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THE INVENTION 1. Field of the Invention The present

i PREOTESH FOR tHEATING PEE PBivETc FEED A ACSOEEDOSTATING

RO B b A B bH AoV L ekt SOLEPT A B BRGRETS

which are for filns, fibers, and food containers.
Despite the stringent matrix of properties required

for such uses, BAUKGROWNIY OFOTHEIXVENTIGNI ng, PET
has become a commodity polymer. Commercial production

of PET is energy intensive, and therefore even

| ati yel l.]| inprovenments in energy consunption
are ofié &%8?@% r[Bncorrmercial val ue. The production

of PET (inclusive of copolyners) begins with an
esterification step where the dicarboxylic acid
conponent , [ihegrasenidantdnyion tpertaipln tdhtht icomarrdal manufacture of

slurried in ethylene, and heated to produce a
npﬂlyawlen%ferarh%%ﬁ% s‘%f C)qulBHW‘raegr ee of

pol ymeri zation. This "ester ification" step may be
followed by a further "oligonerizat ion" or "

peepol Bagkgrowidest Wwhere a  hi gher degree of

pol ynmeri zation is obtained. The product still has a
very low nolecular weight at this st age The

previously ri bed ar

pol ycondensgﬁig}"il %%SFOBxgﬁlg%soﬁggﬁggta%o ‘ghm%lg?ra‘%/ WGFHH}?V

MEhaYs, &RIT0RH RERtamEAN DapitShhe stringdat mais oﬁhﬁpertles required

Pol ycondensation occurs at rel at | vely high

t forpaclanseseparticularly for food packaging, PET has become a commodity
polymer. Commercial production of PET is energy intensive, and therefore even
relatively small improvements in energy éonsumption 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 “ester ification” 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/ 028531 PCT/ US2004/ 031018 generally in the

range of 260-300C, under vacuum water and ethyl ene
w@bkaosobss3pr oduced by the condensati on bei ng r ePC/E82004/031018

The polyner at the end of polycondensation has an

| gdrerAtin\theragt by26R360°al, lupdémvachems sate and efhylent glycol

0. 65, corresponding to a nolecular wejght too | oqw for

nereglueadidly ba comleasation beedere Vet odhe PPiyFesat theend of

R RADT D SRR, Feco Bt RERAN i oy v 910810 65

Sécﬁfiés?@nding td 4 RoFeculaf d8REhofoot16® fof aL@$ IppliddeioRET
granul es are heated in inert g)%rsr preferably

ni trogen, aCommepdalgrodustionef BWItnndyastars hasaieguired ar e,
i.e. from 210-220C in .mpny cases. ,Solid.stating is .
TR R By ngReaigp i Ehel ol e, gmech il ¢ 7 In this

;é&%éeow ¢ gﬁ&@:é’sy ﬁieof:)%”fo %@ﬁhfe@ erdEdated@RAnfie bhepréienBiy ar e

tanti y anor In order to prevent the
peitrogés af tempesatintes belowy the theligginpemratat) g fromt216-220F Cdn

stater, the pellets are first crl%/s allized

PR eAset. Sold waies frcAmplsster DY 18 Bedhat A hikk pelymers,
€e 6. - . .

STBoPA ety dotf hiehel ahd péickil; e dBShbSmdrPhous.
t B draer ®Qireekns thatR1ee R0 sifenrmgtand agpemesing ianke sdid -

to the conbi nedép‘;r ocesses of crystallization and solid
sstaien the pelasoard dnsfarydallizefheves gtneripd jof 40ite 20 npipptes at a

ase pol ycondensat,j o Crystal li | Ol}: SO} i
g e t‘%ﬂ;‘f%@&ﬁd Er¥s gﬂ)gﬁo s({" ’e%%lc%l?ye}l\léﬁ?{vkoﬁomﬁp g%s. ﬂ?losglguld be
Skdtbd 8¢ FE1idQaRlo? hef§n BMEFAAD¢EBSsdNd sthtSpolyebidtnsation per se,
5,597,891 and 6, I59,406. In the conventional PET

pamices 30 thehrnbédedegiracessess tof agy stallizatioh end edlidistatst at i ng

reactor, are cogled in_ai,r or nitrogen. The cooling gas
rﬂ}}ywd%ag%‘%-e’ghe egterafirgon, mehP ‘i‘seg)r?g[" SoplSHOr may

b y ; -
OEySRRBR LI A0 Gk POOUSAANAON LS e LB ISELRSS o
Ugkilsedin th it Oasevidenbsriby ULS.rRxgarns 5 50US0d aad &, 119,406.
cooling gas, the raw material cost is el evated,
particularly ‘

