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S This invention relates to a process and apparatus for forming a polymer 

into particles. More panicularly, this invention relates to a process and apparatus 

for fonning czysralline. unifonn pellets from an amorphous polyester melt. 

BACICGgotJND 
The fonnadon of panicles from viscous materials is well known. 

10 Conventional methods and apparatus often involve the fonnation of Uquid ponions 

or droplets which me subsequently collected and solidified. Por example, 

Froeschkc, U.S. Pat . No. 4,279,579, discloses an appararus for the exausion of a 

, Bowable mass onto a conveyor. 1be apparams has inner and outer cylindrical 
coaxial containels. The inner container, positioned within the inner comainer, has 

1S a passage for dispensing the ftowable mass. 1be 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 alignment. the flowable mass flows from the inner container, 
through rhe aligned orifices, and is apportioned and deposited on a conveyor, for 

20 example a conveyor belt, to fonn what .is often relened 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 aystaWne polymer 

which is a polyolefin homopolymer, a polyolef"m copolymer, or blends thereof. 

Initially, molten polymer is uansfened to a drople1-fonning means. 1be dloplet-

25 fonning means is generally an outer c:Clntainer, with orifices, which rotates around 

an inner container to allow ~ unifonn amount of the polymer melt 10 emerge as 

droplets. The dropJe1s are collected on a conve)'OJ', which cools die droplets for a 

time sufficient to solidify lhe droplets. 

Fonning robust, unifo.nn~ pellets of a polyester material has becli difficult or 

30 problematic. Por example, low molecular weight polyesters, characterized as 

oligomers or pepolymen, may have sach a low viscosity that initial panicle 

fonnation may be difflCUlt. The oligomer may be too liquid to fozm partieles or 

pellets of unifoun shape and size. This is because oligomers. havin~ relatively 

shon chain lenglh. may have a relarively low amount of chain entanglement, in 

35 addition to limited mcennolec:ular bond,ing or forces. 
Known processes for fonning polyester panicles may result in panicles 

which lack suucmral integrity. The Weakness of such panicles may make lhem 
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hard 10 handle and susceptible 10 abrasion dwing ttanspon·or other mechanical 

handling. Abrasion may gene~ undesirable mnounts of fines. 

Polyester particles are useful as feedslock 10 a process to produce a higher 

molecular weight polymer, including solid-phase ("solid-Slate") polymerization 

S proc~. For such processes. it .is desirable that the panicles have cenain 

characteristics. For exunple. paniclcs h!lVing relatively unifOJm size and shape. for 

uniform polymerization within ~ach paniclc. may be des~c .. For solid-msc 

polymerization, it .is desirable rbat the panicles be ~fficiendy robust to withstand 

the high temperatures of solid-state polymerization without agglomerating. 

10 Conventionally, robust panicles of polyester may be obtained by subjecting 

die panicles 10 a lengthy and expensive heat ueaanent or annealing step. Such 

annealing increases the cintallinil)' an4 robus.mess of the panicles. Such 

annealinJ, however, typically adds dme ~ expense ro an overall pmcess for 

plOducing high molecular weight prqduci. It would be desirable to reduce or 
lS eliminme such annealing. 

In view of the above, there aisrs a~ for an improved process and 

apparatus for the formation of polyester panicles. There .is .~need for the more 

economical and efficient production of qualicy polyester particles, which, for 

example, me useful under rig~ circumstances and with limited pie-tmaanem 

20 prior to use as feedstotk for fm1ber polymerizatio1'. Pmthmmore, them exists a 

need for an improved pJOCeSS of forming a low molecu.lar weight polyester 

oligomer into crystalline p~. In ad~ it would be a fmtber advantage if 
the resulting panicles ahibited improved crystalline mmpholc>gy or ielated 

propenies compazed to conventional processes. 

2S SUMMARY Of DIE JNYENJJON 

This invention provides an apparams for producing pelleu of a polymer 

from ics polymer mel~. comprising: 

(a) a pellet fonn~ comprising a rotatable container having a 

plwality of ouders, def~I. co~ openmgs O.S •o S mm in diameter, for 
30 metering a polymer mek. ontQ the~ of a conveyor; 

(b) a conveyor comprismg a surface, which is adapted for 
movemenr relative 10 the ourletJ of tbe pe.Jler fonner. for receiving the polymer 

melt. from the pellet fonner. in the form of a plurality of droplets or crystallizing 

pellets. said conveyor being a"8pted for conveying the pellets through a 

35 aystallization section: and 
(c) a crystall~tion sec:Uon extending &om the poim at which the 

pellets &IC received onto the surface of the conveyor, cxlCJlding along at least a 

ponion of the conveyor to a poinr downsrreun; 
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lhe crysrallizmion section funher eomprising means for controlling 

the surface 1emperarure of lhe conveyor ·within a pzedeteimined temperature range 

above !500C as the surface passes through rhe erystall.imion section. 
In commereial practice. the ayscallization section may funher comprise a 

S temperature controller for controlling the temperarure of the surface within the 
crystallization section, such that the pelleu are subjected.to a surface within a 

predetennined temperaaure range for a ptedererinined period of time. 
The above-described apparatus ·may have .• variety of uses, mclading the 

production of pellets of a polyester polymer having a glass tnnsidon temperature 

10 (T 1> gn:uer than about 2s0c. One such process comprises: 

(a) metering a polymer melt of the polyester polymer lhrough a 

multitude of olllleti in a rotatable container, each oudet defining an orifice O.S to 
S mm in diameter, thereby fonnmg a pl'iltalily of molten droplets; 

(b) collecting the molten droplets, immediately after being fonned. 
lS on a solid moving surface, rhe solid moving surface being mainrained within a 

pMdetermined temperature range within a beating zone, whereby the pellets are 
maintained in contact with the solid moving surface, within the heating zone, for a 

predetmnined period of time. 

BRIEF DEsCRIPTION Of 1HE DRAWINGS 

20 f°JgUre 1 is a schematic of the prefeued process and apparllus for 
producing polymer pellets. 

