THERMAL CRYSTALLI ZATION OF A MOLTEN POLYESTER POLYMER IN A FLU D 1. Field
of the Invention The invention pertains to the crystallization of a
pol yester polymer, and nore particularly to the crystallization of nolten
pol yester polyner in a liquid nmedium 2. Background of the Invention At
t he begi nning of the solid-stating process, PET pellets are crystallized
usually with hot air or in mechanically-m xed, hot-oil-heated vessel.
Bui | ding nolecular weight in the solid-state requires extensive
crystallization and/or annealing so that pellets will not stink as they
enter the solid-stating reactor at typically 195 to 220 C. Pol yester (or
copol yester) pelle erally supplied to converters in a
semi -crystal | i ne FefpEde pr AL HEEA TEON OB AMMEISTEN POICYFRSTER | ne
pel l ets rather than anorphous pe%%sem-crysta he pellets
can be dried at higher tenperat merating. Drying the
pellets immediately prior to extrusion of the nelt to nake bottle perforns
i S necessary tloF'erf eyen hydrol yti c degradation and | oss of intrinsic
vi scosity (It.—‘v‘.—}—%?iﬁir‘—"%ll—@ i nsi de the extruder. However, drying
anor phous pol yest emhe : e .Tg.,of PET wthout first
crysltoal lizing the pel Iﬁllg%lglo\?\,iFléf‘a]g%ﬁ)gtgg?‘ﬁ%églé?tfoé)tgcgoatp(?ﬁﬁ&& pohsmgr and ot hi gher
t enper at ur es P’Pmm@ﬂaﬂrba@)ﬂldcrysxa:lﬁza:libyefﬁmltaepayéwer%ﬂ%gbq}piugahl ets to an
extruder wll g Hﬁe the screw to be wapped as the pel'l ets becone hot

a

enough to crys ize in the extrusion zone. Fromthe pellet manufacturing
side, a typical comrercial process involves formng the pol yester polyner

via nelt phas olynmerjzing up to an It. V. ranging fromabout 0.5 to

0. 70, extrudi 0 f nds, quenching the strands, cutting the
cool ed pol yner strgngsps ' r.phous pel s, ..heating the solid

pel | et spt oyabove t hel ?b Ié an%gﬁthgﬁﬁg‘?ﬁpﬁlm?‘}%ﬁ%éﬁkéﬁegﬁs RWG?\i”\Lgﬁt@ll:ized

crystal | i zat i 6waly with hottdicorgh ARShapican P-niikeY, BELSikhudd Vel Byl | 1 zed start

at a tenperature hel ow.their TQ), )
molecutfar weight in the sol%c?-state requires extensive crystallization and/or

annealing so that pellets will not stick as they enter the solid-stating reactor at
typically 195 to 220 °C. Polyester (or copolyester) pellets are generally supplied to
converters in a semi-crystalline form. Converters desire to process semi-crystalline
pellets rather than amorphous pellets because the semi-crystalline pellets can be
dried at higher temperatures without agglomerating. Drying the pellets
immediately prior to extrusion of the melt to make bottle pefforms is necessary to
prevent hydrolytic degradation and loss of intrinsic viscosity (It.V.) of the melt
inside the extruder. However, drying amorphous polyester pellets at or above the
Ty of PET without first crystallizing the pellets will cause the pellets to agglomerate
at higher temperatures (140°C to 180°C) in the dryers. Feeding amorphous pellets
to an extruder will cause the screw to be wrapped as the pellets become hot enough
to crystallize in the extrusion zone.

From the pellet manufacturing side, a typical commercial process involves
forming the polyester polymer via melt phase polymerizing up to an It. V. ranging
from about 0.5 to 0.70, extruding the melt into strands, quenching the strands,
cutting the cooled polymer strands into solid amorphous pellets, heating the solid

pellets to above their T, and then crystallizing (also known as crystallization from
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and then heating the pellets in the solid state to an even higher
tenperature while wunder nitrogen purge (or vacuum in order to continue to
build nmolecular weight or [It.V. (i.e. solid stating). The solid stating
process runs hot enough to nake it necessary to first crystallize the
pellets to prevent agglonmeration at the solid stating tenperatures. Thus,
crystallization is necessary to avoid aggloneration of the pellets during
solid stating and during the drying step prior to extruding the nelt into
bottle performs. Typical nelt phase pol yester reactors produce only

anor phous pellets. To nake these pellets crystalline, they are usually
heated to el evated tenperatures in a crystallization vessel while being
constant |y stthe glass sinderthe pdlsts te be orysiallized staw ehatsmpsiature beloy theixilgy neans in

order to prevent, sticking or,clunping.,n.the crystalli L on ssel . The
crystallizer th?f‘t}fﬁaﬁlbg Pgllﬁlgtrm%s lgggaé%lgv seggﬁlﬁl\%lﬁ%rﬁ&ésygg'ﬁ \é‘éem& paddl es
or agitator bhpEesirbgeniRege (oh facRbm) & srdéttb koRthué €o Buildiaskkdlwew Bighesr

Hori zontal Paddle Dryer ). Rotary m xing nmeans suffer the disadvantage of

requi ring addit¥. Grsasolisiréating). f Bre salid Ratmgprocess runsihghenough temakr it and

rotational nmechani ] j r ' e . mq :sti cki ng
can al so caus%ecesg%gﬁhﬁsgg%%h{g?ﬁlgrp%gg&n%(? e%%t? gégnﬁ%@:{%?gth?ge%gsﬁg 0 dust
gener ati on orteinberapiess Thagcrysthllizdtionds iedessatyne asoidsipgloimerationadthepr oduct .
These smal | pieces of chipped off plasti¢ .can often cause extrusion

probl ens i f risllelsdupeg sahidstating apd dugn 1|*1 gStepprigr R exinydingcthe consi st

of injecting jj &Iftfpérﬁ a vessel known as a hot, fluidized m xed bed,
nostly cont ai 1nlfb?lbg a rea(}i@s'cryst allized pellets which prevents the

amor phous pel | et s Typicalymiek ghase polyesterasantors produesenly kinaphovus peliets. Tnot her

(e.g. a Buhler precrystallizer. spput bed unit)..Such rcial processes
utilize the --@ﬁ%ﬁﬁ%d&%@@éﬁlﬂ&&ﬁﬁyﬁe P@@Hﬁ:h‘a%]%d By °é’ﬁ%ﬁ?§}ﬁ %%'a%:%cﬂl %9as,

such as st eaffstiisatioR veddbl wilRimScohfignthiestined UsifE ghddRs okfdtheresi dence time
in hot fluidized mxed bed processes is up to six hours. These processes

al so suf fer tinechanicalaotarhmixing meens inerderio peevgniticking a5 clympipgsinghe requi red,
requiring |arge. bl ONGh SessBM AnTRk)shfli PR diRGESSRIANHeted VBIEIRIN G 2

series of paddles or agitator blades to keep the pellets stirred (e.g. Hosakawa Bepex

Horizontal Paddle Dryer ). Rotary mixing means suffer the disadvantage of
requiring additional energy for mechanical rotational movement, and rotational
mechanical agitation required to keep the pellets from sticking can also cause
chipping and other damage to the pellets, leading to dust generation or the presence
of "fines" in the crystallizer and product. These small pieces of chipped off plastic
can often cause extrusion problems if not properly removed.

Alternately, a crystallizer can consist of injecting hot gas into a vessel
known as a hot, fluidized mixed bed, mostly containing already crystallized pellets
which prevents the amorphous pellets being fed to the vessel from sticking to one
another (e.g. a Buhler precrystallizer spout bed unit). Such commercial processes
utilize the “thermal” crystallization technique by employing a hot gas, such as
stearn, air, or nitrogen as the heating medium. The residence time in hot fluidized
mixed bed processes is up to six hours. These processes also suffer the
disadvantage in that large quantities of gas are required, requiring large blowers

and making the processes energy intensive.
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Each of these crystallization processes is rather slow and
energy-intensive. Crystallization processes can take up to six hours,
requi,re energy to turn mechanical rotary m xing nmeans in sone cases, have
hi gh energy requirenents to process hot gases or oil, and the pellets are
usually cooled fromthe pelletizer to about 25 to 35C after which they are
reheated prior to and during crystallization. Moreover, crystallization
vessels are fed with low It.V. pellets suitable, which in turn are solid
stated into higher It.V. pellets required for nmaking a suitable bottle. It
woul d be desirable to crystallize polyester polymers in a nore energy

efficient manner | ower cost . equi pnment. For exa it wouyld be
desirabl e to reduckih toggqu%gwaéﬁ%@lqmweaﬁese%é thepT o "@Pnﬁssm%sww t he

crystal lizer, i requi renents of
g/aﬁli:ﬁi{b oBesBesAafr fake }9’% &R h@Mx@ lqﬁlgwr%‘he b%¥m' €d

mechani cal rot m X1 ng neans or o cooling a ting between
pel | eti zat i onmachhnicalotany triiziagimans in somb cashs, deenhigle endrgly weqoirementetest ep of

lid stat | t th | i di to,th ._hi.gh
Cenperat ur e cPPSTARRt 2at ot wd BeSHlARAE R EEERE ATt pel 1 ot s
at conventi ongly bepPee @taﬁéle\%hl(:ﬁiﬂ% GR ﬂeﬁca@éd prtPto i d@ﬁ@:rys@ﬁﬁhﬂhng any

one of these aélvant ages woul gem rable.” 3. Sunmary of” the |Invention
There is now Momuvdedryatahtzamséedﬂarcfeﬁsm&h lowZlit. ngdlepajdwtehlbewhpbluyner

[ Caui a- meci o Sraeharaedy BRnEVanEls Bl O pae Byl mor 1

anot her enbodi:RRfald bd R8isblé o RYRlliLsblyesik pEI9meErsiiRh nﬁfra shepy | emcm a nmolten
pol yester polyner conprising: a) directing nplten yest er mer t hrough

a die, and b)msatfespeinlpwer osirauipment &rem@plmwenldpmldy@mt%ge yoger falls
bel ow i £ Ta 1Ll CRAL BFAE NG EDS: R G T AR HARElor Wi blbiad 4 philhsrredi um

when the |iqui Fum enpera ure I grea poI yester
pol ymer and w&hivhtaedilts the rferpi equidérhens @hhytﬂﬁmeal rptahyifiding thedns or@f anot her
enbodi ment, -t Qoeorhgg and Il%ilgz;/tllng%etwee {Jg e%lszgtiofnoarnd%;)%ah?zlatli(i)nz, io? U hieh even

could avoid the step of solid stating altogether, while providing to the converter a

high temperature crystallized peﬂet to enable the converter to dry the pellets at

conventional temperatures (typically at 140°C to 180°C). Obtaining any one of

these advantages would be desirable.

3. Summary of the Invention

There is now provided a process for crystallizing a polyester polymer
comprising introducing a molten polyester polymer into a liquid medium at a liquid
medium temperature greater than the T of the polyester polymer.

In another embodiment, there is provided a process for crystallizing a
molten polyester polymer comprising:

a) directing molten polyester polymer through a die, and

b) before the temperature of the molten polyester polymer falls below
its Tg, first contacting the molten polyester with a liquid medium when the liquid
medium temperature is greater than the T, of the polyester polymer and
crystallizing the molten polyester polymer.



pol yester polyner, conprising: a) directing a nolten polyester polyner
through a die, and b) before the tenperature of the nolten polyester
polyner falls below its Tg, contacting the nolten polyester with a liquid
mediumat a liquid nediumtenperature greater than the T. of the pol yester
polymer for a tinme sufficient to provide a crystallized pol yester pol yner
havi ng a degree of «crystallinity of at |least 10% foll owed by c)
separating, under a pressure equal to or greater than the vapor pressure
of the liquid nedium the crystallized polyester polynmer fromthe liquid
medi um We have al so discovered a process for crystallizing a pol yester

pol ymer- conprising introducing,a polyester polynmer to_a feed of liquid
medi um crysta||igm@miqﬁla¢rﬁmb9wnb#mmépmv dep precestfr cosipliziRg Ag t he

pol ymer and t Mo TN Iltag Yol fkom each other, optionally drying the
gﬁ‘éﬁté@ghﬂl di re@tl ng

separ ated pol at least a portion of the separated
liquid nmediumto ox) as disicting ®awlitef polyéstpmipd] ymeed thwonghladie,raadpr ocess of t he

invention, there igs al so_.pravided a pr ss for . separatin rystallized
pol yester pol yner _ﬁ?avi ?ltb‘ff%ﬁ%?ettf"{}?era?lpca@ctﬁ%g’g[twgesGFB ) eglfﬁlf&eé)%edi um
conprising separatjdrg, Satitabting ke Wbt esdt With aGidid MRBMA HgRd a
pressure equal to or Qgreater than the vapor pressure of the liquid nmedium

drying the separ amediugytemperpturessepterdhanetdie dg opie pabvesterpodymen fopaitims

separation and befgre. dryvin dir I f liquid onto the -
separated crystal |$‘§§%mgé‘?{ %’g{dgra cr’(égaltuy%grp,g 1%%0?}@%%‘% §r?p0&eérgge[eu°rqle of the
cool liquid is |esgyithitifiity bfatl@spEYatfoli@vedby t he separated crystallized

pol yester polyner. Mreover, there is al so provided aﬁrtl)rot%ess for
separating a cryst®l | i ZASHaratig, yader a presyiry fatal IR eiepter Aban the/VaRar at | east

ol yrer 152 Ra e R R ey B ol e o] PP e g of
t he pol yner twmediomm a crystallized pol yester polyner, 4
We have also discovered a process for crystallizing a polyester polymer. -
comprising introducing a polyester polymer to a feed of liquid medium,
crystallizing the polymer in the liquid medium, separating the polymer and the
liquid medium from each other, optionally drying the separated polymer, and
directing at least a portion of the separated liquid medium to or as said feed of
liquid medium.
In the process of the invention, there is also provided a process for
separating a crystallized polyester polymer having an It. V. of at least 0.55 from a
liquid medium comprising separating said polymer from said liquid medium under
a pressure equal to or greater than the vapor pressure of the liquid medium, drying
the separated crystallized polyester polymer, and following separation and before
drying, directing a flow of cool liquid onto the separated crystallized polyester
polymer, wherein the temperature of the cool liquid is less than the temperature of
the separated crystallized polyester polymer.
Moreover, there is also provided a process for separating a crystallized
polyester polymer having an It.V. of at least 0.55 from a liquid medium comprising
crystallizing molten polyester polymer is a hot liquid medium having a temperature

greater than the T of the polymer to form a crystallized polyester polymer,
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separating the crystallized polyner fromthe hot |iquid nediumunder a
pressure equal to or greater than the vapor pressure of the liquid nmedium
and directing a flow of cool liquid onto the crystallized polymer before
separation, wherein the tenperature of the cool liquidis less than the
tenperature of the hot liquid nedium The process of the invention also
allows one to crystallize high It.V. polyester polynmer conprising
contacting a nolten polyester polyner having an 1t.V. of 0.70 dL/g or nore
with aliquid nediumat a liquid nediumtenperature sufficient to induce
crystallinity to the nolten polyester polymer, allowing the nolten

crystallized polyner to cogol to a pellet nd. i sol at.i ng the pellet w thout

i ncreasi ng th%epm%mearysw@fzgﬁpowef fremhe ﬁ@ﬁlqmﬁim umg ynder aspragsure py
crystallizing I ﬁﬁed' =ording: . ss of the
i nvention, thee e |0;H? oe\?v{égt so%@?%% efﬁgﬁggg&t étaﬁ&;&rrrﬁngg part or
sl eet can beflomdécdal inuidehtocths crystatbized polgmehefobe pepagptival wheteerthpel | et s
crystallized fromnolt ol.yest.er. po r;, e) intr ci.ng the dried

el ets i neo emogeel B B HERSE 1B Bie emPlra 38 s MBuld edihin oy i ng

a sheet, strand, fiRasroceds ofthéBivebniddolalloveBhetd Hze Wigh tew. PET pol ymer.
In yet a nore detail ed enbodi nent of the process, there is also provided a

process for cpojyester pplymsycanpsisingcontacting? okien palpesisr pelymgr bayingahng a

nol ten pol yes t hr - di e fore .the. [ re of the
nol ten pol yes‘t&‘g’ °g§1l7§ @r‘g Ta qqgg%gl%olwuﬂmgﬁg??aga%ﬁﬁg %%@ﬁm@g?e%é%egl obul es
W th a cutt ersuffidignteefiidasd driagallikiey ©lthombRén pdlydsted polyaier,flotvirgthe medi um at
a |iquid nediumtenperature greater than the Tg. of the polyester polyner

to forma fl OWW%V%?IFWHO yoyer &¢ F%EEQ%@cqeﬁé‘“flliﬁ%Wiﬁgﬂ?IRﬂlF&W fromthe
cutter to a ExskA b ARiccaltf walghOdf OpiNeioheBsllESak.0 reside in the 5

By crystallizing the molten polyester polymer according to the process of
the invention, there is now also provided the advantage that a molded part or sheet.
can be made from pellets comprising:

d) drying polyester pellets crystallized from molten polyester polymer;

e} introducing the dried pellets into an extrusion zone to form molten

PET polymer; and

f) forming a sheet, strand, fiber, or a molded part from extruded
moiten PET polymer.

In yet a more detailed embodiment of the process, there is also provided a
process for crystallizing a polyester polymer, comprising

a) directing a molten polyester polymer through a die, and

b) before the temperature of the molten polyester polymer falls below

its T,

i) cutting the polymer into globules with a cutter;

ii) contacting the globules with a flow of liquid medium at a
liquid medium temperature greater than the T, of the
polyester polymer to forma flow of slurry;

1ii) directing the flow of slurry away from the cutter to a
crystallizer and allowing the globules to reside in the
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crystallization zone under a pressure equal to or greater than the vapor
pressure of the liquid nmediumfor a tinme sufficient to inpart a degree of
crystallinity of at |least 10%to the globules, thereby formng crystallized
gl obul es; and c) separating in a separation apparatus under a pressure
equal to or greater than the vapor pressure of the liquid nmedium the
crystallized globules or resulting pellets fromthe liquid nediumto form
a streamof crystallized polyester polyner and a stream of separated
liquid nmedium wherein: i) at |least a portion of the source of the flow of
liquid nmedium in step bii) is the streamof separated |iquid nedium and
ii) the streamof crystallized, polyeste olynmer is directed taﬁ@ﬂ dryer

t

i
for removing at |east a porfb¥sEHZaHon ?Fgleﬁé‘g?rcﬁ}g?ss%ieg‘f‘ﬂrt%m g2l he

crystallized polymer. In atmagopﬁregsnfe JTRCERId maBiubAie 2 ahkSudhicenvered a
process for underfluid cutting a nolten polyester polynmer conprising a die

pl ate having an inner sur f &cinpati asjegseedicrstatlihity of at least 18%cth thont ai ned

wi thin a housing having an inlet and ap out] et .. ti usly directing
a flow of hot Iiquid medi uﬁhl?&@mﬁer%bx °P§‘{“g%sﬁﬁd‘é$é§%‘$"gﬁ] Sh%%ﬁgh the inlet
and exiting through tRepRatngah aadshraRAlabparas hivder dipfedirt Bguat td brow of a cool

| i quid medi um having a second tenperature into the housing, wherein the
first temperature is reptthanthsvapeepwapsnef theliged medie thor eover, we have

al so di scovered a pr O%?fs?aﬂmﬁgmﬁfe?’%e’églﬁﬁﬁ%&%ﬁgﬂ*%l?q‘ﬁmeaﬁ‘ﬂl fol yester

polymer in a pipe conprising directi nol ten” pol yester pol yner
in a liquid nmedi um t hifomgh steeam @icryetallireg polyesisppd ymermdnida stiebmaff at | east

15:1, wherein the nolten g%ﬁes%er ol ﬁvra%r .is crystallized in the pipe at a
liquid medium tenper SERAT UL BIEUFL A Tg of the pol yester pol yner.

In each of these pr OC‘?FSESatEhsth%ﬁfon%%e@oufé@bﬁﬂ@fﬂoﬁm@fﬁqﬁdﬁm
advantages are realized: crystallization proceeds rapidly; cooling,

transporting, and/or reheat sigp bipdh Ketsiresn ofpapaad ligid-medipe; and
crystallizing vessel 'iﬁ av%eds%r%am%?’&tﬁm&@a psl%ﬁtrr%oiymer 1s directed to-a.

dryer for removing at least a portion of the residual moisture
on or in the crystallized polymer.

In a part of the process, we have also discovered a process for underfluid
cutting a molten polyester polymer comprising a die plate having an inner surface
disposed toward a cutter each contained within a housing having an inlet and an
outlet, and continuously directing a flow of hot liquid medium having a first
temperature through the inlet and exiting through the outlet and continuousty
directing a flow of a cool liquid medium having a second temperature into the
housing, wherein the first temperature is higher than the second temperature.

Moreover, we have also discovered a process for thermally crystallizing a
molten polyester polymer in a pipe comprising directing a flow of molten polyester
polymer in a liquid medium through a pipe having an aspect ratio L/D of at least
15:1, wherein the molten polyester polymer is crystallized in the pipe at a liquid
medium temperature greater than the T, of the polyester polymer. .

In each of these processes, at least one or more of the following advantages
are realized: crystallization proceeds rapidly; cooling, transporting, and/or reheating

pellets from a pelletizer to a crystallizing vessel is avoided, mechanical rotary
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6 m xers are not necessary, the processes are energy efficient because of
the high thermal transfer rate to pellets under a hot fluid and no energy
isrequired to transport pellets froma pelletizer to a crystallizer,
solid stating nay be avoided if desired, and equi pnment and operating costs
are reduced. 4. Brief Description of the Drawings Figure 1 is a graphical
illustration of liquid nmediumtenperature profiles. Figure 2 is a process
fl ow di agram for nmaking crystallized polyester polyner fromthe nelt.
Figure 3 illustrates an underwater cutting assenbly and process. Figure 4
illustrates an globule/liquid separation apparatus. Figure 5 graphically
illustrates the data from Table 1 with respect to the increase in the
degree of cryR¥XSr arppetnceRseay. theprogesses &g gargy sifigigt ksrayse opthichigh e of

150T. Figure I eal ' : 1 jzation over
time at a cr@g%#%g?i%% t% %ﬂ%‘%‘?ﬁf@h‘%‘?ﬁ‘ éﬂ%@t&%%gl'fg&% ylgag%%de{% graphical ly
il lustrates thmspat pellets ficad b pelletizet to arcepstedlizer.tsolid ktetimemay be awdided if
crystallinity,obtained fromthe nelt over ti Figure 8 graphically

I Tustrates {SRTELAPLEMMEN Jad PIFFONg GOFH A6 Ecefire ar a orystal li zati on
tenperature of 150*C. 5. Detailed Description of the Invention The present
invention may be understood nore readily by reference to the follow ng

det ai | ed descd.ipt | Befd¥eseription of thetDrawingsncl udi ng t he appended fi gures

referred to herein, _and.the ex. Loyj herein. [t is ta. be
under st ood t hat {}'Hg'ére ?ﬁ%@ﬁ{&%ﬁﬁﬁg&%ﬁoq ?gg‘ﬁ%&?(guﬁﬁgmg%%g?si’ 3 ?ﬁlﬁﬁbc esses
and conditions desRigirb@ds a pcess floed dikgaprfocasides casndlieed pslgestss conditions

for processing plastic articles as such nay, of course, vary. 7 It nust
al so be not edPalyaer fromthedpedt- i n t he specification and the appended

Figure 3 illustrates an underwater cutting assembly and process.

Figure 4 illustrates an globule/liquid separation apparatus.

Figure 5 graphically illustrates the data from Table 1 with respect te.the -
increase in the degree of crystallinity over time at a crystallization temperature of
150°C.

Figure 6 graphically illustrates the degree of crystallization over time at a
crystallization temperature of about 170°C.

Figure 7 graphically illustrates the data in Table 2 with respect to the degree
of crystallinity obtained from the melt over time

Figure § graphically illustrates the degree of crystallization over time at a
crystallization temperature of 150°C.

5. Detailed Description of the Invention

The present invention may be understood more readily by reference to the
following detailed description of the invention, including the appended figures
referred to herein, and the examples provided therein. It is to be understood that
this invention is not Jimited to the specific processes and conditions described, as
specific processes and/or process conditions for processing plastic articles as such

may, of course, vary.



clainms, the singular fornms "a," "an" and "the" include plural referents
unless the context clearly dictates otherw se. For exanple, reference to
procegssing a thernoplastic "prefornt, "article", "container", or "bottle"
is intended to include the processing of a plurality of thernoplastic
prefornms, articles, containers or bottles. References to a conposition
containing "an" ingredient or "a" polyner is intended to include other

i ngredi ents or other polynmers, respectively, in addition to the one naned.
Ranges may be expressed herein as from "about” or "approximtely" one
particul ar value and/or to "about" or "approxi mately" another particul ar
val ue. Wen such a range is expressed, another enbodi nent includes from
the one particul dt mustialse hemetedithatoastised intthespepification Andthe epngadedsy

conpri sing

" : ‘ d,
el enent partqﬁmcﬁgtﬁﬁﬁ’@%@'&%g‘%ﬁ?t&“ % lﬁé &wgg]n{e geﬁgﬁgﬂéscﬁ‘gggrtni on

or article Orcdﬁ&txh@léaﬂ)bdiétaté@meﬁﬂﬁe PUCEabDld, Merﬁﬁ@&@pﬁﬁe@ﬁng)i her compounds,
materials, particles, rret ho steps, etc, eyen if the other such conmpounds,

material, paheimgplastic fpsefapa’, Saspls”, "F%malﬁ%Fvé’rt "hettle igantendeditp apclude thhat i s
d. It t hod
Steps doeésr%%?geg?‘%%aﬁ%‘“@ﬂ?&ﬁ@%g}?@ i rSGARIAR, Slnifies 8F bOREE [0 000,

after the com&hnﬁcbsnesbamﬁ)sstmmntamxﬂgﬂaaf ingreidizgt 'tahpdlymeepsintmﬂe«éen t hose
steps expressly fa@g entified, The trlg"ﬂllc Vi sco,S|ty val.ues descri bed

t hr oughout t hiodn t“f%?iil%“rt%"r T POLeRS, FYPEAUVELY i A0diton e e Qfeat ed from

t he inherent ﬁ/dngaosmy measured at 25C in 60/40 w/w
phenol / t et rachl or oet hane according to the caI"cuI at ions inmmediately prior
to Exanple 1 bel ovRaHﬂﬁemﬂxbbﬂWSQSéqdl}@mWﬁ%fwmoﬁbquhl@ APRIEXIMIaSHY| eneany

}3?21[ (Tr)glbﬁ)slt | 'f %% yes anch())r ﬁé"r“k A pég%lg{aal ralng erep%tﬁagﬁégt e units or
al kyl ene napvhedh aich aumg*ess exprﬁﬁbd’;lmu]ﬁr eﬁibodmient mamﬂeﬁﬁom]ma%doas ed on the
total noles of units in the polyner, respectively. 8
particular value and/or to the other particular value.
By "comprising” or "containing” is meant that at least the named
compound, element, particle, or method step etc must be present in the composition
or article or method, but does not exclude the presence of other compounds,
materials, particles, method steps, etc, even if the other such compounds, maternial,
particles, method steps etc. have the same function as what is named.
It is also to be understood that the mention of one or more method steps
does not preclude the presence of additional method steps before or after the
combined recited steps or intervening method steps between those steps expressly
identified.
The intrinsic viscosity values described throughout this description are set
forth in dL/g units as calculated from the inherent viscosity measured at 25°C in
60/40 wt/wt phenol/tetrachloroethane according to the calculations immediately
prior to Example 1 below.
The "polyester polymer” of this invention is any thermoplastic polyester
polymer in any state or having any shape. Preferably, the polyester polymer

contains alkylene terephthalate units or alkylene naphthalate units in an amount of

at least 60 mole% based on the total moles of units in the polymer, respectively.
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The pol yester polynmer may optionally be isolated as such. The form of the
pol yester conposition is not limted, and includes a nelt in the
manufacturing process or in the nolten state after polynerization, such as
may be found in an injection nolding machine, and in the formof a |iquid,
gl obul e, strand, fiber, pellet, prefornms, and/or bottle. A globule is a
discrete nolten particle having any shape. As a non-limting illustration,
gl obul es are typically produced by subjecting a polyester polyner to a
cutting operation, a chopping operation, or any other operation altering
the shape of a sheet, strand, or any other die shape. dobules may be

di stingui shed from sheets f| | ms, and fibers. A polyester pellet is a

sol i d when neZbupelyestar polmenmay optana]ly hp isolatedeas sugh e Thsdorm Pf@econdl tions,

t he pol yester_po aofal l's and
stays bel ow tH&yﬁ%cq%?mb?ﬁm&nq?h@%ﬁ%&&ﬂauagg ﬁ@l}'i'm the ﬁf% ﬁot limted,
and is typi fl@@c&yofeghémbltmswmm&woamammd sdalmsnm)daqfaunciHias wi t hout

limtation on_their nsi Qns i i shed fr a sheet, film
strand or flﬁ’éffcn"‘llﬁmi @’6‘5‘5 %mr{ﬁ%@rm é EIE B’oﬁ%&?&?‘r Grer i s
crystallized rglgtdhgl% Ebt‘ﬂg a nolten polyester polyner into a |IC]UI d

iu

medi um at a | m tenperature greater than the Tg of the polyester
pol ymer A "nol ten pgopaketier dpoﬂegﬂrmol'tenaﬁﬂmmmmghm Asa sordbmifitigpt i on i s

a polyester Vi n t Iure of .at 1 OC and
remai ni ng at Hﬁ‘ﬁ%" P@n%&?‘ﬁ?s%’rr%gg %p{ °e?59) eﬁténgpao?%’%essfee%g];&rfer? ? on at
| east the Sur&ﬂﬁﬁg Sferdtida, a SHOpYiRS bPératidi, y)ffﬁ[y othéri dperatio akdritig the shiape of

pol yester polyner is int roduced jnto the qui d nmedi,um _Pref erabl t he

whol e pol yest eshqsb istyandy or any othgrs digshenre Cglpblﬂaﬁ rgay ke digingyishgdfrepnuing Ffé

exceedi ng theﬁﬁ%% ﬂ‘n g.polymer at the tine it is introduced into the
l'iquid medium hyc} ni que used for neasuring the tenperature of a

pol yester pol yrrerA\yalyeﬁelr;egmsmersshcabnemnemeagt@sf’aml Ipatiy awd under deened t o

necessarily have | east, a surface tenperature_exceedjn the Tg of the
pol yner. 9  the operatmg conditions, the polyester polymer is a pellet when the 80 :

-§

temperature falls and stays below the T, of the polymer. The shape of the pellet is
not limited, and is typified by regular or irregular shaped discrete particies without
limitation on their dimensions but may be distinguished from a sheet, film, strand
or fiber.

In the process of the invention, a polyester polymer is crystallized by
introducing a molten polyester polymer into a liquid medium at 2 liquid medium
temperature greater than the T, of the polyester polymer

A “molten polyester polymer” as used throughout this description is a
polyester polymer having obtained a temperature of at least 190°C and remaining at
any temperature above the T, of the polyester polymer on at least the surface of the
polyester polymer until such time as the polyester polymer is introduced into the
liquid medium. Preferably, the whole polyester polymer throughout the giobule is
at a temperature exceeding the T, of the polymer at the time it is introduced into the
liquid medium. Any technique used for measuring the temperature of a polyester
polymer which registers above the T; of the polymer is deemed to necessarily have

at least a surface temperature exceeding the T of the polymer.