In the conventional PET process, the pellets exiting from the solid
stating reactor are cooled in air or nitrogen. The cooling gas may be directed
through a cooler and reused, or may be passed only once through and vented. In
either case, the thermal energy content of the gas goes unused. Moreover, when
nitrogen is used as the cooling gas, the raw material cost is elevated, particularly

_in pass through coolers.



i n pass through coolers. W 2005/028531 SUMMARY OF THE

I NVENTI ON PCT/ US2004/ 031018 Thernmal energy in hot
w@odopeedsyl ene terephthal ate pellets exiting a PEDUSIN04/031018

stating reactor may be recovered by heat exchangi ng

t he heat contai $AMMARYORBHEISNMENEIOMN t h cool

pellets which are to enter the solid stater. The

energy penalty associated with heating of the coo

llets i
D05, 03853 L1 BREbyhtoE boly i S Ak Gouetfidne o
LREHEHabi,; % g EMcfIr MAELORAGKNES byReat iichanging thstheat @mtitwel in

prior art process of solid stating. FIGJRE 2
.the bt pdale‘ésmﬂn@Oé poldels mitigh ase te eaigibihe splid Hatent (Thg energy

nsaah rapeipeihne Trannd ot o SLod B A Rty pYRke

ejghanggr useful in processes of the subject
invent1on. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT(S) The esterification, oligonerization, and
ot her process steps, including the crystallization
portion of the polyethylene terephthal ate production
process may be those conventionally used, and are well
known to those skilled in the art. The PET pol yners
are prepared fromterephthalic acid and



et hyl ene glycol. While dinethylterephthalate may in

principle be used as well as terephthalic acid, use
wobtooslosssBatter is preferred. In addition, the REVUS2004/031018

polymers may contain up to 20 nol percent, preferably

up to 10 nol PBRIFFEDESCRIPTION ©F WHE BRAWINGS nore

than 5 nol percent of dicarboxylic acids other than

terephthalic acid, and the same nol percentages of

gl ycol s (di t.her than, et.hyl . | es
of other su hi@?@1&?8%?%%%§FP§B§8ﬁ3§°%%$§ﬁ&%%§§%§&uSed
-4 WD 2005/ 028531 PCT/ US2004/ 031018 with terephthalic
acid are isophthalic acid, phthalic acid, naphthal ene
di car boxyl i FIGIGRES, illuytcdteshencaamabadimoent od 2ysbiechiniveriion
al i phatic dicarboxylic acids, and the like. This |ist
i BIOCfBustrati ve, and not linmting. In sone cases, the
presence of mnor amounts of tri- or tetracarboxylic
acids may be useful for generating branched or

partial |y cFISYRESkigidstpatyefirthes embediptenhaf a sutgedtdnvention
napht hal ene di carboxylic acids are the preferred
dpweedsoxyl i c acid when m xtures of acids are

enpl oyed. Exanpl es of diols other than ethyl ene glyco
whi ch may be enployed include, but are not limted
to, 1,2-proppygReE! @ﬂlué@itmbﬁfeetyﬁb yielexchangeBugefdiane
diol (trinmethylene glycol), diethylene glycol,

t proeedsys entheghljedlinventopr opyl ene gl ycol , 1, 4- but ane
diol, 1, 6-hexanediol, neopentyl glycol, cyclohexane
di ol , and cycl ohexanedi net hanol. Preferred glycols

ot her than ethylene glycol include diethylene glycol,
and nost preferredly, cyclohexanedi nethanol ("CHDM),
t he DETWEL. EDDBSCRIATIONOH HIE XREBERRED ENBORIDMBNE(S)
I n addi tion, polyols such as pentaerythritol,

gl ycerine, and

The esterification, oligomerization, and other process steps,
including the crystallization portion of the polyethylene terephthalate production

process may be those conventionally used, and are well known to those skilled in

the art.

The PET polymers are prepared from terephthalic acid and
ethylene glycol. While dimethylterephthalate may in principle be used as well as
terephthalic acid, use of the latter is preferred. In addition, the PET polymers
may contain up to 20 mol percent, preferably up to 10 mol percent, and more
preferably no more than 5 mol percent of dicarboxylic acids other than
terephthalic acid, and the same mol percentages of glycols (diols) other than

ethylene glycol.

