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TITLE
A PROCESS AND APPARATUS FOR

FORMING CRYSTALLINE POLYMER PELLETS
FIELD OF THE INVENTION

This invention relates to a process and apparatus for forming a polymer
into particles. More particularly, this invention relates to a process and apparatus
for forming crystalline, uniform pellets from an amorphous polyester meit.

BACKGROUND

The formation of particles from viscous materials is well known.
Conventional methods and apparatus often involve the formation of liquid portions
or droplets which are subsequently collected and solidified. For example,
Froeschke, U.S. Pat . No. 4,279,579, discloses an apparartus for the extrusion of a

. flowable mass onto a conveyor. The apparatus has inner and outer cylindrical

coaxial containers. The inner container, positioned within the inner container, has
a passage for dispensing the flowable mass. The outer container has a number of
orifices and rotates around the inner container. As the outer container rotates, the
orifices on the outer container cyclically align with the passageway on the inner
container. With each alignmemnt, the flowable mass flows from the inner container,
through the aligned orifices, and is apportioned and deposited on a conveyor, for
example a conveyor belt, to form what is often referred to as pastilles.

Chang et al., U.S. Pat. No. 5,340,509, discloses a pastillation process for
pelletizing ultra high melt flow crystalline polymers, i.e., a crystalline polymer
which is a polyolefin homopolymer, a polyolefin copolymer, or blends thereof.
Initially, molten polymer is transferred 10 a droplet-forming means. The droplet-
forming means is generally an outer container, with orifices, which rotates around
an inner containér to allow a uniform amount of the polymer melt to emerge as
droplets. The droplets are collected on 2 conveyor, which cools ﬂie droplets for a
time sufficient to solidify the droplets.

Forming robust, uniform, pellets of a polyester material has been difficult or
problematic. For example, low molecular weight polyesters, characterized as
oligomers or prepolymers, may have such a low viscosity that initial parnicle
formarion may be difficult. The oligomer may be too liquid to form particles or
pellets of uniform shape and size. This is because oligomers. having relatively
short chain length, may have a relatively low amount of chain entangiement, in
addition to limited intermolecutar bonding or forces. '

Known processes for forming polyester particles may result in particles
which lack structural integrity. The weakness of such particles may make them
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hard to handie and susceptible to abrasion during transport or other mechanical
handling. Abrasion may generate undesirable amounts of fines.

Polyester particles are useful as feedstock to a process to produce a higher
molecular weight polymer, including solid-phase ("solid-state™) polymerization
processes. For such processes, it is desirable that the particles have cenain
characteristics. For example, particles having relatively uniform size and shape, for
uniform polymerization within each particle, may be desirable. For solid-state
polymerization, it is desirable that the particles be sufficiently robust to withstand
the high temperatures of solid-state polymerization without agglomerating.

Conventionally, robust particies of polyester may be obtained by subjecting
the particles to a lengthy and expensive heat treatment or annealing step. Such
annealing increases the crystallinity and robustess of the particles. Such
annealing, however, typically adds time and expense to0 an overall process for
producing high molecular weight product. It would be desirable to reduce or
eliminate such annealing.

In view of the above, there exists a need for an improved process and
apparatus for the formation of polyester particles. There is a need for the more
economical and efficient producuon of quality polyester particles, which, for
exampie, are useful under rigorous circumstances and with limited pre-treatment
prior to use as feedstock for further polymerization. Furthermore, there exists a
need for an improved process of forming a low molecular weight polyester
oligomer into crystalline particles. In addition, it would be 2 further advantage if
the resulting particles exhibited improved crystalline morphology or related
properties compared to conventional processes.

- SUMMARY OF THE INVENTION .

This invention provides an apparatus for producing pellets of a polymer
from its polymer melt, comprising: _

(a) apellet former comprising a rotatable container having a
plurality of outlets, defining corresponding openings 0.5 to 5 mm in diameter, for
metering a polymer melt onto the surface of a conveyor, _

(b) a conveyor comprising a surface, which is adapted for
movement relative 10 the outlets of the pellet former. for receiving the polymer
melt. from the pellet former. in the form of a plurality of droplets or crystallizing
pelléts, said conveyor being adapted for conveying the pellets through a
crystallization section: and

(c) acrystallization section extending from the point at which the
pellets are received onto the Surface of the conveyor, extending along at least a
portion of the conveyor to a point downstream;
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the crystallization section further comprising means for controlling
the surface temperature of the conveyor within a predetermined temperature range
above 50°C as the surface passes through the crystallization section.
 In commercial practice, the crystallization section may further comprise a
temperature controller for controlling the temperature of the surface within the
crystallization section, such that the pellets are subjected to a surface within a
predetermined temperature range for a predetermined period of time.

The above-described apparatus may have a variety of uses, including the
production of pellets of a polyester polymer having a glass transition temperature
(T) greater than about 25°C. One such process comprises:

* (a) metering a polymer melt of the polyester polymer through a
multitude of outlets in a rotatable container, each outlet defining an orifice 0.5 to
5 mm in diameter, thereby forming a plurality of molten droplets;

() collecting the molten droplets, immediately after being formed,
on a solid moving surface, the solid moving surface being maintained within a
predetermined temperature range within a heating zone, whereby the pellets are
maintained in contact with the solid moving sutface. within the heaung zone, fora
predetermined penod of nme

Figure 1 uaschemancot‘theprefenedproceesmdappamusfor

producing polymer pellets.
Figure 2 is a cross-sectional view ofthe crystallmmon section of the

apparatus of Figure 1.