Figure 2 is a cross·sectional vieW of the crystallization secdon of the 

apparatus of Pigme 1. 

DETAUJm Df.SCIUmON OF DIE JN\1ENTION 

25 1bis invention provides an apparatUS and process for producing low 
molecular weight polymer panicles or pellelS. The polymer pellets are plOduced in 
a pellet former commonly iefmed to as a pasdllator, and me c0llecled on a hot 

surface. The hot surface c0ntr0ls the rate u which rhe pellets are relaiivcly cooled 

(ftom the melt) and the tempezamre to which die pellets are relatively cooled. 1be 

30 pellets thus fonned may have a relatively uDifonn size and shape. By the lellD 

"relatively unifonn" is meant that at least 90 percenc~ by weight, of the pelletS are 

within plus/minus 30 percent of the mean diameter. Prefenbly, at leasi 9S percent. 

by weight of the particles are within plus/minUs 10 pereent of the mean diameter. 

The ptescnt process is capable of producing: pellets that are stronger and 

35 more abrasion resistant than pellets fonned by various other conventional methods 

and appararus. The pellets are suitable for transpon· or subsequent treaanent by 

s0lid-state polymedmion, with or without additional annealing. 
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One embodiment of the present i.11ve~on, including an apparatus for 
producing pellets. is shown sehemalically in Figures l and 2. 

For pmposcs of this invenrion. rhe tenn "pellet" means any discrete unit or 

portion of a given material, having any shape or configuration. whether regular or 

S irregular. Thus. the renn "pellet'' may encompass panicles, droplets, pieces, 

portions, or.pastilles of a given mare~. By the tenn "polymer" is meant a 

compound or mixaue of compounds consisting essentially of repeating suuctural 

unilS called· monomers. and is meant to includ~ a prepolymer or a oligomer. rhat is, 

a polymer having a low molecular weight or a polymer intended as feedstock for a 

10 higher molecular weight polymer. 

By rhe tam "molten polymer" is meant polymer at a teipperarure at or 

above its melt temperuure. L,ikcwise, by~ term "molten droplet" or "droplet" is 

meant a ponion of a polymer at least panially at temperature at or above the 

melting point of the polymer. Thus~ temperamre gradients may exist in the droplet, 

1 S which may SWt crysrallizing immedimely ifter being fonned. 

1be melting point (Tm> of a polymer is preferably determined IS the 

maximum of the main melting endothmm on the first heat, measured by Differential 

Scanning Calorimetty (DSC). ~y pe1- size is meant the largest cross-sectional 

dimension of a given pellet. 

20 As part of an intepated process. the droplet former may be in 
communication. via a conduit or other zn,aterial ~er m~. with a means for 

producing·• polymer in mek foim •. A m.eans tor producing a polymer melt can·· 

encompass many variations. For example, the me~ can be an exuuder which 

uses polymer in the fonn of flake, pellets or chips IS a feedstock. An extruder can 

25 heat the feedstoct ro the ID~t temperamre or higher and extrude the molten 

polymer in various shapes, for subsequent aansfer to the droplet former. 

The means for producing ~ polymer can also include a reactor for 

polymerization. Such a ~.is well known in tile an. Polymerization is often 

carried out in the melt, and rims 11telt polymerizers are also suitable as a means for 

30 pmducing the polymer~ mdt form per this~- An example of a prefcmd 

reactor for producing polymer melt is described in copending commonly-assigned 

application S.N. _ (docket no. CR-9524). hereby incoiporated by reference in 

its enrirety. Of course. for use as feed5rock for the present apparatus and process. 

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

JS polymer for later inttoduction into a means for producing a melt of the polymer. 

One preferred. em~r of~ present appararus is sch~adcally shown 

in Figure 1. A pellet fonner 10 receives a polymer melt from a reactQr or melt 

polymerizer (not shown). A conventional melt polymerizer, if employed, usually 
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has an inlet.for receiving reactants and an outlet connected to•a conduit for 

transponing the polymer melt to the pellet fonner 10. '"?e polymer exiting the 

oudet is typically at or above its melr tempe.ratUre. The polymer can be transfemd 

to a pellet fonnct by means of any presSW'e displacing device such as a variable 

S speed displacement pump or melt gear pump. 

The pellet fonner 10 is commonly refezred to u a pudlladon apparatus or 

pastilla1or, in the broadest.sense of the word. Various types of pastillators are 

known in the an tot various uses. 1be pasdllaor, in olie embodiment, may 

typically comprise inner and outer coaxial cylindrical conWnai. Accontingly, 

10 polymer melt uan.sfem:d from the reactor wOuld be received into che inner 

container or cylinder. 1be outer contaiiicr has a pluralily of orifices 

clrc:umferentially spaced on the periphery of the outer container. The plurality of 

orifices are disposed such that they align·with a metering bar or chanDe1 on the 

inner container when the outer cylinder is rotared. The orifices on the outer 

IS container can typically range in size from· about O.S mm to ·about S mm. The inner 

cylinder containing the polY...er melt is underpiessure and dispenses the melt in 
unifcmn amountS as each of the plurality of orifices on 1be outer cylinder align with 

the metering bar or channel 0n the inner cylinder. Pastillaton, 1$ described, are 

commercially available, e.g., ROTOFORMER• manafactured by S~ik Proc• 
20 Systems (Tmawa, NJ). In commeicial use, for economic efficiendes of scale, 

maximum productiOD, time may be many orifices on the outer cylinder of the 

pasdllator, typically at least 100, fm example, belweeil 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 

2S opaation. lhe pastillatorWOUlcl be adapted for mwing at a rate which is sufficient 

to supply pellets to the conveyor Surface ar the desiml prOduction rate. 

Droplets or ciysrallizing pellets 18, formed by the pastillator 10, are directly 

received onlO a moving· surface 12 of a conveyor belt, which is iUbstandally level. 

By "nbstanlially leYel" is meant nor vazying by more than 100 from horizontal. By 

30 "movini swface" is meant any surface whiclt cm suppon and uanspon die pellets. 

