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WD 2005/ 035610 PCT/ US2004/ 027438 5 10 THERMAL

CRYSTALLI ZATI ON OF POLYESTER PELLETS IN LIQUID 1.
wor@bsa3wio t he | nventi on The invention pertai nSPCTUS1084/027438

crystallization of polyester pellets, and nore

particularly to the crystallization of polyester

pellets in a liquid medium 2. Background of the

I nvention Pol yester (or copolyester) pellets are

generally supplied to converters in a sem -

crystalline form Converters desire to process

SEFERM AS CRY S RLLEZ A TION' GF PO YIESPERFTIDEPY IN LIQUID

pell ets because the sem -crystalline pellets can

dried at higher tenperatures without aggloneratlng

hi N8 eR&l] ets imediately prior to extrusion of
make bottle performs is necessary to

prevent hydrol ytic degradatlon and | oss |ntr|nS|c
Vi s slt (It.V.) of the i nsi de the tru
HowddefnY Imoy.pﬁga%mtbﬁsm 156‘]“1716‘35& fyeﬁslf meifégs gre

parfBQYAy lo\e Fgs@llizRich HidohRUtr SdiERn HiYSHaddZANG the

pellets will" cause the pellets to agglonerate at
hi gher tenperatures (140C to 180C) in the dryers.

' ellets to an extruder wll cause
2. Backetolilg s TR0l pped as the 20 pellets becone hot
enough to crystallize in the extrusion zone. Fromthe
manuf act urin nmer ci al

el | et , ‘a typj cal
P oREkE Pty PR e Rl hRap e B GpgieaFs 7 & semi-
cry@ﬁlline BERAS ToRPerieiBddsé Rprddest Sendltrystalifne pellediriter tham
about 0.5 to 0.70, extruding the nelt into strands,

amgpbABTRaNgtstbeeause thasersi-crystalling pelietscoan be dried aidughene

N T T et
theanglstoahékleblott@ peefbans ik mewssaaﬁtomry\&haﬂl)}dralgﬁé degradation addeoss
of st Sy GOV oo fera e T sKRdehaHowEvR: e porhous
po]?@ﬂtéﬁieﬁeth Bt dri8ovdtht &, 8F PP wtitﬁoﬁrﬁrﬁ\é@ﬁtdmhzgﬁ?ihe pellets will cause

erature while unfer nitrogen purge (or vacuum in
themeuets tq agghavneratn @thighertiernpatatish EA0PG to WI°Ghin tbe diyersy.

olid,.stati n roces S
Feoin I R v B el By o FllB BIaRER A I
peltdicbeeemt BbsenbOgtB dpystaleat in d@gdxaE6REdren at the solid
statlng tenperatures. Thus, crystallization is
nec EERthe Pg%tmsfas%@e&@dmﬁmsé@ewalwq%s igyelve

forft ﬁgsggagt&rby%&gfae@ayﬁ}?g? pOYERENS 8 tharSk 81 [AGindHbm
about 0.5 to 0.70, extruding the melt into strands, quenching the strands, cutting the
cooled polymer strands into solid amorphous pellets, heating the solid pellets to above
their Ty and then crystallizing (also known as crystallization from the glass since the
pellets to be crystallized start at a temperature below their T,) , and then heating the
pellets in the solid state to an even higher temperature while under nitrogen purge (or
vacuum) in order to continue to build molecular weight or It.V. (i.e. solid stating). The

solid stating process runs hot enough to make it necessary to first crystallize the pellets to

prevent agglomeration at the solid stating temperatures. Thus, crystallization is necessary
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to extruding the nelt into bottle perforns. Typica

nelt phase pol yester reactors produce only anorphous
wopebd/eselo To make these pellets crystalline, POTAYS26004827438

usually heated to el evated tenperatures in a 5

crystallization vessel while being constantly stirred

usi ng paddl es or other nechanical rotary m xi ng neans

in order to prevent sticking or clunping in the

t I|z I | | :

o N onteF BB pETRAG durlg R U BhEind &I AT NP prio
weﬁgumagﬂmrnﬁtaﬂﬁ&nﬂ@p&ﬁnnmthe pellets stirred (e.g. a

Hos ok B tal Pad .+ Rot
xR SHRLIeS Ot S VAR SIS ORGPy To make
the Teis QRRtalBRETEY afeQisudly HERRA BNEI6vHed toinpérataidlin a
ement, and rotational nmechanical a |tat|on reqU|red
crystelhzetm veisesl while being cansapily stiedei wipearidisy erpthes meghanical
rot%}'tvjklggfnn -Ct’ne%n{j it ?%g@fg Stidien ré&%élaﬁﬂ)l*lg tthe k@@fgllﬁgnénovessel

neration or rese nes" i'n
Theé éxysttalallzéﬂ ig asthinigdngre datia heatdu tesseh avithlayseries of| rpy@ﬂaa ¢r| aggator

blage ta kerpoins prifes WA de BtHORSRYT PoeBriarat Ao SR
RofakyRi:ahd neatd sﬁﬁ‘t&ﬂ t8é §1smaﬁ@g@6ﬁ¥@,ﬂﬁﬁg idderiob2] endbsyiopus

pel | ets being f to the vessel fraomsticking to eak
meohanégal (oéat@nalanwmee% angyrogatiopalimgohanie] peitation Hequﬂed to keep the
pelfe?s%rﬁ %*1841 agtplgaglﬁa%%sc%ﬁﬁ%l &Jlggfggmh Rher g%}?%ggqg thﬁ, C?tell(:g/]tgl, Sl’eadmg to
dust lgeﬁeramnsdr demresnce ofJfines" tim ﬁxgswstixéhzleh andmadichg medi um

The resi dence t ot .fluidized,bed rocesses |

ip ehegpERn g St TRet o oo b E LR S P TR0 m as o
hotd FIgRINA BERGRost coita@hingalealyduwiiliiddgsliat wga;a piévents the

Fequired, requiring | arge blowers 20 and naklng t he

amprrbousplstsdimiedyd forfhe ressdl dronestickingflo eachogher (e.g. a Buhler
preg rfét%ﬁl?éel') Zﬁ{chggmﬁ{eﬁ@ SeasseS utiie M B0 tallization
I'nt'ensi ve f I'i zat1 on processes can take
tecmqh@bys entploging s, hot gmpumch agsteargyair, or mtrggﬁnma theclreating medium.
rotafy mxin one cases, . an
oGO BTG B RS R 0B S rocpes i
suffrithE@SRFanth HSn G ‘mgé dﬁ \QRAles©OTgss @k kdquatd, oequiieelaigy bRsvers
require the use of 2 arge vessels to accommodat e
and makjiog dhepTorasses SNQJRY PBeISEes and crystallize wit h| n a
S EAOPY G AR b AL o ey s
Crpsaélhmtmn$mcbﬂb$ eanftale wpab isTk st fequiré erneegyhio @nrerchhamcal

pell ets which are requir r nakln
ot e stimaseSelotid g Bep sREY Euforid Bbeess ot
gaf8lol 611 ST 41l GhsdEPTHe copveatignal EIfyﬁﬂanizﬁidn t%mrtﬁaés mqmrcﬂthle ameasf
cost equi pnent or both. For exa ' uId

large gspelpioaceemmedite Brge fuapitiss 98 ﬁglget% qnﬁlérﬁ 1&&‘4’1 ?% i n
re%sﬁﬁab?er MSiHE e AR, MR qg%gﬁ cRysRNRERSBvesN £B f&iV\QitHjI%w

nergy requirenents fi'nes generati on of
It. iedtiansisoidble forr aolid statioigrigfo Aigher 1t.V. pellets which are required for

making a suitable bottle. It would be desirable to crystallize polyester pellets in a more
energy efficient manner or in lower cost equipment or both. For example, it would be
desirable to reduce the residence time of pellets in the crystallizer, or provide a process

which avoids the energy requirements and fines generation of mechanical rotary mixing
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WD 2005/ 035610 PCT/ US2004/ 027438 neans, or to reduce

equi pnment costs or sinplify the equi pnent design, or
wokiosidwsven could avoid the step of solid staPCTygsS2004/027438

al together, while providing to the converter a high

tenperature crystallized pellet to enable the

converter to dry the pellets at conventiona

tenperatures (typically at 140C to 180C) at typica

resi dence tinmes (about .75 t, 5 hours)_ Qbtaining any
MRS B0 FARSEUPTEAL LT By B ea@wa?tfké{gﬂ,sqr Véﬁ%ﬁep

coflld BRI thOMENs BNd Iﬂaﬁﬁgaﬁ&geﬂﬁeﬁvmﬁlegmﬁﬁn@oﬁﬁ@&ﬁﬁéﬂé&rmgh
thermally crystallizing a polyester polynmer 10

teroparpiniesirysgpllized)pelletite the ceyvierter tadoy {bh pelictpaticonyentional

i ety TR IO S TR AR s tlodth A"
hoSifsy Obaidih@ &ty S8 of MRES&lvamagesGrotdd B ddsahkle sai d solid
anor phous pellets in the ITquid nediumat a pressure

within said zone at or above the vapor pressure of the

3. | d Qg SR Hle YR eRkiok® the Tiquid medium tenperature
] t he nol ecul ar wei ght of the

pellets; and b) while the pressure on at |east a

portion .of the l.lets is.equal .to or greater. than

{ he U nos BEwiiee s¥ocereior T ol fine & B et Ag aer
cohfpasingd portion of said pellets and at |east a

portion of the quuid medi um from each other . 20 In

anotdRbr EHINGHsIAS pRIAFMAIPROUS RElaHE ke liqud medigyehaving a

zond irhERe Aend PO VOER Hofha o Mn p e ol ol Bztion

f ur tessel ﬁm@ﬁ;&mﬁ% sai 1A abforgoqy p&IRE ia Y 1RfeEMedifh at a
thermally crystallizing a polyester polyner )
compressyrpdyithi spid zonepiey abeq he Yeror prrsuse plthe Hgwid medium at
C o 0 . 3 o .

pol 1 R RPmRURT bipbrthuRE it FcR e W ojedt weigh of the
pel Ipellgs;iando a |iquid nedi um having a tenperature of

at lLeast 140C within a ljquid di zone within a
cryar | pdiletsPresudoliat e smoffiat Meeifis S iapllaps greaer
ano rtﬂ&muév?@k brbsurd 6f theBquid eHeliniTe&Patiiind bt Rast BHESDHLEsaid
within said zone at or above the vapor pressure of the

| i queHetrinsl 4§ heast 2 matiomef the Hawid medignufom eaghertberur e
\p,)\ﬁelt ﬁgtuéqth%%ﬁﬁﬂﬁiﬂégt Sfife fﬁQfL:lﬁﬁ)'ﬁ! e aWeQ?}trsté?lﬁzaﬁgﬁ is conducted in
the liquid medium zone without mechanically induced agitation.
In yet a further embodiment, there is provided a process for thermally
crystallizing a polyester polymer comprising:
al) forming solid amorphous pellets comprising underfluid pelletizing with a
pelletizer, and
a2) introducing the solid amorphous pellets into a liquid medium having a
temperature of at least 140°C within a liquid medium zone within a crystallization
vessel and crystallizing said solid amorphous pellets in the liquid medium at a
pressure within said zone at or above the vapor pressure of the liquid medium at
the liquid medium teinperature without increasing the molecular weight of the

pellets.
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WD 2005/ 035610 PCT/ US2004/ 027438 There is al so
provi ded a nmethod for making a preformfrom pellets

W@ owp/08®i1ng: ¢) drying non-solid stated PET pedT/@8m04/027438
having an It.V. ranging fromO0.7 to 1.15 in a drying
zone at a zone tenperature of at |east 140C;, d)
introducing the dried pellets into an extrusion zone
to formnolten PET 5 polyner; and e) forrri ng a nol ded

par such as_a 1{3(& }Pqﬁrfor from xtruded nolten
PET BEF YO PREFESS aEthod e %&%Bre MB PPy cyrprsng:
progess fgjing dvRLsoBl lsweamwubﬂs Rbvifg 801t raﬂg@ﬁ% 268 0170
a pipe conprising directing a flow of solid pellets in

a I|1dé|1maﬁédmgjmnphmz#gl¢t%tnpemrumqfethavllﬂ@°&n aspect

rati,o L/ D. of, at n.the s eIIet

o e 98y PuBinGhenE b 2t R Shfion for o el P

t enpelyaictira@dgr eater than the Tg of the pol yester

pol ymer. = In each of these processes, at |east one or
nor é) of foreugs meldedparhenchas aaetéle gedorn} framjtheektruded molten
CrygEgljolyzadrl on proceeds rapidly, mechanical rotary

m xers are not necessary, the processes are energy

ef f Mdreqer, bm:lalabe now plrdnsedddi a9110¢dasefomﬂlennala>nerwalliziag solid

under .
el kA Roim Tetefils % or <TReRTs Bt FORH Frelifurongt
pipeivingan ayrctato LD dfailéaedl 5: BRdietdin me@GDd/F{lIeﬁ aré Srystallized
mg_‘leovl ded W|th h| gh It.V. crystallized pellet to dry

PR & Hiighag %FF&QCW'HF &eealfr tham the T ithralyssies ﬁolmler
Bri Tirf cdefl %@ ﬁie@é Profls&s, itlT&sl[&féWr HHdre gﬂhg (ﬂlé(&?ng]adﬁnt es are

ﬁr%f i cal p ot settlng forth the results o can
realiged: Gafystallization erOCd@@rr@mdlafmeqhysmdlrbﬁammmrs argnetaetessary, the

prdc‘c%gggé %e ege ?}ﬁ F&% en ectaus% o\f%e%n%athu% Zyrarll:s% dd? 8?%pfflgets under a

peri o ervals dgiven I n

hogflwiphdqaipment @istsaire teliecediaglontble defigi Risimyflifieq éoﬁﬁ%tatmg may
Ilized in water at . about 100C over tine

'St
be%{f%}a?@f desired.angfog g pverteris rBfOV dpwith high It} cnﬁtavlzefi geliet to
dry & ORRfioR Rt ORh A GhlombiBon. Fi QUre 4 is a

graphi cal plot” of the degree of crystallization
achieved by crystallizing pellets at 140C in water

4 ovep tipe SH.gure 5 Dlr Svidodl aphi cal plot show ng the
of pellets 30 crystallized
oV e FigurdTeisal graphidal plot sedtirgy fortd the results of a DSC scan to indicate the
degree of crystallization in each sample taken out of the water at about 100°C at periodic
intervals given in minutes.

Figure 2 is a graphical plot of the high melt point of pellets crystallized in water at
about 100°C over time.

Figure 3 is a graphical plot of the pellet Ih.V. loss in water at about 100°C over
time.

Figure 4 is a graphical plot of the degree of crystallization achieved by
crystallizing pellets at 140°C in water over time.

Figure 5 1s a graphical plot showing the low peak melt temperature of pellets
crystallized over time at 140°C in water.
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WO 2005/ 035610 PCT/ US2004/ 027438 Figure 6 is a
graphi cal plot showng the Ih.V. loss of pellets

w@eysadoho zed over time at 140C in water. Fi geCBUS2008027438
a graphical plot of the degree of crystallization
achieved by «crystallizing pellets at 150C in water
over tinme. 5 Figure 8 is a graphical plot show ng the
I ow peak nelt tenperature of pellets crystallized

o Fis T bR A\ HBH B OB SR G ime

at 14087 intwai®. at 150C in water. Fi gure 10 |s a graphi cal
pl ot of the degree of crystallization achieved by 10

cr yBigate|7 ig p gtpppisk] Metsof 146 degrre of anywatlizationashieviedrby

hi h the d f
erygpeigprsn 838 ARVSERHEIBY of pell ots crystalli zed
ov eFltgﬁfG@S @%g,ra%ﬁfag P16t SHBH Bl theﬁo%e@k 1S 8RYG sl Bellets

crystallini det erm ned by the DSC techni que versus
crysth]éizecp/e\mrymteatISmCmywder erm ned by the density

techni que of pellets crystalljzed in water at 15 150C.
e€1 s 8 ga@ﬁw@ et shavipe &Y - 3348 b Pekets easfiplgechRer time
atltSBQh %tg,;r.ence bet ween the.density nethod and the DSC
or calculating crystallinity decreased as the
% CFigaiedDlis o 'g:taphlcalrmrt@aﬁ&dlegﬂib 9femstaldizationachicagibyc al
| ot . showi n at pellets crystallized from2 to 4
Cryffﬁlili@t‘léé’e“ei@atelﬁﬁ|Cb1nt%eféwe¥ HE | aI nel ting tenperature
by gﬁgr falrlJ ?]{% %%Hﬂ?ﬁ?)log %g&vgllrl]lé ﬁ‘féh crlygt%:‘[lmlty Ib9 Wi &eSnsity
ofpbﬂyﬁtcﬁsls{allfzadb@d?tm dth80°Cin Watdr. peI lets at 150C in
wat er over time. Figure 16 is a graphical plot show ng
t heFigaredd sheys @lw;f’étcmsmllzrawl dstermimed hg theHDS)C tet@hlllqp@wrstsshe

% cﬁ'stglﬁgg #e?eﬁ@ﬁieﬂr e c'é]eélts hex%%e Flf%gf%tﬁs ta iz8d in water at

15(15036%1&{1{1& zation over time for pellets cryst allized at
180C in water. Figure 18 is a graphical plot show ng
t heFigww 144 a graphipal ipdat shewing hpw|theedifferenes erweeni thedlensmy

e 5508 AR for P LS U P AL B2l
inceéasedD 15 nun. interval for pellets crystallized in

water at 180C
Pel gure 14}5 a graphical plot showing that pellets crystallized from 2 to 4 minutes

exhibited an initial melting temperature by DSC from between about 161 and 174.5°C.

Figure 15 is a graphical plot showing the effect of crystallization on the Ih.V of
pellets at 150°C in water over time.

Figure 16 is a graphical plot showing the effect of crystallization on the Th.V. of
pellets at 150°C in water over time.

Figure 17 is a graphical plot showing the effect on pellet crystallization over time
for pellets crystallized at 180°C in water.

Figure 18 is a graphical plot showing the low melt temperature of pellets
crystallized in water at 180°C over time.

Figure 19 is a graphical plot showing a linear fit of the estimated Ih.V. loss over a

15 min. interval for pellets crystallized in water at 180°C
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5 WO 2005/ 035610 PCT/ US2004/ 027438 Figure 20 is a
graphi cal plot show ng the effect on pellet

w@eysadeho zati on over tine for pellets crystabPtT/Esmhoat27438
150C in TEG Figure 21 is a graphical plot show ng the
low nmelt tenperature of pellets crystallized in TEG
at 150C over tinme. 5 Figure 22 is a graphical plot
showing a linear fit of the estimated Ih.V. |o0ss over

Tsocell s B pofinRfle B R R bA LRk Bl hime

fo@bllﬁ@cb&tall@fe&ﬁt Bﬂd Ci@TEGN over. tl me for pel lets
crystallized at 160C in TEG Figure 24 is a graphical

pI offigimodl g gremhiqabplohshowing:wip &gvamehéernpergiute| ofpsllets O
EG at _160C over tinme. Figure 25 is a
Cr}@g %%?é%?éﬁlaébggﬁ 8 l'inear fit of the estimated
| N. ¥ gdr @355 QuRkphical tEﬂon Mn%aYﬁ{ offtﬁé eg@ﬁuﬁmv loss over a
crystallized in TEG at 10 gure i's a graphical

15p1n0t1nmhmhnfmg>etl¢tecmmélzed rmTIi@Iat hft0°6r yst al lization over

tine. eII talliz 170 n 15 .

i gaieros RE e RPL R ERe sfeshongoussarypaso over time
foﬁ;fé‘l‘f@@&:?}skﬁ'll?ze@fatIE@)'(':%?EGCWSt allized in TEG at 170C

over time. Figure 28 is a graphical plot show ng a

[ n@muré 24 isafgraphécabplot stmirvang thh 10w mels semmevanreaf paifetsni n.
r lets crystallized in TEG at 170C.
crﬁFaé;lWé @Egsati&gpé’ﬁﬁ‘it&% pl ot showing the effect on
pel | t
or ySF?%llrflﬁézl % aéréﬂhic%{)gﬁps}g% & kﬁ@naﬁ Pégfs%glésstlﬂgaltéélreﬁaﬁ/ loss pvera
15phiat m&hmhfmg;eﬂéteaﬂysmllnemeEﬁmer@)PGr e of pellets

crystalljzed in TEG at .180C time. Fig 31 is a

gra rgueea#g SR %shw% & Fltyston gl oeysieliefion Qe time
foﬂﬁbllyts c*ﬁ&ﬁxzﬁ&ﬁ(l?@ cieT . interval for pellets

crystallized 1n TEG at 8OC 25 Figure 32 is a process

f | oWighir@@fT 310 godphicat plpsilamlingtht I meR saelerand of pellets
associ ated equipnment and vessels. 30 6 WO 2005/ 035610
crw@ﬁ}@ézoﬁﬂﬁ@zﬁé over time.

Figure 28 is a graphical plot showing a linear fit of the estimated Ih.V. loss over a
15 min. interval for pellets crystallized in TEG at 170°C.

Figure 29 is a graphical plot showing the effect on pellet crystallization over time
for pellets crystallized at 180°C in TEG.

Figure 30 is a graphical plot showing the low melt teﬁlperature of pellets
crystallized in TEG at 180°C over time.

Figure 31 is a graphical plot showing a linear fit of the estimated Ih.V. loss over a
15 min. interval for pellets crystallized in TEG at 180°C.

Figure 32 is a process flow diagram of a crystallization vessel and associated

equipment and vessels.
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5. Detailed Description of the Invention The present
i nvention may be understood nore readily by reference
w0 0005085614 ol | owi ng detail ed description of thePCT/US2004/027438
i nvention, including the appended figures referred to
5 herein, and the exanples provided therein. It is to
be understood that this invention is not |imted to
the specific processes and conditions described, as
5 Spe 'Ji.e Qcesses . an /@r. process conditions for
. as such may, of course,
vary. It nust also be noted that, as used in the
speci fication and the appended cl ains, _the singul ar
f or N PEesentipyentionpay by andersteqd yaere seadey by referepesrip she
o Rl FAh of LR T ko A e Sp il M6 refeed 1o
hetqun, @hd theiexarthples povited thecamtibis tebe understdddabatlties irivention is not

.i.ntended to.include the pr.ocessin f a plurality of
tirg TR e nb it Pt SR R BB Med o B ittgebdes Bhor
pré&Rtd donditiomefor bRite@glplastic QIR A4 Silch MayCoMdoatsa) vigy,” an”

i ngredient or " nmer_is intended to_ include other

a" poly . > !
i ngrleRe Atse b pot Hiat, 25 yerdyipdhesspedificasion apd tieypppanded claims,
th@GAE N4 B al"NEn OB "R Ryt PIRATER FentBMI RS X BAE RS E ey
herein as from "about™ or "approximtely" one
digsates otbervage. Tarl axemaledyefarerce t¢ prooessihg erthérmpplasiici "petfain/’;

"o o el G R Rt o e Bt T e oy of

th@gioplastid grefowas, ueticlaebniindrOort Hoftled! Réferefers td £ bdrposition
val ye. By "conprising" or "containing' is neant

: "ot : t hat
coppimRh S INEEdRRET ac BRRYBISH, ntendsd &o BikBIde othsringiediepts oppther
polRid?9 depL&R B fn AMRion REtHRIES Rithed. N the conposition or

article or nmethod, but does not exclude the presence
of dahges naynpaaxpressediatest dsdram "ghant”ior I'gproximetelyt dne
teps, etc, ..evep.if the other such c ound
pafHeEY valfe SHg/OntS dyboln af Conproktinp @ SngtBer TRHARY plug When
sufHNEInEOTS eRprevdea] anbtheNeiBsllimért incudel HOnd the bR ponERI & vad
that the_ nmention of one or nore nethod steps does not
and/sr to the phrPartiysvallence of additional net hod steps or
I Nt G MREIPSsiBt 0 BRS" ween
expr sg%ﬁigség%t [ f?oer%?1 Tgeg?%t ri n%tiai Eg?tg?:ﬁa?r%? c\?gﬂpalénsd’
elegeenit; pattiste, ohmethgd stap etemiust epresenpinithhcammsision of ativle or n
me?rlécédg Bllriltg é)tesz ?‘ﬁ%éé%%lér:] l!ﬁlg %}ezei%lc&;o?o Erhceon{p%ﬁr%s,err%ltateﬁlalg,cp%%ﬁctl%,
mdiewips] @, eaahif tearhdiateh @agoutdsNtatetial, paticlad, enditaidi sesps etc.
set forth in the Exanple section 30 prior to
hayeths s fupetieaasiihatispagedow, 7 WO 2005/ 035610

PCTAUSZROM R243Rt00d that the mention of one or more method steps does not

preclude the presence of additional method steps or intervening method steps between

those steps expressly identified.