Examples of other suitable dicarboxylic acids which may be used
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trimet hyl ol propane nmay be used in nobst m nor

guantities when branched or partially crosslinked
w@ologestser s are desired. Mst preferably, onlyPCT/US2004/031018

di functional carboxylic acids and difunctional

hygth Qesbhihbicidi@ B iseshpaiowdsl, pathvtiohsl, Adphthaterel oyed.

I n conventional PET production, the pellets which are

f dicaboxyliobdidssicrigoperiape diragnsalic arids redipbais deprhpxyic acids,

“%wﬁmﬂ«a cftis BG5S, Joft apClintig, JhisfrPsalieethe
gfeeeﬂcE f n‘ﬁhaﬁérﬁ&dﬂ@ 6f mJEJ? QetbdcHBoRYlid Z8ds fXPbe akéfl for

erates at 180C, although sone processes enpl oy
higgfeeatingrbrambed ot paiilytcnossEnked mblelstersTHeoIdlﬂyasltcaadld aasH

pellets are then introduced into_ the solj atin

raamlalen rhubo e HEIds g5 e R5EBed Higrtgay i peiapyeh dpstures
é)é sg¢he ch formin Figure 1. The

p8f Eohd&ns. )

iti‘'on" 1 generally takes place at relatively

hi gh t enpeERinpRS of tioks otB6OGai eth$RAEglypal which lnsayl he n
the | ast phases, where the -5 WD 2005/ 028531

Pemplosed mmlbutsarc anpbmiedii® I Zprmpree eiohisAPyiennslyreD.

RITNING - e oI L LR

C e chef |
eff}rﬁgﬂe@@yca@ | hukaRAibIN 1REhdxahéd6I neo d?:l ggwong

whi'ch "t he el let’s are further cool ed an
Pcycﬂohdxanqoéllol eind zxclobexantdimethaneln drefervedi ghy Q0|19a0ﬂh9r thall

- S Tore dbicowangs ditpie o e e Bt tRd g
2 M SedilEh s (Séﬁ';)g&@) Sthé J@:?aﬁye]hséa ¥ @l iixhWof

rage tenperature béen | eved necessary to

pisoMery. B addéion)golyblsaggh aﬁrpemmmlhrmzﬂ tlgeeram@papdhous
pellets. The pellets fromthe storage silo 4 are then

. rimeliplolrtopane gnay beRspdtin s ines qugiics whea prapcged or

compefy cBbbtade bolfBRei s dBafta, Mok BectleBl: dpfaiphfbsions!

C e ®bRYIld fdsPad -difubctidial hydroxyl-functional compounds (glycols) are

employed.

In conventional PET production, the pellets which are formed
following polycondensation are cooled with water, dried, and stored in a pellet
silo at a temperature of 20°C to 30°C prior to being introduced into the
crystallizer. The crystallizer typically operates at 180°C, although some
processes employ higher or lower temperatures as well. The crystallized pellets

are then introduced into the solid stating reactor.

The conventional process may be illustrated in block schematic
form in Figure 1. The polycondensation 1 generally takes place at relatively high
temperatures, i.e. 260°C to 300°C, particularly n the last phases, where the
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crystallized, the anorphous pellets will aggl onerate

in the solid stating reactor. The tenperature of the
wa@eysdsBi zer is generally about 180C, but hi gh€T/US2004/031018

| oner tenperatures nmay be used as well. The pellets

atenpefAAite ROmbRICIniOL e thecrayngt of 85T tot 2900 0e Budyéster
state pol ycondensation reactor 7. The solid statin

r@a@n@the@péfcan@@s@@ﬁépmwls@@ctrv@ﬂp@ﬁcaﬁtmg, @ﬁleyl an,

sli be ow t he

For et Gt 2 5 ing WARHE b e ol aried

hﬁﬁ)t I k@ péIRAEAdnN kiR dRNREAR 1ﬁftﬁll¥ E@blle@Wﬂth:ﬁéﬂ t Thé pallets
e solid st ating reactor, product pellets,

nany miw ¢sseitially amquouarandmrg hflor@:dm 206Ctth @086 Iin dn amomphous
stating pr S ain cooled 8 with

npPelieh glorpge gﬁ@i lggp((gly dow sgﬁragesﬁqp}gﬁreaﬁ}lrg %a%been lgeheved

Y Ss
R R O e
Figure 2, the polyethylene terephthalate is processed
as in steps 1 - 4 of Flgure 1, but instead of being

direct| y t rﬁhﬁs&%ﬁetsefﬂomft otorage sHadrase 8168 ipfEodused into a

7R oty By R B M e o L 2090 BT EL o
| g&svertQ ﬁah%drﬁéh EPME a8id sHET @a&Ystaltine PEIO! ifiot

zone 6b. Hot pellets. which exit the solid stating
r eystatlized, th¢ amorphhvopelets Wil 2ggdomergtezs e B1id stating reactor.