The moving surface 12 generally moves relative tO the pasdllacor. in a direction 

tangential 10 1he 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 suppons the pellets. The 

3S moving swface 12 conveys the pellets through a crystallization section; which may 

also be refened co as a heating Section. The moving surface is generally 

maintained ar a constant 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 pellers are 

within the crystallization section. 
A key featme or componem of~ present apparatus is the ciystallizadon 

section. The crystallization section begins at or very near the point at which the 

S pellets are received from the pastlllator 10 onto the moving ~ace and extends 
along at least a ponion of the conveyor moving surface. 

An important feanue of the crystalliZation section of the apparatus is that it 

includes means for controlling the temperatµre of the moving ~ace, as it passes 

through lhe crystallizadon section. at an elevated temperature. Ovens containing a 
10 heating coil may be employed. Jn the prefmed apparmus of the pesent invention, 

the temperamre of the top surface 14 WWUn the crystall.jzabOD section is 
maiDtained above so•c, depending on the surface material of the conveyor. If the 

swface material .is meral, then a conventional heater shOQ.ld be capable, .in practice, 

of raising the tempcranue to at leasr ~OOC, piefeiably at least JOOC'C, more 
lS preferably between IOO°C and 223°C, which may depend on the heat uansfer 

coefficient of the surface. In the broad process of the invenrion, however, the 

cempcmtwe may vary below 500C, if the conveyor slirface has a lower heat 
uansfer coefflcient than metals such as steel. 

The crysrallizadon should be capable of maimaining a adatively steady 

20 tem.pemme, although some padient along tbe crystalijzation section is allowable. 

Pmcrably. the temperaan of rbe SUlface in the crystallization section is caretully 

controlled, as turther described below. 

Prefer&bly, a ponion of bottom surface of the moving surface 12 is heated 

within the czystallization section. h is .iso possible to have ah~ prior to the 

25 point at which 1he pellets are iecei~ on the eonveyor smface, in which cue the 
crysramzation section may only nquile insulation and/or slight heating. The 

Crystallization seaion may funber comprise means for adjustins the temperature 

amJ/or flow of a heat-achmge fluid and su,pplyjng a flow of the heat-exchange 

tluid to the bottom surface ~ 6. such as shown within the CJY'lal1ization section 20 

30 in Fiple 1. In the embodiment •own in figure l, an air heatei 26 supplies heated 

air to a lower plenum 24, cnclosin&' a ponion of the bottom surface ~ 6 of the 

moving ~ace 12. The lower plt:num 24 generally cont~ an inlet and outlet for 

the heat-exchange fluid. so the heat-exchange fluid, can cominuously circulate 

through the lower p~m 24. The lower pl~nmn 24 extends along the ponion of 

3.5 the moving surface 12 which com~riscs the crystall~ion section. In this way, the 

pellets 18 ue subjected to pro~.- healing immedimely after being fonned and 

collected on the moving surface lf. 
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Jn order ro obtain rapid heat transfer &om the moving conveyor s\lrface to 

the just-formed polymer pellets. ir is prefened chat the material. for the conveyor 

· moving surface 12 ba-Ye a relatively high heat transfer coefficient. Metals are 

particularly useful for rhis purpose. especially metals, such as steel. wirh high heat 

5 transfer coefficients. Thus metals are the preferred materials for the conveyor 
.· . . 

moving surface, although other materials. for example. plastic or plastic coatings 

are possible. 

The temperarure of the top Surface 14 of the mc>ving Surface 12 widlin the 

crystallintion section may be conttolled automatically or manually with the use of 

10 a temperature sensor 28 located within the crystall.ization section. Preferably, 

however, a tempemure controller may automatically c~trol the temperature of 

the top surface 14 of the moving conveyor surface 12 iii the crYstaWzat1on section 
. . . -

within a prederennined ·remperanue range. Controlling the temperature, iii 
combinalion with comrolling die speed of the convey0r mov~g mnace suppaning 

15 the pellets. will result in the pders 18 being subjected to the predetenldned 
. - . 

rempcranue range for a mmililum amount of time whim can be prec1etcmUned. 
This occurs as the pellets 18 pass through the crystallization ~on. Gcnetally, 

the temperature conuollcr compDses a sensor 28 for detenninirlg the temperatme 

of the top surface 14 withm the cryStallization section, a compaiator (not shown) 

20 · for comparing the temperature determined by the sensor to a set point within the 

predetenn~ 1empenmue ra11ge, and a temperamre acSjllstoi (not shown) for 
adjustin& the temperatme of the heat-excbange'.tluid supplied to the bouom surface 

16 of the moving surface 12. Convc:ntional temperature conuollem are well known 

in the an. as will be appreeiated by the skilled anisan. and are commercially 
2S available from a wide videty of SOUICCS. 

. . 

ColitrolliDg the tempentUre of the metal slil'face of the belt may at times 

require the removal of heat fiOm the beat exchailge fluid or bottom surface 16. i.e., 

relative c0oling, although the ciynallizalion sec1ion may be heated relative ID 

ambient. Typically, when a beat exchange fluid is supplied in a cOntinoous flow ro 
30 the bonom surface 16. and the set-point tempcranire is exceeded,· a comroller will 

typically signal no additional heat input. This does not. ho1VeVer. comra\'ene the 

spirit of the invention. since the general result is heating of the bottom surface 16. 

and consequently the top surface 14. 

In Figure 1. a heater for rhe borrom surface 16 of the moving surface 12 is 

3S within the crystallization section. The primary function of the heater is to heat the 

moving surface 12 such that the top surf8ce 14 is within a predetermined 

temperature range. Hearing the moving surface 12 s0 that it is maintained at a 

temperature within the pmdetennined temperature nnge can be accomplished by a 
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variei:y of means known to those skilled in the an. Various embodimenlS and 

apparatus for heating are encompassed within the scope of this invention. 