The intrinsic viscosity values described throughout this description are set forth in
dL/g units as calculated from the inherent viscosity measured at 25°C in 60/40 wt/wt
phenol/tetrachloroethane according to the calculations set forth in the Example section

prior to Comparative Example 1 below.
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The "polyester polynmer” of this invention is any

t her nopl asti c pol yester polynmer containing al kyl ene
wa@npe@isteal ate units or al kyl ene napht hal at e PTOTIES200%/027438

an anount of at |east 60 nol e% based on the total

nol es of units in the polyner, respectively. A

t hernopl astic polyner is distinguishable fromliquid

crystal polyners in that 5 thernopl astic pol yners have

AL MG R Ll L L AL 5
coithiaing alkydenk corephtiialdté enipalrutksiene na}ﬁmlmbals ulfultsa:l anamoatt of at
e manuf act uring

teag D m 4o poy e ol e b i B it ol FRESTISL Pon,

thePt6Hlasd® pOBYneR & d1§tﬁigdlsha{b1@ﬁom@iqﬁfatdr§§?al pelydichdinRahi ne,
an |ntheformof a (?UI | ets, preforms, and/or
(S

theproeplpstis polymers knye pe @tcher pt@te wlalqola Ithealiqujd Gpelt) phase. The

|
pob S G B0 SERAE ke & B RSN peppimir
cotipAiMlonde hotdimiteds aral ipclhyestanyéleinghe mamtﬂadmdnag 1o¢d3EDY in the
iGh i AR S bR B e 2R R hine,
and BEhP RIrm&f alliRuidOpelletsThie®fims aind/or Bottiéi f i ed by regul ar

or irreqgular shaped discrete particles w thout
| i mAtrelyester pallet. paolyatkytaaa dsremthalgte AT nelets # pelyethylsne

L

naphlyalite (REN,)tpeﬂgus 8 disdrefer poilyeates palginer farticle whichasitapable af

e .embodi t, ere i.s proviged a oces
beipg e} ity THARGERR 011 iy o Py ReS e 8 Sl 6188 o
irr&pRER khapled Biscré@)pattitlds Qe the lenE o dnake @ReHS oReIncRidfng flake,
into a |liquid nmedi um havi ng a 20 tenperature of at

stapse siheres 40OV eAtiopal pebets.ichopngd fbensand Aoy ether thapp fogmed by the

cut‘ﬁ% ﬁfaﬁég b Be dﬂé&t?éj?%le@ﬁg %@étafallnba d?)%ﬁt?dug ﬁ%Qﬂ

ous ets [ mat a pressure
W t [11 mmnhddlmame tindre mrpra\bdmha prbeaesyﬁpdlermakkﬁ aystelliofngtahe

id nmediumat. the liquid nmediumtenperature
pO{XF%ﬁ&ﬂWqGP@BE?lﬂ% the mol ecul ar wei ght of the

pel kBt s; indBfucdiy dolid WhiokgholidiSelRfs8 5B WRuA madiuheRsihg a

portion of the pellets is equal to or greater than

t he teppsaturp padease 14X Ct%hémi 3 qunldl megigimzone saihar aerysigllization
| east rtion. of el lets and at t. a
por 1557 201 ciBlicfshi sk PpRp BiDEte B gl RaRd g at o

tec bfysﬁy@wuﬁlﬁ@ambnmlﬁr ABovie e RPbYMSishre (FThe/Hdid in‘édlﬂﬁi at
limted. Typl cally, pol yester polyner is made

poI thediggidaedy Wﬁ%ﬁ%&tﬂ@r"@thoﬁt inprsasipg e pipdesalar Eﬁw#wféhe
%kssid L abl e polyester polyners include
poI 9a ene terephthal ate honopol yners and copol yners

nodbji e dwimht the peessiot ef/pt lpased portibh f the pslldthareqid torod gegter
m)SIihag rtheef V%E)gr erssure of the liquid medium, separating at least a portion of said
pellets and at least a portion of the liquid medium from each other .
Any technique used for making the polyester polymer is not limited. Typically, a
polyester polymer is made by polycondensing polyesters in the melt phase. Examples of
suitable polyester polymers include polyalkylene terephthalate homopolymers and

copolymers modified with 40 mole%, preferably less than 15 mole%, most preferably
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8 WO 2005/ 035610 PCT/ US2004/ 027438 | ess than 10 nol e%
of a chain disrupting nononer (collectively referred

wotmod/asetor evity as  "PAT") and pol yal kyl ene nagitisab@toe7438

honopol ynmers and copol yners nodified with | ess than
40 nole % preferably less than 15 nol e% nost
preferably less than 10 nole% of a chain disrupti ng
nonomer (coI | ectively referred to herein as "PAN'),

d bl f PAN. Th I
lesgérh?g@e S%go ay c}{gkn (ﬁ é]t%%gem%%orwqgg?dg]{eg tivel g{l r%gerx%g 1 ?ortbrewty as
“ppImey a{dr}@myaummlnyp}ttha&hte hembpslembishial abmlyere b ilddyvith less

t he yest er g ynmer contai ns_at Ieaaﬁj 60 n Ie0 .
th@t‘l’%/‘ﬂ%lﬁ G PR LT s dan | odEQIE g BORArElFAD I &3ty 3] Qipgle%, of 2
chifl] s?u n%nohﬁ?ﬁbll&%v@@lrgfoéﬁe@fo Keeih @@GFAIQ’Q S'ERilﬁé(icﬁfof PAT

eac pect Ive nmost preferably at [ east
antlAé%Thb a@écrredrpotmstepmlymgt ie polyalkylene tsrephthalita,end most

ate polyner may conprise a
pr%)%%f ﬂygt?iyle%le etr‘%mhér?é terepht hal ate units and ot her
uni tPSEeféi@bllyV&ié pBIy@ﬁé@blﬁhéﬁébﬁtﬁﬁls gt 180160 afolett )tihy&hy amks and at
al i ﬁhatl c or ar}a/l di_carboxylic acid.
A

leqﬁb‘?%@}%‘%f terephthafaizmits, pebleast §° Bl aattat }?§Stt98r“é‘ﬂﬁ1/°r?§le?‘%‘
re Eétﬁ'eﬁ{/ afl fdst pr(@érabl@' aflesitlob ehapht ll%%la@&?th% %Gi}eﬁ& 6p(§)1ymers.

I met Kyl t er epht hal ate, i n an anount of I east

Thus| gt vethylieas detephthalste pubnghmamtorapmseaw@mlw&ter of ethylene

[ he| t r e
RS P A S 653, e A 68
aliphatieldr aglil dicarbokylid #eidal so pr ef er abI e that the di aC| d
corrponent IS ter ep tha:qéc acid and t

he
Aot fégiolymer tW@ypsweg&feaﬁg h@iﬂ? g pre be- Ce
dlﬂkﬁféké%hﬁﬁmeﬁ‘ fai &)neﬁﬁfit@lleﬁhtﬁggte 1R hi€ afourit B¢ attl%t §PhBle%

per cent age for al corrponent(s) totals 100
bamgll <m the wzrghtrcrfeallwxy@tm <@rb0p§h¢ aidscandysiasdi estenh gndrethylene glycol
t
in g G S F AT 80 GR1h B SRR of AREOR AR iferat
thpyehe/diaoid %Tﬁ{b(ﬁleﬁﬁ@erqm&laha atijand dﬁshollcbmbannt Rfedylend glycol.

t hat the pol yeste onpositio houl d e
Theapls pergenipge fB’o‘Wi?F ﬁwléir?enxpewﬁé} Rl rg@ fw@f@ thggmole
ePc%Ha?@onﬁﬁ'ﬂﬁ  di SRk thﬁé%ft Iﬁpilé’ldor}nél@"/ﬁ”ount of at
leasT 80 wt.% nost preferably at |east 95 wt.% based

on tThe pmbpgmpeﬂﬁt %pmpogsommatmplmés admaixpsesyafwplyalkylene
P 5 oSBT BB
po[;ahycm%r & w\pﬂeﬁdﬂreﬂmyat flerpol sl sonppuisition shkaul@ bas@jse almmajority of

glﬂa'lon U|tslder|ve$&r&?ﬁntere hthallc acid, the
poha at%po YRETS OF E IEJRUE BFe % ybrban amount of

at (8l sﬁ)lv&% Whéd prefrhisly dElehst 96 wi bQ Bagid@nAhe WBIREY of all
addi ti onal di car boxylic acids, such as chain

thetingplagia nedyrasre faxeludipigifilerse perapousds; fincagasic Gosmennds or particles,
fibers, impact modifiers, or other polymers which may form a discontinuous phase).

In addition to units derived from terephthalic acid, the acid component of the
present polyester may be modified with units derived from one or more additional
dicarboxylic acids, such as chain disrupting dicarboxylic acids. Such additional
dicarboxylic acids include aromatic dicarboxylic acids preferably having 8 to 14 carbon

atoms, aliphatic dicarboxylic acids preferably having 4 to 12 carbon atoms, or



10

15

20

25

30

30 dicarboxylic acids include aromatic di carboxylic
acids preferably having 8 to 14 carbon atons,

wa@badoploatei@ di car boxylic acids preferably havi nEBCHUSIHOL@27438
carbon atons, or 9 WD 2005/035610 PCT/ US2004/ 027438
cycl oal i phatic dicarboxylic acids preferably having 8
to 12 carbon atonms. Exanples of dicarboxylic acid
uni ts usef ul for nDdlfylng the acid conponent are

cy! %ﬁzﬁ ‘gﬁ’é y c @ﬁl sa}?rB%yﬁH v r%toall2 Carbof agoms Examples of

dlcﬁﬂbﬁiéﬂfbea?éﬁﬂﬁﬁids @@éfl@lqwlnb@lfﬁﬁg the aciohPbresRBRAINAS BbmGhthalic
aci henyl - -di carboxylic acid, succinic acid,

acig| lmp&rhabc a@dmapbthalanqoz,é digarpxyHe aqithi cyclabexgnedieashaxylic acid,
cy(%ﬂeg% eﬁpaeet c@a%gi 8h)gen Igtd g Q§l gﬁd: sécghﬁic acid, glutaric acid,

nap ne- rboxy i c acl
adipigakih ezewmemhld; aetmoicydcids amaicthel libe iwith isapdithapic edidy ahihdlaldnte
e corres

d be r st.opd th t .use. .of
263D A coBapabe it eeid Ariaf PG prablenl should
be BfdefFodBthhtige U%@ cbﬂi‘esb&ﬁhﬁgf&diﬂ arfhy@AddaOecydrd, @m@ﬁdlﬁi chlo#idles of
is al so possi ble for nmonofunctional , trifunctional,

thegmaridsi ig studed aetiele tamp BiegibpeylisccHl. | & akocosgiblefer
moﬂ?ltli\yl Jn%f fuxjrcq onfy E&ﬂg?ﬁeﬁ’ Br&ePcéf%{ﬁ qgﬁé ﬁ)exﬂoglf Rolyester.

ene yco one rese
poI yteazkl&ronnuymltxademydd fromcéthmldnb glmot, mefdmirmmidmdnt ofthe

d h |
pregorg PR A e PR Rith Pl b d 1 o stein gisppine
dio® ﬁélﬁdlﬂ@ dy@bdli@haﬁd diols BteBérablp lh@&lﬁg aled Y0 bea¥érords hfll Aiphatic

carbon _ atons. Exanpl es of such diols inclu

diody Igpﬂqg,qbghléavu@ 33,1@@0 cagbon étomﬁ} @ﬁémg]ey gbguch d1o(ljs include diethylene

gly%OIArh%\ﬂ%h%%ﬂBent% @,ggj ol ﬁgsgrr?é-’% %gjgﬁé’lbwém’q -diol;
perBaneet, mqaﬁrmmuﬁdhel 3(-’mea1)/1peﬁt%ngﬁ<:ﬂy(qo@n’zmqﬂpﬁmanedim-
(188 s b0 B B i heSimeia it £25iahyl gropanc-
d103-x1 32%@51@610@%} 6L 13)di- (ﬁy&oﬁyetﬁohyﬁsmm hoxys-chenzene;

dr ox; cycl ohexyl)-pro

hyc&rpﬁxﬁorﬂ@hwi) nroeans, Bt qthﬁé%yl léy%teghru@thwycmtam 2.2-5is-(3-
b B S AR o hpropoxyphegy-propane

Tyfiggiyw abllyys,terp slllo}n% pelysthslgnhteasphﬂmlajfepdhyham are made by reactmg a

kst AL AR GRS s ST b P A L 1l

moslbiet, Rhlichas theh pbryc@{deﬂhéd@o plddeRites polp@aeeer, which is
t hen pol ycondensed . to produce t he pol yester. The
pol JBePlyestes SpBEPL AN ST e R ratipmeABrheingTPagespypRelymerization

proeEfiéy 1??“@{“ BRI RE c%éhtt kooéffecpés%ﬁfébﬂﬁ&sanh§8§@oﬂd&n§a'38n

art sufficient to e fect esterification
PObdtmddmgmmdact@@ﬁubwms enclyrel diregtivasdensation of a

t de di t.i
dicg B Rl P 1 e SRR e e G s RO RGRRS S b
thesREGEARNONE %IHWeﬁlbgl?bl}@bhdéﬂiaﬁbﬂ $t @e ptepolyhie€and finishing
esterification zone ol | owed %condensatlon in

zones &n e PFSFRAGSL 2 gﬁld'ccpqdﬁpgﬂprh@atalyst or esfer exchange usually in the

presence of a transesterification catalyst in the ester exchange zone, followed by
prepolymerization and finishing in the presence of a polycondensation catalyst, and each

may optionally be solid stated according to known methods.
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zones in the presence of a polycondensation catal yst;
or ester exchange usually in the presence of a
wo ec@sssstieri ficati on catal yst in the ester exchemys2004/027438
zone, followed by 30 prepolynerization and finishing
in the presence of a polycondensation catal yst, and
each may optionally be solid stated according to
known net hods. 10 WO 2005/ 035610 PCT/ US2004/ 027438 To

further .ill te .a mxture of on [ 005

di ctgP g‘g%/e flit:{g{é%t?’ JRIXTIrEP ?r%?bqrf/nor%al ?rrg? ﬁ(}glccﬂcﬁﬁ’rrﬁsf%albllyc
archgdtid Slicafbox glsd ®4dsf o é3ten rahiid dedivhtnes tHebsdf @@l onéBfimoraliols

or nore dio ontinuously fed to an

aree@pgworuﬁlaé?ci %ﬁnraeréfgléﬁw% peter aberaed &t & empeatgpibesyeen
o . b 4
ob B IO TR0 £, O MR c HRDD Cm S ABRRAAS

betwzei abomb d psig 1P tesbhopt 7T hdg.r Tsd wadawe tine{ tlie refeants typically

reagtants typicall ranges from het n gbout one. and
raq;g!e% orﬁ&ﬁp@_et\{ C?lﬁ,ﬁ}l%/ §}1’d ‘fl‘f?g“’&fscgf)%%?&ﬁ %ﬁg%g:eﬁ)@xy ac1c? 1se(lhrectly
estAlifi &Y dioRS) 2 EleVAtefiptdsuft Auat 4 ?e}ngﬁau?rk BY MR eSS YbSut

and at a ternperature of about 240C to about 270C. The
276X1. efliefesterficaionremton Brontsiued natilrudegrea nf edterificdagn efat dfast

sterification of at |east 60% s achi eved, but re

0fiin e R SRl R 6Ieger b IR RSP
acliV&ite mhRe e llesredndnemid Kde efieriflRsibh BdnoMBERItion INSpically

esterification nonomer reaction is typically
uneqd wied iy She dlinest esteeifiention processtand patplyaed iester erchange arppesses.
Pof{Sh ket A5k flay SEFNANY B RARA R B Sutrifotion Zop long with
estetificagiot/esterf axchenige natalgste Byoced) estertexchange catalysts which may be

esterification/ester,.e an catal ysts. Typical ester
usbeue SR A RS R et el Be b orhiion
opBbrtaly Wi Sincd abiganksel bmalinesitihak&atel! SEEENSARATAHRL Yther such

in conmbination, 15 optlonallﬁ%£ﬁth zi nc, nmanganese, or

catalygfiTealerials aae el koo indhossakiblsd imie axt. Bioprhores roptaming
. _ 1
cofigb gl 3 LEE! BbuBEn] Sl problR ML SaliioT e T
resoliing Ip_tod_uotmﬁc_)mwdsin the\estatiBaatibe zqmea'mﬂndle bis(2thydroxyethyl) _
USSR RS LA T W
cohdh&itibh Balpaddact, Blobd withefRBEce inPusifiaR! fesnddaly theiedktion of the
ol i goners, DEG and water as the 20 condensation

catplystng @ther cCOTBPBNES Hick RS eRlprarts OF He@hpsphorus porainmgcrmgounds.

Th@‘el%]tm R 0P BHET hﬁ%ﬁé&ﬂ%@ %ﬁéiesa\rx}ﬁl Vqr)?t%pe AP oK QiSther
such as colorants or t phosphorus contai'ni ng

thecpogesuis dslirectEserifiedtmn iprasessin which cafe tBelEMoam f oligomeric
oliggnerLg spec'es wi | | va%¥ dependi.ng_on Mhether t he

SPYTES CESIST CaRT i V&R PIESILpS PF BRI SR oSS ter R GRRRGeProcess

in ¥BRE chdeehennitine q@dntio) dfSHIET pedoBi@’k 6erdlicol BogRtit keales.
and even present as the mmjor species, or a ester

The wateatigempygkasdae esterifiqatig; tettioncee 4 B¥idp fayorable
eqRHBNh b¥ndorsH dfefifOMo3biSty B ally $B8udl e YBHohfer and

Specl es.
oligomer mixture, if any, continuously in a series of one or more reactors. Alternately, the

monomer and oligomer mixture could be produced in one or more batch reactors. It is
understood, however, that in a process for making PEN, the reaction mixture will contain

monomeric species is bis(2-hydroxyethyl) naphthalate and its corresponding oligomers.
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The water is renoved as the esterification reaction
proceeds to provide favorable equilibriumconditions.
wabmsesteer i ficati on zone typically produces theECTOSZINGE027438
and oligonmer mxture, if any, continuously in a
series of one or nore reactors. Alternately, the
mononer and ol i gomer m xture could be produced in one
or nore batch reactors. It is 30 understood, however,
that i ess.. | alo Py = [ ion.n xtur
Orge e <o ProBbRERS Raadls B e Bdee SR HBRRI A R ifidiibired
fronaghb ehtadi fdation Aghciotssin alor ¢sesifiomitingnetd He pelysondédsaiéh zone
2005/.035610 PCT/ %20%3/38?71’2{2% Once_t he ester. nmononer
coprisgd pd aPEEPEhEn &87G 2 2fuHRg Zonee BlypendeRsatippFractions pre

initi5 R HRPEI BRued ih M8 hAEpIRSE B d frefA e i8R SoR difhihB®in the
esterification zone to the polycondensation zone
malthgsd ig@dingshing zonemdiey which theraelbisdohdified inthprggursayrselids in
Pol n .on._r e} are initiated and
thec%ﬁ'%{%g%gs’igﬁ?ﬁgr ﬁ@f&hgh‘c‘g%@i n a prepol ynerization
Z onEaéngbnk mlysdosfbrisdia sdties bf ol dr npradistindd rénclidmiskdlng
zone, gjgé_er V\,hiaéihthe nmelt is solidifjed. into _
OPHRRRY BLpHerens copdtipns, of the 2158 Fagibe cAmped HaP pRg iactigp vessel

usAB Bn@Bﬁ%re%h@-@ﬁg_eﬁﬁﬁtiﬁg B TE%n CRBtoASint s%?%lé R3ctOf. That is,
one or nore distinct reaction vessels operating at

theprepadyraenstage wai invelys thegrse phenezaymeare neaytokseopsttdst qeatinuously,
. . | ) ) .
on B BoRIGR AR D LESSGl o M RO <Rlps TPLE, F44B: SLAGRRa in

opera fere con ons 1n singl'e
a sTighd rebSor veSsel. hin sonepedcyordesigisathe peapolyinteriahtiod dohe rapssents

of on r re,. reactors operated continyoysly, ..one or
th%é‘ﬁ'ehag%&%@ﬂ{;g%%flﬁﬁt@fl I ferrpy ghenntion mentyPile fhe foishing zone

reptERRS 11 seSdHa- 1l RAPSlyBSHdeRsalBA While Bttt RALSr ARARE Rlay adjust
vessel. In some reactor designs, the prepol ymerization

thegsidence pmedehvesn theyuepalymserization zapk tp dleyinishingvone piohoutrp

L el ' ' i i N shi ne.

24 G0 B ol LR anteighs bl Bt BB g e and

theofifighing e tithaits lagaszomna frequibintlg opdrates bica Higlsdr Geiyeeatiire ARd/or
bet ween the prepolynerization_zone to the finishing :

lowes peessire sﬁaﬁfe erasing confiiens i the RN rg?ﬁlquaréqnﬁraﬂy,

cadFRIYh SHEPANBeRAtBE B the ﬁnﬁhﬁ%%ﬂéﬁeh@ﬁsé S oF AREriANE more

- the fini'shing zone is that the latter zone frequently

thapysae sragoratesseliAng s preralpaerietior andh@iighing feasters are sequenced

_ _ . 2 ot

in EEEREHS forl SR SR BAA T8 BRLAANE di e Mfyestr potymer.
pr epothy pepolyateriasticandng, htsofknows i thg irinsegacthafow seymaszer,
olr a series of nore 20 t hag one r eacf i on. vessel, and

theylf TRlEEHA JYRLEAE PP RS ARE OR B PR GOPERELH Ya ar

pow%ﬁ% td forrd pSReih§Tené terdpRttal 8 plyGRR [drPERUSol sREES She

or the manufacture of the polyester polyner. n the

pregenspof § petplystaif ba pelyrendensation katelys Was notaddedingBe ry as

esttexlﬂ’gpaki?ﬂvstg%é)lﬂgeéai t is ah@&l zlt S ﬁgéeet‘c‘s %Lt@fyzgvﬁfeggatcti&? PQREL Pthe
and ol 1gomers are polynerized a

monomers and low molecular weight oligomers to form prepolymer and split off the diol

as a by-product. If a polycondensation catalyst was added to the esterification zone, it is
typically blended with the diol and fed into the esterification reactor. Other compounds
such as phosphorus containing compounds, cobalt compounds, and colorants can also be

added in the prepolymerization zone or esterification zone. These compounds may, .
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pol ycondensation to form pol yet hyl ene terephthal ate
pol yester (or PEN polyester) in the 25 presence of a

woeabzddgety. | f the pol ycondensation catal yst waCTvice2004/027438

added in the esterification stage, the catalyst is

added at this stage to catalyze the reaction between

the nononers and | ow nol ecul ar wei ght oligoners to

form prepol ynmer and split off the diol as a
B 08 e R AOSREBIRT, bPG 83405l P Bfation
zohictahid edierifibiactibn 2016, ﬁxﬁﬂtyipraDDM’IszQSd pfolcésls CtabJeGRilled ACthe hrt

O her conmpounds 30 such as phosphorus_contai ni ng
regogmrs i Otheg alyst Tt awﬁgomtéﬁ QP fos ARt Vetamaetial anchther

in@feRMtsivary A6 RAFRON HiFR Ie;taﬁﬁéaﬁ Qo B! esterification
Zone. Thése conpounds nay, 2005/ 035610
PCT/Tmed)ncbl@m@aah@v\mYm lbéuéddbe goimpouride of $tni T Geygn and
zone inst ition to the . :

S PN rrefrlag%lﬁg on gﬁogﬂ@ﬁ)g S satS%‘??]f P’g Steighh oLrssulting polyester

pderﬁblC A cdhho pslglefifanon Saalybtidded ®khé éstadificaidne art
recogni.ze that other, catal yst mat eri al and points of

PrERRIYIREF42Han EAedp g intimanyrhagad Robangsizaen cq’ca%:gﬁt auitable gntimony
ba\géu yate{l?é? 'fﬁc%de)éﬁhﬁaﬁy {iny g anﬁﬁioﬁp ) Gyl dsq%ﬁoggﬂﬁéd irthe art