In the first enbodi nent, the nolten polyester polyner is introduced into a
liquid mediumat a liquid nmediumtenperature greater than the Tg of the
Jolygster polymer. The T,, of the polyester polynmer can be nmeasured by a
DSC scan according to the follow ng test conditions: about 10 ng of polyner
sanple is heated from25T to 290T at a rate of 200C/mn. in a Mettler
DSC82 1. The sanple is held at 290T for | mnute, renoved fromthe DSC
furnace and quenched on a roomtenperature netal sanple tray. Once the

i nstrument has cooled to 25T (about 6 min.), the sanple is returned to the
furnace and taken through a second heat from 25T to 29GC at a rate of
200C/mn. The Tg is determned fromthe second heat. For PET honopol yners
and PET nodi fi ed Iaagdirgtnentodirhdne, thgmoken padyestdr polyetenesantradused ik0'aC and

90*C, depending on_the type and.degree of nodificatian t olymer. In
this enbodi nsd m&@‘%%‘ﬂ\“ﬁt‘“‘? ?Pé"‘ﬂefef"éretgﬁ?germangﬁe ﬁb?‘i%ggi’%hﬁeﬁﬁﬁ yner and
regardiess gl UHR/TIRE iyt Ay BClR e rhdasisdd b & BT scfiom ¢ he el

phase, recycled, scrap,® or ready had been crystalllzed at some point, the
pol ymer undescgadingao fredolegingiest einditions:j abowtdftragof pelypersampdoisC and bef ore

the polyner, falls bel,ow i Tg, it LS~oprought j trg WM l'iquid

nedi um at a he?@ﬂﬁ@l“hﬁj&é‘) 2%@9@9?5@6 BEO g,‘?nn[nhgl %@Eéﬁ%@g&g%g Tp}'}r@es%’glP gaol y at a
liquid nedi ygyeliarPRretfsy Pmiie erddRU0HHRaT Gie WSH fbmot ¥ndipenehéBéi £, and nost
preferably at 140'C or nore. The particulars of this enbodinent and ot her

embodi ment s rerm-tewperaaroetal samplectrayo Onegibe TRiErumsntRsg cpeled ik g t he

pol yester po r.i.s L7 | priate to

maki ng a poIéﬁ%@éﬂﬂ&@%@%}sﬁg%lrr@g)e‘%@%ggerﬁ%%Afﬁalr}?%c}lgfﬁfog%g%%%ges, wi t hout

limi tglt i on, Hdaetl:réxalzs?wd@m%fxmme}‘ofm?@hﬁmg;m Tgpsadleym:mdl' X ﬂmhyhnelr ki |S

sui tabl e. Exanples of_ suitable pol yester po rs include polya ene

tereplithal sgeend l}%fmﬁ%P§W@°Hﬂ¥%ﬁﬁ8§fﬁ&r‘§g‘ﬂﬁﬁ$?qp8mrf’ﬁgcajrzﬁdi 1¥i er in an

amount  of 40usu£®%’t/ﬁr€€n%bﬁﬁ&“@%ﬁﬁ%“@bhébehﬁﬁgoﬁ e@fée gfost preferably
nole% (co o for

| ess than 10 ectively referred revity as "PAT") and
pol yal kyl enemodifitdtivaltathe polymen.o pothisreertodamnt,co gy Boietris thepldfeftiveeiofid t h | ess

0,
than 40 mol epo gresﬁ)s:; Sgl()a!{n%rbgﬁél rlegasraless of its thermal history or whether it is virgin, from

the melt phase, recycled, scrap, or already had been crystallized at some point, the
polymer undergoes a process wherein it is heated to above 190°C and before the
polymer falls below its Ty, it is brought into contact with a liquid medium at a
temperature above the T, of the polymer, and preferably at a liquid medium
temperature above 100°, more preferably above 130°C, and most preferably at
140°C or more. The particulars of this embodiment and other embodiments are
explained further below.

The method for making the polyester polymer is not limited. Any
conventional method appropriate to making a polyester polymer is included. For
illustration purposes, without limitation, the following method for making a
polyester polymer is suitable.

Examples of suitable polyester polymers include polyalkylene terephthalate
homopolymers and copolymers modified with a modifier in an amount of 40
mole% or less, preferably less than 15 mole%, most preferably less than 10 mole%
(collectively referred to for brevity as “PAT”) and polyalkylene naphthalate
homopolymers and copolymers modified with less than 40 mole %, preferably less
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10 than 15 nol e% nost preferably less than 10 nole% of a nodifier
(collectively referred to herein as "PAN ), and bl ends of PAT and PAN. The
preferred polyester polymer is polyal kylene tereplithalate, and nost
preferred is polyethylene tereplithalate. Preferably, the polyester

pol ymer contains at |east 60 nole%ethylene tereplithal ate repeat units,
or at least 85 nole% or at |east 90 nol e% of each respectively, and npst
preferably at |east 92 nole% based on the noles of all units in the

pol yester polyners. Thus, a polyethylene terephthal ate pol ynmer may
conprise a copolyester of ethylene terephthalate units and other units
derived from an al kyl ene glycol or aryl glycol wth an aliphatic or aryl
di car boxhﬂn’ & racleth, masiRiréterabl ylawsrthars1 tamplefdy v a noidifar (edlettyvelyeact i ng

terephffipli |d or,, Kk re ch a

di met hyI™ F@%‘rﬂ ey, ﬁﬁa@n%ﬁﬂ?ﬁ ﬁ"g‘it Bg‘ﬁfl ﬁ'@@’re ﬁ%%f‘éeéd on the

ol es of %ﬂ%ﬁﬁﬁ}éﬂ%ﬁéﬂét&eﬂ&hﬂﬁe%ﬂxﬁ&?bfcfc%ﬁ:l%ﬁoly&ﬁﬁeﬁé hyl ene glycol in
an am)unt of at’ |'east 60 npl e% based on the noles of all diols. It is also
pr ef er adtrephthadatet he di aci d conponent is tereplithalic aC| d and t he diol
conmponent is | ene The nmole p the di acid
conponent (s) Pfegt?r&h%@’ %Bgiyéé?reoo%meéﬁamfwg ﬁ%f‘%%é‘gﬁ%ﬁt enf:or all the diol
conponen 418k adpsat. ulﬂ@ drat Radl85 hlide%pMir\ae Fastro0pRdleBiofeadipoSi t i ons may

i ncl ude adm xtures of polyal kyl ene  terephthal ates an with other

t her mplrasﬁmtb’ebfom}dﬁﬂ%tpé gqulygat béﬁtﬁééﬁi@@)ﬁa‘?‘@e‘é picthe magles fcilluptisdes. It i s

bl yal ko dsdopei SpARnbE i, ORI R R 88 Gl erably i n an

amount abmptisd aacaprlyeﬁlemsf éthylms«trephﬂﬁlae abityargitother ainits Sdrivietl f4m based on t he

wei ght of hernDpIa mer.s .(excl ud i1lers, conmpounds,
inorganiaﬁaﬁﬁ’iﬂ‘i‘ﬁgh’ﬁ@s" @akﬁbée?gr L@gﬁmﬁ%laﬂ ders, or ot her
pol ymers whi ghpirp maapowgﬂfaiﬂeaw%emﬁge&ephmlad@iutolr gir,to units
derived fromtere I thalic acid, the acid conponent of the present

pol yest &4 dnailyyllsmphihdlatqsydhmdlmeﬂwltclgplubalawwam pmows o8 adeastdPe addi ti onal
modl 1 e 0L 3L A1 €l O M AG: L0 Ra BLEBLB N Sglels 1 el ude

glycol in an amount of at least 60 mole% based on the moles of all diols. It is also
preferable that the diacid component is terephthalic acid and the diol component is
ethylene glycol. The mole percentage for all the diacid component(s) totals 100
mole %, and the mole percentage for ali the diol component(s) totals 100 mole %.

The polyester pellet compositions may include admixtures of polyalkylene
terephthalates along with other thermoplastic polymers such as polycarbonate (PC)
and polyamides. It is preferred that the polyester composition should comprise a
majority of polyalkylene terephthalate polymers or PEN polymers, more preferably
in an amount of at least 80 wt.%, most preferably at least 95 wt.%, based on the
weight of all thermoplastic polymers (excluding fillers, compounds, inorganic
compounds or particles, fibers, impact modifiers, or other polymers which may
form a discontinucus phase).

In addition to units derived from terephthalic acid, the acid component of
the present polyester may be modified with units derived from one or more
additional modifier dicarboxylic acids. Such additional dicarboxylic acids include

aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic
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aromatic di carboxylic acids preferably having 8 to 14 carbon atons,
aliphatic I | dicarboxylic acids preferably having 4 to 12 carbon atons, or
cycloal i phatic: di carboxylic acids preferably having 8 to 12 carbon
atons. Exanples of dicarboxylic acid units useful for nodifying the acid
conponent are units from phthalic acid, isophthalic acid,

napht hal ene- 2, 6-di carboxylic acid, cyclohexanedi carboxylic acid,

cycl ohexanedi acetic acid, dipheny]4,4'-dicarboxylic acid, succinic acid,
glutaric acid, adipic acid, azelaic acid, sebacic acid, and the like, with
I soplithalic acid, naphthal ene-2, 6-dicarboxylic acid, and

cycl ohexanedi car boxylic acid being nost preferable. It should be understood

that use of $hRb&QIE s&@?\efemlﬁﬁdvﬂlgamﬁyldrdam,atm er syclahighatic d chl ori des
of these acids is "included in the term "dicarboxylic acid", It is also
possi bl e for dieatesylinacidopraferably havirs fhiot i2smehon alores. Framales 8F der car boxyl i c
acids to nodif. he,.pol. . j: & L gr e | : et hyl ene
glycol, the 04‘%%‘%‘8‘8 %caéﬁﬁl*ﬁsefd%%f%ﬂ#“é@%‘%{%gﬁl*y“g%‘? ‘?‘Qﬁn%fg%g"%gﬂ i ed with
uni ts from adshittidlieaal, isepdiktsaliancidrmphihalene-2 @-ditaboxytic acdidng cycl oal i phati ¢
diols preferably having 6 tg 20 carpon at ons .and, 'é%ﬂﬂhic di?Js .
preferably havrlejexgnedicasbpxylic Beif cyclohgxanpdacatic acidodip Fi-dicarboxylic.| | qe
di et hyl ene gl reolnid REDBHRRE &1 Gibic sbidtafetht 908 RPRS Jd, had@le  propane-
S ol - but AN pocst & ;’%lioent . #1d/ sltpic glid hexane-1,6-di ol

3- net hyl pent dilegvith isopithaljc, ackl, maphthilpen? anbcirbdxylid peigl, and

2,2,4-tinmet hyl pentane-diol -(.1, 3),; 2,5- ethyl hex di al,- . -di et hyl
pr opane- di ol -"(YFI,OEQ’Sa,“eq’]‘é"i]&??‘é( FBfldki%ﬁosﬁpfgfem%?ﬁip%ﬁg}@rbgﬁ'é}g?%'g)?é) B enzene:
2, 2- bi s- (4- hyde QXiE L 6HraR6xdihg adid ARfdBdes? esters CHnl ekd@Xlorides of these acids is

1,1, 3,3-tetranet hyl - cycl obut ane; 2, 2-bi s-(3-hydroxyet hoxyphenyt), -propane;

and 2, 2- bi s-ipdutigddn dhetpmo [disarbaratiy byid b Abip alse Possile EamarionpshgRdlt er s such
2 ol car boxyl Pl ol bl B eeRilc 4@ BRG I AAFO, T 2L YE0 L
ester nonomer,  WrhG#dition foheiiks deriwddraeaheldnt glypslothe diol compoany efther . The
P otedur es. Kridaseat polyeter ey bs i et Wi dpLed GRL Pk R
diols including cycloaliphatic diols preferably having 6 to 20 carbon atoms and
aliphatic diols preferably having 3 to 20 carbon atoms. 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. Typically, polyesters such as
polyethylene terephthalate polymer are made by reacting a glycol with a
dicarboxylic acid as the free acid or its dimethy! ester to produce an ester monomer,
which is then polycondensed to produce the polyester.

The polyester compositions of the invention can be prepared by
polymerization procedures known in the art sufficient to effect esterification and
polycondensation. Polyester melt phase manufacturing processes include direct

condensation of a dicarboxylic acid with the diol, optionally in the presence of
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pol ycondensati on. Pol yester nelt phase manufacturing processes include
direct condensation of a dicarboxylic acid with the diol, optionally in
the presence of 12 esterification catalysts, in the esterification zone,
foll owed by pol ycondensation in the prepolymer and finishing zones in the
presence of a pol ycondensation catalyst; or ester exchange usually in the
presence of a transesterification catalyst in the ester exchange zone,
foll owed by prepol ynerization and finishing in the presence of a

pol ycondensati on catal yst, and each may optionally be solid stated
according to known nmethods. To further illustrate, a m xture of one or
nore di carboxylic acids, preferably aromatic dicarboxylic acids, or ester
form ng der ig¢ptifiv@ibnichalyer] in thaestaificarion rone followed by polgcondetsatiomus| y fed to
an esterification reactor_operated at, a tenpeépture of betme%%y%bout 200C
and 300C, t\h¢ prepelymeeangdinishingronss thopresengsgi apolycondensaion eatylysth et ween
about I psi g un.! Q AR e/ Qﬁh‘% ré&@ﬁce&ﬁ‘%‘t%ﬁ%&?eﬁﬁb%n%fataq £in thedgkANt S
typically ranges fron Bet Ween  about one an Ive hours. rmally.,, the

di car boxy! i cexakdnge zenegifoilowtd by pstpelynferieationiant] figisbingdh thetpresensee pressure

and at a tenperature, of about 240C to abhou 70C., The ,esterification
reaction is Pr%?ﬁ{“itl‘?’i'é@@n&ﬁ'@ ¥st, g0 gﬁggglyd)ptlggi}tﬂgfqefs&ﬁftﬁ%ﬂ AEEOTPE (U ast 60% i s
achi eved, byt 0Bsethdgépi cally until a degree of esterification of at |east
85% is achieved to nake the desired nononer. The esterification nononer

reaction is typi G fustheriliuatratey 2 suxtire ofone oxnpredicaseaxyhi peidamrefarablocess and

catal yzed in ester, .exchange .qrocess . } S may
opti onal |y HEOHHFGe ﬁoxtyﬁ ag ’é’FF%f%gW%E%%ﬁagﬁgﬁeﬂg%&aﬁ ﬁﬁéﬁ]ﬁﬁte

esterifi cat i ek ant@ntifeabgigbocntealeyfitfion Toupics apereetiat a exyleratgre of at al yst s
which may be used include titani um al koxi des, dLbuth tin dilaurate, used
separat el y dretween aboutB0AYE ansh30085: typigally Betwpan240) g and JANGaprkat a of

magnesi um acet at es .or._benzoat ' s I erials as
e wel I knotrots o REREBLART LS yBRnatt 7) B, THEReRBAT A of B
conpounds  andaaladvbicalo paggdFonyBstwats shonton addive hoars. Nomnadlst thei f i cat i on
zone. The resulting products forned in t(tﬁgggste ifiqc)ati on zone include

bi s( 2- hydr oxdiearbsy)ic acid isgirasty stterifiedpth Ghelevatedpresiretid 22 wei ght

temperature of about 240°C to about 270°C. The esterification reaction is

continued until a degree of esterification of at least 60% is achieved, but more
typically until a degree of esterification of at least 85% is achieved to make the SR
desired monomer. The esterification monomer reaction is typically uncatalyzed in
the direct esterification process and catalyzed in ester exchange processes.
Polycondensation catalysts may optionally be added in the esterification zone along
with esterification/ester exchange catalysts. Typical ester exchange catalysts which
may be used include titanium alkoxides, dibutyl tin dilaurate, used separately or in
combination, optionalty with zinc, manganese, or magnesium acetates or benzoates
and/or other such catalyst materials as are well known to those skilled in the art.
Phosphorus containing compounds and cobalt compounds may also be present in
the esterification zone. The resulting products formed in the esterification zone
include bis(2-hydroxyethyl) terephthalate (BHET) monomer, low molecular weight
oligomers, DEG, and water as the condensation by-product, along with other trace
impurities formed by the reaction of the catalyst and other compounds such as

colorants or the phosphorus containing compounds. The relative amounts of BHET
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ol igoners, DEG and water as the condensation by-product, along wth other
trace inpurities formed by the reaction of the catal yst and ot her
conpaunds such as colorants or the phosphorus containing conpounds. The
rel ati ve amounts of BHET 13 and oligoneric species will vary dependi ng on
whet her the process is a direct esterification process in which case the
anount of oligonenic species are significant and even present as the mgjor
species, or a ester exchange process in which case the relative quantity
of BHET predom nates over the oligoneric. species. The water is renoved
as the esterification reaction proceeds to provide favorable equilibrium
conditions. The esterification zone typically produces the nmononer and

ol i gomer i xtaud elighrheriypecieowill vanp defending on whetherthe pfocessds 8 diragr e
reactors. Alternately, the nononer apd olhﬁggeg nixtur%igggkd be produced
in one or moserifeation Prosgssigpduch gasg the amg SGEHENETEFS ¥that in a
process for @%ﬁ%ﬂhﬁﬁ%eﬁ 1 A€ thle hjdspédiésCond éster @REHaBpOPIFOERIERT | C
species is bi - hydr oxyet yF naphgha ate and its corresponding

ol i gomers. Oneitich éme dmtrelativionuntity of BHEpredeminates oy dhe eigomsgicee of
esterification, it Js transported from.ttk i ' r in the
esterificati ogﬁe"z‘%éhte&vaﬁfﬁés %&Wﬁ‘gﬁﬂéﬁgﬁrﬁ% 1§%§e§h§:dél %#egg%ﬁjﬁggd%r epol yner
zone and a fim&mlgg?mm BorditesiR dERseieriBiation@ohé typivally pradatesithe ed and
continued in the neft phase in a prepolynerization zone and finished in
the melt phasmonomen and pligoshrir meyxtem &, anyf EANWHSLYHD 8 §ENefHOt 00¢ T BTG di f | ed

I nto precursor soli I Nt f ' shape.
Each zone may*% %‘r&zeénagelg’gﬁf gghé%%aﬁg%gk&%%rre | g%@ﬁg? b Pgdg%? 'igf)%q{}leessel s
operating at g igidrebaoh reaoofh i 9 MGderstood, hewzanghatriay poeesdiobimakikgi nt o one
reaction vessel using one or npre syb-stages operatin %t difnﬁnﬁnt
condi tions i PEN.ghenseetionmaiztirg pill qopiain monompre ﬁ%&’ﬁ%}sypﬁ@?' YEOFECERY i nvol ve

the use of ong ﬁﬁlaﬂ%raﬁdqtgégﬁ%ﬁndiﬂé’ﬁlg%}&gsf QOKHe e nbnofieeisahaddabe bat ch

reactors, or even one Of nore reac _ eps or sub-stages perforned in a
si ngl e react ohe desieédegrenofmstesficatant Bis thmspagted from Hie epleaPeatipRErIciUs i on zone

Wbt | & Che. 11 riodhe SHFrfsHon @pF BBk PEDLREC BRI (TP RPRpedf o HERREN (11

zone and a finishing zone. Polycondensation reactions are initiated and continued

in the melt phase in a prepolymerization zone and finished in the melt phase ina
finishing zone, after which the melt is solidified into precursor solids in the form of
chips, pellets, or any other shape.

Each zone may comprise a series of one or more distinct reaction vessels
operating at different conditions, or the zones may be combined into one reaction
vessel using one or more sub-stages operating at different conditions in a single
reactor. That is, the prepolymer stage can involve the use of one or more reactors
operated continuously, one or more batch reactors, or even one or more reaction
steps or sub-stages performed in a single reactor vessel. In some reactor designs,
the prepolymerization zone represents the first half of polycondensation in terms of
reaction time, while the finishing zone represents the second half of
polycondensation. While other reactor designs may adjust the residence time
between the prepolymerization zone to the finishing zone at about a 2:1 ratio, 2
common distinction in many designs between the prepolymerization zone and the

finishing zone is that the latter zone frequently operates at a higher temperature
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pol ycondensati on. Wile other reactor designs may adjust the residence tine
bet ween the prepol yneri zati on zone to the finishing zone at about a 2:1
ratiq, a common distinction in many designs between the prepol ynerization
zone and the finishing zone is that the latter zone frequently operates at
a higher tenperature 14 and/or | ower pressure than the operating conditions
I n the prepol ynerization zone. GCenerally, each of the prepol ynerization
and the finishing zones conprise one or a series of nore than one reaction
vessel, and the prepolynerization and finishing reactors are sequenced in
a series as part of a continuous process for the manufacture of the

pol yester polyner. In the prepolynerization zone, also known in the

i ndustry as tdid/dr twerpedsyure thanahie opfetaing cundivdredu terprepsl ghtrizationseness and

ol i goners are_pol ynmeri ze vi a pol yconden I on. 1.0 form pol vet hyl ene

t er epht hal at éSgsrajlys¢ash O?B’F’ WQPY%%!@%@%%@ ﬁmﬁlﬂﬂg B‘?@%ﬁ%‘@xﬁﬁo ¥ al yst .
|1 the catal Y% AR i AE SedcBlort Nsel TRARSrefstyREifaioAbh@Rinshinge, t he

catalyst is added at this stage to catalyze the “reaction between the
mononers and femtorsatecseqhencedimiagatiesisipgtvé a sontinupuy procespfargbe yner and split
of f the diol asug %ir pé&duc}. | f ol ycondensati on catal yst was added to
the esterifi cEEMUIFUEAELhepplyeges 4t1y blended with the diol and fed

into the esterifiqalhditepnabiiatiodhdiR! alsORMMHAThSindistdasphORPhOr US

contai ning conpounds, cobalt conpounds, and colorants can al so _be added in
the prepol ynmiymerizenthelowenelecudartwesightmanomsrs andpdigoners 4t RAPSUFEs nay,

however, be added in the fjnd ' ' ' jtion to the
pr epol ymer i za‘flf‘Bﬁly‘Z%ﬁ sag%ra{og'gﬁgh F@%ﬁ%ﬁ%&ﬁ%&tféﬂg&% i cal DMT- based
process, thosglgdsich) iftthd predehee 6frd catal e Olf thezaatal ysa waohdtewddedhinathy st mat er i al
and points of adding the catalysttgggirlal qg t her Bﬂ%&ﬁdl%FtS vary from
a typical di r@@@m@teétﬂlﬁ?@aflis@.ﬁe:[ﬁh‘ ¥t Wlf@a? Qltg‘ﬁéiaﬁ"c ¥&'TOn catal ysts
i ncl ude the C@Q@BH% t%vggﬁ g %%ﬁ@rd lo@%&%lé%eﬁght'éﬁgﬁﬁ&b'fﬁ for@angi ng from

0.1 to 500 ppm base nt t of resulting polyester polynmer. A
common pol ymegregdymearand aplil offthe dibd esla by-prddect. eKagolcpedensationgatalyst

prepol ymerizal| on ZoNehe Sudihicaion 220%; R39S %R Y 1IR WifklthOfiol and fed
into the esterification reactor. Other compounds such as phosphorus containing
compounds, cobalt compounds, and colorants can also be added in the
prepolymerization zone or esterification zone. These compounds may, however, be
added in the finishing zone instead of or in addition to the prepolymerization zone
and esterification zone. In a typical DMT-based process, those skilled in the art
recognize that other catalyst material and points of adding the catalyst material and
other ingredients vary from a typical direct esterification process.

Typical polycondensation catalysts include the compounds of Sb, Ti, Ge,

Zn and Sn in an amount ranging from 0.1 to 500 ppm based on the weight of
resulting polyester polymer. A common polymerization catalyst added to the
esterification or prepolymerization zone is an antimony-based polymerization
catalyst. Suitable antimony based catalyst include antimony (III) and antimony (V)
compounds recognized in the art and in particular, diol-soluble antimony (III) and
antimony (V) compounds with antimony (III) being most commonly used. Other
suitable compounds include those antimony compounds that react with, but are not

necessarily soluble in the diols prior to reaction, with examples of such compounds
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catal yst. Suitable antinony based catal yst include antinony (111) and

anti nony (V) conpounds recognized in the art and in particular,
diol-soluble antinony (l111) and antinony (V) conpounds with antinony (I11)
bei ng nost commonly used. O her suitable conpounds include those antinony
conpounds that react with, but are not necessarily soluble in the diols
prior to reaction, with exanples of such conpounds 15 includi ng anti nony
(') oxide. Specific exanples of suitable antinony catalysts include
antinmony (I11) oxide and antinmony (l111) acetate, antinmony (H) glycolates,
antinmony (I11) ethylene glycoxide and n-m xtures thereof, with anti nony
(I'11) oxide being preferred. The preferred anount of antinony catal yst
added is t hatin@bdige irtigonyt(TIuxide. Specifid examiplesiof bitahizamtintpoycatilysand about

400 ppm of antinony by weight of the resulti ol est Thi.s prepol yner
pol ycondensatlndﬁdﬂsﬁtﬂ&g@nb@ﬁ]é%ldPﬁn‘éﬁiﬂW( LISS,@F?E% 1)51 ?fﬂf‘t@gvessel s

and i s oper atog, i, Ayt SADRAALNGEIA adShYRRL MDY wmnmﬁp(m@me Cfor a

peri od bet weéh es to four hours. During this Stage, the
1t. V.  of tfbemgqmﬁhmds 'Hreq:reﬁelrg:bammmt Dﬁantmma:sawsuwdecl isthataffestveror e t han

0.45. The diol roduct t he orep t _usi,ng an
appl i ed vacud?rpfqvﬁﬁg‘i Ipypl of Se“t 0?87{%’%%9'& g”ff nﬁ%ﬁ%b?’&?%
conpl etion. |RatHesil lfgstert he polymer nelt | S sonetines agitated to

pronote the escape o e diol fromthe polyner nelt. As the polymer nelt
is fed into succe%wemﬂ}.mmmlycphd;nmﬂoa@mgagen%lkﬂmplw serigsof one

intrinsic viscosity of t pol nel t i each
vessel is ger?émrwesa%%?%ﬁ'é %‘ggaﬁ'SWPF S’?g‘ﬁ? 88{92 %830?;

pol ymeri zati qAgjrn %ﬁ&&‘b&%@&ﬁa%%hﬁ’ﬁvé’xﬁﬁ%&ls t@fouk Ho@aqmrmgqm@%&gmhmne Wit hin
a vessel. Howeve|P facilitate renmoval of glycols, water, alcohols,

al dehydes, - a:fdhmtlbmnners aulotligomersripingreased upte aboui ap gnage thag %d%oiThal |y run

under a vacuu ed with s whi ch
does not causdg‘]’lt)l’ﬁm‘&ﬁ{‘%dﬁfe&?&’?‘il%ﬁmmg 1Iﬁ%‘%}gﬁlﬂijmleﬁara%gﬁlﬁll)ﬂht%d?gé/a{?@react|on
condi tions. SuidiAbfrém3asge thel diile thdrehctivhao nompletion. the this wgaml; §en, hel i um

and ni trogen. ce an It.V. of no greater th n 0. 45 C%llf (%ig_ obﬁal ned, the
pr epol yner i pohagger melt is sometimes agltated to promote e escape of the diol from 1

polymer melt. As the polymer melt is fed into successive vessels, the molecular
weight and thus the intrinsic viscosity of the polymer melt increases. The pressure
of each vessel is generally decreased to allow for a greater degree of
polymerization in each successive vessel or in each successive zone within a vessel.
However, to facilitate removal of glycols, water, alcohols, aldehydes, and other
reaction products, the reactors are typically run under a vacuum or purged with an
inert gas. Inert gas is any gas which does not cause unwanted reaction or product
characteristics at reaction conditions. Suitable gases include, but are not limited to
argon, helium and nitrogen.

Once an It.V. of no greater than 0.45 dL/g is obtained, the prepolymer is fed
from the prepolymer zone to a finishing zone where the second half of
polycondensation is continued in one or more finishing vessels generally, but not
necessarily, ramped up to higher temperatures than present in the
prepolymerization zone, to a value within a range of from 270°C to 305°C until the
It.V. of the melt is increased from the It.V of the melt in the prepolymerization
zone (typically 0.30 but usually not more than 0.45 dL/g) to an It.V of at least 0.55
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fromthe prepolynmer zone to a finishing zone where the second hal f of

pol ycondensation is continued in one or nore finishing vessels generally,
but not necessarily, ranped up to higher tenperatures than present in the
prepol yneri zation zone, to a value within a range of from270'Cto 305 C
until the It.V. of the nelt is increased fromthe It.V of the nelt in the
prepol yneri zati on zone (typically 0.30 but usually not nore than 0.45
dLJg) to an It.V of at least 0.55 16 dL/g. The industrially practical RN
general ly ranges from about 0.55 to about 1. 15 dL/g. The final vessel,
generally known in the industry as the "high polynerizer," "finisher," or
"pol ycondenser," is operated at a pressure |ower than used in the

pr epol yner i zalligrThedneystrially pragticalilnV agengvafs remzes Fomabautdbaute 808t and 4. 0

torr. Although e finishing zone typi ' " basi c

chem stry agl'lsffg'/ riﬁ%ﬁwssfgﬁ?ﬂ%ﬁé&%gnkﬂr%\ét?&u\féﬁgaghgeﬁ t he nol ecul es,
and thus the ,oWne8l, t Yirkkhbf, €615 polyeaitienients spreateea atprassuredowlertthams  al so
differ. However, like the prepolyner reactor, ea(i,g of thﬁ fi ryt%ﬁ ng

vessel (s) is updingheprepelymerization aeneor-g- Vithinga rgnge ol betvesn apoyt O- cally
agitated to facjlit Prels hme Pasitbheikey | t . V.
fromthe nel tfg gsﬁ@%ﬁ%%ﬁé@%ﬁogé q@ﬁ%ﬁg%b{ﬁ%ﬂ{%‘% 1% gll /g. ie%wever,
one advant agese frigslpnacens thefattthit thdwzeof themotegulengnd thas tiean be avoi ded.
Solid stating is comonly used for increasjng the mol ecul ar { ght (and
the, 1t.V), viwpsiprdiffers) means that theggactign F%Pdé‘i“ﬁisé‘?”t?énﬁ% W“ﬂeﬁ?‘k?gla"st 0.05
It.V. —units, gyrHar LR b} the Finfifing vedsel(9) i9 operhted Wader Rhdufum diher ef or e,
in order to f\fgéb a srociE%fPésa?ati na steg,veaeé?elf ggerred It.V., fromthe nelt

phase, whi ch inemgiseanterashiisdypioallytagitated trofapiticaie the semestad of ¢tylgee glygaly o 7
oL .78 LT 0 AR PY, Ry R hfaBl o Sl yTag ol ten
crystal L'i ni t yuéwaet, bhe adwhiagp bhe procksris that the sblahdtatthgistepatan be atided, and
D e ey TR Lot Kb ABEL
react o0t eIt %e'rlllg%g? %Pli&n%tgéé,' ChuRH P 1881 @.OS'W.\V.%@,%M%&QT pol ymer. 1f

typically from 0.1 to 0.5 It.V. units. Therefore, in order to avoid a solid stating

step, a preferred It.V. from the melt phase, which can be measured on the

amorphous pellets, is at least 0.7 dL/g, or 0.75 dL/g, and up to about 1.2 dL/g, or

1.15dL/g.

