
THERMAL CRYSTALLIZATION OF A MOLTEN POLYESTER  POLYMER IN A FLUID 1. Field
of the Invention The invention pertains to the crystallization of a
polyester polymer, and  more particularly to the crystallization of molten
polyester polymer in a liquid  medium. 2. Background of the Invention At
the beginning of the solid-stating process, PET pellets are crystallized
usually with hot air or in mechanically-mixed, hot-oil-heated vessel.
Building  molecular 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. 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 performs
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  Tg of PET without first
crystallizing the pellets will cause the pellets to agglomerate  at higher
temperatures (140C to 180C) 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 1 the glass since the pellets to be crystallized start
at a temperature below their Tg),   



and then heating the pellets in the solid state to an even higher
temperature while  under nitrogen purge (or vacuum) in order to continue to
build molecular weight or  It.V. (i.e. solid stating). The solid stating
process runs hot enough to make it  necessary to first crystallize the
pellets to prevent agglomeration at the solid stating  temperatures. Thus,
crystallization is necessary to avoid agglomeration of the  pellets during
solid stating and during the drying step prior to extruding the melt  into
bottle performs. Typical melt phase polyester reactors produce only
amorphous pellets. To  make these pellets crystalline, they are usually
heated to elevated temperatures in a  crystallization vessel while being
constantly stirred using paddles or other mechanical rotary mixing means in
order to prevent sticking or clumping in the  crystallization vessel. The
crystallizer is nothing more that a heated vessel with a  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  steam, 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. 2 



Each of these crystallization processes is rather slow and
energy-intensive.  Crystallization processes can take up to six hours,
require energy to turn  mechanical rotary mixing means in some cases, have
high energy requirements to  process hot gases or oil, and the pellets are
usually cooled from the 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 making a suitable bottle.  It
would be desirable to crystallize polyester polymers in a more energy
efficient  manner or in lower cost equipment. For example, it would be
desirable to reduce  the residence time of the polyester polymer in the
crystallizer, or provide a process  which avoids the energy requirements of
mechanical rotary mixing means or of  cooling and reheating between
pelletization and crystallization, or which even  could avoid the step of
solid stating altogether, while providing to the converter a  high
temperature crystallized pellet to enable the converter to dry the pellets
at  conventional temperatures (typically at 140C to 180C). 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. 3 In yet another
embodiment, there is 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 Tg, 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%, followed 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. 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 Tg of
the polymer to form a crystallized polyester polymer, 4 



separating the crystallized polymer from the hot liquid medium under a
pressure  equal to or greater than the vapor pressure of the liquid medium,
and directing a  flow of cool liquid onto the crystallized polymer before
separation, wherein the  temperature of the cool liquid is less than the
temperature of the hot liquid medium. The process of the invention also
allows one to crystallize high It.V.  polyester polymer comprising
contacting a molten polyester polymer having an  It.V. of 0.70 dL/g or more
with a liquid medium at a liquid medium temperature  sufficient to induce
crystallinity to the molten polyester polymer, allowing the  molten
crystallized polymer to cool to a pellet, and isolating the pellet without
increasing the molecular weight of the pellet in the solid state. 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
sleet  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  molten PET polymer.
In yet a more detailed embodiment of the process, there is also provided a
process for crystallizing a polyester polymer, comprising directing a
molten polyester polymer through a die, and before the temperature of the
molten polyester polymer falls below 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 Tg of the  polyester polymer
to form a flow of slurry; iii) directing the flow of slurry away from the
cutter to a  crystallizer and allowing the globules to reside in the 5 



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, wherein: i) at least a portion of the source of the flow of
liquid medium  in step bii) is the stream of separated liquid medium; and
ii) the stream of crystallized polyester polymer is directed tar..  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 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. 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 LID of at least
15:1, wherein the molten polyester polymer is crystallized in the pipe at a
liquid  medium temperature greater than the Tg 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 



6 mixers are not necessary, the processes are energy efficient because of
the high  thermal transfer rate to pellets under a hot fluid and no energy
is required to  transport pellets from a pelletizer to a crystallizer,
solid stating may be avoided if  desired, and equipment and operating costs
are reduced. 4. Brief Description of the Drawings Figure 1 is a graphical
illustration of liquid medium temperature profiles.  Figure 2 is a process
flow diagram for making crystallized polyester  polymer from the melt.
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 to the  increase in the
degree of crystallinity over time at a crystallization temperature of
150T. 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 8 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 limited to the specific processes
and conditions described, as  specific processes and/or process conditions
for processing plastic articles as such  may, of course, vary. 7 It must
also be noted that, as used in the specification and the appended  



claims, the singular forms "a," "an" and "the" include plural referents
unless the  context clearly dictates otherwise. For example, reference to
processing a thermoplastic "preform", "article", "container", or "bottle"
is intended to include the  processing of a plurality of thermoplastic
preforms, articles, containers or bottles.  References to a composition
containing "an" ingredient or "a" polymer is intended  to include other
ingredients or other polymers, respectively, in addition to the one  named.
Ranges may be expressed herein as from "about" or "approximately" one
particular value and/or to "about" or "approximately" another particular
value.  When such a range is expressed, another embodiment includes from
the one  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,
material,  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 25C 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. 8 



The polyester polymer may optionally be isolated as such. The form of the
polyester composition is not limited, and includes a melt in the
manufacturing  process or in the molten state after polymerization, such as
may be found in an  injection molding machine, and in the form of a liquid,
globule, strand, fiber, pellet,  preforms, and/or bottle. A globule is a
discrete molten particle having any shape. As a non-limiting  illustration,
globules are typically produced by subjecting a polyester polymer to a
cutting operation, a chopping operation, or any other operation altering
the shape of  a sheet, strand, or any other die shape. Globules may be
distinguished from sheets,  films, and fibers. A polyester pellet is a
solid when measured at 25C and 1 atm, and under  the operating conditions,
the polyester polymer is a pellet when the polymer  temperature falls and
stays below the Tg of the polymer. The shape of the pellet is  not limited,
and is typified by regular or irregular shaped discrete particles 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 a liquid medium  temperature greater than the Tg of the polyester
polymer A "molten polyester polymer" as used throughout this description is
a  polyester polymer having obtained a temperature of at least 190C and
remaining at  any temperature above the Tg 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 globule is  at a temperature
exceeding the Tg 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 Tg of the polymer is deemed to
necessarily have  at least a surface temperature exceeding the Tg of the
polymer. 9 



In the first embodiment, the molten polyester polymer is introduced into a
liquid medium at a liquid medium temperature greater than the Tg of the
polyester  polymer. The T,, of the polyester polymer can be measured by a
DSC scan according to the following test conditions: about 10 mg of polymer
sample is  heated from 25T to 290T at a rate of 20'C/min. in a Mettler
DSC82 1. The sample  is held at 290T for I minute, removed from the DSC
furnace and quenched on a  room-temperature metal sample tray. Once the
instrument has cooled to 25T  (about 6 min.), the sample is returned to the
furnace and taken through a second  heat from 25T to 29GC at a rate of
20'C/min. The Tg is determined from the  second heat. For PET homopolymers
and PET modified copolymers, the Tg is  usually between about 70'C and
90*C, depending on the type and degree of  modification to the polymer. In
this embodiment, at any point in the life time of a  polyester polymer and
regardless 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 Tg, it is brought into contact with a liquid
medium at a  temperature above the Tg  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
tereplithal ate  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  hornopolymers and copolymers modified with less
than 40 mole %, preferably less 