Typi ca ycondensation catal ysts” I ncl ude
ar@onpm@nldsr dfolswublﬁantlmny &) @ndoantmny v )morrammdﬂmth
r t mAased. t he wei
rtlggb%br't’(‘ﬂﬂ bel?‘lgng Scf‘on%nérgg lu?e% CR cj,& su1ta €o oqun 1%‘3? 5h8%e
amlatoawsmpadﬂe that matth)at}ﬁ Btlt&m: ﬁd)tmat:es@dhljb Boluble in the diols prior to
r epol yneri z n zone is _ncgwﬁlm)nyba

repgiofith sxan ?? YA §PEPO 188 élﬁtfmﬁyr(yd) D) oxideegpecific
ex‘aﬁﬁ)ﬁsls % §uliaBFé|aHﬂ§10ﬁ‘}n$dtﬂ?§ﬂ§’ inthubé dntBRchyANT) d@&yanﬁ\ﬁnmony (110)

nmpounds reéhgnlze in the art 10 and in particula

acstatﬁ, arg eyl (HDegiydohasesy al(tmllqn)' (Hﬂobtladmergbmm(dwrgtmmmds
thx\fleg{:' gldéo n%v ghg!»hb ?q L%gr Fe%rgée%ﬁe ?er%ﬂ%r%@%gmﬁtggony

catdhyt added dd thad dffectiveth peovideolevdl € BasREN dousTH dildl 2Boitd00 ppm

al

(=

he di o or reaction, wth exanples of such
0 @BHﬁBE%J@é“PWB %F&f‘?@s‘é}ﬂ?g Pr'i‘;ﬁif‘tefl 1) oxide. Specific

ex anmlseﬁref(iflﬁﬁé'ﬂ podRboRdAHoARBYe ‘é%e@élt&%ﬁﬂéﬁ Glsud& of one or

ant i nony oxli de and antinony (I'll) I5 acetate,
mmtvnemhyn(i Isl dppragrdyet elteamwsqtma of bctmgfn gHolt 3508Clayd 86 C for a

veflol GERisET L TR S To sl RSt rayratss Ak, T v ot

méEitnhed®iMaA oligdnatsys Incfbdﬂiﬁdlplﬁ abdu@ho eforetin 25 Thellid\byS@duct
a |l evel of between about 75 and _ about 400 ppm of

is FERRQVise fphie ResPglmepmek Haing ai apnlicd yaqymyarging fromif tg 70 torr

to RESP He YEREioR R %%T@i%ﬁslﬁtthlg egaidaaﬁe PORRS Alelths STHONS 3 aflitated
series of one or nore vessel s "a I S Operate

to perme tiewesepo bf thetdwé énmetbopd;lymBﬂlﬁehnAs 8@polynico melt is fed into

su&ﬁsl oedvetgﬁetls ok 8culll%r g%l}ff‘ a{x}i iy ﬁf’eﬂrtét(r)mglg vlscosﬁy O the polymer
melt increases. The pressure of each vessel is generally decreased to allow for a greater
degree of polymerization in each successive vessel or in each successive zone within a
vessel. However, to facilitate removal of glycols, water, alcohols, aldehydes, and other
reaction products, the reactors are typically run under a vacuum or purged with an inert

gas. Inert gas is any gas which does not cause unwanted reaction or product
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nmononers and oligoners is increased up to about no
nore than 0.45. The diol byproduct is renoved from

wo b@spswpol ymrer nelt using an applied vacuum r BOMURP04/027438
from5 to 70 ton to drive the reaction to conpletion
In this regard, the polyner nelt is sonetines agitated
25 to pronote the escape of the diol fromthe pol yner
nmelt. As the polymer nmelt is fed into successive

and h s, the intrin
RSO 5 BB S Pesintasen S fnch Sl ool 83 prgon,
heBim@aghitnégasel is generally decreased to aIIOM/for a
greater degree of polynerization in each successive

ves§he gi ItiVy of pe BreaiGe thas 8i4y és dspiedstheirppodymerds fed)from the
f
prefOENE ond 8 o Bl Bhwh BTN o id 1K R BeolBhlion i
cottimied amtear sncae ﬁmslyapg gensély genﬁralkynbha motnecessaily) mped up to
d with I t ' whi oh
ni gt @ipaithizth 1B erealindfl Penctei Bt s vl yiin S ane
of 28R 7080 &l §05PE UnkISAO B4 Qf fift3ReIERRAGET 8k kSTt # of the melt in

reaction conditions. Suitable gases include, but are
thewsepdlymenization zongr(gpisally B30 butrnsualty mit mosgydan 0@):@ aadt.V in

the! IIa.n%/ ?f(H‘onp Qoogl[ ? gfc)i ?4 aboﬁ?{' I11 (aLf" P Th% f%gf \‘;"esse? (gggérfa@y lénown in the
induistay Sahtlha glngh)p&lymbﬁme "t fiﬁlsmcf @ﬂ ddedohd@fser " is operated at a

Pf@go' 31 a0 éﬁw@ ﬁ@ﬁ%@z@ﬁﬁg@q@o? g eﬁ@ﬁgggmgﬁ §f between

abbR AU fofr. ANHBDEK the @ﬂgﬁﬁl@tzuﬁ@@pfcwm%ﬁéseﬂ% sdrfe bAAR
prepol yneri zation zone, to a value within a range of

chemisify 27beprepoBTBCZanst the fachthat the vize of the mlwles, and thus the

VISJCQSq %ﬁﬁ'&g rIlJaﬁ tapt%e kéacty I?JOHH&%P{[BL%dlg% ever 1

ner | za Lon Z0ne | usual y ot
prepol’yaldr l’&mtoﬂ edd) oftthe Amishihg %sse‘l(s) tshtpefaaﬁgﬁdérf vabih@nosined igas,

to ab ut .1, The final sel generally
an&ﬁ%v%ﬁs fyRica a%tqﬁﬁah@ﬂw rpgval gf ﬁtﬁylﬁ%ﬂ gweli zer

"1 Onddk desifd It. POk YARLE ISEE finisher, MR SALIEH ) a%ené}ally
pressure |ower than used in the prepolynerization

procgysed indtogonygit the moliery BRE into imprphowseralid apltais: The chmigue used
. J h [ hcal

for.zlingmﬁé}i[ gel eﬁqstnlapllﬁgﬂ &asgcsfu gqqé ﬁ] V; ?rro’?rpﬁg nif%tgahgé% cal IranlgE e from

0.5zdifgetp 1tieilpatlowehat otcavaitzge dffthd}h&ceﬁ@is eledy kl&SBDhﬁ @ﬁtmg step

COSIt di ff ans that the reactio
can, bt ol SO 31 1 ppmoRs s IoT MeroeB g e Hojecuias weight (and
the k. vp@fmerpawt@aqh@gohd%w ufaily B¢ of i 1|e£‘§t 810l 1OV VigHE Sdndork S
oper at ed under vacuum or inert- gas and each is

tynlgﬂﬂiyé@m Q-1 4096 3t ¥oumits. Therplore, in erdertfe aveifwvalid gating step, a
pre?%] I?Vefrﬁxln%fﬁé){nﬁe rre?’tvhlngl gi%)%ern?ézsdrgﬁl? the%m%gﬁh%hpﬁgllekspls

e finis generall'y processe
at least OG0 nildg,tor DS dird, edupPtoTabbwmt 102 dlvigy grhlolsdIs/g Thik feature of the

in BBt A 1eEH 1 SOPRERRE Soodgh « o el | phase can

I angRe @B and equipment for converting molten polymer in the melt phase
reactors to pellets is not limited, and any conventional system used for making pellets is
suitable in the practice of the invention. For example, strands of the polyester polymer
melt are at least surface cooled to below the Tg of the polymer to form a cooled polyester

polymer, followed by pelletizing the cooled polyester polymer to form solid amorphous
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20 0.5 dl/g to 1.15 dl/g. However, one advantage of
the process is that the solid stating step can be

WO2003/@selo Solid stating is commonly used for iPOaVEs2814r0g7438

t he nol ecul ar weight (and the It.V) of the pellets in
the solid state, usually by at least 0.05 It.V. units,
and more typically fromO0.1 to 0.5 It.V. units.
Therefore, in order to avoid a solid stating step, a

el Bleirt e B ARTecT et B o ed Begtdh & i ipsantly
cublintdpellefs b@f&étlﬂlﬂowestw%mﬁeﬁ&om@wwﬁs? dL/g, or 1.15

dL/gﬂThls f eat ure of invention is reflected in a

seconhedrpical elelizahiomethedithe anerpheustioelteamal yersy inthe finisher
seltfh o?%vrﬁélt blﬁgf Fé%tto? 1§ 091 d‘ferlleﬁ%}tlgﬂ Sorfga\l'ﬁerp H§§ c?ptlonally

reactors to {s 1I's not
fileomly fodlioived aly exty&hmmham thiongha kllengtopbé dleetrsd fo#m and chopped

ui t abl e i ctice of the inve
orHpined RusS pelsts Rt P e pPB AU, Elerad vy o
paiticul 28R SWersdddsistted 919k eAnY CorvRhtidMal fﬂ(ﬁ o}—golgfpeltléifza@&i o'Hding
to forma cool ed pol | owed

meshad andjappargtus pen Wégiéigqqlp@gwemt bmrtydmdmgg,fs@md pdletiging
oo ARGl b0 00 BERABROpRETLHR200M 027 4RDBL 16t e

ternati ymer
petlttrzcmgmc&r\dater mﬂidtlzersatrﬂrwhtyxﬁlgedmehlmizerspmrlretbfenb@ fses Modern

P Bt Gauel M RAE KBS RfsaboiBhos ot ten

pol )hlifBllie plﬂcésh &hé pdliBbRlare éi@r%ﬂé@ﬂﬁrdhghta@ﬁaﬂ'@dlé oPH@8 suitable
reactor i1s fed to a pelletization zone where it is

digy pihetresingle Glamant. oF ayis mesp fadidenaly dere. mudiiplg flameentre| With
m%lgélnelﬁgﬂ?&tsd itQS teﬁcﬂé fd%'t e%gmf ﬂl?erf' 405 NARBE fadlion,

nt o pe ets e po yest mers ar
thropgh the adllsyanfliwaterbeth usmgrseandard strpak stepmaﬂng &vicey. &rhegolymer

n nvent i.onal t or cold
m e SRR Bon iy el R B0 A0k e & 26 nump. 1ds also
pobisisiel to é){ﬂﬁlﬂélﬂie% bt%rlﬁls% 4 stdaRTkid@e OF il Sorewd bk @Mdr. After
g_@l l eti zi ng st ran (forced conveyance)

ipreinfosstyagds ?fa?élb’ |0rheat1%srr§d shage.che poliiggeisarq adeasesusfaceespled

vto baee ddr u%(ﬁ{ &in@%?lflﬁ&sbef&@g Ltr%e P&l 1%5 eeagc%o%ggshed by

centrif tizers erence ~see
spﬂab'mgtthec}s)lﬁnuwmambem iote8 %ap&/&@hawméﬂr od mm@u:smg)fhe e19@8Bte in a

v o PaPPR oA o oot PN PR B Slftpuay cooed

in &4 4t@headit plat@bBinersed atdA8ast PartlP fddr LA doh&BﬁslvitlYa dedlRg liquid, in
nultiple filaments. Wth nmultiple filaments, it is

cagiifdgs fodiranote Goplinecs 19apien thﬁsqrfa,sa pihe eplymepstrand os Ribagshape,
it & b diRe & e ter bath using
' s(tﬁzﬂr%dlggrhgust ?andl&g%gbzgr at |oprg \)/(lﬁ’g%sté/\aThe pol ymer nelt

can Te pobxgstdi papmenextudate tshmo}cd lte atrlwt:bcdasw tHerT;;ug'hheqaolymer

ondlsguitSly B AT alln o §rin gl Siepe f e relpige Whie
miftizidg €loggiAf o€ fumming. The temperature of the surface of the strand prior to
pelletizing can be determined to be below or above the T, of the polymer by the
performance of the pelletizer/cutter. If the strand or other shape is too hot and the surface
temperature significantly exceeds the T of the polymer, the pelletizer/cutter gears and

blades will become clogged with a sticky mass of polymer instead of producing a
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extrusion into strands or any other desired shape, the

polyners are at |east surface cooled to below the Tg
wmbooshssepol yner before pelletization. This nmayP@BUS2004/027438

acconpl i shed by 20 spraying the pol yner strands or

ot her shape with water, or imrersing the extrudate in

a water trough, or passing a streamof cooled air

over the surface of the extrudate, or cooled in or at

t he, di ubner s east a tl [
ohipied e Dl 5 oy BRBERY o e S OF e belbRAGE robr o8
polpfreN ik dughogt! thé@iokheds eaafe eﬁﬁudaiﬂeesmrshﬁﬁ@ @blibh givethy Bdnd

strand or other shape, if not throughout the
suffipieeiaradiy orprevrat 96 PV?P@FTS@W% fapesc] owgr hehegatepé sealing is
nofIRhi butdids dblAabR th Fapf9 b6l themdlt o ifARhscltith QUL whter

e polyner on I ts surface IS SU Icilent to

spraj' tahmelt ;) m’cfwndi mthodtfbrenaraﬁagenmbcwer weightgiol yestersyin they

TPt 15, SRS B el SR A e B

poll&dt&@N e eSin OhB T, BEPIDW RlyeateRMEaBoRes P -9f5°Cha tBRIpYdFREs the
y the perfornance of the pelletizer/cutter. If the

mOA;tEm BRd polyner Esane%tabbecopbdtt@@ suréace gamaperdtare alofvalBC pBior to

Pl e S B o e B Gl g e
P

bel3RSATR IR phleerbobime £ pdIBB AL RA B o RHogapbilets

O hoBrdthse Alemativp pracsen e cHBCe somyt M6y bOGHT ke tupueiricic

t ,
an s GRP G b BN D6erT o poifirer BAVNEFLool URNBIOKE, Clofeine
thet;ieﬂetaﬁer larides andfgbars maythe nvgide byypdletizingwederwitbie An underwater
[lcutters,.fromclo The rate of coolin |s

el PR EpirEd tegoling SelerEes [HALHEDE Srena R gre sggpmy
typidal prob&s fa1GInaaSAtdr lcﬁtﬁng RESIEn pelymt Sf melt ﬁemyp&ﬁpédrﬁdm a

is a preferred nethod for many hi gh nol ecul ar wei ght
geas Ly Hr en sxtrugdsr thireugh aglieplats rhﬁblng ymusré@omffncee »f dipmaigrs
€, .o,
s Ty LAER 0 BT She, S RS 5 S il
heat &aﬂfﬁiﬁquﬁﬂ@c&éulﬁt@ﬂ thrdmghhhesdlp bhmmsls sb heto hafﬁﬂ thedne Blate and

T CATN L T

areR@oPWssfiS16: mfoﬁtab!eqq@@lﬂueﬁ iith b diEPRR: seRRb &fé lﬁdqwaﬁm streams
| east 10 below its surface Tg, the polyester polyner

intg gellgés asdlq siveams gxif Brerprifisrs. 4 waierrhonens ismsevidedswithin which
t I
wa%)g %rc{}ggl 3 ; tﬁgﬁxﬂﬁtthé/ facdP6AHE 313 ’pla%@hé}? ltﬁeerﬂolge(ﬁi p‘é[&%&gﬁcff v gr 1s

ough a die I nst 'y cu
cutb ﬁlmﬁ}atlﬁ@@'aﬁmtmﬁsﬂl@'mt p ednyeeature 062 5° (e 11007C teﬁtei’éghe water
C ogging the pelletjzer k nd gea
hougsing 4ad qﬁyoﬁé‘?tlagi‘lp%%fe %fnéi‘?/\glﬁ Qﬁ te tﬁ\r?oﬂlrfg%%%fse rThe
cir@BAn@ W A& coRabl u{e%oﬁeh%ogeakﬂ S5 RBA 1R dld 1R the point
cutting nmeans into one'system 1n a 15 typical pr opcess
whergrit i la rﬁ@tmevlmte e pellettin prgler topirevient qredtipge stidey masls twhidhoaniclog

thepu Pl éutt%?g fd gears. As the pellets are formed by the revolving knife when the
molten polymer is extruded through the orifices and sheared by the knife, the pellets or

still molten polymer globules and water exit as a slurry.
Preferably, the entire cutting mechanism and the molten polyester polymer are

underwater at the point where the polymer is pelletized. By pelletizing underwater, the
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gear punp or an extruder through a die plate having
multiple orifices of dianeters generally from about
wOoR00H036100. 15 i nch, to the cutter. Usually, a PaatysS2hi4gi743s
tenperature heat transfer liquid is circul ated
t hrough the die channels so as to heat the die plate
and pronote flow of the polyner through the die
plate. Electrical or other neans of heating 20 are
malted PoPass idin@onthhub® eneRt Kith Wate® ubbSditiy hb dfehgt il goint of
b Iatg severs the individual streans into pe fets S
Ngdesetizedand dschen eardedaway frars themuitinganechanisi by aicirculating
st [ bt i L&D water is.circul ated ai nst the
P A ool oy i R o/ elimer

furslesir ppaded tosat laasithelo®i the 01, af the olyaiee if, thé ddimad was ddchérged from
C, enters the water housing

t f 25C t 0
R HTONIE S Tel TR
dewateling feetipelvhere svatel esegaratell o @b Pagzts}"iﬁéﬁ{i%gé?%l{sgﬁé ?ptionally

the nolten pol yester polyner as il exi
drigg, in p¥Parate gpssk e ip the sgparationedtvicat Homexpmiplegtheishuirnrdeyr be fed
to b CerRti S I I NG [ SS ich can clog the
o R e p iR R0 e "Rl B iy  sotcee
sile afardlr water iheemamed] aritiy ey Beaditoryicédveyed o kit cedtydaliyer

i TS RS PB o poutlif, Suiar, hemrogmimpesats,

thearuthbepirey sizdfhoRS ifth Hiéplate, a3 spe8 bEEAR Y bladdiG ENT I T €
I pol yest®er polyner are

cutting nmechani smand the nolten
SW{?ﬁH’é‘Hﬁfgf%Pmé‘fcetaW@IIﬁéxahmgm asnsct ko pHIbpned.6 tsabout 2.0 and a
1 lih @t i l et 71 rwater, the 16 WO
o RS SR R RS D9 ORI ol yrer 15

conifidegitedsarcentioadtinteiveing/atep in aigeand exlldtizagor MEthed Bicludbs

: E f.:. .bein el]etjzed nd is then carried
e Ry R B R o ebiee ey o Cehnah it v use n
dryst feeding af injétien mofingOmadt®neS such it :tﬂezlﬁﬁi&?lﬂiooérﬁsrtatﬂﬁzeartion

de teLLn , the surface of the polyner i1s
PIOgEss Catgr eIp gASquired | to iake an Fagepshble brysteBizydrpellet. fThe keands

maPBt ¥ Snighis | letizer .as.a .
DO o PR RA b TRk B R Rl o g pror
to the ganliag Siep & promofel sowisn inducad cxyetaltizetidnN The el Aipnesr ©
' eparated fromthe pellets and the pellets
restfA oM RERAL Blibis P Hoetox By BniBindamaves cpialipeion
occeeqiarcahdidstatle Higher.rafeor exanple, the slurry may be fed

toIa cen%ré{ggal dryer for separation and drying. The
pel P8R aghefithemyeniionssolig amomhensplletssird intraduced irtréhe liquid

- med@th&A a ﬁiﬁuiﬁ%@zo&?@ﬁ%&gﬁﬁﬁy g&gtaﬂf.zgt?o%til Xlgﬁ.:l?regi'\,{l g#(%%rcgc%é of

the crystallizer. 1 Size ang
howeptwheanrihe alletsaud intibdyeed ie therligerlmeliurh, thapélRtsese solidhe
and speed

me AR oF S cBtedBeteninare Gyndued e b a0 6 basibmedium, the
surfg(.fé dtl:—ngfr)]eggtg}’é SHhAPbIARASHH pEe%Ijaﬁy%e ohgY faolgfngr ttel%pgrgg]lrjet: is
below the Tg of the polymer. At a liquid medium temperature of 140°C or more, the
polymer temperature will, of course, approach the liquid medium temperature and given
sufficient residence time, match the liquid medium temperature. The temperature of the
polyester polymer during crystallization is not determinative of whether the polymer is or

isnot a solid. Thus, the polyester polymer is referred to as a solid even when subjected to
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length in its | ongest dinension of about 0.05 to 0.2
inches. |If desired, an optional intervening step in a
wostoozosdetoel | eti zati on net hod includes 15 par tPicaliiseo04/027438
strain crystallizing the strand to a degree bel ow that
desired for final use in a dryer feeding an injection

nmol di ng machi ne, such that the underfluid

crystallization process described herein is required
140 138k6" Al AE GRAMuADE i s

e A K T SRRl i, phfuc AR
tenippmytercainiat Eastithe/susfac bt thy pbliyedie oty upeh Mtrb@ictioh entd e

. cooling ste 0 propote strain induced
1“18‘?‘98?3;‘3? ia*z?d& e g ot Grpertironas kedaw thenky aftem
poB/iee! Bhth&frok SR AF i1 iiiBod RY Siftyfer gslﬁkﬁisliﬁﬂ&x P the
. makes crystallization occur a¥ a consi derably %lg er
liguidiraediym as eqlidapyl cotallived stavtingtfrasmthesolid statawp fiphoths glass
I et ' into the Liguid. di in a
rafi R fed A ALUGR AR biE ro e ip PR R st
i nd U'hﬁ?ﬂg Oﬂghgpiilﬁé?a?polb{fmer !i’tgawb@rd_ewhﬁﬁl{s% be sdbﬁcki?g thedoBymer to
roduced..i nt o L.qui d medi.um e pellets are
o SR} e S5 i Rt e Bt R OFae PEtognpds s heated
froh15°Q eI 2@04Ciah h Eaté BE2PCAMARGnldl MIbkg: BEEZUMIKE an'npvlﬁ WiHRES
geqperature of the polyner and preferably the ol e
290,61 fork puinuierserpared feom tie DN Hinach endrguenthediom arobyrtemperature
b EHLH ' t or .nore,. the . .
el e, OILE M I RF RO RR 1SRl SBRT i Sopte s
retirneflfodherfutnageandtaker thtaugh aaecbng ihestfrons 25°Ci t6 28O at a rate of

Jesi dence 1i match the liqujd nmediumtenperature.
20 ‘Fﬁ%mt' iﬁ%@ lgtdgfeiémﬁlfa ?rﬂgl 'E?JS?SBP@E%&PQ pol yner during
cr yShefokn2@ivhizh thessoli@peBlet S M Rithe/&y@hiiRhRe sel R0t
ner is or . is not a solid. Thus, "the polyester

._poly . : ,

limgged \ e crystalhigatiop vesseh mayle fed svithi agslurgeof sakié pelletsbineciad such
7438 140C.t10.180C . ..

o § MO A0, S SRARAHAL 5 o g

pellstso\Alste thet thuing tférantredacpien oft the peltets iato theagitallib@ioaUetRER

AT, TR T

unde?ﬁipﬁl%ﬁtatﬂi&FM\&S, pR&! Bt diRcddh Bl t}i@fM lhé Amedilint e
process of the invention, the polyester polynmer TIs

Altemativstiu tecbollyester pélpmér pelleinaly beedkrived fsmascplpotleadepolymer
or’cr tahli edlstartin Ir gkgge. ol.id state or. fromthe

rEoyk ooty oF Ro VAL PO o Rded] it areimRoy e ot Rokmer
is fmall psubfdctédit® theQEystallidalien ARtHo8 AektiBbFherdiie Tg of the

pol est?r pol ymer may be determ ned by subjecting the
pol ﬁ}ﬁ?ﬁ lgty aregiopaydy selithbw @lse eiondions  Bhememhousw egpearctint

o POV 015, 1R e e A TR

intreduetibe inte thia@ineer hoppers feeding the extruder for making performs or for any

other desired application. Typically, the amorphous pellets fed to a liquid medium zone
will have a degree of crystallinity of 15% or less, or 10% or less, and more commonly
5% or less, as measured by the DSC method described in the Examples. For pellets, a
gradient tube density method can also be used to calculate % crystallinity. The density
method is also referenced in the Examples. In the 150 °C case of Example 3, there is a

comparison of limited data from pellets tested by both methods. The DSC method is
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10 290C for 1 mnute, renoved fromthe DSC furnace and
guenched on a roomtenperature netal sanple tray.

WO as®3ishne i nstrument has cool ed to 25C (about PEI/DB1004/027438
the sanple is returned to the furnace and taken
t hrough a second heat from 25C to 290C at a rate of
20Cmn. The Tg is determ ned fromthe second heat.
The formin which the solid peIIets are fed to the

| zat.k.on 1

sGE 3 e S E e YEDERHinG SopB B mifReie R By of the area
usi@dritiek egkd. Fhe démitanietholdds sncifive Rsthvvgiidity ofthe f)eldaté/\t!eﬁtbd
dewat ered but slig htly npi st _pellets, .or fed with
dewat B¢ gystathgatipn; vassel(Hiy qeswadly pquippedpith an;ipleh {praegeiving the

hhﬁll'&irn%‘cilﬂﬁﬁ hP»th@lfl tHeI'b%llP@ blle%try?Stdll%e tIﬂ@ £l 8 ighily! 'n?e%fdn? thay

vessel also not limted dewat ered "and dr1 ed
Opeﬂnhtetfmmfresimmn,aﬂ)}plddeﬁcsn o ﬂlquhdfsnhcﬂ Acveaterorgstepuasdiescribed

o ARG B St Sk o e

llﬁﬁlﬂmﬁm@ &l Hegted Efﬁa/pﬂ@ﬁedﬂ@'[ heaeekchiigpet, H§Taidil P by &8 &her pressure
or recycle polyester poly

mer tionally
R oE ToEH o Pﬁ%jnmrweﬁé?leeﬁé%? & e Doniaet o the
||
ol rorb bRl Bk ohibd Gl ¥Rl chd i he BRI e iguid sate.