The molten polymer may be allowed to solidify and/or obtain any degree of

crystallinity from the melt phase, then later heated to above 190°C, and brought

into contact with the liquid medium. Alternatively, the molten polymer may be

pumped directly or indirectly from a melt phase final reactor or vessel into the

liquid medium as a molten polyester polymer. If desired, the molten polymer may

be obtained from a recycled polyester polymer in flake or pellet form, or from

scrap. The history of the polymer is not limited and the polymer can undergo any

history and any state prior to converting the polymer into a molten polymer for

introduction into the liquid medium. The method for melting the polyester polymer

is not limited. Any conventional melting apparatus can be used. For example, the

polyester polymer may be melted by introducing a solid polyester polymer into an

extruder, or it can be pumped directly from the melt phase.
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be obtained froma recycled polyester polynmer in flake or pellet form or
from scrap. The history of the polynmer is not limted and the pol yner can
under,go any history and any state prior to converting the polymer into a
nol ten polymer for introduction into the |iquid nedium The nethod for
melting the polyester polymer is not limted. Any conventional nelting
apparatus can be used. For exanple, the polyester polynmer may be nelted by
i ntroducing a solid polyester polynmer into an extruder, or it can be
punped directly fromthe nelt phase. 17 The nethod for introducing the
nolten polyester into the liquid nediumis not l[imted. For exanple, in
one enbodi nent, the nolten polyester polyner is directed through a die, or
nmerely cut, or bottheGhdtst foflintlodediggtha neblen bolyesiwedtolibe liquid medgim ise nol t en

pol ymer. In another exanple, the polyester polyner melt. extruded with
a single or tngthmitedefprexampleein qnﬁreﬁﬁaaln&naiﬂ&%@m%ﬁewwf % enperat ure

of 190/ C or gt flashlih £AIHIBEVGEE bebouiBieGl ifieR adhOfMbGEa®y  extruded

into strands or any o n yet another "alternative
enbodi nent,  tdigtinpthé soltgopolemtre rin podtherexamplepthepelyestenmotyrner may maldi r ect | y

froma nelt phase finisher vessel with ar punp, forced through a die
and cut into é}@ué%w%aémgiewaﬁ‘@& SFWO“&“@?&EWH?‘?%HE&NW&‘& At die shape.
In the '“Ve“tﬂg&pcraﬁ:?@ YOS SE Rbrel® theBRErudet nBRAIE, Sshdadut flkeglobures bhe pol ymer
is introduce nt o t%e l'iquid nedium In any nmethod used to physically

transfer the extruded inerstyaodsersing other dimshdps. A lyet 2pphsalica®tiveor or extruder to

aliquid nediu one or i.ndugi ng cr. |.i.zatl - of the
nol t en pol yes‘?”é%oﬁﬂ'BW’ré? mahgrépo ﬁ%’%rg? %%{egkeslﬂé@vﬁteﬂgﬂ? joi 1%%@%%%#%?

comrenci ng f rgek bhke GhidRerGesseDRIE b igkdt@uiripeforesa thenglpe Hiened coeinto t 0 a shape
such as a globule, sheet, strand, etc., to its introduction into the liquid

medi um at a t@npdesarghaped intaadirayh shest or othegrdig $hape.pol yer. For exanpl e, the
pol yester polyner f£r %%’L&%_OH%&P&&%%W%W% ﬁ%eﬂt%tixﬁ@hﬁ‘ﬁo%@rh@ T. of

t he pol yner between poi nt a It 1s cut into globules at the die
pl ate to the jpabdicedintovhiediquidmediumnir aguoetiod nied taphystpally trawsfertheat a

t enperature above the Tg.of {he . I '
no lr’r}[:)e n molten polyeste%J from t{le me t%i]a/sg?eractol}/%; (ea)?t\r/u%’ef tota 1equ|1c[1 Ittnre&gﬁjnc%dn% n of the

for inducing crystallization, the temperature of the molten polyester polymer does
not drop below the T, of the polymer commencing from the step of converting the
molten polymer melt to a shape such as a globule, sheet, strand, etc., to its
introduction into the liquid medium at a temperature exceeding the T, of the
polymer. For example, the polyester polymer from the melt phase should not drop
below of the T, of the polymer between the point at which it is cut into globules at
the die plate to the point at which it is introduced into a liquid medium at a
temperature above the T, of the polymer. Moreover, the introduction of the molten
polyester polymer into a liquid medium temperature exceeding the T, of the
polymer (for convenience referred to herein as the “hot” liquid medium) 1s not
limited to the stated liquid medium temperature when the molten polyester polymer
first contacts a liquid medium. For example, the molten polyester polymer may
reside in a liquid medium at a liquid medium temperature below the T of the
polymer followed by its introduction in the same liquid medium at a liquid medium
temperature exceeding the T, of the polymer so long as the molten polyester
polymer temperature does not drop below its Ty. Thus, the introduction of the
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pol yester polyner into a |liquid nmediumtenperature exceeding the T. of the
pol ymer (for convenience referred to herein as the "hot" liquid nedium is
not Jlimted to the stated |iquid nmediumtenperature when the nolten

pol yester polyner first contacts a |liquid nmedium For exanple, the nolten
pol yester polyner may reside in a liquid nmediumat a |liquid nmedium
tenperature below the Tg of the polyner followed by its introduction in
the sane liquid mediumat a |liquid medium tenperature exceeding the T, of
the polyner so long as the nolten polyester polyner tenperature does not
drop belowits Tg. Thus, the introduction of the 18 pol yester polyner is
not limted to first contact wwth a liquid nmedium and the polyester

pol yner may gjﬁ&@g@ppcﬂymeﬁih sbtdiryitddrto finsd icompact ovithac liquid miediammg eod thei qui d

medi um provi ded that when th@_"gol yesgfer rﬁm r fi naLl‘Ig{}/ does“con act the
hot Iiquid rretesis; palyvact eapywidsras Ay Bstqr inding eqntagh with 3COPLHGUY, o) ow t he

Tg of the porh%’déﬁﬁ P&gg%%t%&g{e@ggegwy@ﬁyﬁg} il yFoesléMitdet e habove and the

time it contac iqui um” Exanpl es of this _ enbodi nent are
descri bed i n liyidmeiituaj the tdmpecatureAf the, polyaner benpetfpliaadelowthedistod theyol yest er

pol ymer directed through . a die. and/gor.c 0 i : into a
shape wi |l bePolymesbepys E}leégnf’gﬁt&?ﬁf“ég‘?d ?tt%logf %%"ggé @%ﬁ%aﬁﬁgﬁg‘%‘g&g’ that the
process as degchitiRdidhidiunheERAEHles 6F this epibotimheit argrigscribbd n Mereafywdil ed t o
melt crystallize strands, continuous or discontinuous fibers, sheet, and
rods. Prior thelamtroducing the nolten polyester polyner into the hot liquid
medium it is prefgrably cut . J I 1 I i O cut the
nolten pol yester ‘%8?’??%cronﬁ%ﬂl%nge’%h@a?égr%&eg{ggﬁgyrgy %l%egtegélﬁx&gélg grgje:_)ol yner is
at | east 190*fad/or c@tith oflRFeis@pREasabinto avhiape wilhbe @fegred 66 anglobule20liIC t o

350T. The pol yester pol yner It is optionally.filtered i oy
particul ates W@ﬁsmadd&Veﬁﬁafbé@P%essﬁé#ﬁcQ%B%%ﬁbr ?qt?%%yéig%ﬁ\e/eﬁ%%?’onal hot

pel l eti zati Onals%;be .pﬁii&gtormél ANk stARAA EAtiotH diRobERBus Fibersudi ng but
not limted to dicrhng, strand pelletizing and strand (forced conveyance)

pel |l etizing, ¢pastaddradonrs, water ring pelletizers, hot face
Prior to introducing the molten polyester polymer into the hot liquid

medium, it is preferably cut to a desired shape. It is preferred to cut the molten
polyester polymer while the temperature of the polyester polymer is at least 190°C,
and more preferably within a range of about 200°C to 350°C. The polyester
polymer melt is optionally filtered to remove particulates over a designated size
before being cut. Any conventional hot pelletization or dicing method and -
apparatus can be used, including but not limited to dicing, strand pelletizing and
strand (forced conveyance) pelletizing, pastillators, water ring pelletizers, hot face
pelletizers, underwater pelletizers and centrifuged pelletizers. Examples of
underwater pelletizers are set forth in US Patent Nos. 5,059,103, 6,592,350;
6,332,765; 5,611,983; 6551087; 5,059103, 4728,276; 4728,275; 4,500,271;
4,300,877; 4251198; 4123207; 3753637, and 3749539, each of which are fully
incorporated herein by reference.

The liquid medium is housed in a liquid medium zone, and the liquid
medium zone is at least within a crystailization apparatus. The crystallization
process may occur in a batchwise mode or continuously, preferably continuously.

The liquid medium zone is any cavity in which the globules contact the liquid
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pell etizers, underwater pelletizers and centrifuged pelletizers. Exanples
of underwater pelletizers are set forth in US Patent Nos. 5, 059, 103,
6,592, 350; 6,332,765; 5,611,983; 6551087; 5, 059103, 4728, 276; 4728, 275;
4,500, 271; 4,300,877; 4251198; 4123207; 3753637; and 3749539, each of
which are fully incorporated herein by reference. The liquid mediumis
housed in a |iquid nmedium zone, and the liquid nedium zone is at | east
within a crystallization apparatus. The crystallization process nmay occur
in a batchwi se node or continuously, preferably continuously. The liquid
medi um zone is any cavity in which the globules contact the liquid 19

medi um under conditions effective to induce crystallization. The

cryst al | i zat i mediumppderabnditionreffectivety indysa crystallizatien. | Theudrpstaltizatiom zone may

al so optionally conprise feed i ts,.,di scharge tubes, pu pr obes,

met eri ng devi%gfa“ﬁéﬁ'ﬂta“@g@rﬁ'ﬁb‘g%e,eh‘ﬂil%mﬁﬁ (% M4 &Fﬁoé’!pi)lggg,iﬁﬂand val ves.
The pol ymer rﬁﬁi‘éeﬁ'i:ﬂ@@,ydi&%ar b aas, Iptbbes! Merelingldéviceaprtiaum zone in a
manner such that the cutter bl ages a the die plate are in contact with
the |iquid mesichangetsndio platetibentierte)rand valees Tha pelymeemeli phteiBaxbhpri ses and

begins with di e, pl at a cutter . ' i pe, each
of which ar e%?ﬁt%ﬁl@g&waﬁdjwﬁguﬂzc%ggﬁ ne |ue§15h‘gln at&é%?‘lﬁ%kgﬁpfl, the cutter
bl ade cont acthpdietgkte Belih eontiR withsheliquid medinm. exionk egbbodimert, ¢he ljuid e i s
subrmerged in the liquid nmedium_ Thus, .a flow of |iquid nmediummy be fed

to a housi ng Wediumizanneprapriset and heging vith die platg, a cpterANA WACG S F 1 ow and
motive fOrCevctsgelgfiii{@ﬁ,téﬁﬁ’h@f@fﬁ%%%iﬁE&Hhét'%ﬁth"tﬁé‘ﬁhxﬁﬂnieﬁhﬂa,@n&i pe or vessel

designed to provide e residence tine sufficient to crystallize the
gl obul es. Cr ygitiahhliy dheicatier biwde doegitingthe triodtempolyesteripolymnslexding s diger i s

the 11 qui'd medRied ssbreteeq bt pouimedton, Shis 8RS R FefuBSRBLE o O
pol ymer has aggkdslHGlsiptoR@IriMh cintir ah@® dichfato isgbviaé thedTops ied mbded i on

whi ch is dependent upon the liquid nmediumtenperature and the conposition
of the pol yneforceltn dgenthe globules fiomyhe Howsing inip a BIRD Y wesel 865i806AdP g from

130° C to 200", g, DAHGLL AR REATGRT: oy nPBloiES. £ARARRaEP™ about 15

may begin at the moment the molten polymer is cut in the housing to the point at

which the globules are separated from the liquid medium. In a typical case,
however, the molten polyester polymer has an induction period prior to the onset of
crystallization which is dependent upon the liquid medium temperature and the
composition of the polymer. In general, at liquid medium temperatures ranging
from 130°C to 200°C, the induction period for a PET polymer ranges from about 15
seconds to 5 minutes.

In an underfluid cutter design, the molten polyester polymer is in contact
with the liquid medium at the time the polymer exiting the die plate is cut, thereby
instantly submerging the globules into the liquid medium. Preferably, the entire
cutting mechanism and the molten polyester polymer are underfluid the point
where the molten polymer is cut. By cutting underfluid, the molten polymer is in
continuous contact with the liquid medium upon exiting the die and at the point of
being cut into globules, which are then swept away in the liquid medium current
through piping or to a vessel which provides the necessary residence time to

crystallize the globules to the desired degree. In this way, the process of
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seconds to 5 mnutes. In an underfluid cutter design, the nolten pol yester
polymer is in contact wth the liquid nmediumat the tine the pol yner
exiting the die plate is cut, thereby instantly subnerging the gl obul es
into the liquid nedium Preferably, the entire cutting nmechanismand the
nol ten pol yester polyner are underfluid the point where the nolten pol yner
is cut. By cutting underfluid, the nolten polyner is in continuous contact
with the liquid nmediumupon exiting the die and at the point of being cut
into globules, which are then swept away in the |iquid medium current

t hrough piping or to a vessel which provides the necessary residence tine
to crystallize the globules to the desired degree. In this way, the
process of 20crgsMEEalohiizasntiauousSorcsoibngasqedyriearmeos fakthroagh tied dicer nelt is

fed through the die |ate. Further, by crystallizipg. mlten pol yester
pol ymer ogt ai Plalg- gﬂft@er@iﬁfyﬁt?lgﬁ?gﬂ?@e%%?]@’e%ﬂﬁ , ?Hggﬂ’gg@égénﬁtsé%ﬂre ener gy
efficient beCﬂP?ﬁ‘FeIlti thaal;cﬁsjtéhlg‘f)réc@gﬂgFnoré'ﬁﬁ%yséfﬁdﬁeﬁt%e@ilﬁt\! itdend RIng&oo! i ng nmeans

to cool the ne to 'ets, or to store rtlEellet‘sm hoppers in
preparation fmcedserydo prpvide far enoling wiehnsAacpalrthe/ meld énto peliets, O ta taigs por t

pellets to such a.vessel,. and re.l rtantl bt s 0 I necessary
to reheat tH?—Pl @IlﬁlE?@efsdnlﬁ’ﬁpﬁég?ﬂg%wo8r°é§s{agﬁalh§%9 (?S(%Jra]l’ eﬁperatures.
Moreover,  Usiiipéit palMeisE shdtCihedsel, anll hihe RAdrtagiiplitis @ lédpepnglsarny mppar at us
such as a pipe 1's nore econonmcal and |ess capital intensive than the

i nstal | ati on wheht SeareHets gnbrisg themup (0 eriyyializatian temperatyres; AereN Sy essel , is

more energy-efficient. regui ' g%,ggﬁ@{ﬁt fgwer fines
t han woul d be%a%lgggg{i} ﬁﬁésﬁecgﬁgﬁgggpﬁél%a ':%?dg vessel s iaﬁﬁgonventi onal
crystal | i zer smore\W6mondicaliagd s capitdl intehsives thap ¢hecinstaltatioh iagd pperatoon affa t he di e
is not particularl limted. Polynmers may be extruded through a strand die
or other sui tﬂwﬂ@e‘ﬁb‘éﬂ, CTY‘EXHHWPQP Vg Sﬁ]g}sén?rFleﬁ?Fgﬁ'te?éc_ﬂ)‘?n ’afgq‘flgesifif?e

traditionall ym%ﬂﬂ:ﬁ Juhd ?Eﬂe‘f'atgd feRBEMeS thawditdbe felcetisihgfmamahiaalyrel t
reactor through a é‘.‘e usi'-ng a gear punE.mIThe die plate may have multiple
orifices of dagitaetloesselyemesmichtyonpl aystalbzars. 0. 05 to 0. 15 inch, to the

fﬁﬁ E)ﬁ[]h Usually, a“;ﬂgﬁ a m%iigﬁse&etﬁggﬂa%g %c?co%uar[iroﬁl@v?&% did is At garhc?ulgﬂf cul ated

limited. Polymers may be extruded through a strand die or other suitable die,
whether single filament, or as is more traditionally done, multiple filaments, or fed
directly from the melt reactor through a die using a gear pump. The die plate may
have multiple orifices of diameters generally from about 0.05 to 0.15 inch, to the
cutter. Usually, a hot, high temperature heat transfer liquid 1s circulated through
the die channels so as to heat the die plate and promote flow of the polymer
through the die plate. Electrical or other means of heating are also possible. An
example of a die plate assembly for underwater pelletizing is set forth in US Patent
Nos. 6474969; 5,597,586; 4,822,546;4,470,791; each of which are fully.
incorporated herein by reference. A water housing is provided within which water
is circulated against the other side of the die plate. Optionally, circulating water
enters the water housing and into contact against the face of the die plate to cool the
polyester polymer melt to a desired temperature above its Tg.

After pumping the molten polyester, as by way of an extruder or gear pump
or any other conventional pumping means, through the die, the molten polymer is

cut, preferably instantly cut, into any desired shape before the polyester polymer
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the die channels so as to heat the die plate and pronote flow of the

pol ymer through the die plate. Electrical or other nmeans of heating are

al so possible. An exanple of a die plate assenbly for underwater
pelletizing is set forth in US Patent Nos. 6474969; 5,597, 586;

4,822,546- 4,470, 791; each of which are fully incorporated herein by
reference. A water housing is provided within which water 1is circulated
agai nst the other side of the die plate. Optionally, circulating water
enters the water housing and into contact against the face of the die plate
to cool the polyester polynmer nelt to a desired tenperature above its Tg.
After punping the nolten polyester, as by way of an extruder or gear punp

or any other GeRHRRW i@ﬂw%axﬂilﬂﬂibiquefbﬁan&ut vheothg herhjreeatdiesnf thdmolten t en
polymer is cut, preferably instantly cut, into any desired shape before

the pol yest erpolyssienpelymer is 3othin sengad| 300°G ¢o 331G, Hort@ IFFRFANEAPEREt when
the tenperature qf the npl . pol yest er I ri EN] of 200C
to 350C, or aéo%gﬁ%%ﬁgplﬁgp@ﬁﬁe&% ngﬁﬁi%g%u{eg%gwr%?as é&gn%erature
can be nmeasursghdiAnk Sedkd dfpdlyRstel gl jRtr endriipahd dit 9latd)and iffthiaiis ndt

pol yester pol'yner entering the die plate, and if_ this is not ossi bl e, the

ext ruder nozziossiblenthe extrudenngzzledemperatupsis plsp ajusefnbindisatoppt e @glspt en

pol ymer tenperature assum L he di e ' ent the
die plate | spoilﬂ'ﬂ'?rg?f,ﬂp?ﬁ e?agsfrb‘é' r‘%ﬁi ﬁ?ié@é)lgfe ﬁ %}é&ﬁgﬁl%dnhc@qﬁiﬁegiemgal c 1I%aét ed
taking into ageeslad, tidemparanzd sf thepylemar cande chloalatedatking mts ieountthough t he

die plate, and cooling tenperature _ip the dig. rotatahl e knife flush

with the die r;ﬂzakéc@m%mﬁée%tﬁaﬁ# “ggf‘}eé‘g‘ﬁ%@en °°§P‘B%Eﬁ“é¥§r ® he

streans exit Mﬁecgéi fices. Alternatively, the nolten pol yester polyner,
e

after being punped through the die, is cut in close proximty to the die
face. In yet anot herotathltleknifit flush witthibdidieemiate seviees the individysd siyasasaintoyo| yrer

bei ng cut,  pRoRgmes i e AL RRR nutrBhRs neilerbaupnaecs Lo
bath at a tenpgpabikfer bingpaApéd ABsgh tidde, Ts cwtfin thee prokindsy rthediey mer  and
for a tinme sufficient to rnduce crystallinity to tpe nol t.en 1%' yester,

optional |y pulatedntistangtiier altpmatiye embpdimentythernolten polyester polyme
pumped through a die to form strands or other suitable shapes without being cut,

brought into contact with the liquid medium such as a water bath at a temperature
at least above the T, of the polyester polymer and for a time sufficient to induce
crystallinity to the molten polyester, optionally pulled through the water bath with
or without straining the strands, and then subsequently cut into pellets-either while
the polymer is molten or after it is cooled to below the Tg of the polymer.

In a preferred embodiment, as the globules are formed when the molten
polymer is pumped through the orifices and sheared by the knife, the globules
contact a liquid medium at a liquid medium temperature sufficient to induce
crystallization to the globules. However, if desired, the liquid medium may be ata
temperature less than necessary to crystallize the globules (“cool” liquid medium)as
the globules contact the liquid medium, provided that the temperature of the
globules do not drop below the T of the polyester polymer prior to the point at
which the temperature of the liquid medium is raised to above the T, of the
polyester polymer. In this case, the globules (or molten polyester polymer if not

cut) remain molten in the cool liquid medium and are considered as having been
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or without straining the strands, and then subsequently cut into pellets.
either while the polynmer is nolten or after it is cooled to below the Tg
of the polyner. In a preferred enbodi nent, as the globules are formed when
the nolten polymer is punped through the orifices and sheared by the
knife, the globules contact a liquid nediumat a liquid nediumtenperature
sufficient to induce crystallization to the gl obules. However, if desired,
the liquid medium may be at a tenperature |ess than necessary to
crystallize the globules ("cool™ liquid nmediun)as the globules contact the
l'iquid nmedium provided that the tenperature of the globules do not drop
bel ow the Tg of the polyester polyner prior to the point at which the

t enper at ur e ohtrédiged imuihd hoeliquidnmediuna(abed: tho Tabithe poliyestargobymer at

| yest | th byl t st |
P Mot Seuty e minhw e s igahe Retdit hefvin i SRUERE 4o o as
having been Zt%né%tﬁé)g&ﬁ% e!%tl%%ﬁ%@&hﬂﬁaﬁﬁbefﬂﬁ%ldbmeéﬂb@é&ﬁ)tmt'BIO of the

pol yester pol yner e point where the globul'es contact the hot liquid
nmedi um i n spuuemmftsgpmmtq@emmmducnonm@o@e pt hgwdbmediumong as t he

tenperature of the Iobu &5 doe to their

i ntroduction int o ‘gltﬁ“&l‘ﬂ’é%‘i 3 ‘ﬁpggg%ﬂ%g’é#é%%%ﬂgg)} obYl es (or

uncut nolten @ﬂb&ﬁﬁl)&@sm@hﬁd’@fo) li mmeditﬂnmre%fdrg/mnedmdmnuﬂoa ool 1iquid

medi um zone before i ntroduction |nto a hot é%# d ne%ﬁ%l S mgen t he

st ream of codliquidmediumss ghew thestrean of ¢pol &ia@rtﬁ gted pt epiete ot R o

pel letizer to redce éﬂﬁz&%@%ﬂéﬁym@tmaaﬁ g,lfﬁptgu@oﬁuésqo SdKCts chh GBENorOt her or
P or exa Ader

the cutting eqU|pnen | etizer surrounded by
a housing i sthé egtting bc[mﬂiméntl Fqnnxdmptadammdeaﬂlmd@elﬂdmemumﬂndddéayml yester

e bcted ¢ hr cirgng s i gpihof Badif et Fioee B Tat BE BalS i HRel s nce”
(facing the | ?ﬂarf@éa' to(ﬂfle ﬁdﬁ@lngdhfﬁ:lﬂéh?b@eﬁﬁp’o@t@dr\is digedidd hesughna t he

pel l etizer contact in close proxim to_ the inner die plate

surface. Prefde ahl%ndtcn@ntmglo@ﬂes;ﬁé ﬂ;ﬁfmer@bﬁmdf@mgnbc hgiid mediyg) of gy um as
B T e
pipe to the inner die plate surface. Preferably, the molten polymer contacts the hot liquid

medium as it exits the die plate, and is carried away from the pelletizer after being

cut into globules by the flow of liquid medium proceeding from the inlet pipe to

and through and outlet pipe to provide the globules with the residence time

necessary to induce crystallinity. However, if desired, a flow of cool liquid at a

temperature below the T, of the polyester polymer, preferably below 40°C, more

preferably below 30°C, is directed against the inner die plate surface and/or against

the cutting blades. The cool liquid medium stream may be directed into and

through the flow of hot liquid medium at any angle so long as the cool liquid

medium impinges upon the inner surface of the die plate or the cutting blades. The

cool liquid medium stream is in immediate contact with and mixes with the flow of

hot liquid medium as the hot liquid medium traverses the underfluid pelletizer and

the die plate. Thus, on a bulk scale, the average temperature in the housing may

not drop below the T, of the polymer even though on a micro scale, at the die plate

orifice where the molten polymer contacts the cutting blade, the temperature of the

liquid medium might fall below the T of the polymer. The stream of cool liquid

23



and through and outl et pipe to provide the globules with the residence tine
necessary to induce crystallinity. However, if desired, a flow of cool

Jiquid at a tenperature below the T. of the polyester polymer, preferably
bel ow 40*C, nore preferably below 30*C, is directed against the inner die

pl ate surface and/or against the cutting blades. The cool liquid medium
streamnmay be directed into and through the flow of hot |iquid nedium at
any angle so long as the cool liquid nediuminpinges upon the inner
surface of the die plate or the cutting blades. The cool |iquid nedium

streamis in imediate contact with and mxes with the flow of hot |iquid
medi um as the hot |iquid nmediumtraverses the underfluid pelletizer and
the die pl at emedittmsnaydse direbtati khreughl an aimbdneazbr e to twpes the tandenay afhe

housing may not drop below the Tg of th ol r .even.tho on a mcro

scal e, at thethEFE’?tﬁl‘E?IW%M"SE]@B“‘?%%{"&"{ﬁggﬁﬁ%@ﬁd?%lnf T c'(.:rlg{r%t acts the

cutting bl adeﬁemh%%hﬁ&}ﬂmﬁé fhddk froftn pdlGestdripdiinttr GE thie iobitleg belokethe Thef ow t he
yfer . e

T,, of the po stream of cool liquid 23 nedium nmay be directed

through an ai thegolyoez By coptreléing therflayurate efraol kgwikmediugs thergifecton then pol yner

to agglonerate but at .flow rate . I ; ture of the
uncut ol t en PEISAEPes B ec%%nﬁé%%gﬁgﬁgﬁééh@g?%h?ﬁg I o?l E’fjlt he
pol ymer. By cqpifiednt tin@géd)ef thoudvantage of reduing hdgipmatatimdnayrbe obteined.f ect on

the nolten globules with respect to their ability to crystallize fromthe
nmelt is not signilpiteeproceshah a}vegtéqn,mp&cga@gﬁg@)@b&ﬂg%@%&?wﬁ into

aggl oner ati on, g &iagf?gied BdibQerpQ§RieSerodterithieh th T8 Bf ibRbolyERret €N

pol yester poly Isintro into a liquid mediumat a |iquid medium
t enper at ure gpatgher Ndiantytthay thg noiten pelygstérypolnear resisisi fonetimenpeodnl y may t he
nol t en pol yester. . pol.ynmer reside.for inme i 00]. .1 gui I fol |l oned
by its introd ﬁlg’ﬁd%m FI?W%A\Q%{EHDFG‘EWCEIOH@[HP@}#@Q] 1P%n%we"ﬁinpgf%éeﬁr@Jmé:tture of
the polyner fallsr0Rt Ofhe P&lyffﬁr Vs welywats Tibyaedy oTdiractin@al cost steam off |11 qui d
against the die plate/cutting blades, alternatively or _in addition thereto,

the - tenper aliquidagdinst the dig pjetegutbng ibi,'qqlp?, @lterpatively riin }giiﬁljg?? gqcr%é_p% t he
Shoul d pref or rpgBge SETFe g TRy Fne W pies Pl I gpole bOERE M e, 14
i s contenpl at gslymbedr gldbules iysticostaankelquid medium, should preferably be set below

the desired crystallization temperature. It is contemplated that in many instances

the polyester polymer will be directed through the die close to or at the nozzle

temperature of the melt extruder, or if directed from the melt phase, directed

through the die at a temperature likely to exceed 190°C. At these polymer

temperatures, the temperature of the incoming liquid medium may be kept lower

than the desired crystallization temperature to compensate for the sensible heat

transfer from the molten polyester polymer and globules and the heat of

crystallization generated during crystallization, each of which raise the liquid

medium temperature. Thus, the process of the invention takes advantage of using

the heat energy in the molten polymer to heat the liquid medium feed to the molten

polymer. The use of preheaters or heat exchangers in a closed system wherein the

liquid medium is recycled back to the die plate/pelletizer can be avoided altogether,

or if used, the energy consumption is reduced.

The liquid medium temperature, at a point before the molten polyester

polymer temperature falls below its Ty, is at least above the Tg of the polyester
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t he polyester polymer will be directed through the die close to or at the
nozzle tenperature of the nelt extruder, or if directed fromthe nelt
phase, directed through the die at a tenperature likely to exceed 190T. At
t hese pol yner tenperatures, the tenperature of the incomng |iquid nedium
may be kept lower than the desired crystallization tenperature to
conpensate for the sensible heat transfer fromthe nolten pol yester

pol ymer and gl obul es and the heat of «crystallization generated during
crystallization, each of which raise the liquid nediumtenperature. Thus,
t he process of the invention takes advantage of using the heat energy in
the nmolten polyner to heat the liquid nediumfeed to the nolten polyner.
The use of prpdigatreas sitably belowxtbe dhokigh meling poin S the SRAYESIRTRREIRAT t he

liquid nmediumis re | ed, back to the die pl | voi ded
al t oget her, @§Yop W%E&fysfaﬂéu %depg%sgfgﬁeﬁpth?%ﬁe/ EF@Hrd gh%%’i%ﬁ%ﬁ%a i qui d
medi um te”peréfttﬂéﬁ ni@neBiuRPianfes TR 160°UNS 20040, eivro pleftestlg between iabowt | east
above the Tg of t % pol yester  polyner tenperature falls belowits T, 24

pol yner, and B4l tbdB03C toadptimizeithe bilandeibgtwern the ragjdenst fimedeedasdo pbajmat er

pol ynmer, beyond which crysfallizatiaqon is not possible. odi nent ,

t he t enper at ufieal dﬁsfﬂeflﬁégl’lﬂ%/ Wtﬂéﬂ'i% ﬁlgerlyﬁl&ggsw &oﬁﬁ' cf’gﬁlsd’ tJttge ﬁ@%g%p)nor e

preferably bﬁ%&lﬁ;ﬁ& Jﬂ?ﬁtﬁquicﬂ-ﬁ@diﬁﬂ, 3301 Grddcpit Nt atalliagtidiahadithe ehedgyween t he
eeded to

resi dence ti obtain a final desired degree of crystallinity,
t he hydr ol ysi eonsumpfioncol ysi s of the polyester polyner in the liquid nmedium

the desired degree,of. crystald.i zati . %‘.ﬁ]ﬁﬂ (;I%q%rm(jon.. As
illustrated in Fi gﬁ? Elui',x%?#]’é' P}I%‘gﬁﬂfgrgmha@g?hn enpergte%)rfuerenay e held

const ant t hr og3@st thidu@hduit MR titi durthgwhiiicthcrgstylitzatidniiz bidced toghé noadled to t he
time the globules are separated fromthe t it may vary

over time in globdenare senarased from dhe flyd (uevh {)l(‘gr:}??ég gér?{’%b'%l)tyngflb%w se descent
(o 3], gl Ly At Ok st | 2ot on
t enper at ur e Nayrlpeonsahthntid trethaattof orystatlizdtien tajses the liquid medium tempesature

after which the liquid medium temperature may be held constant or gradually

descend (curve 4), or the temperature profile may in a bell shaped curve with the

peak crystallization temperature occurring at some point in time between initiating

crystallization to terminating crystallization (curve 5). The molten polyester

polymer is considered crystailized when a measure of crystallinity is induced at

least on or in any portion of the molten polyester polymer, such as on the surface of

a globule, or throughout any portion of a cross-section cut of the resulting pellet .

The desired degree of crystallization will vary depending on the application and the

severity of service requirement, but for most applications, a degree of crystallinity

above 15% is desirable, and more commonly, the degree of crystallization is above

20%, and even above 25%, and typicaily below about 60%, although the process of

the invention is capable of substantially if not completely crystallizing the polyester

polymer. The distribution of thermally induced crystalline spherulites throughout

the polymer is not limited. Crystalline regions may appear on only on the surface,

or randomly distributed through the polymer. The degree of crystallization of a

polyester polymer can be measured taking a sample of the polymer at the

conclusion of crystallization as a solid pellet and measured using either a gradient
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descend (curve 4), or the tenperature profile may in a bell shaped curve
with the peak crystallization tenperature occurring at sonme point in tine
petween initiating crystallization to termnating crystallization (curve
5). The nolten polyester polymer is considered crystallized when a neasure
of crystallinity is induced at |east on or in any portion of the nolten
pol yester polynmer, such as on the surface of a globule, or throughout any
portion of a cross-section cut of the resulting pellet . The desired
degree of crystallization will vary depending on the application and the
severity of service requirenment, but for nest applications, a degree of
crystallinity above 15%is desirable, and nore comonl t he degree of
crystal | i zat itabe dlmsmbmethod Bf)l%s Dﬁﬂjmetheﬁl refereneed 2 the Ei‘ﬁGTPilﬁy“p ¢ bel ow

about 60% alt h the.

subgt antlgl I )m?'ﬁu‘ﬂ’ét‘ge‘@ It% l@ﬁyyﬁkgﬁase@ gp#g%tb% &Qg?sgér?mpol ymer. The
di |St ribution 1ﬁch£aBS1!i H%Ehe'a%ﬂ&'&@lﬁb Sk Tk ldeniséty Sudtieodub sén%ﬂtvettdnﬂmughout t he
pol ynmer is not Tl

mte Crystalline regi ons nay appe on ? on the
surface, or qualiyofitse pellstsitestad: Hawevm dinintestaetheds,qoaelateryel H’e‘}g{‘FEe of
crystalllzatl MRIRSdd | e of
t he pol yner a‘f ﬁgmgk?{r%%glééﬁ ﬁﬁhi’d}f/‘@fn aﬁ(ﬂézjg?if'on as [lgg?jéﬁﬁhgﬁg lllit'?grgnd
neasured usi ndkefied hﬁ}liavaagmﬁﬁmemﬂeﬁée mﬁdnﬁtalhzasibnyalneiﬂwuemf ththt@SDSC nmet hod
referenced in the Exanples, Y@@SC method is sensitive to the quality of
t he baseline faﬁf-bptiseélp?%“‘qu@”&é i 0 integration of the area under

t he peaks. The de thféﬂ Adiddid fediin t he pel lets
Bﬁl h}é.rdé?@%a? ggma neARMS bic ¥endt i

tested. However, hods correlate well to each other at higher
degr ees of crgosﬁmbﬂtmzmohrcamemumabﬁlblgbdﬂsﬁmBﬁﬂ/slﬂéﬂflaﬂ%aﬁégl et is

deened to have g m ni.num.deqgr stal i Us ,_; , of the
test nethods® t‘ﬁﬂ%?}{”flwejcfag?ﬁ%oi-h aa@°8r ‘é?’;g%ges\%jr‘he %crctg%(%l: ar |iquid
medi um used 'ﬁeHé}haﬂds%fﬂﬁ%ndﬁsdrbﬂtﬂe@eﬂ&db%ﬁﬁ@ﬁpﬁhemdmmtm W\Hnbhthecauses an

undesirable high loss in It.V. under all operati t%%l gﬂendltltgns shoul d be
avoi ded. The pedletsrveilibe usesl. IExamples gf gadsvhich gresyntable Kr se, Bl HE PIOSS denmnds

of the end user g% tatrélelggg)hﬁe, gl;y@;sﬁﬁl \%r??)g LJI 3] it @ieyils t he

pellets wll 15181 qU| are suitablé for use in the
process glycol; and alcohols. In addition to the continuous operating adjustments that can

be made to the vessel pressure and the temperature holding the liquid medium as
discussed further below, the residence time, degree of crystallization, and energy
efficiency of the process can also be controlled by the optimal selection of the
heating. medium.

