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Ref erence To Rel ated Applications This application“clai {ﬁéz&g to U S.
PrOV|sﬁgﬂgFMﬁ55I|cat|on Serial Nunber 60/254,040, file ce 7, 2000,
whi ch application is hereby 10 incorporated by this reference in |ts
entirety for all purposes. Field of the Invention This invention relates to
manuf act uri ng processes and noire specifically to a 15 process for
introducing one or nore conponents into a manufacturing process using a
recircul ation |1 oop. Background of the Indention 20 The nain goal of a

pol yester manufacturing process is, of course, to conpletely or as near as
conpl etely as possible, react or convert the dicarboxylic acid in the
reactor to nmononer, oligoner, and Titleohthednyentiono a polynmer. It is also
comonly known that -a continuous feeding of solid diacid reactant directly
into a hot reactlon m xture 5 8&ve rise to the SO|Id reactant becom ng

tacky on accountC NENTAY JEON INTQMANUEA GT URIN G EROLESSf ¢ he
relatively cold dIaCId t hus ﬂ%@&ﬂﬁhéﬁ#d@i%ﬂ% ﬂolyester formati on.
oa

Therefore, in an effort to nalntaln th I ghest efficiency,
conventionad pol yester processes often ut|I|ze | arge paste tanks for
prem xi ng solid dicarboxyli N g;si Lrreact ap f rficat i oducing theminto a

T1CE, 5
reactor. For exanple, U.S. es such use of paste

tank 30 addition. 2 4 IVAY 2005 WO 02/ 46267 PCT/ U501 /47469 2 V\hl | e
effective, the nece for aste tangg% S | ncreas the s as wel | as
a

~the amount of space &Fﬁ“ﬁ T8 BHPY ¥4, fovErgs 3&5 yest er
' Number 60;‘254,040 filed December 7, 2000, which apphcat:ton is hereby

10 incorporated by this reference in its entirety for all purposes.

Field of the Invention

This invention relates to manufacturing processes and more specificaily to a

15  process for infroducing, one or more components into & manufacturing process using

a recirculation loop.

Backeround of the Invention

20 - The main goal of a polyester mannfacturing process is, of course, to
completely or as near as completely as possible, react or convert the dicarboxylic
acid in the reactor to monomer, oligomer, and ultimately into 2 polymer. Itis also
commonly known that a continuous feeding of solid diacid reactant directly into a
hot reaction mixture may give rise to the solid reactant becoming tacky on account

25  of dihydroxy vapors condensing on the surface of the relatively cold diacid, thus
inhibiting efficient polyester formation. Therefore, in an effort to maintain the goal
of highest efficiency, conventional polyester processes often utilize large paste tanks
for premixing solid dicarboxylic acid reactants before introducing them into a

reactor, For exampile, U.S. Patent No. 3,644,483 discloses such use of paste tank
30  addition.



manuf acturing facility. .Furthernore, as the business of manufacturing

pol yesters becones nore -conpetitive, alternative |ower cost mahdM¥tNE5 ng .
processegadhdsRnyapparat uses have become highly desirable.pfyyafigigs of
processes and apparatus have been devel oped, however, these systens still
contain relatively conplex, costly designs that cannot be built or
installed quickly. These designs also typically require nore costly :
expertise to properly maintain and operate. Therefore, the need still exists
for a nore conpact, efficient and cost 10 .effective nmethod for introducing
reactants, such as terephthalic acid and Gther solid dicar boxylic acid
reactants, into a polyester reaction mxture. Sunmary of the Invention 15

The present invention_therefore provides a process fqr introduci ng one or
more components i nt oW&Uf @g@f‘%r’ihefr_feﬁ?sél%ﬁ’&ﬁms%?a%éﬁ Ipqrepse thgcoggs as well
manufacturing  p¢ @6 edduntMPERcSRRAL] toGRbeVly iﬂs&ﬂ_aﬂﬁ@?@i&é aQlyeligr present
invention pertains to the use of a recirculation loop i'n‘connection with a _
manuf act uri ng pegeseuringfagility, Fyrthermiees es the heshpgse sbnenifsriuigipolyepeovi des a
process for int I o DERte - 14 i sing the
steps of: (a) p?g%%%:sﬁgmgmég?r cﬁ| %.l oneﬁﬁgﬁgﬁ%%ﬁﬁg@%%#?%ﬁ%%@%nd an

ef f | uent whefei appahansenhdvedatomeshighiy fleginable. dommetyiof atdcessesnnti Rppargnocess
fluid;, (b) recircul.ati t ast a portion of..the pr S flyid of, step
(25 Chrsugn' « ne et BivReeh BT bR ek ol Rl PR B BRRTy sttty

t hrough t he r ecidegighsahdt@mmnotBbuils oBinst®itddrquidkdl iThesd degicfls al§cCiyptelly €asiang t he
pressure of 25 the reg[ircul ation flgd Oof . step (b) with at | east one
pressure decr eadtHYCUEY FEETEP Iypropgt d&%mBWéﬂgaP?fﬁ in the recircul ation | oop:

and (d) feeding a COMpEBRR feHet iilleexisie®t & BidtAlon@Act SPBAtindceRt to or at
t he pressure decreasing device of step gc), to therebg_/ i ntroduce a
ch ¢,

conponent i o teffectiyeseaihod 1 iireducing rgaciaotigh asisephthaihecidgandsdhar splifent i on
provi des a prOC% ﬂ‘ hdmd'l% té:lg'lt@ 5%8" éag &p%%er precursor react ant
into a reaction n%%itc%?e COI’I’p%ﬁS‘HI ng tﬁggfs%?epsf o?, a 4 MAY 2005 WO
02146267 PCTI U501/ 47469 3 providing a reactor configured to define an
internal volume wherein at |east agum@hiy sithOfnveh@ed Nt ernal volunme is
occupi ed by a reaction mxture conprising a first polyester reactant and a

pol yester reaction product; (b) providing a recirculation | oop
15 The present invention therefore provides a process for introducing one or.

more components into a reaction fluid and/or process fluid of a manufacturing
process. More specifically, the process of the present invention pertains to the use
of a recirculation loop in connection with a manufacturing process.
In a first aspect, the present invention provides a process for introducing a
20 component into a process fluid comprising the steps of: (2) providing a recirculation
loop having an influent and an effluent wherein the influent is in fluid
communication with a process fluid; (b) recirculating at least a portion of the process
fluid of step (a) through the recirculation loop wherein the process fluid flowing
through the recirculation loop is a recirculation fluid; (c) decreasing the pressure of
25 the recirculation fluid of step (b) with at least one pressure decreasing device at at
Ieast one point in the reciiculation loop; and (d) feeding a component into the
recirculation loop adjacent to or at the pressure decreasing device of step (¢), to
thereby introduce a component into the process fluid.
In a second aspect, the present invention provides a process for introducing a

30  solid polyester precursor reactant into a reaction mixture comprising the steps of: (a)



having an influent and an effluent wherein the influent is in fluid

comuni cation 5 with the internal volune of the reactor; (c) r dci ML 0SS i ng
at | eas ion of the reaction mxture through the recjrcul ation | oop
wher ei n‘ajpﬁoéa%r(’%st pol yester reactant and pol yester reacptq'%héodki%qﬂct fl ow ng
through the recirculation loop are recirculation fluids; and (d) feeding a
second pol yester reactant into the recirculation |oop, whereinthe second
pol yester reactant is the solid polyester precursor reactant, 10 to thereby
i ntroduce solid polyester precursor reactant into the reaction mxture. In
still a third aspect, the present inventidn provides a process for
introducing a solid polyester precursor reactant into a reaction m xture
conprising the steps of: (a) providing a reactor configured to define an

i nt ernal vol unerowidsesed wackr donBgtredito dpfing dronteofal vdlemé whexcinait leastlaune i s
occupied by a reaction mxture conprisi.ng,a first 15 polyester reactant and
a poloyest e%/ r e3¢ P%HP%?H”& :’?L{v 8](]‘1536[’{%?%\[}?18?%&158&? %nlnrng‘ﬂur%?%rﬁ P&Sp ™ havi ng an
i nfluent and apolgédtéruentanvdndragiolyetterchdtioh pesiuct &) providing drecionibation ¢adpi on

with the interpal, voluge of the reactor;. (g).recitculating at.least a
por 11 onof 't he aying @t Parect ot 4 e BgHn FeiPEE OB R GBIt Rher oi n « he
fast pol yester wigahd mitinal 9618mp of the $dablor; (EpetitRmtiRg Hdbet 2 Hdrid hd hr ough the
recircul ation loop are 20 recirculation fluids; (d) decreasing the pressure
of the reci r cuFseHERmANEP Hougnithe eiroujatign foop el fre Pefaesiaasichgt devi ce at
at | east one Phdboll B AachGIb &M AbLAR oMk e RflihniGfdka0 2 second
polyester reactant nto the recirculatron |'oop adjacent to or at the
pressure decr easiinyglatevilwds; anheh &eding hscwad pnitesisigestnbintortbarschgitlation t he
" solid polyest [ I I { : Nt | i | .yester
precursor r eact? éto Wi lnﬁﬁ%%ecfrﬁdgﬁoi%éfgﬁegﬁé n%?{(tﬁg%/oeﬂ.d pﬂkggﬁc‘%ﬁa Soég\?g%?tages and
enbodi ment stoof b Berdbgnervkina@zolid bblytster plpeigoisreadtand intd the raéles@rmpduren, or may
be | earned by practice.of the invention. .Further .advantages of the
Cnvent on wil 1 al so S T SR s 1 PETH PER By REARS HTCEEeT PEPEHEH s and
conbi nati ons pardoti@ pbigster pRRLBbERadit inkda tdacHcRRRABEhnrRingBhe sHSS: 1t 30 is
to be understood that, both the f%%%oi ng. general descriptiaon and the
fol lowing 2 4 NRPIOBARS 2 reager 6oy 7o gaaptrmeliedine wWisgsmaet st gescri pti on

are exenpl ary anghisxa @ letfayvethms &' dcaipleddiRodh RN fixitle oh@risihgy @aki on and
are not restrictive of the invention as clained. o . L
15  polyester reactant and a polyester reaction product; (b) providing a recirculation loop

having an influent and an effluent wherein the influent is in fluid communication
with thé intemmal volume of the reactor; (c) recirculating at least a poriion of the
reaction mixture through the recirculation Joop wherein the first polyester reactant
and polyester reaction product flowing through the recirculation loop are

20  recirculation fivids; (d) decyeasing the pressure of the recirculation fluids with at
least one pressure decreasing device at at least one point in the recirculation loop;
and (€) féeding a second polyester reactant into the recirculation loop a&j acent to or
at the pressure decreasing device, wherein the second polyestér reactant is the solid
polyester precursor reactant, to thereby introduce solid polyester precursor reactant

25  into the reaction mixture. .

