WD 2005/ 035608 PCT/ US2004/ 027248 DI RECT COUPLI NG OF
MELT POLYMERI ZATI ON AND SCLI D STATE PROCESSI NG FOR PET
WEAUKGERGBID OF THE I NVENTION 1. Field of the PavAISRI08N027248
The present invention pertains to the comercia
manuf act ur "
pol yners. gng%acEg?%g%gmgﬁ?@BE%rﬁggnEﬁ¥%$§%§Tﬁg§gkND
princi pl e anong WSOEID 8TA THOPROCESSINGIFORPET and f ood
containers. Despite the stringent matrix of properties
required for such uses, particularly for food
packagi ng, sone l ymer .
Commer ci al producE%£%a§$8§%$g?§§gﬁ%ﬁgyvgﬁﬁéggfve and
therefore even relatively small inprovenments in energy
consunption are of considerable commercial value. The
product i diieldfof BEEMnyéntionusi ve of copol yners) begins
with an esterification step where the dicarboxylic
aci d conponent, predoninantly terephthalic acid, is
shurried in e‘ﬂ%' FOEnOhYERlon TR Bt IR RN Gindacture of
m xture of oligonmers o P ae ree of
p0|bﬁg@ﬂ@ﬁﬁkQﬂepmhmawYéBEfV)§Mym&mlon" step may be
follomed by a further "oligonerizatio n" or
"prepol ymer" step, where a higher degree of
pol yneri on i btalned The product still has a
veré iﬁﬁ%ﬁ Hféf wei ght at this stage. The
preV|oust descri bed steps are then foll owed by a
pol ycondensati on. The pol ycondensation is catal yzed by
‘nmet al conpound®ERBhasmunzesoBhses, ipril@ole Smong which are for films,
Polycondené t|on occurs_at relatjve

ood containers. Despite the strmgel\{t mat%x of properties required
for such uses, particularly for food packaging, some PET has become a
commodity polymer. Commercial production of PET is energy inténsive, and
therefore even relatively small improvements in energy consumption are of

considerable commercial value.

The production of PET (inclusive of copolymers) begins with an
esterification step where the dicarboxylic acid component, predominantly
terephthalic acid, is slurried in ethylene glycol and heated to produce a mixture
of oligomers of a low degree of polymerization. This “esterificat ion” step may
be followed by a further “oligomerization” or “prepolymer” step, where a
higher degree of polymerization is obtained. The product still has a very low

molecular weight at this stage.

The previously described steps are then followed by a
polycondensation. The polycondensation is catalyzed by metal compounds such

as Sb, Ti, Ge, Sn, etc. Polycondensation occurs at relatively high temperature,
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-1 WD 2005/ 035608 PCT/ US2004/ 027248 generally in the

range of 280-300C, under vacuum water and ethyl ene
wahlysaBseopr oduced by the condensati on bei ng r eROVAIS2004/027248

The polyner at the end of polycondensation has an

i nh I ' SERR Aoy |

0.6 ’eﬁ&%léy ?rggl%ghﬁ eng to 3;?0'”%‘ f lleﬂc}%%rg?l Cﬁmlgllg’g Etlte{ egg} fﬁé&lle?eoglycol

Manypréquekd @gtﬂh@amde@tm@ beiing rerpowedy Cht @olydier AEThe end of

pol yesters has required a subsequent

pos tpojysopdansiticat hag anjinharem visspsity gangradly indhaisage ebfiddo 0.65,

stating." I.n this stage of.the process, the. PET

ar aarewaspibei anhi et G310V H5CHEmy prgichlions.

nitrogen, at UE4mMBERIH b?&du@ﬁ&@&f bhe tebtetCHHR @ E@LitEd D

i.e. from 210-220C in "many cases. Sol'id stating is

conpubsegted poyt-pdigmémzation uathersoEd sRET tgroledrisoBd stating.” In this

fol |l ow n% extrusion fromthe nelt and pelletizing, are

substagRtor 419 Brosersr IRl srapples pisdieated 1B ARaFesas, Précradly

pel | r ' ' ] -i ) hb @l

o oy Sec Ao BipP B EHRIQHERBLIRY L i 230226°C in

per imfshyadas0 $dlidHatitighibicemphdatedl by MeHicttiRITRgsse PETExolymers,

e.g. 160-190C, typically in a flow of inert gas or

ai r .follgwingleztrusion &onvthednelhand pedlstizing, seasubsigntiaHy eaiopphous.

