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PCT/ US96/ 00335 Tl TLE A PROCESS AND APPARATUS FOR FORM NG CRYSTALLI NE
POLYMER PELLETS FI ELD OF THE TNVENTI ON 5 T Thi S T nVention rerates to
a process and apparatus for formng a polymer into particles. Mre
parti cWe®6R217 hi s invention relates to a process and REPESHO033ST or f or nmi ng-
crystalline, uniformpellets froman anorphous polyester nelt. BACKGROUND
The formation of particles fromviscous materials is well known. 10
Conventional nethods and apparat usppftgen i nvol ve the formation of |iquid
portions or droplets whi nt | cted and solidified. For
exanpl e, Froeschke, XWM%W%@d oses an apparatus for
the extrusion of a m@cﬁﬁﬁdeWGEl—Lﬂiﬁ appar at us has inner
and outer cylindrical COW'%L&Q%EEM' nner contai ner, positioned:
within ghe inn cont ai ner sage for dis mgtheflowable
mass. The out e(ra‘thd%‘ﬂ ‘ﬁﬁfclﬁ?swépﬁ‘l?ﬁﬁé‘f'd P‘Eﬂ"‘g%f’ g’"ﬁﬁﬂgf’@?’&fes around the
i nner cont:atormmclqasquepmﬂlmdmnavmpnmmmespmcmaodmm on the outer ¥
cont ai ner foy fonhinglchyétafline Gihiféirh PelleFraP SF 2RGPROLS Polybsi@ nietner contai ner. Wth .-
each alignnment, the flowable omthe 1 nner container, through
the aligned orifices, and is a nd deposited on a conveyor, for

20 exanple a'ﬂ@ﬁ%&agmb@mlqsmmmmﬁssﬁeﬂMMerred to as _
pasti |109f5 Cériventibnel méthods abli soﬁﬁ@m&v@ﬁﬂ f&%u?ﬁ?ffifduﬂﬁﬁﬁtlxﬁlspas'[ illation
process for ystalline po ymers, i.e., a
crystalli n%“g" tﬁéhﬁb\ﬁgéﬁ&&é%&& %‘i f ri ol yol efin '
copol yner ,Frgesc %ﬁ’eﬁr%e‘f‘%dfzn{ qsssmmuemsmm;qﬁm:@ #nsferred to a
dropl et - fcnmmamoﬁbmdbﬂm has irpeanidGufel sylindticat general 'y an

out er cont §| EF container to
all ow a un"l% or m anmount Gﬁ* e&WM°?Q’?‘§“§Ln§&a“‘§&%p ets. The
dr opl kSs nassege for dispensing the fosyablamass. T arercont agumperOfs for a time
suf fi ci entoﬂmesnidlrdufe;aﬁahﬁddk@ﬁaetmsmfarmnemueﬁtmmﬁﬁsm pellets of a

POl yest er gpierg f&&m&@f.e&g{dwﬁ&,g&f@w § PRl unef 7 _exampl e, | ow

nol ecul ar wel ght ar a zed a rs or prepolyners, my

e
have such "&“W‘BWV m%ﬁ‘ the flgwable mass flows from She,BRET SAMARET. e di fficult .
The oli gortmnugmgtnhhgtedonﬁcwuﬂwlpﬁontommdep&mdmam&msfonf uni form

shape a0 é“ﬁ@' whtht i SRR a9 fYadifib At i Vel y short chain
Iength ma &mﬁx‘ﬁa{‘@/%‘y og(v'sa{g)ognt c al ent an Iergxnt I n

pelletizing ultra high melt flow crystalline polymers, i.e., a cxystalhne polymer
which is a polyolefin homopolymer, a polyolefin copolymer, or blends thereof.
Initially, molten polymer is transferred to a droplet-t'onumg means. The droplet- -
25 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
30 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
35  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



35 addition to limted internol ecul ar bonding or forces. Known processes
for form ng pol yester—particles may result in parti-eles which | ack
structural integrity. The weakness of such particles may make them WO
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hard to handl e anc? susceptl ble to abrasion during transport or other
mechani cal handl i ng. Abrasi on nay generate undesirable anmounts of fines.

i gher ol beul ar vl s it SScepbia i fiseinn duing fradpers o pdt e
pol ymeri zation 5 pmmmammMMBdﬂsmmﬁﬁMi rabl e that the
palrtltcleis havefcertal n %w;&e& aés:ﬁ@useﬁn&swemaﬂ{o&f%ﬁ&dm\m@« ]
relatively uniformsize. an or o) Iiza n. eac
particle, may be de’g?é%‘f‘é‘mﬁ'ﬁﬁ@ﬁ f"ﬁh'g’f’ ?‘ﬁ'ﬁ‘a?%w?‘f'“r@*'
desirabl e that the prosesses Eor such processas ibist @ the pantiglesihavegesainhe hi gh
tcgrmer ?turelslof SOL&hﬂn&kﬁ&?spF&ﬂéﬁﬁﬁplZ%ﬁ&stW riodly bhﬁiﬂﬁxadiiet ; RAfd s fmt
nventional |y, robust partic ek e ,obtain jecting
the particles to a ‘f“éé?ﬂi’)ﬁ?}y?ﬁ%&%g eﬁ'@'"\fé&h% Fé§t g rfgé? g step.
Such anneal i ng i ncrealgrersization, smmmttpemkmmﬁmgmbuatmwpmm es.
Such annfal i ng, hovmys{] Wﬁ&bé&s&ﬂdi&lklpﬁﬁnﬂﬁﬂatﬁ%ﬁﬁﬁﬂﬁ@t od ratingr al | o
process for pro ci ng hi uc e
to reduce or fHJ elimn &F\e suc aﬁ%&%ﬁﬁg %f” %W'Bf P%% sgﬁ
exi sts a need for ashemlma!m&mﬁbwmmemwmm ush of

pol éester pa][tchFSmIdm hcreased tiaghtdliiityl @ robukifiess GOthe Phuticles asuéhefflc:celnt
production of quali g@|f sefu
under rigorous circu 'CeS and&a{cW@u? pr ﬁ&‘g%n@wb“’g&g?. or to
use as feedstock fdmodusingrhigh meteculanwaight praductdt wenld hedesirable i reduceiogt s

need for an i rrprsnvednﬁiwmﬁmfeaﬁngrm ng a | ow nol ecul ar wei ght pol yest er

oligoner into crystalli l‘ﬁﬂg E? I; her
advantage if the resultlr}ﬁ artlc es ex %ﬂ%ge% |rrprov Crys I ne

nor phol ogy or rel atW"ﬁWég@r‘ he formution,oh palyesies pagisles. These is a fsed fox theamore o 5
SUWARY OF THE | W@dih@icihnéeﬁchmpmﬁnumuﬁqud&yp&yemﬁl&ﬁwtﬁd{ fgrr oduci ng

pel | et s, of 2 POl Y MalaahfQict bfefll UoléFe{poits Licubibds bl ith e pdShdaibent O7 "
conprising a ro%oat pmnoc‘(l)sgtagl ng af\él Eg polymeri ore, there exists &

need for an improved process of forming a Jow mole,_c_l_;lar wenght 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.
25 - SUMMARY OF THE INVENTION .
This invention provides im apparatus for producing pellets of a polymer
from its polymer melt, comprising:

(a) apellet former comprising a mtatable container having a

plurality of outlets, defining corresponding openings 0.5 to 5 mm in diameter, for
30 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

35 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;



plurality of outlets, defining corresponding openings 0.5 to 5 mMmin
di aneter, for 30 netering a pol ymer nmelt ont the surface of a conveyor;

(b) a conveyor conprising a suartace, wWhrcnm 1s agapted for novement—retattve
to the outlets of the pellet former. for receiving the polyner nelt, from
t he pel Iwo%2M:r in the formof a plurality of dropl et BCDUS%09335 al i Zi ng
pellets, said conveyor being adapted for conveying the pellets through a 35
crystallization section; and (c) a crystallization section extending from
the point at which th@epmﬁauuaxwmmmmmmgmmuné t he