Additional advantages and embodiments of the invention will be obvious
from the description, or may be learned by practice of the invention, Further
advantages of the invention will also be realized and attained by means of the
elemenis 'and.combinations particularly pointed out in the appended claims. Thus, it

30 is to be understood that both the foregoing general description and the following




Brief Description of the Figures Figure | depicts .a first enbodi nrent of the
recirculation |oop according to the present invention. Figures 243y 5 -
depi ct &Mp:ﬁg%htional enbodi ments of the recirculation Ig@ﬂ &ﬁﬁﬁg ing to

t he presen? Invention wherein the recirculation loop is useH I'n

connection wth a pipe reactor system Figure 4 depicts one enbodi nent of
the present invention wherein the influent of the recirculation loop is in
fluid conmunication with a first CSTR esterification reactor and wherein
the effluent of the recirculation loop is,also in fluid comunication wth
the first CSTR esterification reactor. 15'Detail ed Description of the

I nvention The present invention nay be understood nore readily by reference
to the follow ng, detail ed description _and any exanples provided herein. It
is also to be dBilthersrdntvadras¥arPlen diexplanians Al sesamsbofinnBiide  he ‘
speci fic enbodiyRatis: HckrdRIhts 98 SEm: BRthRalkoWeainaa. Speci fic conponent s
and/ or conditions may, of course, vary. Furthernore, the term nology used _
herein is used only for the purpose of describing particular enbodi nents of
the present invention and is ”O%rikfﬁ&gﬂﬁﬂoﬁ&tp@m%ﬁ@ti ng in any way. 25 It
nmust al so be noted that, as use CITl n and the appended
clains, the3singular form"a", "an", and "the" conprise plural referents

unl ess the context .¢learly .indi.cate t her wi,se. . For..exanpl e, reference to a
conponent in the si]';crll%ﬁ? & glf‘%tsilﬁfsgﬁlaé%fﬁ?%n 8%F?c§r8&5m@)ﬁ8$g;?‘ﬁc?§%m the
conponent s. Rangesniayenpienexpr essed herein as from "about" or
"approxi mat el y" one _, 30 rticul ar value. and/or_to "ahqut' or |

"appr oxi mat el y" anot{@He '%‘%péﬁm’\’)%ﬁ tong: & %Rﬁ&‘?e%@gt eRsigslatepieor

PCTf USUt 147469 Scodligno SiéGhesentidRE8od $hRRHRTSSulaAR0HS s BEadi nent
conprises fromthe one  particular value and/or to the other particular

val ue. Si mi Har | spongghien Wik agere 1gacdor sgtpilessed as approxi mations, by use of
the ant ecedent " abollipnfl oAtk AX bRIdEh of thb brank invBfiWIRESH BRI that the

particul ar value forng another enbodinent.
mfluent of the recirculation loop is in fluid communication with a first CSTR

esterification reactor and wherein the effluent of the recirculation oop is also in
fluid communication with the first CSTR esterification reactor.
15
Detailed Description of the Invention

The present invention may be understood more readily by reference to the
following detailed description and any examples prbvided herein, Itis also to be
20  understood that this invention is not limited to the specific embodiments and
methods described below, as specific components and/or conditions may, of course,
vary. Furthermore, the tennino'log'y used herein is used only for the purpose of
describing particular embodiments of the present invention and is not intended to be
limiting in any way. |
25 It must also be noted that, as used in the specification and the appended
claims, the singular form “a”, “an”, and “the” comprise plural referents unless the
context clearly indicates otherwise. For example, reference to a component in the
singular is intended to comprise a plurality of components.
Rangeé may be expressed herein as from “about” or “approximately” one

30 particular value and/or to “about” or “approximately” another particular value.



5 Throughout this application, where publications are referenced,_ the

di scl osures of these publications in their entireties are hereby Z4MAY 2005

i ncorporated b reference into this application in their irety to nore
fully d@é’ﬁﬂﬁ%%t he state of the art to which this inverﬂq’gﬂéﬂdéﬁ ins. As
used in the specification and concluding clains, the term"residue" refers
10 to the noiety that is the resulting product of the chem cal species in a
particular reaction schene or subsequent formulation or chem cal product,
regardl ess of whether the noiety is actually obtained fromthe chem cal

- species. Thus, for exanple, an ethyl ene 5gI ycol residue in a polyester
refers to one or nore - OCH2CH2O- repeat units in the polyester, regardl ess
of whether ethylene glycol is 15 used to prepare the polyester- Simlarly, a
sebaci c aci d r &&heagach 4rapghis FXIEesed, analies pbodigegremprsardioa theopeH?) 2Co

moi eties in th aﬁ@ﬁlﬁﬁ&rmﬂoﬁ%ﬁh%ﬁﬁr}ﬁg@ﬂpﬁlﬁrSifnﬁErI Geh Jhlfed 5 OPt @l ned by

reacting sebacfc acid or an ester t to obtain tyﬁe polyester. The
process and appaprassedafpprdyingsions dpuse of tkanniesedeptiiebbe” oséppionineaselyéct i on 20

wi th any known.naauf LN es hat herein, a
"manuf act uri nglﬁgﬁgéﬁéb&ﬁgmﬁg etﬁ%l%%ﬁ?%&-?%ﬁé %’gggvg\ﬁﬂﬁegﬁ{ngﬁ‘ﬁ%e?tati on, any
process, chem cal atronghert disseplitationtvdard ublikationy o6 tefdremred ahe f oods, food

addi ti ves, food. packaqgi , arnaceuficals, ,agriculture, cospetics,

ol asti ca. pol y iDL G ke atPIARoTS ek PRSP LBy SSioEThCA he Scope of
the present |n\tﬁ@fdn@é’ﬁnfo§this%pﬂﬁﬂﬁﬁr§ﬁftwlﬂeﬂ_ﬁre%5to l@ﬁc@@ﬁﬁl&de@ﬁibé{&%@ta'?@é%éh to
further relate to organic and/or inorganic chem cal reactions. For exanpl e,

the instant i n@@ﬁ?ﬁ@?ﬁh&@ﬁﬂb’éﬂmﬂﬁlﬁs-connecti on with any polynerization
‘process known to On%sQIsed)ﬁ?hé’s%MﬁéiﬁohEnd%n&lﬂ@ingﬂain%ﬂ ﬂﬁ't@rﬁ%‘g%sﬁdue‘?&f@ﬂo' ogy

and the manufacture thereof, such as an esterifrcation or _
pol ycondenské i do tsrroeieky shat Tiibe whdiieg prod¢nch plche chisousabepscies inwepapii@dant

et 2 00 O QARS8 ey 1Ly v
this end, it shwohdtldr#lesooibe ivaviailg bbiosled frarh fize dennicaldpeciesaritadbur i ng
example, an ethylene glycol residue in a polyester refers to one or more -
OCH,CH;O- repeat units in the polyester, regardless of whether ethylene glycol is
15  used to prepare the polyester. Similarly, a sebacic acid residue in a polyester refers
to one or more -CO(CH,)sCO- moieties in the polyester, regardless of whether the
residue is obtained by reacting sebacic acid or an ester thereof to obtain the
polyester.
The process and apparatus of the present invention can be used in connection
20 with any kmown manufacturing process. To that end, as used herein, a
“manufacturing process” is intended to include without limitation, any process,
chemical or otherwise, related to the production of foods, food additives, food
packaging, pharmaceuticals, agriculture, cosmetics, plastics, polymers, textiles, and
the like. Itis also within the scope of the present invention for a manufacturing
25  process, as used herein, to further relate to organic and/or inorganic chemical
reactions. |
For example, the instant invention can be used in connection with any
polymerization process known to one of ordinary skill in the art of plastics
technology and the manufacture thereof, such as an esterification or

30  polycondensation process. Therefore, in one embodiment, the present invention is



processes according to the present invention can conprise one or nore
separate and S distinct,: and/or integrated process features. F(2r4 ﬂma?aake, a
manuf actwd%gg&ocess can conprise one or nore reactors Oferirfy#.co
alternative enbodi ment, nmay even conprise a reactor train or systemof two
or nore reactors configured either in series, parallel or a conbination
thereof. Likew se, in alternative enbodi nents, a nanufacturing processes
according to the present invention can conprise one or 10 nore of several
addi tional process features such as a mx tank system paste tank system
m x and feed tank system water columm, adsorption system distillation
colum, and the |ike and conbi nati ons thereof. As used herein, the phrase
"pol yest er manufacturing process” or "polyester process” is intended to
Crefer to an est SFTPHEEY P StheR Beed In gopngrdion vith g dRaFp BolppdE aurutagiTigE o

pol ycondensati on:Reqacess. Alternatively, it is further contenplated that a
pol yester process according the present invention can also conprise a

conmbi nation of: (1) Tafhigerdeitishewdeisobe wdesioad hamiyudpble steanfoeErange
process; and (2 r&ess@é)éc)éSﬂEh%ecQﬁ%&&é&@mﬁﬁx@ﬁﬁ&%aﬂl %r?sfe%?m ﬁoﬁ%%:%zﬁast% Ghg Pr 0CESS
according to the present 1nvention can be any known process tor formng a
pol yest er nodonelistingipndéstimegr2i9d plocese fi@tiresn dFonexappley 2 stewfaguliymmocesTo t hi s
end, it should be underS%tDOé)g thateaa,[s used h%ﬁgi 0. th% #j‘ernt]fnﬁolyester" is
i ntended to i nclSBHE B CRRDRHPS I FEET HEP AUAPT VR SMOPHECHMRY " But not
limted to, polgeplies ecbatiSraipel yasher vanirdege sacopbytihet ddbekh am des.