f h id | d [ . .
i Thordd 4b e RtbpRia frob Sutaas 5 3goRiRns if fis potia
and g3, itk SdliREsrd Gkt ARERRAIIVeN a pdAi&S B B REGUIHTiARes at a
are well known to those skilled in the art, as

evi deweettnipgragir§, ¢.Bafléhil 80 K., 39Fic8Ylinanido s of Hirgs .or lamr. It
onv, rocess theaﬁglyner i s, extruded

h ' I .
i T SEOMY Dermofi e BN COBHEEE BT SACH GO |
oot PRIt e 38 AR 1 U TR o EARR fdldgon and

st orseld isﬁta)ﬁ)olyiddn%nsaﬁbmr These@iryctateks iafé Well known to those skilled
Conventional pelletizi gg%processes as well as a
F

pel liBtheamhpsgviteacsl nbrei Fatenty 3,784,881 and 65 004

prior to pelletizing are discl osed

In the conventional PET process, the polymer is extruded directly
from the polycondensation reactor into strands. The hot, extruded strands are
contacted with cool water prior to chopping into pellets, dried, and stored into
silos prior to crystallizing. Conventional pelletizing processes as well as a
pelletizing process wherein strands are stretched prior to pelletizing are disclosed
in U.S. patent 5,310,515. Conventional wisdom dictates that at least the surface
of the pellets must be cooled to 20° to 30°C to avoid sinteting during storage.
During storage, heat from the hotter interior of the pellets is distributed
throughout the pellets. Thus, warm pellets, i.e. pellets whose exterior is
significantly higher than 20 - 30°C might agglomerate during storage following
temperature equilibration. In addition to the decrease in temperature brought

about by contact with water, the pellets can be further cooled to the desired
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in US patent 5,310,515. Conventional w sdom dictates

that at |east the surface of the pellets nust be
woaalsadsa® 20 to 30C to avoid sintering duri ngPeTAISAHE/027248

During storage, heat fromthe hotter interior of the

Pel | @horl € i doBHAP Br nfefoBHONRE heh&i® aRbBh Sand b

war mp F'fe S, 1.€e. pelfets ose exterior iIs

si gnjubéegasitlyyrehégéitto thbdesid crystiizdtioghémpgatuese Taése steps of

during storage following tenperature equilibration.

| n dutdiing, enoking,tand refecatiog setail g significaphenpr gy benalighe an already

about by .cont.act with water, the pellets can be

f ur tREFEYIBEPEE PPFHe desired -2 WO 2005/ 035608

PCT/ US2004/ 027248 tenperature with cool air or

nitrogen. The pellets are stored, and then

subsequently reheated to the desired crystallization

tenperature. These steps of heating, cooling, and

reheating entail a significant energy penalty in an

al ready energy intensive process. WO 2005/ 035608

PCT/ US2004/ 027248 . SUMVARY OF THE | NVENTION I n the

present invention, PET pellets fi-omthe

pol ycondensation reactor are cooled only to a

tenperature bel ow the glass transition tenperature of

the particul ar polynmer or copolyner, and at or above

50°'C, and held within this tenperature range up to

entry into the crystallizer. Despite the higher

tenperature of the feed pellets, aggloneration does

not occur. BRI EF DESCRI PTI ON OF THE DRAW NGS FlI GURE 1

illustrates the prior art process of PET production

from polycondensation through solid stating. FlIGURE 2

illustrates one enbodi nent of a subject invention PET



process from pol ycondensati on through solid stating.
FIGURE 3 illustrates yet another enbodi nent for the

weu)s@ss608 nvent i on. DETAI LED DESCRI PTI ON OF THEBCT/US2004/027248
PREFERRED ENMBCDI I\/EI\IT( S) The esterifi cati on,

ol i gomeri zati on,. Eﬂﬁﬁﬁ to and
i ncl udi ng polycondensatlon ma e perforne

conventionally or by any process where pellets are
produced from a pol ynerization nelt. The inprovenent

pr ovi ded by t He thapyjesent mwew.%ﬁifp@lﬂ@é%ﬁpmdbepglyﬁpm@nsatmn

cr Sét?éqt?ﬁ afzrgltclpglﬁd g?]gp eI | t%{fg% aElF E’S r@? glag gt%nm{lon temperature of

convga Phﬁ@ﬁ‘llar p&PeheR b c@ﬂﬂ)ﬁﬁﬁf Snd ﬁﬁ&ad%% Sf)"@mand held within this
terephthalic acid and ethylene glycol. Wi

di metmpéaere phigh apdo entrpyntd the arysmthélO 511)653516@& higher
PCT/ US2004/ OZ?é'ééee i nci ple be used as well as

t er pRP$AMNE Oh dieliets agslameaiion [OPSIQ5 e Y red. I n
addition, the PET polyners may contain up to 20 nol
percent, preferably up to 10 nol percent, and nore

preferably no MBRIEFRRSGRIMITOPEOFETHE GRAWINGHXY i ¢
acids other than terephthalic acid, and the sanme nol

per cent ages of gl ycols (diols) ot her than ethylene

el B gty S e GO Bolion o
| soHhiléns@idncthrddigh @@11& ctafifig d, napht hal ene

di car boxylic acids, cycl ohexane di carboxylic acids,
al i phatic dlcarboxyllc acids, and the like. This Ilst

is illustrat I t I
Ipfelseng: L?‘ 'm 03 g e S5 richion Pt
aci 5ol R

part y cr I'sopfit hal i ¢ aci d and

FIGURE 3 illustrates yet another embodiment for the subject

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The esterification, oligomerization, and other process steps up to
and including polycondensatien may be performed conventionally or by any
process where pellets are produced from a polymerization melt. The
improvement provided by the subject invention takes place during and/or

following pelletization, and through the crystallization stage.