10 than 15 mole%, most preferably Iess than 10 mole%, of a modifier
(collectively  referred to herein as "PAN'), and blends of PAT and PAN. The
preferred polyester  polymer is polyalkylene tereplithalate, and most
preferred is polyethylene  tereplithalate.  Preferably, the polyester
polymer contains at least 60 mole% ethylene  tereplithalate repeat units,
or at least 85 mole%, or at least 90 mole% of each  respectively, and most
preferably at least 92 mole%, based on the moles of all units in the
polyester polymers. Thus, a polyethylene terephthalate polymer may
comprise a copolyester of ethylene terephthalate units and other units
derived from  an alkylene glycol or aryl glycol with an aliphatic or aryl
dicarboxylic acid. A PET polymer is a polymer obtained by reacting
terephffiplic acid or a C  C4 dialkylterephthalate such as
dimethylterephthalate,in an amount of at least. 60  mole% based on the
moles of all dicarboxylic acids and their esters, and ethylene  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 tereplithalic acid and the diol
component is  ethylene glycol. The mole percentage for all the di acid
component(s) totals 100  mole %, and the mole percentage for all 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 discontinuous phase). In addition to units
derived from tereplithalic 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 I I dicarboxylic acids preferably having 4 to 12 carbon atoms, or
cycloaliphatic:   dicarboxylic acids preferably having 8 to 12 carbon
atoms. Examples of  dicarboxylic acid units useful for modifying the acid
component are units from  phthalic acid, isophthalic acid,
naphthalene-2,6-dicarboxylic acid,  cyclohexanedicarboxylic acid,
cyclohexanediacetic acid, dipheny]4,4'-dicarboxylic   acid, succinic acid,
glutaric acid, adipic acid, azelaic acid, sebacic acid, and the  like, with
isoplithalic acid, naphthalene-2,6-dicarboxylic acid, and
cyclohexanedicarboxylic acid being most preferable. It should be understood
that  use of the corresponding acid anhydrides, esters, and acid chlorides
of these acids is  included in the term "dicarboxylic acid". It is also
possible for monoftinctional,   trifunctional, and higher order carboxylic
acids to modify the polyester. In addition to units derived from ethylene
glycol, the diol component of the  present polyester may be modified with
units from additional diols and modifier  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-timethylpentane-diol-(1,3); 2,5- ethylhexanediol-(1,3); 2,2-diethyl
propane-diol-(l, 3); hexanediol-(1,3); 1,4-di 4k (hydroxyethoxy)-benzene;
2,2-bis-(4-hydroxycyclohexyl)-propane; 2,4- dihydroxy-
1,1,3,3-tetramethyl-cyclobutane; 2,2-bis-(3-hydroxyethoxyphenyt) -propane;
and  2,2-bis-(4-hydroxypropoxyphenyl)-propane. Typically, polyesters such
as  polyethylene tereplithalate polymer are made by reacting a glycol with
a  dicarboxylic acid as the free acid or its dimethyl 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 12 esterification catalysts, in the esterification zone,
followed by polycondensation in  the prepolymer and finishing zones in the
presence of a polycondensation catalyst;  or ester exchange usually in the
presence of a transesterification catalyst in the ester  exchange zone,
followed by prepolymerization and finishing in the presence of a
polycondensation catalyst, and each may optionally be solid stated
according to  known methods. To further illustrate, a mixture of one or
more dicarboxylic acids, preferably  aromatic dicarboxylic acids, or ester
forming derivatives thereof, and one or more  diols are continuously fed to
an esterification reactor operated at a temperature of  between about 200C
and 300C, typically between 240C and 290C, and at a  pressure of between
about I psig up to about 70 psig. The residence time of the  reactants
typically ranges from between about one and five hours. Normally.,, the
dicarboxylic acid is directly esterified with diol(s) at elevated pressure
and at a  temperature of about 240C to about 270C. 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  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, optionally with zinc, manganese, or
magnesium acetates or benzoate's  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 13 and oligomeric species will vary depending on
whether the process is a direct  esterification process in which case the
amount of oligomenic species are  significant and even present as the major
species, or a ester exchange process in  which case the relative quantity
of BHET predominates over the oligomeric.   species. The water is removed
as the esterification reaction proceeds to provide  favorable equilibrium
conditions. The esterification zone typically produces the  monomer and
oligomer mixture, if any, continuously in a series of one or more
reactors. Alternately, the monomer and oligomer mixture could be produced
in one  or more batch reactors. It is understood, however, that in a
process for making  PEN, the reaction mixture will contain monomeric
species is bis(2-hydroxyethyl)   naphthalate and its corresponding
oligomers. Once the ester monomer is made to  the desired degree of
esterification, it is transported from the esterificationveactors   in the
esterification zone to the polycondensation zone comprised of a prepolymer
zone and a finishing zone. Polycondensation reactions are initiated and
continued  in the melt phase in a prepolymerization zone and finished in
the melt phase in a  finishing zone, after which the melt is solidified
into precursor solids in the form of  chips, pellets, or any other shape.
Each zone may comprise a series of one or more distinct reaction vessels
operating at different conditions, or the zones may be combined into one
reaction  vessel using one or more sub-stages operating at different
conditions in a single  reactor. That is, the prepolymer stage can involve
the use of one or more reactors  operated continuously, one or more batch
reactors, or even one or more reaction  steps or sub-stages performed in a
single reactor vessel. In some reactor designs,  the prepolymerization zone
represents the first half of polycondensation in terms of  reaction time,
while the finishing zone represents the second half of  