Therefore, for sinplicjty, thrqughout the specificgation and ¢lains, the
terns pol yester,se’ﬁﬁl’%?lb‘é%“??{’r%@? n Eﬁoge]s‘?‘g‘?”s%h‘i é@%e embodiments, 2

t

pol yet her eset er aﬁaﬂeacmg%cu@@s%cwﬁﬁgmg R85 vaiibn ok SorhpHeeaé by referred
to as polyesters, but it is understood that the particular ~ pol yester

speci es i s déberfaaisef srycrheddiforpknraggspigttaiep slich as p mix tank sysieas Paste wrkcur sor
reactants and/ org GORPAREHIFeed SIS SEMNGLE! dotuntd) SasbRhidh sHRRE didilig@d on
process" or " est@riticati on_eer eaction”’ 30 refers Stlg’rha stgce’sssfn?n whi ch a
reactant with ancoluim ahdithetike prad jompinagigestihereofa 2 4 MAY 2005 WD 02/ 46267
PCTI USOL/ 47469 7 dic I: .4 ] S .40 an al.coh roduce
a pol yester nononer. ’?{]ﬁg&e(yméﬂg%’, tﬁgéﬁasseeg&%gs?%ﬁaﬁg a#é%ﬁ%?%c%gt%r ‘%él}’%; %Iﬁge
process or est erprexsskiangeendedidirefento an esterification process, an ester exchange process

15  ora polycondensation process. Altematively, it is firther conternplated that a
polyester process according the present invention can also comprise a combination
of: (1) an esterification process and/or ester exchange process; and (2) a
polycondensation process. Therefore, a polyester process according to the present
mvention can be any known process for forming a polyester monomer, polyester
20  oligomer and/or polyester polymer. '
To this end, it should be understood that as used herein, the term “polyester”
. isintended to include any known polyester derivatives, including, but hot limited to,
polyetheresters, polyester amides and polyetherester amides. Therefore, for
simplicity, throughout the specification and claims, the terms polyester, polyether
25  ester, polyester amide and polyethereseteramide may be used interchangeably and
are typically referred to as polyesters, but it is understood that the particular
polyester species 1s dependant on the starting materials, i.¢., polyesier precursor
reactants and/or components.
As uséd herein, the term “esterification process” or “esterification reaction”

30  refers to a process in which a reactant with an acid functionality, such asa -



refers to a process in which a reactant with an al kyl end group, Z*@&Jﬁﬁfa
met hyl end group is reacted to produce a pol yester nnnoner TheZ f :

pur poses of 5 S|an|C|ty, t hr oughout the specification ended cl ai ns,
the terMO ¥ fication and ester exchange are used |ﬁ% ?ﬁﬁﬁﬁgﬁbly and
are typically referred to as an esterification, but it is understood that
esterification or ester exchange depends upon the starting materials. As

i ndi cat ed above, a manufacturing process according to the present 10
invention can conprise two nore separate and/or integrated process features.
Therefore, it is within the scope of the present invention for an
esterification or ester exchange process to conprise one or nore integrated
process features. For exanple, 1in one enbodinment, an esterification process
can conpri se odeagwkplid a‘cldjabmdnnaeémlh@n alcoltdrbmeduce iarpobmstat hemangeri ve

enbodi nent, it 035|bl est.erifJdcation rogess 1o 15 rise a
system or t r ai rg“ﬂfffvg %rgfl’i ‘%%%Féﬁit e 8"38%?1?505“&5 A e}s{%hlﬁp%e rea%gﬁal l el ,

or a conbi nat Irﬁﬁrsttdilelpﬁﬁéss i hﬁlrchhedfaetanﬂmﬂﬁam&ﬂhe enchgfﬁﬁldlsﬁﬁrﬁs a thétRyl end
esterlflcatlonﬁgroqess gﬁépqﬁpg e two or éﬁ? ter fication_ reactors,

al | of which prETBIABPHeaPr P BPREStE SAREMFTC AP H G W‘Eﬁ%gﬁs 8f her. As used
herei n, the st ersihpIRGy VBRSNS thb isfRifickSonl eﬁmﬁlsh@dect QaihRf RE teﬁﬂs 8iificdRork NOWN
process for fornlng an ol rgoner and/or polyner. For exanp in one

enbodi ment, a PBEyEBRIEHSEE %H%@f@@@@%@%ﬁbﬂqﬁ@wwﬂ%@fm%ﬁari nvention is
a process for &LREAGn 2 Ry ERERloo® Ha OB ARY of bstét ROLMES h&: enml;%

qer -
Furthernore, in simlar fashion to an esteriflication process "as previously

defined above, ﬂlﬁ&tamgwtmd’énsatl on process can aI SO conpri se one or nore

. separate 25 and/ or 5’[9&?}%\! ra%ﬁﬁﬁctu ﬁr%ge%s accord Xt%'ﬁgé Ife)reﬁenp one

enbodi nent, the polycon ensatl on process ¢ & Bhe ycondensati on
react or. Holev anvenﬁnn cancoaiptiee tval more sqntmdnhnﬂ:&mhtegrited pmbqss tadeasat i on

process can co e S n of two or caondens t|on
reactors conflg °$5“§¥W$@% eﬁgﬁﬁPfﬁ*pﬁ?e ““'ﬁﬁﬁ‘ﬁﬁwfgﬁmﬁﬁgFﬁéFes
Therefore, in ae:@ﬁﬁ%@@r&aﬁm@lbme ohid\@ nkat nepRdanieddsORaRtsPFocOampl t he
present invention can_cgnprises two or nore pol ycondensatign 2 4 MAY 2005

WO 02146267 PCTINGSO $hodimenisan gstesificaiiog Progpys coft CRppRIEh OB SSHEHEIBIEos n 1 ui d
comuni cati on WihReRAGH 2R hik@hativk BrBddikbnt, it is possible for the esterification process o

15 comprise a system or train of esterification reactors configured in series, parallel, or
a combination thereof. Therefore, m another embodiment, the esterification process
may comprise two or moré esterification reactors, all of which preferably are in fiuid
communication with each other.

As used herein, the term “polycondensation” is intended to refer to any

20 known process for forming an oligomer and/or polymer. For example, in one
embodiment, a polycondensation process according to the present invention is a
process for forming a polyester oﬁgomer and/or a polyester polymer. |

Furthermore, in similar fashion to an esterification process as previously
defined above, the polycondensation process can also comprise one or more separate

25  and/or integrated process features. For example, in one embodiment, the
polycondensation process can comprises one polycondensation reactor. However, in

an alternative embodiment, the polycondensation process can comprise a system or
train of two or more polycondensation reactors configured in series, parallel or a
combination fhereoﬁ Therefore, in a second embodiment, the polycondensation

30  process of the present invention can comprises two or more polycondensation



anot her enbodi nent, the pol ycondensation process conprises a fi rs%

prepol ynmer or ol igonmer polycondensation reactor in fluid comur g@‘&%ﬁmﬁth
a finisheyo@sueRe! ymer reactor. 5 To that end, as used hepeifAjsoi/fRed €r m
"prepolyner reactor” or "oligonmer reactor” is intended to refer to a first
pol ycondensati on reactor. Although not required, the prepolynmer reactor is
typically kept under vacuum One of ordinary skill in the art wll
appreciate that a prepolyner reactor is often, without limtation, wused to
initially grow a prepolynmer chain froma fged | ength of from approxinately
10 1 to 5, to an outlet length of approximately 4 to 30. In connection
therewith, the tern1"finisher reactor" or "polyner reactor"” used herein

is intended to ref the.l ast | t. phase of ond n actj on
System Agai n. dPEIOEG S0Re B PERLIen A OSBRSS B e a&e Ristn
finisher react Ozlfnotlrﬁ:r @Ihb@ﬁm&e,ahe pblﬁﬁhdéﬁ@ﬁimmm(ﬁwdoh@hﬁmra%s@f@ogﬁme@bﬂI nary
skill inthe art will 15 al so appreciate Eat the finisher _ reactor is

typical ly used t¥EFEHPRIHeP ERsgHRReActA fhiluig Gommanigamed: ¢ HShek | engt h.
The term "react ofglymasSestt®d herein, is intended to refer to any known
reactor that is SU|tabIe for use in a manufacturing process as defined
herein. As suth, a st thabingd. gsaiaed hereit, dire tome" PRIy AT @SSt cois §ligaTeRrappar at us
of the present ipueppijon thifedto 2ol 8 3ol Wlach SGORLLEN Rthohy ART | N an

i nternal vol unme erein urlng any give manuf acturi ng process, at |east a
portion of the |rﬂq31rﬂhlthe\m¢1191ymeofeacthas beaetlp kept snda veupine syl orﬂ@a@r mor e

o L B TR A B APl R A B R R
gi pe lreﬁlcagr suafedas ﬁ%m"' gddv@gbﬁpﬁﬁr;%ﬂ’bhhh&om Qfeemangﬂﬁfcﬁmais Jtpﬁma & tma:gplt ont '
eri al Number e cenber , and U.S. ility Paten
Application ﬂgr it“ dﬂﬁ%ﬂggﬂgﬂg@ggﬁﬂ¥mﬁwﬁ@@é %% ng a Pipe Reactor," filed
on Decenber 7, 2001, whidahectiBipthefdiithORSteah CHiligkde BAcioNTA PO AbEdadiyr” athis
reference in thelr entireties for alltﬁur poses. In an_alternative

enbodi ment, t he VERddeEES ISARERdD ok i plast gt Prass efpolicAvdshidtion@giPhal so be
used with a conti MSAEQH%ﬂlsﬁgﬁ%oma&reaemeg&and gow&aeéﬂsy@on% $ihishdrat i on

columm, stirred pipe reactor er mal
PCT/ USQl / 47-t 69 ®eactor is often kept under vacuum. Furthermore, one of ordinary skill in the art will

15  also appreciate that the finisher reactor is typically used to grow the polymer chain
to the desired finished length.
The term “reactor,” as used herein, is intended to refer 1o any known reactor
that is suitable for nse in a manufacturing process as defined herein. As such, a
suitable reactor for nse with the process and apparatus of the present invention is a
20 reactor that is configured to define an internal volume wherein during any given
manufacturing process, at least a portion of the internal volume of the reactor is
occupied by one or more reaction fluids and/or process fluids.
Examples of snitable reactors for use with the process of the present
invention include, without limitation, a pipe reactor, such as that disclosed in U.S.
25  Provisional Application Serial Number 60/254,040, filed December 7, 2000, and
U.8. Utility Patent Application for a “Low Cost Polyester Process Using a Pipe
Reactor,” filed on Decentber 7, 2001, which applications are hereby incorporated by
this reference in their entireties for all purposes. In an alternative embodiment, the
process and épparatus of the present invention can also be used with a continuous

30 stitred tank reactor, a reactive distilation column, stirred pipe reactor, thermal



si phon reactor; forced recirculation reactor, trickle bed reactor, and any
other reactor or reactor nmechani smknown for use i n; a manuf act uflmmy 2008
process. |t should al so be wunderstood that it is W|th|n t he scope of Q1
present WA bn for any of one or nore of the react or?crsrelfSOF"d?