Thxsuwermonprovxdes an apparatus and process forproducmglow
molecular weight polymer pamcles or pellets. The polymer pellets are produced in
a pellet former commonly referred to as a pastillator, and are collected on a hot
surface. The hot surface comtrols the rate at which the pellets are relatively cooled
(from the melt) and the temperature to which the peliets are relatively cooled. The
peliets thus formed may have a relatively uniform size and shapé. By the term
"relatively uniform” is meant that at least 90 percent, by weight, of the pellets are
within plus/minus 30 percent of the mean diameter. Preferably, at least 95 percent.
by weight of the particles are within plus/minus 10 percent of the mean diameter.

The present process is capable of producing pellets that are stronger and
more abrasion resistant than pellets formed by various other conventional methods
and apparatus. The pellets are suitable for transport or subsequent treatment by
solid-state polymerization, with or without additional annealing.
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One embodiment of the present invention, including an apparatus for
producing peliets, is shown schematically in Figures | and 2.

For purposes of this invention, the term "peliet” means any dtscrete unit or
portion of a given material, having any shape or configuration, whether regular or
irregular. Thus, the term “pellet” may encompass particles, droplets, pieces,
portions, or pastilles of 2 given material. By the term “polymer” is meant a
compound or mixture of compounds consisting essentially of repeating structural
units called monomers, and xs meant to include a prepolymer or a oligomer, that is,
a polymer having a low molecular weight or a polymer intended as feedstock for a
higher molecular weight polymer.

By the term "molten polymer” is meant polymer at a temperature at or
above its melt temperature. Likewise, by the term "molten droplet” or “droplet” is
meant a portion of a polymer at least partially at temperature at or above the
melting point of the polymer. Thus, temperature gradients may exist in the droplet,
which may start crystallizing immediately after being formed.

The melting point (T,,) of a polymer is preferably determined as the
maximum of the main melting endotherm on the first heat, measured by Differential
Scanning Calorimetry (DSC). By pellct size is meant the largest cross-sectional
dimension of a given pellet.

As part of an integrated process, the dmpletfomaermay bein
communication, via a conduit or other material transfer means, with a means for
producing a polymer in melt form.. A means for producing a polymer melt can-
encompass many variations.. For example, the means.can be an extruder which
uses polymer in the form of flake, pellets or chips as a feedstock. An extruder can
heat the feedstock to the melt temperature or higher and extrude the molten
polymer in various shapes, for subsequent transfer to the droplet former.

The means for producing the polymer can also include a reactor for
polymerization. Such a feactor is well known in the art. Polymerization is often
carried out in the melt, and thus melt polymerizers are also suitable as a means for
producing the polymer in melt form per this invention. An example of a preferred
reactor for producing polymer melt is described in copending commonty-assigned
application S.N. (docket no. CR-9524), hereby incorporated by reference in
its entirety. Of course, for use as feedstock for the present apparatus and process,

. it is also possible to commercially purchase polymer or to store previously made

polymer for later introduction into a means for producing a melt of the polymer.
One preferred embodiment of the present apparatus is schematically shown

in Figure 1. A pellet former 10 receives a polymer melt from a reactor or melt

polymerizer (not shown). A conventional melt polymerizer, if employed, usually
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has an inlet for receiving reactams and an outlet connected to a conduit for
transporting the polymer melt to the pellet former 10. The polymer exiting the
outlet is typically at or above its melt temperature. The p"olymer- can be transferred
to a pellet former by means of any pressure displacing device such as a variable
speed displacement pump or melt gear pump. '

The pellet former 10 is commonly referred to as a pastillation apparatus or
pastillator, in the broadeést sense of the word. Various types of pastillators are
known in the art for various uses. The pastillator, in one embodiment, may -
typically comprise inner and outer coaxial cylindrical containers. Accordingly,
polymer melt transferred from the reactor would be received into the inner
container or cylinder. The outer container has a plurality of orifices
circumferentially spaced on the periphery of the outer container. The plurality of
orifices are disposed such that they align with a2 metering bar or channel on the
inner container when the outer cylinder is rotated. The orifices on the outer
container can typically range in size from about 0.5 mm to about $mm. The inner
cylinder containing the polymer melt is under pressure and dispenses the melt in
uniform amounts as each of the plurality of orifices on the outer cylinder align with
the metering bar or channel on the inner cylinder. Pastillators, as described, are
commercially available, ¢.g., ROTOFORMER® manufactured by Sandvik Process
Systems (Totawa, NJ). In commercial use, for economic efficiencies of scale,
maximum production, there may be many orifices on the outer cylinder of the
pastillator, typically at least 100, for example, between 100 and 50,000, depending
on the scale of operations. The pellets suitably may be produced on the scale of
1 kg to 10 metric tons per hour, preferably 1 to 10 metric tons per hour. For such
operation, the pastillator would be adapted for rotating at a rate which is sufficient
to supply pellets to the conveyor surface at the desired production rate.