polycondensation. While other reactor designs may adjust the residence time
between the prepolymerization zone to the finishing zone at about a 2:1
ratio, a  common distinction in many designs between the prepolymerization
zone and the  finishing zone is that the latter zone frequently operates at
a higher temperature 14 and/or lower pressure than the operating conditions
in the prepolymerization zone.  Generally, each of the prepolymerization
and the finishing zones comprise one or a  series of more than one reaction
vessel, and the prepolymerization and finishing  reactors are sequenced in
a series as part of a continuous process for the  manufacture of the
polyester polymer. In the prepolymerization zone, also known in the
industry as the low  polymerizer, the low molecular weight monomers and
oligomers are polymerized  via polycondensation to form polyethylene
terephthalate polyester (or PEN  polyester) in the presence of a catalyst.
If the catalyst was not added in the  monomer esterification stage, the
catalyst is added at this stage to catalyze the  reaction between the
monomers and low molecular weight oligomers to form.  prepolymer and split
off the diol as a by-product. If a polycondensation catalyst  was added to
the esterification zone, it is typically blended with the diol 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 15 including antimony
(III) oxide. Specific examples of suitable antimony catalysts  include
antimony (III) oxide and antimony (III) acetate, antimony (HI) glycolates,
antimony (III) ethylene glycoxide and n-mixtures thereof, with antimony
(III) oxide  being preferred. The preferred amount of antimony catalyst
added is that effective  to provide a level of between about 75 and about
400 ppm. of antimony by weight  of the resulting polyester. This prepolymer
polycondensation stage generally employs a series of one  or more vessels
and is operated at a temperature of between about 250*C and 305*   C for a
period between about five minutes to four hours. During this stage, the
1t.V.   of the monomers and oligomers is increased up to about no more than
0.45. The  diol byproduct is removed from the prepolymer melt using an
applied vacuum  ranging from 5 to 70 torr to drive the reaction to
completion. In this regard,, the  polymer melt is sometimes agitated to
promote the escape of the diol from the  polymer melt. As the polymer melt
is fed into successive vessels, the molecular  weight and thus the
intrinsic viscosity of the polymer melt increases. The pressure  of each
vessel is generally decreased to allow for a greater degree of
polymerization in each successive vessel or in each successive zone within
a vessel.  However, to facilitate removal of glycols, water, alcohols,
aldehydes,- and other  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
dLJg) to an It.V of at least 0.55 16 dL/g. The industrially practical RN.
generally ranges from about 0.55 to about  1. 15 dL/g. The final vessel,
generally known in the industry as the "high  polymerizer," "finisher," or
"polycondenser," is operated at a pressure lower than  used in the
prepolymerization zone, e.g. within a range of between about 0.2 and  4.0
torr. Although the finishing zone typically involves the same basic
chemistry  as the prepolymer zone, the fact that the size of the molecules,
and thus the  viscosity differs, means that the reaction conditions also
differ. However, like the  prepolymer reactor, each of the finishing
vessel(s) is operated under vacuum or  inert gas, and each is typically
agitated to facilitate the removal of ethylene glycol. A suitable It.V.
from the melt phase can range from 0. 5 5 dl/g to 1. 15 dl/g.   However,
one advantage of the process is that the solid stating step can be avoided.
Solid stating is commonly used for increasing the molecular weight (and
the, It.V),   of the pellets in the solid state, usually by at least 0.05
It.V.  units, and more 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. 15 dL/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. 17 The method for introducing the
molten polyester into the liquid medium is  not limited. For example, in
one embodiment, the molten polyester polymer is  directed through a die, or
merely cut, or both directed through a die followed by  cutting the molten
polymer. In another example, the polyester polymer may melt  extruded with
a single or twin screw extruder through a die, optionally at a  temperature
of 190'C or more at the extruder nozzle, and cut into globules or  extruded
into strands or any other die shape. In yet another alternative
embodiment, the molten polyester polymer is pumped directly or indirectly
from a  melt phase finisher vessel with a gear pump, forced through a die
and cut into  globules or shaped into a strand, sheet or other die shape.
In the invention, the polyester polymer is molten at the time the polymer
is  introduced into the liquid medium. In any method used to physically
transfer the ~  molten polyester from the melt phase reactor or extruder to
a liquid medium zone  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 Tg 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) is
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 Tg 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 Tg. Thus, the introduction of the 18 polyester polymer is
not limited to first contact with a liquid medium, and the  polyester
polymer may undergo any history including contact with a cool liquid
medium provided that when the polyester polymer finally does contact the
hot  liquid medium, the temperature of the polymer has not fallen below the
Tg of the  polymer between the time it was melted at 190'C or above and the
time it contacts  the hot liquid medium. Examples of this embodiment are
described in more detail  below. Also, for convenience, a molten polyester
polymer directed through a die  and/or cut or otherwise processed into a
shape will be referred to as globules. It is  understood, however, that the
process as described with respect to a "globule" may  also be applied to
melt crystallize strands, continuous or discontinuous fibers,  sheet, and
rods. 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
350T. 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 crystallization 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 19
medium under conditions effective to induce crystallization. The
crystallization  apparatus containing a part of the liquid medium zone may
also optionally  comprise feed inlets, discharge tubes, pumps, probes,
metering devices, heat  exchangers, die plate(s), cutter(s), and valves.
The polymer melt cutter may be  located within the liquid medium zone in a
manner such that the cutter blades and  the die plate are in contact with
the liquid medium. In one embodiment, the liquid  medium zone comprises and
begins with a die plate, a cutter, and a space in a  vessel or a pipe, each
of which are in contact with the liquid medium, and  optionally, the cutter
blade contacting the molten polyester polymer exiting the die  plate is
submerged in the liquid medium. Thus, a flow of liquid medium may be  fed
to a housing containing the cutter and die plate to provide the flow and
motive  force to drive the globules from the housing into a pipe or vessel
designed to  provide the residence time sufficient to crystallize the
globules. Crystallization  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 20 crystallization is continuous for so long as polymer melt is
fed through the die  plate. Further, by crystallizing molten polyester
polymer obtained as a melt from  the melt phase, the process is more energy
efficient because it is no longer  necessary to provide for cooling means
to cool the melt into pellets, or to store  pellets in hoppers in
preparation for feeding to a crystallization vessel, or to  transport
pellets to such a vessel, and more importantly, it is no longer necessary
to  reheat the pellets to bring them up to crystallization temperatures.
Moreover,  using a moving liquid to transport globules through an apparatus
such as a pipe is  more economical and less capital intensive than the
installation and operation of a  fluidized bed crystallization vessel, is
more energy-efficient, requires less  maintenance and generates fewer fines
than would be the case using mechanically  agitated vessels in conventional
crystallizers.  When a die is used, the shape and configuration of the die
is not particularly  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 is 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 21 cools below its Tg, and more preferably cut when
the temperature of the molten  polyester polymer is within a range of 200C
to 350C, or at a temperature ranging  from 240C to 310C. This temperature
can be measured by a inserting a thermal  probe into the stream of
polyester polymer entering the die plate, and if this is not  possible, the
extruder nozzle temperature is also a useful indicator of the molten
polymer temperature assuming the die plate is not cooled. In the event the
die plate  is cooled, the temperature of the polymer can be calculated
taking into account the  nozzle temperature, the heat transfer through the
die plate, and cooling temperature  in the die. A rotatable knife flush
with the die plate severs the individual streams into  globules as the
streams exit the orifices. Alternatively, the molten polyester  polymer,
after being pumped through the die, is cut in close proximity to the die
face. In yet another alternative embodiment, the molten polyester polymer
is  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 at a 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 Tg of the polyester polymer prior to the point at  which the
temperature of the liquid medium is raised to above the Tg 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 22 introduced into the hot liquid medium (above the Tp of the
polyester polymer) at  the point where the globules contact the hot liquid
medium in spite of spending  time in the cool zone so long as the
temperature of the globules does not drop to  below its Tg prior to their
introduction into the hot liquid medium. An example of when globules (or
uncut molten polyester polymer), may  temporarily reside in a cool liquid
medium zone before introduction into a hot  liquid medium is when the
stream of cool water is directed at the die plate of an  underfluid
pelletizer to reduce the tendency of the globules to stick to each other or
the cutting equipment. For example, an underfluid pelletizer surrounded by
a  housing is fed with hot liquid medium (above the T. of the polyester
polymer)  through a feed pipe to the housing. Molten polyester polymer is
directed through a  die plate and cut into globules at the inner surface
(facing the liquid medium) of the  die plate by revolving knives on the
pelletizer contacting or in close proximity 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 Tg 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 medium may be directed
through an aimed nozzle so as to reduce the tendency of  the molten polymer
to agglomerate but at flow rate that does not lower the  temperature of the
uncut molten polyester polymer or the globules below the T. of  the
polymer. By controlling the flow rate of cool liquid medium, the effect on
the  molten globules with respect to their ability to crystallize from the
melt is not  significant changed, yet the advantage of reducing
agglomeration may be obtained. In the process of the invention, molten
polyester polymer is introduced into  a liquid medium at a liquid medium
temperature greater than the Tg of the polyester  polymer. Not only may the
molten polyester polymer reside for a time in cool  liquid medium followed
by its introduction into the hot liquid medium before the  temperature of
the polymer falls below its Tg by way of directing a cool stream of  liquid
against the die plate/cutting blades, alternatively or in addition thereto,
the - temperature of the liquid medium in the inlet pipe, or where the
molten polyester  polymer or globules first contact the liquid 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 190T. 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  ,, is at least
above the Tg of the polyester  polymer temperature falls below its T, 24
polymer, and suitably below the the high melting point of the polyester
polymer,  beyond which crystallization is not possible. In one embodiment,
the temperature  of the liquid medium ranges from 100'C to 200*C, more
preferably between about  140 to 180'C to optimize the balance between the
residence time needed to obtain a  final desired degree of crystallinity,
the hydrolysis or glycolysis of the polyester  polymer in the liquid medium
the desired degree of crystallization, and the energy  consumption.. As
illustrated in Figure 1, the liquid medium temperature may be held
constant throughout the time during which crystallization is induced to the
time the  globules are separated from the fluid (curve 1), or it may vary
over time in a  constant or linear descent (curve 2), or a stepwise descent
(curve 3), or it may be  fairly constant until the heat of crystallization
raises the liquid medium temperature  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 crystallized 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 typically 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 25 tube density method or the DSC method
referenced in the Examples. The DSC  method is sensitive to the quality of
the baseline applied to the peaks prior to  integration of the area under
the peaks. The density method is sensitive to the  quality of the pellets
tested. However, both test methods correlate well to each other at higher
degrees of crystallization above 25%. The solid crystallized pellet is
deemed to have a minimum degree of crystallization value if either of the
test  methods is positive for that value or greater. The particular liquid
medium used is not limited. A liquid medium  composition which causes an
undesirable high loss in It.V. under all operating  conditions should be
avoided. The tolerance to It.V. losses will vary according to  the demands
of the end user of the pellets or of the application into which the
pellets will be used. Examples of liquids which are suitable for use in the
process  