In the preferied embodiment of figure 1. healing is primarily by means of 

heating the bortom smface 16 of the moving surface 12. The overall syStem may 

S also include additional, am.ill~ beating means. For example, a second 

remperature-conuolled (Le.; generally heated) heat-exchange fluid, preferably an 

inen gu «> avoid degradation of the pellets 18. can be supplied «> heat the portion 

of the top surface 14 supporting the pellets that is within the aystallization section. 

Preferably the gas is inert. Suitable pses include nitrogen, the noble gases such as 

10 argon and helium, oxygen, air, and the like. 
In this piefemsd embodiment, lhe pellets 18 are subjected to temperature 

conuol, at an elevated tempemufe, by means of both the hot m()Ving smface 12 

and from the flow of heated inen gas. ~ inert gas is preferably at a temperature 

less than that of the top surface 14. For example, for PET, the temperatme of the 

15 inen gas, e.g •• nitropn. typically ranses &om 2S°C up to 100°c, although higher 

tempcramres arc feuible~ 
A flow of heated inert gu over the pellets may be provided in order to 

control the temperature gradient that will exist through the thicknesS of eac~ pellet, 

thus serving to achieve more unifomi ciymJlizatioft thmapout each pellet. The 

20 more unifOniJ rhe tempeiann .is lbroUghout the pellet during die minimum 

predetennined amOUlll of time, die mme unifonn the crystallization will be within 

each pellet, akhoucb temperature gradients within die pellets, to some a1e111, will 

likely occur while wilhin • cryitallization section An important goal of the 

crystallization section· is-to ••·the temperature of the polymer pellets to the desired 

25 crystallization temperitUiW as tapidly as possible alld to maintain it at a 
predetennined iempemme for a minimum period of time. 

As indicated above, while comOlling the temperature of a conrlnuous flow 
of inert gas, then: maybe temporary periods of time when the gas js not healed. in 

order that the set-poim temperature is obtained. The overall effect. however. is ro 

30 control the tempetalme, by means of the 11.5· the enviromnent surrounding the 

just-foimed pellets 18. 

A second means for heating and supplying a continuous flow of a second 

heat-exchange fluid is shown in F.igure ~ as a heater 22 for heating a Oow of 

nitrogen supplied to an upper plenum 20. The upper plenum 20 can enclose the 

35 top surface 14 wirhin the crysrallizadon section. and generally conrains an inlet and 

an outlet for continuously circulating the nitrogen through rhe upper plenum 20. 

Figure 2 is i. cross-sectional view of an upper and lower plenum encasing 

the crystallization section; As shown in Figme 2. a conveyor belt 12 covers the 
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upper opening of die lower plr:num ~ 24. The roller for 1be bell is shown below by 
the dotted line. The conveyor belt 12 also sc:..Vcs .•o cove~ the bononi opening of 
upper plenum 20. Resiing on the belt. seals 42, typically made of TEFLON'> . . ' . ' 

(DuPont. Wilmington. DE), may be employed to preven~ excess loss of the heat­
s exchange fluid which is c~ula1ed diroush the. upper pl~ 20. 

As an example of auxiliuy headng to assi~ in m~Qiing the temperacure 
of the top smface 14 within a piedetennined range, a diird he~-excbang~ fluid can 
be supplied to an internal challiber 34 located in .lb;~~ roller 30 of rbe 
conveyor. The internal chamber 34 may include an inlet. 2IDd oudet which are 

10 comected by conduits to am~ for heating md cirCulating the dUrd heat­
exchange .t11Jid. Figure 1 also sh.ows a healed J)UDIP 38, Vlithin a hoc oil bath 43, 
for supplying the third, heat-exchange fluid, e.g., a hot oil, through a conduit 36 to 
the intemal chamber 34 of the upsa:eam roller 30. 1be roller is preferably 
conscnacted oia heat-conduc:cable material ro eDsme ._.hear· b the heated oil 

15 is efficiently conducted .fmm the inremal chamber 34, .tJuo.ugh the roller 30 to the 
bonom surface 16 of the conveyor belt .. Heating the up$Uelm. roll 30 as clescribcd 
provides supplemcnwy heating which ~~.DOIDJal .heat loss and lessens the 
blirden on the primaiy heater 26. It would also·~ ~ibltF• however, to provide 
primaiy heating u~am of the pellets, in combination wiJh supplemental heating 

20 and/or insulation followU. the pc>int at ~bieh ., pellets .are m:eived on the belt. 
After the~ secdon, lhe ncny ~,low molecular weight 

pellets 18 can be collected and 1,mnSpOned for farther treatment. 

The present appmatus CID be. used to make relatively rObast and uniform 
pellets of a polyester polymer. One such process, which is ,eanicularly 

2' advantageous, will now be .described. 
In rile pJCfarcd p!OCCIS •. a polyester polymer in~~ foim having a desired 

intrinsic v.iscosily, JV is proc:e••d in ID apparatus according to preseJJt invention. 
Gcncrally. polymer having an IV ~.~.fJom abom O.Os IO ~I 0.40 dJ/g is 
suitable. An IV ranging from abotat 0.09 ro ~t 0.36 ~is prefened. 

30 The IV is determined u follows. A solvent is made by mixing one volume 
of trifluoroacetic acid ._. lhree volumes of ~ethyle11:e cfiloride. PET, in the 
amount of 0.050 g, is then weighed into a clean dry vial. and 10 mL of the solvent 
is added to it using a volumetric pipette. 1be vial is .closed (ro prevent evaporarion 
of the solvent) and shaken for 30 min or until rhe PEJ' is dissolved. The solution is 

35 poured into the large tube of a #SO c&lU\on-Fen•• ViscOl!leter. which is placed in 
a 2S°C water bath and allowed to equilibrate to that temperaQJre. The drop times 
between the upper and lower marks an: then measured in triplicate, and should 
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agree within 0.4 sec .. A similar measurement is made in the viscometer for the 

solvent alone. ~ tv is then calculmed by the equ~i0n: 

IV
_ Ln (solution time/solvent time) 
- o . .s 

The present process can be integrated wich a method of producing a 

polymer in melt fonn. Producing the polymer in melt fonn can be accomplished in 

S various ways, discussed above, and includes exuucting polymer initially in the fonn 

of flake, pellets or chips. Additionally. an overall process can include polymerizing 

reactants in a ieactor for polymerization. for example, by melt polymerization, as 

discussed above. 