Droplets or crystallizing pellets 18, formed by the pastillator 10, are directly
received onto a moving surface 12 of a conveyor belt, which is substanially level.
By "substantially level” is meant not varying by more than 10° from horizontal. By
*moving surface” is meant any surface which can support and transport the pellets.
The moving surface 12 generally moves relative to the pastillator, in a direction
tangential to the direction of rotation of the outer container of the pastillator. The

‘moving surface 12 has a bottom surface 16 and a top surface 14, the latter

comprising the substantially level moving surface which supports the pellets. The
moving surface 12 conveys the pellets through a crystallization section. which may
also be referred to as a heating section. The moving surface is generally
maintained at a conistant speed for passing the pellets through the crystallization
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section, although the speed chosen can vary in order to vary the time the pellets are
within the crystallization section. |

A key feature or component of the present apparatus is the crystallization
section. The crystallization section begins at or very near the point at which the
pellets are received from the pastiliator 10 onto the moving surface and extends
along at least a portion of the conveyor moving surface.

An important feature of the crystallization section of the apparam is that it
includes means for controlling the temperature of the moving surface, as it passes
through the crystallization section, at an elevated temperature. Ovens containing a
heating coil may be employed. In the preferred apparatus of the present invention,
the temperature of the top surface 14 within the ciystauization section is
mammned above 50°C, depend.mg on the surface material of the conveyor. If the
surface material is metal, then a conventional heater should be capable, in practice,
of raising the temperature to at least 50°C, preferably at ieast 100°C, more
preferably berween 100°C and 225°C, which may depend on the heat transfer
coefficient of the surface. In the broad process of the invention, however, the
temperature may vary below 50°C, if the conveyor surface has a lower heat
transfer coefficient than metals such as steel.

The crystallization should be capable of maintaining a relatively steady
temperature, although some gradient along the crystallization section is allowable.
Preferably, the temperature of the surface in the crystallization section is carefully
controlled, as further described below.

Preferably, a portion of bottom surface of the moving surface 12 is heated
within the crystallization section. It is also possible to have a heater prior to the
point at which the pellets ireréceivedonﬂlemnveyorsurfaoe. in which case the
crystallization section may only require insulation andlor slight heating. The
¢rystallization section may funher comprise means for adjusting the temperature
and/or flow of a heat-exchange fiuid and supplying a fiow of the heat-exchange
fuid to the bottom surface 16, such as shown within the crystallization section 20
in Figure 1. In the embodiment shown in Figure 1, an air heater 26 supplies heated
air to a lower plenum 24, enclosing a portion of the bottom surface 16 of the
moving surface 12. The lower plenum 24 generally contains an inlet and outlet for
the heat-exchange fluid, so the heat-exchange fluid can continuously circulate
through the lower plenum 24. The lower plenum 24 extends along the portion of
the moving surface 12 which comprises the crystallization section. In this way, the
peliets 18 are subjected to proper heating immediately after being formed and
collected on the moving surface 12.

PCT/US96/00335
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In order to obtain r'apid'heat transfer from the mdving conveyor surface to
the just-formed polymer pellets, it is preferred that the material for the conveyor

B moving surface 12 have a relauvely high heat transfer coeﬁicnent Metals are

particularly useful for this purpose, especlally metals, such as steel with lugh heat
transfer coefficients. Thus metals are the prefened matemls for the conveyor
moving surface, although other materials, for example. p_lasuc or plastic coatings
are possible. | ' '

The tempenture of the top surface 14 of the moving surface 12 within the
crystalhzauon section may be controlled automaucally or mannally with the use of
a temperature sensor 28 located within the crystalhzanon section. Preferably.
however, a temperatire controller may automaucally comrol the !emperature of
the top surface 14 of the movmg conveyor surface 12 in the crystallmuon secnon
within a predetermined tempemure range. Conn-ollmg the tempexature,
combination with comrollmg the speed of the conveyor movmg surface supparting
the pellets, will mﬂtmthepellets leemgsnbjected totheptedetennmed
temperature range for a minimum amount ofnmewlnch can be predetermined.
This occurs as the pellets 18 pass through the c:ystaﬂ:zauon secnon Generally,
the temperature controlier compnses a sensor 28 for detcunmmg the temperature
of the top surface 14 within the crystallization section, a comparatm‘ (not shown)
for comparing the tunpeumre determined by the sensor to 2 set point within the
predetennmd temperature range, and a tempermte ad]ustox (not shown) for
adjusting the temperature of the heat-exchange fluid supplied to the bottom surface
16 of the moving surface 12. Conventional temperamre conmlle:s are well known
in the art, as will be apptecmedbytheskilledamsan.andareeommetcully
available from a wide variety of sources.

Comrollmgthetempemnteofthemetalsurfaoeofthebeltmayatums
require the removal of heat from the heat exchange fluid or bottom surface 16, i.e.,
relative coolmg, although the c:ymlhzanon section ‘may be heated relative to
ambient. Typically, when a heat exchange ﬂmd is supplied in a continuous flow to
the botrom surface 16, and the set-point wmperamre is exceeded, a controller will
typically signal no additional heat input. This does not, however. contravene the
spirit of the i invention, since the general result is heating of the bottom surface 16,
and consequently the top surface 14.

In Figure 1, a heater for the bottom surface 16 of the moving surface 12 is
within the crystallization section. The primary funcrion of the heater is to heat the
moving surface 12 such that the top surface 14 is within a predetermined
temperature range. Heating the moving surface 12 so that it is maintained at a
temperature within the predetermined temperature range can be accomplished by a
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variety of means known to those skilled in the art. Various embodiments and
apparatus for heating are encompassed within the scope of this invention.