include water; polyalkylene glycols such as diethylene glycol and
triethylene  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 26 vapor pressure of water is about 24 torrat
room temperature, 760 torr at 100 'C,  2706 torr at 1400C, 7 5 05 torr at
ISO OC. Polyalkylene glycols, such as diethylene glycol and triethylene
glycol, have  a lower vapor pressure than water. The temperature of a
liquid medium of  polyalkylene glycols can be set higher than water at the
same pressure to reduce the  residence time of the pellets in the liquid
medium, or to reduce the pressure inside  the liquid medium zone at the
same temperature used for heating water. Due to  their lower vapor
pressure, devolatizing: glycols from the pellets is more energy  intensive
than water. However, both water and glycols are suitable and the  preferred
liquids for use as the liquid medium. If desired, a mixture of water with
other liquids which depress the vapor  



pressure of the liquid medium can be 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 I 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 composition of the liquid medium. The  pressure
maybe induced by way of injecting a high pressure inert gas such as 27
nitrogen, or air, any other suitable gas, or by pumping a greater amount of
liquid  medium into the liquid medium zone. Alternatively, the liquid
medium may be  heated and vaporized to form the necessary pressure to keep
the vapor and liquid in  equilibrium in a closed system. Or, a combination
of these pressure inducing  means may be used. The vapor pressure of a
liquid is normally determined experimentally from  the pressure exerted by
its vapor when the liquid and vapor are in dynamic  equilibrium. However,
it is possible in actual practice that that the liquid and vapor  in the
liquid medium zone may -not be in equilibrium at any single point in time
or  location within the fluid because of variations in pressure from
perturbations in the  



system well known to those skilled in the art, such as pressure
differentials across  piping, valves, weirs, etc. and non-uniform heating.
As a result, it is possible that  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 liquid  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 I 80T. 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 28 globules to fall through the liquid medium for the desired
residence time to induce  the desired degree of crystallization.
Alternatively, the liquid medium may have a  flow to carry the globules to
a desired destination, or if not to carry the globules, at  least to impart
sufficient flow or turbulence to keep the globules from sticking to  each
other. Preferably, the liquid medium has a flow, and the flow rate and type
of flow  is set to submerge the globules. The particular flow rate will
depend on the liquid  medium zone volume and the globule feed rate. A
globule is considered submerged in the liquid medium when the liquid medium
envelops the entire  



globule. However, the globules are considered submerged if the bulk of the
globules are enveloped in the fluid at any point during crystallization of
the  globules, even though some if not all globules at any one point in
time are.  temporarily 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  globule into the hot liquid medium (above the
Tg of the polymer) to either the time  when the temperature of the
polyester polymer drops and stays below the Tg 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 is not  so long 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. 29 The
residence time of the globules in the liquid medium is not limited.
However, an advantage of the process allows one to shorten the residence
time to  15 minutes or less to impart to the globule a degree of
crystallinity of 20% or  more, or 25% or more, 30% or more, and even up to
40"/o or more as measured in  the resulting pellet taken immediately after
its separation from the liquid medium.  For most applications, a degree of
crystallinity ranging from 25% to 45% is  suitable.. The residence time can
even be as low as more than 0 seconds to 10  minutes depending upon the
crystallization temperature. At temperatures ranging  



from 140"C to 1800C, the crystallization time to obtain a degree of
crystallinity of  25% or more and even 30% or more ranges from greater than
0 seconds to about 8  minutes or less. In a more preferred embodiment,
crystallization is conducted in the absence  of rotating mechanically
induced agitation in the liquid medium zone. Horizontal  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 liquid 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. 30 In
one embodiment, the use of costly pressure rated crystallization tanks  may
be avoided by crystallizing globules in a pipe. The globules may be
crystallized in a pipe by directing a flow of globules in a liquid medium
through a  pipe having an aspect ratio LID of at least 15:1, wherein the
globules are  crystallized in said pipe at a liquid medium temperature
greater than the Tg of the  polyester polymer. A pipe may be distinguished
from conventional vessels in that  a pipe has an aspect ratio of length to
diameter of greater than 15:1, preferably  greater than 25:1, more
preferably greater than 50:1. The length of the pipe having  



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
medium temperature is suitably about 90C or  more, preferably 100C or more,
more preferably 130C or more, and most- preferably 140C 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 slurry
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 31 combination
of these features. The flow through the pipe will comprise molten and  /or
crystalline polymer, liquid, and optionally vapor flow. Significant
sticking of the globules to each other in the pipe or to the pipe  may be
avoided even in the absence of rotating mechanically induced agitation by
creating a continuous flow of pellets through the pipe. The liquid velocity
should  be adjusted to reduce pellet agglomeration in the pipe. While
sporadic or minor  agglomeration may occur in in the pipe, the frequency or
number of globules  



agglomerating does not interfere with the dewatering equipment, and the
globules  or pellets ejected from such equipment are discrete. A liquid
flow velocity of 1 ft/s or more 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 time
ran i . gIng  from 30 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 I 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 rV 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 Tg
of the  polymer to form pellets in order ease the task of separating the
liquid from the 32 polymer. Allowing the polymer to cool to form pellets
prior to separation reduces  the risk of the polymer sticking to the
separation equipment or to other polymer  particles. Thus, as noted above
in Figure 1, the liquid medium may follow a slow or  stepwise temperature
reduction to below the T. of the polymer. This may be  



accomplished by injecting a cooler flow of liquid into a stage in the
liquid medium  zone when the desired degree of crystallization is reached
or substantially reached,  or by depressurizing the liquid medium zone at
one or more stages during the time  the polymer resides in the liquid as
may occur by discharging the slurry into a let  down tank optionally sealed
with the discharge outlet, and allowing the globules to  settle and cool in
the lower pressure environment, or optionally a combination of  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 T. of the polymer and avoid or
reduce the  tendency of the globules to stick to each other during
separation by keeping the  globules immersed 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  least
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, 33 especially if it is globules at a high temperature which are
discharged. Thus, in  another embodiment of the invention, if desired, a
stream of liquid at a temperature  cooler dm the globules and/or pellets
separated from the liquid medium are  directed to the discharged
globules/pellets to reduce their temperature and provide  