R L @@g@@r&@@oﬁ%ﬁr%' aftedefenhitBa GRIPLANAE rdhe 2 POI Nt
PC/ US96/ OOSM %W@%P’FB‘HW&‘F@W1 sing means for
controlling the émcmm@bmp@mttww&ﬁlhzmgnmwmﬂmpasqm edet er m ned
tenperat yre &ﬁﬁﬁﬁuﬁ%ﬁ&lﬁ?f&%&n@ he RmpLiahfC 6t thsubfade witiin With t he

crystalli zattlgon se'g‘tg‘l on. Wg‘}fﬁg‘?ﬁnﬁiﬁt&‘&ﬁ;% gfﬁ ?ta?e crh‘hﬁl | zation section
may further © fﬁgﬁa sectio urfase, % ng the
t enper at ur e pofdetermingd temperatuge rangefor A predetomtingd perigd oftimesect i on, such t hat b
the pellets are JHPhRVEsciBedapphraius iy mmethmmeterrperature

range for a et er,mped per od of ti Qve- d'escnbed appar at us may
have a vari & F‘vﬁg‘f ggﬁ%?fo %3'5 ﬁ'?f

a pol yester
pol yner lﬂavKﬁ@wWMMﬂéf@@m%Wsmpw (Tg) greater than about
25[err] C. One such pr@yaﬁagw me(tf&‘ eotigh ael t of the
pol yest er I tude of et e cont ai ner,
each outl et %dxémm ng an orlfulmcéz‘le"rl caéfj ﬁ'%%%é?ﬂﬁ @?leoby formng a
plurality oﬁmmmélnma%mfomswm%tomglwm@mt en droplets,

i nmedi ately after bei@®y dollédting the hiolten divph ¢didialy afeg being Formed, the solid

noving § rf !Qﬂ E!Eﬁlg! § ature range
Wi t hin aghe |gng z%ne eré%ﬁq?#e p%b%rgﬁi%e I'n contact with
the solid rTBW’FFﬁ“%‘B‘F‘? within a beating goneowherehyshe pelletsdgRot er i ned
peri od of tmmﬂﬂﬁ&mmmﬂﬁﬂivﬁﬁmwmﬂ&amgmm,t‘dilagure lis a

schematic OBWWGf%QCGSS and appar atus for

20 Figureluaschemancoftheprefenedproceesmdappamusfor

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

apparatus of Figure 1.

25 Thxsuwermonprovxdesanappmmsmdprocssforproducmglow
molecular weight polymer particles 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
30 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
35 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.



producing polymer pellets. Figure 2 is a cross-sectional view of the
crystallization section of the—apparatus of Figure1.—25 Thi s
i nvention provides an apparatus and process for producing | ow nol ecul ar

wei ght pol yner or pellets. The polyner pellets are prf?ﬂﬁ{s@gbﬂ
pel l et forner chﬁ?eferred to as a pastillator, and are co e ‘?1
hot surface. The hot surface controls the rate at which the pellets are
relatively cooled (fromghe E)ﬁml) Qﬁ pellets
are relatively cool ed. T?& pe Pﬂh%ﬁ or%%h%cgu'%"aﬁlw{fg Q?o Vel y
uni form si ze and shegeducingpeji H’F“‘FW‘F g Fignves b 2. s neant that at
| east 90 percent, by vvelEﬂitpmksbhﬂumbdmb&tWQMﬁehﬂhmhnﬂhﬁHBm:emtor

percent of the nea 39?‘1 t of
the particles are V\P%I n p {}vﬁ nus ?gbmgr@gee:i@ t m:l?rg%% ‘;;:gag%ce; g{:
present process ? I RASER nd 35
nmor e abrasi on resi spaﬁbnsthmmnmkbumvémuddbﬂy\ﬂ&rteﬁu'ipomhsmmant i onal

nmet hods and appar at aﬁéxs?in Ihm? sé*mﬁ guent
treatment by solid- g{?ﬂe&e po rlzatl rg\?\ngsf ou gﬂgééltl%na i
anneal i ng. 3 VO jissall ers, and xsmeanttomclndeapxepoymeroraohgomer.

PCT/ US96/ 00335 One epﬂpdmimﬁxgmflow Inoleenias weight onapolymenintended asdeadgoehfora
apparatus for pjg dug‘ nﬂﬁéchﬁﬁmﬁnﬁfmﬂ schenatlcally in Figures 1 and 2.
For purposes of this I nven o term "pellet” means any discrete unit
or portion of a given 5, polyme Mﬁ’é"m’mﬁrﬂ‘i‘&ﬂ?&fqngﬁ"%et her
regular or 5 i I r eshoiveits meh tempetdnge.t bikawispdiyl the ternifaiolenciropiat or ldeopléttises,

Tbolynert s’ meant pQE&hq%'t}lr?ﬂwaa&wuﬁ%ﬁpﬁcwog’ Ay icfon*s. o idlc bt orm
essentially of repe%“ﬂngg‘f‘ %c‘&ﬁ"ii“ﬂ’m ‘ng" to

i ncl ude a prepolqlnewhwhmymmmedmdyaﬁﬂﬂeyu@mhdw ng a | ow
nmol ecul ar wei ght or a potheTBél deterkiined d3itRer

nol ecul ar wei ght poI ner the te Q I'S nea nmeJs, at
a tﬂrpergtur?e ?t orséﬂﬁ\'ﬂ' I%)ﬁ%’ il %@Mi@% W‘?h&i&‘gﬁm‘"‘
"mol ten dropl et" orScagnipp Calotimety (RS By pelietsizsris o (bdrgmawoat
partially at tenperginéhsioréf afiivedipall®. t he el ting point of the polyner.

Thus, tenperat uﬁ(? gr adi eﬂfvﬁ@‘n%ﬁ&w& Emg tger&)x%plgtfommmay be in
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
25  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

30 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

35 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




15 which may start crystallizing i mediately after being forned. The
nelting point (T[err]) of a polymer is preferably determ ned as the maxi hum

of the main nmelting endothermon the first heat, neasured by Differentral
Scanning Calorimetry (DSC). By pellet size is rreant t he | ar gest

Cross- WO di nensi on of a given pellet. 20 PCRYS$MPISof an

I ntegrated process, the droplet fornmer nay be in conmunication, via a
conduit or other material transfer means, with a nmeans faor produ0| ng a

pol ymer i n BRS|ap inles for receiving ceactanss andl a5 pytle rgnnecisd 1Q A ERNAMRKIT can enconpass
many vari atranpomfgmhepodmptmglttmhe pdlarﬁmarwba'hapolm:rudtmgthhl ch uses

pol ynmer in &ifie: i fpiall af&ﬁb&exﬁ%élﬁ&ﬁr&hﬁhﬂﬂé poIymer daf B Mafdired”\N €x1 T uder
can 25 heat tﬁieilff eedstock to the ne leag‘Berature or hi r and extrude

the nol t en PRy \@ieisC Wa%’é‘?‘“ﬂf? B SRYACTSHED BAYMIE 1§ ¢ he

dr opl et Sorspavddl!lﬂsmmmhchM t he poI ynmer can al so include a
reactor for pol ynRipeildfddiier uﬁuebmamhﬁqaeﬂéd uukmmppuamsbfe art.
e a1 o o\RSLIARE. BahePipdtitsepis of o went Vas ”E'fimo RSB velt form per
t hi s i nventknown mﬂw@nmaaom‘uses msfpasm:.mamubmenpﬂ!uum ng pol yner
melt is de?f cyliriticAl SoMenaR PAtcordibgly, S- N. - (docket

no. CR-l%SZ hereiﬁ g,cor‘ﬁémb}lgdgg%%ence J&H@f;ﬁ ent i Te;t%/ Igalcggrse

for useas
possi bl e t ccontainseerqylindey. WMMWBPM@O es previ ously made 35

pol ymer forcdcmnmman 1§ of ihe dGtef EUntdiied 0TI plaraBty Bl t of the

Chown 1 n £ ?W@F%rﬁ%%@r Rt Y o

reactor or mswmmmwmwueA mm&ﬂoﬂﬁt pol yreri zer,
I f eW'WGWﬁme%meSmmmabmﬁm The inner

to 2”5’2%39%@% '5 BeFolynits et S5l ednif i e peﬁ’Fd{) ? L?ﬁmf‘)“”e“ e
The pol ynerunifem fg'P’ E“‘ﬁ?;ﬁ’% op the guees gylinder;
terrperaturaiueﬂibenm)bgtmchmmlohd:dmmsﬁhrd&ec?ﬂtﬂlamme&ﬂetnﬁedrmr by means of

any pressur mi Eﬂnb ¥ c )ﬁ?@@fi@u@d pl acenent
punp or C% ear k orrrer IS co%ro'n’i? re erred to as a
pasti | I2<9t|

maxmumptoducnnn,thztemaybemmyonﬁcesontmoutercyhnderofme

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
25  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
30 “"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
35 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