In the preferred embodiment of Figure 1, heating is primarily by means of
heating the bortom surface 16 of the moving surface 12. The overall system may
also include additional, auxiliary heating means. For examplé. asecond
temperature-controlled (i.e., geixérally heated) _heibexchange’ fluid, preferably an
inert gas to avoid degradation of the pellets 8, can be supplied to heat the portion
of the top surface 14 supporting the pellets that is within the crystallization section.
Preferably the gas is inest. Suitable gases include nitrogen, the noble gases such as
argon and helium, oxygen, air, and the like.

In this preferred embodiment, the pellets 18 are subjected to temperature
control, at an elevated temperature, by means of both the hot moving surface 12
and from the flow of heated inert gas. The inert gas is preferably at a temperature
less than that of the top surface 14. For example, for PET, the temperature of the
inert gas, e.g., nitrogen, typxcally ranges from 25°C up to IOO'C although higher
temperatures are feasible. -~

A flow of heated inent gas over the pellets may be provided in order to
control the temperature gradient that will exist through the thickness of each pellet,
thus serving to achieve more uniform cxystalhzanon throughout each pellet. The
more uniform the temperature is throughout the pellet during the minimum
predetermined amoumofnme,ﬂnemoremxfonnﬂlectysmlwmonwﬂl be within
cach pellet, although temperature gradients within the pgllets. to some extent, will
likely occur while within the crystallization section. An important goal of the
crystallization section is to get the temperature of the polymer pellets to the desired
crystallization temperature as rapidly as possible and to maintain it at a
predetermined temperature for a minimurh period of time.

* As indicated sbove, while controlling the temperature of a continuous flow
of inert gas, theremaybeteu‘prmrypenodsofnmcivhendmgasisnothea!ed in
order that the set-pomt temperatuxe is obtained. The overall effect, however, is to
control the temperature, by means of the gas, the environment surrounding the

just-formed pellets 18. |
A second means for heating and supplying a continuous flow of a second

‘hear-exchange fluid is shown in Figure 1 as a heater 22 for heating a flow of

nitrogen supplied to an upper plenum 20. The upper plenum 20 can enclose the
top surface 14 wuhm the crystamzauon section. and generally contains an inlet and
an outlet for commuously circulating the nitrogen through the upper plenum 20. -
Figure2isa cross-sectional view of an upper and lower plenum encasing
the crystallization section. As shown in Figure 2, a conveyor belt 12 covers the
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upper opening of the lower plenum, 24, 'The roller for 'u:e' belt is sh'tr\w)n below by
the dotted line. The conveyor belt 12 also serves 10 cover the bottom opening of
upper plenum 20. Resting on the belt, seals 42, lypncally made of TEFLON®
(DuPont, demgton. DE), may be employed to prevent excess loss of the heat-
exchange fluid which is circulated through the . upper plenum 20 _

As an example of auxxlmy heating to assxst in mamtammg the temperature
of the top surface 14 wnlnn a predetermined range, a lhml heat-exchange fluid can
be supplied to an internal chamber 34 located in the upstream roller 30 of the
conveyor. The intemal chamber 34 may include an inlet and outlet which are
connected by conduits to a means for heating and en-culanng the third heat-
exchange fluid. Figure 1 also shows a heated pump 38, within a hot ol bath 43,
for supplying the tlurd, heat-exchange fluid, e.g., a hot oil, through a ‘conduit 36 to
ﬁ:emmalehamber%oﬁheupsﬂeam roller 30. The rol.lerxsprefembly
constructed of a heat-eonducuble material to ensure that heat from the heated oil
xseﬂ‘xexendyconducuedﬁmnﬂlememalchamber% tluoughtheroller30tothe
bottom surface lﬁoftheconveyorbelt Heatmgmeupsnemtollwasdesmbed
provides supplemenmry beatmg which counteracts normal heat loss and lessens the
burden on the primary heater 26. It would also be possxble. however, to provide
primary heating upsteam of the  pellets, in eombmmon with supplemental heating
andlormsuleuonfouowmgtheponuatwhxchthepeuetsuezeeewedonmebeln

After the crystallization section, thenowcrystalhzed low molecular weight
pellets 18 can be collected and transported for further treatment.

The present apparatus can be used to make relatively robust and uniform
peliets of a polyester polymer. One such process, which is particularly
advantageous, will now be described. .

In the preferred process, epolyeaetpolymexmmelt t‘orm havmg a desired
intrinsic viscosity, IV is processed in an apparatus aeeordmg to present invention.
Generauy.polymexhavmgmwnngmgﬁom aboutoos to about 0.40 di/g is
suitable. AnIVrangmgfromabomOMtoabontO%dl/gnsprefened

The IV is determined as follows. A solvent is made by mixing one volume
of trifluoroacetic acid and three volumes of methylene chloride. PET, in the
amount of 0.050 g, is then weighed :moaclemdryvna! and lOmLofthe solvent
is added 1o it using a volumetric pipette. The vial is closed (to prevent evaporation
of the solvent) and shaken for 30 min or until the PET is dissolved. ‘The solution is
poured into the large tube of a #50 Cannon-FenskeQ viscometer, which is placed in

- & 25°C water bath and allowed to equxhbtate to that temperature. The drop times

between the upper and lower marks are then measured i n triplicate, and should
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agree within 0.4 sec _A similar measurement is made in the viscometer for the
solvent alone. The i’V is then calculated by the equafnon

IV= Ln (solution mn;lssolvent time)

The present process can be integrated with a method of producing a
polymer in melt formn. Pmducmg the polymer in melt form can be accomplished in
various ways, discussed above, and includes extruding polymer initially in the form
of flake, pellets or chips. Additionally. an overall process can include polymerizing
reactants in a reactor for polymenzamn. for example, by melt polymerization, as
discussed above.