to be configured for use in either a continuous, 5 batchw se, or

- sem - batchwi se manufacturing process. As used herein, the term"reaction
fluid" or "process fluid" is intended to refer to one or nore fluids that
are present within any given manufacturi ng process. By definition, the
reaction fluid and/or process fluid conpr¥ses at |east one liquid and/or
gas. To this end, the at least one liquid and/or gas can be a reactant or,
10 alternatively, can be an inert conponent. It is also within the scope of
the present i rimgwnirantof;,dorced recewiition rffabtsnir,dridﬁd%etdrremmcmnf bthedretaor
optionally conpri accaqrdance
vmpt h thi syenb(r)nc:l)orr i Orqeﬁganlsgg&gmﬁl}%sgma@%wz%ﬁn% Sscarr[]Shlg%ld Tl r?%"l etely

di ssolved to prmdeﬂmoaﬂiwmeiﬂﬁnﬂnmoqiewf &emresentaﬁtteﬁnmﬁforwel of ont BembgAact i on

fluid and/ or pr ss fluid_c be | ur. ersi o 15 and/ or
suspensi on. p ?fea‘ﬁWBF%J?r%e ?‘?gerﬁm{iéﬁﬁg L°é§%et1|“8 FEFPHAE: or process

fluid can ccmprbasz@mqseg @%hﬁ@ﬂcﬁmﬁéﬂﬁ@fﬁﬁuﬂ@f rﬁgg{; beI ow As used herein, the
term"reaction mxture" refers to a mxture nor e, conponent s

present within a gi v%u%h%rﬁlac&haﬁq%‘reﬁ%@e@ed” frrﬁ‘pmqess flaigh dgintredtd tot he
reaction m xturgreQiBtd G esr@Agide ihaf e ﬁrege?@%ﬁataﬁy gﬁz\s'ﬁﬁaﬁéfacﬁj%% Rplesgster

precursor reactant. In an alternative enbodi nent, “the reac m xt ur e
conpri ses one oBy deliwtiere fetréastion Auid@od/er procpshiileid G@Jﬂpmeye@t@t otrediid on

product 10 St bidoAonSHis STDOR RALonk 55 EAOL) ADGITL LS SROPT | Ses one or

nore reactants an nore reaction process
reacti on m Xt ur d‘te,rneasrelg:s@d bhen @ien, compbrent Itos @saedldh ﬂmn;eo;&&f memeueet

conpr.i sing two or cess co nt,

pol yester pr oceg’é“cni’l ??’lpaolﬁx ﬁﬁdgan@ %?mgségeg} P@fz%’tail%ﬁ@l?rfsf §pe ordB?rﬁest er
precursor react aslid @nghoddnid Raedl. O eccpRlay@syigl thiseabbdieRnp ERdue br méresucb, in

one aspect, the present invention is envsé)?l oned for use with any known

met hod and app&?lish SPEPPRT cHRFCOMPIELY dSRSA IS PIRRIF 8 ROBPEEPUTERIBREAt s i nto

a pol yester reagfdQativély4 thi¥ihcBGPBudEh D&/ 28 mBEH R A ERperditn,

15  and/or suspension. In still another embodiment, the reaction fluid and/or process

PR herein

t he

flnid can comprise a reaction mixture as defined below. -

As nsed herein, the term “reaction mixfure” refers to a mixture of two or
more components present within a given manufacturing process. In one
embodiment, the reaction mixture comprises one or more reactants, such as &

20  polyester precursor reactant. In an alternative embodiment, the reaction mixture
comprises one or more reaction products, such as a polyester reaction product. In
still another embodiment, the reaction mixture comprises one or more reactants and
one or more reaction products.

A “polyester process reaction mixture”, as used herein, refers to a reaction

25  mixture comprising two or more polyester process componenis. In one
embodiment, the polyester process reaction mixiure comprises at least one first
polyester precursor reactant and at least one polyester reaction product. A such, in
one aspect, the present invention is envisioned for use with any known method and

apparatus' for converting reactants and/or other components into a polyester reaction



product. Therefore, the process of the present invention is applicable to
the formation of any polyester reaction product. As.stated above, in one
enmbodi ment, the polyester process reaction mxture <conprises/Zatpmie § one .
first pokusesl.gheprecursor reactant. According to the investi/gRo1/ 47969

"first polyester precursor reactant' conprises at |east one di hydroxy
conpound that is suitable for use in a polyester process as defined herein.
It is referred to as a precursor in that it is a reactant used to nmake the
pol yester- Typically, the first polyester precursor reactant is a fluid or,
alternatively, is heated to be a vapor, Hhgwever, it is also within the
scope of the invention for the first reactant to be a solid 10 di hydroxy
conmpound as well. In one enbodinent, the first polyester precursor react ant
preferably conpr ed ter process
reaction mxturé chﬁt a s%afog% eqq é%egs ?ftﬁs% g% F\eéﬁggfs aggﬁcggﬁrt%%gtl on product.
Accordingly, thémiﬂmbyeﬂ&@theﬂahnmmmmpmdmnl" as used herein refers to any

pol yester nmononer, paql yester oligoner r an ster 15 hanopol ynmer or
pol yester copol ymer (ciﬁﬁ%%ids":;’ Et‘ml‘:’gﬁ’??cgﬁ’ﬁgt’%‘F@Oﬂygﬁ?ﬁqcﬁssﬁﬁc on | ue and
at | east one di hyshipflxs at E&dtdh@ﬁrsﬁstdyasiepﬁrabdxsm rdabBiafti) Qichekling b 8k iRAton, 2

pol yest er process reaction product may include poI esters conprising small

amount s of t i f (R tieRelyestPeIpasen KR piaRta PoBRriseb It Hest qns iRy rempgund
COMDNONEr'S, Cr 0SBl kG AFAR Rva FBALE rQée@é‘é‘sfHeﬂﬂedQ{%?erﬁ SIt 1s2ereﬁHcP{b £
trimellitic anhydride, trinethylol propane, pyronellitic dianhydride,

pent aerytittol, raeRirser h&ﬂtpmymbntﬁﬂmwemmﬁm Topicply, s féTS‘gener ally
known in the ar E r process
reaction producf&%ﬁmg£g%@%ggéém??éégﬂggﬁ¥p@%%%ggﬁ%%ﬁgmggﬁﬂ%%na § used in
pol yest er nanufdﬁmuwmngupﬂ@neﬂseﬁms&m@hfﬁﬂdm&uﬂﬁdbrmeﬁudemmmmhmheasohd

limtation, tal.ysts, colorants rbon bl ack, gl ass
fibers, fil |g‘fs,é‘l\{¥f%%fiyt ok f’ér‘%‘?” %%éﬁ?emt it tﬂ"’i“‘%%?%w"“ﬁ"éne
retardants, r ehe;ehctait@l&feralﬂsabﬁhlﬁiﬁlas/@tﬁylé@@ﬁnong corrpounds oxygen scavengi ng
conpounds, pol yfuri et| onal %5) nch| agent S, %\F‘J éf yuncti onal crossl i nki ng
agents, conobnoners, F"EJW Ete%?‘@é“e HE’HPWFH’@“% gk,

barrier inprovi nﬁa@dﬂé 1Y@ rAbIEIR F'i\édueﬂ_ AeedrBhglp s IS RS AR R @rdduke. 2 4
MAY 1005 WO 02/ 46267 %’C%/ US01147469 11 s SRS ?
as used herein refers to any polyester monomer, polyester oligomer, or any polyester

15 homopolymer or polyester copolymer comprisjng at least one dicarboxylic acid '
residue and at least one dihydroxy residue.

Additionally, in another embodiment, a polyester process reaction product
may include polyesters comprising small amounts of trifunctional, tetrafunctional or
other polyfunctional comonomers, crosslinking agents, and/or branching agents,

20  such as trimellitic anhydrids, trimethylolpropane, pyromellitic dianhydiide,
pentaerythritol, and other polyester forming polyacids or polyols generally known in
the art. Furthermore, although not required, a polyester process reaction product can
also comprise additional additives noymally used in polyester manufacturing
processes. Such additives include without limitation, catalysts, colorants, toners,

25  pigments, carbon black, glass fibers, fillers, impact modifiers, antioxidants,
stabilizers, flame retardants, reheat aids, acetaldehyde reducing compounds, oxygen
scavenging compounds, polyfunctional branching agents, polyfunctional
crosslinking agents, comonomers, hydroxycarboxylic acids, UV absorbing

compounds, barrier improving additives, such as platelet particles and the like.



Furthernmore, in still another enbodinment, the polyester process reaction
product may further include, without limtation, a polyester resh €ifay 2005

conpri s{‘{j}?‘]%ﬁg) Onomar residues in anounts up to about USP@UQ‘W%@E’O nol e

per cent r nore different dicarboxylic acids an about up
to about 50 nole percent of 5 one or nore dihydroxy conpounds on a 100 nole
. % dicarboxylic acid and a 100 nole % di hydroxy basis. In certain

enbodi ments conononer nodification of the dicarboxylic acid conponent, the
di hydr oxy conponent or each individually of up to about 25 nole%or up to
about 15 nol e% may be preferred. Suitabl éldi car boxylic acids for use with
the present invention include 10 aromatic dicarboxylic acids preferably
having 8 to 14 carbon atomns, aliphatic dicarboxylic acids preferably having
4 to 12 carbon at onBurthgrmepcinsall pribar iembodimenly ho Rylyederpedodss ipacébrer abl y

having 8 to 12 P e ﬁﬂ‘ﬁ] Lheall 11 J abl e

di car boxylic a(??%é%al ude tmedri%h a :Hé]glg%?dg’ XB%IY%{;% cldg%f:@%pﬁsl%%pht hal i c
aci d; napht hal emaeflgrfer désiduebmeapiouats aip ifelgbouingd to libowa A6 dicdeapdomxydianeaei d, 15

. cycl ohexanedi acet i . %“P . di phenyl .- 4, 4' -di car,boxyl.ic. aci '
di pheny- 3, 4' - di"3F fisk ﬂlcarhg’i@?%%lﬂ%@%rﬁrc‘fp 3oqt g(LétBtﬂB‘?‘i%ég?@ﬂeoﬁef%ﬂ&Fﬁ ¢ acid,
azel aic aci d, sabatmérealifiydroxficsingtesls of HesEabledpdichiexiickeid ahi kenp se,

sui tabl e di hydroxy c ounds according to the present invention _include

cycl oal i phat i i do¥f & Shyskesvehesis) {n ¢eaginsgbedipynis gomenpys modgivatiay ofdhs phat i ¢

diols 20 pref efi@PbokyR@Ndidndohent2Be ERYRORY AlndPRent SPEfch ildrvigc@IRI 89 19f such
di ol s include ethylene glycol, diethylene glycol, triethylene glycol, 1,4