It is desired to use liquids that have a high heat capacity to optimize heat
transfer to the pellets at the lowest possible residence time. Liquids which have
low vapor pressures are also desirable to further reduce equipment costs since a
vessel with a lower pressure rating can be used. However, a significant and
sometimes overriding factor to consider in the selection of the liquid is the ease
with which the liquid is separated from the pellets, the ease with which the liquid is
volatized from the inside of the pellet, and the costs associated with handling,
heating and recirculating the separated liquid back to contact a fresh feed of molten
polyester polymer.

The heat capacity of water, 1 cal/g/°C, is attractive and the ease with which

water is separated from the pellets and volatized from the pellets is excellent. The
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i ncl ude water; polyal kyl ene glycols such as diethyl ene glycol and
triethylene glycol; and alcohols. In addition to the continuous operating
adjustnments that can be nmade to the vessel pressure and the tenperature
hol ding the liquid nediumas discussed further below, the residence tine,
degree of crystallization, and energy efficiency of the process can al so
be controlled by the optinal selection of the heating nedium It is
desired to use liquids that have a high heat capacity to optim ze heat
transfer to the pellets at the | owest possible residence tine. Liquids

whi ch have | ow vapor pressures are also desirable to further reduce

equi pnent costs since a vessel with a |lower pressure rating can be used.

However, a si gipof ?ﬁ@dﬂfa FvehterSOaRIut PP Hromessh tingrftaref 760 thrr at d0GPCer i n t he
selection of the liquid is the ease wth which the liquid is separated
fromthe pel | 2106 torr lae] 4086 7 55tterr whi&RCt he liquid is volatized fromthe

i nsi de of the pellet, d the costs assqchate |t I i ng and
recircul ating the @é%@g’?@cﬁqﬁo F"E%t?ﬁ?f?a}y en@&r%fc\éqc%n%aﬁ?@ gghgglgg%ﬁgﬁeml ten
pol yester polyRfer videe phBdie han datery THE tewipeifure 3f CHqUidmediins ofit t ract i ve and
the ease with which water is separated fromthe pellets and vql atjzed from

the pellets ipolpaikdemegiycolsmsa besethighst thep sates abthe pamg prepsurg toglgese torrat

room t enperat ur 760 t ' . 0 14 burs iflgdd orr at
| SO OC. Pol yaﬁ%@?'gﬁg%ﬁ O%%ﬁ @aﬁleésﬁ%wegigmﬁ?nﬁy eénlreto g%dyc%fm%%s lflr%ilet hyl ene
gl ycol , have tha ligoidafhiedian asnentt €fesdme térigsanaturztused fof heatingmpxteratDuegoof a

i quid medium of = pol yal kyl ene i %her t han water at the

| | b h
sane pressur etheis lgves yaporpfgssure %@ﬁ%ﬁg gﬁ'nﬁ%ls g‘f“sn?th'épﬁl 1 §{OTF FOYTRE | i qui d

medi um  or t o, kadiueehah B! GBwEVEr, bBi vier dnBQlycblRUkdlsuiBBicwr ane at the
same tenperature used for heating water. Due to their |ower vapor

pressure, devpreferied lingids firpsotsshe hguid mediysel | ets is nore energy intensive
G i
ot her |i qui dsprskiufdofdRPli@AE melidnV@R®E used. For example, water can be mixed with
other glycols in an amount not exceeding the solubility of the glycols in water
under the operating conditions in the liquid medium zone. It is preferred to use
liquids which are water soluble so that excess liquid can be removed from the
pellets by water washing.
In one embodiment, the liquid medium has a boiling point at 1 atmosphere
which is less than the temperature of the liquid medium contacting the molten
polyester. And conversely, the temperature of the liquid medium in contact with
the molten polyester polymer is higher than the boiling point of the liquid medium
at 1 atmosphere.
The pressure on the liquid medium is equal to or higher than the vapor
pressure of the liquid medium in order to prevent the liquid medium from
vaporizing. The globules should reside in the hot liquid medium under a pressure
sufficiently high to keep the liquid medium in a vapor/liquid equilibrium or
completely in the liquid state. Since each liquid composition has a different vapor
pressure, the particular minimum pressure on the liquid medium at a given
temperature will also vary with the compeosition of the liquid medium. The

pressure may be induced by way of injecting a high pressure inert gas such as
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pressure of the |liquid nmediumcan be used. For exanple, water can be m xed,
with other glycols in an anbunt not exceeding the solubility of the
glycols in water under the operating conditions in the Iiquid nmedium zone.
It is preferred to use |iquids which are water soluble so that excess
liquid can be renoved fromthe pellets by water washing. In one

enbodi nent, the |iquid nediumhas a boiling point at | atnosphere which is
| ess than the tenperature of the |iquid mediumcontacting the nolten,

pol yester. And conversely, the tenperature of the liquid mediumin contact
with the nolten pol yester polyner is higher than the boiling point of the
liquid nedium at 1 atnosphere. The pressure on the liquid nediumis equal
to or higher difiegens breaity apostherpuitahiegss, of byt pranpingje seeater anowitioh lidkider t o
prevent the liquid nmediuymfyom. vaporizjng.,.The .al,ob .sho eside in
the hot |iquirae¢rwaiﬂefﬁ1ﬂlfn&l¥%‘f ’&%P@éﬂ?-eiitg‘ﬂ?‘f‘{e&’ é‘%t%“‘%‘?‘%ﬁﬁ{%’o‘%’g‘é% the

| qui d redi Urgdflaand GRREEd @bt 8Hetdsbiry yrasaire toaRapliRtabr dnd tuid in qui d
state. Since eac Iquid conposition has a different vapor , pressure, the
particul ar nieguitibniupriessinsed systerrh cO1, 2 gombingtien offhese P &g per at ur e

will also vag(}_/1 W th tbhe ?(%igrrposition of the liquid nmedium The pressure
maybe i nduced™fAPS R *6#5¢%j ecting a high pressure inert gas such as 27

nitrogen, or air, amy vepdigressitt bRbliguidaspormallpyetpnmipichexperigentatly frommount  of
liquid mediuminto the Iiquid nmedium zone.. Alternativel the liquid
medi um may bethe pressuseiexerted by o ¥apeE i hew the diamid 40 VAR LG 1LY sure to keep

the vapor and. il Hwefd|iid Rkibiih fotfal phBegknaMBACIR 1iglid and eqsdhi nat i on
Shre g’ ns m

of these pres Irnducin nme y be used. The vapor pressure of a
liquid is norinahé hquiemedinmrede meyant breinteghilipritmaheny sieglp pegs i meer t ed by

171 s poss! bl Beatonaitiiihe JLaCearRBS oy St RETSE FrfP GOl En HECY R
9 5 T AR b It B i 1
per t ur bat i onspibings Yedves, weirs, etc. and non-uniform heating. Asa remHt, Fl)t is possrbefe.:tbat
less static pressure on the liquid is needed to keep the liquid medium from boiling
compared to the static pressure needed to keep that same liquid from boiling in a
closed system in dynamic equilibrium. Accordingly, the pressure within the liguid
medium zone is also deemed to be at or above the vapor pressure of the liquid
medium if the liquid medium does not boil, even though the actual static pressure
in the liquid medium zone may be slightly less than the theoretical pressure needed
to exceed the dynamic vapor pressure of the liquid medium.
The pressure in the liquid medium zone can be controlled to allow for
adjustments in the crystallization temperature, thereby also controlling the
residence time of the globules in the liquid medium. Using water as an example, its
boiling point at 52 psia is 140°C, and at 69 psia is 150°C, 115 psia at 170°C, 145
psia at 180°C. Accordingly, the pressure can be set high to increase the boiling
point of water and decrease the residence time of the globules in the hot liquid
medium. Pressures of 25, 100, 150, and 200 psia are contemplated as suitable for
most applications.
The liquid medium may be static so as to allow the molten shaped polymer

to be pulled through the liquid medium (as in the case of strands) or to allow
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system well known to those skilled in the art, such as pressure
differentials across piping, valves, weirs, etc. and non-uni form heati ng.
As a result, it is possible that |ess static pressure on the liquidis
needed to keep the liquid mediumfromboiling conpared to the static
pressure needed to keep that sanme liquid fromboiling in a closed system
in dynamc equilibrium Accordingly, the pressure within the liquid nedium
zone is also deened to be at or above the vapor pressure of the liquid
mediumif the liquid nediumdoes not boil, even though the actual static
pressure in the liquid nmedium zone nmay be slightly | ess than the
theoretical pressure needed to exceed the dynam c vapor pressure of the
liquid medi ungloBilies tprfeibthroughitire liduéd medjuindfontheidesiredgertdenan time teédnued| | ed to

allow for adjustnents in the cgrystallizatj.on t er.at ur al so
control |ing tiedesiteddawpe Wg@[%ﬁophéltﬁplghﬂﬁ%stﬁ?ﬁq lﬁgeﬂ%%ﬁmng%%m Usi ng
water as an efappl &n{)jtﬁt.s%loglﬁiaé ot eRéd desation, GSF Aotits carAPhEglabnitspdt 69 psi a
is 150'C, 115 psia at 17/0'C, 145 psia at | 80T, Accordingly,. the pressure
can be set hi lghst toimpagrsatfisient Aewios furbwgnce o keap the ciphlet framstighiag dse t he
residence tine pof .the globules in the hot liquid nmedium Pressures of 25,
100, 150, andeaﬁgﬁthﬁ%i a are contenplated as suitable for nopst applications.
The 1iquid nedi um preserddey, Siediquid mediasm Has a dloound the flowi raterand yeed fowt yner

to be pulled through the |iquid medium (as in the c of . strpands), or to

al | ow 28 gl obiglsetdosebmeses the globulss: %%Pmlaﬂ?fﬁ%m‘%%qf e, @n ﬁ‘&giqﬁ’%’d
residence ting fo i itk (EOREE QblobubSE sdrsideaidi on.

Al ternativel Si?le{hﬁ{en#ﬂgﬁgam%egg?ﬂﬁgln%b?%have_aa_ fllowto carry the globules to
a desired desibagigedrin therdiguid metiurmevhea the/liquidmgdivm arselopsthe epitgst to i npart

sufficient flow aor turbul enc keep th f: igking to each
ot her. Pref er&lﬁp‘gl?' hﬂgcﬁ'qrrfgf’ Emhﬁl&’f' ﬁ'ﬁcﬂréssl&égci‘ %\}H\#F%ﬁéf @Egﬁ%og\lfvﬁ ér1at e and type
of flow is sghpiies SHeMRIGRA ih@e Slubitlags poifhéurpmrcrystailizatiof bbther at e wi | |
depend on the " liquid nediumzone volune and the globule.feed rate. A

gl obul e i s coglebules, suernsthonghsgag if rptaf globuleyp ERMHERE A% | i qui d medi um

envel ops the &:pr}pioga%ly on or above the surface of the liquid medium, which may occur in a

turbulent environment. Preferably, the globules are submerged over substantially
the entire time the globules are crystallized.

The residence time is desirably short to limit the cycle time, reduce the
equipment cost, and to minimize It.V. loss. The residence time is the time lapse
which the polyester polymer experiences commencing from the introduction of the
globutle into the hot liquid medium (above the Ty of the polymer) to either the time
when the temperature of the polyester polymer drops and stays below the T, of the
polyester polymer or when the polyester polymer is removed from the liquid
medium, whichever is shorter. In a preferred embodiment, the residence time Iis not
so Jong as to substantially increase the It.V. (which can be correlated to the weight
average molecular weight) of the polyester polymer. Although the process of the
invention allows one to keep the globules in contact with the hot liquid medium for
a time sufficient to increase the It.V. of the pellets, it is more preferred to reduce
the residence time to that necessary to impart the desired degree of crystallization
to the polymer, and as noted below, if one starts the crystallization of a polymer
having a high It.V. from the melt, a solid stating step can be altogether avoided.
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gl obul e. However, the gl obules are considered subnerged if the bulk of the
gl obul es are enveloped in the fluid at any point during crystallization of
the globules, even though sonme if not all globules at any one point in
time are. tenporarily on or above the surface of the |iquid nedium which
may occur in a turbulent environnent. Preferably, the globules are
subnerged over substantially the entire tine the globules are
crystallized. The residence tine is desirably short to limt the cycle
time, reduce the equipnment cost, and to minimze It.V. |loss. The residence
time is the time | apse which the polyester polyner experiences commenci ng
fromthe introduction of the globule into the hot |iquid nmedium (above the
Tg of the pol ymer ) Theresidéree tindelod the glabulasfierﬂletlﬁmﬁdmaqlien‘eismelimﬁed he

pol yester pol yner drops and st bel o the T ester ol ynmer or

when the pol yHeweyerpal adyaptageot, %‘?ﬂ\?&?ﬁsf‘ OFIF'QXE’FS}' ‘%@18}'/ fchever is

shorter. In a ﬁ&hﬁésro?@esﬁfﬂf’%giaﬁ%'&he g?&ﬁué %%bgleasﬂcrystﬁuﬁmmﬂM% o080 long as
ase

to substantla yirncre can be correlated to the weight
aver age nol ecioge, on25% bt jnocd, 30%heor parirg,end evengir E@r@% oraners @6 Fieasuied Br ocess of

the inventio aII ws ope to keep obul es hot
liquid nmediu “ﬁﬁlgtﬂe Q’r?'?‘% %éqrﬁtélsg’ AtBP %@%{l}q\m‘#rﬁ?#}g&pel lets,
it is nore prF&ﬁh&ﬁqpﬁmaﬁﬁguseegréeeoﬂceﬁdtﬂm@aaﬁgﬁgfrbfmzsaato memssary to
inpart the desired degree of crystallization to the p as noted

|y
bel ow, if oneswtahlet. sﬂdf@Sléwgﬂmelcmzanndw 28 flovg apBIPLA AN ﬁ%’Wﬁl&f"g%l gh It. W

fromthe nelt,.a solid t han he

resi dence ti ngm?ﬂ‘t st':lﬁ"ge éﬁ%goa‘%ﬁogghﬁs%ﬁ B‘Serf#) &g&urﬁmlts &Aﬂ&?rﬁt eagT
However, an agyanisaee tof Smﬂethab@@ml&aﬁxbﬂ uims tcooteaih @ degree bEerystakinity of dence
time to 15 mnutes or less to inpart to the gl obul e % de rei 81;
crystallini tyZ@%ozm@mdqvgnéO%@(rngg%a@geS(ﬁSQIggmgtﬁd Msrds i g &n up to
40"/ o0 or mreﬁ%ﬁltggeoa}si# ed in the resulting pellet taken imrediately after
its separatio € liquid nedium For nost applications, a degree of
crystal linity rangingmbrepref2isd ¢mbathi¥ventscrysallizatisngs coriheted asthaabeeace i me can

even be as |ow_as nore han 0 s 0 o 10 dependi t he
crystal | i zat i 8hrofatipganes ‘HF‘@HYRE %&?ﬂﬁag?%’rne%e F&lﬁé' funt Jons. HotizoRtal

liquid filled, rotating paddle agitated vessels are known to provide the necessary

motion to prevent pellets from agglomerating during crystallization. In this
embodiment, however, capital and operating costs are reduced by avoiding rotating
mechanically induced agitation during crystallization while also avoiding
agglomeration. This may be accomplished in several ways. Globules fed into a
non-horizontally oriented liquid medium zone filled or nearly filled with a liquid
are allowed to settle through the fluid toward the bottom of the vessel while
providing the globules and optionally resulting pellets with the buoyancy and
necessary residence time through an upflow of liquid medium and/or by
controlling the density difference between the pellets and the liqud medium.
Alternatively, the globules may be fed through a pipe acting as a liquid medium
zone under a flow of fluid to keep the globules moving through the pipe.
Desirably, the flow rate and type of flow of liquid through the pipe prevents or
contributes toward the prevention of globule agglomeration or sticking to the pipe

walls.
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from 140"C to 1800C, the crystallization tinme to obtain a degree of
crystallinity of 25%or nore and even 30% or nore ranges from greater than
0 seconds to about 8 mnutes or less. In a nore preferred enbodi nment,
crystallization is conducted in the absence of rotating nmechanically

i nduced agitation in the liquid nediumzone. Horizontal Iliquid filled,
rotating paddl e agitated vessels are known to provide the necessary notion
to prevent pellets fromaggl onerating during crystallization. In this
enbodi ment, however, capital and operating costs are reduced by avoi di ng
rotating nmechanically induced agitation during crystallization while also
avoi ding aggloneration. This may be acconplished in several ways. d obul es
fed into a non-hanicgeBinBbdidhest, tHRNis€Of dostiypssuediiateh crystadlizdationeahksr nearly

filled wwth a liquid are allowed to settle thr ugq t he flulia?c: toward t he
bot t om of theme:ebwmdﬁﬁihyé:rysﬁwlmgjglﬁbulﬁmﬂgal%lﬁi@sg%%ﬁﬂ ally resul ting
pellets with th - qp‘qj- ' LlLid i P igéushh upfl ow
of liquid ned‘frﬁ%alg%%ylgg y‘3 colrﬁ?ﬁo%efﬁ%%{ggﬁglgﬁgftﬁ é‘lﬁrﬁeerence b%t ween t he
pel l ets and tfipe having 4h aspebit vatio L/Bl dfat leadtil§d| wherelngthe plobulesarenay be f ed
through a pipe acting as ,a.liquid nmedium zone under a flo f uid to
keep the gl obgryealli Fﬁ@‘dtpfﬂec?ﬁﬁhq't‘ @%‘%FGI@EQHFQﬁ??Per%&?EW{'&Pe and
type of flow A BbIgmeh T R4 thiiebdiRfpRisRARbh cOfiventioil Wediels @ tHapwar d t he
prevention of&gyéost)egpgl aggl o rat‘iﬂgon or_sgPiirScki ng to the pipe walls. 30 In
one enbodi nent pipt has ansspest ratiostf lapgtirte sliameterof geedtes thag 1411, predgraly t anks  may
be avoided by crystallizin | gbul es i I PE- TR,
crystallized grﬁatg' tbi“bg ‘f)’s}mg"le%ée??rf‘ g %ea?qrghvz\;% oﬁﬁm%ﬂf"‘%ﬁpﬁh‘g?’h qualvgl%nedi um
through a pi peashérdtid oFat REASH ik aichBivk loPa edriedlof bipasjoirkd b, coupkimgsi n t he

gl obules are crystallized in said pipe at a |liquid nediumtenperature
greater than ¢lbewsry-tom, bends, 85| yest er pol yner. A pi pe may be di stingui shed
from conventi onal S ' - b REGH1y B aDoSE ok ength to
di anet er of great e]rﬁ%tlﬁpgénéef@élgghgfig?%ﬁt rreag'?g?‘sgthanyza& 1, rmroe
preferably grgafegprefdrabiy 500°C.or Titvee, Insore prefayibly h30°0i qrendresandgnosty

preferably 140°C or more. It is also desirable to pressurize the pipe at or above

the vapor pressure of the liquid medium.

The pipe may be designed to provide partial or incomplete crystallization,
or to finish off crystallization. The degree of crystallization imparted to the
globules in the pipe is preferably at least a 20%, more preferably to at least 30%,
and most preferably at least 40%. The globules can be crystallized to 25% or more
at a residence time of 15 minutes or less, or 10 minutes or less, and even 7 minutes
or less. In one embodiment, the globules are crystallized in the pipe to a degree of
crystallization of 30% or more within 10 minutes or less.

The pipe is preferably devoid of internal devices such as mechanically
rotating paddles, and more preferably is devoid of in-line mixers, weirs, or baffles,
and the flow of the liquid medium is desirably in the same direction as the flow of
the pellets. The pipe may be filled with a shury of liquid medium and globules.
Alternatively, the pipe may be filled with a vapor, the liquid medium and the
globules. The pipe may be oriented horizontally, sloped down to allow gravity to
assist the flow of globules, oriented upward against gravitational forces and in an

upflow of high pressure fluid to induce a high degree of turbulence, or a
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an aspect ratio of at least 15:1 is inclusive of a series of pipes joined
by couplings, elbows, u-turn, bends, etc. In a pipe design, the liquid
pedium tenperature is suitably about 90C or nore, preferably 100C or nore,
nore preferably 130C or nore, and nost- preferably 140C or nore. It is also
desirable to pressurize the pipe at or above the vapor pressure of the

| iquid medium The pipe nay be designed to provide partial or inconplete
crystallization, or to finish off crystallization. The degree of
crystallization inparted to the globules in the pipe is preferably at

| east a 20% nore preferably to at |east 30% and nost preferably at |east
40% The gl obul es can be crystallized to 25% or nore at a residence tine

of 15 mi nut eScebihdtivg of thesclRatiiesUThs flow threagh thapibesvilicothpriseimplien amd | ess.
I n one enbodi ment, the %jobules_are crysts%lize in the pipe to a degree of
crystal | i zat i ‘oncrystaligepelymep liguid and optiopally; YaeRlo%r | ess. The pipe is

preferably devoid %@F%?%%ﬂ%%fc’%ﬁ%%eﬁ SRENAMESHRDE ¥ to'thd ﬁib;b)pg

paddl es, and nore ‘prefrera I ne mxers, weirs,
baf fl es, andmhjbe ivoidbd@ber inaht atspainct afeatiting inechduisiltipkdycadragithéonsbine

G A e ot Pl WA 211
a vapor, the nLéS@ig%sgeéﬂE?éddB% gémt s Mom@hR ih ¥e pipk eWRilB SpoTadic benekidrent ed

hori zontal |y, down to allow gravity to "assist the flow of globules,
ori ented upwesghlagmitivatmay eoeint iatin tegiips, dhe Fequeney ormuaiber obglebwlest hi gh

pressure fluid to induce a hi.gh deqr. of, turbul r  nation
of these feat Ner cﬁf’%‘?&t‘%ﬁ%@%"ﬁﬁge B‘fvﬁagcr\%/)\rn}g%ﬂ@gn%?’iagg%l§en and /or
crystal line pgl See ejebted oth sueh eqiphenand diyerstapor flow. Significant

sticking of the globules to each other in the pipe or to the gige may be
avoi ded even in t ha lighiddlovevalscityof ddi/ner metennsitiable to PIOYHFARPIEEIYt i on by

houl d be adjtxPLaopus: BhEurESRE b Bttty O de gloBRs LM Yl oot Y
sporadi C or nNAlBAY the pip@!vaille tvimagrandaticloweach otheri nAt hresigienes, imbmogingquency or
nunber of gl Og‘grlnef) seconds to 20 minutes, the pipe length and diameter may range from 30 ft

to 9600 ft at a diameter ranging from 1 inch to 14 inches with a liquid medium

velocity ranging from 1 ft/s to 8 ft/s. Other pipe lengths and diameters are suitable

as well, and the optimal pipe design will depend upon balancing such factors as the

cost of pipe based on its length, diameter, material of construction and pressure

rating, the energy required to pump the liquid medium, the thermal energy applied

to crystallize at a desired temperature, the polymer IV loss, and the desired

residence time.

Once the globules have been crystallized to the desired degree, the globules

or the resulting pellets are separated from the liquid medium. The globules may be

separated as such from the liquid medium because at temperatures ranging from

100°C to 180°C, the globules, once crystallized, have sufficient strength and

rigidity and are under sufficient pressure on discharge to avoid unduly clogging the

separation equipment or sticking to each other during or after separation.

Alternatively, prior to separation, the globules may be allowed to cool to a

temperature below their sticking point, or to a temperature below the T of the

polymer to form pellets in order ease the task of separating the liquid from the
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aggl onerating does not interfere wth the dewatering equi prent, and the

gl obules or pellets ejected fromsuch equi pnent are discrete. Aliquid
flowyvelocity of 1 ft/s or nore is suitable to provide a continuous flow
of globules in the pipe while reducing the tendency of the globules to roll
along the pipe walls in mass and stick to each other. At a residence tine
ran i . glng from 30 seconds to 20 m nutes, the pipe |length and di aneter
may range from30 ft to 9600 ft at a diameter ranging from 1 inch to 14
inches with a liquid nmedium velocity ranging froml ft/s to 8 ft/s. O her
pi pe Il engths and dianeters are suitable as well, and the optinmal pipe
design wi Il depend upon bal anci ng such factors as the cost of pipe based
on its | engt hpolgthamelRiwingrthie @olyader of conbrsform pelidnpraordo perasationgeducas i ng, t he

energy required to punp the liquid dium . .the therpmal ener applied to
crystal lize athesziska ﬂlFBHIYF’éﬁﬁE&HthP le SEPRTating) SAREIEHOf t&@?“iﬁ@“&ﬁe desi r ed
resi dence ti ‘Qﬁce t he gl obul es have been crystallized to the desired

degree, the 2s or the resulting pellets are separated fromthe
li qui d medi um TheTlgispasuiotes atraye indFigure &pthe ligeid medivmy atayfeliny e 8lOW 91qui d

nmedi um because at, tenperat ures .rangi fro 0- - e gl obul es,

once crystal | figRgse Wg{gga?ﬁ? 7@8?%%!’@85&6? ﬁ; %fﬁtge P‘%P’%‘?&%ﬁgs glrﬁtbgr egunder

suf ficient pr&%éh&&ﬁsh@&b?hﬁ%gﬁ%él@r AR o liquid ity a clage i the lighid medwar at i on
C

equi pment or sticking to éach other during or after separation.
Al 't er nat i vel yzonemiten theglesisqsdegreie i crystallizgtionis reasherhgr sybstantiaiyaerchefd.cool to

of the pol yrE P isPiesr e S Gia AR g abbnd @ et SIRES AL BAFHET | 12 1O
l'iquid from tine pdBmizptesises in thé lignid agmiap ecquo by mischarging tled shiroy inte mlgiel | et s
Cepar at  on. equmphiank oBlonely erelier Bl aphargp et A58 sdwne BBoRBen” above
DR b, i O el St sk e o ur

both such as relieving the pressure on the liquid medium while introducing a:cool

water feed into the hot liquid medium or into a let down tank. For example, a cold

feed of liquid such as water may be introduced into the let down tank at

atmospheric pressure to convert the globules into pellets, followed by separating

the liquid from the pellets.

However, since it is desirable to conserve the heat energy in the liquid

medium and re-circulate the hot liquid medium back to the cutter/die plate, it is

more preferred to separate the liquid medium from the polymer while the liquid

medium temperature is above the Ty of the polymer and avoid or reduce the

tendency of the globules to stick to each other during separation by keeping the

globules jimmersed in the liquid medium during the dewatering operation.

Immediately after separating the globules and/or pellets from the liquid medium, if

necessary, a cool stream of liquid may be directed at the globules/pellets to further

cool the globules/pellets and prevent them from sticking to each other. While the

globules and/or pellets separated from the liquid medium will continue to retain at

Jeast surface moisture if not some amount of water within the interstices of the

globules/pellets, this amount of liquid may be insufficient in some cases to

completely and consistently avoid agglomerating the globules/pellets to each other,
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acconplished by injecting a cooler flowof liquid into a stage in the
liquid medium zone when the desired degree of crystallization is reached
or substantially reached, or by depressurizing the |iquid nmedium zone at
one or nore stages during the tine the polymer resides in the liquid as
may occur by discharging the slurry into a let down tank optionally seal ed
with the discharge outlet, and allowing the globules to settle and cool in
the | ower pressure environnent, or optionally a conbination of both such
as relieving the pressure on the liquid medi umwhile introducing a; cool
water feed into the hot liquid nmediumor into a |l et down tank. For exanpl e,
a_cold feed of liquid such as water nmay be introduced intg the |let down
tank at at mgpheliydf pisgchules o highriersparatureewlyich B dissharged, Pays it s,

foll owed by separating. the_liquid.fromthe,pe : I it is
desirabl e t o BOHEEFHRO @tﬁég}quy,@p% 1ﬁe5{rﬁ% A slkrlg]%%lgf 11!{[(‘1@@?%6%%11@%&%
re-circul ate 4e figh dd diblesdlor pRikcdepiaretl ionttit lignifdhadiphate, 1t 19

ed to

nore preferr separate the liquid mediumfromthe pol yner, whi.le the
liquid ned uietedpethadiscbargel globes/peHetsfo regicq their B%‘H%?Wé‘l“:eéﬁﬂ PERMT or

reduce the tendency.of the qglobuleas.t ' q
separ ati on bfoﬁgﬁ\?%&yttﬁgreﬁ}ﬁ%gﬂﬂ% ¢ ﬁ%%@é%%iaﬁoﬁg%'%l rﬁfgg&{egm during
the dewat er i ng oRRE hly@smalll ffovest @obliyuidid soidleyargo vapprizadarge obul es and/ or

pellets fromthe liquid nedium if necessary, a cool streamof |iquid may
be directed ajuantitiesqif bhviddsa pehispquest d¥eR urt her cool the gl obul es/ pel l ets

and prevent them f o ahlcahl B8 AR brallalrscilhild hiRquiahalailne soand! o

pel |l ets separated umw Il continue to retain at |east
surface noi Sté globlilenod pelersin anpliqtid oledinat eampeisitioprcaniiekei maceristheces of the
gl obul es/ pel | et

s, this amount, of |iqui,d [ be, kN - CI. ! cases
to conpl et el jaudhmediynzoar.«nthe Sumpe b&égﬁ%ﬁ?{&?% P%gﬂ% %@g%%tﬁ§%| lets to
each other, 3 ' Hévidd fof S {HRpeBéts froh thbligeidpadatpressurehi ch ar e
di schar ged. ggﬁﬁ?ﬁryrégh%?ﬂevrl er?‘oogiqllr%en%J o?et hz i nvention, %f desired, a

stream of |i gifincedat. df the higuidanedium isdspressurigad.ithetempetire deadBresiipel | et s

a1 obul e/ pel | BPTESUE SRR ey g sh PEE sl BRigumisherses
minimize losing the liquid medium due to flashing and thereby avoid energy loss
and/or adding costly condensers. It is also preferred to dewater starting from a
pressure close to the liquid medium zone pressure to reduce the residence time of
the slurry after completion of crystallization and before dewatering. While the
pressure on the slurry prior to dewatering is preferably greater than 1 atmosphere,
in a more preferred embodiment, the pressure on the shurry prior to dewatering is at
least 70%, more preferably at least 80%, and most preferably at least 90% of the
pressure in the liquid medium zone in order to reduce the cycle time, avoid the use
of cooling equipment, and/or avoid losing part of the liquid medium due to
flashing.