The PET polymers are conventional, and are polymers prepared

from terephthalic acid and ethylene glycol. While dimethylterephthalate may in
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napht hal ene di carboxylic acids are the preferred
di carboxylic acid when m xtures of acids are
wenpisopss . Exanpl es of diols other than et hyPemas2004/027248
gl ycol which may be enployed include, but are not
| T M RigiObe ted R ARG 9eﬂhalﬁ@£¢$@yﬁs%%?t M&ﬁﬂ $preferred. In

, 3- pro ane diol (trinethylene glycol) I et
gI y adtitiohy ihetHEA pmiymgfswnay contgin pap 2oens ngqemlpreferably up to
1, 4- butane diol, 1, 6-hexanediol, cyclohexane diol,
neo&@ﬁ{l% per@qng,,@élﬂ m%pﬁd)r%fyyabbh@g( g)ﬁ)@@th@»@ﬁ@gkipercent of dlcarboxyhc
Pr efaﬁfdﬁ %ﬂleg lt a%ql fepﬁtthg a&&] aﬂldetié?é%rﬁgg}o pgr%(e)llltages ocf gllj cols

di et ene gl yco m)s’t
cyc @lbgy@ﬂﬁgkmtéﬁl@n@{e glfc oq:HDM ), the | _atter general ly
useé as a mxture of isonmers. In addition, polyols
such as pentaerythritol, glycerine, and

nost

et o o R T % 555 DR B iy may e s
POl & f hﬂfaﬁc ago ﬁgphtmg:ts R n,?hg[{ Q'a}é % halene

di functio car xy I C acl unc

hyd ldmayltox&hn atido,nglclohexune dikisbdxgliy acids,) ali}ih@h@@i@bﬁb}éﬁﬂic acids,
The subject invention process is also apﬁllcable to

ot hépd s Kikes  Blis Lighis rﬂéliSHaBm |aadl 10t Bmiing. f sesprifiet

wh || ,
"er BPSRRE ftfinol Amblds SEREIOrkrLRrRY BT peiy kg useful for
PCT/gblet i B3kt o2 paftitlle PossRRtdgolFeltess. Eﬁﬁﬁ’cﬁﬁli&a‘\l}ld and

dryers, crystallizers, and to the process step

per naphtbalencndicaboxylizrasids ane thetpirefesied widaglsescylio dc1danzhm mixtures
ot herwi.se. PeIIetlzers are available comercially
fror‘#?‘fa oYY Rei ter Autonatic Apparat e

Maschi nenbau GvbH, Germany, and Gala I ndustries, Eagle
Rock, VA. Pelletizers, for exanple, are described in

U 'S. patents Exadple07 diok &8 thdd ethylend 28:c8lWhich may be

5,059, 103; 5,310, 515; 5,403, 176; and 6,551, 087; while
a ngpg)(yyd dxclude, but are not limited to, 1,2-propane diol (propylene glycol),

1,3-propane diol (trimethylene glycol), diethylene glycol, triethylene glycol,
dipropylene glycol, 1,4-butane diol, 1,6-hexanediol, cyclohexane diol, neopentyl
glycol, and cyclohexanedimethanol. Preferred glycols other than ethylene glycol
include diethylene glycol, and most preferredly, cyclohexanedimethanol
(“CHDM?”), the latter g enerally used ‘as a mixture of isomers. In addition,
polyols such as pentaerythritol, glycerine, and trimethylolpropane may be used in
most minor quantities when branched or partially crosslinked polyesters are
desired. Most preferably, only difunctional carboxylic acids and difunctional
hydroxyl-functional compounds (glycols) are employed. The subject invention
process is also applicable to other polyesters wherein pellets formed from the

melt are amorphous.

In the description which follows, reference to equipment such as
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mechani cal dryers are disclosed in U S. patents
4,447, 325; 4,565, 015; 5,638,606; 6,138,375; and