- cycl ohexane- diavebiyaratic” op pp fraabent 1 53nelp'smaythetragierad. 4- di ol |

(" pentane-1,5-diol, h =1 L@l s | o

3- net hyl pent anedi ol %‘(@5\% a“’%‘bg’né?ﬁgpg%%? gﬁeﬁdﬁo’% ?%Qéﬂt mv§nt§on jpclude
t ri met hyl pelt aneendatid di¢atb@yic Sidsthyletblydmedg Slte [4gaghaon atoms, aliphatic
2, 2-di et hyl pr opﬁne- di

1, 4- di - (hydr oxy ?WBW?‘L Pj%#z%%fgragg ‘%ﬁag&&%ﬂ&ﬁ%@&%@% PoRHEIAHRIS, opane,
2, 4- di hydr oxy- 1didarBo:3it atidaprefehijly 1eying @holt 28&boatéingt, More specifically,
b s
m xtures ther eofsopifhlic béig, dabkiBalere-24 6 MAXLERAR WA, B2 IhERRLIPETLYRR 3447469 12
_ 15  cyclohexanediacetic acid, diphenyl-4,4"-dicarboxylic acid, dipheny-3,4’-dicarboxylic
.acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, mixtures
thereof and the like.
Likewise, suitable dihydroxy compounds according to the present invention
include cycloaliphatic diols preferably having 6 to 20 carbon atoms or aliphatic diols
20 preferably having 3 1o 20 carbon atoms. Specific examples of such diols include
ethylené glycol, diethylene glycol, iriethylene glycol, 1,4 -cyclohexane-dimethanol,
propane-1,3-diol, butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol,
neopentylglycol, 3-methylpentanediol-(2,4), 2-methylpentanediol-(1,4), 2,2,4-
trimethylpentane-diol-(1,3), 2-ethylhexanediol-(1,3), 2,2-diethylpropane-diol-(1,3),
25 hexanediol-(1,3), 1,4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-
pi‘opane, 2,4-dihydroxy-1,1,3,3-fetramethyl-cyclobutane, 2,2,4,4
tetramethylcyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis-(4-
hydroxypropoxyphenyl)-propane, isosorbide, hydroquinone, mixtures thereof and
the like,



Sui t abl e di carboxylic acid conononers include w thout Iinitation aromatic
di carboxylic acids, aliphatic dicarboxylic acids, esters of Eﬂ ZﬁﬂEOr
aronatlc\ygmgg&gexyllc aci ds, anhydrides of aliphatic or 469

di carboxylic esters, and mxtures thereof. In one enbodlnent .

preferred that SU|tabIe di carboxylic acid 5 conononers |nclude aronatlc

di carboxylic acids preferably having 8 to 14 carbon atons, aliphatic

di carboxylic acids preferably having 4 to 12 carbon atons, or

cycl oal i phati c dicarboxylic acids preferabg¥ having 8 to 12 carbon atons. To
this end, nore specific exanples of suitable dicarboxylic acid conononers
include terephthalic acid, phthalic acid, isophthalic acid,

napht hal ene- 2, 6- di carbq I|c 1Ci d, 10 C Iohexan i car ba

cycl ohexanedi aceti ¢ a@i égleéjrfcﬁﬁ?@ fc agid pomgpomers ieldp wi 3‘&1)%1” o1, Sithati

di pheny- 3, 4' - di CachosiiicGcias iabphasiy dhBbyiR ks, e@t'etétcﬁbh]]ﬂnaﬁ@ bfaro@giPi ¢ aci d,
azelaic acid, sebacic acid, mxtures thereof and the like. Suitable

di hydroxy compnofirdoryieiatide spidsiges ofi2liphatiacr eramaiis §rabexylis estetaragdat i c

di hydr oxy conpouggsy, t

preferred that the s%?tﬂlg{)glbg g{ﬁ%ﬁﬁg}%ﬂ%@ﬁg 1%{&%&?% 3@@518 ?ﬂggﬁi%haggdfsc

di al s preferabl yctmoiomgrsgnetedepgomaiidybrartmxplicacds ratfempbiithiaving 8 dd &4 Whﬂﬁrer ably
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- cycl ohexane- di rreydi@ahphanc@nccaﬁmnghc éb;ld%—pdﬂfﬂhbl}fhﬂ?lﬂﬁl&toll%aﬁhﬂnl ajoms. To this
pent ane-1, 5-di ol , %uexane 6- di ol tylaglyepl, .3 20 .
met hyl pent anedi 0?2 21985 SPesifig exapuples (ﬁ %@E@I %?ag?%[yﬁs é,mlgcomonomers include
2,2, 4-trinmet hyl peditphiedie hﬁaﬂ,—phﬂnhhahcld Zsc@hmﬂhdw&ﬂﬂﬂﬂiﬂﬁlenéﬂ 63dicarboxylic acid,
2, 2-di et hyl pr gpane-di ol - %) , hexanedi ol -

T

di - (hydr oxyet HOX)?YCIB@’FE‘?F}@'E‘ oxyligi agidg WCWE’FSGRC}‘E%P %@)@H@enﬂr%ﬁéﬁéf@xﬁm

di hydroxy-1,1, 3, %cﬁe&ﬁl?éﬁ‘}hhb’lm&%kﬁmﬂcﬁinEhcc%nczacﬂi %utanc acid, ad1p1c acid, azelaic
t etramet hyl cycl obut anedi oI, 2, 2- bis- (3-hydr oxyet oxyphenyl ) - pr opane,
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the like. Wiile the process a tus o e present ITnvention is
applicable to anwommtﬂﬁlmdtmmcngpqanﬁswsnnaqmtmrﬁ@ tsthend embodducot.iion of one
or nore conp n nt rea | ui d_and/ or -
particul arl yofl}gefpr‘?fle %ér)ﬂlgt %%1 a%ie %dmxﬁﬁ?lgg??fﬁr%% @1& éé‘%ogelélha%ﬁ'g@l% s end,
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carbon atoms. More specific examples of such diol comonomers include ethylene
glycol, diethylene glycol, triethylene glycol, 1,4 -cyclohexane-dimethanol, propane-
1,3-diol, butane-1,4-diol, pentane-1,5-diol, hexane;l,ﬁ—diol, neopentylglycol, 3-

20  methylpentanediol-(2,4), 2-methylpentanediol-(1,4), 2,2 ,4-trimethylpentane-diol-
(1,3), 2-ethylhexanediol-(1,3), 2,2-diethylpropane-diol-(1,3), hexanediol-(1,3}, 1,4~
di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane; 2,4-
dihydroxy-_l,1,3,3—tet1‘amethyl-cyclobutane, 2,2.4.4 tétramethjrlcyclobutanediol, 2,2-
bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis-(4-hydroxypropoxyphenyl)-propane,

25  isosorbide, hydroquinone, BDS-(2,2-(sulfonylbis)4,1-phenyleneoxy))bis(ethanol),
mixiures thereof and the like.

W]nle the process and apparatus of the present invention is applicable to any
manufactlmng process requiring the introduction of one or more components into a
reaction finid andfor process fluid, it is particularly useful for polyester

30  manufacturing processes. To this end, preferred polyester manufacturing processes



13 include, but are not_limted to, processes for manufacturing hono and
. copolymers of PET, PI?TG (PET nodified with CHDN1CBﬁDnoner), fU|2¥Na¥2@Etic
or quuLﬁ %%éftalline pol yesters, bi odegradabl e polyestersr such as e
conpri si NG “*#tt%nedi ol , terephthalic acid and adi pi c. aci & ¢T/US01/47469
pol y(cycl ohexane-di net hyl ene 5 terephthal ate) honopol yner and copol yners,
~homopol yner and copol yners of CHDM and di net hyl cycl ohexanedi car boxyl at e,
al i phatic-aromatic copol yesters, and m xtures thereof As used herein, the
term "second pol yester reactant” is intended to refer to a polyester
precursor reactant that is introduced inté3the pol yester process reaction 10
m xture via the recirculation | oop. The second pol yester reactant is
preferably a solid polyester precursor reactant, which is typically a solid
di car b oxylic #melude, buHoweodimitadrio.gmocebscs fon atenvigcerimlinaemd, coptipmesadnd

pol yester react ; Mg, - { rred - Pr Lsor in that
it is a reactan?ﬁﬁgggﬁ%@ﬁﬁgﬁéhﬁﬁgwg%Fyggt8%ﬁ&$gk ﬁ#@agﬁﬁswg¥ﬁ§ﬁguld be
under st ood t hat ciybellise popebigpg bydsgredabbs pivesiens suckacthastcoaprisihg 15 any one or
nore of the dicarboxyli,c acids previously set .for her ej.n. wever, in one
enbodi ment , thegg@@%#ﬁtﬁﬁﬁyggF 'dﬁgg8&?ﬁ¥m§%wﬂ¥@?@&?ﬁﬁ?*&ﬁ?@gﬁF%rephtbaIic
acid. As used hegitalaid)RembpiliecoiRORSthers, hBmbpdlpReandlcopdiphas of 0 any
reactant, inert fluid or.solid additive, connnoqer,_catalyst, col orant,

pi gnent, toner, Fidyand dimefad cyglphexanedicgrylpte, aliphificrargmatie qppelyedsreyy

mel ting point, QfiN@RAEs E@§suUre nodifier, 20 antioxidant, stabilizer,

flame retardant, reheat aid, acetaldehyde reducing agent, oxygen scavenger
agent, pol yfuncti onalsassidstein kierfgroa gepans palyasteressting tin iraeriderh il refepiahchi ng

‘agents, such as ﬁéﬂ’gﬁﬁi p;?éc%}’sioP}éﬁJ;tmeﬁgﬁ ' gih@&qfﬁhﬁgfge %%Y%eﬁééf?{o@ésg %aBQGI -