The exact starting static pressure on the liquid medium and pellets (slurry)
prior to dewatering is dependent upon the temperature, capital considerations, and
other factors. During or after dewatering, however, the design pressure drop on the
pellets will also depend on the polymer properties of the pellet to ensure that the
pellet is sufficiently porous and/or rigid to maintain its structural integrity upon

rapid depressurization. Those of skill understand that certain polyester polymers,
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sonme lubricity, thereby reducing their tendency to agglonerate. It is
preferred to introduce only a small flow of cool liquid to avoid having to
vapori ze large quantities of liquid in a subsequent dryer. The dewatering
of pellets (the process of separating the liquid nediumfrom the globul es
or pellets in any liquid nmediumconposition) can take place in the liquid
medi um zone, or the slurry can be discharged fromthe |iquid nmedium zone
and transported to a device for separating the pellets fromthe liquid
under pressure if -needed. If the liquid nediumis depressurized, the
tenperature, head pressure~ and pressure drop across the dewatering

equi pnent shoul d preferably be set to mnimze losing the |liquid nmedium
due to flas h| mhamﬂolybthylehwn@hdla&ttenﬂhagybsoolswateaqdﬂdv oaddmgalmsﬂlrey
condensers. is al so ref erred 0 de ter startin a essure cl ose
to the liqui d”ﬁé’oﬁsﬁfrﬂei’é ates Pl 8&?&%“3%"““"8@} ﬂ?&a{?ﬂg of the

slurry after ﬁ%?&%ﬁ’iﬂaﬁﬂn%ul?sﬁﬂ%hﬁédrhﬁgbf&Heﬁ%@orﬁﬁlﬁd@r ThagEd grobagis Wi | e the

pressure on t urry prior to dewatering is preferably greater than 1
at nosphere, designedrty ayopi presshreabiopsarole Hbglﬂes eteellsiseducl wsyhdefpniag yr r y
prior to dewa ergl&bgl ﬁr | east 7 0% nore preferably at |east 80% and
nost preferab ecgé’f3 9 0% of the pressure in the liquid nmedium zone in

order to reduce th@mﬁﬁ[&cﬁvichm,coﬁt\ﬂﬁiods]th:meme(gﬂowmmipglmfrbm’thﬂt and/ or
avoi d | osing Eart of the liquid nediumdue to Q}Bg The exact .starting
static pressu @némeﬂn@mcéﬂmsmwﬁeaﬁar%rr étt%”‘g ygpor pressire0f

devat erl ng | SudRERATRELHBRR kPGS B Ef o GAILAL giNAIWSbALIONS, and

ot her factors tering, however design pressure
drop on the pthkd d;atvﬁccwﬂuth sarbsxmntchﬂpeﬂahnmﬂwmswe Iwythm thprllqplérm¢@sm@bn@ he

pellet to ensure that t (@b‘# i sufficientl or rigidto
maintain its ¥HeaKQwiRE erﬁl S WSF%?‘E%E%‘PE@ alnﬁe%tl%n Those of
skill ‘understand t@%secﬁﬁﬁmltﬁbd@é&bh&%ﬁérﬁ&hmwﬂiﬁ{ urfade ravisturesr liget hyl ene
napht hal ate, either absorb water qui CM or do not allow the_ rapid escape

of water ent r aiediath within e iptsrsitites Qf the globplss er pellstsitan b rempied by diing
depressuri zat |0 "biobules o ﬁeﬂets BBy Q5 VeRGor2 dlf%lh ks ARELIHIVE, EtrearhBfSooll NE

process is
liquid may be directed at the discharged globules or pellets prior to feeding them to

the dryer to reduce their temperature and reduce the tendency for agglomeration.

The 1t.V. of the polyester polymer melt is not particularly limited. A
suitable It.V. ranges from 0.55 to 1.15. High It.V. pellets in the range 0f 0.7 to 1.15
may be crystallized while avoiding the costly step of solid stating. Ina
conventional process, 0.5 to about 0.69 It.V. pellets are crystallized in two fluidized
beds using a countercurrent flow of air, followed by annealing in third vessel using
nitrogen gas and then fed to separate vessel at higher temperatures and lower gas
flow rate (nitrogen) than used in the crystallization zone to further polycondense
the pellets in the solid state and thereby increase their weight-average molecular
weight and corresponding It.V. to about 0.7 to 1.15, which is a costly process. In
the process of the invention, high It.V. pellets in the range of 0.7 to 1.15 may be
crystallized while avoiding the costly step of solid stating. Thus, in one
embodiment of the invention, a molten polyester polymer having an It.V. of 0.70 or
more is brought into contact with a liquid medium for a time and at a liquid

medium temperature sufficient to induce crystallinity to the molten polyester
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designed to avoid pressure drops on the globules or pellets which result
deform ng the globule or pellet. Suitable devices to continuously separate
the globules or pellets fromthe Iliquid nediumin closed system under a
pressure at or above the vapor pressure of the liquid mediuminclude
rotary valves or a set of dual knife-gate valves or any other device which
substantially retains the pressure within the |iquid nmediumzone while

all owing the globules or pellets to separate fromthe |iquid nmedi um
Subsequent to their separation, the renmaining surface noisture or liquid
mediumwi thin the intersitices of the globules or pellets can be renoved by
drying the globules or pellets in any conventional dryer. As noted above,

a stream of cpdymer altpmdg ﬁmyndi@ndrys@d:l!@d pabymento Qﬁolstﬂﬁaﬁ"?j]éﬂ agfl swlatag or

pell ets prior themt rature and
reduce the teft 88?\11‘39 ﬂﬁF%H’&r Eecu wellgbpt{}:tﬁgﬁquhﬁengg%yes rg pol ymer
melt is not {r/&dl%sﬁﬁ?)ls Jneéﬂtta@ﬁpméess Sdiiringlok eftértcr))étallliﬁﬂgﬂand beforeth55 t 0

1.15. High It. s inthe range of 0.7 to may be crystallized
whil e av0| di n@ymtg@teposmnylugt%pma@%telywosEOalpFrﬁ@lcmgrPeQetSd@H\?éﬁ?lF onal
process, bou t | ui di zed
beds usi ng a ?re?vhﬁgrngc%%as%ﬁ ow o?écgtlalr‘ éleghf?@v%g&%& {hgﬁﬁg%t:aﬁg@ﬁgt hird

vessel using thebtdce@eiodas cayehllided highdd vt pellﬁqaancwl:ar orpsabizingipolyesitrer
tenperatures and lower gas f|ow rate (nit

crystallizati Pﬂi\yfil@rféof{léheffﬂ?lf Yiethous §pVing n‘E @egt@ Wé@%‘ﬂ%w?‘ﬁgt Golid
state and t he&??}%&ﬂﬁ}% rﬁ?ﬂﬁiersowétgﬂ&i)gﬁy & 1ﬁﬁ@dﬂl‘m3&59é@5wllm pélletsind

correspondi ng out 0.7 to 1 which is a costly process. In
the process ofnid himjéctiorernoldimg mhhipie drtother eptesiantmadhinetfpemaking®refome, 7 t o
1.15 may be tallized while avoiding the costly step of solid stating.
Thus, in one § ﬁﬁgﬁ W&C ' the invention, a nolten pol yester polyner

having an It.V. ofTi iffer@ibn cibefuitEerttindergldbd by keferenet ta@ne ot idoreof thejui d
mediumfor a tinme and at a liquid nediumtenp eraturﬁ; sufficient to induce

crystal | i ni t yFigores h@dw@mdmnp@wryéaqhesﬁr\e@ tﬁdn%‘é]’ﬁ ongiof BiGTAYS he nol t en

ner easi ng. t nevred Byt Sitifidhe tp8ePRE biknifE On e icdond BRnBe €1 W Ehout
scope of the invention can be designed by reference to the description without
departing from the spirit or scope of the invention.

As illustrated in Figure 2, a molten polyester polymer stream is fed to an
underfluid cutter 3 through line 1 using a gear pump 2 as the motive force. A more
detailed view of the underwater cutter is illustrated in Figure 3, with coinciding
reference numerals in Figures 2 and 3 referring to the same equipment and process.

The source of the molten polymer may be from pellets fed through an
extruder to the gear pump 2 or from the melt phase high polymerizer or finisher
(not shown) fed to the gear pump 2.  The molten polymer is directed through
orifices 4A on a die plate 4 and cut with cutting blades 5 as the polymer exits the
orifices. The cutting blades 5 and the inner surface 4B of the die plate 4 are in
contact with a liquid medium fed through a feed pipe 6 into the housing 7
containing the cutting blade 5 and into which is mounted the die plate 4. A suitable
liquid medium comprises water entering the housing at a fluid velocity of 1 ft/s to 8
fi/s, preferably 1 ft/s to 4 fi/s. As shown in Figure 3, the flow of liquid medium
through the housing 7 sweeps the cut globules away from the cutter and into the
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By solid stating is neant any process, during or after crystallization and
before the drying step is conducted imrediately prior to introducing
pellets into a nelt extruder, which increases the nol ecul ar wei ght of
pellets in the solid state. Thus, the process provides crystallized high
It.V. pellets made by crystallizing polyester polynmer fromthe nelt

w t hout having to further increase the nol ecul ar weight of the polyester
polymer in the solid state prior to introducing the crystallized pellets
into a injection nolding machi ne or other extrusion machine for naking
prefornms, sheet or other articles. The invention can be further understood
by reference to one or nore of the Figures and their description, each
serving to ildutlst pipt 8 fartmnegort, Aeshowmyin Figuvodi interstosysillizar @ Cpﬁ@“é%so?fé‘ of the

‘invention. Oher e odlnen 0 an be

desi gned by r¥Pgt %est“baf’ OE%ECE‘@&{&BIH Stﬁllggln?éns%gggfj |°§1:3B ?gﬁct he spirit
or scope of tgsd OlonfFinkdr kst m&%tdrmerﬁpegatﬁ&ﬁtheamneﬂmpmSMcﬂyester
pol ymer streamPs fed to an underfluid cutter hrou(gllneé using a

gear punp 2 athraugh thegrysiallizes pinss 9 is %V%the@étoéﬂ}eé%? XptEPIYmehglopHas r wat er
cutter is illustr n f rals in
%IF[@EP at 65)( %H'[p ratire Withih acﬂh%ént cat thdn' RI0EA & 194 '

Fi gures 2 and e sane equip process. The Source of
the nolten pohwrfﬁérewelbﬁyfﬁ‘oﬂm%mo& f Atkhesertemprratares, thg pragelge withint he gear

punmp 2 or fromthe nelt phase high p rizer or. fi hown) fed
to the gear p@ﬁﬁrezsma@ %BISY%‘?F‘BHPW fYaﬁa @E’i@ﬂestél?‘%ﬂ;eﬁw%a es 4A on

a die plate @E&fﬁtofn& Gmntdgi Séan ; %%ﬁl@psﬁ@to’@m pl@ﬁ'u‘éﬂ@’waﬁé(ﬂds&hé he

orifices. TheP e I nner surface 4B of the die plate 4
are in cont aliquidirtetiue. mqmumlmuegm:fgedjmma@ugnpmmge?ea po.padahs nt o t he

housi ng 7 contalnln t he cut gd the die
plate 4. A suﬁ"’eﬂ’?ﬂﬁfoé aé'ﬁ%“&égt(g%@g?ﬁ%rllgnséﬂ da\}vgtla}ea&e\gr%t %%]ﬂr%ﬁgﬁ%oum ng at
a fluid vel OCinwes%th%pﬁﬁ]ﬁgs 0 afid 16.t Afer svaihg tabigh the Eryétallizatich fipéssfor As
shown in Figure 3, the flow of liquid medium throug h%gtt?gou ing 7 sweeps

the cut gl obuahest m\mond‘a'd%ﬂ@ ranuies; preferahiy from hopiR0 sego ipe 8 for
transport, as; showngi o BLREER féd thrdtigh pRpeCToS b dtuleiiater SpRtatdrags of a

comprised of a columnar screen 12 situated within the annulus of a tube 13.

A more detailed illustration of a globule/liquid medium separator is shown
in Figure 4. The separator 11 is a pipe or tank (column is illustrated). The
separator may be a pipe having the above described aspect ratio, or a tank.. The
separator is fed with globules and water through an inlet pipe 10 at the top of the
separator into the inner annulus 14 within a columnar mesh 12 disposed within the
separator 11 to form an outer anaulus 15. Thé separator 11 may be partially or
fully filled with water. If desired, the separator 11 may be filled with water below
the line of globule accumulation 32A, or at least 50% full 32B, or at least 80% full
32C, or at least 90% 32D full of water. The temperature of the water in the
separator is not particularly limited because by the time the globules reach the
separator, they may already have been crystallized to the desired degree, in which
case the water temperature in the separator can less than the T, of the polymer, or
the residence time of the globules in the separator can be calculated as part of the
crystallization time such that crystallization continues in the separator, in which

case the water temperature is above the T of the polymer. Given that the separator
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series of pipes in a coil or stacked to forma three di mensional box or any
ot her shape, including a long |inear tube. The water tenperature at the
outlet pipe 8 and through the crystallizer pipes 9 is above the T. of the
pol yester polyner globules, and preferably at any tenperature within a
range of greater than 100*C to 190T, and nore preferably from 140 to 180T.
At these tenperatures, the pressure within the pressurized |oop system
conprised of crystallizer pipes 8 and 9, separator 11, pipes 10, 16, 6 and
housing 7, ranges from 10 psia to 3 00 psia using water as the |liquid

medi um The cunul ative piping dinensions in piping 8 9, 10, and the
separator | | may range 120 to 9600 ft in length, at a &i ar{et?r rfangi ng
from2 to 8 dandeassimple 4sa pppenigbes thegeparatgr ¢an begopsidered thgilag 1e801Rugh t he

crystallization pi.pes {qr._.a 3 0. t ' , figg ably from
about 3 0 sec‘ﬂ'ﬁﬂ@h?%%ﬁb@ styo#}?&’ﬂﬁté@%gﬁﬁ%‘i&ﬂ ggu re%agzé‘?eﬂ?\gg%i g@%ﬁ’éﬁé pi pe 10

to a gl obul e/ yateEempeRfEaindhe sephratet eapbé subdtanfially thotameasths evesege 12
situated within the annul us of a tubeﬁtﬁ],ﬁ. (ﬁ nor e et1 iled illustration of a
gl obul e/ | i qui WaterigmpaRBEDREtHEeY the Bous and the pepatAfc 13- The separator | I is
a pipe O tank (CO%MQ Sy i L&t Water1Ged SIRP@E firef arfflusbia, thepi pe havi ng
t he above descri be asps)fec Jgg%éi%gfeéor aatank. - The separator is fed with
gl obul es and glabdes fatlbg gervitovard éte hottpm ofthesepamier 1 bpndremaye withihar at or

into the inner annulus 14 w thin ol.ymmar ne 1 i qm'thinthe
separator 11 @SW%%EW‘EPO%%{E? ﬁ%m§§eﬁﬂ%13?§%s‘f%@§?&ﬁqﬁ1% ey be
partially or ,fullo)4ftirbh@fthindeth YBnES the lofited @giul@ds & e glepdeadscentil may be
filled with water below “the line of globule accumul ati on 32A or .at | east

50% fal | 32B, towmardithe bettam offtesenarator I3aad as thextbegipda pecypviato preiquids wat er .
The tenperature,of .the water in.the. r L SthiR i Lyigl i mted
because by t hEe{iapdn éseﬁﬁrgtgﬂ:lggscrgg%@ﬁ@ﬁgﬁ us%%%r at o ,Hﬁ%g%n%ghg?ﬁ? eady
have been cryglkaili cife: fipe 16 eTridsiatien ofltgroadet pipe aahibeanywhere onlthe wat er
tenperature in the separator can | ess éﬁgnﬁaﬁ g of é&e %)ol%/trreg el t he
resi dence ti neepetatorid agiapenmsnienlyIpeateiBALL 187 PRUAM BEME SPRAITAY ]Ej_oas par t
of the crystglblfa o8 béf AN And Bebnskhars tdbigetatirt pRITio anbighoas Te { he

I'c e

separator, in ase water tenperature is above the Tg of the
pol ymer. G vepretdnad withie tiseyraschinay bg fegulated through a pressure line 17 serving as a

pressure relief or a pressurizing mechanism that further aids in regulating the

temperature of the water within the separator. The location of pressure lipe 17,
although illustrated here at the top of separator 11, can be anywhere in the
pressurized loop of the process, including from the outlet pipe 16.

As the globules descend within the mesh 12, they may accumulate in the
inner annulus 14 toward the bottom awaiting discharge from the separator. The
level of globule accumulation wili depend upon the rate at which the globules are
charged and discharged from the separator, and the discharge rate is preferably
controlled to maintain a constant level. Any known technique and equipment for
discharging solids from a vessel under pressure can be used. The globules may be
discharged from the separator into pipe 25 and through a rotary valve 18 as
illustrated, or optionally through a set of dual knife gate valves, each of which
substantially retain the pressure within the separator 11 while simultaneously

discharging the globules into pipe 19.
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can be as sinple as a pipe or tube, the separator can be considered the
last leg of a crystallizer 9, but is broken out in Figures 2 and 4 for
gase .of viewi ng. Thus, the water tenperature in the separator can be
substantially the same as the average water tenperature between the
housing 7 and the separator 11. As the slurry of globules and water is fed
into the inner annulus 14, the globules fall by gravity toward the bottom
of the separator 11 and remain within the annulus while a portion of the
liquid mediumis forced out fromthe inner annulus 14 through the nmesh 12
into the outer annulus 15 as the gl obul es descend toward the bottom of the
separator 11 and as they begin to accunulate. The liquid nediumin the
separator 11 is cofid pressursiwithin Seisepagasar t heanhgiany peesssp dubisqreferagly d

medi um outl et pipe 16. The | ocat,i gn of the out i where on
the separat o?bpol’i ‘,ﬁ’ea"r?am'i IgeSéBW\PZhﬁeg}ﬂ“r%FﬂF‘gggt%S& ’ﬁ%\/\ﬂggr %‘3? &’gﬂ‘ﬁ’ggtao m)ﬂof t he
separator. | iwh@r 10858 B Qréhter Ahnt1a 9yRkid ©IBOD s, Thelprssweniithé sspardt@nper at ur e
profile throughout. The

~ pressure within the vessel gﬂ be regrl‘“ at ed
through a pr esspbesutisistialy the pamays. thepressurgingipes Sand Iif@ﬁ”eHFr’ Beessuri zi ng
mechani smthat further aids d at | BIE L ahH bEdHal t he wat er
within the sef)vaFPg{hS{]'.ge 99 %fgg?{‘gﬁw6$ h%)ér?iggtggg%sc i ne %%E gtllt hough
i |lustrated hgxBodieithBelowpr alsomepaf @bbwatti is reedediie rainymthe tenperature

pressurized | oop of the_ process, . ingcludin romt outlet pipe.l As the
gl obul es desceh ewatanm%lérﬁ@wai@,baPh&y@lﬁ&W%% ﬁhﬁ“&”«?ﬂr?‘ﬁwﬁé‘eh%ner
annul us 14 topar ¢y §he BekbRM ARy b Ssél BGRAT WBofifcddidtan S @Rakmicer . The

| evel of globul'e accumulation w il depend upon the rate at which_ the
gl obul es are alsivetigdituichin thé sephratog éfthe saparatdrds retsampletaly fapdeds plaif #fiis char ge

rate is preferabl cantralled tq maintain,.a t I I wn

t echni que andcg&P}%tﬁHbfﬁ[‘édfvﬂbw%Frs Féﬁnﬁ&’agoei'%gd@rcg%hgsgj\éggg Under
pressure can Q& wigthnd Tofediocittbgheti®preiitire fiadwidingadk isednstareokepar at or
into pipe 25 and through a rotary valve 18 as illustrated, or optionally

through a set wefer su¢e-kni fe gate val ves, each of which substantially

R
through pipes 25 and 19 to a conventional dryer 20 to remove any residual moisture
on and around the globules, such as surface moisture, moisture within the globules,
and residual water between the globule interstices. By this time the globules will
have further cooled, and may, if desired, be cooled to below the T, of the polymer
so as to become crystallized pellets upon discharge from the dryer 20 into
globule/peliet outlet pipe 21. While reference has been made to globules in the
separator, it is to be understood that at any point after the molten polymer contacts
the hot water in the housing 7, the globules are crystallized and may thereafter have
become a pellet by cooling to below the T of the polyester polymer. However, if
desired, the temperature of the polyester polymer can be maintained above the Ty of
the polymer throughout the process and even upon and after discharge from the
dryer 20, which may be desirable if further processing of the polymer requiring a
higher temperature is to be used. Since the liquid medium is preferably pressurized
in a closed loop, and given that the heat energy in the molten polymer is transferred
to the water, and in the interest of optimizing energy utilization, the globules

desirably remain as such at least until their entry into the separator 11, and more
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The pressure within the separator 11 can be any pressure, but is preferably
above the vapor pressure of the liquid nediumused, in this case water, to
avoid water losses, e.g. greater than 14.9 psia to 300 psia. The pressure
in the separator nay be substantially the sane as the pressure in pipes 8
and 9. However, in the event that the source of cool water is needed as
described in sone optional enbodi nents bel ow or a source of cool water is
needed to reduce the tenperature of the water in line 16 recircul ated back
to the housing 7, then line pressure relief I|ine 17 or an additional |ine
may be used to vent vaporized water in a gas space above the liquid in the

separator if the separator is not conpletely flooded, or if it is

conpl et el y fi pieatably etHeashtocthe peinkel distharge frery separalerdd 0t ripwi%h aes mal |
portion of the,. wat er .and, vent.ed t o ' hol di ng
tank used as th’ggf‘eé’rma ugpglg'orﬁplg c gtrofﬁe@ B%%I?gt% Sﬁbg géérHeg?J,apagtﬁ%bul es
di scharged frgpmSBPBilRherwatdr. are fed through pipes 25 and 19 to a
conventional dryer 20 to renpve any resjdual noisture on egg ar otmd t he

gl obul es, such as Huhe diver, pesidualivater yhich 15708 SYAPORAIGE 16 AN pugh ling, 4

resi dual wate I e a7t ]{Iﬁ’iﬁn | obul es
Wil have t oft e 3@%@?@%&@3&”&%‘3 SR iR wal st T D0 the T
of the pol ynemean@3asPdletstaitmysepmaratet bl ire fetiophd totarg valpe h8,cinddhan ge from

the dryer 20 into | obul e/ pel | et qutl et pi. 2 Wi | e referenge has been
mmde 1 5 gl obuPisaheTRImEk syl cpel auhiB T 24, aEl A PR BRA 24 2y

poi nt after t{éﬁlg’éPJuh@'BeB@!tM%ﬁxpféﬁﬂkéef&e hbqi@ediaifih thescphaidiqusihdg 7,
the gl obules are crystallized and may thereafter have becone a pellet by

cool i ng to bepwwsurized Hy 2 pimpihg means 25sis djeqses] ifrcthe beine pEthe ipner agmiys ed, t he

tenperature of,t ol yest er I r I i of the
polrrgmer t hr oué)‘hﬁ{}ge Bﬂ%%?%@gg%%%elelvbgeﬁﬂﬁ %%né]@ﬁﬂc]és gH]%? t%?%\éﬁtaalpggalggom t he
dryer 20, whi¢h RadexbepRetic sedineof doof watchmiay pe Ojessi ing adepatator giibyteer
requiring a higher t_erg)erature is to be usegl. Since, t |iC]hIi d mediumis
preferably pr%%mfgez]élf Sibstveeen thasseparpion b1 anghthe Lo Yasa® & Al M ® ener gy i n

the mol ten polyiBly S AbbARSAEILAL b heldiecii i plobMIkeivl G bip@sanl of
optim zing energy utilization, the globules desirably remai h as such at
| east until tGgirto detiner amtuiustth eosldhaglabules dctymulatédabihe bottom of the

separator and further reduce their tendency to agglomerate before separation at the

rotary valve 18. Alternatively, the cool water stream 24 may be injected mto line

25 at a flow rate insufficient to flow countercurrent to the travel of the globules,

thereby becoming entrained in the globule flow to the rotary valve 18. In either

case, by injecting a flow of cool water into line 25, the hot water in the interstices

between the globules is displaced before undergoing pressure reduction through

rotary valve 18, thereby improving the energy balance and avoid flashing the water.

An optimal flow rate for the cool water stream is one which is effective to separate

a greater amount of the hot water relative to the amount of hot water separated in

the absence of a flow of cool water. The flow rate of the cool water stream can be

adjusted to prevent most of the hot water in the separator 11 from flowing into pipe

25 and causing an energy loss. The flow rate of the cool water is preferably

balanced to maximize the amount of hot water separated and flowing into line 16

while keeping the drop in hot water temperature in pipe 16 to a minimum. Thus,

the flow rate of cool liquid is preferably sufficient to remove at least 95 vol% of the
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39 preferably at least to the point of discharge fromseparator | | into
pi pe 19, after which they may optionally rapidly cool to below their T,
havi ng been separated fromthe bulk hot water. In the dryer, residua

wat er which is not evaporated is renoved through line 27 and optionally
but preferably fed together with water source 22 into punping neans 23..
Pellets exiting separator | | are fed to the rotary valve 18, and in an
optional enbodinment, a stream of cool water in line 24 froma water source
22 at a tenperature below the tenperature of the hot liquid nmediumin the
separator 11 and pressurized by a punping neans 23 S injected into t he
bottom of the inner annulus 14 at the botton1of rat or bef ore
the gl obul es hartevatesdromothe keparaterang inge pipg 16 pgth ?rgf Opt'ﬁgrest ream of

cool water mm RALBGvE the 25
bet ween t he S%B‘%F"Q %551 mb?l%ﬁ%gs Q% véa%t dvlglt%%&ga{?e%ﬁy{ftﬁw rate sufficient
to flow Counttﬁeﬁwmattemgerhﬂaaa@memsmocﬁﬁcgd»lommuemva in the pipe 25

and up into the inner annulus to COO'@%E (91 acc#B | at ed, at the
bot t om of the sepdﬂ&le(ﬂve%!ﬁhﬂtﬁ'%ﬁ@%r‘at? £ EOQ Y s BT TEs” £ 588? omer at e
before separ gt pbtre Elﬁt 1¥R1s as hbeoGemkicat er
stream 24 may %ve th%'lﬂﬁ’ &&hﬂsﬁﬁzﬁg@ﬁat a fl 1owylr ates I nsuffici en%tﬂ@to flow

count er cur r enfediice thdsla:ntpeamé obthe twhater gkitibg theseparathe bmyouﬂédwdf@e@ﬁm ai ned

in the globule flowt rotar vel I i njecting a
fl ow of cool QWleEPiPE Hgo%lﬁé‘ %S'er:ﬁg {;é?dugné 'ﬁehff ‘S{?l %h{&ycgel bet ween
the gl obul es ée@m%% RLERGsEdARH Ohitfet WRE €6 641 BoRtfed diedfloverhtesf tha coldr ough
rotary val ve thereby 1 nproving the energy baI ance agg%?lﬁg)l d flashing

the water. Awatepsitrem mjebfedvﬁloaﬂelef?&rmﬁoﬁbe aesBmulgiadglobyiss ®one which is
effective to < G Lkg@]paéﬂdg{s%%{lfé’ratﬂ{e%ufﬁc é?lftl#lmt@ﬁrevéﬁhﬁrgl&ﬁh@sttbve to the

anmount of hot? ce of a flowof cool water. The

flow rate of ﬁé]g‘bﬁﬁﬁdelﬂmlsﬁommmcmthendadmew asdo primivgire thepst of t he
hot water in the separator 11 ftorn fl ow g into pipe 25 and causing an
energy | oss. temperatgaredyetionst e wateigllingdPer is preferably bal anced to

maxi m ze the amoung, tﬁlflcirt%%oweﬁ{s Wﬁﬁﬂaﬁh@laﬁlb%‘éﬂrﬁtﬁe desiableitoe 16 while

keeping the drop in water tenperature in pipe 16 to a niininurn. Thus,
significantly reduce the temperature of the water in line 16. For example, if the

crystallizer piping 9 is sized to crystallize the globules at a low temperature, e.g.
110 to 120°C, and the feed rate of molten polymer to the cutter is high, and the
temperature of the molten polymer is high, e.g. >240°C, the heat energy transferred
from the globules to the water may be so large that it becomes desirable to feed
water into the housing 7 through line 6 at a significantly reduced temperature to
accommodate the large temperature delta between the feed into the housing 7 and
the outlet of the housing 7 and in line 8. In sum, the flow rate and the water
temperature of the cool water is adjusted to at least displace at least a portion of the
hot water in the interstitial space between the globules, and optionally also to
provide reduced or elimination of globule agglomeration and desired water
temperature in the outlet line 16 which will be optimized for energy savings.

In yet another embodiment, the globules can be further cooled with a
stream of cool liquid after globules are separated from the hot water. It may
become desirable to further cool the pellets because after separation, globules

which may otherwise merely accumulate without agglomerating at the bottom of
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the flowrate of cool liquid is preferably sufficient to renove at |east 95
vol % of the 40 hot water fromthe separator and into pipe 16 with |ess than
a.5C drop, nore preferably less than a 2C drop in the separated hot water
tenperature relative to the hot water tenperature in the absence of a coo
water stream In the event that the flow rate of the cool water streamis
hi gh enough to travel into the inner annulus 14, it should be sufficiently
| ow so as not to drastically reduce the tenperature of the water exiting
the separator 11 through liquid nedium outlet pipe 16. Wile a neasure of
tenperature reduction in the water through separator |iquid nediumoutl et
line 16 can be tolerated, the flowrate of the cold water streaminjected
from|ine 24 thasepatdter may; afiersepasatiay, tshd tesick o pach oher becanss diebnik ofi gh and

its tenperatuge sufficiently |ow.to. prevent e I rate if
this problem ﬁﬂpﬁdﬁﬂgwrf SﬁvﬁﬁﬁhﬁﬂﬂgﬂﬁFﬁ%fmg%ﬁgghggahﬁﬁyﬁﬁ?éﬁgﬁgﬂye
tenperat ure rgdugty @O gRbulef®ithalseEarh B ddoNtquib to infprovehe abilibp cvants
however, it may actuaFIy be nore desirahle to significantly reduce the

t enper at ur e othe streanyef glebules. Thye astreamgf cool Aphr drom Watehgoures 2.may be 7o
piping 9 is sized.t I | AQ; I ne, e.g.
110 to 120C, ‘éi‘he&%{ir@"g‘é%zbrﬂlé{"!é@gpte%lt%ﬁ&lggﬁe%ﬁleﬁ “?%”8”5?&‘?? Eé’é'tey 'sl?hi gh, and
the tenper at pieded)thit bedl mater stheapotanrherusedstoioghthe glohuleX40 & atidve, theat ener gy

transferred fromthe globules. to the water may be so,l a th3£ it becones
desirable to flgwdte be mmymized toaygid (gTEY PR aﬁﬁaﬁlaief’ﬁ‘é‘{b%gwg e
significantl yw%tﬁxdﬂﬁﬁq}éé ?mggﬁéﬁg@ iﬁme@ﬁgmg_ atcBolt viter stle8® h@er at ur e

e fee

del ta between nto t'he housing 7 and the outlet of the haqusing 7
and in |ine 8usetlin placy oftdnén ddditionrtathe contiweterstypamdniected inge line & dhrengh he cool
water is adjui$gglto at | east displace at |east a portion of the hot water
in the interst®%4®al space between the globules, and optionally also to

provi de reduced Or A gl Mabf 8 reaidugl witer recaAgekicren dieidoyer@0dnaietsi red vat er
tenperature in the outlet line 16 which will be ogéinized foréﬁggggy
savi ngs. | n yéiveraddniedimeiisnd faddnio, the Feshgyaternsoue ¢4 te PavidgmaH&t B oj ed wi t h

a streamof gook, lj Al Hwael Gfeatts Mttt eb¥erMcimARRR BE Gdtct bR ROt Water.

[t may
event that a cool water stream is injected into the accumulated pellets in the

separator 11, a portion of the water may be bled from the separator above the cool
water feed point (not shown), such as toward the top of the vessel, and circulated
back to the fresh water feed 22, allowed to cool by sitting in a reservoir whichis -~
drawn on as the cool water feed.

Water evaporated from the dryer is discharged from the dryer through line
28 and may be vented to the atmosphere. However, the heat energy in the
evaporated water may be utilized to act as a source of energy recovery n other
parts of a plant for making polyesters or solid state polymerizing polyesters, or it
may be condensed and re-used elsewhere.