some lubricity, thereby reducing their tendency to agglomerate. It is
preferred to  introduce only a small flow of cool liquid to avoid having to
vaporize large  quantities of liquid in a subsequent dryer. The dewatering
of pellets (the process of separating the liquid medium from  the globules
or pellets in any liquid medium composition) can take place in the  liquid
medium zone, or the slurry can be discharged from the liquid medium zone
and transported to a device for separating the pellets from the liquid
under pressure  if -needed. If the liquid medium is depressurized, the
temperature, head pressure~  and pressure drop across the dewatering
equipment should preferably be set to  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 slurry
prior to dewatering; is at  least 7 0%, more preferably at least 80%, and
most preferably at least 9 0% 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, 34 such as polyethylene
naphthalate, either absorb water quickly or do not allow the  rapid escape
of water entrained in the pellet structure or both, so that a rapid
depressurization results in popcorning or other deformities. Thus, the
process is  



designed to avoid pressure drops on the globules or pellets which result
deforming  the globule or pellet. Suitable devices to continuously separate
the globules or pellets from the  liquid medium in closed system under a
pressure at or above the vapor pressure of  the liquid medium include
rotary valves or a set of dual knife-gate valves or any  other device which
substantially retains the pressure within the liquid medium zone  while
allowing the globules or pellets to separate from the liquid medium.
Subsequent to their separation, the remaining surface moisture or liquid
medium within the intersitices of the globules or pellets can be removed by
drying  the globules or pellets in any conventional dryer. As noted above,
a stream of cool  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 It.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 of 0.7 to 1.15  may be crystallized
while avoiding the costly step of solid stating. In a  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 35 polymer, allowing the molten
crystallized polymer to cool to a pellet, and isolating  the pellet without
increasing the molecular weight of the pellet in the solid state.  



By solid stating is meant any process, during or after crystallization and
before the  drying step is conducted immediately prior to introducing
pellets into a melt  extruder, which increases the molecular weight of
pellets in the solid state. Thus,  the process provides crystallized high
It.V. pellets made by crystallizing polyester  polymer from the melt
without having to further increase the molecular weight of  the polyester
polymer in the solid state prior to introducing the crystallized pellets
into a injection molding machine or other extrusion machine for making
preforms,  sheet or other articles. The invention can be further understood
by reference to one or more of the  Figures and their description, each
serving to illustrate one of the many  embodiments within the scope of the
invention. Other embodiments within the  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  ft/s, preferably 1 ft/s to 4 ft/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 36 outlet pipe 8 for
transport, as shown in Figure 2, into a crystallizer 9 comprises of a  



series of pipes in a coil or stacked to form a three dimensional box or any
other  shape, including a long linear tube. The water temperature at the
outlet pipe 8 and  through the crystallizer pipes 9 is above the T. of the
polyester polymer globules,  and preferably at any temperature within a
range of greater than 100*C to 190T,  and more preferably from 140 to 180T.
At these temperatures, the pressure within  the pressurized loop system
comprised 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
medium. The cumulative piping dimensions in piping 8, 9, 10, and the
separator I I may range 120 to 9600 ft in length, at a diameter ranging
from 2 to 8  inches in the piping 8, 9, and 10. After flowing through the
crystallization pipes for  about 3 0 seconds to 10 minutes, preferably from
about 3 0 seconds to 6 or 7 minutes, the globules are fed through pipe 10
to a globule/water separator I I  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 I I 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 annulus 15. The separator I I 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% fall 32B, or at least 80% full  32C, or at least 90% 32D fall 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 Tg of the
polymer. Given that the separator 37 



can be as simple 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
ease of viewing. Thus, the  water temperature in the separator can be
substantially the same as the average  water temperature 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 medium is forced out from the inner  annulus 14 through the mesh 12
into the outer annulus 15 as the globules descend  toward the bottom of the
separator 11 and as they begin to accumulate. The liquid  medium in the
separator 11 is continuously discharged through the separator liquid
medium outlet pipe 16. The location of the outlet pipe can be anywhere on
the  separator 11, and is conveniently located toward the bottom of the
separator. ii to  promote a top to bottom flow and a consistent temperature
profile throughout. The  pressure within the vessel may be regulated
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 line 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 will 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. 38 



The pressure within the separator 11 can be any pressure, but is preferably
above the vapor pressure of the liquid medium used, in this case water, to
avoid  water losses, e.g. greater than 14.9 psia to 300 psia. The pressure
in the separator  may be substantially the same as the pressure in pipes 8
and 9. However, in the  event that the source of cool water is needed as
described in some optional  embodiments below or a source of cool water is
needed to reduce the temperature  of the water in line 16 recirculated back
to the housing 7, then line pressure relief  line 17 or an additional line
may be used to vent vaporized water in a gas space  above the liquid in the
separator if the separator is not completely flooded, or if it is
completely filled with water, then a line may be used to drain a small
portion of the  hot water and vented to atmospheric pressure in a holding
tank used as a cooler  water source. Turning back to Figure 2, globules
discharged from separator 11 are fed  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/pellet 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 Tg 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 



39 preferably at least to the point of discharge from separator I I into
pipe 19, after  which they may optionally rapidly cool to below their T,
having been separated  from the bulk hot water. In the dryer, residual
water which is not evaporated is removed through line  27 and optionally
but preferably fed together with water source 22 into pumping  means 23..
Pellets exiting separator I I are fed to the rotary valve 18, and in an
optional embodiment, a stream of cool water in line 24 from a water source
22 at a  temperature below the temperature of the hot liquid medium in the
separator 11 and  pressurized by a pumping means 23 is injected into the
bottom of the inner annulus  14 at the bottom of the separator I I before
the globules are fed to the rotary valve  18. For example, the stream of
cool water may be injected into a separator globule  discharge line 25
between the separator 11 and the rotary valve 18 at a flow rate  sufficient
to flow countercurrent to the direction of globule travel in the pipe 25
and  up into the inner annulus to cool the globules accumulated at the
bottom of the  separator and further reduce their tendency to agglomerate
before separation at the  rotaryvalvel8. Alternatively, the cool water
stream 24 maybe injected into 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 ftorn 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 niinimurn. Thus,



the flow rate of cool liquid is preferably sufficient to remove at least 95
vol% of the 40 hot water from the separator and into pipe 16 with less than
a 5C drop, more  preferably less than a 2C drop in the separated hot water
temperature relative to  the hot water temperature in the absence of a cool
water stream. In the event that the flow rate of the cool water stream is
high enough to  travel into the inner annulus 14, it should be sufficiently
low so as not to drastically  reduce the temperature of the water exiting
the separator 11 through liquid medium  outlet pipe 16. While a measure of
temperature reduction in the water through  separator liquid medium outlet
line 16 can be tolerated, the flow rate of the cold  water stream injected
from line 24 into the accumulated globules should be  sufficient high and
its temperature sufficiently low to prevent the globules to  agglomerate if
this problem in fact exists, and no further so as to minimize the
temperature reduction of the water in line 16. In other embodiments,
however, it may actually be more desirable to  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 120C, and the feed rate of molten polymer to the cutter is high, and
the  temperature of the molten polymer is high, e.g. X240C, 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 41 the separator may, after separation, tend to stick to each
other because the bulk of  the fluid is removed. Even if the globules do
not agglomerate, it maybe desirable  to slurry the globules with a stream
of cool liquid to improve the ability to convey  the stream of globules.
Thus, a stream of cool water from water source 22 may 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 minimized to avoid energy costs associated
with drying the  water from the globules/pellets in the dryer 20. This cool
water stream may be  used in place of or in addition to the cool water
stream injected into line 25 through  line 24. A part or all of the
residual water recovered from the dryer 20 may be  diverted into line 27
and fed into the fresh water source 22 to provide part of the  feed for the
cool water streams. Moreover, to maintain the water balance, in the  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 which is  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 in
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. 42 Thus, Figure 2
illustrates an example of another embodiment wherein the  polyester polymer
is crystallized by a) directing 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; ii) contacting
the globules with a flow of liquid medium at a  liquid medium temperature
greater than the Tg of the  polyester polymer to form a flow of slurry. It
is understood,  of course, that the sequence between these two steps bl)
and  bii) can be in any order or simultaneously, and in most cases,  the
molten polymer exiting the inner surface of the die plate  will be exposed
to the hot liquid medium immediately before  it is cut. The slurry flow of
glo~ules and hot liquid medium  is iii) 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: 43 i) at least a portion
of the source of the flow of liquid medium  in step bii) is the stream of
separated liquid medium; and ii) the stream of crystallized polyester
polymer is directed to a  dryer for removing at least a portion of the
residual moisture  on or in the crystallized polymer. Once the globules are
crystallized to the desired degree, and optionally but  preferably dried to
remove surface moisture left on the polymer from the  crystallization step,
the resulting 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 140C; 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 140C or more. Dryers
feeding melt extruders are needed to reduce the moisture content of
pellets. After dewatering the globules and/or pellets in the crystallizers,
much of the 44 remaining moisture on the surface of the pellets is driven
off by drying the pellets.  However, the pellets absorb ambient moisture
during shipment from the  manufacturer of the pellets to the converters who
extrude the pellets into a mold  with the desired shape. Further, not all
the moisture in the pellet is driven off in a  post crystallizer dryer.
Therefore, the pellets are dried immediately prior to melt  extruding. It
is contemplated that the crystallized pellets dried after dewatering can
be fed immediately to the melt extruder, thereby essentially combining both
drying  steps into a single drying step. In either case, however, prior to
extrusion, the  pellets are dried at a temperature of 140C or more to drive
off most or all of the  moisture on and in the pellet. 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 drying 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 150C or more which have been crystallized at temperatures
only of  100C 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 140C or more,
meaning that the temperature  of the heating medium (such as a flow of
nitrogen gas or air) is 140C or more.  