WO 20803344. Al |l foregoing patents are incorpor BCEMS2004/027248
herein by reference. A conventional PET process is
sho [
ol y euhr e firchs BB P e, chNBU R, ARl YHe plodSs seps
pol yerforteebdiciedm are@ohwenti@nal ThRsPRIAICARI dtBerPAkED ERblletizers are
through outlet 3 to extrusion die 4 through which the
nol 234 q@éﬁ Wercsqﬂiyr from dirips fyaeh ascReites AwgomatipApparhtet v

the MAER TS FbENGE e ot R el ity casteibi VA
wat @fellgtlﬂe% Cfbr 8&inffle, Qe aegchﬁe@hr 6@?@&% A *123 294764 $00,271;
cool i ng the strands rapid a surt

t enpPer2a 2it6e 5,069 HIS; |5a?rﬂ@951(5f 5 4D5 17(6 m&,S\fgaJSKow‘rlllﬂg a variety of
which th t d t . etizer 8 i ch cho
e Pt ] BTLL SR o et

o S, 7 1052 AT Sy e

con\hergembjneerfeﬁencea mechani cal separator 19, i.e. a
screen, and by air supplied through line 13 or by
mechani cal neans, into dryer 12. The dryer 12 may be

t of dr t hose supplied Rei.t er,
or Gl o pacdrL SR By pIRRSs B HPyarE Fifun i L
dr y eieSPERpEIyiake 1l is |f>61 cHﬁdén@édl infBe Hféﬁ%: abcsht 5.'89%%1 lis
shown a serpentine dryer havi ng an " haped
ser pelyconiengasion agaiery2.oThé polamen m;mmrmdethrmllgh outlet 3 to

T SBob e S B By ST
o it 1 GO 8 B

vap the dryer through

and stsartls tfalidwiak Ithe giogvee! (E@dlS;va@etI 1 istdieectbdyRer &é su@ndnd the
2005/ 035608 PCT/ US2004/ 027248
plate, cooling the strands rapidly, e.g. to a surface temperature in the range of

75° to 150°C, following which the strands enter a pelletizer 8, which chops the
strands into pellets 9 several mm in lengih. The still warm pellets fall into a
moving stream of cool water, generally at 20°C to 30°C, in conduit 10, which
conveys them to a mechanical separator 19, i.e. a screen, and by air supplied

through line 13 or by mechanical means, into dryer 12.

The dryer 12 may be any type 6f dryer, such as those supplied by
Reiter or Gala. Paddle dryers, serpentine dryers, centrifugal dryers, and the like
may all be used. In Figure 1 is shown a serpentine dryer having an “S -shaped”
serpentine passageway of foraminous material. The moist pellets are directed
through the dryer by the air stream, water and water'vapor escaping through the
foraminous walls of the passageway. Water and water vapor exit the dryer

through exit 15, and the cool and substantially dry pellets exit the dryer 12
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through exit 16 and enter storage silo 17. Eventually,

the pellets are conveyed fromthe storage silo
wohowuwghsosonduit 18 to a crystallizer where thegraiseooan27248

| east partially crystallized. It should be noted that

pel |gfchgh AR 15%11& Retter storARilb 1470 }EJEF; yﬁfe éieﬁet@ AR conveyed

wat er, areareay at a relativel ratur

and feom thieustotage sild dwengdcinduit d@pie laairymﬂllzeﬁ WIitee dTey@te at least
typi caII to the?éangsﬁ of 20C to 30C on the pellet
sur oREally y ayHallizetentt 6“1€rb9§195ﬂd| th%td%eﬂétﬁ; dueie their [ansit to the

a;]:rcferyﬁjul %hblngtgfwgggl € cgzazﬁlasrg k gelgtl |én graelt%ﬁetn galrng Are further
Vi sdowbied ih eéquerahﬁm the diyke, @?ichﬂ*y & @k @anddrR0RC, 10 130C on

present invention is also use I n processes where
s ol ithe pelket surpasiey.mdubsequensiio cxystadlization fthe peldets are typically

i odPRE3 dn solid SheRior WRers bt Bsedniriaiogip & higher
i's fihdromBskcos: ?‘aﬁés IBIQ@é inRt llcpﬁﬁgaﬁdd\ﬁ@/efjttﬂg R{esel}t invention

strands, inste cool 1 ng the strands substa

coolisaké asgfulf mrpreo'easqsl wehere sulidysthte palyanriz#tién is Iﬂa@%foﬁﬁed
a tenperature near the glass transition tenperature

("Tg") of the polyner. This tenperature may even be

above the Tg, 18} kNt jate stora IS. o
necessary, an ﬂ { gﬁ%é’?% SJIQE%H{ ﬁgeﬁéo&%gggo%%%m{es 2 and
pr efler liyuie®, hid prscedacof Fguren i B6llowed, eRebypetial Gater contacting
streamto the crystallizer. The tenperature, for

exartg &tranri&ymsiéa ob@olimp gksestysails substaatiallyt, monksdhémpfor example,
pel |l e

by, aincioBBridhe - e Bt fypérgﬁtu?%ﬁ%%ﬁ gl gasiton termperature
cr YQ“'P%’* )ickShe potvRee U8 REl zi‘ﬁa\ez T':\ﬁehlble aBHYé fhe'\%, "Unce no

any wa pr esent on the pellet
evapueonaliate stlot@e islnedengary randshe tenqrerammwillrtldcr@lse somewhat,

o B L L S s A CBSHRISE, e
I t
S e T e

r empelletyiahidteinl. - he Whids pelleds e cdRAM¥RIAi.e. rﬂy"zhﬂ"hii’”stream preferably
tenperature of 50C upon entry into t he crystallize

pr efléeethi tp the entstallizer. Since the pellets are still quite warm, any water

present on the pellets will rapidly evaporate, either during transit, or upon initial
entry into the crystallizer, which generally operates at t.emperatures above 160°C
at ambient or reduced pressure, and generally in conjunction with a stream of
inert gas. It is preferable that the pellets remain warm, i.e. close to or above a

minimum temperature of 50°C upon entry into the crystallizer, preferably about
90°C.