pastillator, in the broadest sense of the word. Various types of

pasti | ators are known in the art—fe+—vari ous uses—Jhe pastillator, in one
enbodi ment, nmay typically corrprl se inner and outer coaxial cylindri cal
containers. Accgy, d&% ) polymer nelt transferred from thepdpaekodsss
woul d be receive 0 the I nner container or cylifider. The outer container
has a plurality of orifices circunferentially spaced on the periphery of
the outer contai nersechdiealﬂiwgnhietsyeeﬂfchaéhEwﬁmtwwmmmmhey
align with a meterig Nﬂ mﬁ&ﬂenﬁ% t he |nner cont ai ner when the outer
cylinder is rotat ed e oririces on outer cont aj ner can..t gncal |y
range in size from about®Eeteamieqs cyppepentot the WE‘W’L’Q G T ?““‘Y

contai ning the poI mmm cr;stallizdﬁonspctmshegas atrotl vehy nparisecpoinit ktwhich thei n

uni form anount s @ re&.m:éd Bﬁfﬁ&ﬁ&&ﬁ%ﬁ gg‘q“g%@g tg,wsl nder
align with the rret ar or c ont e | nner nder. Pastillators,
as described, are ‘§I'Il§9“éﬂf'aﬂ B"‘Ygrﬂm’"‘ﬂﬂ@é?l\/ER[ err]

manuf act ured by SandV| k&mﬁ&ms&&hewauﬁmmmmﬁhelappnmmm
use, for econom ¢ s e for Sbo B BRFD o BN g irfade & pilig D

many orifices on th r-c nder o the t or aI Ieast
100, for exanpl e, Mﬁ‘f@%‘% “cfgﬁg'ﬁﬁ‘f’&mﬁ"?%g é\ﬁ'ﬂé

oper at i ons. Thdmethmewmemmmammmmmo 10
metric tons per pg{.,gﬁagngeio sﬁ,fj&lw &?%ﬂfﬂn Qbkion EOr such 25
operation, the pastlflator woul ﬁpta tedfor r o at?i'{‘?ﬁb rate ch S
sufficient to supplBRipEmedakove 5’ ?‘ﬁ?ﬁ@ P W#%d

production rate. ummmagmMgpmmmmmm napableyintprastice,
pastillator 10, ar e Perfraiet aBisp SEPCPréteniblybat 1€aCID0C, tidre 2
I

ﬁé’QK?yﬁLtbSLb.#"C“ m@%%ﬁi%ﬁﬁbﬂ%&%’ﬁm# S‘@@”t'a" PR ace”

is meant any surfawmmmsmwtmmmpmmmww thee
noving surface 12 Q&B M&VGW&M o Siirbalck hidladbwer ladl

di rection tangent| %Eof g !on of the outer container of
the pastillator. ur % ttomsurface 16 and a top

surface 14. the Iatter Gb%mﬂ'!l?ameI  redativelsteady f ace
whi ch supports 2ghe bémalmgsiomememglowﬂﬁ all BaticiBetion is dllowablel et s

t hrough a crystal I| m ﬂ Wé&ﬂfﬁ
heati ng secti on. e movI'Ag surface |s genera i ntal ne acc; oin| shPant

speed for passing tq?e“p‘&qdb _ ‘I'F@"brystal lization 5
Prefexably. apomon ofbottom surface of the moving surface 12 is heated

within the crystallization section. It is also possible to have a heater prior to the

25  point at which the pellets are received on the conveyor surface, 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

30  inFigure 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

35 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.
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the tinme the pellets are wthin the crystal l'1zat1on section. A key feature
or conponent of the present apparatus is the crystallization section. The
cryst al Wio®sR2d% section begins at or very near the poi PCTANISMOBISh t he 5
pellets are received fromthe pastillator 10 onto the noving surface and
extends along at_|east a ggrtlon of-. t he conveyor, novi ng surface. An

i npor tant  f eat url® Qer fheht Fapidiheat yapsfes fromshe mgying LonvEEOr PR us i s t hat

it incl udesthegusnforined peipmer pelietsriyispaferred the thetmateriab for tecconweyong sur f ace, as

IQt/ passestthwmg&.ﬁ.hslz:amta?auwm h&?&%ﬂsﬁ?coeﬁcnéig ﬂleﬁlsair@d te][rperatdure
ens containi.n ating coi e enpl oye referre

appar at us oP‘"t'Wg"%r"é%fEh{" ﬁ'ﬁf@'ﬁﬁsﬁ F'éﬁ{i‘eggt‘ﬂg ‘?‘r‘m&eﬁ surface 14

wi thin the uvansfer etefficients. oﬁmmﬂthMcmdanmemmngr] C, dependi ng

on the surfae@ngRirke, Althighlobfdr RARNRY For exaiplellasii¢/of pragictBhdiips 2l i s netal,
then a conventlo?,?l heater shoul d be capable, Tn practice, of raising the: -

t enper at ur e*FB%¥>% east 50C, preferably at |east 100[err]C, nore 15
preferably betmeﬂnmm[wﬂw]otﬂtm@%eH?@wmmHmedépm% the heat =~
transfer  coglfallitatith ssttion My 6¢EdntroBed dufonidlitally o Ashnidly Geiththdriseobe | nvent i on,
however the te r bel ow 50f.err nveyor surface
has a |bQI\BI‘ 15 14 ﬁ‘r’ %u#og}g?&éﬁ%ﬂ%tb g%ﬁ%t Is?‘gﬁcﬁngﬂa%& ‘eel . The
crystal | i zakawswer, 8 roapeganise controlisr may,sutematically eantrgl the temipsraryerf; st eady 20

tfalrmergltur ugftshﬂhtﬁMswm:ﬁmhm Qutfacé [PinChy Erystillization setosection is
al | owapl e

crystalliza | on s“g‘?h on I'S c%&%oﬁﬁﬁﬁ?w éﬂﬁ%ath{lh hedescr| bed

bel ow. Pr ef @mbinagion of the conveyas moving|surfacs FApRGTNEr f ace 12 i s
heat ed Wthmapéltus wﬂymttﬂthlth':epdlas 1smgmpdammewm ble to have a

heater priog g&.ﬁ.%&% HEIIMEP& ﬂﬁﬁ:&tﬁﬁ i ved on the
conveyor sur"l ce, In Whig ﬁlse the crlés za may only require

i nsul ati on BHsPsRrsas thepellets 18 pass throygh %ﬁ"ﬂﬁ' el may furt her
conpri se methe enfparanarelf @Mﬂmmfamﬂmgﬂmmheat exchange

fI uid and swqi'g Qkfade 14 O P&sﬁ?ﬁ?& ﬂihfﬁg g,‘got tom surface

o% vvlthln &_/f;sta E?tlon sectlon B nFlgure 1. In
the en‘o&j r@ﬁf%“}‘mm ermined ated air to a
| oner pl enmmdlthMmmmmmwﬂmﬁom of the noving

surface 12.q4 @Fﬁ‘ pekaidiie OF B heRRRE kY ﬂﬁ@ tohe batloftf susfaét out | et for
03, fluid

t he heat - ex heat cha |UI can ¢ I nuousl y
I%k@ ﬁﬁ"ﬂﬁx q’& Oﬁ] ds al ong ..

circulate t
the porti oringfean, aswﬂlbeapptecmedbytheskillcdamsan.andarecommetcully

25  available from a wide variety of sources.
Controumgthetempemnteofthemetalsurfaoeofthebeltmayatums
require the temoval of heat from the heat exchange fluid or bottom surface 16, i.e.,
relative coolmg, although the ctymlltzanon section ‘may be heated relative to
ambient. Typically, when a heat exchange ﬂmd is supplied in a continuous flow to
30 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
35  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




35 the noving surface 12 which conprises the crystallization section. In
this way, the pellets 18 are—subjected to proper heating imedi ately after
being formed and col |l ected on the noving surface 12. 6 WO 96/ 22179

PCT/ US96/ 00335 Wo dth to obtain rapid heat transfer from the pgprisssio3ss
conveyor surface to e just=fornmed polymer pelletsi it is preferred that
the material for the conveyor noving surface 12 have a relatively high heat

transfer coeffici en&me&yﬂifﬁeﬁnmaawkmeammﬁuvaﬁme&bommme

especially netals, lﬁ%&q ﬁ%&ﬂ &ng%,gg ubiﬁﬁﬁ gg iVenfigef fi cients.
Thus netal s are the reF‘grre terl or t conveyaor mvlngﬁsurf'aoge

al t hough other material 48 §Figurg L. is pripyyil

possi bl e. The tenpehahngmebbndxlhnufaqnlsoﬁthmevﬁgmfmm 'ﬁmwvngllsmémmylZ
within the crystall jzahhg ”mﬁﬁﬂgrtlﬁ R | tshéopli| Y or
manual ly with th";(je1 use olfl a]me ture sensorfgéf*ﬁoﬁ%"ﬂ WLtk |n t he
crystal lization sectMmprraups P Yheated) B Y®# may
automatical ly cont rmbngtnohemﬂdegndmenofmthdletm mrh‘emmlibdmlieat&epnmnng

conveyor surface 120 mﬁhegmed
tenperature range. ‘ In gﬁs ture,

controlling the spe%‘&P‘mME g M ’i"ﬁs"‘i}'}fé
pellets, wll rHBuItrgmmidﬂshdexytm.uSabéﬂnglkeubj ect ed to the predet erm ned

t enperature range for almnmgu ferR B BodiMbnt! thE BN 18 hré siljcefed #S RpLATuR Ned.
This occurs as the ts 1 s through the c I zatlon Sé t|