In the preferred process, the polyester is initially at a first temperamre
which is at or above its melting temperature. For polyesters of interest, this initial
temperature would be above 200°C. For PET, this initial temperature would be
equal to or greater than about 250°C. It is preferred that the polymer melt is
essentially amorphous, i.c., less than about 5%, preferably less than 1% crystalline.
If the polymer melt is not initially amorphous, and is instead semicrystalline, it is
desirable for the polymer to be thoroughly and uniformiy heated above its melting
temperature to ensure the semicrystalline areas are sufficiently melted.

The polyester polymers, at the above-mentioned first temperature, is
formed into pellets in a droplet or pellet former, described above. The peliets are
collected, as they are formed, onto a substantially level surface which is maintained
atasecondwmpetamrewithinacxymnimionzom (By substantially level is
meant not more than 10° from horizontal). Pellets may be ‘subjected to heating in
ﬂ:eclystallmuonzone,asdescnbedwnhxespecttothe apparatus of this
invention, particulary if the belt is metal. The key feature of the crystallization
zone is that it allows temperature control of the just-formed pellets, such that the
pellets are subjected to their desired crystallization temperature immediately after
they are formed. Accordmgly, peliets may be produced which are robust and
uniform, even when involving low molecnlar weight polymer. Such peliets are
suitable for transport and further polymerization, for example, solid-state
polymerization. '

~ In order to form polyester pellets suitable for transport and further
processing, such as solid-state polymerizatio. the pellets should be subjected to
contact with a conveyor surface at a temperature within a predetermined
temperature range as rapidly as possible after formation. This predetermined
temperature range for polycs:ers pxeferably ranges from about 80°C to about
230°C, preferably about 110°C to about 190°C.

10
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Additional preferred process embodiments are also described in cocurrently

filed commonly-assigned applications S.N. __ (docket no. CR-9638), S.N.
(docker no. CR-9607) and S.N. (docket no. CR-9524), all
three applications hereby incorporated by refererrce in their entirety.

Sub;ectmg the Just-formed polymer pellet to a surface temperature within
the predetermmed temperamre range will result in an mamedme !emperamre
gradient between the polymer pellet, initially ator near ns melr temperature and its
surroundings. This should be done as qmckly as possxble in order to obtain the
desired crystalline morphology formed. The crystallme morphology is related to
the robustness and abrasion resistance of the pellets, especially the robustniess
during later polymerization.

Thepellelsaremammnedmconmwndnhehotsnrfacefora
predetermined amount of time, which for polyeners should be no less than about
3 seconds,preferably about 10 toGOseconds Genetally.the nmeneededto
produce low molecular wexght crystalline polyester pellets, havmg the desired
crystallinity, will not exceed about several tmnutes, although it would not be
detrimental to maintain the peliets at the desired temperamre for longer periods of
time, for example, 30 nunutes or more

The term crystallme lsheremdeﬁnedtomemacqmllmnycomem
greater than about 15%, preferebly greater than 20%, and most preferably greater
than 30%, eorrespondmg. respecuvely. forPET for uample. tosa densrty greater
than about 1.36 g/ce, ptefenbly greamet than about 1.37 g/ec most prefembly
greater than 1 .39 g/nl. Thus, theaennessmuallyoaymnmeoraystallm as used
heremshallmcludewhattscomorﬂyrefenedto 8s semr-cqslallme. as are most
polyesters of interest. The ammmtofcrystaﬂmtycanbedetennmdbybsc
(differential scan calorimetry). For example, essentially-crystalline PET is
characterized by a total heat of fusion, expressed in J/g, of at least about 20, more
preferably about 35, when 140 J/g is used as the total heat of fusion of pure.
crystalline PET. Higher heats of fusion indicate more cxystininepblymer The
percent erystalhmty within a sample of a polyester material or pellet can be
determined by comparing the heat of fusion (J/g) of the crystallites present with the
heat of fusion of the "pure’ crysta.llme polyester.

The polyesters empl_oyed in the present invention or process comprise
diacid or diester components, suitably including alkyl dicarboxylic acids which
contain from 4 to 36 carbon atoms, diesters of alkyl dicarboxylic acids which
contain from 6 to 38 carbon atoms, aryl drcarboxylxc acids which contain from 8 to
20 carbon atoms, diesters of aryl dicarboxylic acids wh:ch contain from 10 to
22 carbon atoms, alkyl substituted aryl dicarboxylic acids which contain from 9 to

11
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22 carbon atoms, or diesters of alkyl substituted aryl dicarboxylic acids which
contain from 1 l to 22 carbon atoms. The preferred alkyl dncarboxyhc acids
contains from 4 to 12 carbon atoms. Some representative e;:a_mples of such alkyl
dicarboxylic acids include glutaric acid, adipic acid, pimelic. acid and the like. The
preferred diesters of alkyl dicarboxylic acids contain from 6 to 12 carbon atoms. A
representative example of such a diester of an alkyl dlcarboxyhc acid is azelaic
acid. The preferred aryl dx_ca__:_-_boxyl_xc ac;ds contain from 8 to 16 carbon atoms.
Some representative examples of aryl dicarboxylic acids are terephthalic acid,
isophthatic acid and orthophthalic acid. The preferred diesters of aryl dicarboxylic
acids contain from 10 to 18 carbon atoms. Some representative examples of
diesters of aryl dicarboxylic acids include diethyl terephthalate, diethyl isophthalate,
diethyl or orthophthalate, dimethy! naphthalate, diethyl naphthalate and the like.
The preferred alkyl substituted aryl dicarboxylic acids contain from 9 to 16 carbon
atoms and the preferred diesters of alkyl substituted aryl dicarboxylic acids contain
from 11 to 15 carban atoms.