.barrier inprovi Ive, pirnning agent (to a C properties for
film extr usion)mixandvie the rédncelatidiolopiri Thesmachndiphlvestenraactawinposfenbly arefers to

oy oo 20 e IR AIEE P b SRR 2L o
conditions (terijperatyives alpmatessmindiddngtha etes pobeden)reauncht oail terd @lis.
char ged 10 L he ERCLL BF o URSLBIGREES L BLULES, LSRR aNL Sy cocr et ant
found in the priikead it $hoild bb ande@FoRNEANR Rcd¥d pEBBMERREMEN BB RGes Se
However, it wll also be understood that the optimzation of .
any one or more of the dicarboxylic acids previcusly set forth herein. However, In
one embodiment, the second polyester reactant is preferably solid terephthalic acid.
As used herein, the term “component” 1s intended to refer to any reactant,
mert fluid or solid additive, comonomer, catalyst, colorant, pigment, toner, fiber,
glass, filler, modifier, such as a viscosity, melﬁng'ﬁoint, or vapor pressure modifier,
20  antioxidant, stabilizer, flame retardant, reheat aid, acetaldehyde reducing agent,
oXygen scavenger ageni, polyfunctional crosslinking agents and/or polyfunctional
branching agents, such as those previously described herein, UV absorbing agent,
barrier improving additive, pmning agent (to add magnetic properties for film
extrusion), and the Iike. To this end, the term “component” refers to any solid,
25 liquid or gas substance known for use in a given manufacturing process.
One of ordinary skill in the art will appreciate that the reaction conditions
(temperatures, pressures, flow rates, etc.) and materials charged 1o the reactor or
other process features (reactants, co-reactants, comonomers, additives, catalysts,

components, etc.) are those typically found in the prior art for the commensurate

30  manufacturing process. However, it will also be understood that the optimization of



2 4 MAY 2005 WD 02/46267 PCT/US01/47469 14 such conditions will be readily
avai |l abl e or otherw se-obtainable through routine -experinentat

stated above, the present invention provides a process for int odug‘{ %@§one
or norewouIperEnts into a reaction fluid and/ or process H¢mushiofi®

manuf acturing 5 process. Mire specifically, the process of the present

i nvention pertains to the use of a recirculation loop in connection with a
manuf acturi ng process as previously defined herein. Accordingly, in a first
aspect, the present invention provides a process for introducing a
conmponent into a process fluid conprisingsthe steps of. (a) providing a 10
recircul ation | oop having, an influent and an effluent wherein the influent
is in fluid communication with a process fluid; (b) recirculating at |east a
portion of theqRhe6eRons wilf bl rhinShaRaidd: dif Hgﬁb&a&l BEL %&meon | oop
wherein the process | ow n rough e reC|rcu at| is a
recircul ation f:?tmndxen@tc)n decr easi ng the pressure of the r eci rcuI ation fluid
of step (b) with at , is%) £Ng |Lessur s 1]Lc%cream 39 ) ga,t a{i 15 | east one,
point in the reci rcuf?ff‘ AP S0P prgﬁeﬁ CE PRt G 31}58‘?‘?6 RSATOIUSES PR
recircul ati on bompreadjrpossits ihio a&éacﬁbn fﬂne aﬂcﬂl&ﬁlﬁtjdﬁeﬁs fisid b€ aniangfaclenihge of step
(c), to thgrebé) i nt duce (‘1 onent ? o the process fluid. In a second
aspect, pr BLERAT %FHeF aBr Psess ot frearsed RERISHRIERS & g€ sol i d
pol yest er precursirbfAdnabdp ihRbhedtidnSAe 4 ARmMAKSrERI siptdvitdisiyhe st eps
of., (a) 20 providing a reactor configured to define an internal vol une
wherein at | eaglefizedplteiion of the internal volume is occupied by a reaction
m xture conprising I ction
product; (b) provi d?ﬁ%drg Flgcllﬂ%c% g%l%gtnﬁ%gj ésg&tl%@?ﬁ%@%ﬁ%l %ﬁﬁﬁg{ﬁsé gcﬁd an

ef f | uent wher ellmtrqdheng Atbmpeen 19t0|arpr¢dem fthi¢ corprisingdhd Seps ofii (Rhpronidinignt er nal’.
vol une of tne C t [t e..25
reaction m ?ture réﬁnﬁg%ﬁgv(?&rge%% a 51?5[8 o%%"s‘;’ erng:&h Tﬁ&nﬂs ul|f510I yester
reactant and p:ohmﬁmic&ﬁoﬂﬁﬂh:i pmnespﬂoﬂu(bt) refchaﬂatngatbﬂﬂmgiﬁrﬁdn@fﬂeqmm ation

| oop are recirgu iLon fluids; and (d) f ed a_second est er reactant
into the recir ‘%%%’eﬁ’n(a g’ff’ﬁdﬁ([mé?céricﬁ cflllelo%‘flf ﬁﬂﬁbwg%ﬁ‘f‘% ul?é&%’%t is the
solid pol yest erthpugete s@irchieasl 186 is 2 réc@:oﬁlb@frﬁﬂﬂﬁd i (Of deORbEfy BObicdnpobyest er

precursor reactant Jnto, t he reaction m xtu
the recirculation fiwid of step (b) with at Ieast one pressure decreasing device at at

15 least one point in the recirculation loop; and (d) feeding a component into the
recirculation loop adjacent 1o or at the pressure decreasing device of step (c), to
thereby introduce a component into the process fluid.

In a second aspect, the present invention provides a process for introducing a
solid polyester precursor reactant into a reaction mixture comprising the steps of: (a)

20  providing a reactor configured to define an intemal volume wherein at least a

portion of the internal volume is occupied by a reaction mixture comprising a first
polyester reactant and a polyester reaction product; (b) providing a recirculation loop
having an influent and an effluent wherein the influent is in fluid communication
with the internal volume of the reactor; (¢) recirculating at least a portion of the

25  reaction mixture through the recirculation loop wherein the first polyester reactant

and polyester reaction product flowing through the recirculation loop are
recirculation fluids; and (d) feeding a second polyester reactant into the recirculation
loop, wherein the second polyester reactant is the solid polyester precursor reactant,

to thereby introduce solid polyester precursor reactant into the reaction mixture.



2 4 MAY 2005 WO 02/46267 PCT/ 11501 /47469 15 In stl |1 a thi rdofspect he
present invention provi de@ a process for introduci ng a solid p é@f{dﬂﬂﬁ
précursor_reactant into a reaction mxture conprising the steps of

provi di ng¥2 %85 or configured to define an internal vol uf&T ?"é?*ﬁgat Ieast
a portion of the internal volume is occupied by a reaction m xture
conprising a first 5 polyester reactant and a pol yester reaction product;
(b) providing a recirculation loop having an influent and an effl uent
wherein the influent is in fluid communication wth the internal volune of
the reactor; (c) recirculating at |least a portion of the reaction mxture
through the recirculation | oop wherein the first polyester reactant and

pol yester reaction product flow ng through the recirculation | oop are 10
recircul ation fluids; I.n(sd)l a&éﬁra@mhﬂi@ Hrérentpresiar govifies sygoease for autodu¢iog
fluids with at t Le devi poi nt
in the recircul altl ?031%1 e?@%r&%?% ? “%l ngé]"’gnosnené%{rﬁ]ﬁ %%T&ﬁg%gétepac%ant into-
“'the recircul ati o) pmpin@h m‘.cﬁairtcoﬁﬁgmd toalbﬁﬁerm mema‘&tmlanmhereﬁat lemtdew ce,

wherein the second t tant the solid ‘est er, r or
r eact :amt tost he?%§ %ﬁ? P%S%P&W Yeﬂfreb‘!ri'é’ﬂﬁlﬁé‘ %&E’Eﬁ’g ﬁg into

the reaction m Xfxblﬁz@&ter@&ctdﬁﬂ&dla?sb%ﬂer réactib®fiofedt! (Bf pretidin@QRecifclz@b81dog any
. means for recircul ating at east portion of a reaction fluid and/or

process fl uid coh%‘ailgn@dmﬂﬁnﬁf‘w @ﬁ?ﬂ‘&%‘@fm‘?‘rﬁﬁdﬁ%@?w i §uig comeysicatiffer ei n t he
recircul ation | oQmyfdd &1 ¢RE bEES reftod; () ratGbiati A 1A S5 dhdiC I he
Furthernmore, it shoul d be understood that 'the scope of the present 20

i nvention is not rachen mitirethrengh dwaewrculien loer wheginghe Brst padpgstebiractant
alternatively ¢ I6 Lecirculation

|1 oops configur edgﬁ&h)fJ&Z%?ﬁrg&%njﬂ&ﬁg{mr a cgﬁbﬁl}éﬁg%lﬁgﬁh?%g . To this end,
it shoul d be ldndescrcoletiont fiads; (djdec;rnefsinge]rretprcﬂ‘sma of ﬁmclrmmotlauwmfhulﬂmainh atan be in
fluid conmuni cat one .or 'm)retl ‘El ons. ces 25
featuros of the. RLPEORETI O RSB (Rt pORR] ARt BB sl BREO&R, £ or o
herein, suitabl endgd)iediiusbargd poloets seStafCitRIE Berdulitbh fodpradfaedit td avent i on
can conprise one Qr nore separate and gl stinct nd/ or integrat ed§oqr ocess

features. For ex&hije@resge ﬁ‘?ﬁ‘f’&% £%n ‘EF]B&}E@S%C o G?FBrrIiegféa“Bﬁéh% WWor e

reactors or, in %1@5&1915@@%01/ %act@ﬁfb@dhé?%tmtrdmye KV Bo&@sﬂ&rﬁr&ﬁrs@r ﬂ’e@&ﬁﬁtor
train or systemof two or nore reactors- :
15  into the reaction mixture.