General |y, the terrp Wﬁﬁ’g |'§'€§s%ﬁ§’3¥f§ m% i ni ng
the tenperature of ﬂﬂeﬁ'mmpeéhwf‘dbeﬂmMsm The insnt @es is preferably sUmtempenatuon, a
conparat or (not Sh%&)m&ﬂhad‘f%:& m&ew %ﬁﬁ?%ﬁéﬂu@éﬂw t he

sensor to a set point_ wt h| n erm n erat

t enper at ure adj stoﬂﬁﬁ &y Qg’f !@éﬁ%‘h%

heat - exchange fl ui crempgspturasare foasibie: bottom surface 16 of t he novi ng surface
12. Conventi onal terrper A Ao® of RéutddihérCEds odérthy el ,ddaqnafdbnoas wi |

From & i de. vari oy B *éé%‘r%&'%%?{f‘sv s o ﬁe&%@%ﬁ%ﬂs‘? of pliPetdy’ ©
surface of the bel tthngserving vojackisve mops npiforp rrystallizstion thequgheut cachipeliet; The heat
exchange fluid 20 hablewiifont fha esmpkfamre is.throughout the pellet during the minimum
predetermined amoumofnme,ﬂnemoremxfonnﬂlectysmlwmonwﬂl be within
cach pellet, although temperature gradients within the peuets. 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
25  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‘prmrypenodsofnmcivhendmgassnothea!ed in
order that the set-pomt temperatuxe is obtained. The overall effect, however, is to

30  control the temperature, by means of the gas, the environment surrounding the
just-formed pellets 18. '

A second means for heanng and supplymg 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. 'I‘he upper plenum 20 can enclose the

35 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



rel ative cooling, although the crystallization section nmay be heated
relative to anbient. Typically, when a heat exchange fluid is supplied in a .

continuous flowto 30 the bottom surtace 16, and the Set-poi Nt tenperature
I s exceeded, a controller will typically signal no additional heat input.
This do®OMA21Mhonever, contravene the spirit of the i nREHPSISMI3S| nce t he
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
novi ng surfapsrﬂm@helow:tpimnt R¢. Thylied for thebelois sismi bedowv by he pri mary
fun]cc:t [ onlzf :Muau&ﬁmcerme sont.,e,t.&gaf. mhg(t,g@yésrq,g%@g;&,@g Pm%\mgfhat ht he top .
surface IS W erntn enper at ure r.an I ng e novi ng
surface 12 ng'fﬁimePtz eﬁﬁ?ﬁf’&fﬁ’g flsgPt'Eﬁngéﬂaﬂfg t he

predet er m nélaultoefrﬂ%mm Pﬁhg@ybanmnb}'ed:towmshassbysdtﬁe heat-\\D 96/ 22179
PCT/ U896$00mrﬂuqamﬁlsrmaﬂﬁeg Wﬁ}ﬂjol ed in the art. Various
enbodi nents and gﬁgqa rat or Eeazl n@ are enco assed V\Athl n the scope of
this invention. ﬁ‘émé eqf ﬁf?ﬁs’ﬁ‘f“ﬁ I MYy i s
primarily byf%mmw%amapmwriMhmmmMMwng surface
12. The ovebéhippBedb @i iritttial Thamber 39 ldcaiell tilfie Apkttedh RlRF 30 gtiké | i ary heating

noat o) peattt %ange PRt EERE Y i &7 e °"ed St T dogr aliat i on

of the B@l| eqngected thsamm%ferbv‘mmmmmmawt he top surface
é4 fsuppglrt i aghidgefmkl. ImmlHabﬁo&skaMmervxmwtmhmmﬁfﬁt | Onbl
referably gh e nitro e nobl e
gases such as%ﬁnéarggﬁﬂé\h(ft %fﬁ"‘gsg hog?xl'ﬁvg E&FF% In this
preferred ethpimsmalchambed4of #mra% QUMG!GSP@&MDper ature control,
at an el evmmmmn io&ﬁﬁhﬁdﬁﬁeﬁ%mrwmface 12 and

fromthgs at a
terrperature ess t an t e top sur acég%é'@“?&g%?ﬂpm for PET, the
t enper at ur ePPm gHcating the ypetreamirgll, PQBHWges from

25[err] C ummudwmmmmmmmammmmﬁmm ble. A flow

of heat ed i|gidn dhific Prif thgﬁapﬁ @‘E‘“" %Erg Sie t 0 CoNtrol
t he terrperature ra.dl enfqth XISt t ?&5 Hg ness of each .
pel | et, thUETREY PSISATH?! N Gembipation syith-suppl BeA0g oughout each

pel | et. mhawmmmfouwmgmpmnwmmepeummmvedmmebelt.

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
25  advantageous, will now be described. =
In the preferred process, apolyeaetpolymexmmelt t‘orm havmg a desired
intrinsic viscosity, IV is processed in an apparatus accordmg to present invention.
Generauy.polymexhavmgmwnngmgﬁom aboutoos to about 0.40 di/g is
suitable. AnNrangmgfromabomOWtoabontOSﬁdl/g:sprefmed
30 The IV is determined as follows. Asolvem:smadebymmngonevolume
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
35  poured into the large tube of a #50 Cannon-FenskeQ viscometer, which is placed in
- & 25°C water bath and allowed to equmbtate to that temperature. The drop times
between the upper and lower marks are then measured i n triplicate, and should

i .'ﬁ;'



20 more uniformthe tenperature is throuhout the pellet during the
m ni aum predet erm ned anount of—tine, the nore unifermthe crystallization

will be vvithin each peIIet, al t hough tenperature gradients within the
pellets, to "@uf , Wll likely occur while within the cr\sgdsb@sbsison
seCtion. An goal of the crystallization section is to get the

t enperat ure of the polyner pellets to the desired 25 crystallization
tenperature as raplatkgem&up@ésedoliesmﬂﬁmmmmtasmadetmmVaﬁcppedeﬁoeﬁlm ned

tenperature for a ngieRiuioneTheth @fthén diRulahy u( aqfaim above, while
controlling the tenperature of a continuous flow of inert gas there may be

tenporary periods of tine when the gas k,j,,@ghunﬂ%ﬁgmm)order that the
set-point tenperature is obtai nedIVEnbn owever, is to 30

control the tenperature, by neans of the gas, t he enV| ronrrent surround| ng
the just-fornmed pellets 18. A second neans for heating and ing a
continuous flow of a sec@?@'ﬁé‘&%ﬁ?ﬁ&h@%"\‘?ﬂﬁ'@?@%?gw % 1 as a

heat er 22 for heat|ptgy:ﬁerfiimutﬁmnmgﬁgmtppmeemmmﬁmugﬂsracpd@ulmdm

The upper pl enung HGsded éﬁﬁ&n%

crystallization sec‘fl on. §g gener?ﬁ35 cont ar ns an | ?Olwna,n n tI.et for
conti nuously ci r cul @fitfake, Peliats orichips, Additionaliy. a9 overall %E@Vm SEERE o 2
is a cross- sectlonadeaawﬁnafmmrmmlymndaﬁonvbrmlwhymh

crystallization sec ASovehown in Figure 2, a conveyor: belt 12 covers
the 8 WO 96/2217‘5‘5&}&‘ed

PCT/ US96/ 00335 upper opdRitifpreferedprocess,the nolvesteris injtially pp a fipst jemperapiss ¢ e
belt is shown by omWhWommdeMwlmnommMs to

Cyp cal Iy made of 1 Du%‘gw‘““'em‘z%@t oifrie woskf © 42
prevent excess |oss %M%ng‘é’mgﬁ%% ®at ed

t hrough the upper M;zenommmmm:aﬁmwmmmm st
in maintaining the frapRel #aﬂk@‘n&hﬁm #& M ned

53 Tocated in the L M‘” aﬁ'? polypics W st By He'%n%mr ”aﬁﬁﬁ%%

34 may include an i mnmommmwmm @Bmﬁe&w weltedonduits to a

nmeans for heating and mmg,lw MMMMWMMME gure 1

al so shows a heatedfopmgg).S thl&vg]ep&tpeﬁﬂlmg‘%mﬁmm The peliets are
collected, as they are formed, onto a substantially level surface which is maintained

20 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

25  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. '

30 In order 1o form polyester pellers suitable for transport and further
processing, such as solid-state polymerization. the pellets should be subjected to
contact with a conveyor surface at a temperature within a predetermined
temperature range as mpldly as possible after formation. This predetermined
temperature range for polycs:ers pxeferably ranges from about 80°C to about

35  230°C, preferably about 110°C to about 190°C.