Thus, as illustrated by Figure 2, in one embodiment of the subject
invention process, the strands 5 are contacted with water 7, i.e. warm water or a

limited quantity of cooler water, and optionally air, prior to pelletization in the
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90C. Thus, as illustrated by Figure 2, in one

enbodi ment of the subject invention process, the
woeRomndss0® are contacted with water 7, i.e. WaPOTAWSR®H/027248

or a limted quantity of cooler water, and optionally

ai r ,pefletizer 8t (Theapelletsi arattionmonveyeh &y -air M@m%@%ﬁ@tﬁﬁ@@@uecﬂy

PCT/.US2 04/02 248 eI letizer 8. The pellets are th

conVBPdRe syystaflzer B &(P@FF Hen ate erystalliged weder yon\remtlonetl lmendltlons

| d
comEntBOnSToB L MGy bF fier Pl o Rillopfe G oy e
of icnetdlligashrotghatonduliadl i RE BIGRAY hh%’%ogd tsglﬁ{l% Jeactor,

crystallizer through conduit 21 and are t I réec

to tHendes lagiesisarsehg reactor, when the latter is
used. Figure 3 represents a preferred enbodi nent
wherein warmwater is used to transport t he pellets 9

past dewateri pg,3£RGE ege%ts ??g{é’i@eg{ >thbo qa elitt \%’ﬁ]({rgl% arm water

air inlet 23 directs

d% adefl itz GrnPort the emmsag hst@letvaeﬁ@ sEe¥ @9 2ahdPRRert e
phd stalllz%? peX|tlg? the cry gtalhzer throug):%ll
congtﬁ% &

petbair Pt%ett%edltﬁﬁts the el bﬁlreptb’t tatcryﬁgilhmdoo or through

or f BUGR USRE 2 ahd b e fi L B0 S8BE BE Shvaignet throgn
i ni tombuity2] t0aRd oftiabédlANGRing 3B G @%te% Q?llﬁﬁﬁéd'rhom the

transport water ply to conduit
par @@ngte@mg@qﬁgenow lgtreefpmbl}etesucdaMé ahd astd Aswaest td heshily

3, the pellets may be
.afn ?‘g’ ucesgrainﬁeoang/ G éfileg %?"ie% Ffatltpogtetv@tsr eppetpepnduit 10. If full
t heocpatfihiadrling &t thé'eéﬁ'jyfe\’seiﬁ ’deglge%lf g%,] ?CSCFI‘)&W J It o Bodennem in

dryer is suchthat

r e nBigatk, 3.tthe peitdts Blag bednmoduced indo a fd@ife?tprib@ key b&h@ Iaonv ged to
erature, i.e. about 70 - 90C. It should be note

' t ha © shystallizse. Stowevpi the ais flosv insethewdrydr is such that while

substantial water is removed, the pellets remain at a relatively high temperature,

?

_L.e. about 70 - 90°C. It should be noted that any type of dryer can be used with
the subject invention process, and any type of crystallizer. Since the crystallizer
operates at relatively high temperature and itself is capable of volatizing
relatively large amounts of water, the dryer may be of relatively small size.
From the dewatering screen, the wet pellets may constitute 40 - 60% by weight
of water. Much of tltis water can be removed by a simple dryer, i.e. a
centrifugal dryer of relatively small size, and the moist pellets, now containing

much less water, e.g. 5 to 15% water, are then introduced into the crystallizer.

Due to the relatively high temperature of the molten polyester
strands as they exit the polycondensation reactor, there is an abundance of
thermal energy in the overall process which may be used, e.g. to heat air

necessary for transport of dry, wet, or moist pellets, or as a feed to the
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the subject invention process, and any type of

crystallizer. Since the crystallizer operates at
woeb@ts®By hi gh tenperature and itself is capabirasefo4/027248

volatizing relatively |large anmounts of water, the

dr y &b i, &e 1P1s ﬁx‘ff)lo?t fét\%\?g%‘mpe %1] thitl & & de%fr@rmc% {?eﬁep [he pellet

dewatering screen, et's may const

60 %erayeramirghs highfas passtble biusrbfepdbly e orietyw ﬂ&g)dl)}&ner Tg, and
removed by a sinple dryer, i.e. a centrifugal dryer