Aétlematlm‘rnrtbhqud nﬁ;huammnrhiem\mtd’rzetamptﬂamre bdloe 1t|s @bimdl s

oY T 3G el 5 Rl i mecium sone
td DichPeritire 8 atlldHsP1400€. drheSTowRARAS B iGfd REiub@ould be

extruder for making perfornms or for any other desired

seffipiehciatshlamergathsiacerphpus pﬂk@tseamdrt@ meingaip te|ligusl mediumgone at
[ wi L L
tl%ercﬂ:gl é%il tnﬁﬁérgmez ?ﬂf@g/ orlC}llélg }ngw %atg Ygﬂ /8 t]tl on ghe hq%l cfl d1um
zﬁrmﬁmnheyancﬁ% pellet &84 ratiaSAFsB@MoﬁdlrﬂlOyellehE cmdi‘zd hﬂbfherged in
descr in the e For pellets radi ent
thﬂ@éldd@ﬁ‘gww%ﬁ%ugwe ipm ey elops bg eptige @ﬁlll‘%u Paagpudk macro
s&a‘lé’ HeelibB 'afceyconglmfﬁe&j m&gedqpm%hm thepefb Gre enveloped in the
ferenced in the Exanpl es. In the 150 'C case of

ﬂExbmw ¢o discharpingethe pellets Gomyther drysalliztion ivesseleay en thoagh samg of
el tes by. h t hods. i 8 .
Wi E g Sodlin s ioas vy S S ahive U 8% & chriquia
nrq:daxlni t\@hmhfmﬁﬁ&cbﬁmelthmmeap@ivmdrnﬁm t he peakrs] p(r]I ior to
ati.on of the ar t he The enS|t
rret ot hatrrds Sanabledgatmcivg. meglaa*r liﬁh@ pRljspRtantiall y
&zeTﬁEedeﬁﬂé'tlﬁliéﬂ tK@§él&'ﬂech$§s‘§ﬁhia§Bh §orgﬁt§dx{s %QQ Mso suitable.

ewpped with an inlet for receiving t iqu
V‘ﬁgumemﬁ medighipdedingwatss|it letugdmteocwlytghgltl\( pé the pﬁHets fagd
e,
SRk iy PRSI G5 SRS PV I Bt
temiqﬁmtmla dxitreabesl qihrugthd procasatghditidne baxsbmardgmtddrto lbbllence the rate of

e aRReio 1 HBak LY. (PG HBB TP o bghetimank, s
deXabRAGSlect RYiqiid didh@h in WhicR i rAk REWhiRh BRJ4116t It.V. loss under a
given set of process conditions is less than twice the loss of the same type of pellets under
the same process conditions in water. It is contemplated that under a first set of particular
process conditions, a liquid medium may be suitable but under a second set of process

conditions, the same liquid medium may have more than twice the loss of It.V. compared
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rated heating neans to a tenperature of at |east 140C
and fed to the inlet of the crystallization vessel
wobhosmastioa pi pe whil e keeping the |iquid nedi eorius2aohe27438
liquid state. 10 Alternatively, the liquid nmedium can
be warnmed to a tenperature below its normal boiling
point, fed to the crystallization vessel, and heated
W|th| n the quU| d medi um zone to a terrperature of at
t 14 t | d.
w th @Zciter cf%athg etr gl r(rtglrlcﬁteloxesh eﬁegfﬁlléf}e s sugi? Q? ﬁ@fj gﬁlérg is
cohﬁdﬂ’ed Aésaable tuhéerlang ptodemdhdiﬁbmlseralﬁan thdsse igledichekk It.V. loss
t enperat ure ?ggthe artlcula flowrate will depend
is e Prigkifbg PHG gRdenBpsq sama FeRdiispel | et
feedy %&hﬁon ) aﬁ?ﬁﬁh?th%%éck?sr bnBBbhg the 1 ui@ﬂédlgﬁrc%%posmon
subnerged i n he Tiqui d medi um when t i quid nmedium
cap g shangsd bh ewitehing atogethertp a differenttiguid qm'ppstloxs@a bg mixing
h are co subnerged if the bul k of
t{x%‘iqﬁ%ﬂ ﬁlee?rrgnaé \{/lillnopegldi nthe fluid prior to
di s clharagb rigsitddeo p&d ligiids Whickthdviea highylsdanddpaziat to @Ptimize heat

ve sel tho h sone of ellets at a
P10 the,pel|esca oWespetsthls W%B%F%dmabldwdf WBich Javedow

Va?f)r ﬁr@%u}eb Gl ko d%girdﬁéjﬂotfﬁffthé@@écﬁlee Q@Mprﬁ&ﬁ Wbstd Hnéb a vessel with a
urbul ent environnent. Water is suitable liquid

lovyerhressureptig cambdiusedHasreven arstgmfmbtsetnérsomammgs overriding
I
fa%?r?tg)to\éﬁﬁﬁér%r? the@gleaﬁj &ky({ﬁllie llflcﬂﬁic? s th gasg' ?&ﬁ?&a ﬁq‘ the 11%19 is

i za con ionstare a
sepawd Iﬁde’l the pelmd tctieage wili ehichithe m@ndjmdzerasltabﬁlomMthmf
- the pellets crease with an incre
th? e%l e ehethﬁfg assaﬂatefi h"é%rhé‘f@ ﬁ?ﬁ&lﬁg/?mr E?ggcwlﬁagéﬁg%@mted
hcﬁﬁdﬁzﬁﬁ tc?ﬁhe'i:?ﬁﬁﬂ[z@ﬁbﬁ@es‘sélcr eases. Thus, the process
conditions can be adjusted to bal ance the rate of

cr y sixamples &f ligridsighich gre suifable &g a1sei the procespignebuderwater;
' b S: ir ct
rA A SRRl b R BB
adtitno?d to thessntinudes pxacesg la&jﬁﬂ’tn&ﬁfs tiedt caf eecrasde to wagel pres’sreiand
o bbb oot e Sesnene Wi AB e cREH Ghton, and
enCR LMY @6h 4166be é’d}@%ﬂe@b)‘; ih%%btn%ﬁlt se}&n&%f(th&h’éaﬁﬁ% Afddium.
process conditions, ['iquid nedium may be suitab

Tlmheamgwtya)f s&@tﬁo,nldcaé/efcofs afrastiesand thoease withrvghich Weter is

sepfid o g e Ay B E G Totet} Medb UsGE o B s Sigssure

of Whatd} 1y\@doﬁf 24:dgtedt rddhe teipefiturb] TH0e&S aCWOT, DPIEStorr at 140°C, and
Nevert hel ess, such a liquid nediumis considered

75@é$<|>rratbll8@°©nder any process conditions other than

0 O Foryelloliis B chlielch astietiTide el Sol TR SigiTitbelalicdl i
loadldwdpbppregsareaﬁamatbm griehemperaRRss adiil rhedind of pbi§alkylene

qui d_nedi yum conposition 5 can be changed by
glgqﬁilst @RibR Qeté]lgl@bgllaﬁ Syater gt the g3me pregsyEe tp F%ﬂl‘lpﬁthe résidence time of

th& PARASHh ktteAuiPheBYm b4 PEuce the pressure inside the liquid medium zone
at the same temperature used for heating water. Due to their lower vapor pressure,
devolatizing glycols from the pellets is more energy intensive than water. However,

both water and glycols are suitable and the preferred liquids for use as the liquid medium.
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other liquids into the primary liquid used. It is also
desired to use liquids which have a high heat capacity
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| owest possi bl e residence tine. Liquids which have | ow
vapor pressures are also desirable to further reduce
equi pnent costs since a vessel with a 10 | ower
pressure rating can be used. However, a significant

o0 TSR R F ! e R S e

df itligtid Medit@Rat bé estdf Forexahpld) @lateetsn bdhike@asth dmetr Elycols in
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to e cryst I1zat1 on vess es (0] I qui ds
svx}mbkcfso dhad escmss laplidcandre ramevddrfrdrh dlemebcie by wiater wasleng.

and e SRR Bl R Pl £ kB Gy e

pehés E&%ﬁbﬁé&@é&lnﬂh@ﬁ@.ﬁ& n@aiuusﬁxmaﬂ&@dttmg eEethivb® faee to
vessel pressure and he tenperature di scussed further

cpistabiigatipmand ég%d’@h@éluép the, inlgsgischatge tehey.rumpsi prabgsometering
| .

A% ERCBhatl L She Pl SERAL QAR N BRGNS

zoaq:)man 1119 teuripevmtre of the hqaid/rgddﬁ;m remclxdstar kadtilde Gy rﬂortsh:’tenng that

whi ch wat er rat.e om.t he
Gy et S G el A SBES etiieh Pupacab g s, re
tehSEftifeSof o iR REdibS iR ARUIquifmERlh Bhe 15268 idered to be at 140°C
tenperature, 760 torr at 10 C 2706 torr at 140C, and
i7&1Qay point &t stap ACthe Bghidahddilis e teinyaatute resdhefNatdsast 140°C. It is
di et hyl ene glycol and triethylene glycol, have a 25
prefomed, hawever phat sl temperatine eftheliquid mediuenmeenms at HOE a

e TS B AL S0 OLY58) G2 08 Sehr e

ifs 9Sgd@n&R, AddMRos@prefdriily BEAJHEIHS ih1Bt dnll @iskhAbd SutlPe fir B liquid
or to reduce the pressure inside the |iqurd nedi um

mesien ingandtfraan ﬁamumwatzgmee Thedempesatutsana) begneastued by any
%ﬂ&enﬁ nal Per %lﬁrhq{l fﬁ@lﬁjd]}ﬁ%‘?l?ernnglr Sp?ﬁf’boeg eﬁe %onnéér%gyvﬂh?lﬁe 1 | cgln t{lehh%uld

n\MﬂiiLﬁii zoﬂ‘dOVHM @d‘mpeﬁdiulbﬁ thevfuRy maﬁﬂn@hamb&daﬂe"(sw th@® kgpidly
and the preferred Iiquids for use as the |

id
crestallinn and mayeraeh uB L0 3BE1 PCTPayspd Bhich zlqushqrqe is no further
I f t
%ﬁﬁ}p&g@n% %S@\}lg{hg F&u?lggégﬁ)&g&s%fz Ocl)'l Ple&le &'A&g lgﬁt\;wgls lpecomes
uhmccepteble ﬁ@bﬂeﬂaﬂnl peacticabLthe mmnthml the)mn:{;t vortifomly leaployed
cols in nount not_ exceeding the solubility of

"ﬂ%"rﬁ}‘ﬁf"é&l‘%"}nﬁe &ﬁ’f“ell“ouﬁl&b]rgot ﬁe operating conditions in
the Hing Bfegsﬂ@%mtﬁmﬁnd Idediuth RhEsQEpEA of Bodsend Vadbh HSssure

whi ch are water
of the liquid medium at the reaction temperature employed to prevent the liquid medium

from boiling and keep the pellets submerged in a liquid medium for optimal heat transfer
and reduced residence time. The vapor pressure of a liquid is normally determined
experimentally from the pressure exerted by its vapor when the liquid and vapor are in
dynamic equilibrium. However, it is possible in actual practice that that the liquid and

vapor in the liquid medium zone may not be in equilibrium at any single point in time or
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5 soluble so that excess |liquid can be renoved from

the pellets by water washing. The |liquid nedi um zone
WOoi0¥d38610r yst al | i zati on vessel is the cavity PaTis2ai/027438

the pellets are subnerged in the Iiquid nmedi um under

conditions effective to induce crystallization, and

does not include the inlets, discharge tubes, punps,

probes, metering deV|ces heat exchangers, and ot her

associ.at e is inthe liquid medium 10
1053178 VY the i BT Af TATiStgps RS Yg o PREBTOAOPE s
syderd W@PknohHI6 thdse Bai16EH! (RTark, RBEh asifEsEre WtYerSitlafl ac?oss R1p1ng,

t enper at ure gradi ent t hr oughout t he hei ght or breadt
vabfest Weirsz efgeandinen-uniferipheatingr ehsof reslie itlis pessiblanthali lewnsiatic
[ e.at 140C . f
pr'g{lﬁraend)}lqg% ﬁﬂ{ﬁ gs ﬁégc'tieglgg ﬁeéﬁ) t%'ch1 qulfq'ld gnedl rrégllnﬁor%ﬂ ng compared to the
stitirppessade e alet eakdéepsha karhe Agiid Mﬁﬂ;oﬂhﬂg in% clgeétptdng th

however, that the tenperature of  the I uld nmedi um
dynapng qouilibriugy 0&“1’5‘51{1&50@5 ﬁt?a%ur%wtfl@ég? igiydmefiyppzone is also
deRhRel ?J B bk WR%B& preséuR ofttllibehcidl(gﬂfe&iluﬂﬁg iﬁérﬁqﬁﬂﬂﬁecﬁﬁm

its | ongest axis, most preferably at both
dqep hettbognevedithasigh ﬂg?eacwt ftetic frossutetie thei lipyidimediuntizone gy be
m_z ratu
SR LSO ool AERLARERAT) e hEEREL AR o Hidpour of
ththmﬁdmkdpmmbes in contact with the liquid in the

[ m zone. e te ure of . the |i
el SHPRAG 5 BSSRe 0 s R EaAoge Skept 3ot e vagor
pr@s@dremﬂhd lﬁﬁlﬁf‘mwuﬁl%@gﬁfgls 2@0%venkRay LIS €$htr%l1 EH&Qfoﬂlng

there is no further significant increase in
podiettof he liqridemedium ayd therdby inarpase thedemparatureeat evhmh the medium can

e e T -
thé eatpeff aystalBztion | IUslmglg:ﬁeIf arsmmdéiﬂﬂetlts BbAGLG. poTxh at 52 ps1a is

ress re wthin th m zone 1S
1 v oS beiptsr Shedd e anlT05e, ThaeIa oy RorCocAscardisdly. te
prEéEﬁrercﬁﬁ‘BE &t gﬁﬁ}gﬁﬁ éét'ﬁq? bgﬂﬂgﬁgﬁg?fe \Qatt gé(lgrgfn[ng?ge use of

['1quid- nediu i ng
hi gheln hesnprpeaturie mnéthelrwltdlgrraijxctim bﬁles1dqﬂtce mele rb@ated foraths peltets

: 6 d Th f.a.
n B B et SIS et PR ReBE R B

mEdiea SuiiEbeH OF br@edhe vhSor'padaoire WheB lighid rhddiiith @ndd?dny given
vapor are in dynamc equjlibrium However, it is

te‘BB%fé‘quﬁa guifagl ea%s@%ﬁ%nes for most liquidsranse anayhers dom Yhramgsiperic,
.80 ﬁéPaPRfr shdh 15&%&%&%@%%&%&@9&1%}6 Jb% aH& b%nd the
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Iﬂgﬁm§m©3kﬂ1@k@£ﬂhiﬁm@®ﬁk@@ﬁw®8nbgdmgmbmwwmbhnmenheﬂm

obHbRSFRRRARL f 0 sHR SR {1, o

exsinplel p}dssluﬂas fofiet ladst 25, 9u sthem 100, @8 Gl el 30|, irddedventip & sbout 200
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acro n
PSciag F%gmfﬁ%te‘gasr%’ét%’ ?Orlnfloslt RGeSt e that | ess static

In addition to adjusting the composition of the liquid medium and the temperature
and pressure variables, the residence time and the degree of crystallization can also be
balanced against the energy requirements of the system. The pellets are crystallized in
the liquid medium zone for a time sufficient to induce crystallinity. The residence time

is defined as the time lapse between the introduction of a pellet into a liquid medium at a
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pressure on the liquid is needed to keep the liquid
medi um from boiling conpared to the 5 static pressure
womesiedomo keep that same liquid from boili ng POT/1282004/027438
cl osed systemin dynamc equilibrium Accordingly,
the pressure within the liquid nediumzone is al so
deened to be at or above the vapor pressure of the
liquid nmediumif the liquid nmedium does not boi
; even t hoygh t he. ctual hatlc ssure jin % ui d
SRR erfidg infice By sialfigatpn i S ke Frdlst Eufpayed
frddh ﬁ&%@ﬁ&n&wﬁ% fn‘én@f&&?Qal‘hEﬁloﬂy RRES g@uif@mat RYKABLHBN can
of 10 the liquid nedium So long as th e@&ressure
beyindueedin deellet ¢ glageniadheprogesn eufs@e REME calstlizatiprevessgd.ohe
113 ’I
B RN e e OB 38 mE B D RSB BITIOR of mepefe inc
thé higuitl n@Uiveh sredéndperatet d¢fheleah) 40TTCWREG Ehd Ighid ﬁﬁﬁh@fnﬂioﬁé ® the
at which the nediumcan stay in the liquid phase,
separhtisw af gha priletand vertertfragn ezrchtOéhvpe (T mnininmues tesidengy tine ly
ne\%\éﬁ%?&? ?sztglafavﬂlnge'}g%ﬁn es cﬂ}sﬁllgbtg% g%t ﬁ?’; e?fl%l&yq?as bgen 1nduced
in 2$OIE,wien ttheeﬁnaﬁ@egned af clrﬁtalﬁ@ﬂ'on iln]15e psllealsagrealgrﬁﬂ'an t1145
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THe@hdXirthfuhekiddABe 918 187, is dekigdy sHoBTH BhAL HE By Eimb N8duce the
resul ting reduction of residence tine reqU|red for the
eqpipnieat epst, apd torainjmige ltdV .dessi Umthaerhesss eftha invieetion, the It.V.
[
B8 8eh OR3Pl hFoh ST pl Sl aPklifi of B SO i o
subsitamiaﬂy meckase. Uncleasirgrtie §i W e thetpelitte irathe tiquid snadivmbkene is to

press f or nos UIdS range. anywher rom
ey BREd o poTeingn g ot SR ROt Futhe pilssss of the
inRmEsS uneepéuleﬁwxg&wa@e 34 ytstwuaalwglﬁﬁca&@mn %alaem@ ﬂ@lvet tﬂ@same
pressure needed to keep the I'iquid nmedi um from boi l

or glovgerbMpafteacustallizaton @qm@arqdet igitigh b Ve prieteie soy mﬁ@the
hq%ghhgﬁwgg%hgunwcrystalIlzatlon rate of the pellet. For

exanpl e, pressures of at |east 25, or at |east 100,
or WesidenckFies dmne of V@ minypestod lak axtetfea%ﬂﬂb tobtadn a find degree of

contenpl ated as suit e for Ilcatlons
cr TG 205 U Ter g & Han CrhBa Pt RO BEI SYHBUE [yl or more
in FlRGielsh Ok ol Jefet temRaMedlatly 2 it @&ﬁ?&ﬂfoﬁ o the lﬁh@ﬁ,medlum
the residence tinme and the degree of crystallization

Fog mestapphicatiens, g segnse aficrygfalliniy ranging dioar 4306 tedifo ixsvitapls. The
| ' :

et PanEe) o LU N i SRR A b upon

thecerystaldikdtionit¢ngperathee and shedetece whichhe pcdyxdﬁ‘farysﬁﬂhm Abhe

tinme | apse. between the infroductiaqn ellet in
TP GRS o 14D EJ% VD50t essales W%é% ebt&wzc{r'
cr}s?di‘lﬂﬁfﬂif vhe, c?rll'xflcfrb Sh@éuenti’)@% SIHGE ri; §¥s3ﬁ'ﬁjnl gt R ﬁﬁﬁutes to
ti'me when t pellet Is renove
about 4 minutes or less. A res1dence time of up to 1 hour may also be suitable in the
practice of the invention with suitable liquid media and reaction conditions. In a
preferred embodiment, the pellet degree of crystallization prior to subjecting it to a

temperature of 140°C in a liquid medium is 10% or less, more preferably about 5% or

less.
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fromthe conditions which pronote crystallization.
Recogni zing that crystallization can be induced in a

wonpaeadsiaseiat stages in the process outside of tRET/US2004/027438

crystallization vessel, the "residence tinme |nz"

refers to the tine | apse between the introduction of

the pellet into 5 the liquid nediumat a tenperature

of at least 140C within the liquid nmediumzone to the

separation of the pellet and water. from each other.

The. Th&AvRtRAF PereRitus i i et sk i desirgt fog thepapiciler

apic&{bniald WCABerfist abBpdriidlildrly limitdd) EHBREVR the process of the
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- . I Lot s 0

oS0 5h DAl b AR A FaBR0 Bl Sl b SRR S Brcegree

ofuegsatlinityldT tHheamny ammrphoespetieryrdr to thiermhdieryisalleson. deping

.short to limt the cycle.ti reduce th ui pnent .
inpigg! thah dugige FRysta NS 1 Rrimgarily brevanh theypelisss Fpmebcipe in 2
sd11a8tatiny 8 dry Y stdph@d kHat Mrystall ity &Min %ﬁ e\l%f%t @é%fr[)?édlaf%n%g tHeQellets

the wer ght “average nol ecul ar weight) of the pellets is
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_ I . 1 aui . .
U S bR, TR B8 Bk B .o
thie poldatd aro nlreddy stffeigptlp bizhgo bé irfjdeaord moided étd patiornishaad then to

o R SR BBt St B B, oo o
cr§tsihRy bil% akddaMo BOMIBEIESE AcRessi§ td Plebémtkhel erllMs b Rckin®
e

entry into the |iquid nedium zone. Residence tines.
topptpergn a doyerpritogeduse theasrouat of tiragiaqepedetordsvelplizgi Liquigds in the

i ' : 3 iLni . 209 e, or 25%
pellelfltor 46 R EROR ol if6) Bbtchithd the Qb BEIRE S, OF 25
i n the makt petferrddrenthodimenit bEthe irademtion, onysilizadtédnyis adridacted in
its se ati.on fromthe. l.iqui d. nedi.u For, nost
s SRR e ot e e Rl i el ey ot Rt P
HEBnk0 1iH0H1I8 d, SHiatidPpRldleTdiftatedl 9845616 Be&nbivATo FraRide VIRN
be as I ow as greater than 0 mnutes to 8 m nutes

negessenanetipndp areventitle patlptsiieom sesimesptingavpiag srvsiellization. In this
RO e I8 PO Ao Gyl o
mechasically indaded @pitatiomeluting olystallizatindegleedsoaioidmg agglomeration.

crystallinity of 25% or re,and even 30% qr. nore. ... .
This B pr bl deq a8 PRI isc A0 oaettal ot i
mediumeose filed QSiet@NERed Witk a GhuidRnd Alcwih®the paBts & seflciBrough
suitable in the practice of the invention with

the finiddperd theprtiemmeithe vessel whilserqvéding be artistonih thepugyancy

arf@lrrfzet:t%ngr? fsRIERANHBRith ah hﬁﬂm bt 4 d6&HEEwnt to the flow of the
crystalfization prior to subjecting it to a

pdlletspad/at by eondrollibg0lR dansisy diffgrenck totwleanrthe pellbB@%nd thel lemad

m%ugé%%%b% I Ps%l){}nlalsnoé A fu:r%tgerI d%?a?l'belzo%v. WO 2005/ 035610
Fluids are excellent lubricating media, and by agitating the pellets through the
turbulence of an countercurrent upflow of fluid in some regions of the liquid medium
zone and optionally a laminar flow in other regions of the liquid medium zone near the
fluid discharge nozzle, the tendency of the pellets to agglomerate is reduced or altogether

avoided. While sporadic or minor agglomeration may occur in the liquid medium zone,
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process of the invention is capable of rapid
crystallization to a degree of crystallinity of at

| east 25% or obtaining an increase in crystallinity of
at Ieast 20 percentage points relative to the degree

taI ni t f th tat n h ellet .
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Zzone,
liquid medium at or above the vapor pressure of the liquid medium. At a minimum,

however, the liquid medium will be separated from the pellets while the liquid medium is
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rotary valve) such that the pellets ejected from such
equi pnent are discrete pellets ready for introduction
into a dryer hopper attached to a nelt extruder for
maki ng performs. Alternatively, sticking rray be

oided in the absence rotatin
s OO B9 Cliet the BB RROB e b apddium. T s
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et prepurRl bow l afmespherguand ivimdepradendiof thegresagie a the pellets or
o?lﬁf\gééﬁ lid d hﬁdiﬁglt 1%1'%(&1[ ?1§ taﬁ& tPJ géiﬁet Hr?g% Ihﬁc'rfcﬁr 8 %esgﬁabzgron oggratlon
0.3 hpseerbtm cerfiavednfioivethe hgsitl adddiune zoree The psesswe)meme@ellets is
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node, continuously, or any conbination of the
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{Otill?alﬁﬁvllrlggl% wl{o?é%fttff@h%ddﬂ }He&ugﬁgjleéé{l}GQB %?o%r\;el vp1t§ %0{ pressure

I'um zone SO nore pre err
pmhr tossepdratinestht peliptsireeause it thisumasss eyery ipellat gepmestal iainder a

g i g e Sp et e st it mrd e & PRSt Srisdragngs the

Ze2h6nivdd imeBnd L caldaa g tRe @patatien RebhRhplaté, FRWﬂ'ed Hat §& bulk
25 greater than the vapor pressure of the

ofghsingHets Temain wisles 2 FRROK PFIsEHC BRHADH m%atqréhandb%@ppber@ssure of
tﬁﬂld@(f RiediGhA ekorl ¥ntdRyY, ﬁg nfehddida¥ §e£)p5§ﬁ1¥n? Pe\h&: Figure 32

I'ts description. e separat| iquid from
peI | @hss, imthe ipeocessrod ucnaaﬂm\g/hhd lequi hmegiein fedrs therpellets dtestep b) of

ressur ter th t eric pressure
B B0 e RUERRD 1 G RTR nEsRE I g8 insdlouiigedom
ok gepellétathad be daki@tbrell &ith RIIRSRBLA S o tAE NqHE Pdaink MM the
the pellets fromthe
pellets, or the liquid medium and/or the pellets may be subjected to a sudden and
immediate pressure drop during or after the dewatering step down to atmospheric
pressure, or the liquid medium and/or pellets may be subjected to a sudden pressure drop

during or after the dewatering step down to a pressure equal to or greater than

26



10

15

20

25

30

30 liquid nmedium at or above the vapor pressure of the
[iquid medium At a m ninmum however, the liquid

woreeeh/38610i | | be separated fromthe pellets whiPica/ushe4/027438

liquid mediumis 25 WD 2005/ 035610 PCT/ US2004/ 027438
under a pressure equal to or greater than the vapor
pressure of the liquid nmedium It is also to be
understood that the neans for separation is not
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oxffﬁfnea ]?Ebdsuré betasergatmdgﬂmhenp mglhe aé\ﬁmemﬂgl Ifrbssmmcdr Hd@ﬁgrgdtﬁ. In
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petrlrlgté 9hd ﬂ&&iﬁtc%{ b(% @‘]\e 2 a%g fPéﬁPtg% 11§1§1§D§1§eldh§n NnelN§ 5 8!15'?@}!%&0 a

ium “or erirc e
dewipe dbr stepar@ﬂtng}heptlmts frdrathe layuid wrder mﬁa&uf acedad)@uth dk when

at no and. i s.i ndependent. of .the pressure t he
et T o 3 e 1 HBciol B e e S S R SR YRR 1 ne
teRBbla Rl S hgﬁﬁﬁe#ﬁ@ewgssﬁre%?ﬂﬁz{c%sls A RRAfeAhE @ﬁhlﬂiﬁﬂﬂ 'should

have been renoved fromthe Ii i d medi um zone

prgfeeabheessebie minnige jqsgghg lsquldj@émim qug teyBashing and thereby avoid
t
CRHS3SHGOR 15 ARET DA, % b S IR e gorin fom
a p:tessdteodlosago tHeélqsrelpaechmm tznneqfresshxe tpeddued the mesitienceatime of the
I t th r
S SR o PRt o e SREH R AR Siel AP Be B S Dre
prmme%nqﬁe $G@y bbb dewRSH s REO:S $4/618réRerdh APy d ?&l R¥slilef the
va pressure 20 prior to separating the pe
hcwégﬁle@)m nf dagired @a@éesswsvem @eﬁgmemos plevatesigissat dmte?O%,
ki G A B S TR S R S o
liduid medinohuohe mpriérao smueﬁ @t cpdle timecaynidahphset afdpoling

engient Graetei Bl doy i rbilBro R M Disgor

Pr eSSdwaerity chi akk plhde BefoRMr dtMBcRARIRhEPIIRE fidhSthe
nmechani cal separation device. 25 Thus, in the process

crytalizahian Sanidanadiven porgyiFar srsenplariie st 48 bedischarged from the
R B BSOS b g REL LSl ore tn
atmpsphlae 1pm|ainM1medna)d then sibymted te dewdtéringn Sopreamsraa bel takpn to

alld% the pelletsqg Icgolrge ! frow fhitS ug‘ﬁ pipes simply exposed to ambient conditions.’