10



for supplying the third, heat-exchange fluid, e.g., a hot oil, through a
conduit 36 to the internal chanber 34 of the upstreamroller 30. The roller :

~is preferably constructed of a heat-conductabl€ materi-al to eénsure That —
heat fromthe heated oil 15 is efficiently conducted fromthe internal
chanberwe26221# ough the roller 30 to the bottom surfacECLEs%IIe conveyor
belt. Heating the upstreamroll 30 as descri bed provi des suppl enentary
heati ng whi ch counteracts normal heat |oss and | essens  the burden on the
primary heat er ZgWditionalpseferredpracesyrmbedimeints|ace alsesinscribed inccgowsrently de pri mary
heating updlédsvmmaéniy-assigned hppmeauonmsmnbl nat i (@écked ioDCRWEIBR SN al  heating

20 and/ or insul g{,é&g%h o ggmtdtseNpm nt at(d‘y‘\"ﬁh% Eﬁ%sag*lhet s are

received omrthe D e Ccr ifon sectron e now

crystal | i zakfee pRRECAHANS ‘é?r M%W‘Wcol | ected and

transposst ed for s&ummm&haabmmolyﬁtepweeaammmmemmbe used to

make rel ati ol yner. One such
dY C‘}]r Yachdthild ¢ shjferd yﬁ%ﬂ\uﬁﬁﬁkﬁ aRfmﬂecﬁBL fabur? 0' Y

process, 'S partl ageous; now be described. In .

the prferr &F Polymetchelist, ’ﬁ'&!‘?)’rﬂ'r”ﬂ??’ﬁéﬂe tmwmmgna desi red
intrinsic mmm; mmmmmwammmm;mmmeng to preset

I nventi on. st#jm m,ﬁjgy ?@r\ﬂ g mé'&nghg& 0. 05 to about
O40d|/g|55|ta g?' eaT?pr#'naout (5 to out 0.36 dl/g is
prefer A8, e ”“"‘H‘HE"W’? RF@E’MYM"%"%I vent is made by
m xi ng onedunhgjmerpélymmiahmroacet ilc acid and three vol unes of nethyl ene

chl ori de. PET, w% &}%cﬁmﬁ fgmed |nto a clean dry
vial, and 10 "l'ﬁ? fl{ej so*‘k ent voI ugetric pipette.

.S to |
The vi al |§""t9 '@Vﬁ’%ﬂ?@gx °"ﬁ shaken for
30 min or ﬁmdnd&wmyllbmmlﬂwmmdondihﬁwmmummeﬁdw poured into the
| 'arge fgbe priduée windlecule mpl aced in a 25C
wat er bat h” and..all o |brat toth tur The drop times
bet ween t hEYSBREY WE) ﬂh‘ggﬁ{r;g ﬂ"?‘r licate, and

should 9 detyimenwl wamsinain the pellets atthe du:red temperature for longer periods of
PCT/ US96/ O @@ forexaepld)30 ifnss ot nfde.- A Sim | ar neasurenent is made in the

\e/aﬁgt)lng'ﬁler(fsglru?goﬁaﬁh ngﬁel oE‘e TH% %/ |_s then Cﬁil ﬁul by t he

20  greater than about 15%, preferably greater than 20% and most preferably greater
than 30%, correspondmg. respecuvely. fotPET for uample. tosa densuy greater
than about 1 SGgIoc ptefenbly greatettlunabom 1.37 g/cc mostpreﬂembly
greater than 1 .39 g/nl. Thus, themnnessmuallyoaymnmeoraystallm as used
heremshallmcludewhattscomoxﬂyrefenedto as seml-clystallme. as are most

25  polyesters of interest. The ammmtofcrystaﬂmtycanbedetennmdbybsc
(differential scan calonmeny) For example, essemmlly-crystallm 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 cx’ystillmepblymér The

30 percent crystalhmty within a sample of a polyester material or pellet can be
determined by comparing the heat of fusion (J/g) of the crystallites prcsent with the
heat of fusion of the "pure’ crysta.llme polyester.

The polyesters employed in the present invention or process comprise

diacid or diester components, suitably including alkyl dicarboxylic acids which

35 contain from 4 to 36 carbon atoms, diesters of alkyl dicarboxylic acids which
contain from 6 to 38 carbon atoms, aryl dlcarboxylxc 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



The present process can be integrated with a nethod of producing a polyner
in nmelt form Producing the pol yae+—n nelt form-ear-be acconplished in 5
various ways, discussed above, and includes extruding polyner initially in
the formof fl a&smgﬁl,; ets or chips. Additionally, an overall ptrossmossan

i ncl ude pol yneri'zing reactants in a reactor for polynerization, for
exanpl e, by nelt polynerization, as discussed above. In the preferred
process, the pol yeswémammésyﬂwaﬂmwmmmﬂmems whickh is at

or above its neltin initial
t enperature woul d b%"ﬁ%%%&err%%yeg{r%{fﬁ%#%ﬁt I a l%gasagﬁg

woul d be equal to ofonirsfrQm 44, bk cashan soms; (Fogie (FEREeSCptatiye.Lxample %? t the
polymer nelt is essmaixwiyhyaammmmutmcmd.wpmaciamnem;dmawelqkpem ably

| ess than 1% crygta I J%“ ch,baﬁr% OWs,
and is instead s§em g&;}-@?%ﬁ:l&%réﬁf’ﬂﬂﬁd md&lqsr%ggﬁh%rﬁoﬁz irillgtcy)L be
t horoughl y and uni fm%&?éﬂ‘?lﬁﬂf Qfﬁ?&? ll?r‘éi% ure the
sem crystalline ar eaﬁd mmﬁmmmmmammhy&umcmms at
the above-nenti onedgf ﬁ%“%ﬁ*%@‘ @HHTn?es EG&I;MEEQ?M ﬁu{il‘ opl et
or pellet forner, descrl above oggtﬁfl ell lect e§ are
forned, onto a subsmhdi“ﬁ‘f;

‘'second tenperatige wﬁumtmmsowlamw@mewmmmﬂﬂﬁ I eveI

to heating in the E?‘S&&gf E‘“‘"f‘%"f “gf“:‘;’@mﬁéﬁr.g TR uﬁ#ﬁé&&“‘““t e
apparatus of this i g

feature of the crysmpmmdmlmmmmcmmmcbmmmmmmm
of the just-formned g.%; 1 subjiilebPir§l éaRboxylit R5dsenthin
their desired cr |g mﬁ ature‘??medl ately after ?mﬁey are
formed. Accordi H% ed "T'fé?' roduced whi ch are robust and unlform
even when invol vi ng | ow W@mmt@hwwwmhmm i table

for transport and f%ﬁaesafémw 2ft0!2mhﬁms§ etﬁhit:ﬁnammg
pol yneri zati on. n.or

: : f
transport and furt thmpﬁ'%é&&ﬁbﬂ 98@6%%@’%%@?&?%‘@@? r| za 'lhgllri: et hgr
pell ets shoul d be sHE- @’c@b&!’bﬂf@amﬁeﬂmﬂewﬂbwzm agbon, atoms

temperature wt m n mwlaharn dififhep@ TRl 210.400. Wy@ﬁlch@ﬁlydh&gm:olmﬁm bl e
after formation. pr,%gle{“'f;g r{ﬁ;gg‘%@ty ange for polyesters
preferably ranges f ot - t o about’ 230C, ‘?refemwmegout
110C to about 190[ err] C. Prefemed giycols suitably contain from 2 to 8 carbon , W
glycol ethers contaminz from 4 to 8 carbon atoms. Some representative examples
of glycols, which may be employed as the diol component of the polyester, inciude
25  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-tﬁm§!hyl-l,6-hexme diol, {,3-cyclohexane dimethanol,
1,4-cyclohexane dimethanol, 2,2,4 4-tetramethyl-1,3-cyclobutane diol, and the like.
30  Some representative examples of polyether giycol (Polymeg®) and polyethylene
giycol (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
35 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



W 96/22179
PCT/ US96/ 00335 Additional preferred process enbodi nents are al so descri bed.