of rielay rass) highemibpn 3PZe. Thadighse theppobiet sBIPERiwe ahtw

cont ai ni .U | ess ter..e.d. 5 to.15% water, .ar

© hert Pyt BT T, B3 et s, i i B i e

rel arbdRd Yeddhn@h. HEREBREAFerion Phscc8PhdsHe BANR M8 h substantial
strands as they exit t'he pol ycondensation reactor,

t herperticn afithebuergpperliyfior tomwingehe peléatgynd subkdymently reheating
overal | process which nmay be used, e.g. to heat air

necdBEBAOES Mt OCFHnsport of dry, wet, or noist pellets,
or as a feed to the -8 WO 2005/ 035608
PCT/ US2004/ 027248 crystallizer. It is inportant to

remenber that Thihd preseheaivestior, ahk @afr hechd@nt#ts the pellets will
tenperature as high as possible but preferably near or

bel & cither pemgligrantigy obenpl water ayliose sereperatirshrapidihzises and is

50C.. The .higher the pellet tenpperatur t

cr y dpsicishid Ehol B o GalaFBR SR du e a0 s olvmgty or o

t he 14BELEAARCHT KAt WaRr WHIACRS Shd SR BPect. TNRe 4R i

inveéri[?i o(rll prggess has tﬁe benefit that aecsubsteant irgsls‘lf)ply s

por tprefarably tehzcwated gandpexcedstheatf may be otmongdtine heel éxehanger.
reheat.i.n t hem does not occur. |

d, sub tl
the 131,%@32_ o s Posed in ot pertiopsof fhedayﬁfaélcergcwg Preferably,
aﬁl Il Fradh ltémaqeli’gcm%' ik tﬁ%(ﬁﬂ B0KH Yo Zlﬂfné 'i)¥et91fab§roﬁ°(f’\@tﬁ)r°c, and
ose tenper ure rapraly rises and 1S 1 nsufficient

to et pidie@ablgl I06Csow0OPSt anti al |y bel ow the Tg of the
pol ymer, or a larger quantity of warm water which has
the same effect. The water supply is

The water which contacts the pellets may be supplied in total
during initial cooling of the hot strands of molten PET. In this case, the
temperature of the pellets, both exterior and interior, is preferably somewhat
above the polymer Tg to aid in pelletizing. Instead of entering a stream of cool
water, the pellets may be contacted with an air stream, which further cools the
surface of the pellets to a temperature below the Tg, for example but not by
limitation, to a temperature in the range of 70° to 90°C. Theair may be
recirculated if desired, which will ordinarily assure that the air stream remains

warm.

Alternatively, as in Figure 3, a water stream may be used to
transfer the pellets to the crystallizer, for example with a water separator

positioned prior to the crystallizer as is now customary prior to entry into the

9.



preferably recircul ated, and excess heat may be

renmoved in a heat exchanger. The excess heat may be
waged/Bmost her portions of the overall processPCT/US2004/027248
Preferably, ti the water tenperature is from40'Cto

70 Gyor Elr ﬁlootgﬁ%% tpgﬁéth’ arOstérell PribP tdent ﬁﬁo stalhzer

prefera 60" C. The water cont cts t he

pel Im\sevmymktﬁe sapifitedsubiect oivahtiord ubomauemarmat be used in this
cooling of the hot strands of nolten PET. In this
cas eemhngnertte et AEm afatqr H@V@sw temperagye |of akaus S0o¢ or more

and .i nt ove
o gt hgBh sk o e A e ATEY DR neA8RUEphR0oC whon the
a Stdiﬁﬁ’rf@lef tFe@8port PYBS1E10: refnbal R W AdrS of'ﬁié \hﬂ’o&t‘ylﬂf a6d @fhveying
wth an air stream which further cools the Surface
of tWEEteIpfﬂ'ﬂaHI, or thotha at@moh izt larshotiettanwt tinee dbgs nboallow pellet

| e but not by tatio t enper.at ur.e
the t THRAFfetse twéropthﬂ%% C§iR @Pge nﬁvs iter g preferablit ed
T destdgded Mio%nng"béplar e i0f ¥al téﬂff(ﬁﬁ e Sﬁelfeﬁab ﬁ&ﬁ\llg'a[so
streamremal ns ,ﬂternatlv 8

wat efighietid Wittbotheatetsegot @hichreafts flﬁcr&it@lh@ﬁ{ ls@dtsthhtdlittle if any
the crystallizer, for exanple with a water separator

pos |heafowéhb¢>rqq@rreql & tnnmtaén {herwates tegperaiusies Rygtprably, no
cust r to.e into the -9 WO 2005/ 035608
pm/%@%’(ﬁ’éﬁlﬂtﬁgﬁigqﬁe rage silo where pellets are
stored prior to entry into the crystallizer. However,

in the case of the subject invention, cool water
cannot be usedm the present imvebtion, rthmpelldmam'efed dixectly tacther

o cioET g T oA e et Uipainiad i BVl S plarapdinely and

: gﬁo ﬁlgﬁélmoﬁgiea dr?b Lg qg&ﬂugﬁﬁféﬁg@ ﬁﬁﬁraﬁsg)gl\c/’creto R crystalhzer
be substantially continuous, without bulk storage in a silo which is the current
practice. However, it would not depart from the spirit of the invention to employ
a holding stage which temporarily disrupts the continuous flow. Suéh a holding
stage, when employed, will be of much smaller size than a storage silo, and

would only have the effect of delaying the continuous flow to the crystallizer.