Alternatively, the slurry can be first dewatered in the liquid medium zone, followed by
discharging the individual streams of pellets and liquid medium from the liquid medium
zone. Since it is most preferred to dewater the slurry under about the same pressure as
the pressure in the liquid medium zone, it is more efficient in this embodiment to either

first crystallize, discharge the slurry from the liquid medium zone, and dewater the slurry
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pellets, or the liquid nediumand/or the pellets may
be subjected to a sudden and inmedi ate pressure drop

wo desiosgpior after the dewatering step down to PCT/US2004/027438
at nospheric 30 pressure, or the liquid nmedium and/ or
pel l ets maybe subjected to a sudden pressure drop
during or after the dewatering step down to a pressure
equal to or greater than 26 WO 2005/ 035610

PCT/ US2004/ eric, ot t he |iqui
ARG 50 PR b SR BFSUeA COMBE St DOl s the
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ré%ﬁﬁéﬂh&ﬁg§@ getand thereby avoid energy |oss and/or
ding costly condensers. It is also preferred to

d evvaTIErfosn af the uysfatloatidibveasgh neslssinat lphiedlesd long heit is pressure

aI{d t%p%?tﬁ{e%ggwgﬁr?}ﬁ?e p&? f)’%?srugeoéFglFIréi%%dﬁ ﬁg:%hq%d r%gélgr%%%ge The
cro$tylfikaioh iveakl i@ ﬂeﬁgl@d b6 D8 hikgyedr lcoihuo¥iploBess préfefiBly a
b). the pressure on_the slurry prior _to dewat ering is

copfingqus PEPcsss Jibe shystallization Vesssdmajy be 8 pinecor gftankipr a qofugyl, @nd
?gé bi‘f’éntédfm%ﬂlésﬁgd gggcu%essur e on the slurry prior to

ewatering is at |east nore preferably at | east
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um zo r to.reduce the
sl el 9, Pra e SR BB i Ier- L omedta an
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to flashing Eﬁmaterlng can take Iace bef ore or
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u%‘ace oeiyés @ T {orbe gdw g Eg{% r}’ﬂl’ o conver? the molten

polyester polymer to a solid, followed by introducing the solid pellet into the liquid

medium. The liquid medium and optionally but preferably the pelletizer are contained in
a housing such that the pellets are introduced into the >140°C liquid medium while or

shortly after the polyester polymer is cut. For example, as the polyester polymer is cut

underfluid, the resulting pellets are in immediate contact with the liquid medium.
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allow the pellets to cool by a flow through pipes

sinply exposed to anbient conditions. Alternatively,
wotzhes/sbanry can be first dewatered in the |igeca/useaionr43s

zone, followed by discharging the individual streans

of pellets and liquid nmediumfromthe [iquid nedium

zone. Since it is nost preferred to dewater the slurry

under about the sane pressure as 30 the pressure in

d i in th
Altayeflo e i eRET ARG s plotoa R Gref A P betietss ol the
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depressuri zati on ki Il understan

the Bousaigmapodlyeeaineain pbotyzvee of > 34CK fhsd pithyetahy beysiral barriers
napht hal at e, elther absorb water quickly or do not

befiy¢eging ¢aol F%Pﬁla@ déhechabeonss water entrained in the
Pel I\ohetBdr o Abtrurbr R F’(% QutteP R usORthede f53Rb ?r%vti%eéiran embodiment

depressurization results in popéorning o
ingdiidr the péliets arg hlu/st;alllzh@mmmpeslsx thcse@e‘sargmeldrﬂtm auter i used,

rops on t ets. | ch
o 5T e S EnSRes i Eup St Nkl iientidfdhne BBty
frdiﬁ €tk dulterifio d pipd WhIdh iS6zddaNith ARnith ah8 dRARES WifficieANd impart
t enper at ure rated for the vapor lglr essure generated in
¥

to theepellpts thegresidenc fmediseessary &0 Cfbf?t garfheipsligts orihg desired deggee
of@?}ﬁtaﬂ%ﬁoﬁ OA1tén AR Yﬂeﬁﬁpeq{la}ab&ﬁgﬁfﬁﬁleﬂ%ﬂfm%dq? "f)ﬁﬁqde. the

preferably a conti'nuous process ystal i zati on
deyiggssdsigramy ctyetalathmcpebagausa thegrike way sereodnlyms a conduit hefeed a
b ri.ented in.an | red dlrect (e}
or SRR R of Rl & PiPE mif b ot ety CoBlifize dh netiets
anti Ghedi fagl a Grystallivaidnnghkeoreeluhettb beﬂhplew tBé exysdallivatin to the
underfluid pelletizer, to which is connected an
de %@Fﬁately sized and oriented pipe. In this

ermbagli 'aﬁ‘SFE\Ient WB%th'ng)rtrﬁ)@ AP BhEERLiE Eutﬁa‘i’ bR, thé §se(b? BysaYt ed

to a solid pellet by directing nolten polyester
presewrg mated enystallighticn teiiks may hetavpigled by crystallizing the solid pellets in a

pipe. The solid pellets may be crystallized in a pipe by directing a flow of solid pellets in
a liquid medium through a pipe having an aspect ratio L/D of at least 15:1, wherein the
solid pellets are crystallized in said pipe at a liquid medium temperature greater than the
Ty of the polyester polymer. A pipe may be distinguished from conventional vessels in

that a pipe has an aspect ratio of length to diameter of greater than 15:1, preferably
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medi um cooling at |east the surface of the polyester
pol ymer to below the Tg of the polynmer to convert the
nolten polyester polyner to a solid, followed by
introducing the solid pellet into the liquid nedium

The Liqui.d nmedi um.and opti onal b refergbly the.
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causi ng the polyner to agglonerate on the cutting
sur f dbepipe lusedan theaydesss diithel ingentianrig designied th bezofnk dwe liafuid

| liquid,(e.q.. belaw 90C . b ti 1y . .
TP AT O S AL RO PG R e BIRS e bedbspued g povide
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cool at least the surface of the nolten polyester
thy pipsesthe RimpRYgeaRs foyiimparting o the pellets the desied degige oft he

: : I ¢
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I'n which the pellets are crystallized in a pipe. In
t he Busddsirable tmetwstillies the palidteto, at eastsciD?% degnee dficoustatlization,
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enbediment, thegreBets atfe coysiadlizetilin thatpipsrio bdegras ef drmtallization 0H30%

of renro}/eewﬁml)fo RindesS (gsléI Ia}ld Egnn%eenec(gngawith a solid pellet having a degree of

crystallization of 10% or less and even 5% or less.

By using piping as the crystallization vessel, sticking may be avoided even in the

. absence of rotating mechanically induced agitation by creating a continuous flow of

pellets through a pipe oriented horizontally or non-horizontally. As noted above, the pipe
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crystallization tank or columm, or the pipe may act to
only partially crystallize the pellets and then feed

woeoet/ossétal | i zati on tank or column to conpl et e PITAIS2004/027438
crystallization to the desired degree. 25 In any
event, whether or not an underfluid cutter is used,
the use of costly pressure rated crystallization
tanks may be avoided by crystallizing the solid

. pellets . in e SO|Id llets may bhe
is prefreghly Aewpidhof rﬁ Cglaw E/fsgimagp an@ldan?lle@wfsfﬁb%? figyoid of

infBk Bk &s, Wirs Sorlbafiles hnbRiH AW, Bf‘lrhe lﬁq{?ld%&fuﬁﬁ iR Aty ﬁﬂhe
aspect ratio L/D of at |east :1,” wherein the solid

sape (diretionas ehedlops efthe ptzll@és mhes)a}ednw peefilded weith 4 gjuiry of liquid
er ol 0. T
mpo‘%/ll)e‘i{mti érqu%o |"9r$§’¥aﬁv pi p lp i m dgfg gag\fag he (@eehqcl)nd

medimd and thepallety.essel s in that a pi pe has .an aspect
ratlo of |length to diangter of greater than

15:.1,.
pr eflBYiead|of USBE GPIPS 95 B} SHIPDIO PeiRE wsm@aﬂv;ﬁwgh@t@afvsﬁseh
thé Balets?réayﬂbe di‘?s"tﬁh&rd% ghARoY cOILBAL REfeiI@No Pihule 32T£1<eone

| ength of the pi having an aspect ratio of at |east
exmplrz tp glustnate gls¢ ¢ h@ﬁmbodmpmte of oérypialhiestignoiessst thyy

rgs%fﬁ)%altlgxg ?ehn l% é&% Ci)ut Hi t\lzjer %allx%ﬁgf?t{ed gihndncﬂ cgk D@) (for
coab@mﬂnc&ﬁlﬁb recﬁdfrrdainb asal \VES§B1 Dvafhed 4 Hqim& medtlinieoie, 1A where the

Pl fi e scenee i e Thekuif Rgdb Ry BORRReed through

1nE9(2rAl) afd prleR@atll{ Bidirfurea Gy 4Ry ﬁﬁﬁﬁﬂﬁ&gnﬁﬁns (i) ﬁkﬂﬁ@ﬁ)ﬁﬁé & pipe,
he boiling point will, of course, vary dependi ng on

a nlh@twei, gL eerigeelf Rpzeles @rnp@isihﬁ csenmipieaceoithe vésqeli dhapaitiowr
de%%gaxgc?%@ll nlt Used 6 ro¥ Emgsén ﬁb&/%l? LV%’[C&‘ th ap{re%?«ﬁ gsr+0ﬁ gwtgd.

or abo e-va pressure o
Ttmaidlmmmmimnas dmsisiblp felfrenr thel bettdm dfmenesselg el foebd @iveard

@i B4 Bisrecfpurtentior e Brdefapor fe s gl rbeavid
mTtd"\ﬁn P6RGE §§:s§1frlz§ch@y 1h@ \(I%Hr'g@ﬁbrhtéd ﬁf@ﬁl‘ tBOR&LIE Or PREMIR ts!fi&ent

id nedium zone in stallization occurs.

in Yiye HOévesqqéS%h pe awaa)debﬁdeu @@r@ae@ edbtoghevéssd, pysenst ¢amhpressors,
h})dﬂacsﬁ a})?atdeorcarné%B%lnaﬁ&i 6f°{ﬂ seOTht Sriegéuré &Ih}us ltle ll(iu1d medlum

Crys zat erred"to use
zohdnfs abovenhe yapoe aressur©of therp@nﬂ nfediuno Edrexpeple eth6p1tel§uﬁre within

degree.of, 15 crystalli atlon
e TR0 I 1t © 280 b P& DiigalTing e ware
uséd ¥thaliflid ndedived, fidgh 5M0sea foNas PO THIRIGRIdRh&Ti&h 3P4 ddedR the
nore than 10@6crystallln|ty, and nDst pref erably not

liqyish raediprg mommat dhe semg presaire ps withia theiquidmedigni zone 1Ahe
PI PG $%§eal?§kwxlr?8$mng%gr ﬁl?ed%ltfpﬂxmﬁgﬁl lr%éalufn)f F@ell@% and the

measur e e polnt”intine
liguik lewad (28 é6 atoonear Itheq;up df thee slesseh tBemtppaflm faﬂle thiroughithe Pdqyié

médi gtd a sn %e& Elat cag be appm)%rrgi?el}/ czﬁcuel‘atecp 8‘0%1"& well-known Stokes
relationship. The settling velocity (the downward speed of the pellets relative to the
liquid) is a function of the physical properties of the pellets (size, density, shape) and the
liquid (density, viscosity). By adjusting the upward liquid velocity, the downward speed

of the pellets with respect to the vessel can be controlled.
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20 pellets. It is desirable to crystallize the pellets
to, at least a 30% degree of crystallization, nore
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| east 40% The residence tinme of the pellets in the
pipe is sufficient to inpart the desired degree of
crystallinity. In the process of the invention, the
pellets can be crystallized to 25% or nore at a

(r)res: gg@ %Se%{% gdéf{?gaﬁ Oft(ﬁ}% fsﬁ{ﬁ]g glle'%? qugs@nv?rﬁlogﬂ éollgs or sof'l éselsquld

heddyogdidewios (3)! dueh e t@irs valve, ThySdlRtd haesk ddded A&t B R slurry
to a degree of crystallization of 30% _or nore wthi

in the garpe Pea didferanbype ahliqwe meeie rpumped injo ths) weéﬁeb@m@b feed

iévh) ggﬁ rgt%g& @/ﬁlcﬂf‘gellég ¥retaahdd L%El‘ltlé BE o?&le 1020 Phiqi @ Fife AP sel
even 5 l'ess.” By using pipi the

detemrsined the pauxiroity vEssgielletso land¢hafrg Tﬂnaprdmnmymf pbHdtsearenlume

in.the,. 30 . ce.ofsrota cal | uced
gl By RS Y TARieBRE T demeo T Pot o0F Pele e
ah&th@Udihe pelldtPshotld &ﬁ%@ﬁl Sheh b ZRRhH that sy free fall through the liquid
non- hori zontal ly. not ed above, the pip WO

medps pyh emméﬂvqm o/ ottey p9éets. ST e Bitable yowwémtl@rf of
p@ﬁ&@@ﬁés@ ?{akl?s r(])5/‘:“"[5}{1::' d8BirdP A ff7ati3R qi(r)rlr‘éqaga Fﬁl@%% e éy %v?]lg

devol ine mxers; Welrs,
deteomine fhethieight ofqthe desseldhatris isedayi rably in the sane

e St BNy R Bt R PR e

uﬁd’vhﬁrﬂﬂatxgh/@kylessbhﬁ appmmﬁme/plbg fiotvl thaeis\d drlifodm\a ?{if@fd velocity
the |iquid 5 ned|un1and t he lets. Instead o usi ng
agfoR tb%creﬁs feqtiomief the yesselo Tashugfglt Jopiipecapiahlpdut large-scald

'v&&lﬁﬁtc%ﬁlhﬁéﬂ d}')a‘?t@m\é%ﬁ&ﬁ!i be a@ch@edp% bﬁfe& o RHiebthe goiaji 05 lirrngoth

crystallized in a tank or col um erring
upwarddloyn &anes pah@ﬂﬂes €49 in the ssselatae be lu&dobutttlmy should not interfere

BB ST ol oE e Rl RSt Pt syorres are

vaiubﬂnﬁlelﬁheaybﬂ restell @alul& Gngs4) ad Jllusfr@ed. 1 0he AgvaRnebERtroduced
also referred to as a vessel@)q)vvlthln a liquid medium

to s ervaiallizadonevassed at peltiploroings ©.0)im okser wwbmmr@t fhpericial
Vaﬁéﬁ’iést - dlfﬂ}gntlsb&f&l o 'ct}mgllﬁal% \?@:s‘ge'l %’l;/é‘ 12%;& BisQ1698on may

inlet (2A) and preferabl Istributed
bel p@ttmillbcmby salversdhbor(t¥)pressatia dmp thraugh ge feedpipeand Iwzzibpe

tree a SEIeES of ound. .t he, ci.rcunf.ere

of °+ LB EBEER ' R tsel PALTE s MY e En b GRR R B
uprsgd m‘qﬁird WeloRity & ¢¥gataa highf doAvenertivwbd el 168 for rMﬁw‘aﬂf k‘rohﬁhe

not Jimted. 15 The |IﬂUId nediumjs desirably f

crygtalizetnn Ysstel o Fheoypv i igaid yglocitygnd the Iyl of mléqtﬂheld up in the
v&sﬁél%@iﬁryﬁ% SY)Qﬁathllle vOTQHE ?r%tfb‘rl@f ?&t eiths tifienad %erd%xh aR of

falling pellets. The liquid di um zon
crysteBigetranzeedsebis higher thap dire wpdumae &acér@nfot‘ thmpeles heag thedsudface of

ﬂl%%ﬁ{l%drﬁg&&m RE GedL {op of the crystallization vessel. By allowing the pellets to

settle towards the bottom of the crystallization vessel, the volume fraction of the pellets is
preferably increased to greater than 50% to minimize discharging excess liquid.
Crystallized pellets with liquid in the interstices are removed from the vessel with a
rotary valve (25) or by a set of dual knife-gate valves opened and closed in sequence.

This embodiment illustrates a the preferred process embodiment described above wherein

32



10

15

20

25

30

in the polyester such as acetal dehyde, inert gases fed
to the vessel, punps, conpressors, hydrostatic head,

WO enosasssiconbi nati on of these. The pressure w PEI/NS100€027438

liquid nedium 20 zone is above the vapor pressure of
the liquid nmedium For exanple, the pressure within
the liquid nedium zone is 14 psia to 200 psia, and
nore typically, in the case water is wused as the
[ |d medi ym from to. 145 psia. The |iquid
o Len g disrems e Iﬂi"‘atﬂ“éd Rediithin 26ARnEeus REdS e
whll & l;b@ﬂ’et@&e \'Ml&cti'arbréslé’lﬁe |elf11?dl' kcﬁoﬂ@gdt&qhéﬂﬁg vaip‘c\r p&'@ﬁne of the
vessel is predom nately led Wth the Iiquid nedi um

ligind msdivnetlsis paeferredie reIB6V€| 4 minigumeymsiuny Qfeeycc¢ss liggid@tong with
th{éﬁ@lﬁ?tg Q&a%s%reh ne]%oct:éggb c%r;ii%g %1605%&%; ﬁlgﬁtet! [,J{%&Bcg?a'n'né tﬂehbruﬂygtl}he
h@pfa mmurratﬂuﬁiugh clael predsaﬁyfed rédyon} lwpegru\ﬂh&a;llyrﬂgxyma@ﬂ akes
rel ation The set.t oci t t he downwa
CQUYBERFINg ﬁ{ &h disp PP INgUED 1 Hlet@i%n bijtjoggingy qné%a 5.. Once
dikéHafded TR nPhhe Eﬂ@taﬁﬁ)ﬁﬁérp@éssa@ rtHé) %tfeﬂs@t“fal i} ulfdrh@ecﬁﬁh |184s% then be
(size, densit shape) and the l'iquid (density,

seppratedrony the pelletsiby a:swnvngﬂqnlabsqluéﬂmml sepajefich apphroist Pesirably,
IF’ gs chdggﬁ{hg érr?]tg ggegga%c 0 re 0‘9%%! %ﬁ%&%@ﬁtﬁsﬁges as well

asRUTta &4SA086u ) 2 SroBak iseds ﬁeﬂhbe(ﬂekibﬂ fat Stefneé). tAx{y (ﬁf setdidl types

essel .a_.conventignal SO|IdS l.ids-I
of Rutmisn - SeP et Stess i aEFoppad (i dmnse, Sifeas dryers,
sdP&@nbR! & JIENe-BRsRHRad neat or as a slurry in the sane
or a different type of uid nmedi um as punped into

t he ABerghe liquid meghny @a@es fhg|ten of{thy vesyeleit part ke ragiropfatashinto a

PR A RO 4l OF) Rhube Aelifldeatup grgpeh e

(18%¢td feed the vesseltvhithr recﬂ’d\ﬁatm hx]uldlrnieghuﬁf "lﬂxelcbﬁﬁrmous}fenmhlwfehe

.fraction pellets v |nflue ce t

hw@s&ﬂm om ge lb%lé ‘iﬂf“é‘tzog? #fg‘&ﬁr 4*6 oy, piefiafed eﬁﬁedlment

meRidned sbRu it lag tﬁl?ﬂwhﬁ& fidGlur mnﬁ bar tkkaéonhﬁ\?dﬁsly removed
free-fall throu the liquid nmediumw th m ninal

fremrikapallets whllqﬁhh eellgtearp émﬂtawsly and sentinaensy sepiraied from the

hil.[lélg%eg tﬁzﬁaotuigﬂ &b} g)zafhp'l le. 2 lr(ggxfy \'Ia{l%%r gg{ of EFS k\%ﬁ?—lggt% %alves, at

thel ébbtwn‘noﬁ életsbtﬂldgesegi’m of thetdnystallizsioh védseit Mcﬁemr:‘,e]sslaegsure of
Wiile the t flowin the vessel is not limte

the Jeligs B, Sneﬂﬂl\éﬁaef’wp PLHETCERL: 41 BrOVe BindPar RATSBISGH Teiqui

m¥@sael 1 n approximate plug flow, that is, a uniform
upwar d veI00|ty across the cross-section of the

vessBre dischange paint of ligwid medigmdegm gis|vessebinto theprgesusized e
re¥§5 létﬁ)"ﬁllo@c E‘fd&é&' SVeRid fe@cﬁ ?fshcﬁgfgit'ﬁh&’ifgxeto %odegs%gl I(-)Iévxgevcr,

er to |eve't e goa upwar
sm@rthe; upzwarb b of she(ldguid medilvg abewstbe d'rseimrﬁnepmxﬁedsubh!ﬂﬁhally
the

ul.d not interfer i th tEeé%omnmard travel of
ey B nP S oSy Yesle oL ROy B RayReRe i uvard
ligilid ¥ew WeRSit@lso longer desired. To minimize the size of the vessel and maintain
an upward flow throughout the liquid medium zone, the discharge outlet is preferably in
closer proximity to the slurry feed inlet 3 than it is to the liquid medium feed inlet to the

vessel. This liquid medium discharge outlet point is preferably located near the top of the
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vertical, inclined, or nested annular rings (4) as

illustrated. The liquid can be introduced to the
woaenysaBsdibi zat i on vessel at multiple points (5PEYX/USR04/027438

order to obtain different superficial velocities in

di fferent sections of the crystallization vessel. The

l'iquid distribution nay 20 be controlled by valves

(17) or by pressure drop through the feed plpe and

ﬁzles At the bottomof the vessel wl]|
V’%Sé‘? e @erutlepipg %85 SHFY A Wihig e tep QS%a&tth\mﬁl Beight, or even

vdlthﬂxl%héjtoﬁq|5%céfttﬂe {Qsétheighe a high concentration of
pellets for renoval fromthe crystallization vesse

The Tpperentipelipts ﬂomeblemglcalyled mafo theadi$ohergk ooflet pelel (8}, sne or a