As used herein, a “recircuiatidn loop” refers to any means for recirculating at
least a portion of a reaction fluid and/or process ﬂuld contained within any given
manufactunng process, wherein the reclxculanon loop further comprises an influent
and an effluent. Furthermore, it should be understood that the scope of the present

20 invention is not limited to the use of one tecﬁcuiation lbop but alternatively
comprises such embodiments as any two or more recirculation loops configured in
series, parallel or a combination thereof, |

To this end, it should be understood that the influent of a recirculation loop
can be in fluid communication with any one or more locations and/or process

25  features of the inanufactuting process. Furthermore, as previously sef forth herein,
suifable manufacturing processes according to the present invention can comprise
one or more sepafate. and distinct, and/or integrated process features. For examiale, a
manufacturing process can comprise one or more reactors or, in an alternative

embodim'ent,l may even comprise a reactor frain or system of two or more reactors

30 configured either in series, parallel or as a combination of both.
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i nfluent fhﬁ ecirculation loop is in fluid connunicat%e ,Q?L%

i nt er nal voPune of one or nore reactors. More specifically, turning to a
pol yester manufacturing process as an exanple, in one enbodinent, the
influent of the recirculation | oop can be in fluid comrunication 5 w th one
or nore of a first esterification reactor; a second esterification reactor;
a prepolyner reactor; and a finisher rea;ﬁor In still another enbodi nent,
the influent of the recirculation |oop ¢ ] be in fluid communication with
any one or nore |ocations internediate any two reactors or other process
features. For exanple, in one enbodinment a reaction fluid js_introduced into

the 10 recircul ati o XS 17 ofif cRbedieRly fedntuent ofihg BgEqution [ooPAf Sk her

enbodi ment, the gy easth@ficdish win it i P&thﬁﬁéiof SHeQr il Gk CMlopd T On | 00p
from an est erification reactor. In still another enbodinment, the reaction

fluid is int rod@p@wﬁ¢ahy,omm@gM@mﬂe@pm&cm@@mmqﬁ&ﬁﬁsmwnm éspRyification’
reactor and a p%%%ﬁﬂ%ﬁ?%tﬁaﬁ&n{ &AEL %En{ uﬁﬁ*&ﬁﬂo%@aﬁgé ﬁ@&ﬂbﬁ%%o the

infeed to the recirc ionToop isS no rom not rom an 15
estorificatidn regctémror mise qﬁﬁm@a'&hﬁcﬁlﬂmmmed shmndwstgnmanmnmﬁaot, @ring

processes according,to the S i nve urt .S e or
nore additional ¥ W%?@E’E gé%“ﬁ?ffm ) BE%‘E@GP%@?P m mx
and feed tank Sﬁ&“[tﬁ’ﬁecz’t‘%ﬂﬂ&lbﬂ@@b@ﬁlﬁlbeﬂdﬁliﬂ'dﬁﬁﬂrﬁlﬂucaﬁyﬁivﬁﬁhnﬂbﬁdrkﬂ@é| on col um,
and the like. Thereforge is also within the scope of the 20 present

i nvention for thecatiqgps ’ﬂ@ﬁ?le%fteﬁ%t“foéﬁarcfoéwr& %ﬁrq“Sﬁﬁeﬁt‘Hesbe influid

communi cation W th amnsy egend, ilHenodiREt Adéon IR isRiRERSA B afdr es set
forth above. For exanple, in one enbodinent, the_influent of the

recircul ati olf | owpirsuation loop|fignga E@Wﬁ?néﬁtqndﬁﬁcwic Fr apoffiexepbgdimenjsthem  To
this end, the i n{eh&ﬁ)ﬂtﬂuﬂﬂs § R dudeB Ghtb %lr@ct]fcﬁﬂ rglg 83tk D sibRedakibh tactor,

communi cation with any aspect or feature o nufacturing process
provi ded the i nfhw@lﬁtanotben ermﬁotlmw@it, (ﬂurrmsnomﬂundmnwpdweémtd ‘éamcm‘dmfeoxr eaction

fluid and/ or proges f|UId Si |b| u ons d/or
spati al arrangengn ? mf T eSkc %@Htreac{E Con en%%[] rgacr eci rcul'att on

| oop can al so beemhodixhlmt;iﬂw ﬂﬁmimm ﬂ'ﬁtreoﬁmulatlon 100p is not from, or not solely from, an
15  esterification reactor. |
As previously discussed herein, a manufacturing processes according to the
present invention can further comprise one or more additional features such as a mix
tank system, paste tank system, mix and feed tank system, water column, adsorption
system, distillation column, and the like. Therefore, 1t is also within the scope of the
20  present invention for the influent of the recirculation loop to be in fluid
communication with any one or more of the additional process features set forth
above. For example, in one embbdhnent, the influent of the recirculation loop is in
fluid communication with a mix tank system. To this end, the influent of the
recirculation loop can be in fluid communication with any aspect or feature of a
25  manufacturing process provided the influent is in fiuid communication with at least
one reaction fluid and/or process fluid.
Similar to the possible configurations and/or spatial arrangements of the
nfluent, the effluent of the recirculation Joop can also be in fluid communication
with any one 6r more poinis along the manufacturing process. Therefore, turning

30  again to a polyester manufacturing process as an example, in one embodiment, the



recirculation |oop, Bk corngab é&ggtr?tg%@géﬁgé%éﬁghf%%gﬁsénk%g&idh’. L@B

wi th any one or nore points along the manufacturing process. Therefore,
turning 30 again to a polyester manufacturing procegs as an exanple, in one
enbodi ment, the 2 4 MAY 2005 WO 02/46267 PCTIUSO /47469 17 efff} Mgnyggan be

in’fluigv muni cation with one or nore of a first éesterificati reactor;
a secon ég%’{éﬁ’#i cation reactor; a prepol yner reactor; a:ﬁ’&lrgt?spf’lgﬂgﬁer
reactor. In still another enbodinent, the effluent of the recircul ation

- loop can be in fluid communication with any one or nore points internediate

any two reactors or other 5 process features. Mreover, in still another
enbodi nent, the effluent of the recirculation |oop can even be in fluid
communi cation with one or nore additionalt’ process features set forth
herein. Therefore, in one enbodinment, the effluent can be in fluid
comuni cation with a mx tank system In accordance with these and ot her
aspects of the shiussbern berw Enidicommupisatimevitly oneciiee afrfitst astraifieativinr cul ati on
olrn

ere e reclirc

Ui ds can exi toddi  SELLAUAE AR L 0B ANk SHR0CSENGS JTRMEABLUG O

process at the sane S'were originally

~ taken from t he Instiit tadier pmbodissat, e effloaat af\ied igcirdnbadion kop cenbainifimid f | ui ds "can

I N e

recircul ati g |gogss Eomtdli Medder, 1bsti0nQolb @ididihadhy, tsdkdffthent BF thbe art wil |
appreciate that certain_process conditions, i.e,, .influent and eff]|uent
| ocati ons, can BE'YFEPAIcREGR fVeabe 5t Bf cempprarationevifigneior mogs addifionak act ur i ng

pr ocess t N 0G0y 1o i< AR MR AbieOR of ekiEHnb, hBrriERCah B 1 on and

appended clainms, it should also be understood that as used herein, the one
or nore reacti on fid¢arppdyasion pitb eaws taokgyder] owi ng 20 through t he

recircul ation | oop prefer I'NCr easl ng preésure
and/ or vel otd t yemtodithenty the recauilationdluidslcen ehsit the mwiragattdndoqt dwdoerghicr thhe

pressure increasi nlg rﬁ?ans S Ic%%%t ed int gr di.at e .t o. 1.he i.gfl uent and

ef fluent of the™*PEATVLIA BEPTSHE M PPOE BT Fore TRREPL B8 "Fiat any known
means for i ncr easgingiyttlienZmnpthe sauiie [RoctOr ANEhawblyythe fectreditidnfhidd an 1 ui ds
can be used with the present invention. However, .in a preferred enbodi nent,

the pressure i nBFehErsryCHalARClopRang Te-PRIET e giat R YRris pFpcess at any poimt either

upstream and/or downstream from the influent to the recirculation loop. To this end,

15  one of ordinary skill in the art will appreciate that certain process conditions, i.e.,
influent and effluent locations, can be optimized in accordance with the particular
manufacturing process through only routine experimentation

As used in the description and appended claims, it should also be understood
that as used herein, the one or more reaction fluid and/or process fluid flowing

20  through the recirculation loop, are referred to as “recirculation fluids.”

The recirculation loop preferably comprises a means for increasing the
pressure and/or velocity of the recirculation fluids flowing therethrough.' The
pressure increasing means is located intermediate to the influent and effluent of the
recirculation loop. It should be understood that any known means for increasing the

25  pressure and/or velocity of recirculation fluids can be used with the present
invention, However, in a preferred embodiment, the pressure increasing means is a
recirculation pump. .

According to the invention, the recirculation pump can be any pump known

in the art, noﬁ-limiting examples of which include a centrifugal pump such as an in-

30  line vertical cenfrifugal pump; positive displacement pump; power piston; screw



According to the inventjon, the recirculation punp.can be any punp known in
the art, non-limting exanples of which include aicentrifugal pqu4§ﬁ?gl§2
an in- QQOMEH yertical centrifugal punp; positive displ @{Mﬁﬂgp; g r
pi ston; scréw 2 4 MAY 2005 WO 02/46267 PC /US01147469 p&%%ﬁﬁ e s a
doubl e ended, single ended, tinmed and/or untined; rotary punp, -- such as a
multiple rotary screw, circunferential piston, lore, rotary valve, and/or
flexi ble nmenber; jet punp, such a single nozzle or multiple nozzle eductor;
or an el bow punp. In one enbodi nent, the_ preferred punp is an in-line
centrifugal .punp 5 that is |ocated elevaﬁgonally bel ow the influent to

obtain proper net positive suction. head (" 'NPSH'). Once the recircul ation
fluids pass through the influent and the recirculation punp to increase the

pressure, it i sPiyispeiasa doublyerdedasdngle prsleptiacd and/oppntireed; Toieg Pre@! at i on
fluids-at |eastgleqpoAliddhdindly & eRbiRidoaise M Hoam 4 or
recircul ation psimp. Tﬁgﬂdgdyrgn%%gédf d%crreasm '{”ﬁe p’rrei‘sa u‘raltia"'%i&s&égr that
"+ ot her, conponefitxdbic snapiben det pump) Sudh peihgle sbzale gnowltipls oozalesdutiantor aan be =~
-..easily directed nto . thg recireulati | aahe pressyre of .the .
““recircul ation f?lh?%g'u‘?:lgh 83%%%%;35@%11&%&%?%8 'g?\%]%ﬂgsv\a% i l‘r%%ﬁ%m?%gg&’élﬁpeasi ng =
‘pressure in & fietdlddated elebaticabliebolat thednfudaddiobent sropdrinet ddsitipe essishe of -t he
recircul ation f] ui d(sNgéﬂ ecreased by using an eductor, a siphon, exhauster,
venturi nozzl e, 2%\ /Yor injector. In one enbodi ment, an eductor is used

through which at | eaghesndEirbudRion lutddPasdsaBiotshihg infRnt anll ithsredibclWtioh N
accordance wth this enbodinment, the eductor pulls a slight vacuum or

sub- at nospher i cPUIBP ésigicese thy prpssyre; isglgpirabiptodegrease dhe presswpestheone of
ordinary skil| kb fudh | b 1alsempRRERC] ALGoklal affherEHRLAmOT Of her
pressure decr easeir&ng gtg\%l{ cué Wi Itl avr([al a g'?ven _"?\IPSH' ang'gilascosi ty

requi r enent ldepesstiwigtiorpunipe Tdiemdvmitagn of deveapbing itoaresiure Resotthas stheand ot her

speci fications %ﬂgéﬁf‘:?%aﬁlﬁ‘ gyl Ly %%%é{g# Eﬁeﬁ%&%@@aﬁaﬂg cSewd eca?i}lg ﬁﬁ?cstec% foto