It should be understood that when pellef temperature is referred to
in the claims, this temperature is the temperature of the exterior of the pellets. If
the exterior temperature is above the Tg of the polymer for substantial portions
of time following pelletization, the pellets may exhibit agglomeration,
particularly when flowing in an air stream to the crystallizer. The exterior
temperature may be measured by any convenient method. One suitable method
is to take a fresh sample of pellets and insert them in an insulated vessel with one
or preferably a plurality of rapid reacting temperature probes, and plotting the

temperature versus time. Extrapolation backwards in time will give the

-10-



wat er stream or both, are such that a short transit

time does not allow pellet tenperature to drop bel ow
woheostesdos ed range. This water is preferably PCT/US2004/027248

recircul ated follow ng separation of water fromthe

pe' 'ta{l%raﬁgé b%@'ekbé Bk 9P et ﬁg@naseeﬂ .1 pﬁé o8 & will have

BXI TS the crystallizer, Slc 1ttle
i f de¥n difedéd Wohl the @enaqweﬁeﬂ Howenér) siics héeh%ondﬁoﬁbn through
temperature. Preferably, no addi tional heat is
r equihg pelymenist m@twl&ﬁm’ smpl@ﬁmaéwemen@b@e liegrnperatuee of a small

fed rectly to the zer

ot ey Pl otV et P oyismionap sheiftgrigr jemperature,
an d.ang %Pah» 1Rkl Yor thaOMEHoR Héféiﬁ M the che® WikS w&hﬁfv@aftéreig used
t hat sport to the crystallizer Dbe substantially
contto ansport the tphidets, the pkllet tevteaige tamperatsiel maybe edsuinsd to be the
the current practice. However, it would not depart
f r orfPIPRES §15i WRIET ISmperRiuse Ry S ReYRL/ Wates SERaEAHON oSt di ng
stage which tenporarily disrupts the continuous flow.
Such a holding stage, when enployed, will be of nuch

snmal | er size tWhil esbedia@atsoif i indédionave Be@nillyisthay®and
the effect of delaying the continuous flow to the

cr ygiesribedeit is net lgmdncuthbtethmmm@ﬂunms Histroleand desaribe all

ur.e erre
¢ engeraRiamrof e TvsRfin aRalher. obE phEfaREain Bl peifigion are
pe' 'v%ras of &eschbﬁo@mrltwn RRARRIAEA § ib ﬁn@&%&i tRevaibus
of the, polyner for substantial portlons of tine
f ol |changes npyl Heahadeawitbout depatipg floet thespiritexflistope of the
aggloneration, particularly when flowing in an air
str dBYRR{IBNt he crystal lizer. The exterior tenperature
may be neasured by any conveni ent nethod. One suitable
method is to take a fresh sanple of pellets and
insert themin an insulated vessel with one or
preferably a plurality of rapid reacting tenperature
probes, and plotting the tenperature versus tine.
Extrapol ati on backwards in time will give the -10

i
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WD 2005/ 035608 PCT/ US2004/ 027248 tenperature of the

exterior of the pellets, as at "zero" tine, no h eat
weizbds/onse  been di ffused fromthe pellet intePCOMUS2004/027248

However, since heat conduction through the polyner is

rel a\;\,ﬁ/ hapl e measurenent of the tenperature

of a srfﬁ?s @E&W%%] e wll provide an excell ent

approximation to the exterior tenperature, and may be

used for that 1pur pose herein. In the case where warm

water is used l.to t4 2EGseTfor daerepdng enesgy usage jbp petyethylene

exterior,.t eragture nm €, ass, d.to be the sanme as

Ehe iepbBERFaR iR aBesy RuER G inheieobdund B Bmytene
POI NbrepM¥hialafe i‘é‘?@ﬁ&iz@ﬁ'ﬁh@ cgfstaﬂll&‘éd! BogpYidies have been
|IlustPated an described, it is not intended that

t hese enbodi nemt s idolidiying tnelenpotiethyldénederaphthalate to form
possi bl e forms of the invention.