RBE TG 4 Ui raae S SEogebp PG 156 e et Meher or lower
P@S}jﬂg@iﬁﬁd%%;ngg Bk uR&d dseh& e The hMds hféeaané NR32005/H28531

1018 crystallizéer 5 is ess by the anount
otrybstatizertosthe fndid dtate pblycomdensaiieni reactor 'h The sdlihstating
exchanger prior to their entry into.t

tall
ATGIEISF eperra,-fes SRS EIlY A feTIpEr aBERS; oty ahgbrﬁg’#?e&wy ﬁlea?le o or e

D Byt SF ' Pers i el o Y0, R kel BR€ e
Whédhing 9 teabidthis l%nﬁ)era&ire3ﬁféllobzyng36btmfr&ﬁl th€eslid nﬁﬁﬂgefeﬁctor

exi ting
the hot product pellets, now of higher molecular weight due to the solid stating

process, are again cooled 8 with gas, e.g. nitrogen, and then packaged or

shipped 9.

A preferred embodiment of the subject invention process may be
illustrated with reference to Figure 2. In Figure 2, the polyethylene terephthalate
is processed as in steps 1 - 4 of Figure 1, but instead of being directly transported
from the amorphous pellet storage silo 4 to the crystallizer 5, the cool pellets first
pass through heat exchanger 6, which has at least one heating zone 6a and at least
one cooling zone 6b. Hot pellets- which exit the solid stating reactor 7 flow
through the cooling zone 6b, transferring their heat to heating zone 6a. The

amount of heat which must be supplied to the ordinarily cool pellets entering the
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the pellet cooler are nomnally at a tenperature of

50C, and are shipped or packaged. Hot gas exiting the
wp@edosmeessapol er, e.g. at a tenperature of 195C, PCT/US2484/031018

to a pellet heater 14 which is supplied with cool,

aEpysplignes Spielldse by the @ndunt bOhée absirb&l By theldodl bélletﬂﬁﬁthe heat
heats the cool pellets to ca. 180C which then enter

t §&changertpriqrite dhein entrygnipstbgcrysiadlizepel | et s are then fed
to solid state polynerization reactor 11. Warm gas
fromthe pellet heater is directed back to pellet

cooler 12. Aﬁﬁre%%}éd%ﬁdodﬁﬁ&it & dé'chtédJ{ﬂ P@Eg&%%ﬁe&'}ﬁllets

warm gas, if necessary. The cooler
r ekitiing @rsatid statet ppmensition reactan 1 eme r«m¢ed1 angpellet cooler 12

e%ﬁ%ﬁé %ﬁiﬁé?l@ﬁ&%ﬁsﬁf SN GebY PimD 35 Riogh pRLIGH editing
& cod C?ﬂé‘ﬂ ¥1 %gieﬂtuﬁrf of 53¢ 3h@td %?1 eéﬁég or
at

cont nuous piping, interru

apyckager SHat gasvadlmgsrhe péltbet coelet] et at@rtainwraaﬁd of 195°C,
preferably used in conjunction wth two fluidized

b@@ys t??@elleict@@f@a 1?!) high is supnlied éYitMO%farwmhou&hleeﬂets from
SRR R3] 5Pl 1R b A koot Bl 86 ey R wigh thgn enter

Sﬂiel ddy ﬁﬁlﬁké&’f 16. TO8ystdllided ipgRsts RRAReRfcdG0 GONRG %taﬁc%(ﬂyﬁerlzatlon
porti on of the continuous |oop. This enbodi nent” al so

cteacwrdd. ﬁé{altm ehefromdhe pellst beatpr isidiretiad iback tt pellet cooler 12.
separat i | es fromthe gas,stream t ho

© R el coflen 17 bt BSots BT gRORE AT 1 ThieSQIE may
b .
R ot (Bl V8 A e g BRI g ik U process.
swhfer @ értcoatpnt.at i on and resi dence tinme of pellets and

gas to effectuate the desired degree of heat transfer.
When appropri at e, the "fluidized beds" may be

neat as. et § PGTeP i Rien SHAEC Ao Chighlc"E L B

e¥aiiphEer maiyh!bn@l@il ofed @bﬁﬁntﬁh@lyfc%ﬂuﬁlmu% heorr6fiabdhiel @ﬁfmg,
may be netered into the gas streamexiting -7 WO