In the prefened process, the polyester is initially m a first ta:nperamrc 

10 whic::h is at or above its melting temperature. for polyesters of intemt, this initial 

tempentme would be above 200•c. f91' PET, this inidal temperanue would be 

equal to or greater than about 2509C. It is pefemd that the polymer melt is 

essentially amozphous, i.e., less than about .5'11, preferably less than 1 Cfl crystalline. 

If the polymer melt is not initially amcxphous, .i is instead semia'ystallinc, it is 

15 desirable for the polymer 10 be thoroughly and uniformly heated above its melting 

temperanue to ensme the semiciystalline areas are sufficiently melted. 

The polyester pol1111en, m the above-m~ned first temperarure. is 

formed into pellets in a droplet 01' p:Uet fonner, described above. The pellets are 

collected, as they are fonned, onto a substam.ially level smface which is maintained 

20 at a second temperatme within a c:rystaJlizadon zone. (By sribsamlially level is· 

meant not more than 10- from horizontal). Pellets may be subjected to heating in 

the crysta11iz•tion zo~ as described with respect to tbe apparatus of this 

invention, paniculady if the belt is metal. The key feamre of the CJYstamzar.ion 

zone is rim it allows temperature conrio1 of• just-formed pellers, such that the 

25 pellets are subjected to their desbed ~ tem~re immediately after 

they are fotmed. ACcordin&ly. pellets may be produced which are robust and 

uniform, even when involving 10w molec:W,.ar weight polymer. Such pellets are 

suitable for uanspon and ~r poiymerizario~. for example. solid-state 

polymerizalion. 

30 l'3 01*1 to fonn poly~ pellets suitable for transpon and further 

processing. such as solid;.srare polymerization. the pellets should be subjected ro 

contact with a convey01' surface at a temperature within a predetermined 

tempennue range as rapidly as po,ssible after fonnarion. This predetennined 
' •. 

temperatwe range f01' polyelters pieferably ranges from about 800C to about 

35 230°C, preferably abOut 110°C ro about 190°C. 

10 
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Additional prefenec:l process embodimenm are also described in coc:urrently 
filed commonly-assiped applications S.N. (docket no. CR-9638), S.N. 

___ (doc~t no. CR.-9607) and s~N. (docket no. CR-9524), all 

three applications hereby incorporated by reference in their entirety. 

S Subjeccing rhe jusr-fonned polymer pellet to a surface temperature wirhin 
. . 

lhe predetermined temperaui.re nin'e will result in .n· in.mediate temperamre 

gradient between the polymer pellet. initially It or near its melt temperature. and its 

surroundings. This ihouid be done as quickly as possible ··hi order to obtain the 

desired ciyscalline mozphology fonned. 1he crystailine·mO!phology is relared to 

10 rhe robustness and abrasion resistance of the pellets, especially the robusmess 

during laser polymerization. . 

The pellers m: maintained in comact with the hot·sudace for a 
predetermined amount of dme, which for poly•ers should be no less than about 

3 seconds. prelenbly about 10 to 60 seconds. Generally, the. time needed tO 

lS produce low molecular weight, crystalline polyester pellets, having the desired 

crystaWnily, wm not exceed about several minutes, although it would not be 

detrimental to maintain the pellets at rhe desired temperature for longer periods of 

time, for example, 30 minutes or more. 

1be tenn "crystalline" is helein defined to me111 a crystaWnity content 

20 greater than abouf15~. preferably patei than 209&, and mo~t;preferably greater 

than 309&. coaesponding, Rapeetively. for PET, for aalllple •. to a density greater 

than about 1.36 g/cc, prefaably gle&ter than about l.l7 rJcc, mon pef'elably 

greater than 1.39 ~J. Thus, the tenn essenrially~iile or aystalline, as used 

herein shall hiclude what is commonly refened t0 as ·semi~e." as are mOlt 

2S polyesters of interest. The amount of. crystallinity can be deicnnincc:t by DSC 

(diffeiendal scan calorimetry). For example9 essearially.alline PET is 

characterized b.}' a roral heat of fusion. expzessed .in J/g, of at least about 20, mme 
peferably about 35. whCn 140 J/g ia used as the total heat of fQsion of pure· 
c:rystaJline PET. Higher heats of fusion Indicate moie CJystalline polymer. The 

30 pem:nt aystallinicy within a sample of a polyester material or ~llet can be 

detcnnined by comparing the heat of fusion (J/g) of the CJYSlallitcs prelent with the 

heat of fusion of die "pure" aystalline polyener. 

The polyestezs employed in the pzesenr invention or process comprise 

diacld or diester components. suitably inclumng alkyl dicarboxylic acids which 

3S contain from 4 to 36 carbon atoms. ctiestelS of alkyl dicarboxyl~ acids which 

contain from 6 tO 38 carbon atoms, aryl dicarboxylic acids which contain· from 8 to 

20 carbon atoms, cliestcrS of aryi dicarboxylic Adds which conrain &om 10 to 

22 carbon atoms, alkyl substituted aryl dicalboxylic acids which contain from 9 to 

11 
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22 carbon ato~. m diesters of ~yl substimted ll)'L~cf.i.carboxylic acids which 

coruain frOm 11 lo 22 carbon atoms. The preferred ~1 clicuboxyl~ acids 

con1ains from 4 to 12 carbon a1oms. Some representative examples of such allcyl 

dicarboxylic acids include glutaric acid, adipic acid, pimelic.aqct and the like. The 

S preferred dieSters of ~l ~cadm.ylic acids contain from 6 to 12 carbon atoms. A 

representative example of such a dieste,r of an alkyl dicmboxylic acid is azelaic 

acid. The preferred aryl dicarb<Jxylic acids contl;in from 8 to 16 carbon atoms. 