Water flowing in line 16 is optionally but preferably recirculated back to the
housing 7, and if needed is re-pressurized by a pumping means 29 before or after
(after is illustrated) passing through a heat exchanger 30 for either cooling or
heating the water as needed to maintain the desired temperature balances. Prior to

entering the housing 7, the water is preferably filtered in a filter 31 to remove

entrained fines and particulates.
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beconme desirable to further cool the pellets because after separation,

gl obul es which nmay otherwi se nerely accunul ate w t hout aggl onerating at
the bottom of 41 the separator may, after separation, tend to stick to each
ot her because the bulk of the fluid is renmoved. Even if the gl obul es do
not agglonerate, it maybe desirable to slurry the globules with a stream
of cool liquid to inprove the ability to convey the stream of gl obul es.
Thus, a stream of cool water fromwater source 22 nay be injected into
line 19 through line 26 to cool the globules to any desired degree. If
needed, this cool water stream can be used to cool the globules, but as
above, the flow rate should be mnimzed to avoid energy costs associ at ed
with drying the wHhuss Fignrer illhsratgs abgkamplp of anntkerembpgiment yhereighe Thi s cool

wat er stream be sed.in place.of or in addition to the cool water
stream i nj ectg‘gy‘fsff"tré?owy f‘?ﬂﬁ@gé’ﬁ line 24. A part or all of the
residual water recgver efirebfig mbRerfbolfdstor Polyhier ieoughiactie,tadd i nto [ine 27
and fed into the fresh water source 22 to provi del\ part of Htlzﬁ]s feed for the

cool water streansh) Morheforethe tersperaiurn ofi the pkenprl¥sstes Rplymes fallsheloge  event
that a cool water ﬁtfeam is injected into the accunul ated pellets in the
separator 11, a po Y1%n of the water may be bled fromthe separator above
the cool water feed pdjnt (caningshopuiymersupiglelmlesontlracuttes; t op of t he

vessel, and circul ated , back to the fresh water feed..22..allowed to cool by
sitting in a reservoir Wi cWOF@C“%%WOE{}}E%@@I?@IO%&IIM%‘Fdlf’g‘e 2 vater

evaporated fromthe dryer iqiﬂi&ﬁg@ﬁﬁqgnﬁgrgmet%@m&w@nhgm'gaﬂgia line 28 and
may be vented to the atnosphere. However, the heat energy in the

evaporated water nay be uti Iriokusster polwaer tadomn & dlamcef shimenlé isgyndewstaddery in

other parts of a plant for Kin i t rizing
pol yesters, or it nay be c&ﬁg%uﬁgga@ag%%?é‘?eég%%%ﬁgeﬂl g?g% S%E’?gp%ow' ng in
line 16 is optionally but prsifessl iy ahgotdet ot sinallarzausty,tand tith mostwasess, ng 7,

and if needed is re-pressurized by a punpin ans 29 befo r after
(after is illustrated) passithgmeReroRRIRmer %étg'tgr{g?(’@ﬁ C%ﬁgtﬁﬁaleéﬁ?tﬁer

cooling or will be exposed to the hot liquid medium immediately before
it is cut. The slurry flow of globilles and hot liquid medium
is
iti)  directed away from the cutter to a crystallizer and the
globules reside in the crystallization zone under a pressure
equal to or greater than the vapor pressure of the liquid
medium for a time sufficient to impart a degree of
crystallinity of at least 10% to the globules, thereby forming
crystallized globules; and
c) separating in a separation apparatus under a pressure equal to or
greater than the vapor pressure of the liquid medium, the
crystallized globules or resulting pellets from the liquid medium to
form a stream of crystallized polyester polymer and a stream of
separated liquid medium. Although steps biii) and c) are set apart in
their description, it is understood that the separation apparatus can
form part of the crystallization zone if the conditions in the separator

are conducive to crystallize the globules. Moreover:
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heating the water as needed to maintain the desired tenperature bal ances.
Prior to entering the housing 7, the water is preferably filtered in a
filter 31 to renove entrained fines and particul ates. 42 Thus, Figure 2
il lustrates an exanpl e of another enbodi nent wherein the polyester polyner
Is crystallized by a) directing a nolten polyester polyner through a die,
and b) before the tenperature of the nolten polyester polyner falls bel ow
its Tg, i) cutting the polynmer into globules with a cutter; ii) contacting
the globules with a flow of liquid mediumat a |iquid nmediumtenperature
greater than the Tg of the polyester polynmer to forma flow of slurry. It
I s understood, of course, that the sequence between these two steps bl)
and bii) can be in anyi)or deat least asgpomint efitboseairge, of sheflgw ofbiguid medim  t he

nol ten pol ymer exiting the i.nner .surface of the die plate wll bhe exposed
to the hot Iiquid medium i miBaREH! | hessrm of separatd fqui ’Fﬁ@“&&u’»“?y f1 ow of
gl o~ules and hot | i qui djyrediH&itrdafh dficrystdllized poBestavpltyrhérdpiirbgtedustd er to a

crystallizer and the gl'obules reside 1n the crystalljzation zone under a
pressure equal to or great elryerferremauingaplspst gmedionof theregigualmejsiee  nedi um

for atinme sufficient to inpart . : §£% tallinity of at |east 10%
to the gl obul es, thereby for%%égmgr%%?azlﬁ%lhfg g?’obul es; and c) separating
'in a separation appadeahe globilde arecrpstsitisedto tlecieaired degose, amgl aaioaally bitn t he

vapor pressure of the liquid nedium the cryséﬁllized Io?gles or
resul ting pel pefasatily dried taaemove supfapempisirs Istt ondhepolymer omthe crystal 1§ zed

polyester pol et 3ithndtept fhe2B8ulting crystallized pellets are transported to a machine
for melt extruding and injection molding the melt into shapes such as preforms
suitable for stretch blow molding into beverage or food containers, or extruding
into other forms such as sheet. In another embodiment of the invention, there is
provided a process for making a container such as a tray or a bottle preform
suitable for stretch blow molding comprising:

d) drying polyester pellets crystallized from molten polyester polymer

and having an It.V. ranging from 0.7 to 1.15 in a drying zone at a zone

temperature of at least 140°C;

e) introducing the dried pellets into an extrusion zone to form molten

PET polymer; and

f) forming a sheet, strand, fiber, or a molded part from extruded

molten PET polymer.

It is preferred that these pellets have not been subjected to a solid state step
for increasing their molecular weight. In this preferred embodiment, the pellets
which are prepared for introduction into an extruder are not solid stated, yet have
an It.V. sufficiently high such that the physical properties are suitable for the
manufacture of bottle preforms and trays. The non-solid stated high It. V. pellets
have been sufficiently crystallized to prevent them from agglomerating in the dryer
at high temperatures of 140°C or more.

Dryers feeding melt extruders are needed to reduce the moisture content of

pellets. After dewatering the globules and/or peliets in the crystallizers, much of the
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separated |liquid medium Although steps biii) and c) are set apart in

their description, it is understood that the separation apparatus can form
part of the crystallization zone if the conditions in the separator are
conduci ve to crystallize the globules. Mdireover: 43 i) at |least a portion
of the source of the flowof liquid medium in step bii) is the stream of
separated liquid nedium and ii) the stream of crystallized pol yester
polymer is directed to a dryer for renoving at | east a portion of the
residual noisture on or in the crystallized polyner. Once the gl obules are
crystallized to the desired degree, and optionally but preferably dried to
renmove surface noisture left on the polyner fromthe «crystallization step,

t he resul ti ngreomaysnginbistielop Bielsatfaceaf ¢he pellats podnven offdydrivingtthhipelletsor el t
extrudi ng and i njection | ding the nelt into. prefornms
suitable for gPPJEYeEhﬂ‘BP%}%?%%S%%ﬁE] |1W810553§59§'§%?%?&ﬁ%n33&§10%?ai ners, or
extrudi ng i npngh&ifirer bOhEPelfdictd tAScoiRertdrs who ermielthe pelehadioembldof t he

invention, there is provided a process for maki n&%aﬁlgqont i.ner such as a
tray or a bot with thedssisedshaps,i usther npiol the moistyre i B PRYT A V“é‘&ﬁs)l“iasing: d)
dryi ng pol yester pe y ' S . r and
having an It. Rpst F%ﬁ%‘hﬁggrsﬁ%mﬁgl%ﬂ%’q% é{]}ﬁf&nﬁg ryi ng dgagﬂg%gl? ng ﬁzllgiﬁe

t enper at ur e ofxtaididgedsis cdrteplae) that threontystaligedtfedetd diiediafter|depatering can an
extrusion zone to formnolten

) PET po r;.and f). form.n heet, strand,
fiber, or a nb¢Eddmmedately Brihemeit gy eﬁﬁﬁ??@nesﬁ%‘?)a%?%@&gﬁ}oa? ferred
that these peétkgs‘iﬁtm\h%w i . SHRIRG e, hSwéves PHbPtosdx@uSioR RO for

|

i ncreasing the nol ecdl ar ight. In this preferred enbodi nent, the

pel l ets whi cpelhascarpdriabat aderhperaturet afdd0%E oomorerte driverolé mosterall efithe not sol i d
stated, yet have an It, V. suf{giciently hi gh such that the physical
properties ar BOSHEgpeRd ipdhe pellst :

Dryers that effectively and efficiently reduce the moisture content and the
acetaldehyde levels in the pellets are required immediately prior to melt extrusion.
Moisture in or on pellets fed into a melt extrusion chamber will cause the melt to
lose It.V. at melt temperatures by hydrolyzing the ester linkages with a resulting
change in the melt flow characteristics of the polymer and stretch ratio of the
preform when blown into bottles. While dgying the pellets is a necessary step, it is
desirable to dry the pellets at high temperatures to decrease the residence time of
the pellets in the dryer and increase throughput. However, drying pellets at a
temperature of 150°C or more which have been crystallized at temperatures only of
100°C or less will cause the pellets to agglomerate to each other, especially at the
bottom of tall dryers where pellets experience the weight of the bed overhead.

Drying may be conducted at 140°C or more, meaning that the temperature
of the heating medium (such as a flow of nitrogen gas or air) is 140°C or more.
The use of nitrogen gas is preferred if drying is conducted above 180°C to avoid
oxidative thermal degradation. To dry at high temperatures while minimizing
agglomeration in a conventional dryer equipped with or without an agitator, the
pellets should be crystallized at temperatures of no more than 40°C below the
drying temperature. It is preferred that the pellets used have been crystallized at
140°C or more. In this way, there is wide flexibility to set the drying temperature
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manuf acture of bottle prefornms and trays. The non-solid stated high It.V.
pellets have been sufficiently crystallized to prevent them from
agglonerating in the dryer at high tenperatures of 140C or nore. Dryers
feeding nelt extruders are needed to reduce the noisture content of
pellets. After dewatering the globules and/or pellets in the crystallizers,
much of the 44 remaining noisture on the surface of the pellets is driven
off by drying the pellets. However, the pellets absorb anbient noisture
during shipnment fromthe manufacturer of the pellets to the converters who
extrude the pellets into a nold wth the desired shape. Further, not al
the noisture in the pellet is driven off in a post crystallizer dryer.
Therefore, that [@ePC ddesirdeodr08@ or A6R°), anddoyonpun torabowt 2007 or ters i ng. | t

is contenplated that the crystallized pellets dri f dewat eri ng can
be fed i nmedi easethe peets Ravedisen cxpflizad pt RN OESQ@"ﬁﬁ ielg‘i"i"?"e&onbi ni ng both

drying steps_into q‘,o%jdmllggesgE%@hggwdeﬁgﬁgéﬁwﬁem%ﬁo prior to

extrusion, the" peﬁelets a rired”at at OC or nore to drive

of f nmost or ajdoréxhat f@ut MPCdbavetherrdmlliation fempprtire to midisnézesht fisit of
effectively and efficiently reduce the rmi&%tlure ontent and,the

he .
acet al dehyde hesleneration anddo jrare a tesmperabure SN L Gi25EWY Eh A o el t
extrusi on. Nﬁ{eﬁ%ﬁr Gpd M £l Eﬁ@f‘f.l\r/éﬁfe%lufcﬁlﬁﬁéxﬁtvﬂﬁ@h AR beX louBHRB ¢ hamber

wi |l cause the S at nelt tenperatures by hydrolyzing the
ester linkagesimei th a resulting change in the nelt flow characteristics of

the pol yner and styetch rati.o of the.. preform whe I | .| es.

Wil e drying the pé] QOEY?UPEM&’“?F&S&E’EC@ cgsg"‘?)l,izei v :itsp %%%&gﬁg%ﬁ%gy t he
pel lets at hi gﬁke&?srﬂiﬁe%é& fSs A eEa6/ 1836181 §the theamilerne fentlenbenfsuititie pel | ets
in the dryer and increase throughput. However, drying pellets at a

t enper at ur e oforEROWier infponeldedparts selyes nselopmyyujiabls for brygrage cOMABE at ur es
| f 100 . | . ; t her,
only o Cidlyis SRttihdud, pEAUS RadiiE PR, 816,740 1390 PIGARA BatLndtBely Ot Ner

especially at m yers ere pellets experience the

wei ght of t heghiptkiAvEirbdaed atBigh lempem@yurdsefd 4ol moreaThe pBicesrofithis e,
meani ng that the tenperature of the heating meci]ijéilm such as a fl?w of
nitrogen gas embedimpnihas theadvatagesiallowing drying at hign temperature using pellets

which have not been subjected to a costly solid stating step. Moreover, the
incidence of agglomeration is reduced relative to the amount of agglomeration
occurring in a dryer under the same operating conditions using pellets having the
same [t.V. and crystallized at a temperature of less than 120°C.

In general, the residence time of pellets in the dryer at 140°C or more will
on average be from 0.5 hours to 16 hours. Any conventional dryer can be used.
The pellets may be contacted with a countercurrent flow of heated air or inert gas
such as nitrogen to raise the temperature of the pellets and remove volatiles from
inside the pellets, and may also be agitated by a rotary mixing blade or paddle. The
flow rate of the heating gas, if used, is a balance between energy consumption,
residence time of pellets, and preferably avoiding the fluidization of the pellets.
Suitable gas flow rates range from 0.05 to 100 cfm for every pound per hour of
pellets discharged from the dryer, preferably from 0.2 to 5 cfm per Ib. of pellets.

Once the pellets have been dried, they are introduced into an extrusion zone
to form molten polyester polymer, followed by extruding the molten polymer and

forming a molded part, such as a bottle preform through injecting the melt into a
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The use of nitrogen gas is preferred if drying is conducted above 180C to
avoid oxidative thernmal degradation. To dry at high tenperatures while
mnimzing aggloneration in a conventional dryer equipped with or w thout
an agitator, the pellets should be crystallized at tenperatures of no nore
than 40C below the drying tenperature. It is preferred that the pellets
used have been crystallized at 140C or nore. In this way, there is w de
flexibility to set the drying tenperature 45 at 140'C if desired, or 150'C
or 160T, and so on up to about 200T or less in the case the pellets have
been crystallized at tenperatures of 160T. However, prudence woul d suggest

setting the actual operational drying tenperature at no nore than about
40T above t henoldxgtintolaisheatioppoatingdethods for the podustionofithe dripdRellsts

aggl oneration.and to | eave a te L ie. § ' ' Sunt hot
spots in the"@‘? nggwaonaﬂn&,\f,to %@Eteemé&%ﬁﬂ?@foﬁ%%%g’f#gﬁg%% Sqmaty occur
fromtime to afeichRventibna afyRitwronahosp oo sldh srethe wirinofactury sf sich camtainess: |t . V.
anor phous pellets in a gaseous mxed bed, it_is necessary to solid state
the pellets to rendbthe gudera®y ip thepmgelt phass f?a’i“&lf”}grﬁﬁpﬂ%’f?ﬂ%"@ s such
as preforns suj I r | Stion of helhesentinbaionrpt ., pellets
havi ng an It%%%@og%%p%%lﬁa%ﬁq%@c ﬁal\?(lal 0noteﬂgeeﬁ solid stated are
dried at hi ghefilamaetheperfermanée frdpértesof theppadyesten golymst ddwsetompeinents

enbodi nent has the advanta f all.ow ng drwing.at. hi [ e using
pel lets whi cmaﬁéﬁég%gtneﬂégﬁ] %@Y%‘EF_Ichgybéo@PF@toghgpgk&%F%y% ep.
Moreover, the .l aetAefmeiRhg 80840 9642 0IS0N. % Sf fRbeapdndt inihe\polyestet lee amount
of aggloneration occurring in a dryer under the sane operating conditions

usi ng pel | et sdbna intgthetbulk podyester.t The typesPfspijablesqmposgnts inciidee nper at ure of
l ess than 120'C. In genegral  t e j { R6lHzElSddnastt dryer at
140' C or rmreCWStlaihza & élrma%aé"pﬁlgﬁﬁr%%)sm H Ee hfgﬁr@agﬁt’ga§6&hohrs. s,&{%
conventional dganey cedpouds, uskidants)elopeioleelightrabyorbingagentaohea with a

countercurrent flow of heated ajr _or inert %ﬁ; qsuc as nitrg]ﬁ nto raise
the tenper at ufeachyatpisecolprpnte mucleptipg agapkrcoBldshydededymgomRouPdR ¢ he

pel lets, and yRY,3hs RS CAYIR! LiPYotlle AaiaveS sTiisElcDARIRIS atb@dl . The

like can be included. The resin may also contain small amounts of branching agents

such as trifunctional or tetrafunctional comonomers such as trimellitic anhydride,
trimethylol propane, pyromellitic dianhydride, pentaerythritol, and other polyester
forming polyacids or polyols generally known in the art. All of these additives and
many others and their use are well known in the art and do not require extensive
discussion. Any of these compounds can be used in the present composition.
While an embodiment has been described for the drying of pellets which
have not been solid stated, it is also contemplated that pellets which have optionally
been solid stated are also dried at temperatures of 140°C or more. Not only may
containers be made from pellets crystallized according to the process of this
invention, but other items such as sheet, film, bottles, trays, other packaging, rods,
tubes, lids, filaments and fibers, and other injection molded articles. Beverage
bottles made from polyethylene terephthalate suitable for holding water or
carbonated beverages, and heat set beverage bottle suitable for holding beverages
which are hot filled into the bottle are examples of the types of bottles which are

made from the crystallized pellet of the invention.
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flowrate of the heating gas, if used, is a balance between energy
consunption, residence tine of pellets, and preferably avoiding the
fluidization of the pellets. Suitable gas flowrates range fromO0.05 to
100 cftn for every pound per hour of ©pellets discharged fromthe dryer,
preferably from0.2 to 5 efin per Ib. of pellets. Once the pellets have
been dried, they are introduced into an extrusion zone to formnolten

pol yester polyner, followed by extruding the nolten polynmer and formng a
nol ded part, such as a bottle preformthrough injecting the nelt into a 46
nold or into a sheet or coating. Methods for the introduction of the dried
pellets into the extrusion zone, for nelt extruding, injection nolding,
and sheet extrusi OThis @wentmaruebe fthet illastdatedloyihe additiord exanplekefi | in t he

manuf acture of such containpers. At t mel,t extruder, or int melt phase
for making thembRsimens @Ffeﬁgl"’{%ﬁ@’rg,ﬁ “%ﬁﬁ%ﬁr“ﬂéﬁﬁ?ﬁgﬁ‘?@eé%%x%‘?l%g%d to the
conposition o ERREIDE phrB¥RE bE MRskRion QRN afRGRt ifkidee td mitalesops oper ti es
of the pol yes{ngfruﬁgdoﬁgyngﬁa l?’lﬁgse conmponents nay be added neat to the bulk

pol yest er or afthe hwentedded to t he bul k pol yester as a concentrate
containing at |east about 0.5 wt.% of the conmponent in the polyester |et
down into the bul k polyester. The types of suitable conponents include
crystallization aids, i lesnodi fiers, surface |ubricants, stabilizers,
denesting agents, conmpounds, antioxidants, ultraviolet |ight absorbing
agents, netal dealtcacinexample, M@Pﬁ?ﬁ@?%%‘?mﬁﬁeﬁéfﬂv @gg;élet al dehyde

reduci ng conpgunds. P&B&B Fro Wecrdb s iRtoblanedd i t i ves
such as tal C,P%{Hga??qq%?%g{gﬁ%%ﬁgﬁg I Ke ‘E:igen be | ncl ud_ed?_ The resiqﬁ may al so
contai n smal | crgs@liaing pofyethykne tarepltimbpapeletsdnnn theglass itf wistiylava adycol
tetrafunctional comononers such as trinellitic anhydride, trinethylol

propane, pyr ofelhe figud meduEntdRrges CHRHANES t hritol , and ot her pol yest er

form ng pol yacids g, xﬁﬁtmmsig@r&f@ﬂnmé thRAL it ot bf thdldrysedilizedes e
additives and many others and their use are well known in the art and do

not require epélmtgpasg:ondﬁcgadgsgdrdimg to\thy fglﬂowingg@cg@%mg C@%h be used in
dryi ng of el Lots KAPER M aR IRERHERF s 3Rl Bak prfdumar (he
contenpl ated that gehbsiple WoighthglSalemgpad withlahgating rate of 20°C/min. Unless

otherwise stated, the degree of crystallization in each case was also

determined using the same DSC scan. In the first heating scan, the sum of

the areas under any crystallization peaks was subtracted from the absolute

value of the sum of the areas under any melting peaks. The difference was

divided by 120 J/g (theoretical heat of fusion for 100% crystalline PET) and

multiplied by 100 to obtain the percent crystallinity.

Results of DSC scans are reported as, and the percent crystallinity is

calculated from any one of:
Low melting peak temperature: Tmla
High melting peak temperature: Tmlb

Note that in some cases, particularly at low crystallinity, rearrangement of
crystals can occur so rapidly in the DSC instrument that the true, lower melting
point is not detected. The lower melting point can then be seen by increasing the

temperature ramp rate of the DSC instrument and using smaller samples. A Perkin-
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been solid stated are also dried at tenperatures of 140C or nore. Not only
may containers be made frompellets crystallized according to the process
of this invention, but other itenms such as sheet, film bottles, trays,

ot her packagi ng, rods, tubes, lids, filanments and fibers, and other
injection nolded articles. Beverage bottles made from pol yet hyl ene
terephthal ate suitable for holding water or carbonated beverages, and heat
set beverage bottle suitable for holding beverages which are hot filled
into the bottle are exanples of the types of bottles which are nade from
the crystallized pellet of the invention. 47 This invention can be further
illustrated by the additional exanples of enbodinents thereof, although it
wi || be underEmgo@ytifvhtalbhmster wasngsider higlespeed splodmgtryelhe| speqiBien gidshoses of

illustration and are not intended to.limt,th p t i tion.
Exanples In @&%@@Wﬁﬂi"éfnvﬂsrfﬁﬁ’gf%??ﬁlﬁa%ctgﬁﬁcﬁﬂz&géﬁgﬁifur?e{@gf Ql\élg a, and Cel
Permeati on Ch&QJ'Fs%&Qf RPY/MERRAL Mot P rpWréee dsddaut 4e6°CYinive TypiealBSOI t s

obtai ned by crystallizing polyethylene terephthal ate pellets fromthe

glass in tri etamplepasgeycused. Baselingsubtrastion wae aeriermed @ 2HniBNze he nper at ur es.
The DSC anal ysis to.determ.ne the initial nelting point of the crystallized
pell ets was cWéﬂﬁ]ﬁ%%r%@F'ng to the followi ng procedure in each case:

Using a Mettler DSa&dheichet mhBRnioted! percdnt costalimity iwag also zalcwateddroni or med  on

a sanple weighing 9-10 ng and w th heating rate qf .20 in. Unless

ot her wi se st athedveragrgradisitdebegfensify afitypto thy qll?ﬂe'isna{?ﬂ@ﬁ%ggae%& al so

det erm ned usj { . 1905 StsifpaahiufPbrdfide intWiersum of
0%hd V% cp%y%sﬁnaﬁ%ggmau %to ATV D e K intvifter

the areas und&f e§1y n peaks was subtracted fromthe absol ute
val ue of the sum oThd GRC analgss tonttermmeyhergiproximatedb s of thedelets Mag ence was
di vided by 120 Jlg (theoyetical _heat of fusion fer 100%crystalline PET)
and nultipli @HldHVCéWO’EdEJ“ﬁ)tBt@? Wﬂnglgd’é?‘i:egme R i nity. Results of DSC
scans are report edggigent294h5 b oRmiBEhyleAY Sl GHdelliRkiffudrsisopropanol

+0.5 g/l tetraethylammonium bromide

Temperature: ambient
Flow rate: 1 mL/min

Sample solution:

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

Injection volume: 10 pL

Column set: Polymer Laboratories 5 um PLgel, Guard + Mixed C

Detection: UV absorbance at 255 nm

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

Universal calibration parameters: (see note below)
PS K=0.1278 a=0.7089

PET K=04894 a=0.6738
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cal cul ated fromany one of Low nelting peak tenperature: Tmla H gh nelting
peak tenperature: Tnlb Note that in sone cases, particularly at |ow
crystal linity, rearrangenent of crystals can occur so rapidly in the DSC
instrunment that the true, lower nelting point is not detected. The | ower
mel ting point can then be seen by increasing the tenperature ranp rate of
the DSC i nstrunent and using smaller sanples. A Perkin 48 Elnmer Pyris-1
cal orimeter was used for high-speed calorinetry. The speci nen mass was
adjusted to be inversely proportional to the scan rate.: About a 1 ny
sanple was used at 500C/ m n and about 5 ng were used at 100C/ m n. Typical
DSC sanple pans were used. Baseline subtraction was perfornmed to mnimze
the curvature in the baseline. In sone cases where noted, percent
crystallinity was al so calculated from the average gradi ent tube density
of two to three pellets. Gadient tube density testing was perforned
accordi ng to ASTM-RelpPRrsaliilibtioh blathetely el wererdevamined byime@PC anal ysi s
to determ ne the approximate Ih.V. of the pellahs wa onduct accordi ng
to the fol | owegrgssiomioairld theicarreet oteigh sreTagsanole arvggg]gs&;a\;g} Yret hyl ene

chl ori de/ hex or 0i,SOpPL 0 +_ 0. yl ammoni um br om de

Tenper at ur e: %lee”&?‘gm%hgaci&%%%%gﬁtggﬁn%ﬁggsol ution: 4 ng PET in 10
mL net hyl ene chl orgglaflitivnalflinhetent se@sipandd g/ 180 adt inc®é4Q 70/ 30 by vol ) + 10
tL toluene flowrate narker. For filled nateriq]s theﬁﬁagﬁﬁgigass is

i ncreased so pheaeltewechlpsasthage frogpihe yesiaht-averpgs OISy Wagl: TRE* B sul ti ng
solution is p&é&ﬁ&éd%%ims: a 0.45 pmTeflon filter. Injection volune: 10 L

ThV = 4.034 x 107*<M >, 2!

The solution viscosity relates to the composition and molecular weight-of.a
polyester. Although the ThV numbers for the crystallized products were estimated
by GPC, unless otherwise noted, the solution viscosity measurements were made
on the starting materials for Example 1 and 2, 1.e., amorphous pellets. The
following equations describe the solution viscosity measurements and subsequent

calculations as performed for PET.

Ninn = [In (&/t) VC

where Ninn = [nherent viscosity at 25°C at a polymer concentration of
0.50 g/ 100 mL of 60% phenol and 40% 1,1,2,2-
tetrachloroethane
ln = Natural logarithm
t. = Sample flow time through a capillary tube
t, = Solvent-blank flow time through a capillary tube
C = Concentration of polymer in grams per 100 mL of
solvent (0.50%)_
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Col um set: Polyner Laboratories 5 mPLgel, Guard + M xed C Detection: W
absorbance at 255 nm Cal i brants: nonodi sperse pol ystyrene standards, MN =
580 t.0o 4,000,000 g/nole, where MNVis the peak nol ecul ar wei ght. Universal
calibration paraneters: (see note below) PS K=0.1278 a=0.7089 PET K=0.4894
a=0. 6738 49 The universal calibration paranmeters above were determ ned by
linear regression to yield the correct weight average nol ecul ar wei ghts
for a set of five PET sanples previously characterized by |ight

scattering. Calculation of inherent viscosity at 0.5 g/100 niL in 60/40
phenol /tetrachl oroet hane fromthe wei ght-average nol ecul ar wei ght, <M, , is
determned as follows: IhV = 4.034 x 10-4<M>W 69l The solutiaon viscosity
rel ates to t hEhemmss viscositain thetbhisivg value aieinfnite ¢iution 96 thespedfic Al t hough

the I hV nunbers for the crystall.ize I . timted by GPC,

unl ess othermf@gmHBPtﬁPowﬁ%nigfﬂfi%ﬁtgfggggﬁ fﬂﬁéggﬁ%énents were nmade on
the starting materials for Exanple 1 and 2, i.e., anorphous pellets. The
foll owi ng equations describe the solution viscosity measurenents and
subsequent cal cul a&i~dits &Bsp60rT dimreld (NE) PET. Tlinh = [In (/t0)]/C where
71i ,h = I nherent viscgﬁééy at 2%? ﬁt a polynmer concentration of 0.50 g/
100 nm. of 60% phenol 40% 1, 17272 tetrachl oro ethane In = Natural
logarithmis = Sanple flow tinme through a capillary tube to = Sol vent - bl ank
flow time through a capillary tube C =Concentration of polyner in grans
per 100 nL of where Tine = Intrinsic viscosity

1. = Relative viscosity = t/t,

nsp= Specific viscosity = nr - 1

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

“accepted” L.V. values.

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

Determunations
Corrected IhV = Calculated IhV x Calibration Factor

The intrinsic viscosity (ItV or 1) may be estimated vsing the Billmeyer equation

as follows:

Tie= 0.5 [ ** X meeted Y _ 17 +(0.75 x Corrected [hV)

Example 1
Triethylene glycol (TEG) was the liquid used in the following examples.

For the first set of examples, three types of amorphous PET pellets were
crystallized, and if needed, dried. Crystallization was done in a paddle-stirred
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solvent (0.50% 50 The intrinsic viscosity is the limting value at
infinite dilution of the specific viscosity of a polyner. It is defined by
the fwllowi ng equation: rl ant - Ilim(i ,'C =Ilimln (r1)C GC*0 CG*0
where qi"t = Intrinsic viscosity Ti, = Relative viscosity = Wfl rl,P =
Specific viscosity=rl, - 1 Instrunent calibration involves replicate
testing of a standard reference. material and then applying appropriate
mat hemat i cal equations to produce the- "accepted"” 1.V. values. Calibration
Factor = Accepted |V of Reference Material / Average of Replicate

Determ nations Corrected IhV = Calculated IhV x Calibration Factor The

intrinsic viscosity (ItVor rl,,,t) may be esti tedé&in%th | LI meyer
equation as énystelbwer witthan electricatly heated Bcket B RedEis veThReated gt 0%0}.0?5 X
Corrected | hV), Exappl e rheth : tNES By ruldfisl g ed i n
the foll ow ngq B%fnﬁﬂggleébiérha?%g&g]rglggé }sfl%?ﬁeéé\;gﬁbrrpl es,ﬁq?hrgg@tlj}pes of
amor phous PETitpek hedessareforrystallisitaé PET prpr tarthe éXperimenticid ordaritlead 1) the

ol bot i cal Ty REReeddbadned sords pobpustckizsan oy gt quh o sty o,
| vas necess P o b N e L or dor
that 1) the Rifxangpie 2 theustof eyysabizedpellptsiiavingu themat histogy peertomelt he PET
Vo0, 10 2l e 12 R PR e e
pel l ets havi ngrRedReizBhventist. OThe dydtallizddellers twere submitted for testing and

extruded in an APV Sterling with a 1.25 inch screw. Extruder zones 1-4 were set at

280°C and zone 5 (nozzle) was set at 260°C. The screw speed was lowered from ca.

100 rpm during transitions to 30 rpm during sample collection. The melt

temperature was about 260°C. The extruder die having two 1/8 inch orifices was:

scraped clean with a spatula, molten polymer was extruded through one of the

orifices, and the new strand was caught on one spatula while a second spatula was

used to cut the strand and then held on top of the first to keep the strand on the

spatula. Within about 5 seconds from collection, the molten strand was immersed

into the TEG bath according to the procedure below. The time zero molten

samples used as the reference were immediately submerged in ice water to quench

and stop or prevent the induction of any crystallization. Other timed samples were

caught the same way as the time zero samples; however, the molten strand was

submerged within about 20 seconds from collection in 500 g of TEG at the

temperature designated in Table 1 contained in a steel beaker fitted with a heating

mantle, a variac, and a foil cover. It should be noted that the TEG target

temperature on reference samples 102 et.seq. was targeted for 150°C. However, the

actual measured values ranged from 152 to 154.3 °C. It should be noted that the

TEG target temperature on reference samples 105 et.seq. was targeted for 170°C.

However, the actual measured values ranged from 167.5 to 168.7 °C. When the

indicated time of 1, 2, 4, 8 or 15 min. had passed, the molten polymer samples were

quickly moved from the hot TEG bath into an ice water bath to quench the sample
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extrusion sinulates a process wherein recycled or scrap PET is subjected to
the process of the invention. The crystallized pellets were submtted for
testisng and extruded in an APV Sterling with a 1.25 inch screw. Extruder
zones 1.4 were set at 280C and zone 5 (nozzle) was set at 260C. The screw
speed was |lowered fromca. 100 rpmduring transitions to 30 rpm during
sanple collection. The nelt tenperature was about 260C. The extruder die
having two 1/8 inch orifices was scraped clean with a spatula, nolten

pol yner was extruded through one of the orifices, and the new strand was
caught on one spatula while a second spatula was wused to cut the strand
and then held on top of the first to keep the straggﬁgg the spatul a.