20@@;@@5@3@@%@%@% 1eieg and optionally and preferably used in

conjunction with two fluidized beds, one located prior to either or both of the
crystallizer or solid stater, and one located subsequent to either or both of the
crystallizer or solid stater. The fluidized beds also constitute a portion of the
continuous loop. This embodiment also contains particle separators which
facilitate separation of particles from the gas stream. Although the cooler and
heater are both preferably fluidized bed vessels, stirred vessels may be used in
both instances, if desired; the important criterion is sufficient agitation and
residence time of pellets and gas to effectuate the desired degree of heat transfer.
When appropriate, the “fluidized beds” may be d ispensed with, the pellets
absorbing or liberating heat as they flow through the piping itself. For example,

the pellets to be fed to the crystallizer may be metered into the gas stream exiting
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fromthe pellet cooler, and thus heated during

transport to the crystallizer. The advantages of the
wpe@sesss3nf Figure 3 is that it allows the pePdBUS2004/031018

heater to be at a different |ocation than the pellet

C GRdiR khe PelleCidUe Nindhat hefed aeﬁﬁ%e&anspm 16 €2l dripgtaliaes.

e.g. air or nitrogen, is recirculated through a high

capacity cooler or vented. In the process of Flgure 3,

t he cooling.gas.forns a essent i 0s 0 ,
Thus, use SRRt iEes SR e TRRE of EirEs & Ba SBBie ghe
USRfletfeRRP T ctdt!avdifibfiint fockiién tHﬁdQlﬁHﬁe‘ﬂ@t Qsdter el%rbonventlonal
i I'Tustrated for utilizing the thermal energy

peirbeet®s f thewodling gs) ¢.¢. siratreripedepnismeciotulased tteanglm high

D RER e o L, 3 B b SHE e Mo o o
t

ho?ée%%@@(éf’sgéﬁéﬁgﬂﬁ SREbf Snopr kR, a”éﬂ%@egtp&éfeﬁ?d i be

caRéd®écohomicaily.i al |y heat pellets exiting the
crystallizer (180) prior to their entry into the

solid state polynerization reactor. The hot air

a N |
Foed haat or Wigleghe hoR R HEh Rl RR (LERGIALE BR Gt
Weibdy ol ?alé@sefrbmtth@ doliPsthiepolfnisriatibd l?e%toP% Bpenleﬁtqﬁ@lets

heat €r. I'n production facilities of nom nal
t qmiod &ythelsaty tinto wheeery stallizey, it tsealmossiblst tirowgh theaddition of

e @%}eiit@eaﬂ?zﬁ@a B ey 495 B Bpraribe Pl Condensed
Nﬁ')%ﬂ%%})gl@i’ kﬂ%ﬁ gﬂg he 2 &Ttggdtﬁé{ cﬂiét 5z>é{ gﬂ%ﬂf) prior to their

t kany éito dﬁ:l dolid sm&spoltbinerm\mrrewmsl Terhorgid @sisngthe solid
ef ficiency during heat exchange due to nechanical and

hétate pc&%e@rgzatlan reﬁrqrsnell@t fead hﬁ@@r, 613- 302 IRIRPEDTUETRS Bbapt
B8R0 &l B B e 8 R U Bl PEE R e

functioning of the process, and in principle, any
means may be used. Most preferably, where equi pnent
space and | brproductiquefapilities of ndyaingl 200itan/dap eapacity where

o%}y the g(ﬁld stating reactor pellet product stream and crystallizer pellet input

stream are subject to heat exchange, theoretical energy savings of 50x10°
BTU/day (5.3 x 10* MJoule/day, 5.3 x 10"7 = 5.3 x 10* M]J) is theoretically
possible. When considering loss of efficiency during heat exchange due to
mechanical and heat losses, a realistic savings of 30-40x10° BTU/day (3.2 - 4.2
MlJoule/day) is entirely feasible.