in cocurrently filed commonl y-assi gned applications S. N (docket no.
CR- 9638 S N (docket no. CR-9607) and S.N. (docket no. CR-9524),
all ttW M ications hereby incorporated by referenP@IU$PONBSr entirety. -
5 SubJ ecting the just-fornmed polyner pellet to a surface
terrperature W|th| n the redetermned te erature r éﬁ-w |1 result in an

i medi at e ROMIFS o, IEmpETire. g: $9Ve Ahaut gdamglty g1y at or
near its mmmﬁaaumﬂyrmmmwmommszme shoul d " be-done as -

qui ckl y as pos Pahicalaily prRiRE afedo ﬂn&ﬂﬁddﬁﬁhﬁﬁgl% todigt € NOT phol ogy
b s on emepand CofbenlRe 'Eh‘)'lgﬁéde%g‘bﬁw' girop! (DR, BlstIRE S a1 ng |t e
pol yrmebi zabrcehlW@OMMGMIMmed(mAE&&MMnm—E he hot surface
Iﬁr a Erediﬁaﬂfoﬁ}'ﬁlﬁﬂn@ﬂﬁi&facﬂfmdmmeﬂ\lﬁ?ﬁgfof?;?‘feﬂéﬂdbﬁﬁiﬁ%ﬁrs%m d lbf nOt |heSS
an abou [ seconds nerally, e
time need to %g“j? rbgfeéé' M€2@ Y Sreigh; ﬁ‘? crystal line pol yester
pel | ets, havi nés wsmmymmmmmmout sever al
ni nut es, aﬁdﬁmghnvénumthbenmocheem{ofdsﬁna%ﬁ{eﬁo st réactdie - pel | ets at

the dggir ?93% I ods r. exa.rrpl e, 30 m nutes
or rmre ?% erm %&f&ﬁlﬁﬁ%ﬂ'gél cfi?‘f’ﬁél % crystalllnlty

content 2(iscosifyheh W“ﬁ!ﬁ%m‘ef’ér profesablyr bedowe 036,005t 209 and nost

pr ef er abl pwywowmnw&fewmm e&m&&idlﬁd%lﬂe for PET, for

G i R e 1

essent i al B ‘°€r"y§'{' YW‘WWMI i ncl ude what
| s comnampemmmmzsmpmmha&wmmﬂwwm% pol yesters-

intere &P for 8 PRt of Bin w?&kﬁ,ﬂ %ofit er m ned by DSC :
(d| ffer en?& scan cal ori mgt ry Qr é’xarrpﬁ?‘H essenti-ally-crystalline PET
S character| zed by a total hea on, expressed in J/g, of at |east

about 20, mremamm%mmdﬂhfmmm%@nusBMmMe t ot al —heat
of fusi oneph.2PUl/Eardd COOH! enlis\6t 9250 |cate mor e

crystghlin ol.vner. The.30 E% sta |n|t | sarrple of a
pol ye pﬁﬁ'ﬁg’i’%&f’ W‘éﬁ ‘{]W@t%ﬂ nﬁ% mmparehe heat of

fusi on (J@“@%&bﬁww t'ElctpleIndm:mmeat of fusionof the

"pure" crystalline polyester.

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,

25  the molten polymer material is pumped under pressure at a flow rate 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 the molten -
polymer material at the entry of the ROTOFORMER® is about 285°C. “The

30 molten polymer ma:erial is dropformed in the forn of dropléts omo 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 - _

35 solidified on the belt to provide uniform, hemispherical pm_lclgc which are B
conveyed to a collection bin. Based on experimental runs, in which the belt was -

13



The pol yesters enployed in the present invention or process conprise diacid
of diester conponents. suitably-neluding alkyl dicarboxylic acids which 35
contain from4 to 36 carbon atons, diesters of alkyl dicarboxylic acids

whi ch contain fro o0 38 carbon atoms, aryl dicarboxylic aciggnitbésosss
cont ai n fron18£@%égéi7 arbon at:ons, diesters of aryk dicarboxylic acids

whi ch contain from 10 to 22 carbon atons, al kyl substituted aryl

di carboxylic acids E@mlal\;l’g ""Faﬂg Qf’?&lﬂé

PCT/ US96/ 00335 22 g)g_‘ryﬁon atoms or dresters, o 'E Su s ted aryl

di carboxyl i ¢ aci dseshmased thas theHend snegd,otithe cylinder, the bejt spesd RE28Sr ef er red
al kyl di carboxyl i cmmwuswpwmmmmmm miilnsrlxunple.
representative exagghibeaf followt 2l kyl dicarboxylic acids include glutaric
acid, adipic ac?d piielic acid and the like. The 5 preferred diesters of
aIkyI di carboxylic acids contain fron16tihﬁé§farbon atonms. A
representative exanple of such a diester di carboxylic acid is
azel aic acid. The preﬁ&ﬂll!!ﬂ aryI ﬁ%ﬁmﬂyl ic ak#l nt ai nAY] SM"(O 16
carbon atons. Sone_reprie 2 200 i e are
terephthalic acid, |sophthallc aC|dzasd orphthalgo aC|d The pomma9red
di esters of aryl dlcarbqullc 10 iads conta|n3Pr0n110 to 184 ? gon
atons. Some representative exanples o di esters o aryl dlC&be%&zlc aci ds
i ncl ude diethyl terephtial ate, diet@® isophthal e, diethyl of

ort hopht hal at e, di nmet hyl4 napht hal at 87.6di et hyl nagbt hal ate and 0l0440i ke. The
preferred al kyl substituted aryl dicarboxylic acids contain from9 to 16
carbon atoms and the preferred diesters of al kyl substituted aryl

di carboxylic acids contain 15 from 11 to 15 carbon atons. The di ol
conponent for polyesters used in the invention herein suitably conprises
glycols containing from2 to 12 carbons atons, glycol ethers containing
from4 to 12 carbon atonms and pol yet her glycols having the structural
formula HO- (AOQ [err]H wherein Ais an al kylene group containing from2 to
6 carbon atonms 20 and wherein n is an integer from2 to 400. Generally,
such polyether glycols will have a nol ecul ar wei ght of about 400 to 4000.
Preferred glycols suitably contain from2 to 8 carbon atons, with preferred
gl ycol ethers containing from4 to 8 carbon atons. Sone representative
exanpl es of glycols, which nmay be. enpl oyed as the diol conmponent of the

pol yester, include 25 et hyl ene glycol, 1, 3-propylene glycol,

1, 2- propyl ene glycol, 2,2-diethyl-1,3-
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propane diol, 2,2-dinethyl-1, 3-propane di yl -1, 3- propane
diol, 2-et hyI 2-isobutyl- 1, 3 pr opane di oﬂ“lmmmutummm 1, 4- but ane i
‘d‘l‘UI""I"‘S"TS‘é‘h‘t—'he‘d“ol 1B‘m22ﬂt‘rlrﬁatﬁyl *1, 6-hexane di ol )
1, 3-cycl ohexane di net hanol 1, 4- cycl ohexane di net hanol ,

2,2, 4,4 wogsammhyl - 1, 3- cycl obutane diol, and the |ike. PET/USICRIAES

represent ative exanpl es of polyether gl ycol (Polynmeg[err]) and pol yet hyl ene

gl ycol (Carbowax[err]). Branched or unbranched polyesters can al so be used.
The present Vi aQained&ppl i cable to both pol yester honopol yners and

Bglrt/?sz;rlcgpﬁlsg?ﬁl %%es?ers%uagsfgga “not cry@hﬁﬁﬂge eiagrnl iyS |

i .e., which regP % heating, according to the present process, in order to
crystallize. This mmlmmmcmmmmkmtmehmmm@ﬁht hal at e)

(PET), poky( %t. hﬁ%s. f#inhé hal ate) :
(3¢ T), and r| e §¥n ene natogtt haI at raI such 12 W ...
96/ 22179 ""Se F about m to about 5'mm, fo elt ont / US96/ 00335

pol yesters haufatgoéagﬁtusvt.transrtlon t enper ature T[ err] . above about 25C.
and a nelt tenperatg) eaco-'l; &omﬂl’fs | fod/reCvifg 'lﬂmfth@ &b%eﬂﬁﬂ[err]C to R

about 320[err C Partr %W are po eters di f,, wth up to
f 3 ARl

10% by wei ghPolmesmely H’Uﬁ%ﬁé‘? gl ycol

(DEG), tDet hgﬂwmcﬁnmtmelaﬂa;e&fm}ns adwwdrﬁermmm:anhtwe mshqmcllttal ic acid

(1 PA), 2, 6- nghhiePSdFofcdiv g,/ f Gndi Xtures thereof.