(P'g C%t}ﬂ)% of g} t?ﬁowméﬁ %éﬁ g% %ﬂgplétggcp ftgeﬁ%e?% dlt?%%SI\(gnS 1nr{Ernal

designs tral/briligatd fow vascsigJ cah e Adjgkted sd thanthé Hguid @ﬂldd[tﬁn upward
fract.ign of the Z%Iets near the surface of the

velpqtyi g theeyiletregien &) is oy enopalvso thapellety areot Farpied ypyard and
oﬁ’t%?%%lvess%l’th?ddgﬁ\%é'lﬂltlteﬁﬁgé)@)l o tré?e?éﬁie%fgﬁv olq\ﬁ?sEga?gﬁlEQ

bottom of the crystal fon v sse
pélletrre¢ banid mediven lpéll tlheptcsswzecbneelfreﬂah)lnyoomocledseplomus

p sﬁglt bgﬁ'nérg?@ l? %{é]’ %Ig Irlnrr é’gﬁlﬁgﬁﬂ egra{l}%&ﬁfztﬁ %‘[oﬁleexmng with

thie rhltlelﬁstrballﬁ,&né/foe a ﬂ&g@\tgﬁnétémﬁlbfregﬁﬁli(ﬂk) o\i\'/]IctHehfeéseBQl which the
.rqQtar val ve or by a_set o ua nife-gate .
ligrug pnedi “Hglé%% dé‘&ﬁ)&ue?f@%lé'dvql%ﬂgélaﬁyéh@égh the gmaller izspgtrgpgin
partiby/6t tha v &SeldeloRethP hefudls! %tﬁﬁﬁ% g/ﬁ @gﬁ@cg gia%@ ted from the inlet

descri bed above wherein 32 WD

3 meT2 tbtoply/ oERagPoe HA8 s Ithetop of theyesspl, dipatad end definedtly an
. d whi |
a0 120 bbb n BRI 38T B0 RY ot fflan'c, | ©

t harinttheconspf crysalzatie 0l Helithg dﬂtlﬁa{bdﬂleﬁﬁdamﬂ"gasdstma)&)e
m ni num anpunt. of excess

ef dt
e GHig 8 1 DRSO B S8 RS RIS BEEBHEL) by
stlﬁmfaﬁl BEthbds 16 Provitle HEME F&ihval b tg'@ﬁ’er?t% gas@§ 1ftsQ Qestred. A

i quid medi umthrough the pressarized cyc I oop
Pragsufstregtpyor dontieler aarele lastallmmthtsoaenfgnpdq rloegder to minimize

0 tribution
ek PR il e B hEQIE R bl ap sl fiuia seat
bgéﬂBel the interstitial liquid nediumnust then be
separ d fromt ellets a con ent i onal o L
sol i aLﬂ Rave éaaff S%W%%g.}ﬁawﬁ pe %W%P@Syhe ligyidy 44 initial
dlbtﬁb&Gﬂﬁ Qeéiredlane ptefdrRidSs kbR the Bafe@sSoJePﬂ{e%FG%y Sectrdh 6P the
liquid fromthe interstices as well 10 as surface

vasgsil.sThis ean beachiepedeithesby eontastite themieBessi with rath-CEﬂ derrier to
se?ﬁrg@, aHd spradly Sp thg Fweﬁse?sv(g ﬁﬁ Ior hYAGR mcg{cl:e#( ITTS ts o(r) étéj QS ﬂlﬂé% liquid

eparatlon devfces acco pur
st@smafiyeths pelletcheganfalimg. or coar se- nesh fil ters After

th i qui d di es th f th | t
can B adsrrgis o B R 6§ Sanociiea B8 e oudoresaierebbe on
exk@zﬁi@eﬂ@)(l@) oRURDLidulPin1dt 8Lt 1iGiNE shréaahdl ShaPGh My FREEM can

be heated in a jacketed vessel. If multiple feed streams are used, multiple heat

exchangers can be used to create crystallization zones of different temperatures.
In order to conveniently control the liquid level in the vessel and provide a

uniform liquid feed for the pump (19), a small surge tank (21) may optionally be used.
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15 (18) to feed the vessel wth recirculated Iiquid
medi um The continuous renoval of the liquid nediurn

WO poossise | i qui d nmedi um zone il lustrates the POT/ES2004/027438

preferred enbodi nent nentioned above in that, by this
means, the liquid nmediumcan be continuously renoved
fromthe pellets, while the pellets are sinultaneously
and conti nuously separ ated fromthe Iliquid nmedium

h f | f dual
Ligh 8t hes gl ion Sess3 1 revgbn s ‘Rl b s pe (20).
TREGdss D Buddt fpﬁﬁ?ﬁ2§)’ i¥ §iz@d {0 AkioR @né‘ﬁ%@ khat N@l%@é’!ﬁﬁﬁll pleB&ire drop

pressure O lets is, taneous to thelr

andethe orystalligatiaar ve; ‘llémﬂ ﬁ@/eb@@ancbthesmge @nbthtuldée\{ell (R are at
nég?lg g{}%h hl-{éﬁt 1[% ‘?9@ ] &&n 881' a%llé \ quraeoq)e w 18 ”giz*)‘ %an be

ressurlze CIrCU |on

udedc@ientbva hiquid duhﬁg ftasab of if bxaw lehmﬁlfbﬂrwttb ptligs theéshlinlet
(ﬁﬁev 25 since the upward flow of the |iqui

d
RRPR feaddo desincssyenige P ing €3 Huehmey Y i psed to control
thd LAl IW th the b€l hﬁﬁ I@?f)g €hB QB tank 1%&&%@'1&6'(%a®ﬁféh may

at ‘or above a 0|n whére an upmard |qw
b@/@mtmttrygﬂsblﬂ@kelt@hg@pn@@mdrt@d commomvaupqnhz@er Wethémz €1 iﬁﬁhat

seth¥ 1$y§t%i 12‘3{1&1 \%%éent eppr %{‘f%% € 3’3 lti rlsollﬂglh alijnedt € same
el h ars t bry/

I um zone, arge ou
ot 011 a ﬂibﬁﬂﬁlallgroomtmttsy)pé of pﬂagu&i dtop yvefrelmildlgﬂt ef th3 11thﬁ1ﬁned1um

e |i ium feed nI e 0
W%}é%‘éﬁ? ‘.’esﬁﬂt‘\%§ PG g )r?é‘glpﬂ?fF‘H% &{}FF %p?é?sﬁ‘t‘re jsensing
miRArRfae haPduytable @&taﬁ&l REH as%'ﬁﬁwhﬂﬁw@fBP Bfd @3),\0R make-up feed line
2005/ 035610 PCT/ US2004/ 027438 vessel thr ough an odut | et

(24.9m theghnes 4@t ligyidanedinm feade tq tng digsibuprsi(Akandd@yend any other

weight o even wthin the top 15% of the vessel
s@@?l@ﬁ{igaﬁ% prevent pellets frombeing carried into the
di schargaveattivhadtprgieps 0(58) aban®.60rlt. ¥. pdletshreat/staltizaf in two

e oI B FEAPLTos TReg: FRMPPY FREAEE Fitoit vesse
ushi®) Rifrbgch %‘a’s‘ BndPBeAMAUS ts@ﬁra?@vés@éltat Bl@ﬁeﬂtérﬂ}%rgnfé@ dhd Bwer ﬁas

upward velocity in the outlet region (9) is |ow enoug
ﬂ%‘ﬁ T3tp Gitrogen) @@s uggdein st crysial Hizasign @plwetp durghed POldmndQnsetthEe
p%ggslshg Ilg]hsets fig F:Sa:i:lﬁ‘?he%’by u%rez%' E}Fe[lr(vggl rt—e v gé Slf %rcﬁlgxdwelﬁ?t and
carresporkimg IpVembbutanﬂ tar Ei:i wﬂuﬂa& mmnstlycm@cessn Cﬂnlﬂhhapmcess of the

rier ted. a re.in.the
@i igh 7. 6 Bots TEiF bl bf D D58 rrom g PG pihe avoiding
thk Ic@éﬂycét@tdfeam staffl, Ohug ih ShAGhbHIRER b thedvtliad, theSHo&s of
(11) of the vessel in V\,hl ch the 1liquid nedium ‘has a

steRsvee) angipenay [¥rther opetpeiss ehdrying rhetqrwswﬂgwdtf’ﬁ@ I@Haqs haying an
j ?mlg r fet. I °
It'?ﬁ nu un?. fr bn/ot(ﬁ g;)llsylh gaﬁgﬁ%%%%e#%%&n%}}erggr? eqd Fr g(r)n h ed d)
introdheding tBe Hﬁécbp@lets&htﬁtah\eﬁirys@i ame dforemlteq PEI palyrhdi€in the
top of the ves ? and defined by an

absence of a step for so statlng the pel ets. By solid stating is meant any process,
during or after crystalhzatlon and before the drying step conducted immediately prior to
introducing the pellets into a melt extruder, which increases the molecular weight of
pellets in the solid state.

Once the pellets are crystallized to the desired degree, they are transported to a

machine for melt extruding and injection molding the melt into the desired shape, such as
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annular ring (12) in which the liquid nmedium has no
net upflow or cross-flow 15 In the course of

woO oy/s3sald | zati on and heating of the pellets, EOMeSHaEEI438

maybe evolved. The crystallization vessel may be
vented through an outlet vent pipe (13) by standard
nmet hods to provide for the renoval of any generated
gases if so desired. A pressure regulator or

ntroll an b nstal led . on _this ve i pe.. In )
pEcras el for &nggvsfe%ldgs&l{lﬁwbgvew qrre}%%ﬁwwws {Of gxtruding

ittb dhdtHer HAE sﬂc'h%' kitke® Ullnl 286thBY REbddRhedTRY He @V edlibn, dhere is
liquid seal 20 leg (20). In order to have a uniform

PERYidPerraogesoivr graking|a conginehsush@h a tiag ot & beitld preform suitable for
sﬁaugbggnﬁgdggckp¥hgﬁ Is desired and preferred to

sprea ‘er the cross-section of the

vesse) . Thnymgafm sbBd stated @EAthellEts heving yn HONtrading o7 to
pellits mnth .a physical barrier to separate and

spr ead”tha dpdrg @P@ 3 azmpe IGPPEHItRIRt lead dé@E;current s

or jats ( B A I

pel | g% S bélgrl)o(ri}‘h‘?hglt tF{? ﬁ%w %tstléﬁ)p%reg{t ur eﬂa&%‘% t%wﬁl moueéll PET
i s cpolymet;laed by one or nore external heat exchangers

(16) on t Liquid inle r outle uid str

and/ & th mn&?ﬂsh%sﬁmhﬁ ﬁorBé“Qﬁ‘éeé‘ltpg’a‘ F“ﬂm XFH@?‘?&P@EF“ PET
vesspblymbf multiple feed streans are used, nultiple
heatglgdF nger s can be used to create créstaLIization

zone Bhithe ReHsEsrvieh @6 prepared forgpieductien into an
eRtPINE %%B% io\ﬁd%%'igdr ét Halead 1 §U b\%‘ﬁk%ﬂ?}é ﬁJTlethXt%ﬁeS}?g'smal |

and provid unf orm iquid e punp (
PEOpSTiIEh are§mt@:ée foa tie mamfachay of)lpxttﬂ@pmfdnyls bmd tn&;esd Tha ﬁoM@)hd

B ST 004’ tergly sttt 4 RE o Py o

sigAifcadtly g incpitRe if %)dryer-ﬁhﬁgﬁ esgRiat@ed bEL40PC e n{o&p )

is sized to be | arge enough so that it has a snal
pr esBiyess fedips mgh gxtrpdersarg secdedl tordiasthe metsaire pq»rq@nt df

p%llge\aflsre (\f{egﬁéwzﬁg}ﬁxg tﬂﬁyéﬁgﬁﬁ tﬁea&ﬁtzh 1%1% gmlcﬁé? he(r%fn):ml%réemoalgture ,

ative eac
ot amkml thqplellitsav ém‘fdnmzﬁf oy (ryingaRg pellars. bﬁ)v&vets &1 petlets abﬁmrte

l{gujid duri rtu r if exc ss [ i.s fe
aphitmattirs Bk st fmyhe Bt e atobPeBisdo ths dogerters
whb @Lesf tﬁ@ﬁtﬁfeﬁs i aI thél8 withthe dé’kﬂ'e& 'éha'ﬁEYFll%ﬁleH Srf%@ al‘i the moisture

control e liquid level in the surge tank (21). The

insthe gellet drfiivies Offéw pestisyystallizer dryay sinepihepeedgyistshe any case to

S5 BRIP4, S 5y AT

cnystglized pélletstdried aftesieslateriip earpbefed immediatehi to thehme}l em&ler
10 or, on bstantl

iy SPGB ehs oIt RE S, Toptiengsse,

héw &liet, prioP éimJSlWl {HRipR11étE Bre\BRE 8 a RipBraRIHEBE (4b9¢: oRBfre to
pressure regul ators (val ves) and pressure sensing
drive off most all of the moisture on and in the pellet.

Dryers that effectively and efficiently reduce the moisture content and the
acetaldehyde levels in the pellets are required immediately prior to melt extrusion.
Moisture in or on pellets fed into a melt extrusion chamber will cause the melt to lose
1t.V. at melt temperatures by hydrolyzing the ester linkages with a resulting change in the

melt flow characteristics of the polymer and stretch ratio of the preform when blown into
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nmeans at any suitable |ocation, such as on vent |ines
(13) and (23), on neke-up feed line (24), on the

WO toosrexsetoo the |iquid nediumfeeds to ring di stai/tser®7438
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(5) and (2) and any other suitable location. 15 In a
conventional process, 0.5 to about 0.69 It.V. pellets
are crystallized in two fluidized beds using a
countercurrent flow of air, followed by annealing in
third vessel. using nitrogen gas and then fed taq
@&B‘ér While fexiag thezetlefs GreReCesayaieRt 1o essizanle foglie thegpglets at
Hétpﬁé’rdtb bldeQeRR hd 888 |97 116t Yisthaldly '
zlone gﬁ%ﬁlgg& pol yconde%dségﬁglﬁghpegﬁlg%gﬁi %d%%egggdofﬂprgase
throaglkpuanHowher ghying pellatasta teipernturedfdli02@uemagevhich have been
nmol ecul ar wei ght anq 20 correspondjng It.V. to about
stz it Egpeipiirehomo 1Q9§§t0|rfﬁsng@§§¢ b Rellstetopegiopsate to
¢akh bthr, edpRVGHY | ' : ' i -
g, S ARSI bR bOtoBl o 1 YR FLPelel, PRI PE RS vightof
thoked gvedieep of solid stating. Thus, in one enbodi ment
of the ,.nventj.on h rocess, of .s a2) and b).
£ ur  HEM SRR Bt o ArGre S SomSten 3L PR 1o bngPmmeahing Hat the
tOBpdrite dTaNd RAtAY melfum(sudhBR Y RS b rﬁt%é):néﬁ & atr)19140ACR:
drying zone at a zone tenperature of 140C, and’'d) 25
morer dbieisiernd nithgenl gasdd preddriedtifdiyingas eondesttd sisiveri 8@he avoid
to, f.ormnolten PET pqlyner, .in the absence of a step
gt e Efedher o By pve eisp e Ao L g
aBldfHera2ioM iP4 O6RAtionaldyEM@Gupbe @it br Gith&itah |a%il&'1!<§ﬂ, 48 pellets
and before the drying step conducted i nmedi ately prior
sheuld bperys@llizedat & thmpgreturegrsaterthen er agubltto 401G belew the drying

whi ' t I i ght of llets i
Pesrlate o pidare et BTl Phentiras a1 gy o
Th ¢hi§ Wey,dB&E [s86ide BiexieRity foRYtha us/itd RAPPAMFES 148°@if desired, or
machi ne for nelt extruding and’injection nolding the

1481G of 108Ct dnd sd @giupdel atsiua peQ°Csurddss asthd Sasttheiilibls hiaboHden

PCT/ US2004/ 027438 perfo suitable for stretch bl ow
°Retalizg af Wme{?&%%fgfg}égﬁ- Rovtresnt nefeeuld sygessiseitiae thy
' ; [ ‘ . 18 i nent
oL RRRROA arti0f rbldiltee i RS A MBRCKPE LS
crsskal livg tian Geonpieesture to winithiza sheariskrediyigglomeration iddetopeawt ar m

suitable far stretch bl ow nol ding.c risjng: c
PR R 0 kS o BEROTSE0® B CErBUT A Ao fo (pmperature
fluafGiidte WHieHn@y dcdufrorh tife foltinge. dryi ng zone at a zone
tenperature of at |east 140C, d) introducing the dried

pel | & gonvertipnghpracaspassyhirh erpsiallizedondt- M sroombonspelfets in a
gﬁscoé:o%ggﬁiggr@@ g?dr? %)t ﬁ]g gé)'(c{gérsglgr etg S?rlgkftﬁgetﬁ ﬂ%é{f:ﬂglg to feh8&then? Suifdble for
extrusion into molded parts such as preforms suitable for beverage containers. In this
embodiment, pellets having an It.V. of 0.7 to 1.15 It.V. which have not been solid stated
are dried at high temperatures of 140°C or more. The process of this embodiment has the
advantage of allowing drying at high temperature using pellets which have not been
subjected to a costly solid stating step. Moreover, the incidence of agglomeration is
reduced relative to the amount of agglomeration occurring in a dryer under the same

operating conditions using pellets having the same It.V. and crystallized at a temperature

of less than 120°C.
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10 polyner. In this enbodi nent, the pellets which are
prepared for introduction into an extruder are not

WO swbskest at ed, yet have an It.V. sufficientl| yP@u/ysrossiat143s

that the physical properties are suitable for the
manuf acture of bottle preforns and trays. The
non-solid stated high It.V. pellets have been
sufficiently crystallized to prevent thenrfron115

srgnrfrcawiég agaloneratrng in the dryer at hig
t enpé&t grograbdheiesidonsetigie qfpelets inhe diysr 4td 48 her Iﬁeretwﬂl on

SRS S 18 A SIS RSB ot
n@mﬁ&&&hhm&@m@haﬁb@hﬁdﬁmt&eubenmn@mmgmhmsmmugarmonmaﬂﬂ

int d I :
SR e o tispefe Fad EmbRE sitatien pmainidbe BEUARG sndiRgiso b
aBitdte®N rotdr MikiAe biABe bf puekile! ahe AowihR P elel RhSnd st i ﬁsed isa
converters 20 who extrude the pellets into a np Wi t
ecReE¥ feB nYBH pensumpie aesidenen timp pf mquétsmdsrr@rﬁe@bhr ewmdmg
ﬂ{ehf?unﬁ)i%t SalorkiR kY egul?z{bie %a@ fRWAARE faq‘lrge\,( gr'bfﬂ d. ?PZ{%rlOg Xﬁ{ for

since the need exists ny case
everyrpdirak el ioyraf pclletts)dmréiatgeé sttoruttie doyer, Iptefembly from 0.2 to 5 scfm

cqgteqp ted that the crystallized pellets dried
PEY Pl e tering can be fed imediately to the nelt

ext r gged the pblids ey besB@Hd] ikl NreGRrdaubEd gt doRt dx ttl§idh Béhe to
steps, into a single drﬁ@?% step. In either case, :
f?ravmléfiﬂ Pabyestst Pelpmes fql hyr%hféud@eg the moltgn polypieeendiforming a

oFdBAGaf! HER 294 bl grel r{lﬁ@ﬁﬁsoﬁx e&f‘ g ﬂ'i%rﬁ[alt b a Bold or

the isture on an e pe yer
ing6 f eloget vxedo;atlw Metlidds dorshe inyrodmﬂllqn ef thie elriead pdieltmato the extrusion
on ent t.he . acet al de | ls in the
SROE Bt PO BE nBERAnOISE S PRl ¥ B ol and
kﬁ@mitouhﬁseldﬂ skill i the@inh €icturé efkuttshtandrel t ext rusi on
chanber will cause the nelt to lose 30 |t.V. at nelt

t enpéf degpdd %exwdrrywe theanelyphane fos saking the el yrster wplymer other
c&ﬁﬁéﬂeﬁis Ren 6OARLE td Me LhiEpodiiinl offt¢%¥ﬁ&ﬂﬁ59§%§%t%%%§ceQBe

he polymer and stretch ratio
pmf@manq:emrop@&s\@tmydmsﬁdl@macmmzompbmm& be added neat

to t?n E)gl% é’é’?\é\%}gb(% Cg{1§ g&;& I?% glp S)!gi et %{ & qqq%éﬁgn%ra{ey co%%a?rgﬂg at

ldastraperital S1we% dfehd@pippast it he pb%@ktgﬁeﬁﬁ)vrtd iA® tBé billRPolyester.
Tﬁgllets in the dryer and increase throughput.
hegeef sugpkle rempapents include crystallirgiomaids, et mggiiess surface

ld‘EPiEﬁltMiaﬁﬂle@V@en&%ﬁE ag&ftsy 3% t&dnﬁ? %ﬁ‘(gxu{l ﬁftﬁ%&[e? fight

only of 100C l ess Wl se the pe
alzsgg]:rwatsemptel @aeta@tormchbrantse spdaitiag hgenasr, actdtﬁddbxydet ©rcing

re pe er I ce t
rﬁﬁ% u%g%j r%{/eétr anlcmgtarl]cis sete%%sgg vetSﬁgc ﬁ n]d;?lers and
thedike war Bdmalﬁldédflmﬁe €d5in A EalsEREHiH gnzilhﬁhorinhﬁ)f branching agents

such as trifunctional or tetrafunctional comonomers such as trimellitic anhydride,

o=
,_,m

trimethylol propane, pyromellitic dianhydride, pentaerythritol, and other polyester
forming polyacids or polyols generally known in the art. All of these additives and many
others and their use are well known in the art and do not require extensive discussion.