The mechanism of heat exchange is not critical to the functioning
of the process, and in principle, any means may be used. Most preferably,
where equipment space and location permits, tube-within-tube, plate-type

(“plate-plate”), plate and shell heat exchanges, and similar “static” devices are
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("plate-plate"), plate and shell heat exchanges, and

simlar "static" devices are -8 WO 2005/ 028531
wEODs08E004/ 031018 preferably used, and are  PCT/US2004/031018

commercially available. Plate-type heat exchangers are

C preTebly we@thnkQire 66BERGhIfyesvhailhh]g € P1AE ) peShedt @kchangers are
exanpl e, and consi st of a plurality of parall el

paommqnbmsed ey qooting fastilizer ipsidls o for feixamplel amﬂg:lonmst of a

ernati.n artltlon ellets to be
Ewle‘mﬁ aer B ignd ! e o e BERtE iR ralfart Asfifting
o st 2%% %ﬁgll&{s?@’ggnﬁ%olgg gg%ecﬂ\;}ougﬁ €a<ftlﬁbﬁ¥vlﬁfﬁ¥tv}%%n
r &Dmmmdamtoe douritércrhent flaekinag bel @sel. t Ypohrdsdbomwaydbe assisted
flowng pellets is high, it is preferable in sone
chg astreamf gas Whieh TRR B¢ rerjreyfatyse 1dhe pyding density of

{)fvﬁgfg&t ﬂ&piné ?)leltlé?g isli tltel S aﬂré%fe%blé o s{&#enéa%eg H?:ﬁ as éhe

in urdrze ed’s y passag

Ohez(tﬁl'l;’ df@kﬂétg Beﬁ)hﬁ‘mﬁﬁﬂlh@bﬁ tb rmeaﬁyst@hmld $o nshifiRed tHepellbts in

sinplified version of a two | ayer plate type heat
gﬁmiag@kon agitatgd gtare Bynpassagerad gas thrpegthibg pebletshiaragarpvegds

nsists of two parallel chanbers 21, 22, separated
bg B4 ti on 23. Cool pellets enter the heating

charrber 21 through inlet 24, and exit as hot pellets
at outlet 25, while hot pellets enter inlet 26 and

exit as cool smmeplifitdsversiompHattwefay27 platetype detat exschahper is

R e T I —
o3 008 55 M e L e 3) v

nhietlPel, us®ekit & ik dell@cht qalet 25, Fhitvhdtpstied sedtéreintéd 6sand
of the heat excharl‘glh and to i ncrease dwell time, as

nexit a3 el peiiateomn t%ﬁ elnspragiined theoheap pxsfiaages woRldoeonsist

[ lariti I d

t GE Pl ok SRirmbeats PLRHBRTERRE s Nese: BBy hepomon
PRAdtE hid ok WaEAd be &ndﬁﬁardlea@o elretA$ serléé/'df%:ﬁﬂ&o{mﬁﬂl the
fluid used for heat exchange tween the two

epartitingremay be used to redirect pellet ﬂow towards the walls of the heat

exchanger and to increase dwell time, as may also plates which are stamped to
provide surface irregularities. In a preferred embodiment, two plate type heat
exchangers are employed, one for cooling pellets, and one for heating pellets,

with a common fluid used for heat exchange between the two exchangers.

In a yet simpler heat exchanger, a single chamber may be used as
either a warming or cooling chamber, with a plurality of spaced apart, parallel
chambers serving as cooling or warming chambers, i.e. a plate and shell
exchanger. Both these latter types of heat exchangers offer the advantages of
simple and robust construction, and large surface area for efficient heat

exchange. The material of construction is preferably stainless steel, although
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In a yet sinpler heat exchanger, a single chanber nmay

be used as either a warm ng or cooling chanber, with
w@2@bnessBi ty of spaced apart, parallel chanmbePGI/US2004/031018

serving as cooling or warm ng chanbers, i.e. a plate

anatbem stet! maxixhempeyed Bowhllt Retethese types offipat esthdngas,

h ff h f | d by
%ea”tﬁe e 50 GO Eng BetR See P IOR B Sirge dRPICE, are
{}g@'&gﬁacﬁhﬁa{@{cﬁ&?g@{ I%fﬁﬁonst ruction is

pr era starnless ste ough -9 WD 2005/ 028531
PCT/ U82004/ 031018 carbon steel may be enpl oyed as
well. Both these types of heat exchanges, = where the

heat i ng andlféesiredy g)rflﬁ%stmrmalarcen%@rmm ot aljpw space

S Pt g el e PRabasr SBimipyipe @ tiuia

C Qofilias! figid @ RschithgBRtsugh b Wfﬁ@&ﬁﬁ typeheal ex @ gefnag the
heat exchangers, renote contact exchangers enpl oying a

| usde dn theolaitémizeat bmhangars,ea(wtndn@ﬂ@dsm Eapcaged by the heat from

31{%3”@ codiech i ToG0ap g o8 f PIeG e, where
bihet\}} \Mﬁ}leﬂsééj ckhl‘at chiflél S‘{gﬁl ?%)1&9 Y do Vé}:l? exchange