Wt hin about ddsepmwet firthsreryspilisatiqnopome AEthEEmsSH A RESYFifer sed

into the TEG bath ag¢gordi Rl trafds el 1drieB, chiew@thnol t en
sanpl es used rﬁgeafelqeﬁftgrfc&pgﬂ%gg\%%{égall me |’g{e§I y s%\érﬁar ed inice water to
quench and s§RPcfiersdng$aithitted Griarfttstdtenting sohn bpniPSErap 2041/ min whetgihe & her

ti med sanples were caught the sang way a he ti e qBI%S' however,
the nolten stﬂamﬁhiEWﬁWeﬁj%wgd%tﬁq?ﬂ%ea%a?w?ffh%r@cp(z)e%gen?l?eom o ection | n
500 g of TEG.a : geshopatam chystallnitye Attet RtDSQ etinpla a st eel
beaker fi ttedl“%&;l1 &Eﬁgghg%?@%ggaﬂugent I e,ggévarigg, ang a foil coyer 'p It shoul d
be noted t hatwisremoa fran gadh straedytler samptes Wee fouted farfeging iR 1902 et . seq.
was targeted for 150C_  However, the actual neasured val ues ranged from 152
to 154.3 T. |etBAkINGMY noted that the TEG target tenperature on
reference sanples 105 et.seq. was targeted for 170C. However, the actual
nmeasured val ues ranged from 167.5 to 168.7 C. Wien the indicated tine of

1, 2, 4, 8 or 15 mn. had passed, the nolten polynmer sanples were quickly
noved fromthe hot TEG bath into an ice water bath to quench the sanple 52
and to prevent further crystallization. Sone of the runs wth shorter tines
were repeated. After cooling for several mnutes, the strands were

towel -dried, cut with wre cutters and submtted for a first heating scan
by DSC at 20'C/mn where the sanple sizes were 9 to 10 ng to determ ne the
| ow nel ting peak tenperature, the high nelting peak tenperature and the
percent crystallinity. After the DSC sanple

TABLE 1
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was renoved from each strand, the sanples were routed for testing by GPC to
estimate the Ih.V. TABLE | 53 Molten Polyner enp_ inme Tml a Peak Est.. A*
(deg Q(m n)omrentsTenp_ (deg % 1 hV Tm b Peak Sanple QCrystallinity (dUg)
Tenp_ (deg C) # 102-115008. 11 0.542 248.47 102-2150122.72 0.539 249.77

102- 31502166. 8234.41 0.54 248.15 102-41504163-4435.03 0.538 247.11
102-51508166. 5235. 46 0.539 248.88 102-615015167. 4838. 44 0.538 249. 03

102- 71501r epeat 27. 37 0.54 ~, 248.13 102- 81 SOpel | et s171. 4539. 28 0.56 247-49
105-117009. 00 0.541 249.09 105-2170128.96 0.533 248.43 105-3170239.68 0.534
250. 17 105-41704183.8930. 69 0.533 249. 39

Molten
Polymer
A* Tm1la Peak Est..
Sample | Temp_ Time Temp_(deg % hv Tmlb Peak
# (deg C) (min) | Comments <) Crystallinity (dL/g) Temp_ (deg C)
102-1 150 0 8.11 0.542 248.47
102-2 150 1 22.72 0.539 249.77
102-3 150 2 166.82 34.41 0.54 248.15
1024 150 4 163.44 35.03 0.538 247.11
102-5 150 8 166.52 35.46 0.539 248.88
102-6 150 i5 167.48 38.44 0.538 249.03
102-7 150 1 repeat 27.37 0.54 5 -.24813
102-8 150 0 pellets 171.45 39.28 0.56 247.49
105-1 170 0 9.00 0.541 249.09
105-2 170 1 28.96 0.533 248.43
105-3 170 2 39.68 0.534 250.17
105-4 170 4 183.89 30.69 0.533 249.39
105-5 170 8 1779 3347 0.533 248.37
105-6 170 15 _ 179.16 34.06 0.539 247.93
105-7 170 4 repeat 177.52 33.69 0.531 248.96
105-8 170 2 repeat 177.85 38.71 0.534 250.14
1059 170 0 | pellets 172.52 36.78 (.554 250.73

* Polymer A as a starting pellet was a 0.56 Th.V. PET polymer modified with 3.5 mole %
1,4-cyclohexanedimethanol (CHDM) and 1.7 mole % DEG.

The data shows that' each of these samples crystallized at 150°C in TEG,
except for the molten, time-zero sample and the 1 min. sample and its repeat (102-
1, -102-2, -102-7), had a low melting point detected at a 20°C/min DSC scan rate.

The shortest timed samples (1 min. or less) appeared to be reorganizing on the time
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105-51708177.933. 47 0.533 248,37 105-617015179. 1634. 06 0339 247.93
105-71704repeat 177. 5233. 69 0. 531 248. 96 105-81702repeat 177.8538-71 0.534
250. 14 105-91700pel | et s172. 5236. 78 0.554 250.73 * Polyner A as a starting
pellet was a 0.56 1h.V. PET polynmer nodified with 3.5 nole %

1, 4- cycl ohexanedi i net hanol (CHDM and 1.7 nole % DEG The data shows t hat
each of these sanples crystallized at 150*C in TEG except for the nolten,
time-zero sanple and the I min. sanple and its repeat (102- 1, - 102-2,
-102-7), had a low nelting point detected at a 20T/ mn DSC scan rate. The
shortest timed sanples (1 mn. or |ess) appeared to be reorgani zing on the
time 54 scale of the test. For these sanples, a faster DSC scan rtite could
be used to sea:atehﬂ" thd test: Fazlthése gampplak adaster ARG Sqﬂﬂéatéﬁ%@ he pseddpisemthe
tenperature p us und 20 t fanb

conventi onal | &PFa}kz"égz"B’lgT clr%S%]lzag%g%eer lﬁoag(ggﬁ 0a¢erm}gre fed to
the extruder. 1@ QH&ﬁpléc&fs?s?é@lcﬁadhb)éoﬂdehn@iaﬂsibq&allhedﬂdtems feptheBaimee 1 with
respect to the 1ncrease in the degree of crystallinity over tinme at a
crystallizati omsnm’m@r%ﬁedﬁfethéﬁxm%c The percent crystallinity increased
with time until it_ley tyi ut two

m nutes. The 102- 8F %a%}gﬁ%l s &gr’ﬁ{iigh{[}ﬁdgta'%%sgw%llovﬁigl I%EIB%F ;@?gl lized

pellets, i.e. nctdase mﬁmdsgmaafrcﬂataumuy@véﬂdneatatdmstzalkzatmué¢mperatmeeof1 al so
showsthe estimated | h.V. of the 8’ t. over.

crystallizati &p0° Eeﬂﬁépa'{cﬁﬁtérﬁfa“lrﬂ ?@“‘tlg‘ sl 36?)"«55% quga@gn%{}lceh
glycolysis at nn&ﬁﬁx%eé‘iﬁr%'}%oﬁthw?{nuﬁuééﬂrhéllbz BRgmple@BAkidtetsf thd 5 i n.  maxi mum

are about the results set forth in Table 1 also set forth the
| ow peak mel t csgrehonally atystaBized p@lhﬁ mlﬁleﬁarpepwéhaémpﬁeg‘rﬁ%ﬂm@ﬁ% @llized

over tinme in 170C eEq»Cfghagévs (E\)vgsrd ee~ rnat \groﬁﬁ &trhapo %Lure from

150 to about 170C, erature ncrease out 10C.
The results i grk0hGobeRperatadbe] sb° ca.l m:rshma Bpechetgibeemath giyopi;ysesldti zati on

150°C as the Th.V.’s for all the timed runs (15 min. maximum) are about the same.

v—l-

The results set forth in Table 1 also set forth the low peak melting
temperature of the molten polyester polymer crystallized over time in 170°C TEG.
By increasing the crystallization temperature from 150 to about 170°C, the low
peak melt temperature increased by about 10°C.

The results in Figure 6 and Table 1 also show the degree of crystallization
over time at a crystallization temperature of about 170°C. The 105-9 sample
consisted of the conventionally crystallized pellets, i.e., the same ones that were
fed to the extruder. A high degree of crystallinity was obtained in a short time when

crystallized at 170°C.
Table 1 also shows that there was a slight [b.V. loss of about 0.013 dL/g.

However, there did not appear to be much glycolysis at 170°C as there was no clear

trend of decreasing Ih.V. with increasing time.

Example 2
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over time at a crystallization tenperature of about 170C. The 105-9 sanple
consisted of the conventionally crystallized pellets, i.e., the sane ones
that were fed to the extruder. A high degree of crystallinity was obtained
in a short time when crystallized at 170C. Table 1 also shows that there
was a slight Ih.V. loss of about 0.013 dUg. However, there did not appear
to be much glycolysis at 170C as there was no clear trend of decreasing
lh.V. with increasing tine. Exanple 2 55 The same procedure as used in
Exanple 1 was foll owed, except that a different polyester polymer was used
as the test sanple The results are reported Tabl e 2. TABLE2 Mol ten

Pol BT Tm b Peak% R C

O O erall inPry s\ theisnas pegeturs Sousds Roiges W DR fa 5 oo
ML1. 580, 723 3rtéd i3
51508247. 229?f&é@%&%ﬁ%ﬁ?@%ﬁ’%&%ﬁ%@%‘%ﬂ%%ﬁ4 0%"[5“1%%%5}5 énge e 707

Table 2.
TABLE 2
Molten
Polymer B | Temp_(deg Time Tmlb Peak %

Reference # C) (min) Temp (deg C) | Crystallinity IV (dL/g)
103-1 150 0 245.12 498 0.727
103-2 150 1 246.33 11.58 0.723
103-3 150 2 245.7 2428 0.725
1034 150 4 246.37 32.17 0.73
103-5 150 8 2472 29.20 0721
103-6 150 15 2455 29.80 0.724
103-7 150 2 247.25 22.14 0.727

*Polymer B as a starting pellet was a 0.79 Th.V. PET polymer modified with 2.7 mole %
isophthalic acid (IPA) and 3.7 mole % DEG.

Figure 7graphically illustrates the data in Table 2 with respect to the degree
of crystallinity obtained from the melt over time. As can be seen from Figure 7, a
high [h.V. polymer melt successfully crystallized very quickly in 150°CTEG.
Between 2 to 5 minutes, the molten polyester polymer had achieved a degree of
crystallization of about 30% or more. The data in Table 2 also shows that the high
[h.V. polymer did not suffer glycolysis as there was no trend downward in its [h.V.

values.

Example 3 ) |
The previous samples and runs in the above examples were carried out by

charging crystallized PET pellets, melting the pellets in an extruder to substantially
erase its thermal history and crystallinity, followed by extruding the polymer melt
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Polymer B as a starting pellet was a 0.79 MV. PET polyner nodified with
2.7 nole % isophthalic acid (I1PA) and 3.7 nole % DEG Figure 7graphically
illustrates the data in Table 2 with respect to the degree of
crystallinity obtained fromthe nelt over tixne. As can be seen ftom Figure
7, a high I h.V. polynmer nelt successfully crystallized very quickly in
150*CTEG. Between 2 to 5 mnutes, the nolten pol yester polyner had achi eved
a degree of crystallization of about 3011/0 or nore. The data in Table 2
al so shows that the high 1h.V. polyner did not suffer glycolysis as there
was no trend downward in its Ih.V. values. Exanple 3 The previous sanples
and runs in the above exanples were carried out by charging crystallized
PET pel | ets, antedridtdlizih R PRt TR The i [Ll,l%%[ : hally erase its
thermal history and cr%st allinity, Fgélq’lngﬁv\rgd y Heliferxﬁ?%%ﬁt&kg@pol ymer nmnelt
56 and crystBidlgataddyy spmeiremuest offiEastitieat lstexyi Brarhple 3 mpwidehionstentasxt r udat e

may be nucl emnant ,of its.past .heat history. Exanple 3 now
denonst r at es&g%ﬁgﬂeﬁ@i%ﬁgé mrsgﬁgjl %@ngew.&me%g%ﬁgpe g%‘ty“ihﬂ@“% mel t - phase
line whi ch hgriorniermpl drostallifsionBistozy, )6 thl frécesd dfQke fvadtRpy, to the process of

the invention. Tg denonstrate that a polyner nelt exiting a nelt phase |ine
will also crystalqdemonsirgathahepolymer melt gxitingia meliphasedimeavillalse f ol | owi ng

experi ment e, |t rﬂﬁ‘.ﬂ d same _conposition used
i n Exanpl e ;@?t at JI)HSi a BIP@E?TF%O@&JI%&% ymer Erg%ﬁme&gwgﬁph 3.5 mole %
1, 4- cycl ohexaonédutitede tMaltenl Polyri#r\Madathel satne/comiposititn G in Bxa@ile 1t that thi s
pol ymer was .not %{)ﬁ]\t“ m i solg&igd as g pellet bel ow Tg nor crystallized
fromthe gl 482 ¢api¥ Feeranodifigdvith 4-Saele 4 hi-cyplohexaaedimetbanod val ve
after the fi@uEiMya07 BRIMBIES N cddt tHae %mém;: on a PET line
was transferred to the 150"C TEG bg%ﬂh W %hflﬂl a 15- %%gérggilﬁ& sfrom
col | ecti on. lﬁﬁeﬁmamﬂeﬁeﬁl@v iTginonerystahliget forhitizeglass (MbBaCPdlRGer@)or t he ti nes
gi ven bel ow M&t&%tgiﬁ:obw&l;ﬁémavalvc after the finisher and between the filter and

the gear pump on a PET line was transferred to the 150°C TEG bath withir:ghout

15-20 seconds from collection. The molten material was crystallized in 150°C TEG

for the times given below in Table 3:

TABLE 3
Molten
Polymer C Temp Time | TmlaPeak Temp % Est_ PM95 IV
Reference # {deg C) (rmin) (deg C) Crystallinity | - (dL/g)
123-1 150 0 1.94 - 0.565
123-2 150 1 20.89 0.564
123-3 150 2 20.07 0.566
1234 150 4 165.1 37.93 0.563
123-5 150 8 168.13 39.85 0.563
123-6 150 15 170.47 37.83 0.557
123-7 150 1 14.54 0.562
123-8 150 2 28.14 0.562
123.9 150 4 174 (shoulder) 44.43 0.564
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Mol ten Tenp_ Time Tml a Peak Teinp_ % Est- PMB5 TV Pol ynmer C (deg
CO(mn)(deg QCystallinity(di,/g) Reference # 123-115001. 940. 565
123-2150120. 890. 564 123-3150220. 070. 566 123-11504165. 137. 930. 563
123-51508168. 1339. 850. 563 123-615015170. 4737. 830. 557 123-7150114.54"' 0. 562
123-8150228. 140. 562 123-91504174 (shoul der)44.430.564 57 The results
indicate that crystallization fromthe nelt of a newy nade polyner that
has no thermal crystallization history proceeded at a reasonable rate, and
within less than 5 mnutes had crystallized to about 35% or nore. The | ow
peak nelt tenperature was about 15 to 20C above the crystallization

tenperature. Moreover, crystallization fromth meht of tIS\iLIs $O| ymer
resulted in only vBreresultsdndicatethat cryssadlizasion froppfie mehof 3 neWininpdtant | oss.

e St L SR g r AR b bty o
crystal i ni tyand@ithin less than 5 minutes had crystallized to about 35% or more. The low
peak melt temperature was about 15 to 20°C above the crystallization temperature.
Moreover, crystallization from the melt of this polymer resulted in only very minor
Th.V. loss of 0.008; not a significant loss. The crystallization results are
graphically illustrated in Figure 8.
Figure 8 shows that it took about 4 minutes to obtain above 30%

crystallinity.
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VWhat We Claimls: | . A process for crystallizing a pol yester polyner
conprising introducing a nolten polyester polyner into a |iquid nmedium at
a liquid medium tenperature greater than the Tg of the pol yester pol yner.
2. The process of claim1l, wherein the liquid mediumtenperature is above
100*C. 3. The process of claim2, wherein the liquid nediumtenperature is
above 130'C. 4. The process of claim3, wherein the |[iquid nedium
tenperature ranges from 140'C to 180*C. 5. The process of claim1l, wherein
t he pol yester polymer contains at |east 60 noleQ o ethylene units based on
the noles of all diols added and at |east 60 noleo/o terephthalate units
or naphthalate units based on the noles of all dicarboxylic acids added,
and the It.V.of the nolten polymer is at least 0. 55 dL/g. 6. The process

of claiml1, rein £t he . pol yester polyner conprises a polyalkylene
t er epht hal at \é\&ﬁﬁtﬁgﬁ a;}rr?elg or copolymer nodified with 40% or |ess of repeat

units other than a kyl enprotes éphiystdliiting a polydies pohyowsssemprisisgai m 1, wher ei n
t he nol ten pol yester polyner is de i.n a nel e ation
process and |REPHHINESIDP sf?étenqlﬂwafm *’d‘ﬁﬁff@@%ﬁ} tgqlr%ﬁ)&gﬁg%e bef or e

the nolten po eh@gﬁﬂﬁﬂﬁure belowits Tg, and the
It.V. of the %%ﬁ?%ﬁﬁ%%?§ég?&?§@gi%Fggé?hb.5 dUg.. 8. .The process . of claim
1, wherein the nolzen [kypesessofgimierhemsin thelighid mediym KERTHEe sol i d
pol yester pell et H&,?bove 190T foll owed by bringing the resulting nolten
pol yest er pol $9%¢ 1¥hEo contact with the Iiquid nedium before the

t enperature of thesynol te eysTicBiimPowheRrin theliipsd pedoun tempeTagursfis t he
polymer. 9. The process of claim1, wherein the nolten polyester polyner is
extruded in asbowgddQfler through a die at a tenperature of 190T or nore as

measured at the exgr Udafherbmkseof cPm 3, wherein the liquid medium temperature
ranges from 140°C to 180°C.

5. The process of claim 1, wherein the polyester polymer contains at
least 60 mole% ethylene units based on the moles of all diols added and at least 60
mole% terephthalate units or naphthalate units based on the moles of all
dicarboxylic acids added, and the It.V.of the molten polymer is at least 0.55 dL/g.

6. The process of claim 1, wherein the polyester polymer comprises a
polyalkylene terephthalate homopolymer or copolymer modified with 40% or less
of repeat units other than alkylene terephthalate.

7. The process of claim 1, wherein the molten polyester polymer is
made in a melt phase polycondensation process and introduced into the liquid
medium from the melt phase before the molten polyester polymer fallsto a
temperature below its Tg and the It.V. of the molten polymer is at least 0.55 dL/g.

8. The process of claim 1, wherein the molten polyester polymer is
obtained by heating a solid polyester pellet to above 190°C followed by bringing
the resulting molten polyester polymer into contact with the liquid medium before
the temperature of the molten polyester polymer falls below the T, of the polymer.

9. The process of claim 1, wherein the molten polyester polymer is
extruded in an extruder through a die at a temperature of 190°C or more as

measured at the extruder nozzle.
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10. The process of claim1, wherein the nolten pol yester polyner is
directed through a die, followed by cutting the nolten pol yester pol yner as
it exits the die. 11. The process of claim1, wherein the nolten pol yester
polymer is cut wunderfluid in the liquid medium and the It.V- of the
nolten polyner is at least 0.55. 12. The process of claim1l, wherein the
nol ten pol yester polyner is cut underfluid into gl obules. 13. The process
of claim1, wherein the liquid nmediumtenperature when the nolten

pol yester polyner first nmakes contact with the. liquid nediumis above the
Tg of the polyester polyner, and the It.V. of the nolten polyner is at

| east 0.55.. 14. The prqcess of aim l. whejei yest er

pol yner first mak céﬁ'te&’é?ceﬁﬁ (ffﬁ:ll%mirﬂ’ aﬁe@nﬁ@%h&%‘ﬁ%ﬁﬂ? %téel%béﬂg%rdr?e bel ow
the Tg of theypQtaflo8hh a B! 1MBIved BROutiaE Gieandlize polyener mtlymer asfit ¢xis ol t en
pol yester polyner fallS below the T9 of the polyester polynmer, the liquid

medi um t enpertediee i s above the Tg of the polyester polynmer. 15. The

process of claim 1, whegei 1 en Hk SholteR by WBSter ol frdér is bider f | ui d
when the tenperat u]rle o?fl{e eO"Ipeg ?/fregs?%lfenrel’ﬁ‘&%ﬁr is0 at b?‘;%;sf p})Q%'&i" 16. The

process of cl ghderfluid GOMmp ligaidngeditinn et itheglt vh ef theinsadten polyyres isat leasbd-§dver

having an It.V. of at |east 0.55 dL/g .through,a die plate a .Jing the

nol t en pol yest er pb?-yne?heﬁi"f‘isﬁgjf&ﬂg’ P& eﬁhﬂ]‘ém@k}fnfg?]y?sg%reﬁ%gaﬁ#tﬁga I'i qui d

medi um zone ?‘#q’?ﬂéﬁaﬁdiﬁ@%ﬁdﬁ&?r bl ades and a surface of the die plate are
e [

in contact w quid medium 17. The process of claim 1, further
conprising a |iqui tB.nedThepreeseof danpk.iwdierain thediquidnedivm eraperatiig ¢ er

di sposed in a_housi ng.containi ng,an i :qui@ R dfnd {sow of
liquid nmedi un™PRt BediReRs Fﬁ rmeﬁéﬁétt %e |E|n %}%%ﬁ?l mol t en SpoI yest er
pol ynmer havi ngodi thd T 6f thf patyestee pollymar, ahd tbUgVi of thie mettrpolymepisgh the die

plate, cut with cutter blades on the cutter to form globules, and directed
to the outl eleagf0.3%e housing as gl obul es by the notive force of the liquid

medi um 1 ow. 14.  The process of claim 1, wherein the molten polyester polymer first
makes contact with a liquid medium at a temperature below the T, of the polyester
polymer, and before the temperature of the molten polyester polymer falls below
the T, of the polyester polymer, the liquid medium temperature is above the Ty of
the polyester polymer.

15.  The process of claim 1, wherein the molten polyester polymer is cut
underfluid when the temperature of the polyester polymer is at least 190°C.

16.  The process of claim 1, comprising directing the molten polyester
polymer having an It.V. of at least 0.55 dL/g through a die plate and cutting the
molten polyester polymer exiting the die with a cutter located in a liquid medium
zone such that the cutter blades and a surface of the die plate are in contact with the
liquid medium.

17.  The process of claim 1, further comprising a liquid medium zone
comprising a die plate and a cutter disposed in a housing containing an inlet and an
outlet, and a flow of liquid medium into the housing through the inlet, wherein
molten polyester polymer having an It.V. of at least 0.55 dL/g is directed through
the die plate, cut with cutter blades on the cutter to form globules, and directed to

the outlet of the housing as globules by the motive force of the liquid medium flow.
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60 18. The process of claim 17, wherein the tenperature of the liquid
mediumat the inlet of the housing is less than the tenperature of the
tiquid nedium beyond the outlet of the housing. 19. The process of claim
17, wherein the tenperature of the liquid nediumat the inlet and the
outlet of the housing is above the T. of the polyester polyner. 20. The
process of claim 17, wherein the nolten polyester polyner is cut
underfluid. 21. The process of claim1, conprising directing nolten

pol yester polymer through a die plate and cutting the nolten pol yester
pol ymer underfluid as it exits the die with a cutter, wherein the cutter

and an inner surface of the die plate_ are contained in hqusing fed with
a flow of hot |iqui& meldheurrpesss qlﬁlﬁiﬁd“’hﬁﬂrﬁﬁf?ﬁf@ﬁiﬂwg?g%qh%‘b@e the Tg of
the pol yester Ao RE nbusts 61 I8 thak Mel tBmp@saRIi1ith liyuidaiedium 22. The
process of CIE$%$%§¥h§Hg@g?n thest &perature of ?he liquid mediumranges
from 140C t o 8806d thedutldind therlowewg. of claim 1, conprising allow ng the
nol t en pol yest er olyner to res'cge in the |iaui @ng .y qui d nmedi um
t enperature above [)gne %%‘P"eﬁﬁf %W@sf’@?n”%ﬂo‘ﬁg@ or ?ftﬁ%er%gqugduffi cient to
impart to them%%:h‘?ﬂtl&%bé?ﬁd&he ot YR hausiegisabonsthe Ty sf Ak ipblyestyr of at

| east 15% 24. e process of claim23, wherein the degree of crystallinity
i s above 25% p@ymefThe process of claim 1, wherein the liquid nedium
conprises water. . The pr j thehRiteh PollyBfer dolythét isedi um
conprises a pol ya%‘gyl eﬁ?ee‘%f’é;eggﬁfd% HT?g%egnocess of B?:Pai t?nﬁl, wherein the
tenperature ofydtun@edfiuf@i d medi um contacting the nolten polyester is
greater than the boi Iing polnt of Lhe |} guld, HRdlR et p3hEREPNer o

polymer through a die plate and cutting the molten polyester polymer underfluid as
it exits the die with a cutter, wherein the cutter and an inner surface of the die plate
are contained in a housing fed with a flow of hot liquid medium at a liquidsmedium
temperature above the T of the polyester polymer, and the liquid medium is
essentially water.

22.  The process of claim 21, wherein the temperature of the liquid
medium ranges from 140°C to 180°C.

23. The process of claim 1, comprising allowing the molten polyester
polymer to reside in the liquid medium at a liquid medium temperature above the
T of the polyester polymer for a time sufficient to impart to the molten polyester

polymer a degree of crystallinity of at least 15%. '
24.  The process of claim 23, wherein the degree of crystallinity is above

25%.
25.  The process of claim 1, wherein the liquid medium comprises water.
26.  The process of claim 1, wherein the liquid medium comprises a
polyalkylene glycol.

27.  The process of claim 1, wherein the temperature of the liquid

medium contacting the molten polyester is greater than the boiling point of the

liquid medium at 1 atmosphere.
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61 28. The process of claim1, conprising crystallizing the nolten

pol yester polynmer in the liquid nmediumat a pressure on the |iquid nmedium
which is equal to or higher than the vapor pressure of the liquid nedium
29. The process of claim1l, conprising a pressure on the liquid nmedium of
greater than 25 psia. 30. The process of claim?29, conprising a pressure of
52 psia to 145 psia. 31. The process of claiml1l, wherein the |[iquid nedium
has a flow to subnerge gl obul es obtained fromthe nolten pol yester

pol ynmer. 32. The process of claim1l, wherein the residence tinme of the
nolten polyester polyner or gl obules made fromthe nolten pol yester

polymer in said liquid nmediumto, obtain a.degre f. chys inity of 20%
or nore is 10 ni ni8es HihePF@§5§.Ofﬁhilmfh‘éow&%qusgﬁlﬁ%fl%g%’é@énmherei n the
degree of crystallinity i; AR Patatpréssiie Sh AR Ieqid imeBivef whichiinut es or
| ess. 34. Thepokegéeégél&%@@ltg?gg%g, wher ei r? the degree of crystallinity is
40% or nor e. eqafl to ThRighérahasthe shporipeissnrodf e dgwdzmdiiper ei n the 1 quid

medi um tenperature ranges from140C. to 18 i 6iaGBedihdE t O
obtain a degree o¥-cr &F?qe?ﬁ‘lfiflab‘fl 18 S%rﬁ)a?ﬁ%sgﬁgoen'rstﬁ?lrhg%ﬁgr%at er than 0

seconds to abguf. 8. qhwutas or less. 36. The process of claim1, wherein
crystallizatiomr1s conducted in the absence of rotati r%% mechagi gal Iy

i nduced agitation.3(87. The@renescafsiain2ocPumiFsing ARIFSAEA 7 PSP ddvici ng a
feed of liquid, colder than the liquid nmediumtenperature, to the liquid
medi um cont ai Pithg crystallized pol yester polynmer or resulting pellets. 38.
The process of claim 1, THeqR@SekSofgaiarly sihateir the tiguitl meedinoh hava flpwityest er

olynmer in the liquid nediu f ol | owed separating the liauid medi um
Py subme?ge globules ob‘?a]ined from the moqgén ol%/ester polymer. q

32.  The process of claim 1, wherein the residence time of the molten
polyester polymer or globules made from the molten polyester polymer in said

liquid medium to obtain a degree of crystallinity of 20% or more is 10 minutes-or

less.
33.  The process of claim 32, wherein the degree of crystallinity is 30%

or more at a residence time of 4 minutes or less.

34.  The process of claim 32, wherein the degree of crystallinity is 40%

Or moTe.
35.  The process of claim of claim 32, wherein the liquid medium

temperature ranges from 140°C to 180°C, and the residence time to obtain a degree
of crystallinity of 25% or more ranges from greater than 0 seconds to about 8

minutes or less.
36.  The process of claim 1, wherein crystallization is conducted in the

absence of rotating mechanically induced agitation.
37.  The process of claim 1, comprising introducing a feed of liquid,
colder than the liquid medium temperature, to the liquid medium containing

crystallized polyester polymer or resulting pellets.

38.  The process of claim 1, comprising crystallizing the molten

polyester polymer in the liquid medium, followed by separating the liquid medium
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62 fromthe crystallized nolten polyester polynmer while the |iquid nedium
tenperature is above the Tg of the pol yester polyner. 39. The process of

cl aim 38, conprising directing a cool flow of liquid onto the crystallized
nol ten pol yster polyner or resulting pellets after separation fromthe
liquid nmedium said cool flow of |liquid having a tenperature | ess than the
tenperature of the crystallized nolten pol yester polyner or resulting
pellets. 40. The process of claim1l, conprising crystallizing the nolten
pol yester pol yner under a pressure equal to or greater than the vapor
pressure of the liquid nmedium followed by depressurizing the resulting

crystallized molten polyester yrrer f ol,l by separating
sai d pol ymer fom s qfé%t%llﬁqddﬂ‘?lt"ﬂpé’ Xeﬁtﬁ’iﬁ’(gwﬁgr 'ﬁﬁkqul‘h?g\ﬁg"g%cess of claim
1, conprisi ngﬁgglgg%{l@%hagb L feofmk g@l@ester%h)bfﬁ’éit er polymer under a pressure

equal to or an t e vhpor préssure of the liquid medjum. followed
by separating sai d3gol yTlierpr@:essrrxﬁ]dlmms'i& camprising diregtingia coal dio ﬂ’rﬁ%%ut

substantially decreasing the res t [ ately
prior to sepaPm® ﬂtﬁ’rffys?ihze‘i*ﬂépl%ﬁ% B‘ﬁ Fra?e”lmlluwcgg)rfcgrg? éalﬂﬁ?g ?ég%tl ng the

liquid nedi “”h?%lrtﬁ’éﬁupﬂ@nk&%ﬂi Ea&aoarﬂbatmiquﬁﬁchvmgldtempﬂﬂmyebsefhamdieyrrer or
e

pell ets whil essure on the liquid nmedi umprior to sgﬁ)aratlon S
greater than fhn@brnﬁxphéthechA@lhziFﬁ@ObP'bE‘éﬁ%St%ﬂ’OEﬂn%ﬁrHf SRR PERStS the 1t. V. of

t he pol yester pol yﬁl yeﬁl é}(}ogegs %Lclﬁrrnolr c Elt%%c ktRfizlngdke fholBfli UM conpri ses

wat er, the nolten e rvvater and the
crystallized P&},ysgé [Whﬂd&hpt&s&éﬁ@mneﬁ' greapenthantthe W\mmjprqgﬁggpfa
pressure equal To or greater than the va or ress e Ofsta‘ﬂ%teﬁr olt%ﬁ The
process of cl éledﬂ!!ldwm,lﬁqll%‘f’%?)é ?Hrezqé 85355@&%39{ SIYFer or
pellets are se }ghﬁfgghggjgtsl fdmwgdBﬁ@éﬁﬁﬂﬁ@dﬁﬂp@lyﬂ[&%ﬁpﬂ&tﬁﬁmmr above

t he vapor preg qurd mediumiwith a rot ary valve or dual knife-
gate val ves. ﬁﬁghqﬁlmwms for separating a crystallized pol yester polynmer

having an 41.  The process of claim 1, comprising crystallizing the molten:
polyester polymer under a pressure equal to or greater than the vapor pressure of
the liquid medium, followed by separating said polymer or pellets from the liquid
medium without substantially decreasing the pressure on the liquid medium
immediately prior to separation. |

42.  The process of claim 1, comprising separating the liquid medium
from the resulting crystallized molten polyester polymer or pellets while the
pressure on the liquid medium prior to separation is greater than 1 atmosphere.