Any of these compounds can be used in the present composition.
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tenperature of the heating nmedium (such as a fl ow of
nitrogen gas or air) is 140C or nore. The use of

WO noosssgen gas is preferred if drying i s conduBtBUSZ0O0E438

180C to avoid 10 oxidative thermal degradation. To dry
at high tenperatures while mnimzing aggloneration
in a conventional dryer equipped with or wthout an
agitator, the pellets should be crystallized at a

te ture greater, than or I 0.,40C bel t he
o e i Bt SRR Thab PRk Byl Jor b an ot palis bibfcaghave not
bétnadlid ayed HERMALsS rcbﬁt%ﬁxbla&eﬁ&ﬂgt%llé‘téf%cﬁrha{@é;gional'l)nbéehis§lid

way, there is wide flexibility to set the drying
stpiedrpreradgoudrisd at tempe@tuirgs afd$0@ar; more. Nt BIFrayrconBPErs be made

and so on up.to about 200C or lesg.i.n the gase,.th
3Relfts cHaw iz agtording ©hs posess ST iEgEPntiF Gtbepfems such
aslsh&E, filng BeIRE, tras, Witen peckabink Orods) GRS ids SfilhinBéts bh®fibers, and

actual ~operational drying HPerature at no nore than

te
otfgrontecugmalded articke Beyajagediofties aiade froparpbesthy rederephthalate
sdﬂaﬂfe'fblz}ﬁ)l&iﬁgwﬁieﬁ Br &gbcﬁng&h%gﬁ{r%e's,%d%gﬁ sEﬂi]elgt@ﬁg@b&tle suitable

tenperature’ cushion to take 1 nto account pots I n
for heldihgyheverages vetli¢loave hot filledpiorthd botde 20 ekirptuet thefypes of
L chy . occur. fromtine.to tine..In copventiona
gt e i ot O ehis e pideTPE e ERE B e
pel | etis inventéon @A de Gurthef 11ltiselatzEbly thedolldvwiing SxnGL&SHE Ppreferred
et§@$0|id state the pellets to render them suitable for

meENty hereef Gltheuad i wdststaed dat feas eramples g pluded

mbRly REYEHBER of MNSFAUNR 2Rd abehdt Hichde@ PRI MNopd ¥l héEt S
~having an It.V. of 0.7 to 1.15 It.V. which have not
myedionsol i d stated 25 are dried at high tenperatures of

140C or nore. The process of this enbodi nent has the

advantage of allowi ng drying at high tenperature using

pel | Bts#npMsi ch have not been subjected to a costly

solid stating step. Mreover, the incidence of

aggl oneration is reduced relative to the anount of

ag9| RrEREREaIpI D tEEATY ,Sb&hnﬁe%d?a\fﬁ{mé{%%atat, G&"Bermeation

operating conditions using pe€llets having the sanme
Chltoma.togmpgy detgaregprovideditoadesanbedinpesults wbtained by ofystadlszing

t.h 120C. 2005£ 035610 PCT/ US2004/ 027438 |.n :
pofuilyd repmibp i rElcle B oMU B parRe s e af et yrions
teipefatuves. nore will on average be fromO0.5 hours to 16

hours. Any conventjonal dryer. can be used, The pellets
may e 13 oty Sefodetermine theiprtiol mRLRE oAk pf the Frystalized pellets

wiPSnaled ﬁ%oﬂaiﬂgrtegﬁeﬂfon@wﬁlgip?&eaﬁ%méa%messreat ure of the
pellets and renmove volatiles frominside the pellets,

and Wsipg aMatlas 5834 instrumgnty thedirst dieating snanxwvasgpepfoaded on a

R O N e o

of petdtédstise degred of cettallablion iaeadhddaB@was also determined using the
same DSC scan. In the first heating scan, the sum of the areas under any
crystallization peaks was subtracted from the absolute value of the sum of the
areas under any melting peaks. The difference was divided by 120 J/g (theoretical
heat of fusion for 100% crystalline PET) and multiplied by 100 to obtain the

percent crystallinity.
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the fluidization of the pellets. Suitable gas flow
rates range fromO0.05 to 100 scfmfor every pound per

woO bosn3seio pel | et s di scharged fromthe dryer, pref/esm/g27438

from0.2 to 5 scfm per Ib. of pellets. 10 Once the

pell ets have been dried, they are introduced into an

extrusion zone to formnolten polyester polyner,

foll owed by extruding the nolten polyner and fornming a

nol d form

thr o;ﬁgﬂﬁénj e ﬁ"s%gnst exaeﬁeﬁq?é h?[gf Pr%rf:eal rys aﬁm?% 1s calculated

feaelgith of: coati ng. Methods for the introduction of t he

drieg peIIets j nto, thﬁ@extrusion zone, for nelt

ext r HAVMsak PEtEePPEE Tt di ng, and sheet extrusion are

convgwéﬁlgggﬁlme@t%pggtkﬂp gyn to those of skill in the

manuf acture of such containers. At the nelt extruder,

or in the nelt phase for nmaking the pol yester polyner

?Lgef\lroé s@%n Q(ﬁn\g«ge ?} s‘é‘sa axk? gul%rqd dl(c‘gw cwéa%ua@?%f’rlﬁ%é?ggnp of crystals

cqf eqear §d ﬁpldgf 1ntt]!iHEDSG |11yﬁ$1tn%ﬁt thetl tidTRiie, 1oMe Bife]tep AR 8
added neat to the_ bulk onester or can be

dsfa%}sfg T lower weitiRe peing ean; then becseln BpHEEAtIRR e temperature ramp
r&0 6 @k DIYindhurndht hRPSinEher Snpl M A Peplin HRGC8FRANENt

in the polyester et down into the bul k pol yestier.
caipeimetepwas vfed o higibneed ortpometny. hiespdcirden mass was adjusted to be

rﬁf %s%f}@!rlﬁéo%@&ﬂa?% tﬁ gcsdn rétgp@aotut 2?%1 %5‘?6 uds%% ﬁ€5000 gnn and

ab| I Zzers ene

abot iSang daretused atl100EVing. G’typicalgblSC sz&iqﬂephisn’@eragﬁﬁt Baseline

t al. deactéy %L col or nucl eatj ng.agents,
%@F‘é‘i"%ﬁﬁ/ i THGIIZE &Hﬁ’&%‘re Pehebaseling e
enhaptiong: @kdSwhesd ﬁ&gd’ pméﬂtlceysea@lﬁh{ty W&%ls%%ﬁf&uﬁf%dtf@n?the
and fillers and 25 t li ke can be’included. The resin

amygeagr@,@elﬁémheaienmw |two snbastpslles. qm@mﬁu@d@w@mg was
SRS ACTIRL 1 AN O PR

pylr offat GPCi a?al(jma tdld/eﬂierrlnﬁitﬁ: thg eﬂhmﬁdyTN :olf tHe peﬂﬁd |w|@§ bsiducted
ol yest e ormn aci or polyols generally
%ﬁb‘éﬂg L‘? ﬁ’éloﬁ’mgpg‘%‘?d mFFFi’s‘éseéddi tives and nmany

ot hegslvatd 95Biylvolifte REG YIRS &hl&mmxaﬂho&aeo;%ﬁanand do

not reqyl é@teﬁ%&tﬁﬁ%ﬁ%ﬁmﬂhﬁﬁﬂéﬁﬁa@n 30 Any of ‘these

conp atﬁ?’cna ed in the present conposition. 38
VO 22%“ % ,§$T US2004/ 027438 Wi | e an enbodi nent
ﬁ&&{ d

has for the drylng of pellets which

h tenpl at ed
hat el o %arafzq &gr %ﬂg el g rafa goope

are al so d i%@a%@ r dilleqgraterials,
only may cB¥ r’%asﬁl? 1pgeRsed $9 Bt themass of Pebyasr i abpytey 4
accor di ng M8 %‘H’éh Fesulting sjptiamp passed Braugh @, 0.45utm deflen filter.
i t endyestionvalums: dRebt , film bottles, trays, other
packegiumy set: RpdymerJisdsratdriesl§ yurf Pl gehwiasd AMixéd Ger s,

and Detection: UV absorbance at 255 nm

Calibrants: monodisperse polystyrene standards, MW = 580 to 4,000,000
Universal calibration parameters: (see note below)

PS K=0.1278 a=0.7089

PET K=0.4894 a=0.6738
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ot her injection nolded articles. Beverage bottl es made
from pol yet hyl ene terephthal ate suitable for hol ding

WO was/essetr car bonat ed beverages, and heat set HEVESmER027438

bottle suitable for hol ding beverages which are hot
filled into the bottle are exanples of the types of
bottles which are nade fromthe crystallized pellet of
the invention. 10 This i nvention can be further

| [1Tu red .
gﬁ%re @r%x?%rsz{i%gl?%o?gn rgﬁg? r{xperf ﬁet Heﬁlgléy éntesr Igeression
td ynald thhaseecewxeaighl ®8rage ﬁloild&ﬁlatld'e@htslfexfzﬁéeYof fove PRT ROSRS
Iutrat|o d are npt intended to limt the

p§"t¥8’p‘)‘ély aragfgrizg rhyg’rgpf% tering. Exanpl es I n each exanpl e,
Di f f enRAtalish oisﬁﬁi@féhﬂﬁsc@@it@ﬁ O LAI h G ﬁ(ﬂﬂet{‘:aechloroethane

Per meati on Chromat ography data are provid

fgasibe Meteht-Recrzgesndleanlastyreagh écdegrminegdss &llowsi ng

pol yet hyl ene terephthal ate pellets fromthe glass in
water as the liquid nmedium var ,ous o0
tenperatures. The DSC aTﬁ@%éxﬁQ aﬁfﬁerm’ ne the
initial melting point of the crystallized pellets was

condygd ﬁﬂutﬁihcﬁ&@hlﬂgrefa@éstt@ the c@HpQé’Ml(‘}}galﬂrrﬁ&&q}l’Jr%vél %ﬂ gagh

case: Using a Mettler DSC821 instrunent,

pﬁb'amrnglth@@h tmeleBmh@rSrfedﬂ)@mmtallmdproeium Mgha en;gmgted by
A, Bldihhyhe a5 0 sqiRich Bieobl ipPAclremdBleiide megeon o

staﬂinlg neaaila\ae., ahspholstpetlesn®he fotlowingdatatioasdedofibe theaslution
In the first heat scan e.sum of the areas under

visH Y SrepitrEinets a1 RsBEaR collSt HRe PerterBnd ArBhE h

absol ute value of the sumof the areas under any

mel ti ng peaks. The difference was divided by 120 J/g

(t hevwet (lBdb/to)feat of fusion for 100% crystalline PET)
and mul tiplied by 100 to obtain the 30 percent

Crystvatrei Ni t Y., SAnMit OR06%F20 2 RUER/pUISARP 86128t Bn of 0.50
Resul ts of DSL1eCmMofas®wt Bhehddnd a0 wargl | RS- REEEERbethane
crystal linityni s qah@Hlogh@flm from both of: Low peak

el ting point; TigamoldAdHhiRERto ‘t faBPiBt: Tnib 5

Note that in tsoa%oﬁgﬁteﬁanlpﬁ(g& ki Eap 1B tube
crystallini HC L%n%%ﬁgr?gfpo?ymgr iy %15 per 100 mL of solvent

' (0.50%)_

The intrinsic viscosity is the limiting value at infinite dilution of the specific viscosity of
a polymer. It is defined by the following equation:

Nim=1m (Ng/C) = lim (Inn,)/C
C-0 C-0

where TNint = Intrinsic viscosity
1. = Relative viscosity = tyt,
Nsp = Specific viscosity = 1, - 1

Instrument calibration involves replicate testing of a standard reference material
and then applying appropriate mathematical equations to produce the “accepted” I.V.
values.
Calibration Factor = Accepted Target ThV of Reference Material / Average of Replicate

Determinations
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can occur so rapidly in the DSC instrunent that the
true, lower nelting point is not detected. The | ower

wonedstissgo poi nt can then be seen by i ncreasi ngPCIAIS2004/027438

tenperature ranp rate of the DSC instrunment and using
smal | er sanples. A Perkin-Elnmer Pyris-1 10 cal orineter
was used for high-speed calorinetry. The speci nen nass
was adj usted to be inversely proportional to the scan
rate About a 1 ngy sanpl e vvas used at 500C/m' n and

-{1 1 ﬂgr the
pans \d‘er‘% z Slty T §8tc F‘f aredrgmty
m ni m zengrg]e curv% tfl}éjﬁ Odf B%dg S lg%ﬁ%uangses

wher e not ed, per gent — RPN nity vvas al so cal cul at ed
fromthe 15 average ng\%_ﬁt) tube density of two to
three pellets. Gadient tube density testing was
per f or medvigge obli By e feIdMrdnlapiblaryd® ng |t hi um
brom de i n VBl er. =Th&hé&p¥esapainykapitlatyd®ldet er m ne t he
estimated | hCV. of t Rengalrhiginsofithespapmeitiatgéid0 mL of Solvent
accordi ng t oKt he fol Vasgpsi ﬁ&q@n&t@mdlbtameldrﬁ@ab&sehmadmg
Sol vent: 95/18 by vol Dasusdeswitlene
chl ori de/ hexaf | uor oi sopropanol 20 + 0.5 g/l
Comactealdh My Hnerorecigrhlb VoriCdbbragorpEacadrur e:  anbi ent  Fl ow
rate: 1 m/mn Sanple solution: 4 ng PET in 10 m
Thesihtrnkie viscodityqtivde/ipxady bedstimarn ueipg el BilaR0érreqRfiondd
fo(lé@Wé:30 by vol) + 10 | toluene flow rate marker. For
filled materials, the sanple nmass is increased so
that th 95x®frectpmtvy r and the
resul‘tl ng soI ution is JSQZ%Q?%#IS&%% a 0.45 m Tefl on
filter. Injection volunme: 10 | Colum set: Pol ymner
Laboratories 5 pan PLgel, Guard + Mxed C 30

Det ect i : UV absorbance at 255 nm 35 Cal i brants:
%&;@%ﬁg’@k‘pﬁl ystyrene standards, = 580 to |

4, 00,9 Bxanthdé %&T HAonGrakdtiRe FkhPle DA &ESSPE]( tsAtan

beI 0 Psatréiln 1278 ng‘ﬁ7089 PE?’1 ASIi294 a=0. %%%85 40

It oo DO %9 digeén Tt Iﬂ;@‘[asmg@wl mwmed as the pellet subjected to
crystallization. Fifty pellets weighed about 0.9 grams. 200 grams of the amorphous

pellets were subsequently dropped into a vessel containing 500 g of water preheated to
100°C. Samples of pellets were withdrawn from the boiling water at different listed
intervals and immediately quenched in near freezing water to avoid further crystallization
for the purpose of determining the degree of crystallization in this experiment. The
quenched pellet samples and water were poured onto a sieve, patted with a cloth to
remove surface residual water, and then left on the sieve to air dry. for a few hours. Then
the pellets were held in a container under a vacuum of about 28 in. Hg for 24 hours to
remove more water from the pellets. The absence of heat in this drying step was to
prevent the pellets from crystallizing further after the water treatment..

Each of the samples were submitted to DSC and Ih.V. analysis as described at the
beginning of this Example.

Figure 1 is a graphical plot setting forth the results of a DSC scan to indicate the

degree of crystallization in each sample taken out of the boiling water at periodic

42



10

15

20

25

30

The uni versal calibration paraneters above were

determ ned by linear regression to yield the correct
womhgbaseaver age nol ecul ar wei ghts for a set ofpdT/ws2003627438

sanples previously characterized by Iight scattering.

Cal cul ation of inherent viscosity at 0.5 g/dl in 60/40

phenol /tetrachl oroethane 5 fromthe weight-aver age

nol ecul ar weight is determned as follows: IhV = 4.034

intefvalOgidsMa\BinBRd. AHeans ddbd, Ao SRS 1 S Mirifdsab ﬁﬁtﬁt@ t he
conposi ti on and nol ecul ar wei ght of a 10 yester.

crystpliipasiogiof t (&7 HYB HulbripsHets flbbmhn%wétﬁfy g@da@bqug MRS e t s
obtmr g‘on fl &89111%‘[1093?259”' ess ot herw se noted, the

COSIty Measur ements were nade on the
st asémWSMe imagdrin)s mayeexhibdnmiofzi mose meltingteadotﬁd]ms in DSC

follown e uat i {Jngz%gescrj be the sol l{% Y fOSI ty
TSR T Ao Scae e et b eael BERRD: o
tdnerdREL %)ealcswf{lk te tho[ Hi %—1 oS Th& el tfag28crphfilieatfoh ithddry=assigns
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vi scosity of pol efi ned th
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g R BGRA0 S5 BT it ST ST BT g s
thah 95 Bﬁ@.gﬂh@ RolyhRr paleesdt ﬂﬂugﬁt -te/have\tﬁhlaﬁ§' melted and recrystallized
rapidly during the 20°C/min. DSC scan so that its low melting point could not be seen.
As the DSC time scale is shortened, however, a lower melting peak might be seen.

As seen in Figure 3, in each sample, no significant loss of Ih.V. was observed.

Comparative Example 2

- In this example, the same pellets as used in Comparative Example 1 were
crystallized in a pressure reactor at 125°C. To a reactor having a volume of about 3.3 L
were addéd 1300 g of water and 200 g of pellets. The reactor was pressurized to 30 psig
by nitrogen, and the contents of the reactor were heated to 125 °C starting from ambient
temperature over a period of 20 minutes. The pellets were held underwater at 125 °C for 1
hour. Subsequently, the reactor was cooled below 80°C and depressurized to atmospheric
pressure. The pellets and water were removed from reactor by opening the drain valve. '
To remove residual pellets, the reactor was rinsed several times with ambient water. The

pellets were isolated by filtration using a 20 mesh sieve, patted dry with a towel, and
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i nherent viscosity (Tlinh) of each sanple is
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amor phdeeend g8 igram batgle pethe prysieizedhpeliptsdi asp@ngadrintg apan that
aéfssd%sht fmhaae@ 0 Giar@fir 9A Bl voLigke 9 %ﬂ %&g%g F?rlgcgg;neter, was

Sanmpl es of pellets were w thdr rom
Mexed on 4ap ofithd mﬂet&:t Theé pdllets wereplecedah s paehdatbdmtekﬂo%(f avep for Sh

enched in wa furt
B RRARE A PSR sopliRR RS Bl & Ereririgg it o mel
diﬁgdc&e Mihingl yﬁdkaig WwZadbs@ied. Blokwal &, % pelldtsbdttinuede c3ftallize
| 1 et sanples and water were poured onto

q enched e a
@gjée’a bxg{%{ thgsegonditions frgmpg degree of crystalhmty of 35to about 37.5%,
thereby increasing the lower melting point of the pellets from 155 to about 166.5°C as

measured by a first DSC heating scan.

Example 3

Three additional experiments were conducted by heating pellets at 140°C in this
Example, 150°C in Example 4, and 180°C in Example 5, each according to the following
procedure. For the remaining examples, fifty of the pellets used had a weight of about
0.8 g.

In each of Examples 3, 4, and 5, the crystallization of the pellets was conducted
according to the following procedure. An amorphous single pellet having an Th.V. of
0.80 dL/g and a calculated It.V. of 0.846 dL/g was placed into a PerkinElmer O-ring
sealed, stainless steel DSC pan (part # 0319-0218), along with two drops of Millipore
water. A circulating silicone oil bath was preheated to the temperature of the experiment.
The DSC pan was placed into the hot oil bath and held in the bath for a time stated below
in Figure 4. The DSC pan with the o-ring contained the internal pressure that developed
during the heating phase. After the allotted time, the pan was removed from the bath,

excess oil was removed quickly with a towel, and the pan was put in near-freezing water
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renmove surface residual water, and then left on the
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ek UABoRERK bt Yortiothe s@ufter mal 'y crystallized crystals
like those formed during treatment with a liquid at

“a gi deserdingriscligengdethe pahiels clb{étallhzgiw@rwm at {L ey Cp@hwvedaa degree
of &gstalﬂ%t%h nxgg%ggsc(gﬁﬁg f?ltleasl?ltﬂa%l oé\g i e & r5y EO\E%%& pellets
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i scan, (Tm a) as represented by the data points
Oﬂﬁﬁ%éﬁg&P?ﬁmﬁﬁe‘+ The data points indicated with a

"x"represent the 15 hi gh peak nelting point of the
pell et sanples (Tm b). For those sanples crystallized
Example 4t han 75 min., the polymer pellets are thought to

have partially mel t ed and recrystallized rapidly
during the 20C/ mn. DSC scan so that its |low nelting
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minutes exhibited an initial melting temperature by DSC from between about 157 and
178°C. Moreover, the crystallization conditions did not induce molecular weight build
up as can be seen from Figure 9. Per a linear fit of the estimated Th. V. from GPC data
over a 15 min. interval at 150°C, the Ih.V. loss was predicted to be 0.00300 dL/g per
minute. ‘

The crystallization in water at 150°C was replicated and tested for crystallinity by
DSC and in addition, crystallinity was calculated from the density of the pellets.
According to Figure 10, pellets crystallized in water at 150°C also achieved a degree of
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In this exanple, the sanme pellets as used in
Conparative Exanple 1 were crystallized in a pressure

WO eanswio at 125C. To a reactor having a vol uneCcoiiSmbooen7438

3.3 L 25 were added 1300 g of water and 200 g of
pellets. The reactor was pressurized to 30 psig by
nitrogen, and the contents of the reactor were heated
to 125 C starting fromanbient tenperature over a
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eating scan by DSC and for |hV
D????‘%ﬁ%@gggeca Eﬂ%og the It.V. of the pellets. The

Ih.V. of the pellets was determ ned to be 0.69 dL/g,
t he%lQrydt. violGTt Densjtg) Wet=s-4Wd 34 e-dl. Ll 8587 Crstbitiny vid3I5C
dL/g, and the low nelting point of the pellets was
determ ned to be about 155 C. A second 30 gram batch

of t PiguergShed i h&ﬁ %eﬂﬁff&@ﬁc% DdBPech &Hﬁ%%eth&ﬁs‘?le&e&@@ as the %
that "was about 2.75 inches in dianeter.
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l e, 150C in Exanple 4, and 180C i n Exanple 5,

mém:ai abb¥3cdiba g Y. Jossteasfprddiased todpe @23 dudleg peioninutee
remai ni ng exanples, fifty of the pellets used had a
wei ght of about 0.8 g.

Example 5

At 180°C, crystallization was almost immediate as shown in Figure 17. Within a
minute or less, primary crystallization was obtained to a degree of crystallization at a
30% or more value. Pellets crystallized at 125°C, 140°C and 150°C exhibited initial
melting points about 20 to 25° higher than their corresponding crystallization
temperatures. However, as can be seen from Figure 18, the lower melting temperature

was between 212 to 216°C for pellets crystallized longer than 2 minutes, representing a
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In each of Exanples 3, 4, and 5, the crystallization
of the pellets was conducted according to the
w0 odos/osdeny procedure. An anor phous singl e pel | BXT/tisaon4iap7438
an Ih.V. of 25 0.80 dL/g and a calculated It.V. of
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near-freezing water 44 WD 2005/ 035610

PCT/ US2004/ 027438 to quench or stop crystallization.

e n was cut open, the pellet was towel -dried, and

Eﬁ#ﬁgﬁgglaced into a desiccator for 24 hours with the
lid cracked open to accommpdate a rapid dry nitrogen

purge, Thi [ dure e for _eac I let for
i R At RS A
0.846 DAY Wérd nged iPEis XLnple Mhe uBddrbghidtryealiRation was performed
_égyst%jlization time interval set forth in FH?ure 4 at
wigifethylepcslycalbT e hesdhshigwd Equinsenat uesdiingludeddtl; pigtal beaker
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180C in"water, the pellets were dried at about 84C
terppretat@g réadoutad magiteothe entperidyrs.. THegeHetp avlefeatrysiallizsiczlacording
r al.l1izatipn. time and at each tenperature was
togﬁ§%§?%%g18Fm€#%eir degree of crystallization, their
t hermal behavior, and their calculated Ih.V via GPC
10 Figures 4 through 6 set forth the results.
According to Figure 4, the pellets crystallized in
water at 140C achieved a degree of crystallization in
excess of 30%in less than two mnutes. Figure 5 shows
that pellets crystallized at 2 to 4 mnutes exhibited
a low peak nelting tenperature by DSC from between
about 155 and about 158C. Moreover, the
crystallization conditions did not 15 i nduce nol ecul ar
wei ght build up as can be seen fromFigure 6. Per a
linear fit of the estimated Ih.V. data over a 15 mn.
interval at 140C the Ih.V. loss was predicted to be
0.00164 dL/g per minute. Exanple 4 20 According to
figure 7, pellets crystallized in water at 150C al so
achi eved a
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degree of crystallization in excess of 25%in |ess
than two m nutes, and al so reached around 29%in
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starting pellet was 0.786 dL/g. As compared to the 150°C example in water (Example 4),

there was much less Th.V. loss over 15 min. in 150°C TEG than in 150°C water.

Glycolysis appeared to occur to a lesser extent at 150°C than hydrolysis did.

Example 7

The same procedure was followed as in Example 6, except that the target

temperature was set to 160°C.
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Figure 16 for the It.V. loss. Per a linear fit of the
estimated It. V. data over a 15 nmn. interval at

wOoRb@3sdithe 1t.V. | oss was predicted to be 0.00237152@k/og7438

per mnute. 25 Exanple 5 At 180C, crystallization was
al nost i mMmedi ate as shown in Figure 17. Wthin a
mnute or less, primary crystallization was obtained
to a degree of crystallization at a 30% or nore

value. Pellets crystallized at 125C 140C and 150C
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Edathp¥e g Of 0.80 dL/g and a calculated It.V. of 10 0. 846
‘7mj%fﬁere used in this exanple. The underliquid
crystallization was performed wth triethylene glycol

(TEG), .as_the |iquid. ui pnent_ used i ncl uded t al

beaide gk cpd s Far SR AT Pl o, HEeegt ot dp ot
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tenperature readout to nonitor the tenperature. The
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170 °C TEG was similar to that in water tWenty degrees cooler (150 °C).

Example 9

The same procedure was followed as in Example 6, except that the target
temperature was set to 180°C.

According to Figure 29, pellets crystallized in TEG at 180°C also achieved a
degree of crystallization in excess of 25% in less than two minutes, and also reached

around 32% in about two minutes. Figure 30 shows that pellets crystallized 4 minutes
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TEG reached 150C, the wire of the first sanpl e basket

was hooked around the edge of the beaker, and sanple
wohasketsewas wel | above the stirrer, and a st oRGEVCSR0MAR7438
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crystallized at 2 to 4 20 mnutes exhibited an initia
melting tenperature by DSC about 161 C. Moreover, the
crystallization conditions did not induce nol ecul ar
wei ght build up as can be seen from Figure 22. Per a
linear fit of the estimated Ih.V. data over a 15 mn.
interval at 150C, -the Ih.V. loss was predicted to be
0. 00086 dL/g per minute. The estimated I h.V. of the
starting pellet was 0.786 dL/g. As conpared to the
150C exanple in water (Exanple 4), 25 there was nuch
less Ih.V. loss over 15 min. in 150C TEG than in 150C
water. dycolysis appeared to occur to a | esser
extent at 150C than hydrolysis did. Exanple 7 30 The
same procedure was followed as in Exanple 6, except
that the target tenperature was set to 160C. 48 WO
2005/ 035610 PCT/ US2004/ 027438 According to Figure 23,
pellets crystallized in TEG at 160C al so achi eved a
degree of crystallization in excess of 25%in |ess
than two m nutes, and al so reached around 30%in
about four mnutes. Figure 24 shows that pellets
crystallized at 2 to 4 mnutes exhibited an initia
melting tenperature by DSC from between about 171 Cto
5 173.5 C. Mreover, the crystallization conditions
did not induce nolecular weight build up as can be
seen fromFigure 25. Per a linear fit of the estimated
I h. V. data over a 15

50



10

15

20

25

30

mn. interval at 160C the Ih.V. loss was predicted to
be 0.00195 dL/g per mnute. The estimated Ih.V. of
WO tévs/0336a0 t i Nng pel l et was 0.786 dL/g. 10 ExanpPer/8SIe027438

same procedure was followed as in Exanple 6, except

that the target tenperature was set to 170C
According.to Figure 26, pellets crystallized in TEG at
170C al so achieved a 15 degree of crystallization in
“&éggf of 25%in less than two m nutes, and al so

¥ ound 28% i n about two mnutes. Figure 27

shows that pellets crystallized at 2 to 4 mnutes

exhi bited an initial nmelting tenperature by DSC from
lpet wA@rocgtsdgr therplly crystadlizing a polyptierarslsarer cpmprising:

crys [

ot puf oS hbR S b he e TRHE R G HHBE o,

I i neafnpéﬂaturaéf dt heastels0iCraiteth d liquid/medidintzoay @lithéh al&rystzifization
mn. interval at 170C the Ih.V. loss was predicted to

be oveserkeud erystylliping sail nolikamarphousrellptarethe liquid maglium pea
star

e&?.xbeg’giltﬂu%alq 2%‘[%’( %0%?16&3%?? argé'SiH% Otf-r\li—ﬁa%eh u% r%e{l) Lm at

t vve nthy ligeid mesdsine teadperaturd SGthQ)t. indreasing the ﬁlo%ul'ﬁh'@/etghmf the
proceglle as followed as in Exanple 6, except that

the § G tenperature was set to 180C. According to

Fi gup)e 29whiRahé fileSsued iSitatdst ZpsttibM oflthSpaletslBRGuaAkSr greater
achieved a degree of crystallization in excess of %

i n | Barthe yapPr GRS Syre ﬁﬁthéélqu@ﬁaedav@cﬁep@awe@ leagin partiemef said

cr yst RO R R O e bl Bt T P Bter P €1

PCT/ US2004/ 027438 exhi bited an initial melting

rature of about C. reover, th 0
cry i PSS ?P/%al@aaa‘fhf’f%‘h eaP eﬁapq'i/ﬁaﬂeantﬁas atlgpst 0%
mylb@ttgr wihhldte4ppeasuign be seen from Figure 31. Per a
linear fit of the estimated Ih. V. data over a 15 mn.

i nterval at 180C the I'h.V. loss was predicted to be

0.0
30, DB So R fin! T, Wi R RBRHHE S o o 35 Bl
thoangp ardeg) underfuid ahttmg #teadolted dobyester palgmer] formiing sotifl polyester
8 red he 18 Cexa le in water
p IE% ?Prﬁildlg{r ucmgtsﬂg:ﬂéﬂ%?t?r‘ffdﬂ ifid o Irrgss over 15
in 180C TEG than in 180C water. GI ycol ysi s

appeared to occur to a lesser extent at 180C t han
hyd r"Ehe)gp%essdq)fcplalm 1, comprising al) feeding a molten polyester polymer

through a die to form a molten shaped polymer, and cooling the molten polyester
polymer to a surface temperature below 100°C, followed by pelletizing the cooled
polyester polymer.