Some representative examples of aryl dicarboxyllc acids are taephdlalic acid, 

isophtbalic acid and orthophthali~ aci4. The piefened diesters of uyl dicarboxylic 

10 acids contain from 10 to l8 Carbon atoms. Some JepreSent~ve examples of 

diesters of aryl dicarboxylic ~ iJiclude diethyl terep~, dielhyl isophthalate, 

diethyl or onhopbthalate, clim•thyl naphthalate, diethyl naphthalate and the like . 
. , . ' . . . 

The prefemd alkyl subsdtured uyl ~carboxylic acids con1ain &om 9 to 16 carbon 

atmns and the plefened diestelS of alkyl substituted uyl dic8'boxylic acids contain 

15 &om 11 10 IS cubon atoms. 

The diol component for polyesters used in the invention helein sukably 

comprises glycols containing.~ 2 to 12 c.mcms atoms, glycol etheJs comaining 

from 4 to 12 cmbon atoms and poly~dler glycols baVing die stmctunl fo1mula 

HO·(AO)aH, wbmin A is an allr:ylene group containing from 2 to 6 carbon atoms 

20 and wherein n is an inteF ~ 2 to 400. Genemlly, such polyether glycols will 

have a molecular weight of ~ut 400 to 44)00. 

Pn:fcmd glycols suitably contain &om 2 to 8 carbon atoms, with prefmed 

glycol ethers containiq ftom 4 to 8 carbon atoms. Some iqxesentative examples 

of glycols, which may be employed u the diol component of the polyester, include 

2S ethylene glycol, 1,3-propylene glycol, 1,2-pzopylene glycol, 2,2-diethyl-1,3-

propane diol. 2,2-climethyl-1,3-propane diol, 2-ethy1-2-butyl-l,3•propane diol, 

2-ethyl-2-isobutyl-1,3-propane diol,-1,3-butme diol, 1,4-butane diol, 1,5-pentane 

diol, 1,6-bexane diol, 2,2,4-trimethyl-l ,6-hexane diol, 1,3-cyclohexane dimethanol, 

1,4-cyclohaane dimcthanol, 2.;4,4-teuamethyl-1,3-cyclobutane diol, and the like. 

30 Some representative examples ~f polyether glycol (Polyme .. ) and polyethylene 

glycol (CarbowaxGD). 

Branched or unbranChed ~lyesters can also be used. The present process 

is applicable to both p<>lyester homopolymers md polyester copolymers thereof. 

Funher, the process of this invenrion is panicularly u~ for polyesters that do 

35 not cryStallize easily. i.e., which requ~ heating, according tO the present process, 

in order to ciystallize. 1bis would include. for example, p0ly(ethylene 

terephrhalate) (PET), p0ly(ethylene naphthalate) (PEN), poly(trimethylene 

terephthalarc) (30-T), and poly(~erbylcne naphthalate) (3G·N). Geneially, such 

12 
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polyesters having a glass ttansition iemperarure, T 1, abOve aboat 2S°C~ and a melt 
te:mpenmre. Tm• usaally ranging from about 200!C to llbc>ut 320°C. 

PaftiC:ularly prefcncd arc polyesters modliied with up to 109& by weight of 
a comonomer. Comonomers can include diethylene glycol (.DEO); methylene 

s glycol, I .~cydohUane dimethanol, isophthalic acid (JP A>. 2,6-naphthalene -­
dicarboxylic.acid, adipic acidand mixtures mereof: Pretelred comonomers for 
PET include O-S90 by weigbi IPA and 0-390 by weight DEG.---

As .indicared abOve the crystalline polymer pellets' J;mciuced accmding to 
the pa:sent invelitlon' can be introduced int<f a solid-swe polymerjzation Jeactor---

10 for increasing the molecular weight of the polymer. Prefel-ably, the IV (inttinsic 
viscosity) of the polyester in the pellets is below 0.4, preferably-below 0.36, most 
preferably bele>W 0.3~ and the JV of the polyester product of the solid;.siue­
polymerizarioil reactor is abOve O.S, pn:ferably-0.6 to 1.2. For exam~e, for PET,- -
the solid-state polymeriZation is suitably nm·m a iempemure ~ 200 and 

lS 2700C, preferably 220 and 2S0°C, provided it is below the 'mettiiig-point of the 
polymer for a period of time dw is preferably less than 24 hours. 

EXAMPLE 1 

111is example illusuates a design for a demonstration-unit. Pitt with an IV 
of 0.21 dl/1 and COOH ends of 92.-S Eqflo6 g, which is produced &y-a melt-phase 

20 polymerization process is pmcessed at 74 lplll through a tWin screw, 28 mm &arn:l 
exuuder with six heated zones. The temperamres iD the zones an:: 

n 
274•c 

Il 
28S°C 

~ 
262°C 

The discharge of lhe exauder is connected to a Zenith variatJle speed gear pump, 
25 the molten polymer mmerlal is pumped under piasure ma flow rate of SO lbs/hr 

into a 60 rm (about two feet) wide ROTOFORMER• dropfonner, manafactumd 
by Sandvik Process Systems, Torowa, NJ. The orifices, aligned in rows along the 
ROTOFORMER• are l.S mm in diameter. The feed tempetilUJe of the molten 
polymer mmcrial at the entry of the R-OTOFORMER• is about 28S°C. -The 

30 molten polymer mate.rial is dropfonned in die fonn of droplets omo a conveyor n~ -
8 ft in lensth, whieh.~nsists of a continuously mo:ving-steel.belt. which is also 
manufactured by Sandvik Process Systems. 1be belt is heated by forced 
convection from an air blower which heats- the bottom of the belt over . 
approximately its entire length to about I60°C. ·111e molten polymer droplets are 

3S solidified on the belt to provide unifonn, hemispherical particles which are 
conveyed to a collection bin. Based-on experimental runs, in which the belt was 

13 
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s 

not beaed to 111 ~ated cemperal1R acconting m .the pn:scm invention, it can be 

estimated that the head speed of the cylinder. the belt speed. and the averap 

weight of lhe particles. if produced under the condiUons described in this example. 

would be as follows. 