ocat ere heating Is desir
t teethe am)kmg flniiemag He byckplae aad shelhied] exchangera et pbuad)ne
heat punp. Heat exchange to the wor&iéggefl uid may _be

b?’hl':?hrlﬁ &péleaﬁ%ﬁnsmw WhicB groudd bhEqagEed ct ogmtaq;@g hot and
W&Blﬁ%{aﬂ%t% %{'&! {: efcf ﬁ@(’lo{lgﬁ t I @H V\%Tgo?léﬁgrg %{1& ‘év oh is

pf@auv@wsﬂcm-vdlanﬂ@my%rusemttnsﬂaﬂmtheatafrbmwme thewh leﬁdhahger to
relatively non-volatile may be used to transfer heat

f amnihesndn héaltth@mﬂmdgaentt as prgwionslp indigatedy the/heafetransfer may

O P B BRRE % 3 b ER .| BEi ey el o

nbé(ﬂ&ﬂfs"hec&"szﬁy’ PhtisC Bo TRy &%oh?ﬁfe%dangrhea GROLE goéls%ellets ‘may

necessary. Thus, cooling of hot pellets and he
ctaké paet ired devmm]yavnngakmt pkchargdrs plysitaily decatealy m@eh;aaie

exchanger s physi cal | | ocated.in the sane
device, %r posxtﬁ)on%d remoteyfrom each other.

Depending upon the efficiency of the various heat exchangers,
transmissive loss of heat to the outside, and other factors, it may be necessary to
employ heaters or coolers in portions of the heat transfer fluid limes. Such
heaters and coolers will lower the energy recovery achieved by the system, and
should be avoided as possible. The more efficient the heat exchangers, the less
likely the need for any additional heating or cooling. However, heat exchanger
efficiency is generally proportional to size, and hence some compromise in
efficiency will ordinarily be expected. It is for these reasons that the expected

energy savings is less than that theoretically obtainable.
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device, or positioned renote from each other.

Dependi ng upon the efficiency of the various heat
wez@khaegjer s, transm ssive | oss of heat to thePOIYUSI00€031018

and other factors, it may be necessary to enploy

heat ers or Wil enbodiments ¢fi the snwéntidnchalve tert lhwshied and

fluid lines. Such  heaters ang coolers will |ower the

eflescaped. des et iptendad dipk thess cnhedipents Hjusaplg andiserabel
a h eqef

ﬁg% gnﬁéjtéo?izls Bf’ }3'1% @eggloﬁ ?}(aﬁ]%rr R &Aﬁgdesg’&%d ti&ﬁm%‘f)@&ﬁcaﬁon are
addidd dmahcripﬁaﬁ iratferothare ﬁﬂiltiaﬁén :iim/\ﬁ\ieﬁnddﬂﬁabd ehet harigey
efficiency is eneraII proportional to size, and
helangesmae be mape WrﬁhQ@t epartisgfir eoetheppixitiand seenerefrthe y
be expected. It is for these reasons that the expected
e @b avings is less than that theoretically

obt ai nable. -10 WD 2005/ 028531 PCT/ US2004/ 031018 Wi l e
enbodi nents of the invention have been illustrated and
described, it is not intended that these enbodi nents
illustrate and describe all possible forns of the

i nvention. Rather, the words used in the specification
are words of description rather than [imtation, and
it 1s understood that various changes may be nmade

W t hout departing fromthe spirit and scope of the

i nvention. W 2005/ 028531 PCT/ US2004/ 031018 WHAT I S
CLAIMED I'S: 1. A process for mnimzing energy
consunption during the production of polyethyl ene

t er epht hal at e where anor phous pellets are crystallized
at el evated tenperature and subsequently introduced
into a solid state polynerization reactor, conprising
renovi ng heat fromhot pellets fromthe solid state
pol yneri zati on
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reactor, transferring heat renoved to heat cool

pellets which constitute a feed to a crystallizer. 2.
wah@spessaess of claim1l, wherein a heat exchanper/Us®04/031018

enpl oyed, wherein hot pellets exiting a solid state

pWHASYISZ&LABMEDeESct or are introduced into a cooling

zone of a first heat exchanger and cool pellets to be

i ntroduced into a crystal lizer are introduced into a

heati ng zone of ﬁﬁmlzﬁrf QEHIB
from hot pe?l et s g%lg OIJ}ﬁr st %@ﬁé}gghgﬁger %‘ﬂfﬁgﬁ%m"’
Prodﬁ@ﬂl@h 61€;§tﬂj7tdh}he@ tefophihangewherd anihphpiopetss afe crystallized
aim2 wherein said first heat exchanger and said