5. The process of claim 4, wherein the molten polyester polymer is cooled by

spraying water on the polymer in a spray cabinet.

6. The process of claim 1, comprising al) feeding a molten polyester polymer
through a die and pelletizing the molten polyester polymer before the polyester polymer

cools below its T .
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10 50 WD 2005/ 035610 PCT/ US2004/ 027438 What We Cl ai m
Is: 1. A process for thermally crystallizing a

WO pobyEsier pol ymer conpri sing: a2) introduci nRCEUS1004/027438

anor phous pellets into a |iquid nediumhaving a 5
tenperature of at least 140C within a |iquid medium
zone within a crystallization vessel and
crystallizing said solid anorphous pellets in the
liquid nediumat a pressure within said zone at or
above the vapor pressure of the liquid nmediumat the

7.1 quITHe PRALIB CRIM G RhtER the 4B AR a 4B HEKRPHIJUGh WhEch the molten
nol ecul ar melght of the pellets; and 10 b) while the

pplyesier nodyraer iated, angsthe mopen polpestespolymer peut elithe dig beeflyal
to or greater than the vapor pressure of the liquid
medi um separating at |east a portion of said pellets
8and dhe bmaeds of claom 6] amprisirglventattijg wateredithithe inicbten palybster

ofher . 2. The process of .clgjm 1l wherein the
pRlyPE 2k 0F Pl YhEE Tecaanies Beleletse "60% 15 et hyl ene
terephthal ate repeat units. 3. The process of claiml1,

conprising al) extruding a nolten polyester polyner
% hr odgareecessef claia 8r Vharpia thameltenpal yrsterpolymar is oFYasizedr

I r, form [id polyester |l ets,. and o o
il 4 dlatde StV et nlim s Glp 100°C
4. The process of claim1, conprising al) feeding a
nol ten pol yester polynmer through a die to forma

8ol t ke prosps @f plginy dewhergin @meosriiopnpelletsentieducedinto the liquid
r I e tenperature bel ow
n%@g%ﬁﬁ%%l gggdﬁﬁg%ﬁgﬁFg%?g{Lgﬁthe ggoled pol yest er
pol ymer. 25 5. The process of claim4, wherein the
|t ol yest.er . r .ig copled b spr.ayi n ter
130 ¢ e Btar St 20 4 Mspfig fmoghoni ¥ arared T e
cBlsailliPaflon CRBQNRE & sNeyd Wafepedi ng a nol ten pol yester

pol ymer 30 through a die and pelletizing the nolten
pol yester polyner before the polyester polynmer cools

198l ol IDI%CJSQ of cRim 10, wherein the degree of crystallinity of the solid

amorphous pellets introduced into said liquid medium is 10% or less.

13. The process of claim 1, wherein the liquid medium comprises water.

14.  The process of claim 1, wherein the liquid medium comprises triethylene glycol.
15.  The process of claim 1, wherein the liquid medium zone has a liquid medium inlet

and a discharge outlet for the liquid medium and the temperature of the liquid medium at

both the inlet and discharge is at least 140°C.

16.  The process of claim 1, wherein the liquid medium zone is maintained under a

pressure of at least 25 psia.
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WD 2005/ 035610 PCT/ US2004/ 027438 7. The process of
claim6, wherein the die has a die head through which
wotzhes/aseéiven pol yester polyner is fed, and thecmaiSten/027438
pol yester polyner is cut at the die head. 5 8. The
process of claim®6, conprising contacting water with
the nolten polyester polyner at the point where the

polymer is pelletized. 9. The process of claimS8,

wherei n the ten_poJ yester pol yner, .i elletized :
1T IR RTaEASS Ol SRk o Repsrute i i e zone s at
ledsE10RSsRt ur e ranging from25C to 100C. 10 10. The

process of claim1, wherein anorphous pellets
introduced into the liquid mediumhave an It. V.

rangi r t,0 : . fo Cf: Al .
18 et Pk begial e gl e £ 28R, Bt
zofi¢ §e hatdidenad iima IniesBless than H) sirtesy i n water. 12. The

process of claim 10, wherein the degree of

crystallinity of the solid anorphous pellets
191 Nt rgdeRdsd JTeRimaB Gwhdréiditst FERts WAV $ dddIdb STcryseiBzatiéf of

13. The process of claim1, wherein the |iquid nmedium
25¥porpnere dmmggdiately afes saifepapatiobess of claim 1, -wherein

the liquid nmediumconprises triethylene glycol. 15.

The process of claim1, wherein the liquid nedium zone
20has Thelprapassthfoiaitn 1) wikreih the2degasedbfarydializhtemgs 30Ut dretore.

for the Iiquid nmedium and the tenperature of the

liquid nediumat both the inlet and discharge is at
211 eagthe bAQess ok@lainkhewRéRRARS débhrecCd ftkyBtallicaib® rfh 8ditEl§ after

I'iquid nedium zone is naintained under a pressure of
saighsepasatign ip gt lggslt A5%3ba gpidgpsetones Ingpef@renter than 0 minutes to 4
miP eé gr%%?soa%/a%z Zﬂlsrﬁe fi térnl? eerai%&r%é?xﬁgén oﬁoxﬁ'l%"@ t%q80%er ern

t'he pressure W tni nthe q qui um zonhe 1s at

| east 100 psia. 18. The process of claim1, conprising

mai ntaining the pellets in the liquid medium 5 zone

22 or Thepeasieghef slrimiZhewherpinghe degees of lgaistallgatiorigatlsast 39%.
The process of claim 18, wherein the pellets have a
degree of crystallization of 25%or nore imediately

23af t dthe padcdssadphuia il pwherdifl tikOpellehdegpread egstatiizatdrais 10 %Sr
wherein the degree of cr al | ization is 30% or e.

less prior to subjecting tge pelletto a lic%/usl medium temperature of at least I%IC.

24.  The process of claim 23, wherein the pellet degree of crystallization is about 5%

or less prior to subjecting the pellet to a liquid medium temperature of at least 140°C.

25.  The process of claim 1, wherein the liquid medium comprises a glycol and
crystallization is conducted at a pressure within the liquid medium zone below the vapor

pressure of water and above the vapor pressure of the glycol.

26.  The process of claim 1, wherein the crystallization is conducted in the liquid

medium zone without mechanically induced agitation.
27.  The process of claim 1, further comprising:
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crystallization imediately after said separation is
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mnutes to 4 mnutes or less at a liquid nedi um
tenperature ranging from 140C to 180C. 15 22. The
process of claim 21, wherein the degree of
crystallization is at |east 30% 23. The process of
claim 21, wherein the pellet degree of crystallization
is 10%or less prior to subjecting the pellet to a

| quicyl dFpdl Bk taBRBREPBT YEitPhavitls dnS0V! rah 6 70800.240 1. THm a
process of claim 23, erein the pell et degree of

cr ystdayihg zexeiaba zone tepperatugnef nere thegd 4p7G;@nd t o

subj egt.i ng, t he pel | et a liquid mediumt eratu
of a) e R ans8 pelils fyo R tacs R hp Lo PR St BER
t he lpobjies medi um conprises a glycol and 25
crystallization is conducted at a pressure within the
liquid nedium zone bel ow the vapor pressure of water
ARNd AR LA LBRRD T PIRGSH R lﬁgcetspﬁoﬁl e@&? Ly anfi&tep &) Einclusive
process of claim1, wherein the crystallilzation
igoomducted th the abserce dfgsolid stating therpeltete Wi t hout
mechani cal ly i nduced agitation. 30 27. The process of
claim1, further conprising: 53 WD 2005/ 035610
PCT/ U2 Qb DE4REN ¢) whdryinle pdllettand hdtZ6lil $P5E pphletib&d after
haying an It.V. ranging fromO0.7 to 1.15 in a drying
SBPd- at a zone tenperature of nore than 140C, and d)
introducing the dried pellets into an extrusion zone
to formnolten PET 5 polyner. 28. The process of
claim 27, wherein the process fromsteps a) and step
) i RelLUsSi 1.5 c I N sence, .of | id
) ot (1S PSS LR & WGB3 b BRRSRRE SpBefBitrfentea
wherein the pellets are not solid state pol ynerized
fter step b).. 30. The process @Qf claim1, wherein
3he dihg Brogessicf slais s wgeggleﬁhq oW &t the digpidys eunieriuatent tpghe
R of tREpdeRABRDBIPThe HoRidhddiuiEieei N the flow of the
liquid s countercurrent to the flow of the pellets
through the Iiquid nedium zone.

32.  The process of claim 1, wherein said crystallization vessel comprises a pipe

devoid of mechanical rotating paddles.

33.  The process of claim 32, wherein the flow of the liquid in the pipe is in the same

direction as the flow of the pellets.

34.  The process of claim 1, wherein the pellets are dried after separation to remove at

least surface moisture on the pellets.

35.  The process of claim 1, comprising continuously separating the pellets and the

liquid from each other.
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32. The process of claim1l1, wherein said
crystallization vessel conprises a pipe 20 devoid of

womeehaséioal rotating paddl es. 33. The process pofi/ics2ei4r027438

32, wherein the flow of the liquid in the pipe is in
the same direction as the flow of the pellets. 25 34.
The process of claim1, wherein the pellets are dried
after separation to renove at |east surface noisture
on the pellets, . The process of claim1, conprising
36 onﬂh?d?&%ﬁp@@ﬁiﬁgét fuptierqeeppsmE siraulgpepus g empyiggithe liquid
frdch HPIRRA Mg zone30 54 WO 2005/ 035610
PCT/ 004 027438 36. The process of claim35, further
conpri si ng sinultaneously removi ng the quuid from
he e process
Tunerdedricty el d e P o BERS 1 20T Pafier ey
waetzgd palids frelstRt fedfrem $edsthératdé preRacivrat Rest 40paiar
a pressure of at least 40 psia. 38. The process o
claim11, wherein the pressure on the pellets and
1 iq r '
% o 5P SRR IR, v Fedhe U8 P REP A Ry
prigeth erduzing espataioB tn stdfhl) ip rtdesss 30%fof Hegiressire wher ei n
1nhm31uuhngﬁ fraction of the pellets in the liquid
Ui 28ne"i%8"'ess than 50% 40. The process of claim
1, wherein the volune fractlon of the peIIets
se ated in 15 step i s higher than the vo

3% r adthe BFPCsts af KRB} Wefrgml the yolore &actian s ﬂi‘%@llleﬁsthﬁ liquid

méBeh Yhe iE pRS1HaL sbhe top of the crystallization vesse
41. The process of claim1, conprising al) cooling t he

nol ten PET pol ymer to a surface tenperature bel ow

100G, f erwat er,

40,00 136 Bl o Rk bilE RO TR IR iRl n
stepety) &y laphen glatnhlse ‘&olﬁme thacrivai ofthef pelists ﬁﬁtﬁ)du@@il ih@tthe Hde medium
ressure f at ast, 60 pS|a 42. The process of claim

Zog 1orio tl{eh’@“ﬁ?i‘l‘%%‘? ¥¢sgol ymer conprises a PET
pol ynmer. 25 43. The process of claim42, mhereln t he

pol yester polyner consists of a PET polyne
41.  The process of claim 1, comprising al) cooling the molten PET polymer to a

surface temperature below 100°C followed by pelletizing the polymer underwater and
separating the water from the pellets, and b) separating the liquid medium from the

pellets under a pressure of at least 60 psia.
42.  The process of claim 1, wherein the polyester polymer comprises a PET polymer.

43.  The process of claim 42, wherein the polyester polymer consists of a PET
polymer.

44.  The process of claim 1, comprising a2) crystallizing the amorphous pellets under

water for less than 10 minutes residence time Imz within the liquid medium zone, and b)

separating water from the pellets at a pressure of at least 50 psia,
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44. The process of claim1, conprising a2)

crystallizing the anorphous pellets under water for
wob@s®3ich@an 10 m nutes residence time | nmz w t hPE@TARB04/027438

[iquid nmedium zone, and b) 30 separating water from

the pellets at a pressure of at least 50 psia, 55 WO

2005/ 035610 PCT/ US2004/ 027438 45 The process of claim

1, wherein the pellets are crystallized in the liquid

diggm in the absence of .a surface active. agent added
430, 1 T HEPG & SHEE LmrEr e pelis ar_agef%il&e % B ligpidpedium
inR¢ AtRkifoe 0F a4rfacbhetivy REeRSRIIE] toGhéliqlid meBRRPl prévedt
mai ntai ning the pellets in the liquid nmedium” zone for

agglongesatiparnféha pakgtsl nz of | ess than about 7 minutes. 47.
A process for making a nol ded part or sheet from
pellets conprising: 10 c¢) drying non-solid stated

4pel |'Btepreamspof daingl, comprisingnlaineshiag theqlellet $n fhavigitd melium
It..V. ranging fromQ. 7 to 15_in a drying zone at a

”?%ﬁ%“?@ﬂg%?ﬁ%ﬂﬁénﬁp9ngh@%§ out 7AWRUteRy)) * i nt r oduci ng t he
dried pellets into an extrusion zone to form nolten
PET polyner; and 15 e) formng a nolded part or sheet

4% r o exacessdeimaiong a m nevloy leset fram pelfete comprisings of
claim47, wherein the residence tine of the pellets in
the drying zone ranges from0.50 hours to 16 hours.

20 49. Thizyipg acesdidoftated pdlletsd8mpvikiap @irgintpoéyester pellets having

t in_the dryi .zone.ranges from 140C to
oen 5 g fingt 440 LAY i S oG A e meergs Of at least

pel lgpschave an average degree of crystallization
rangi ng from25%to 40% 25 51. The process of claim
47, ®onprintgedvgingthe drtbdpetefs ino an extBiswnyzene todnen RETen PET
ﬁﬁnmobapined by crystallizing solid anorphous

S'S

pel |
pelﬂ% U%herged inaliquid nediumin a liquid

medie)m z doening b fiodded partys kledet framtekidedensi®h PET fdlymer.
liquid nmediumtenperature within said zone rangi ng
fromgreater than 140C to 200C and a pressure within

48 he TeGPhbdds3G BRI HMWAARE BE rRldeRRIMS: diitfe %{%FF:‘II% (tehaa drying

pressure of the liquid mediumto formcrys
zope rdngesstrowhiOcI) Heasgto d6thounsder gone a subst ant i al
i ncrease in nol ecul ar wei ght during 56

49.  The process of claim 48, wherein the temperature in the drying zone ranges from
140°C to 180°C.

50.  The process of claim 47, wherein the PET pellets have an average degree of
crystallization ranging from 25% to 40%.

51.  The process of claim 47, comprising introduéing into the dryer zone PET pellets
obtained by crystallizing solid amorphous pellets submerged in a liquid medium in a
liquid medium zone within a crystallization vessel at a liquid medium temperature within
said zone ranging from greater than 140°C to 200°C and a pressure within the liquid
medium zone at or above the vapor pressure of the liquid medium to form crystallized

pellets which have not undergone a substantial increase in molecular weight during
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greater than the vapor pressure of the |iquid nedium
52. The process of claim47, conducting said
crystallization in the liquid nmedium 5 zone w thout
rotating nechanically induced agitation. 53. The

rocess of claim47, wherein the pellets haye heen
°§¥S§P§1e7£rlml srlfpwstt By SCRAEAIRE fhi lifud @F@l&@@.ﬂdﬂmfﬁﬂsﬁs e@&h%ﬂCh other
un@ertYfre 61 cRudlRG of! )éht@ﬁh&r?ﬁﬁ@%ﬁ&r?%e%surégfﬁé Jiqifd8nedium.
process of claim47, conprising formng a bottle
preform 55. The process of claimd47, conprising

orm er, r heet.. A _pro S .
Pher ot pleet L TR T RSt lERLig PR GafRBRE 1A 8E medium
zondpithait igtatidgmadhpnicaltynindgred agitaiodanor phous pel | ets
conprising underfluid pelletizing with a pelletizer,
and a2) introducing the solid anorphous pellets into a
931 quiTe PRLABI AL RY, Wherdif ARGIAY hevdieeR brysRftibd 4A0C
within a liquid medium zone wthin a crystallization
teaparatiiresgrehterthan arleljal ith 0 °Cahedovs Hieiddyingtenplecatigre pel | et s
inthe liquid nediumat a 20 pressure within said zone
at or above the vapor pressure of the liquid nmedi um at
Sahe | Tigpr6ce8® 6l dlaiint £MPehssitigefonhing aWottieéMani ng the
nol ecul ar weight of the pellets. 57. The process of
claim56, conprising al) directing a polyester pol yner

t a i . t -0) i i
Bl yooy BrochS o i A7, QpitEla Tt 2 b DftndedFonect o,
pol ymer is directed through the die and before the

ol yner_is_i.ntroduced int.o. the liquid, medium. cooling
B Y Blrpbdp PP b A ok FholisSbbiongBR s GEbel o
t he &g) fothRip@bld areexpiustpengs thtprixn gy amledTuiPpdliEng Watha
solid pellet, followed by introducing the solid pellet
i nt o PEPRIIZEL 42 d nedi um 30 57 WD 2005/ 035610
PCT/ Y20 v : £5Sinff a Hhad in
t he crys?é#%%lg??g%§vggggpﬂggﬂprlsggughﬁ%ﬂ%?ﬁgﬂﬂmﬁ&%
cont adnpengurictod af leapt il 40° Codihinra Hguid niediypekdnetwithin a ciySallization
The process of claim58, wherein the pol yester polymer
i s cuessehderystiliringsid sofid @moavhpmepqlwgew i/b_&tlél_utddmchw ata
SL L BResSRk WinANRIPRAY S REbdvRl e YigoP plel&ird b1AHE AT Hetilin at

the liquid medium temperature without increasing the molecular weight of the

pellets.

57.  The process of claim 56, cofnprising al) directing a polyester polymer at above its
T, through a die, cutting the polyester polymer, and between the time the polyester
polymer is directed through the die and before the polymer is introduced into the liquid
medium, cooling at least the surface of the polyester polymer to below the Ty, thereby
converting the polyester polymer to a solid pellet, followed by introducing the solid pellet

into the liquid medium.
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formation of the pellets. 60. The process of clai m 58,
wherein the pol yester polyner is cut underfluid, and a

wo sios/esss1nf cool |iquid at a tenperature bel owdB0£20046027438

i ntroduced into the housing against 10 a die plate

face through which nolten polyester is directed into

t he housing and/or against the cutting bl ades of the
pelletizer. 61. The process of claimb56, wherein the
Liquid used fqor the underfluid pelletizing is the )
oPi quiT_ge RiOB9SS o clgin _.Wq‘FFF‘én Reseeializgtion vessthegmprisgiehonsing
cbitfinlngGht S B He St G4t SHiRfzep thin the liquid medium
zone With a current directing the solid anorphous
pellets away fromthe pelletizer and directly or

RGN EXTCR R O —

thelithnpdpescoatet eRtiosdidaimdrpicas paletsweith aiilig@ld niedium upon
rotating. bl ggg, in-line mxers, weirs, and baffl es.
fgmatiqn, ‘B?Bg of claim 62, wherein the pipes have a
continuous flow of liquid nediumin the sane

direction as the flow of the pellets. 25 65. A process
6Por t Hexpra¢dsyolalaint 38, wherefrgths pbliyesterglolymes is eut angrfleid, and a
conprji si directing a flow of. solid pellets in a .
SR oRH At raRgA e D GE 1R Rt bl b fnd BuPipe against
alatddint tRE ﬂnbﬁ@ﬁ%ﬂﬁh&lteﬂ\ﬁ&?&ﬁ} if MeechAlin dREAJuSEhE aAW/Er against
crystallized in the pipe at a l'iquid nedium
theeimgdladevoithenelietizethan t he Tg of the pol yester

pol ymer. 30 58 WD 2005/ 035610 PCT/ US2004/ 027438 66.

The process of claim®65, wherein the pellets are

6tr ysThe prozess of clainnba) whiepsin fie liquidl useflifod theaaidetfiuid pelletizing is
t gratyre exceeding the boiling point of the liquid
ﬂﬁégﬁﬁhpgﬁmﬁ' at nosphere. 5 67. The process of claim

65, wherein the pellets are crystallized in said pipe

at a liquid nediumtenperature of at |east 140C. 68.
63he Phopressss of clainnfanvdsreimihe diginid mésiurp eiréudates witlin the liquid
LUl ] 1N sald.pi s under ressur e ua
M T R B8 a5 o RESY B
pelbtizerrand 8@ectly or indirectly into a pipe within which the pellets are crystallized.

63.  The process of claim 62, wherein the pipes are devoid of internal mechanically

rotating blades, in-line mixers, weirs, and baffles.

64.  The process of claim 62, wherein the pipes have a continuous flow of liquid

medium in the same direction as the flow of the pellets.

65. A process for thermally crystallizing solid pellets in a pipe comprising directing a
flow of solid pellets in a liquid medium through a pipe having an aspect ratio L/D of at
least 15:1, wherein the solid pellets are crystallized in the pipe at a liquid medium

temperature greater than the Ty of the polyester polymer.
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69. The process of claim®65, further conprising
i ntroduci ng pol yester pellets having a degree of
w@eysadeho nity of no nore than 15%into said pPEEUSH04/027438
The process of claim®69, conprising introducing solid
pell ets having a degree of 15 crystallinity of no
nore than 10% into said pipe. 71. The process of claim
65, wherein the pipe has an aspect ratio L/D of at
Iea 25:1, _the Ilets are crystallized in said pip
¢ b PGS O R+ EheEaR Shepelet prerystallizad in SOEPIPeRhE
hqﬁiﬁlﬂl&fuﬁn anshetdrardiedcddBAlL Wi mm@o%tmmﬁe 1Rfufd MBEER 21
pressure equal to or greater an 20 the vapor
atprspkerer e of the liquid nedium and the pellets . 72.
The process of claim 71, conprising introducing solid
pel l ets having a degree of crystallinity of no nore
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crystallinity of no more than 10% into said pipe.

71.  The process of claim 65, wherein the pipe has an aspect ratio L/D of at least 25:1,
the pellets are crystallized in said pipe at a liquid medium temperature of at least 140°C,

the pellets and liquid medium in said pipe are under a pressure equal to or greater than

the vapor pressure of the liquid medium, and the pellets .

72.  The process of claim 71, comprising introducing solid pellets having a degree of

crystallinity of no more than 15% into said pipe.

73.  The process of claim 72, comprising crystallizing said solid pellets in said pipe to

a degree of crystallinity of at least 30%.
74.  The process of claim 65, comprising introducing solid polyester pellets having a

degree of crystallinity of 15% or less into said pipe and crystallizing said pellets to a

degree of crystallinity of at least 30% in said pipe in 10 minutes or less.
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75.  The process of claim 74, comprising conducing said crystallization in 4 minutes

or less.

76.  The process of claim 65, wherein the pipe is devoid of mechanically rotating

paddles, in-line mixers, weirs, or baffles.

77.  The process of claim 65, wherein the flow of the liquid medium is in the same

direction as the flow of the pellets.
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