Pr eferred conononer s, for i.ncl u ht IPA 0- 3% by wei ght
DEG As indicated a \fe"‘?ﬁﬁ’g‘ fegtg?'fﬂ‘é 'hg bbﬁ?'gﬂﬁced accordi ng
to the pr esemllmmw m%MmmﬁﬂemeVm emewiym ﬂmma

pol yneri zat i 'bﬁapaﬁkoﬂsﬂyogf;eﬁpbmamt he nol ecul ar wei ght of the

Bg: lyrert[e; i beF(r)\z/ivbi)y refera Ia E h%“?&ouwﬁ"fy)é%&gﬁ% étm%i” #np?'ua%awy 'gﬁieow bnSt hgnd
the IV of t héemperames ok g VGW?%E’“@EI&RFW r88ge | on react or
i s above 0. ng&aixﬁcabisjes(}hﬁuﬂm&cﬂjsmﬁﬁin@ﬁmhe for PET the solid-state
ggl[grnre]r IClzaEJIrgPelrgbl y and ef‘ﬁ%ﬁ@?ﬁg\%ﬁg&ﬁ%&ﬁg%ﬁ%&ﬂﬁ?d 1mel ting
poi nt of theSHBPRAERAR mmﬁwaﬁiew%& s than 24
hours. TBOS theaugfhce withinrhe crystallizationaection, wmpdmmudleron PET with an IV
comprising a means for temperature measurement, a comparator 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
25  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

30 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

35 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.
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of 0.21 di/g and COCH ends of 92.5 Eq/10[err] g, which is pro :}Hﬂ U&m llvuluuw
~msel t —phase 20 pol ymeri zation process is procesee—at 74 rpmt
"screw, 28 mmbarrel extruder with six heated zones. The tenperature in the

- zones are: T1 179 2 T3. T4 T5 PCT/US96000335
~130[err] C ‘3‘,’2| err|C 285[err] C 262[err] C 284[err] C

281[err] C The discharge of the extruder is connected to a Zenith variable

speed gear punp, 25 th I'ten rial I re
at a flow rate of 50 | b% nited Qvgsééﬁm”?a@ m%=$'§'f?§é*"“§ﬂﬁmm“
ROTOFORMER] err ] drmasrmmm for adigsting eem@% gy of aheato g

Totowa, NJ. The Orla emlxdﬂﬂadnmfoawpp M&M@Mﬂa[mt}m;a 1.5

eniry of the ROTCFH ﬁwﬁéﬁéééﬁiﬁfgkﬁ%%‘%&%m “?“5'2%‘ 35} %;‘mﬁ e
in

material is drop$ormed ¥n |vehezeinthe gmeans fos 6

| ength, which consi tentpe witiithiiexgndstatonig abiehst a podtionlof the al so
manuf act ured by Sangyi FE'&E mﬁ g‘sﬁgﬁg’ ;ngroq,gg{fo
convection froman ail r&% OWE ??vgﬂgts ?ﬁdggthttom the ﬁﬁ j
approximately its emhestexchangs fpid, Plenpm ds ateqst %M w
dr opl e]t S a\r/\gl 3ﬁ se&;ﬂﬂoﬁ&t&iﬁm% g)iauf\the(fplr:nunlg&qitm:mnl;pa!‘untlyﬁcl:\sellu:wércal
particles wnic B&{&{H %@mﬁ %9 lchln betadeSo CondmboMly G
runs, in whi ch A

PCT/ U896/ 00335 not BRIGPeRem gartage.o| evat ed tenperature according to the

present invention, it c8n mmommuwhmmmm¢mm¢mmer,

the belt speed, and“"gﬁ{iﬂ‘ﬁ@ {le SdoSperavict myfynder
the conditions descri N Ej ; a% e as Joll aﬂfl
Head Speed FFF&F’E’“ ‘“"’9‘"‘?1‘{ y

(ft/ mn) i ghtmﬂgécdjrtothempaufwe bﬁﬁo@mrfm,orboﬂ:surf@sofmeconveyor
0.0369 2 belg3- 3 30 0. 0236 3
3.76240 14 30 9, Theappmnsop&%m§wheremﬂwconveyorbeﬁfmhercmpmes 60

at least two rotating rollers for continuously moving the conveyor belt, said two
rotating rollers being situated at distal ends of the conveyor belt such that a first

20  roller is at least partially upstream of the pellet former and a second roller is
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 internal

25 chamber, suchdmheatutrmsfened&ommeheat-exchmgeﬂmdtotheouter
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 the pellet former, such that temperature of the pellets on
the conveyor belt is controlled within the crystallization section.

30 11 'Iheappara!usofClaimlorZ 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 Claun lor 2. wherein said means for controlling the

35  surface temperature comprises a plurality of different heaters for heating said
surface.
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\Ié\gT??J/SEZJé/l(Y)(g)%S VWhat is Clained is: 1. An a[l)llml“'lluluunlj ullum ng pellets of ,

a polymer fromits polyner nelt, conprising: 8 pbl %t *former corrprlsmg
a rotatabl e container having a pI urality of 5 outlets defining openings
each haWweg6221Maxi num cross-sectional dinmension in the W‘G@”&bout 0.5
mmto about 5 mm for netering a polynmer nelt onto the surface of a
conveyor; (b) a conveyor conprising for receiving, fromthe pellet fornmer,

t he polyrrer rrelm lméiﬁaxfaﬁﬁlﬁfcfauﬁlMﬂI@ﬁdt&xﬁdﬂﬂoﬂﬁBﬂ'cﬂﬁWuﬁfySta' l'i zing
pel l ets, Wﬁﬁﬁ?{ﬁoﬁ?ﬁ& %gqtsgu g@pt ed for
elle

novenment reI |ve he p ran or conveylng e pellets
t hrough a cﬂ?étalllzatlon section; and (c) a crystallization section
ext endi ng frOmluhewmﬁoﬂﬂhhhﬁh&rﬂﬂbwhﬁmﬁmdbﬁﬁmn@dze@ﬂfﬁethe surface

poi it dotne [Sbstacy bR bEk S Boablont 63 ubrafh B oien b oF pRAFC) 1©

conpri si ng Hhepeliers aredptrodysed onte the §°¥‘M§°‘f enperature of the surface above
50[ err] C wi t hi 15a Thiecapparatusof\Cliink emmréihtlre@uﬂaﬂ&eaﬁgieﬁhemrdme passes

t hr ough thep&f&ﬁiéﬁé&&ﬁ&tﬂ@@&ﬁ%%&; The apparatus of daim1, wherein

the crystal 1 zation section er .conpri ses an automatic terrperature
controller for léonm%‘ lairp & herein there aprbepyeen 1 9%ce within the i
cryst al 10zabadets.secti on, said tenperature contoller conprising a neans for |

tngggﬁigéu[g WE?Z;JL% ﬁ%ﬁ@nﬁer%%@%t andf at ngans for

adjusting t RiA¥er at ure of the surface in response to said conparison,
such that the pel @ samansfmpm;mghpulymernnﬂﬂfbmvhhhthnpanS

pr edet er m Nigea RS Eotndéted foA WaddiPfor &.&5@%& Bﬁﬁf atime. 3. The
appar at of Claimil, wherein the neans tor co:?o |ng the terrperature of

t he surrgc 9% the surface to a tenperature wthin the range of
50[err] C and 240[e(bi ]ﬂeﬂdfomcapmammmamﬂmvmgmmeﬁom n the
pel | et for M phljtricr et dfid a mﬂw paiiings, CieA 0)5 16 3Hed il Gkmbt&Y | N9 an

el ongat ed channel nt th riof su face of fhe rotatable contai ner, |
whi ch el ong&m% 'S‘ﬂfhﬁﬁ fa con

(c) aconveyorcompnsmg asurfacemovmgrelauve tothepellet

20  former, for receiving from the pellet former, the polymer melt in the form of a

' plurality of droplets or crystallizing pellets, which conveyor is adapﬁ_ed for
conveying the peliets through a crystalhzmon secuon. and
(d) a crystalhzanon section extending ﬁom the point at which the
pelletsaretecezvedomothesurfaceoftheeonveyor, uuendmgalongatleasta
25 pomonot‘meconveyortoapomtdownstream
ﬂ:ecrysullmnonsecumcompnsmg uneans for controlling the
wmpermofdnesu:facetownhmapredetemmedtempemurermgeabove
50°C as the surface on which the pellets are supported pass through the

_ crystallization section.