IA8LEI 

Example Head Speed Belt Speed. Ava. Particle 
No. (ft/min) (fr/min} Weight(g) 

1 25.9 30 0.0369 
2 33.3 30 0.0236 

3 27.9 30 0.0221 

4 87.6 60 0.0140 

14 
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What is Oaiined Is: 

1. An apparatus for producing pellctS of a p0ly~c:r from its polymer melt. 

comprising: 

(a) a pellet fonner comprising a rotatable container having a plurality of 

S oullers, defining openings each having a maximum cross-sectional dimension in the 

range of about O.S mm to about S mm, for metering a polymer melt onto the 

Swf'ace of a conveyor;•·· 
(b) a conveyor comprising for receiving. from the pellet fonner, the 

pol:ymer melt in the fonn of a plurality of droplets or CJYstallizinB pellets, which 

10 conveyor comprises a surface which is adapted form~ relative to the pellet 

fonn·cr and for conveying the pellets through a aystallization seccion: ancl 
(c) a ciystallizadon section extending from the point at which the 

pellets ue received onto ·the smface of the conveyor, extending along at least a 
. . 

ponion of the conveyor IO a point downstream, 

lS the aystallizadon section fmrher comprising a means for controlling the 

temperature of rhe surface above SOOC within a piedetermined temperature range 

as the surface passes through the crystallization section. 

2. The apparatus of Claim 1, wherein the aystallizarion section fmrher 

comprises an automatic: temperature conuoller for conuolliDg said temperature of 
20 the surface within the crysta1Hzadcm section, said tempemaue controller 

comprising a means fortc:mperanue measurement, a comparmor for making a 
comparison. of the measured temperature to a desired temperarure or sei poim, and 

a means for adjusting the tempe&atme of the surface in reipollse ro said 
comparison, such that the pellets can be subjected to a surface within a 

2S pn:detea:nined tempezanue noge for a predetmmined period of time. 
3. The apparams of Claim l, wheiein the meam for comrolling the 

temperatme of lhe smface controls the SUlface to a tempenture within the range of 

SOOC and 240°C. 
4. The apparatus of Claim 1 or 2, wherein the pellet (onner ful1her 

30 comprises a sraticmry conrainer having an elongated channel adjacent the interior 

surface of the rotatable container, which elongated channel is parallel to the 

longitudinal axis of the ioratable container and which is cyclically adapted to be in 

communication with each outlet. whereby droplet ponions of the polymer melt exit 

periodically from a plurality of oudets when the elongated channel is in 

3S communication with said pluraliry of oudetS. 

S. The appanms of Claim 1 or 2, wherein the conveyor comprises at least_ 

one conveyor belt comprising a top and boatom surface, die top surface fmming 

the moving smface for receiving pellets from the pellet fonner. 

lS 
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6. 1b~ .apparams of Cahn s. wherein the means for conuolling the surface 

temperature is ~means for adjustin' lhe temperature and/or floW of a heat· 

exchange tluid and a meaas for supplying the heat-exchange fluid for heat uansfer 

contact with at least a ponion of the botto~ surface of !he conveyor belt. 

S 1. The apparalUS of Cahn S, wherein the means forconuolling the surface 

temperature comprises a plenum wlllch extends along at least a ponion of the 

bottom surface of the conveyor belt, said plenum comprising an inlet and oudet for 

a heat-excbqe fluid. and wherein saicl plenum is at least panially disposed below 

said bottom smface such 1bat the opening of the plenum at least panially faces the 

10 bottom surface so lhat beat-exchange fluid can be made to continuously tlow over 

said bottom smface. 

8. The apparams of a. S, wherein said means for controlling the smface 

temperature comprises a means for ~Bing the tempermme and/or flow of a 

heat-exchange fluid in the fonn of a ps such that heat is transfened either directly 

U or indilectly to the top surface, bottom smface, or both surfaces of the conveyoz 

belt. 

9. The apparatUS of Claim S, wherein the conveyor belt further comprises 

at least two rotating rollen for continuously movin$ the conveyor belt, said two 

JOtating rollers being situated at disla1 ends of the conveyor belt such that a first 

20 roller is at least panially upsueam of the pellet fonncr and a second roller is 

downsueam· of lhe pellet fonner. 
' . 

10. 1he app8ratus of Claim 9, wherein the fiat m~ comprises an intemal 

chamber situated in the first roller, which chamber .is connecred tluough an inlet 

and outlet to a means for circulating a m.1-exchange fluid through the intemal 

2' chamber, such that beat is tnmfcmd fmn the heat~ fluid to the outer 

cylindrical surface of 1be roller and, from there, to lhe bottom smface of the 

conveyor and, tiom thele, to the top smface of the conveyor belt onto which the 

pellets are ieceived from the pellet former, such that temperature of the pellets on 

the conveyor belt is controlled within the crystallizatlon section. 

30 11. 1be apparatus of Claim 1 or 2, further comprising a plenum extendmg at 

least panially over a portion of~ ~veyor, which plenum haS an opening at least 

partially facing the conveym, said pleDWJ1' further comprising an inlet and outlet 

for. respectively. receiving anci mnoving: a heated gas. 

12. The apparatus of Oaim l or 2, wherein said means for conuolling the 

3S surface temperature comprises a plurality of different heaters for heating said 

surface. 

16 
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13. lbe appararus of Claim l or 2, wherein the rotatable container is a 
cylindrical drum which is rotatable along its substantially horizonial lengthwise 

axis. 

14. lbe apparams of CJ.8.im s. wherein said means for conuolling the surface 
' . 

s temperamre comprises heaters positioned both upstream and downstream of where 

lhe pellets are introduced OnlO the conveyor. ' 

15. The apparatus of Caim 1; wherein the outlets are aligned in rows along 

the Wal clircciion of the rOtatable container. 

16. 1he apparatus of Claim 1 wherein then: are between 100 and ~o.ooo 

10 oudets. 