s scdlpehtorbigmpesatiig noé subseqnepty dnteducpd (e sodidi siatene
devi c ess. of claim 2, wherein said heat

eR‘&]PfH’r?Eé?uqnsregCtg’ij|Cr°g'@fls%lgnt act heat exchanger. 5. The

process of gdigdyiZneaMidnthdt pehétd MEAithEXSINARGRY dl?m@rlzatlon
pl at e- pl at e heat exchanger. 6. The process of c aim 2,

whezceir ntramsifatring Atatermbeetgerheatscaml pellats evidoll commtitiite hefaed to a
exchanger 7. The process of claim2, wherein pellet
f FOfalfeRt | east one portion of sai d heat exchanger

d
1 ow of s> 5. ThePRrERaRe it SherchP¥ I IAERL i

heaplog¥d,hahgein tios pellets exitiiga salit siate pelgmerxaiangactor are
-12 WD 2005/ 028531 PCT/ US2004/ 031018 9. The process of
cinifagnoed itncs eoaling zpae plenfirss Reatsaghanges aagcpekpelipts to be

he o ' ngedz b l:r?lgt% hid: LT Gkt hed acﬁe%hhg G0f€BF 2 s8R heat

exchanger, heat removed from hot pellets in said first heat exchanger supplied to
said second heat exchanger. '

3. The process of claim 2 wherein said first heat exchanger
and said second heat exchanger are physically located in one device.

4. The process of claim 2, wherein said heat exchanger is a
direct contact heat exchanger.

5. The process of claim 2, wherein said heat exchanger is a
plate-plate heat exchanger.

6. The process of claim 2, wherein said heat exchanger is a
plate and shell heat exchanger.

7. The process of claim 2, wherein pellet flow in at least one
portion of said heat exchanger is accompanied with a concurrent or
countercurrent flow of gas.

8. The process of claim 2, wherein said beat exéhanger isa

remote contact heat exchanger.
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transferred fromsaid cooling zone to said heating

zone by neans of a fluid. 10. The process of claim9,
wob@seessisaid fluid is a gas which traverses BEI/S2004/031018

heati ng zone and said cooling zone in a closed | oop.

il. The profess @heqratass b0 claher, evhercioshiddepetichamsger

are nechanically separated from heate as in qr after

a COBBIIes G DeahRe 41 Togpigd H@&P@ﬁl&@scwﬂipg 2P0 Bgdpeat is

p ' [ T. r :
bffatsitried fof aREediithalzdiCh IR e 2t oy iSRS X3P
conti nuous loop The pirpie’y of blaim®h) wiereih saidifihi¢ &sa & which

circulated. 13. The process of claim 12, wherein said
c travérsrscaid hesting eone prdpaig craking smednmedosediesrei n or

is i d b | I whi ch
separat es patt et $UF EREEs BhEn G, Whkme BRA Binadter
C h@hﬁﬁ&aﬂ%@éaﬁﬁt@d AVm Pehte@ s B 6r SR LebdMNg ZonS hEE R heated

of gas Iin"a ui di zed or agitated bed, and the stream
ofasgasraims @bol peltetsdnt ar efofen hémtingfdonedi zed bed in

£ B5L) et Ao el K
B A o B OB R R,

of claim 1, 1%\her €he progess bf olaimfl 2 ediereie said edntifuoasioop of
pellets exiti_ng the solid state polynerization reactor

i pipingslapsicontaingt tirariteisis iaterupied by dirlgast ane pelist separgfpr
! QlcSbarsil rgé’uété‘h%ﬁ‘ﬂ%%g“?j%ﬂ ate polymerization

a’ remai ning ttion of said heat renoved

is u fe|d| to heat Pré pRbSesPbf Blaih 9, S/Hefdin honpellestdrd cooled by a
crystallizer.
stream of gas in a fluidized or agitated bed, and the stream of gas is directed to a

~ further fluidized bed in which cool pellets are heated by said gas.

15.  The process of claim 14, wherein said stream of gas and
said fluidized beds constitute a continnous loop through which said gas is
circulated.

16.  The process of claim 1, wherein a portion of heat removed
from pellets exiting the solid state polymerization reactor is used to heat pellets
exiting a crystallizer prior to their entry into a solid state polymerization reactor,
and a remaining portion of said heat removed is used to heat pellets prior to entry

into said crystallizer.
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