" The diol component for polyesters used in the invention herein suitably
comprises glycols containing from 2 to 12 carbons atoms, glycol ethers containing
from 4 to 12 carbon atoms and polyether glycols having the structural formula
HO-(AO)gH, wherein A is an alkylene group containing from 2 to 6 carbon atoms
and wherein n is an integer fmm 2 t0 400. Generally, such polyether glycols will
haveamolecularwexghtofaboutﬂ)Oto‘tOOD :

Preferred glycols suitably contain from 2 to 8 carbon atoms, with prefen'ed
glycol etheérs containing from 4 to § carbon atoms. Some representative examples
of glycols, which may be employed as the diol component of the polyester, inciude
ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol, 2,2-diethyl-1,3-
propane diol, 2,2-dimethyl-1,3-propane diol, 2-ethyl-2-butyl-1,3-propane diol,
2-ethyl-2-isobutyl-1,3-propane diol, 1,3-butane diol, 1,4-butane diol, 1,5-pentane
diol, 1,6-hexane diol, 2,2,4-trimethyl-1 6-hexane diol, {,3-cyclohexane dimethanol,
1,4-cyclohexane dimethanol, 2,2,4 4-tetramethyl-1,3-cyclobutane diol, and the like.
Some representative examples of polyether glycol (Polymeg®) and polyethylene
glycol (Carbowax®).

Branched or unbranched polyesters can also be used. ‘The present process
is applicable to both polyester homopolymers and polyester copolymers thereof.
Further, the process of this invention is particularly useful for polyesters that do
not crystallize easily, i.e., wh:ch require heating, according to the present process,
in order to crystallize. This would include, for example, poly(ethylene
terephthalate) (PET), poly(ethylene naphthalate) (PEN), poly(trimethylene
terephthalate) (3G-T), and poly(trimethylene naphthalate) (3G-N). Generally, such

12
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polyesters having a glass transition témperature, T,. above about 25°C anda melt
temperature, Tp,, usually ranging from about 200°C to about 320°C. -

Particularly prefen'ed are polyesters modified thh up to 10% by wetght of
a comonomer. Comonomers can include dtethylene glycol (DEG), methylette
glycol, 1,4-cyclohexane dimethanol, tsophthaltc acid (IPA), 2 6-naphthalene —
dicarboxylic acid, adtptc acid and mixtures thereof. Preferred comonomers for
PET tnclude 0-5% by wetght IPA and 0-3% by wetght DEG

As indicated above the crystalline polymer pellets produced aceordmg to
the present tnvenuon can be introduced intoa solid-state polymertzatton reactor-—-
for increasing the molecular weight of the polymer. Preferably, the IV (intrinsic
viscosity) of the polyester in the pellets is below 0.4, preferablybelow 0.36, most
preferably below 0.3, and the IV of the polyester product of the solid-state-
polymerization reactor is above 0.5, preferably 0.6 to 1. 2 For example, for PET,
the solid-state polymettzatton is suitably run'ata mperamre between 200 and
270°C, preferably 220 and 250°C, provndedttxsbelowthemeltmgpemtofﬂte o
polymerforapenodofttmethattsprefenblylessthanuhonrs '

EXAMPLE 1

This example illustrates a design for a demonstranorwmt PET with an TV
of 0.21 di/g and COOH ends of 92.5 Eq/106 g, which is produced by a melt-phase
polymenzmonprocesstspmcmedaturpmthroughatwmscrew 28 mm barrel
extruder with six heated zones. The temperatures in the zones are:

Il 2 . I3 T4 5 = TI6
130°C 274°C 285°C - 262°C 284°C . 281°C—

The discharge of the extruder is connected to a Zenith variable speed gear pump,

the molten polymer material is pumped under pressure at a flow rat€ of 50 Ibs/hr

into a 60 cm (about two feet) wide ROTOFORMER® dropformer, manufactured

by Sandvik Process Systems, Totowa, NJ. The orifices, aligned in rows along the
ROTOFORMER® are 1.5 mm in diameter. The feed temperature of themolten -
polymer material at the entry of the ROTOFORMER® is about 285°C. ‘The

molten polymer mateml is dropformed in the forn of droplets onto a conveyor 13-

8 ft in length, which consxsts of a continuously moving steel belt. which is also -
manufactured by Sandvik Process Systems. The beh is heated by forced

convection from an air blower which heats the bottom of the belt over -
approximately its entire length to about 160°C. “The molten polymer droplets are -
solidified on the belt to provide uniform, hemispherical pm_tclee which are

conveyed to a collection bin. Based on experimental runs, in which the belt was

13
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not heated to mélgvmdmpemmordhgmmepmemimendon,itcmbe
estimated that the head speed of the cylinder, the belt speed, and the average
weight of the paricles, if produced under the conditions described in this example,

would be as follows.
5
TABLEI
Example Head Speed Belt Speed Avg. Particle
No. {f/min) {ft/min) Weight (g)
1 259 30 0.0369
2 333 30 0.0236
3 219 30 0.0221
4 87.6 60 : - 0.0140