17. An apparatus for producing pellets of a polymer fmm its polymer melt, 

comprising: 
(a) a means for produeing a polymer in melt foon which comprises at 

least outlets connec:tecl to a conduit for uamponing the polymer melt towards a 
15 pellet fomaer; 

(b) a pellet former comprising a rotatable container having an inlet for 

the polymer melt and a plunliiy of outlet openings, eaCb O.S to S mm in diameter, 
for metering the polymer melt onto the swface of a eonveyor; 

(c) a conveyor comprising a surface moving relative to !he pellet 

20 fonner, for receiving from the pellet fonner, the :Polyme[ melt in !he fonn of a 

pl~ily of droplets or crystallizing pellets, which Conveyor .is adapted for 
convey.ins the pellets through a Cl)'St81lization section; and 

(d) a aysrallization section extending from lhe point at which the 

pellets are iecCivcd onto rhe smface of the conveyor, cxeending along m least a 
25 ponion of the conveyor to a point downsueam, 

the aystallization secdon comprising a means for comrolling the 

cempermme of the surface 10 within a predelemUned temperature r8nge above 
50°C as the surface on which the pellets are sapponed pass through the 

aysrallization section. 

30 18. 1be apparaNS of C1aUli 15, ~in the Crystallization_ secdon funher 
comprising a tempemUre C:onttoller for comrolling the telD.peiature of rhe surface 
within the crystallization section. said telnperatme controller comprising a means 
for temperature measurement, a comparat0r for making a comparison of the 

measured temperature to a desiled temperature or set point. and a means for 
35 adjusting the temperanue of the surface in response to said comparison. such that 

the pellets can be subjected IO a smface within said prcdetemUned tempcramre 

range for a predetemllned period of time. 

17 
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19. 1be appararus of Cairn 17 or 18. wherein lhe means for producing a 

polymer in melt form is selected &om dte group consisl.ing of an exauder, a melt 

polymerizer, and a reactor. 
20. 1be apparams of Oai1n 17, fwther comprising a means for solid-state 

S polymerizing the pellets and a means for transp0rting the pellets from the conveyor 

to the means for solid-state polymerizing the pellelS. 

21. A process for proclucins pellets of a polyester polymer bavins a slm 
transition temperamre T 1 greater than about 2S°C, &om its polypier melt. 

comprising: 

10 (a) fonning the polymer mek into molten droplets, wherein the molten 

pellets are foJmed by a drc)plet f01'1!1er comprisinJ a rotatable contamer having a 

plurality of oml~ each 0.5 to S mm in 4iamecer, for metering a polymer melt onto 

a surface; and 

(b) collectin& the molten droplets or crysrallizing pellets, as they are 

15 formed. onto said surface, the surface being maintained within a predetennined 

temperature :mnge above SOOC w-. .a crystallization zone. such that the 

crymJlizing pellets are maintained in conlaet wirhthe surface widUn the 

crystallization zone for a predetennined period of~" d,llrinl crystallization, 

theleby producing ciystallized J>Oly•er panic:1es 500 microns to 2 an in avcraae 
. .. . 

20 diameter. 

22. ne process of Claim 21, whemin said SQl'face is part of a1 least one 

conveyor belt comprising a top· and bottom surface, the top surface fona.ing said 

. surface for n:ceiving pellets'frc?m the pellet foaner. 

23. The process of Claim 21, wherein the surface is mm1 and the 

25 predewm.ined temperall.n ranse is beaween sooc and a tem~mre which is 

30°C below the meldng point of Ille polyester. 

24. The process of Claim 21, wherein che polyester is polyethylene 

tcrcphthalale, the smfacc is metal. and the piedeteimined temperatme range is 

between 80°C and 230°C. 

30 :ZS. The process of Claim 21, wherein 1he monomeric units of the polymer 

comprise a diacid or diester, wherein the diol is selected &om the group consisting 

of 1.3-propanecliol, ethylene diol, and 1.4-butane dioJ. 

26. The process of Cahn 21, wherein the polymer is selecred from the group 

consisting of poly(ethy~e terephthalate), pc>ly(ethylene napthalate), poly(butylene 

3S naphtbalate. poly(trimedayl~ terephthalate) and poly(rrirnethylene naphthalme). 

27. The procm of Caim 26. wherein the polymer is modified with up to 

about 109' by weight of a comonomer. 
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28. 1bc process of Claim 27. wherein the comonomer is selected from the 
group consisting of: cliethylcnc glyeol, isophthalic acid. tderhylcne glycol, 

1,4-cyclohaane dimethanol, 2.6-naptbalene dicarboxylic acid, aclipic acid and 

mixtures thereof. 

S 29. 1be process of Claim 21, wherein the pellets formed have an aVerage 

pellet size of about 1 to 10 mm. 

30. The process of caUrt 21, wherein the predetennined period of time is at 

lcaSt 3 seconds. 
31. The process of Claim 30, wherein the predetcnnined period of time is 

10 · between 3 seconds and IO minutes. 

32. Pellets fonned bY 1be process of Cahn 21. 
33. A process for solid-s1ate polymerization of a a polyester polymer having 

a glass transition temperature T 1 greater than about 2S°C comprising: 

(a) fmming molten dtOptets by metering a polymer melt through a 

IS plurality of oudera, each 0.5 to S mm in diam.em, in a rotatable conlaina; and 

(b) collecting the molten droplets or crystallizing .pellets, as they are 

fonned. onto a moving solid S\Uface maintamed within a predetenn.ined 
-.peranue range widUD a~ zone. such dw lhc pellets ue mainmined 

in comact wim die surface within the crysilUimion zone for a predecmnined 

20 period of time; . . 
(c) introducing the pellets pmdUced in step (b) into a solid-state 

potymeriZation JDCtor tor increasing the mo1ecu1ar·weigbt Of the polymer. 
34. The process of Caisn 33, wheieiii the instrinsic viscosity of the polyester 

in the pellets ue below about 0.36 and the intrinsic viscosity of the polyester 

25 product of the solid-state polymerization reactor is above o.s; 
35. The process of Cailn 34, wherein the polyeaer is PE.T. 
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