30 18. TheapparamsofCIum 15, whexcmﬂwmalhzwonsecuonfnmm
comprising a temperature controller for controlling the temperature of the surface
within the crystallization section, said temperature controller compnsmg 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 _

35 adjusting the temperature of the surface in response to said comparison. such that
the pellets can be subjected to a surface within said predetermined temperature
range for a predetermined period of time.
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W axis of the rotatable lcont ai ner and V\:hl ch |s cyc“m“}j“mu“““llll”“‘

adapted to be in comuni cati on w-th—each outl et,

of "the polymer melt exit per|od| cally froma pl urallty of outl ets when the
el ongat ed channel i communi cation with said plurality pérossslesss.
5. : The appar at us w3 1 m 1 or 2, wherein the conveyor conprises at |east
one conveyor belt conprising a top and bottom surface, the top surface
form ng the noving surf e 'mamppmoﬂmgmﬂldrdsswm:mmequrwdﬂMr 15

WO 96/ 22179 er in melt form is selected from the group consisting of an extruder, 2 melt
PCT/ US96/ 00335 6. Thgoé‘ggaratu -of Claimb5, wherein the neans for

controlling the sur f B TPE%Fs a neans for adj usting the
tenperature and/ or fl ow2ef mmameot@mgw furthericompdising auneens fopsolide e vi ng

the heat - exchangesf | yiy g 88 pelle 8 b ieaf ot @ftipiitih 13 pll et iom heieonisyon)
of the bottom sur gég? t he c i,eﬂe ?F\e appar at us of

0 or
Claim5, wherein the'°rf€%1ﬁ§“155?r 8’6&%‘?&3"‘3 ]'PHQ“EM%G t enper at ur e
conpri ses a pl enum whi cBl emmw@@mmamﬁamﬂﬂ#@ﬂmﬂﬂ‘ﬂ@&)b%

surface of the conveygiedynliimperding T} gt tisun EBbut 2T fidkh ks Yobmeanikput | et
for a heat-exchange fl UI d, and wheré&in said plenumis at |least partially

di sposed bel ow sai d m%urface such that the opening of the plenumat .
| east partially Iﬁces the 1@) ﬁmammwa@*wwmmmmpﬁﬂd

can be nmade to conti papessdn/fokth ﬁmdnmbhﬁmxﬁglifomible&mﬁmhmat us

Compr | 565 2 moans f”o?ue%ﬁ”?faq“? Qgt“%?mg#%*e%%? RieFipk Epll7in iFonto

heat - exchange fl uid nnﬂ!fﬂ#e-#‘érmof a gas such that heat is transferred
either directly 15 or lnokb)@nécﬁntﬂmtﬁmmhdﬁ:pwdzmuhntgtmmmqe or

both surfaces of ,the e HifacE ﬁédu&?ﬂegl n
t he conveyor bel tlg Fﬁ corrprlses é&h eas g@\?\{) rot atl n r

0 S
conti nuously novi ng W@Gﬁ?@}‘&?‘ ?"éﬁg‘ e ng
situated at distal e bwmum;muﬁeﬂlmcamhwmﬂkwﬁaamﬁnﬂﬁe rol |l er

dounst  oam OPa{L;aLLHv*Fﬁ%or b o} e fiftinised ?‘%?@%%@9 Deade e
first roller conprisd®rehyPrgp Cipg Sy'st ’P’Sﬁmfiﬁ 3PP mirns to 24m in AVesage
whi ch chanber i s200ndiameee t hrough an i nl et

22. The process of Claim 21, wherein said surface :spanofuleastone
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

25 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,

30 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

35 naphthalate, poly(trimethylene terephthalate) and poly(trimethyiene naphthalare).

27. The process of Claim 26, wherein the polymer is modified with up to
about 10% by weight of a comonomer.
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hternal 25" cnamper. ouch tnat heat o< | HNHETTRAEPRELAN! hL“LZE?“eLEﬁangg

TTtrd to the outer cylindiical surface of tthe‘rotldr &nd’ fromthere, to
the bottom surface of the conveyor and, fromthere, to t he top surface of
t he cowesgn2i7del t onto which the pellets are recei vedPEFEI6ORBSpel | et
former, such that tenperature of the peI | ets on the conveyor belt is

controlled w the c ection. The appar at us
of daim1l ortzg n’f'l'ff éf‘y"?ﬁﬁwzéﬂﬁ Ten éﬂ'&ﬂﬁ‘%‘k‘i’é‘rﬂ*"ﬁﬁdm% %Bst partially
over a por giogpcwsistingofc diethylene glyosl isophthialicweid. kriethylene glyeoli ng at | east

partially §acyBighéxafe GMBMHECDI2.6-Raprtikient BidatboxyLE hdi& adipiRRidanENg an inl et and
outlet for, .res &ctlyely, receiving and renoving a heated gas. 12. The

appar at us 8’!’* or 2, wherein said neans for controlling the 35

surfaceSterrpeﬂ&tlm@mmf%nélwmﬂ@ydmmma@m&s for heating
said surfa &Eeofabm@l%/leaﬁw

contai nor 1 5. 300, e RRFRRE Cidh A7, Pect e Bepplmra IR RL Bt S D000

hori zont alkmﬁgmmﬂ%e axis. 14. The apparatus of Claim5, wherein said
means for congi. olmrwocessebfem&zaoew&m iR PReinvined peritd bf GRsisheat er s

posi ti stream of where the pellets are introduced
L° Cettheht Webid i)

onto t ga tus of Claim1, wherein the outlets are
aligned in rod& delergfommed byth progess e €laim2bt the rot at abl e contai ner. 16.
The appar at us3®f Mmfmw-ﬁaapﬂbﬁémmom pubyescerpilymerthatifig 000 10

outlets. 1 ”géf"ﬁ' olymer fromits
pol yrmer ?F corrprl Sl n %:19{1‘8 rreans or pr g%gm éppol ymer in melt form
whi ch conprises 4® F‘EH’%‘!S’B tengrapiees by aeterng arohamer Jeltsheeught ¢ r ansporti ng

t he polslrreplmﬂtytoftoeﬂm @ack0.9io smmmmm%cmwlm former

conprising a rot gpgiimlﬁ##]%{s riﬁeém ynmer nmelt and a
plurality f%f ed“%:%%ta:é’&mré'sﬁﬁimfmmmo

tempenmrerangewxﬂdnacrysuumnonzone.suchthatﬂnpenetsm maintained
in contact with the surface within the crystallization zone for a predenenmned
20 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
25  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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for metering the polyner nelt onto the surface of a conveyor, (c) a

C ONY ey-ef—eept+stHag—a—stface novi ;
for.receiving fromthe pellet former, the polynmer nelt in the formof a

pl ur ality of g te or crystallizing pellets, which conveypér,bg,@qﬁgt ed
for conveying the pellets through a crystallization section; and (d
crystallization section extending fromthe point at which the pel | ets are
recei ved onto the surface of the conveyor, extending along at |east a 25
portion of the conveyor to a point downstream the crystallization section
conprising a means for controlling the tg erature of the surface to within
a predeterm ned tenperature range above r’Terr]C as the surface on which
the pellets are supported pass through the crystallization section. 30
18. The apparatus of Claim 15, wherein crystallization secti@ furtheg
conprising a tenperature controller for controlling the te
surface within the crystallization section, said t enpegh
conprising a neans for tenperature measurenment, a conp
conparison of the measured tenperature to a deS| red tenp
point and a neans for 35 adj usting the tenperature of
response to said conparison such that the pellets can
surface within said predeterm ned tenperature range fdM
period of time. 17 WD 96/ 22179 om0y .ar,

PCT/ US96/ 00335 19. F'I'he apparatus @ C aim 17 or 18 wherein the means for
producing a polynesgin nmelt form ﬁ sel ected fromthe group Sonsi st | ng of

t he

an extruder, a nel¥<pol yneri zer, d a reactor. 20. The apparat of Claim

17, further conpr H|S|ng a nmeans far \sol | d- [Hol yneri zing~the pellets

and a neans for t porting thejpellefs |firomthe q nveyor to t means for

solid-state polynerizing tg§e pelfets. b1 {{]A procesg||f or produci pellets
of a polyester polyner having I - =t iffperature T[grr] greater
than about 25C, fromits po r melt, co ising: 10 ) formng
the polyner nelt into nolte r&gle S, whers®in the nolten
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pel Fets are formed by a droplet former

having a plurality of outlets, each: 0 5.t
pol ynmens
crystal
sur f ac
50[ err]
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of at | t -one C( nveyor belt conprisi nP a top and bottom surface; the.top
surf acq gtm ng said surface for receivlng pellets fromthe pell et forner.
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5 - 29._ The.process -of- Gai m 21, wherein tFe pell ets fornmed have an ~—-
average peI I et si ze of about 1to 10 mm 30. The process of O aim 21,

:__.(a) form ng nolten droplets by netering a polymer nelt- through
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cont ai T "and (b) collecting the nolten droplets or” crystal lizing pellets;
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