The use of nitrogen gas is preferred if drying is conducted above 180C 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 40C below the  drying temperature. It is preferred that the pellets
used have been crystallized at  140C or more. In this way, there is wide
flexibility to set the drying temperature 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 temperatures of 160T. However,  prudence would suggest
setting the actual operational drying temperature at no  more than about
40T above the crystallization temperature to minimize the risk of
agglomeration and to leave a temperature cushion to take into account hot
spots in  the dryer and allow for temperature fluctuations which may occur
from time to  time. in conventional processes which crystallize low It.V.
amorphous pellets in a  gaseous mixed bed, it is necessary to solid state
the pellets to render them suitable  for extrusion into molded parts such
as preforms suitable for beverage containers.  In this embodiment, pellets
having an lt.V. of 0.7 to 1. 15 XV. which have not been  solid stated are
dried at high temperatures of 140'C or more. The process of this'
embodiment has the advantage of allowing drying at high 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 It.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 cftn for every pound per hour of  pellets discharged from the dryer,
preferably from 0.2 to 5 efin per lb. 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 46
mold or into a sheet or coating. Methods for the introduction of the dried
pellets  into the extrusion zone, for melt extruding, injection molding,
and sheet extrusion  are conventional and known to those of skill in the
manufacture of such containers. At the melt extruder, or in the melt phase
for making the polyester polymer,  other components can be added to the
composition of the present invention to  enhance the performance properties
of the polyester polymer. These components  may be added neat to the bulk
polyester or can be added to the bulk polyester as a  concentrate
containing at least about 0.5 wt.% of the component in the polyester let
down into the bulk polyester. The types of suitable components include
crystallization aids, impact modifiers, surface lubricants, stabilizers,
denesting  agents, compounds, antioxidants, ultraviolet light absorbing
agents, metal  deactivators, colorants, nucleating agents, acetaldehyde
reducing compounds,  reheat rate enhancing aids, sticky bottle additives
such as talc, and fillers and the  like can be included. The resin may also
contain small amounts of branching agents  such as trifunctional or
tetrafunctional comonomers such as trimellitic anhydride,  trimethylol
propane, pyromellitic dianhydride, pentaerythritol, and other polyester
forming polyacids or polyols generally known in the art. All of these
additives and  many others and their use are well known in the art and do
not require extensive  discussion. Any of these compounds can be used in
the present composition. 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 140C 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. 47 This invention can be further
illustrated by the additional examples of  embodiments thereof, although it
will be understood that these examples are  included merely for purposes of
illustration and are not intended to limit the scope of the invention.
Examples  In each example, Differential Scanning Calorimetery data, and Gel
Permeation Chromatography data are provided to describe the results
obtained by  crystallizing polyethylene terephthalate pellets from the
glass in triethylene glycol  as the liquid medium at various temperatures.
The DSC analysis to determine the initial melting point of the crystallized
pellets was conducted according to the following procedure in each case:
Using a Mettler DSC821 instrument, the first heating scan was performed  on
a sample weighing 9-10 mg and with a heating rate of 20C/min. Unless
otherwise stated, the degree of crystallization in each case was also
determined using the same DSC scan. In the first hearing 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 Jlg (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 48 Elmer Pyris-1
calorimeter was used for high-speed calorimetry. The specimen mass  was
adjusted to be inversely proportional to the scan rate.: About a 1 mg
sample  was used at 500C/min and about 5 mg were used at 100C/min. Typical
DSC  sample pans were used. Baseline subtraction was performed to minimize
the  curvature in the baseline. In some cases where noted, percent
crystallinity was also calculated from  the average gradient tube density
of two to three pellets. Gradient tube density  testing was performed
according to ASTM D 1505, using lithium bromide in water. The GPC analysis
to determine the approximate Ih.V. of the pellets was  conducted according
to the following procedure in each case: Solvent: 95/5 by volume methylene
chloride/hexafluoroisopropanol  + 0.5 g/1 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
tL 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 pm Teflon filter. Injection volume: 10 L



Column set: Polymer Laboratories 5 m 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=0.4894
a=0.6738 49 The universal calibration parameters above were determined by
linear  regression to yield the correct weight average molecular weights
for a set of five  PET samples previously characterized by light
scattering. Calculation of inherent viscosity at 0.5 g/100 mL in 60/40
phenol/tetrachloroethane from the weight-average molecular weight, <M>,, is
determined as follows: IhV = 4.034 x 10-4<M>W.69l The solution viscosity
relates to the composition and molecular weight ofa  polyester. Although
the IhV 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, i.e., amorphous pellets. The
following equations describe the solution viscosity measurements and
subsequent  calculations as performed for PET. Tlinh = [In (/t0)]/C where
71i,h = Inherent viscosity at 25C at a polymer concentration of  0.50 g/
100 mL of 60% phenol and 40% 1,1,2,2 tetrachloro ethane In = Natural
logarithm is = Sample flow time through a capillary tube to = Solvent-blank
flow time through a capillary tube  C =Concentration of polymer in grams
per 100 mL of  



solvent (0.50%)_ 50 The intrinsic viscosity is the limiting value at
infinite dilution of the specific  viscosity of a polymer. It is defined by
the following equation: rl ant - lim (i ,'C) = lim In (rI)C)  C-*0 C-*0
where qi"t = Intrinsic viscosity Ti, = Relative viscosity = Wtfl  rl,P =
Specific viscosity= rl, - 1 Instrument calibration involves replicate
testing of a standard reference.  material and then applying appropriate
mathematical equations to produce the- "accepted" I.V. values. Calibration
Factor = Accepted IV of Reference Material / Average of Replicate
Determinations Corrected IhV = Calculated IhV x Calibration Factor The
intrinsic viscosity (ItV or rl,,,t) may be estimated using the Billmeyer
equation  as follows: That = 0.5 [e 0.5 x corrected 1hv - 1] + (0.75 x
Corrected IhV) 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 51 crystallizer with an
electrically heated jacket. The pellets were heated at 150C for  1 hour,
followed by 1 h at 180C. Since the melt was obtained by extruding pellets,
it was necessary to crystallize the PET prior to the experiment in order
that 1) the  PET could be dried above Tg without sticking, and 2) the PET
would not crystallize  in the extruder and subsequently wrap the screw.
Moreover, in this Example 1 and  in Example 2, the use of crystallized
pellets having a thermal history prior to melt  