43.  The process of claim 1, wherein the It.V. of the polyester polymer is
0.70 dL/g or greater, the liquid medium comprises water, the molten polyester
polymer is cut underwater, and the crystallized polyester polymer is separated from
the water under a pressure equal to or greater than the vapor pressure of water.

44.  The process of claim 1, wherein crystallized molten polyester
polymer or pellets are separated from the liquid medium under a pressure at or
above the vapor pressure of the liquid medium with a rotary valve or dual knife-
gate valves.

45. A process for separating a crystallized polyester polymer having an
It.V. of at least 0.55 dL/g from a liquid medium comprising crystallizing molten
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It.V. of at least 0.55 dL/g froma liquid nediumconprising crystallizing
nol ten 63 pol yester polyner in a hot |iquid nmedium having a tenperature
greater than the Ts of the polyner to forma crystallized pol yester

pol ymer, separating the crystallized polynmer fromthe hot |iquid medium
under a pressure equal to or greater than the vapor pressure of the liquid
medi um and directing a flow of cool liquid onto the <crystallized pol yner
before separation, wherein the tenperature of the cool liquid is I|ess than
the tenperature of the hot liquid nmedium 46. The process of claim 45,
wherein the tenperature of the hot liquid nmediumis at |east 130T, and the

pol yester polynmer conprises a polyethylepe. t or

copol yner. . IZP?YGStPhE"lb’F’SE'é‘sash%ﬁq‘é‘ﬁﬂ %Fa%ﬁeﬁ%ﬁﬁfaﬂgg gﬁc?ge?‘aﬂﬁ‘n@%gg

pol yester po'é?gﬁml?ﬁ&ta £ nPYcryBaRized pelgésted Polybnwhrsépaatiegrthe atyswllizadd t he
| r

cool liquid ne avels colntercurrent to the direction of tge fl ow of

crystal l'i zed poymesten thedioy ligyid medgm quilsr ppreeass el ) Lighsald hafHdf ei n t he

hot liquid mediumis se ted, f | kd p@ayest er
pol yner, t her tRPE BESUER “gh‘ﬁ“‘?%@%@a&ﬁ%ﬁ@?%ﬁﬁgﬁﬂ'ﬁ% n the

interstices of g e fiMth@befoareskpahsiosodierdin the temperauire efthe gool digeid 16 he
gl obul es cont ar?'nl ng residual hot liquid nmediumto displace at |east a
portion of t hiessthen theampesatureiodthechohtaid M B t he interstices of the

globul es before —sgparapl QlocedPot clilfy 431 Q%M B edpdtamird of tdfrot Hyuidt he hot
liquid nediumis s %ara SFFom gl obufes of crystalli zedm%ester

pol yner, ther geéiufifis htlexst 030°€, Mdpdwemolmqqlﬁpmpﬁﬁ?ﬁiam t he
interstices of the ?I obul es travcgl ing in a direction toward a separator,
and the cool terephthalas PRAVREPTSMRBYPHe gl obul es contai ning residual hot

l'iquid nedium has ﬁ_DOVw'ﬁéﬁrecéébeaihm@%e&tﬂ the ciystallizpd paliyester ppl wadrer
amount of the hot I'iquid mediumrelative to the ?ﬁmu t of hot liquid
medi um separ ahssh flow ithedirestign fovarda separaresvnsithe 69 lﬂ}“alﬁ?edl.‘mg&avﬂs process

A oL B TSy e s o

48.  The process of claim 45, wherein the hot liquid medium is separated

from globules of crystallized polyester polymer, thereafter leaving a residual hot
liquid medium within the interstices of the globules, and the cool liquid is directed
onto the globules containing residual hot liquid medium to displace at least a
portion of the residual hot liquid medium from the interstices of the globules before
separation.

49.  The process of claim 45, wherein the hot liquid medium is separated
from globules of crystallized polyester polymer, thereafter leaving a residual hot
liquid medium within the interstices of the globules traveling in a direction toward
a separator, and the cool liquid directed onto the globules containing residual hot
liquid medium has a flow rate which is effective to separate a greater amount of the
hot liquid medium relative to the amount of hot liquid medium separated in the
absence of a flow of cool liquid.

50. A process for crystallizing a molten polyester polymer comprising:
a) directing molten polyester polymer through a die, and
b) before the temperature of the molten polyester polymer falls below

its T, first contacting the molten polyester with a liquid medium when the liquid
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b) before the tenperature of the nolten polyester polyner falls below its
Tg, first contacting the nolten polyester with a liquid nedi umwhen the
1iqui'd 64 nediumtenperature is greater than the Tg of the pol yester

pol ymer and «crystallizing the nolten polyester polyner. 51. The process of
cl aim50, wherein the tenperature of the nolten polyester polyner on
contact exceeds the tenperature of the liquid nedium 52. The process of
claimb51l, wherein said nolten polyester polymer is a polyethylene

t erephal ate or napht hal at e honopol yner or copol yner and having an 1t.V. of
at least 0.55. 53. The process of claimb52, wherein the tenperature of the

liquid nediumtenperature is at |eagt 13Q¢C. 54, f or

cryst al | i zi ngnedipoiterapsrature s gseatst th Miogﬁ?&ofyegérgﬁgl?@gf?nﬁg a nolten

pol yester pol 1. j pefore the tenperature of the
S

nol ten pol yes P I's "bel ow "its Tg, contacting &Ee | ten
pol yester with a |§1qui Theptbossn eftclaim|50qwhereintheitemperagip of the M€Y, eat er t han

the Tg of the polyester pol r for i LEhen :Qvi de a
crystal i zed pRYs P%'ﬁ’mﬁg?%/%‘g&acﬁg’fﬁe %%é%&é’@ghgkfmggﬁygi{dg}lﬁlﬁﬁy of at

| east 10% fol | owegh by 1 pédRaY Gitcidi, 51 wletinaaidrmslemipelegieapolymenss agr eat er
than the vapor pressure of the |iquid nedi uLn the crystalli %ed g%llyester
pol yner from pdigethylene terephedate grmaphthal st RomapghaeL opfo Wnehaad hayig

féin said

nol ten pol yes ol LS a polyethylene terephal ate or naphthal ate
honopol yner oft'%(r:B Btll%z’gp'sg'nd having an It.V. of at |east 0.55 dL/g. 56.

The process of cl aian 55rhewfi6desd of ddim Lewhencnthe tenferature of thedigid nedi um
tenperature is at |east 130C  57. g& process of claimb54, wherein the
separ at ed cr ymedium tgmgeraygs isatleast 188 Cymer is fed to a dryer to renmove

residual noisture §fomjg lB?ocQ%' %P8 Ystallizing a polyester polymer, comprising:
a) directing a molten polyester polymer through a die, and
b) before the temperature of the molten polyester polymer falls below
its T,, contacting the molten polyester with a liquid medium at a liquid
medium temperature greater than the T of the polyester polymer for a time
sufficient to provide a crystallized polyester polymer having a degree of
crystallinity of at least 10%, foliowed by

c) separating, under a pressure equal to or greater than the vapor
pressure of the liquid medium, the crystallized polyester polymer from the liquid
medium.

55.  The process of claim 54, wherein said molten polyester polymer is a
polyethylene terephalate or naphthalate homopolymer or copolymer and having an
It.V. of at least .55 dL/g.

56.  The process of claim 55, wherein the temperature of the liquid
medium temperature is at least 130°C.

57.  The process of claim 54, wherein the separated crystallized
polyester polymer is fed to a dryer to remove residual moisture from the polymer.

58.  The process of claim 54, comprising directing a stream of cold
liquid onto the molten polyester polymer prior to separation, wherein the

temperature of the cold liquid is less than the temperature of the liquid medium.
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58. The process of claim54, conprising directing a streamof cold liquid
onto the nolten pol yester polyner prior to separation, wherein the
tenperature of the cold liquid is less than the tenperature of the |liquid
medi um 65 59. The process of claimb55, conprising drying the separated
crystallized polyester polyner, and directing a streamof cold liquid onto
the crystallized polyester polyner after separation and before drying,
wherein the tenperature of the cold liquid is |less than the tenperature of
the separated crystallized polyester polyner. 60. A process for separating
a crystallized polyester polymer having an 1t.V. of at least 0.55 dL/g
froma liquid nmediumc risin rat | g sai.0i~iRe ke msaid liquid
nmedi um under a pr surgﬁ[‘gQﬂ%ﬂessgoﬁgaﬁ)rggsé%fﬁlmf’ﬁéﬁy@ge v aggt:eepressure of the
liquid nmediun &élﬁkéaq)oHMeﬁg&maﬂ,eﬁﬁ@iracﬁhghhirmdow@ﬁwiénnmﬁb* ymer, and
foll ow ng sepé?ation and before drying, direct] flow of cool liquid
ont o the sepasrastaltizadppdyester polpee @yé@a’&mﬁﬁy’r&a‘:&ﬂ?ﬁg’e‘?’ er?lﬂgﬁ)? enper at ur e
of the cool Jiquid is . . ﬁlmﬁr@fﬁlw fofliesep@prdat ed
crystallized tﬁgﬁgﬁr@ Qnﬁ%%ﬁsk@?ﬂ%@%t‘l e prtocesrfu%f cl aie% 59, wherein the
pol yner has acjagiigal piyeset pslyakt.i nity of at |east 20% 62, A process for

tallizi | yest | , ising int ' t
ol ymor 1o ot ced 6 | EHeTien Shrs TR AparREzrd ALY B of Y ) T
liquid med “rﬁtaﬁ.ﬁg%ﬂ%{ 095 N PGt ¥MRfid & bembiiging sbpardingsaid r emovi ng

residual Iiqui um on or "around the separated polyner ip a,dryer, and
re-ci rcul at i ngolgined fean aid liguiditheshiurp inden @ preses egral F‘lﬁhy% &Hﬂ}ﬁhﬂ omt he

dryer to or as said feed, of l.iqui.d I: PERGETSed &tarstal i zi ng
a pol yester pYIRPHEICS r %[“ﬂl‘ﬂd eﬂ{ufrggg‘}’c#%egé%{)ﬁes‘ er p%lljg/d]rr%r to a feed
of liquid rred'gamneﬁgﬂ@mb{ﬂiﬂg' sefarhtit anddeforedrying, dinecting qulov efeadolim
separating the polynmer and the |iquid di umﬁrom aCh&FtQ
directing at ligadonte theoseprigiedsFy ed PRFSIFTRP Y RGulV BT AT Ul
the cool liquid is less than the temperature of the separated crystallized polyester

(D

I)'Gld%l.ll}g of
O Or as

polymer.

61.  The process of claim 59, wherein the polymer has a degree of
crystallinity of at least 20%.

62. A process for crystallizing a polyester polymer, comprising
introducing a polyester polymer to a feed of liquid medium, crystallizing the.
polymer in the liquid medium, separating the polymer from the liquid medium,
removing residual liquid medium on or around the separated polymer in a dryer,
and re-circulating at least a portion of the removed liquid medium from the dryer to
or as said feed of liquid medium.

63. A process for crystallizing a polyester polymer comprising
introducing a polyester polymer to a feed of liquid medium, crystallizing the
polymer in the liquid medium, separating the polymer and the liguid medium from
each other, and directing at least a portion of the separated liquid medium to or as
said feed of liquid medium.

64.  The process of claim 62, wherein said polyester polymer is
introduced as a molten polyester polymer having an It.V. of at least 0.55 dL/g.
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said feed aof liquid nmedium 64. The process of claim62, wherein said

pol yester polyner is introduced as a nolten polyester polyner having an
tt.V.r of at least 0.55 dL/g. 66 65. The process of claim 63, wherein the
pol yester polyner conprises a polyethylene terephal ate or naphthal ate
honmopol ymer or copol yner nodified wth 4011/0 or less of a repeat unit or
units other than ethylene tereplithal ate 66. The process of clai m 64,
wherein the liquid mediumtenperature is at least 130'C 67. A process for
maki ng an article conprising contacting a nolten polyester polynmer having
an I't.V. of 0.70 dL/g or nore with a quuid mediumat a |iquid nedium

tenperature sufficient o i nduc g@,}.&@ ter

pol yner, al | owi ng %he F%eﬁr‘fré;fﬁ%? ﬁf’rgﬁaft%r%"qy‘%‘w’?@ tgzgﬁgieélgjet

i sol ating the HapRheRE Hogh b@mbemplol@rmm edowith he
pellet in th ogﬁﬂ%&%tﬁﬁéﬂéﬁa@ﬁgr ar'%\e It pr ocedSPS| n Lﬁts into a shaped
article. 68. moplemé‘saselm‘atnmamﬁwsothﬁhmpﬁy H%telr‘?Fg@ $redi um t enper ature

is above 100*C. 69. proces @h{édﬁlﬂﬁe}ﬂ thngte f2di UM
tenperature rang HFEE (ffCPairg%4%H&fg& The process of pgl ai m 66,

wherein the pﬁll%/a«gﬁggrcpol ymer conprises at |east 60 nol e% ethyl ene units
based on the es of all diols added and at | east

tereplithal ate unif’s orA n@ﬁﬁtsif‘aﬂ rgekdng 3} PECIG LTINS f%a°%§§§%¥enal I
di carboxyli ¢ aglde. 3898d: hdides A VRELO0 ALY orGhcht Wik liquitmeditndve 1ol t en

pol yester pol I'n an extruder through a die at a
t enperature of ﬁ@&eﬁiuﬁneﬁq}mnmssufﬁﬂamuo guflueg crysiellipity FQIB%F“ prlyestely  The

process of claim66, wherein the nol pQ latmidithe
under f 1 ui d. 7Bolymefe a%wegghse gpltenc t“?“ﬁ? P°1 ee? E‘?e%w?% a/‘F‘%ﬁr‘e %’ ?reﬁ'gi um
conpri ses pellets without increasing the molecular weight of the pellet in the sohd state, and
melt processing the pellets into a shaped article.
68.  The process of claim 60, wherein the liquid medium tempenatuze is

above 100°C.
69.  The process of claim 67, wherein the liquid medium temperature

ranges from 140°C to 180°C.

70.  The process of claim 66, wherein the polyester polymer comprises at
least 60 mole% ethylene units based on the moles of all diols added and at least 60
mole% terephthalate units or naphthalate units based on the moles of all

dicarboxylic acids added.

71.  The process of claim 66, wherein the molten polyester polymer is
extruded in an extruder through a die at a temperature of 190°C or more as
measured at the extruder nozzle.

72.  The process of claim 66, wherein the molten polyester polymer is

cut underfluid.
73.  The process of claim 71, wherein the liquid medium comprises

water.
74.  The process of claim 66, comprising allowing the molten polyester

polymer to reside in the liquid medium at a liquid medium temperature above the
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water. 74. The process of claim66, conprising allow ng the nolten

pol yester polynmer to reside in the liquid nediumat a |liquid nmedium

t énperature above the 67 4 4 T9 of the polyester polyner for a tine
sufficient to inpart to the nolten polyester polynmer a degree of
crystallinity of at |east 25% 75. The process of claim66, conprising
crystallizing the nolten polyester polynmer in the liquid mediumat a
pressure on the liquid nediumwhich is equal to or higher than the vapor
pressure of the liquid nmedium 76. The process of claim 74, conprising a
pressure on the liquid mediumof greater than 25 psia. 77. The process of
claim66, conprising, crystallizing.. . YRREted N @ pi pe
for atinme s gpfﬁleéﬁ%{yeft R Frtflo{ gn guﬂn%iebgﬁ %"@%gf?g?ﬁ"wgg yln%r a degree
of pol yneri Zﬁ;}oﬁﬁﬁbrqfdegﬂec beasttaliafy opardedstZ5%ml t en pol yester  pol yner
travels in the 'sane direction as the |Liquid pmedium.n t‘?}gﬂ"?il&g 78, The
process of clai m 68, mﬂ@ﬁﬂ%eﬁsﬁécmiﬁﬁe‘%ﬁé’nﬁ%’%&]{ﬂ@ BN pol yest er
pol ymer or gl obul es de from. e b theAejuwydmedium which is | i qui d
nmedi um t o obtp&?WStﬁr &Pgre&lé? é@lg(g all'lni tas)%osgﬁg_O% orQirmre is 10 nminutes or
| ess. 79. The,qpkIas @SRighér tharathawasdr prdsereofthe Heuidegpdasnof crystallinity is

30% or nore at a residence ti f mnutes or |ess. 1idlig process of
cl ai m 66, wherein %r yst@ﬁ%fﬁr%ﬁ?WQ%éocﬁﬂt ifSIellgq'llpr{LsFﬁ% ong'gesel%-ce of rotating
mechanically in i L@/ ps@l- A process for nmaking a nol ded part or
sheet from peTFe#@%ggPr?g{rel}gfdr}g: pgl dryi ng pol yester t‘qgel_l et@ cri/stal lized from

mol ten pol yester pm.ymdte pejdess ofsthirmiohgeanreisme Etripg | %8 an extrusion

zone to form ggﬂés?err] p(lfi%;lr‘le Pnl 2] 15‘155, for%'?ﬁjrle sufficient to impart to the molten polyester

polymer a degree of polymerization of at least 20%, and the molten polyester

polymer travels in the same direction as the liquid medium in the pipe.

78.  The process of claim 66, wherein the residence time of the molten
polyester polymer or globules made from the molten polyester polymer in said
liquid medium to obtain a degree of crystallinity of 20% or more is 10 minutes or
less.

79.  The process of claim 32, wherein the degree of crystallinity is 30%
or more at a residence time of 4 minutes or less.

80.  The process of claim 66, wherein crystallization is conducted in the
absence of rotating mechanically induced agitation.

81. A process for making a molded part or sheet from pellets
comprising:

d) drying polyester pellets crystallized from molten polyester polymer;

e} introducing the dried pellets into an extrusion zone to form molten

PET polymer; and

f) forming a sheet, strand, fiber, or a molded part from extruded

molten PET polymer.
82.  The process of claim 80, wherein said pellets have an It.V. ranging

from 0.7 to 1.15 dL/g.
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f) formng a sheet, strand, fiber, or a nolded part fromextruded nolten
PET polynmer. 82. The process of claim80, wherein said pellets have an

1t. V. ranging from0.7 to 1. 15 dL/g. 68 83. The process of claim 80,
wherein said pellets are dried in a said drying zone at a zone tenperature
of at |east 140C. 84. The process of claim80, wherein the residence tine
of the pellets in the drying zone ranges from 0.50 hours to 16 hours. 85.
The process of claim80, wherein the tenperature in the drying zone ranges
from 140C to 180C. 86. The process of claim80, wherein the PET pellets
have an average degree of crystallization ranging from25%to 50% 87. The

process of claim 8Q, rein th YesternNehvBied iPa sdystal | i zed
at a tenperature é?’ea}tl\gﬁePWﬁﬁsscﬂ%cg‘b)&’utgﬁ’%lg&%%%Eg’Fow the dryi Erllg
tenperature. Th% Ra968SEnpbraairabfmtdst BWAPr i sing forning a bottle

preform  89. & process of claim80, conprising.,formng th f or mabl e
sheet. 90. A procdds f dheprogsssatficlazn$g, ‘ﬁhfﬁﬁlp}'é”srtegflmﬁ&tw&h%%%silgi ng a)
directing a nplten polyester.pal Bu@. die, and b) before the
tenperature ohe é%ﬂ“ Ewgﬁ%?§3§%@ﬁh8§péﬁg% Pglls below its Tg, i) cutting
the pol ymer into gjsobultes pridess of chiithi8ey wherein thotemperaturg in the dGIBHTANEs with a
flow of liquid mediumat a | i°2;l,“ d nmediumtenperature greater than the Tg

of the pol yeshgss from AHBCted896rma flow of slurry; iii) directing the flow

of slurry away fr ofp t he[‘h%u%c%gs $1%1Am 807 Whirdin! the PET pBtktathdvevnngetape gl obul es
to reside in the : p ’

degree of crystallization ranging from 25% to 50%.

87.  The process of claim 80, wherein the molten polyester polymer is
crystallized at a temperature greater than or equal to 40°C below the drying
temperature.

88.  The process of claim 80, comprising forming a bottle preform.

89.  The process of claim 80, comprising forming a thermoformable
sheet.

90. A process for crystallizing a polyester polymer, comprising

a) dirécting a molten polyester polymer through a die, and

b) before the temperature of the molten polyester polymer falls below

its Tg, .

i) cutting the polymer into globules with a cutter;

i) contacting the globules with a flow of liquid medium at a
liquid medium temperature greater than the T, of the
polyester polymer to form a flow of slurry;

iiiy  directing the flow of slurry away from the cutterto a
crystallizer and allowing the globules to reside in the
crystallization zone under a pressure equal to or greater than
the vapor pressure of the liquid medium for a time sufficient
to impart a degree of crystallinity of at least 10% to the
globules, thereby forming crystallized globules; and
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crystallization zone under a pressure equal to or greater than the vapor
pressure of the liquid nmediumfor a tinme sufficient to inpart a degree of
trystiallinity of at |east 10%to the globules, thereby formng
crystallized gl obules; and 69 c) separating in a separation apparatus under
a pressure equal to or greater than the vapor pressure of the liquid
medium the crystallized globules or resulting pellets fromthe |Iiquid
mediumto forma streamof crystallized pol yester polyner and a stream of
separated |liquid nmedium wherein: i) at least a portion of the source of
the flowof liquid nmedium in step bii) is the streamof separated liquid

medium and ii) the stream.of .cr [ YSEE § bred@lry l1tcSordi rected to

a dyer for _rem)vié)g aﬁe?%ﬁwl%aé%#ﬂt%’hzdgﬁmg%e r._es_iggfja! I?%{Jaid ‘on or in

the crystall :czed ]Pol yrr%geatteglhﬁnf[heyad;foepﬁmmcﬁftthé hqm??@ﬂlmmfth%l n the d|t e h?ﬁ

an inner surface facing e Liquid nmedium n - . cut wi
Jeysjaliec sibuies of stippe priEtRon Y Ml

cutting bl ades as the e cutting bl ades

and at |east a portion r@%ﬁl%%@e%ggp#%%ﬁ;@qﬁﬂgtﬂw?rgg@dm dilegmaife i n

contact with a liquid . e process of claim89, wherein the
l'i quid nedi um conpri sesep@ited liqid meliven, prisetws of clai m 89, wherein the

flow of liquid mediumhas a Jiquid velacity r % d id FeSiukp 8 ft/s.
94. The process of clailln 89,atlﬁﬂgraéﬁoﬁlqnf?§%ﬁg§/’gf%l%?l zero“géfnﬁ}) i'Ses a pi pe

havi ng an aspect ration of qﬁs&ﬁgﬁjisg@&m{g@fsmmmxpMmemmdm 89,
wherein the liquid mediumtenperature in _the crystallizer ,ranges from 100C

to 190C. 96. The process of the stfeamadf crxsablizefl polygaeryobausy 18 digetted i@ as) yr
within the crystallizer ran grsfofI Eé%ﬁﬁv%geﬁtl&h&ﬁﬁ’ﬂo&éftﬁeﬁbﬂmmﬁ@aﬂ psi a.

or in the crystallized polymer.

91.  The process of claim 89, wherein the die has an inner surface facing
the liquid medium, the molten polymer is cut with cutting blades as the polymer
exits the orifices, and the cutting blades and at least a portion of the inner surface of
the die plate are in contact with a liquid medium.

92.  The process of claim 89, wherein the liquid medium comprises

water.
93.  The process of claim 89, wherein the flow of liquid medium has a

liquid velocity ranging form 1 ft/s to 8 ft/s.
94,  The process of claim 89, wherein the crystallizer comprises a pipe

having an aspect ration of at least 15:1.
95.  The process of claim 89, wherein the liquid medium temperature in

the crystallizer ranges from 100°C to 190°C.
96.  The process of claim 89, wherein the pressure on the slurry within

the crystallizer ranges from greater than 14.9 psia to 300 psia.

97.  The process of claim 89, wherein the crystallizer comprises a pipe

ranging from 120 to 9600 ft in length, at a diameter ranging from 4 to 8 inches.
98.  The process of claim 96, wherein the sturry flows through the said

pipe for 30 seconds to 15 minutes.
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97. The process of claim89, wherein the crystallizer conprises a pipe
ranging from 120 to 9600 ft in length, at a dianmeter ranging from4 to 8
t nches. 98. The process of claim96, wherein the slurry flows through the
said pipe for 30 seconds to 15 minutes. 70 99. The process of claim 89,
wherein liquid mediumlevel in the separator is to at |east the |evel of
gl obul e accunul ation within the separator. 100. The process of claim 89,
wherein the pressure in the separator is substantially the sanme as the
pressure in the crystallizer. 101. The process of claim89, wherein a
portion of the liquid mediumis vented or drained fromthe separator,
cooled to bel ow t i quid nedi . M€ afpher, and then
fed to the f|OMIOB$fiq i pﬁ?ﬁﬁ&#ﬁkﬁkg?gﬁﬁﬂ%#fgm%g%%ﬁgﬁgggrocess of claim
89, wherein al,le@sls 18 abehst iteNewd of flebule acaimilationivisinithe separatple dryer s

re-circul ate Potheflowof l'iquid diymijn, step bi.). e process
of claim89, conprlio§i n@@m@ﬁﬁt&r‘i&l@r@t?’ effingRe BrSFSHIﬁ lflcﬁlﬁ Scf%\%%%%%l obules in
the separator, %%ga'llg%edsahie% a)hfadn iRP@tALzke Which is less than the

liquid mediuni freint separator.” 104. The process of claim 102,
conpri si ng re-ci rcigiat iThg précebseafataim 89pwhertera peirtiomel the Bawd Aediungisi d

renoved in the dryer to the source of cald. |, auj . process of

cl ai m 89, confﬁﬂtﬂﬂi%@f%@ﬁﬁitf&ﬁ?f}ﬁjeﬁmgtﬂ’égﬁf‘g%o1%:30 dﬂ'eih(?ul @ %ﬂ;ﬁ% t he stream of

crystallized {gg-p)é{{ﬁ{re?{&%?ﬁﬁ%rﬁdtﬁéhﬁﬂ% e fimeofdiguil medjumtih etepbypr , t he
j e

cold liquid haViig a tenperature which is | ess than the cﬁr%staldilzed
pol ymer t enper at ur H2. 10Bhe prorespeisdainsS vheters #hlepsle Porapw,ph (e feyidua
re-circulating at least a_ porti t Srikdaid rhddfiish ¢h étepeived in the
dryer to the g@ﬂ:}ﬁag@“b egﬁeﬂglrf'&ﬁ?‘g?@&%@sﬂk%pr ogess for underf‘lﬂﬁi d cutting
a nol ten pol yest er g0l yn&rprs@aapﬁﬂ‘cﬂ&iﬁﬁsacdhmqimw@mmagﬂ'%mpfﬁﬂlf? surface

di sposed toward a cutter each containe i.thin.a hoys VAR i nl et
and an outl et 1iqla'ddfithcglt?‘fluilﬂﬁé%uﬂl%eﬁﬂf?t%lsi“aﬁmd&lqﬂ%&ﬁv L{%rgﬁ&?l qu\ltvglglrlre?%i um

having a firsf.t ﬁlggﬁ{eq}q“{cﬁmé&lﬁxﬁ‘fgﬁpérmreiiﬂlﬂ%tseﬁé}dtoQXi ting
104. The process of claim 102, comprising re-circulating at least a
portion of the residual liquid removed in the dryer to the source of cold liquid.

105. The process of claim 89, comprising contacting a stream of cold

liquid with the stream of crystallized polymer after separation and before entering
the dryer, the cold liquid having a temperature which is less than the crystallized
polymer temperature.

106. The process of claim 104, comprising re-circulating at least a
portion of the residual liquid removed in the dryer to the source of cold liquid.

107. A process for underfluid cutting 2 molten polyester polymer
comprising a die plate having an inner surface disposed toward a cutter each
contained within a housing having an inlet and an outlet, and continuously directing
a flow of hot liquid medium having a first temperature through the inlet and exiting
through the outlet and continuously directing a flow of a cool liquid medium

having a second temperature into the housing, wherein the first temperature is

higher than the second temperature.
108. The process of claim 90, wherein the flow of cool liquid medium is

directed into the housing through the hot liquid medium in the housing and
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t hrough the outlet and continuously directing a flow of a cool |iquid
medi um having a second tenperature into the housing, wherein the first
tenperature is higher than the second tenperature. 108. The process of
claim90, wherein the flow of cool liquid mediumis directed into the
housi ng through the hot Iiquid mediumin the housing and 71 inpinges on

i nner surface of the die plate, the cutter, or both, wherein the flow of
hot liquid nediumand the flow of cool liquid nediumin the housing are in
contact wth each other. 109. A process for thermally crystallizing a

nol ten pol yester polyner in a pipe conprising directing a flow of nolten

pol yester polyner in a |igqu i 1A HRUSReR oPbdR, Wisréin theflovaspect rati o
LID of at |ed ‘“ﬁ?i‘}“%re%%ﬁhe tlrlrsogllpteﬁ éipoI ester polyner i.s crystallized
e

in the pipe ajotBqhi @dtniest tiefloerafeoaltligu iumdp thethQBHNE AFE 1T GOYRCY he
pol yester polynmer. 110. The process of claim 108, wherein the nolten
pol yest er pol witheeachgthegr ystal lized in said pipe at a |iquid medium

temper at ur e exceedigg (16:oblk ixiecitBily brysafliiryes holeal bl yestes poyarer n
at nosphere. I11. € proce i

ss of claim 108, wherein the.nol.te . yest er
pol y=-is cryspipk tormmibingisating pflpw ofmolten polypsierROBMIFRY %hﬂ‘éﬁaéﬁ%ﬂ of at
| east 140C. 112. The.pr.ocess of cl aj. §-N Jhgein el maltgnol yest er
pol yner and Wa“@&aﬁwim@gﬁﬁgwgf%ﬂ%ﬁgg a pressure equal to or

greater than Y2 BORmeP st adliezedfin tHegipe af ailiquideggidium temBratiREPAEcess of
cl ai m 108, \/\h%@gefsn ?he Si pe has an aspect ratio LID of at |least 25:1, the
nol t en pol yesthen thedlppfithe polvesier BAYBEL i zed in said pipe at a |iquid medium
tenperature of at l%aStTﬂeﬁzg&es§mlm ToRNwREENARE RbItEOpolyEater polymek isqui d

mediumin said pipe are urder a pressure equal to or greater .than .tpe vapor
pressure of t festallicied i saiddiipmat adiquidithedivem Ith@PFfﬁBllefégqeaﬁnggBﬁf %&?g pan
crystallized to a_ degree of at |least 20%in the pipe. 114. The process of

clai m 108, corpbhr Hawg Teediun af § 3R g solid nol ten

111. The process of claim 108, wherein the molten polyester polymer-is
crystallized in said pipe at a liquid medium temperature of at least 140°C.

112.  The process of claim 108, wherein the molten polyester polymer and
liquid medium in said pipe are under a pressure equal to or greater than the vapor

pressure of the liquid medium.
113. The process of claim 108, wherein the pipe has an aspect ratio L/D

of at least 25:1, the molten polyester polymer are crystallized in said pipe at a
liquid medium temperature of at least 140°C, the molten polyester polymer and
liguid medium in said pipe are under a pressure equal to or greater than the vapor
pressure of the liquid medium, and the molten polyester polymer is crystailized to a

degree of at least 20% in the pipe.
114. The process of claim 108, comprising crystallizing said solid molten

polyester polymer in said pipe to a degree of crystallinity of at least 30%.

115. The process of claim 108, comprising introducing solid polyester
molten polyester polymer into said pipe and crystallizing said molten polyester

polymer to a degree of crystallinity of at least 30% in said pipe in 15 minutes or

less.
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pol yester polyner in said pipe to a degree of crystallinity of at |east
30% 115. The process of claim 108, conprising introducing solid polyester
mol teh pol yester polymer into said pipe and crystallizing said nolten

pol yester polyner to a degree of crystallinity of at least 30%in said
pipe in 15 mnutes or less. 72 116. The process of claim 114, conprising
crystallizing in 8 mnutes or less. 117. The process of claim 108, wherein
the pipe is devoid of nechanically rotating paddles, in-line mxers,
weirs, or baffles. 118. The process of claim 108, wherein the liquid flow
velocity wthin the pipe ranges froml ft/s to 8 ft/s. 73

116. The process of claim 114, comprising crystallizing in 8 minutes or

less.
117. The process of claim 108, wherein the pipe is devoid of

mechanically rotating paddies, in-line mixers, weirs, or baffles.
118. The process of claim 108, wherein the liquid flow velocity within

the pipe ranges from 1 ft/s to 8 ft/s.
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