol

or propane diol, based on 100 nol e percent of carboxylic acid conponent
resi dues amghd@ednol e percent of hydroxyl conponent residues in the

pol yester polyner. 37. The process of claim1l, wherein the acid conponent
conprises the residues or terephthalic acid in _an apount of at |east 92

mol % and ¥ A erpsess Qfchaim; 33, shereinihg bt remaigs upghaggedgor igdasg thandke bA process
conpri si ngco%r%h%ldfitﬁ%ﬁ%i@% ¥aSh Be QLY Mer particles to produce a hot
stream of crystallized polyester polynmer particles having an average degree
of crystallinity of at |east 25% and having a particle tenperature in

excess of I)CThe pfoedis sTudiml I WiRadh 0@ gakecldiire pélledam of particles at a
particle tenperature of at least 130C into a vessel before the tenperature
of the hot stream drops bel ow 50C,

36. The process of claim 1, wherein the polyester polymer comprises:

(a) a carboxylic acid component comprising at least 80 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 60 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.

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
crystallinity of at least 25% and having a particle temperature in excess of 90°C,
continuously feeding the hot stream of particles at a particle temperature of at least
130°C into a vessel before the temperature of the hot stream drops below 50°C,

feeding a flow of gas into the vessel and through at least a portion of the stream of
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feeding a flow of gas into the vessel and through at |east a portion of the
stream of 40 particles at a gas flow rate not exceeding 0.15 SCFM per pound

of parti cl ;ﬁlﬁm‘?&ratla%% go&/ora eq{o%fce&;llﬁg@r%(g fbiggg@g‘dpgﬁ;sgg&eg;qeppbwr

particles "havin uced leve resi u Ive to the
| evel of rtefoﬁuahtrmebﬁﬁﬂeﬁbﬁqmwste@poltymeepimyle's hhving hheducesd ekl 0f39. The
process of claim 38, wherei erature of the hot streamis in excess of

n
130C. 40. re¥gua)pecialdehysie relpawﬁost ¢ leypleofapsidyah acetpldehyide dsior fosentiytipduced into

the vessely, gg gre the tenperature of the stream drops bel ow 90C. 41. The
process as de Ined in any one of clainms 38-40, wherein the average degree
of crystallinity is at |least 30% 41

39. The process of claim 38, wherein temperature of the hot stream is in excess of

130°C.

40. The process of claim 38, wherein the hot stream is introduced into the vessel

before the temperature of the stream drops below 90°C.

41. The process as defined in any one of claims 38-40, wherein the average degree

of crystallinity is at least 30%.
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