14
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What is Claimed Is:
1. An appmtus for producing peliets ot‘ a polymer from its polymer melt,
comprising: _ -
{a) a pellet former comprising a rotatable contamer having a plurality of
5 outlets, defining openmgs each having a maximum cross-sectlonal dimension in the
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range of about 0.5 mm to about 5 mm, for metering a polymer melt onto the

surface of a conveyor;
(b) a conveyor comprising for receiving, ﬁ'om the pellet former, the

* polymer melt in the fonn of a plurality of droplets or crystallmng pellets, which

conveyor comprises a surface which is adapted for movement relative to the pellet
former and for conveying the pellets through a crystalhzanon section; and

(c) a c:ystalhzauon section extending from the ponu at which the
pellets are received onto the surface of the conveyor, extend.mg along atleasta
portion of the conveyor to a point downstream, -

the crystallization section further comprising 2 means for controlling the
temperature of the surface above 50°C within a predetermined temperature range
as the surface passes through the crystallization section.

2. The apparatus of Claim 1, wherein the crystallization section further
comprises an automatic temperature controller for controlling said tempersature of
the surface within the crystallization section, said temperature controller
comprising a means for temperature measurement, a compantor for making a
comparison of the measured temperature to a desired temperature or set point, and
a means for adjusting the temperature of the surface in response to said
comparison, such that the peliets can be subjected to a surface within a
predetermined temperature range for a predetermined period of time.

3. The apparatus of Claim 1, wherein the means for controlling the
temperature of the surface controls the surface to a temperature within the range of
50°C and 240°C.

4. The apparatus of Claim | or 2, wherein the pellet former further
comprises a stationary container having an elongated channel adjacent the interior
surface of the rotatable container, which elongated channel is parallel to the
longitudinal axis of the rotatable container and which is cyclically adapted to be in
communication with each outlet. whereby droplet portions of the polymer melt exit
periodically from a plurality of outlets when the elongated channel is in
communication with said plurality of oudets.

S. The apparatus of Claim 1 or 2, wherein the conveyor comprises at least
one conveyor belt compxising a top and bottom surface, the top surface forming
the moving surface for receiving pellets from the peliet former.

15
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6. ‘I'he apparams of Claim 5, wherein the ineans for controlling the surface
temperature is a means for adjusting the temperature and/or flow of a heat-
exchange fluid and a means for supplying the heat-exchange fluid for heat transfer
contact with at least a portion of the bottom surface of the conveyor belt.

7. The apparatus of Claim §, whefein the means fb: controlling the surface
temperature comprises a plenum which extends along at least a portion of the
bottom surface of the conveyor belt, sa:d plenum comprising an inlet and outlet for

a heat-exchange fluid, and wherein said plenum is at least partially disposed below

said bottom surface such that the opening of the plenum at least partially faces the
bottom surface so that heat-exchange fluid can be made to continuously flow over
said bottom surface.

8. The apparatus of Claim 5, wherein said means for controlling the surface
temperature comprises a means for controlling the temperature and/or flow of a
hea-exchmgeﬂmdmﬂ:efomofammchdmheatnnnsfemdemerdmcdy
or indirectly to the top surface, bottom surface, or both surfaces of the conveyor

belt.

9, Theappms of Claim 5, wheremﬂxeconveyorbeltfunhercmnpnses
at least two rotating rollers for continuously moving the conveyor belt, said two
rotating rollers being muedatdxstalendsofthecqnveyo_rbeltsuch that a first
roller is at least partially upstream ofthepelletfonnerandisecond:one_ris
downstream of the pellet former.

10. 'IheappamusofC!a:m9 vmmmmeﬁ:suollercompnsesanmtcmal
chamber situated in the first roller, which chamber is connected through an inlet
and outlet to a means for circulating a heat-exchange fluid through the intemal
chamber, suchtlmheanstnnsfemd&omthehea:-exchangeﬂmdtotheouter
cyhndncalsurfaceofmexollermd.ﬁomﬂme to the bottom surface of the
conveyor and, from there, to the top surface of the conveyor belt onto which the
pellets are received from dxgpe!letfomer,snchﬂmie:ﬁperamreofmepenetson
the conveyor belt is controlled within the crystallization section.

11 'IheappamusofClaim 1 or 2, further comprising a plenum extending at
least pamally over a portion of the conveyor. which plcnum has an opening at least
partially facing the conveyor. sud plenum further compnsmg an inlet and outlet
for, respectively, receiving and removing a heated gas.