extrusion simulates a process wherein recycled or scrap PET is subjected to
the  process of the invention. The crystallized pellets were submitted for
testing 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 from ca.  100 rpm during transitions to 30 rpm during
sample collection. The melt  temperature was about 260C. 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 150C. However, the  actual measured values ranged from 152
to 154.3 T. It should be noted that the  TEG target temperature on
reference samples 105 et.seq. was targeted for 170C.  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 52
and to prevent further crystallization. Some of the runs with shorter times
were  repeated. After cooling for several minutes, the strands were
towel-dried, cut with  wire cutters and submitted for a first heating scan
by DSC at 20'C/min where the  sample sizes were 9 to 10 mg to determine the
low melting peak temperature, the  high melting peak temperature and the
percent crystallinity. After the DSC sample  



was removed from each strand, the samples were routed for testing by GPC to
estimate the Ih.V. TABLE I 53 Molten  Polymer emp_ ime Tml a Peak Est.. A*
(deg Q(min)ommentsTemp_ (deg % IhV TmIb Peak Sample QCrystallinity (dUg)
Temp_ (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
102-71501repeat27.37 0.54 ~,248.13 102-8ISO0pellets171.4539.28 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 



105-51708177.933.47 0.533 248,37 105-617015179.1634.06 0339 247.93
105-71704repeat177.5233.69 0.531 248.96 105-81702repeat177.8538-71 0.534
250.14 105-91700pellets172.5236.78 0.554 250.73 * Polymer A as a starting
pellet was a 0.56 1h.V. PET polymer modified with 3.5 mole %
1,4-cyclohexanediinethanol (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 I min. sample and its repeat (102- 1, - 102-2,
-102-7), had a low melting point detected at a 20T/min DSC scan rate.  The
shortest timed samples (1 min. or less) appeared to be reorganizing on the
time 54 scale of the test. For these samples, a faster DSC scan rate could
be used to see the  low melting peak at about the crystallization
temperature plus around 20C. The  102-8 sample consisted of the
conventionally crystallized pellets, i.e., the same  ones that were fed to
the extruder. Figure 5 graphically illustrates the data from Table 1 with
respect to the  increase in the degree of crystallinity over time at a
crystallization temperature of  150C. The percent crystallinity increased
with time until it leveled out around the  mid-thirties after about two
minutes. The 102-8 sample consisted of the  conventionally crystallized
pellets, i.e., the same ones that were fed to the extruder. Table 1 also
shows the estimated lh.V. of the polymer melt over time at a
crystallization temperature of 150C. There did not appear to be much
glycolysis at  150C as the Ih.V.'s for all the timed runs (15 min. maximum)
are about the. same.  The results set forth in Table 1 also set forth the
low peak melting temperature of the molten polyester polymer crystallized
over time in 170C TEG.  By increasing the crystallization temperature from
150 to about 170C, the low  peak melt temperature increased by about 10C.
The results in Figure 6 and Table 1 also show the degree of crystallization



over time at a crystallization temperature of about 170C. 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 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
Ih.V. with increasing time. Example 2 55 The same procedure as used in
Example 1 was followed, except that a  different polyester polymer was used
as the test sample. The results are reported  Table 2. TABLE2 Molten
Polymer BTemp_ (degTimeTmIb Peak% Reference #C)(min)Ternp (deg
C)CrystallinityrV (dL/g) 103-11500245.124.980.727 1 246.33  103-2150q
M11.580.723 ] 103-31502245.724.280.725 103-41504246,3732.170.73 I T3
51508247.229.20021. 103-615015245.529.800.724 103-71502247.2522.140.727  



Polymer B as a starting pellet was a 0.79 M.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 tixne. As can be seen ftom Figure
7, a  high lh.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 3011/o or more. The data in Table 2
also shows that the high  lh.V. polymer did not suffer glycolysis as there
was no trend downward in its Ih.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
56 and crystallizing it in hot TEG. The previously-crystalline extrudate
may be  nucleated by some remnant of its past heat history. Example 3 now
demonstrates  the effect of subjecting molten polymer exiting a melt-phase
line which has no  prior thermal crystallization history, to the process of
the invention. To demonstrate that a polymer melt exiting a melt phase line
will also  crystallize from the melt at a reasonable rate, the following
experiment was  conducted. Molten Polymer C had the same composition used
in Example 1, that  is, a 0.56 Ih.V. PET polymer modified with 3.5 mole %
1,4-cyclohexanedimethanol  (CHDM) and 1.7 mole % DEG, except that this
polymer was not previously  isolated as a pellet below Tg nor crystallized
from the glass (Molten PolymerC).  Molten material obtained from a valve
after the finisher and between the filter and  the gear pump on a PET line
was transferred to the 150"C TEG bath withiiva 15-20 seconds from
collection. The molten material was crystallized in 150C TEG  for the times
given below in Table 3: TABLE 3 



Molten Temp_ Time Tmla Peak Teinp_ % Est- PM95 TV Polymer C (deg
C)(min)(deg C)Crystallinity(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 (shoulder)44.430.564 57 The results
indicate that crystallization from the melt of a newly made  polymer that
has no thermal crystallization history proceeded at a reasonable rate,  and
within less than 5 minutes had crystallized to about 35% or more. The low
peak melt temperature was about 15 to 20C above the crystallization
temperature.  Moreover, crystallization from the melt of this polymer
resulted in only very minor  Ih.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. 58 



What We Claim Is: I . 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 Tg of the polyester polymer.
2. The process of claim 1, wherein the liquid medium temperature is  above
100*C. 3. The process of claim 2, wherein the liquid medium temperature is
above 130'C. 4. The process of claim 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 moleO/o ethylene units based on
the moles of all diols added and at least 60  moleo/o 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. 5 5 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 falls to a  temperature below its Tg, and the
It.V. of the molten polymer is at least 0.55 dUg. 8. The process of claim
1, wherein the molten polyester polymer is  obtained by heating a solid
polyester pellet to above 190T 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 Tg 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 190T or more as
measured at the extruder nozzle. 59 



10. The process of claim 1, wherein the molten polyester polymer is
directed through a die, followed by cutting the molten polyester polymer as
it exits  the die. 11. The process of claim 1, wherein the molten polyester
polymer is cut  underfluid in the liquid medium, and the It.V- of the
molten polymer is at least 0.55. 12. The process of claim 11, wherein the
molten polyester polymer is  cut underfluid into globules. 13. The process
of claim 1, wherein the liquid medium temperature  when the molten
polyester polymer first makes contact with the. liquid medium is  above the
Tg of the polyester polymer, and the It.V. of the molten polymer is at
least 0.55.. 14. The process of claim 1, wherein the molten polyester
polymer first  makes contact with a liquid medium at a temperature below
the Tg of the polyester  polymer, and before the temperature of the molten
polyester polymer falls below  the T9 of the polyester polymer, the liquid
medium temperature is above the Tg 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 190T. 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 dUg 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. 



60 18. The process of claim 17, wherein the temperature of the liquid
medium at the inlet of the housing is less than the temperature of the
liquid medium  beyond the outlet of the housing. 19. The process of claim
17, wherein the temperature of the liquid  medium at the inlet and the
outlet of the housing is above the T. of the polyester  polymer. 20. The
process of claim 17, wherein the molten polyester polymer is  cut
underfluid. 21. The process of claim 1, comprising directing molten
polyester  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 liquid medium  temperature above the Tg 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 140C to 180C. 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  Tg 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. 