Rat her, .t he words
us ecPIRHPROHs Robistinlenedesephthalate pefisisq e spolins emsliss o a
o PO R LS e I T B S8R gt o

t he fphhdrmeptly&hylpge efephtt@latd palre;iaad. WO 2005/ 035608

PCT/ US2004/ 027248 WHAT IS CLAIMED I'S: 1. A process for
decr easi ng enddgy weoayeying said parspaoiyethsienc terephthalate pellets to a

t erepht hal at e ,product.i on oce where fol]low n

pol yESHALAGa B 51 CRPHANER B B PEppoid ilEn Brephtnalate

pel | ellehad Pt rafgeSsfabbiZ3tt to BRIV thei TWofthe polyethylenng

nol t'en pol yet hyl ene terephthalate to form anorphous

pol ytetephthelate dtemdplet bfithatceyspedlifeet s and cool i ng t he

pellets to a tenperature from about 50C to about the

Tg of the polyethylene terephthalate to formwarm

pol yet hyl ene terep ; b) [ :

sai d war m pol y%t hyﬁ@‘?&%&%ﬁ%ﬁgﬁf ﬁg&#é%lgg?g%g cHﬁ’veymg
comprises introducing said warm pellets from a step of pelletizing into a stream

of water having a temperature of between about 50°C and 90°C.

3. The process of claim 2, wherein prior to said step of
introducing said warm pellets into said crystallizer, water is removed from said

warm polyethylene terephthalate pellets.

4. The process of claim 3, wherein water is removed prior to

or during said step of conveying.

5. The process of claim 3, wherein water is removed by

means of a foraminous screen.

6. The process of claim 3, wherein water is removed in a

mechanical dryer.

-12-



crystallizer, wherein the tenperature of the warm

pol yet hyl ene terephthalate pellets is in the range of
wahosto3s0st o bel ow the Tg of the pol yet hyl ene PCT/US2004/027248

terephthalate at an inlet of the crystallizer. 2. The

process of claim1, wherein said step of conveying

conprises introducing said warmpellets froma step of

pel l etizing into a Hierpgacsss of clakh 6 wihaimGakr is removed in a
temperature of between about 50C and 90C. 3. The

pr odeeshapieal drsgrm 2, wherei n prior to said step of
introducing said warmpellets into said crystalli zer,
water is renoved fromsaid warm pol yethyl ene

terepht hal ate gel | e rﬁcesQ_B?clﬁﬁl‘i’Qe%e%nQ@WIﬁ ellets have a
wherein water i's renmoved prior to uring sal step

of dempeaywiungin the e q@ErOCE€se 90f Calk dienmidt, tovdal @iystallia¢rer
is renoved by neans of a foram nous screen. 6. The
process of cl aim3 wherein water is renoved in a

e o r: e pRAD BP Lt 30 RnBi e e o St

7. The process of refmoved

a  ropaipeistsorhietlfecitula®d fldie apvR&asmoRhl HéRi M 2,
wherein said warm pellets have a tenperature in the

range of 70C to 90C at the inlet to said crystallizer.

9. Th f 2, f .
water bonpri 94 wekBoipEss PEGRSR BS B o0 B heray i added o

remg\éﬂldr%@p. 10. , The process of claim6, wherein no
heat energy is added to

11.  The process of claim 1, wherein said step of conveying
comprises introducing said warm pellets from said step of pelletizing into a gas

stream.

12. The process of claim 11, wherein said gas stream, prior to

contact with said pellets, has a temperature in the range of 40°C to 90°C.

13. The process of claim 11, wherein said gas stream, prior to

contact with said pellets, has a temperature in the range of 50°C to 70°C.

14.  The process of claim 11, wherein prior to said step of
introducing said warm pellets into said crystallizer, water from said steps of
solidifying and/or pelletizing is removed from said warm polyethylene

terephthalate pellets.

15.  The process of claim 14 wherein said water is removed in a

mechanical dryer.
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said dryer. 11. The process of claim1l, wherein said
step of conveying conprises introducing said warm
woebds@Bsso8r om sai d step of pelletizing into a gas/US2004/027248
stream 12. The process of claim1l, wherein said gas
stream prior to contact with said pellets, has a
tenperature in the range of 40C to 90C. 13. The
process of cldbsm 1Thewhevess of daind 1 hashatinesaid wim pelldtohave a
contact with said pellets, has a tenperature in the
r andempsrasoGnthe roge of 70°G e 9p7 6 abthe et tesaid arystallizer.
wherein prior to said step of introducing said warm
pellets into said crystallizer, water fromsaid steps
of solidifying andhemreekd 6f ddin0 9, WwhereRIE Yo fshidBeep of
said warm pol yet hyl ené terephthal ate pellets. 15. The
pr opeHetizivg, ovadrns temovedrfeom saidisdlidified stramisryraoblast dfmira
mechani cal dryer. -13 WD 2005/ 035608 PCT/ US2004/ 027248
16. The process of claim1l, wherein said warm pellets
have a tenperatur gy f : 10
islet to saidlgiys?gF&Fé%$§qugﬁ%gbwégggg%gpgghg?gbﬁﬁwkmc
1, whepiahilaterpelléts afe saiveyal dipectll to paill keststatlizeg withater
is renoved fromsaid solidified strands by a bl ast of
ai r intggnedide sigkagess of claim 1, wherein said warm
pol yet hyl ene terephthal ate pellets are conveyed
directly to said crystallizer without internediate
. storage. :
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