12. ‘The apparatus of Claim 1 or 2. wherein said means for controlling the
surface temperature comprises a plufality of different heaters for heating said
surface.
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13. The apparatus of Claim 1or 2, wherein the roratable container is a
cylindrical drum which is rotatable along its subsulnually horizontal lengthwise
axis.
14. The apparatus of Claim 5, wherem said s means for controllmg the surface
temperarure comprises heaters positioned both upstream and downstream of where
the pellets are xntroduced onto the conveyor. .
15. The apparatus of Claim l; wherem the outlets are ahgned in rows along
the axial direction of the rotatable comamer '
16. nwapparamsofClann 1 wheremtherearebetween lOOandSOOOO

outlets. ;
 17. An apparatus for producing pellets of a polymer from its polymer melt, :
comprising:

(a) ameans for produemg a polymerin melt fom: which comprises at
least outlets connected to a condun fortranspomngthe polymer melt towards a
pellet former;

(b) a pellet former comprising a rotatable container having an inlet for
the polymer meltand a plurahty of outlet openings, each 0.5 to 5 mm in diameter,
for metering thepolymer melt onto the surface ofa conveyor;

(c) aconveyorcompnsmg asurfaeemovmgrelauve tothepellet
former, for receiving from the pellet former, the polymer melt in the form of a
plurality of droplets or crystallizing pellets, which conveyor is adapled for
conveying the peliets through a crystelhzmon secuon. and

(d) a crystalhzanon section extending ﬁom the point at which the
pelletsarerecezvedomorhesurfeceoftheoonveyor, enuendmgalongatleasta
portion of the conveyortoapomtdownstream

thecrysullmnonseeumcompnsmg ameans for controlling the
tempermofdnesurfacetownhmapredetemmedtempemurermgeebove
50°C as the surface on which the pellets are supported pass through the
crystallization section.

18. 'lheapparemsofcmm 15, whexemthe exystalhzauon section further
comprising a temperature controller for controlling the temperature of the surface
within the crystallization section, said temperature controller eompnsmg a means
for temperature measurement, a Comparator for making a companson of the
measured temperature to a deszred temperature or set point. and a means for
adjusting the temperature of the surface in response to said comparison. such xhat
the pellets can be subjected to a surface within said predetermined temperature

range for a predetermined period of time.
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19. The apparatus of Claim 17 or 18, wherein the means for producing a

" polymer in melt form is selected from the group consisting of an extruder, 2 melt

polymerizer, and a reactor.

20. The apparams of Claim 17, further comprising a means for solid-state
polymerizing the pellets and a means for transporting the peliets from the conveyor
1o the means for solid-state polymerizing the pellets.

2L. A process for producing pellets of a polyester polymer having a glass
transition temperature T, greater than about 25°C, from its. polymer melt,
comprising:

(a) forming the polymer melt into molten droplets. wherein the molten
pellets are formed by a droplet former comprising a rotatable con_taine_f having a
plurality of outlets, each 0.5 to 5 mm in diameter, for metering a poiymer melt onto
a surface; and .

(b) collecting the molten droplets o crystallizing pellets, as they are
formed, onto said surface, the surface being maintained within a predetermined
temperature range above S0°C within a crystallization zone, such that the
crystallizing pellets are maintained in contact with the surface within the
crystallization zone for a predetermined period of time during crystallization,
thereby producing crystallized polyester particles 500 microns to 2 cm in average

22. The process of Claim 21, wherein said surface is part of at least one
conveyor belt comprising a top and bottom surface, the top surface forming said

surface for receiving pellets from the peliet fonmer.

'23. ‘The process of Claim 21, wherein the surface is metal and the
predetennmed temperature range is between 80°C and a temperature which is
30°C below the melting point of the polyester.

24. ‘The process of Claim 21, wherein the polyester is polyethylene
terephthalate, the surface is metal, and the predetermined temperature range is
between 80°C and 230°C,

25. The process of Claim 21, wherein the monomeric units of the polymer
comprise a diacid or diester, wherein the diol is selected from the group consxsung
of 1,3-propanediol, ethylene diol, and 1.4-butane diol.

26. The process of Claim 21, wherein the polymer is selected from the group
consisting of poly(ethylene terephthalate), poly(ethylene napthalate), poly(butylene
naphthalate, poly(trimethylene terephthalate) and poly(trimethyiene naphthalate).

27. The process of Claim 26, wherein the polymer is modified with up to
about 10% by weight of a comonomer.

18
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28. ‘The process of Claim 27. wherein the comonomer is selected from the
group consisting of: diethylene glycol, isophthalic acid, triethylene giycol,
1 4-cyclohexane dimethanol, 2 .6-napthalene dicarboxylic acid, adipic acid and
mixtures thereof. S _

29. The process of Claim 21, wherein the pellets formed have an average
pellet size of about 1 to 10 mm. - |

30. The process of Cla:m 21, wherem the predetennmed period of time is at
least 3 seconds.

31. The process of Claim 30, wherein the predetermmed period of time is

" between 3 seconds and 10 minutes.

32, Peliets formed by the process of Claim 21.

33. A process for solid-state polymerization of a a polyester polymer having
a glass transition temperature T, greater than about 25°C comprising:

(a) forming molten dropiets by metering a polymer melt through 2
plurality of outlets, each 0.5 to Smmmdumeter.mamnbleconumu‘; and

®) collectmg the molten droplets or crystallizing pellets, as they are
formed, onto a moving sohd surface mairtained within a predetermined
tempenmrerangewxﬂdnacrysuumnonzone.suchthatﬂnpenetsm maintained
in contact with the surface within the crystallization zone for a predenenmned
period of time;

(c) m:roducmg the pellets pmduced in step (b) into a solid-state
polymerization reactor for increasing the molecular wexght of the polymer.

34. The process of Claim 33, wherein the instrinsic viscosity of the polyester
in the pellets are below about 0.36 and the intrinsic viscosity of the polyester
product of the solid-state polymerization reactor is above 0.5.

35. The process of Claim 34, wherein the polyester is PET.
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