61 28. The process of claim 1, comprising crystallizing the molten
polyester polymer in the liquid medium at a pressure on the liquid medium
which is  equal to or higher than the vapor pressure of the liquid medium.
29. The process of claim 1, comprising a pressure on the liquid medium  of
greater than 25 psia. 30. The process of claim 29, comprising a pressure of
52 psia to 145 psia. 31. The process of claim 1, wherein the liquid medium
has a flow to  submerge globules obtained from the molten polyester
polymer. 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 more. 35. The process of claim of claim 32, wherein the liquid
medium  temperature ranges from 140C to 180C, 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 



62 from the crystallized molten polyester polymer while the liquid medium
temperature is above the Tg of the polyester polymer. 39. The process of
claim 38, comprising directing a cool flow of liquid  onto the crystallized
molten polyster polymer or resulting pellets after separation  from the
liquid medium, said cool flow of liquid having a temperature less than the
temperature of the crystallized molten polyester polymer or resulting
pellets. 40. 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 depressurizing the resulting
crystallized molten  polyester polymer or pellets, followed by separating
said polymer or pellets from  the liquid medium. 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 dLlg 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 63 polyester polymer in a hot liquid medium having a temperature
greater than the Ts  of the polymer to form a crystallized polyester
polymer, separating the crystallized  polymer from the hot liquid medium.
under a pressure equal to or greater than the  vapor pressure of the liquid
medium, and directing a flow of cool liquid onto the  crystallized polymer
before separation, wherein the temperature of the cool liquid is  less than
the temperature of the hot liquid medium. 46. The process of claim 45,
wherein the temperature of the hot liquid  medium is at least 130T, and the
polyester polymer comprises a polyethylene  terephthalate polymer or
copolymer. . 47. The process of claim 45, wherein the crystallized
polyester polymer  has a flow in a direction toward a separator, and the
cool liquid medium travels  countercurrent to the direction of the flow of
crystallized polyester polymer.  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 Dow 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
Tg, first contacting the molten polyester with a liquid medium when the
liquid 64 medium temperature is greater than the Tg of the polyester
polymer and  crystallizing the molten polyester polymer. 51. The process of
claim 50, wherein the temperature of the molten  polyester polymer on
contact exceeds the temperature of the liquid medium. 52. The process of
claim 51, wherein said molten polyester polymer is a  polyethylene
terephalate or naphthalate homopolymer or copolymer and having an  It.V. of
at least 0.55. 53. The process of claim 52, wherein the temperature of the
liquid  medium temperature is at least 130C. 54. 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 Tg, contacting the molten
polyester with a liquid medium at a liquid  medium temperature greater than
the Tg of the polyester polymer for a time  sufficient to provide a
crystallized polyester polymer having a degree of  crystallinity of at
least 10%, followed 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  lt.V. of at least 0.55 dL/g. 56.
The process of claim 55, wherein the temperature of the liquid  medium
temperature is at least 130C. 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. 65 59. The process of claim 55, comprising drying the separated
crystallized polyester polymer, and directing a stream of cold liquid onto
the  crystallized polyester polymer after separation and before drying,
wherein the  temperature of the cold liquid is less than the temperature of
the separated  crystallized polyester polymer. 60. A process for separating
a crystallized polyester polymer having an  It.V. of at least 0.55 dL/g
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. 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 liquid 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. 66 65. The process of claim 63, wherein the
polyester polymer comprises a  polyethylene terephalate or naphthalate
homopolymer or copolymer modified with  4011/o or less of a repeat unit or
units other than ethylene tereplithalate 66. The process of claim 64,
wherein the liquid medium temperature is  at least 130'C. 67. A process for
making an article comprising contacting a molten  polyester polymer having
an It.V. of 0.70 dL/g or more with a liquid medium at a  liquid medium
temperature sufficient to induce crystallinity to the molten polyester
polymer, allowing the molten crystallized polymer to cool to a pellet,
isolating the  pellets without increasing the molecular weight of the
pellet in the solid state, and  melt processing the pellets into a shaped
article. 68. The process of claim 66, wherein the liquid medium temperature
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/o
tereplithalate 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 7 1, 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 67 4 4 T9 of the polyester polymer for a time
sufficient to impart to the molten polyester  polymer a degree of
crystallinity of at least 25%. 75. The process of claim 66, comprising
crystallizing the molten  polyester polymer in the liquid medium at a
pressure on the liquid medium which is  equal to or higher than the vapor
pressure of the liquid medium. 76. The process of claim 74, comprising a
pressure on the liquid  medium of greater than 25 psia. 77. The process of
claim 66, comprising crystallizing the molten  polyester polymer in a pipe
for a time 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. 68 83. The process of claim 80,
wherein said pellets are dried in a said  drying zone at a zone temperature
of at least 140C. 84. The process of claim 80, wherein the residence time
of the pellets in  the drying zone ranges from 0.50 hours to 16 hours. 85.
The process of claim 80, wherein the temperature in the drying zone  ranges
from 140C to 180C. 86. The process of claim 80, wherein the PET pellets
have an average  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 40C 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)
directing 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; ii) contacting the globules with a
flow of liquid medium at a  liquid medium temperature greater than the Tg
of the  polyester polymer to form a flow of slurry; iii) directing the flow
of slurry away from the cutter to 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 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 from the liquid
medium to  form a stream of crystallized polyester polymer and a stream of
separated liquid medium, wherein: i) at least a portion of the source of
the flow of liquid medium  in step bii) is the stream of separated liquid
medium; and ii) the stream of crystallized polyester polymer is directed to
a  dyer for removing at least a portion of the residual liquid on  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 ftls 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 100C
to 190C. 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 slurry flows through the
said  pipe for 30 seconds to 15 minutes. 70 99. The process of claim 89,
wherein liquid medium level in the  separator is to at least the level of
globule accumulation within the separator. 100. The process of claim 89,
wherein the pressure in the separator is  substantially the same as the
pressure in the crystallizer. 101. The process of claim 89, wherein a
portion of the liquid medium is  vented or drained from the separator,
cooled to below the liquid medium  temperature in the separator, and then
fed to the flow of liquid medium in step bii). 102. The process of claim
89, wherein at least a portion of the residual  liquid from the dryer is
re-circulated to the flow of liquid medium in step bii).  103. The process
of claim 89, comprising contacting a stream of cold liquid with globules in
the separator, said cold liquid having temperature which is  less than the
liquid medium temperature in the separator. 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
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 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 71 impinges on
inner surface of the die plate, the cutter, or both, wherein the flow of
hot liquid medium and the flow of cool liquid medium in the housing are in
contact  with each other. 109. 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
LID of at least 15:1, wherein the molten  polyester polymer is crystallized
in the pipe at a liquid medium temperature greater  than the Tg of the
polyester polymer. 110. The process of claim 108, wherein the molten
polyester polymer is  crystallized in said pipe at a liquid medium
temperature exceeding the boiling point  of the liquid medium at 1
atmosphere. Ill. The process of claim 108, wherein the molten polyester
poly=-is  crystallized in said pipe at a liquid medium temperature of at
least 140C. 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 LID  of at least 25:1, the
molten polyester polymer are crystallized in said pipe at a  liquid medium
temperature of at least 140C, 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, and the molten polyester polymer is
crystallized 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. 72 116. 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 paddles, in-line mixers,
weirs, or baffles. 118. The process of claim 108, wherein the liquid flow
velocity within  the pipe ranges from I ft/s to 8 ft/s. 73 