Accordi ngly, an (e} advan resent I nven
ability to obt aiie mcisonirivgjoo5 bet ween the pressure decreasing device and

the "NPSH' and viscosit rope ﬁies_. of . the.desired manufacturi rocess.
Usi ng an eductor as eég?gwfﬁp(g{t e\ CWB&‘I#&E betcﬂeéreﬁfaﬁlgg R E‘%"ﬁhve a
means for decreasing pressure in a fluid line. In aliemative embodiments, the
15  pressure of the recirculation fiuids is decreased by using an eductor, a siphon,
exhauster, venturt nozzle, jet; and/or injector. In one embodiment, an ednctor is
used through which at least a portion of the recirculation fluids flow. In accordance
with this émbodiment, the eductor pulls a slight vacuum, or sub-atmospheric
pressure, at its throat. |
20 For best results, one of ordinary skill in the art will also appreciate that an
eductor or other pressure decreasing device will have a given “NPSH” and viscosity
requirement depending on the ditﬁensions, mechanical properties, and other
specifications of the particular pressure decreasing device used. Accordingly, an
additional advantage of the present invention is the ability to obtain a synergy
25  between the pressure decreasing device and the “NPSH” and viscosity properties of
the desired manufacturing process.
Using an educior as an example, as manufactured, the eductor will have a
given “NPSH” and viscosity requirement for which it provides the best resulis. As
such, one of 6rdi11ary skill in the art, either experimentally or empirically, will be

30  able fo locate the point or points in any given manufacturing process where the



given "NPSIi" and viscosity requirenment for which it provides the best
results. As such, one. 'of ordinary skill in the arf7}either expdréMahaib!y
or enplrlcall , will be 30 able to Iocate t he poi nt - or points in any given
manuf actf $3f2pt ocess where the 24 MAY 2005 WO 02/ 46267 PPEEOBA16. 7469 19
"NPSH' and viscosity of the recirculation fluids satisfy the requirenents

. for the .eductor's best performance in connection with feeding additional
conponents, such as a solid reactant, into, the recirculation |oop.
However, it will be understood that «certain restraints may limt the
availability of placing the eductor on a 9 nited 5 nunber. of viable

| ocations within a manufacturing facility. Therefore, in one enbodi nent, the
eductor or other pressure decreasing device can be specially manufactured
- for use in a pa‘NEiSE-UIaad vism:s?a'ybﬁthe\ﬂédiﬂﬂhlﬂﬁdﬂﬁzidmﬁyfgﬁeaeqummﬁﬁcfdmxh& ng

process. However n a ernati.ve an ferr enbodi nent, .t he
recircul ation f9 ?tH%S eé’éﬁ"“ﬁ‘%‘%ﬁ?ﬂdwﬁﬁéﬁf &WE?ICPWPB‘EF;“T% ek 10
“.synergy with a @la\éemtma@ﬁum ﬁ@ﬁefcﬁ‘é\ﬂhﬁtﬁId@llﬂcﬁﬂev’éﬂ,lﬁhv@%eﬁﬁﬁc@ﬁw&tﬁﬁt As
such, one of ordinary skill jn the art wll appreciate. that by nodi fying

“'the propertles t an be placed
h v@ﬁﬂ@ﬁ%ﬁﬁﬂ%ﬁp@b&%ﬂl}ww@mﬁm@f Plaﬁpg e syt gu adipn %/eé be” pl aced
at any given p bet OF BablORR hﬂgn%%@tﬁ Buspaddi ng much needed.
flexibility angﬂlﬁ gggfomaogﬁjlaoc%ﬁ‘gﬂr} ﬁ?’%ct qulang facility. 15 To this
~end, the properties Blerefére, ineoé pmbncbmemrthe B@umocamememndmrwlngy altering
- the viscosity apd/or i.d tions can be
made by i ncr eas?%cegﬁﬁg%regg%f&mfﬁct&)md H}SIF’%J(HLL a%ncfl é? E Cat [ o%l fluid
and/ or  pr ocesspdljasied Hﬁﬂﬂfhﬁiﬂnﬁg/plbbBS adolwevenrin of alathditive m&ismbmtpmféﬂml

a1 e, typi cARRIPEGr? o terbids el P A e bR Rt ur o

and/or by feedi HghemyWwiSCoOgivén/prdftictidsiedtthg Mﬁbtduhﬂi?asl dﬁteﬁudltdi‘te AsSQtH,Gdb at i on
| oop. To this end, 1 n one enbodi ngnt, the VI%FOSIt can be | owered by
preheating an affRremgR skdlia gheast will apgsrigtedhas oy "ﬁ%di“%’lngtﬂl‘? ERFHESOhERS t he

recircul ation | g@BeuthqdnAReR! Q@%@eﬂ!dh&oﬁ&h%e%[ﬂé&%t@ﬁﬁbweﬂ BoihiSnhur t her
contenpl ated that said preheating can further includé a phase change of the
addi ti ve. Ther efupefacimnBoessethepbdtingmnch noefed Jxdiiliy endirpadomaddocation coul d

be heated to a Y@Q&Enﬂ?&i‘ﬁlg%&ﬁ{ye bei ng introduced into the recircul ation
| oop. )

)

15 To this end, the properties of the recirculation fhuids can be modified by
altering the viscosity and/or vapor pressure of the fluids.- Such modifications can be
made by increasing or decreasing the temperature of the reaction fluid and/or
process fluid and/or by the addition of additives into the recirculation loop.

The viscosity of the recirculation fluids can be modified, typically lowering

20  the viscosity, by raising the temperature and/or by feeding a viscosity decreasing
additive into the recirculation loop. To this end, in one embodiment, the viscosity
can be lowered by preheating an éddiﬁve, such as a liquid dio), prior to éntry into the
recirculation loop. In accordance with this embodinient, it is further contemplated
that said preheating can further include a phase change of the additive. Therefore, in

25  one embodiment, the diol or other additive could be heated to a vapor phase before
being introduced into the recirculation loop.

By heating the additive prior to entry into the recirculation loop, the
temperature of the recirculation fluid increases upon eniry and mixing of the
preheated addiﬁve and thereby reduces the viscosity of the recirculation fluid. It

30 should be understood that the preheated additive can be added at any point along the



By heating the additive prior to entry into the recirculation |oop, the
tenperature of the recitculation fluid increases upan entry and m xi ng of
the preheated additive and thereby reduces the vi f‘s_(;}Osi ty of the ‘ .
recirculgpi uid. It 30 should be understood that the t %;ﬂﬁm [ ve
can be a‘ggé)gﬂg{t&any poi nt al ong the WD 02/ 46267 PcTf usol/ﬁﬁ%@% 20%6%5 20
recirculation | oop. Furthernore, it should al so be understood that the
additives are not limted to liquids and can include solids, |iquids or
gases or mxtures thereof. As previously set forth herein, it may al so be
necessary to alter the vapor pressure of &?e recirculation fluids.

Therefore, in another enbodinent; the vapor 5 pressure of the recirculation
fluids can be increased by venting the recirculation loop -. to allowthe

rel ease of entraine ases. A suitabl e venti nmechanismis the sane as - .
that descri bed ﬁ@?ﬁ&?ﬁg’ﬁg‘"@aﬁ “ﬁ]éerﬂP%Edh%ﬁ]ﬁﬁyn&dﬁ’é{%Toomﬂﬁ&ﬁﬂ‘f‘ge%fﬁng the
recircul ation | aQmmil#aWeNQtids a!nHcﬁnﬂﬁﬁﬁ@édliaﬁilﬂﬁi’el%iag@&tmrﬁéx’i@é%tméigoﬂmmam sm -
is placed upstreamfromfhe pressure decreasing device. 10 In an

~alternative enbodi nef previnasly sah Sxrdieesds dimaycdse e nseessay imelice dhsa@pery  cool i ng”
-the.recircul ati i [ P 140 OTIRA RS} WRVI-2 or . .. .
ot herw se. Addi |%%gﬁ13§erg§gﬁug‘ggﬁgl‘ldghe regﬁlgu glfﬁl on @%%Eptg‘% & achi eved
by feeding §el pessued of tbostiemuiatidd finidy em heripaedshéby eaiting theat¢imnlationopl n- -
still another - di_nen t vapo. ressure .of the-recirculation fluids
can-be altered ﬁ);%getggﬁegdai%&gﬁug‘gﬁ%gﬁe% "?thblf REPE R fsgthe P8t hat i s
known to either thatdssedind belowtda ceaseplided at MBRPMAE ophefSisies Albngtht| ui d stream
By practicing the, prese i 0 be understood.that it may

t inyention, it _wll al
b Pliosi rod Do REUPIERRS ot M THvER R EHE SBRAP e Tiee | PCBE FeARB B ngl y &
sui tabl e heati RaciP@REed® okt fiekinf@dbradduRtiekROP can take nunerous forns.
First the 20 recirculation | gop nmay, be heated by a varietg of nedia, through
)

Y.
various surfliices. | HRAliFBRteaRtoRgRaRh fhearaper Bessissan algp Peingreatdabl y, t he
present 1 nventi QRoiRfQid g@i?culzﬂi%ﬂhufdﬁaﬁﬁa 8ol dhRbd by b dratitahe R 6 i N thermal

comuni cation with & portion of the exterior surface of the recirculation
| oop al ong at | edsrwige. phiditionlinfcoplrg of theopeitrulation Gpidlcon pe batavedhyi t s

i nfluent and eff] uent t : f. I (of Lbe the
entire outer di aférre:é?%rrag&eﬁ%g&zeﬁa %@1?"{;&% '@ér ag&en%gﬁg %1)?(3? g‘ng{&gﬁ{%g@gﬁti ally the
full length of tembodiaent, thelvapirgueshioe pf thékdcarculatianftids, czhdabitaahbafesdmpe

15  anadditive into the recircutation loop that is known to either increase or decrease the

vapor pressure of a fluid stream.

By practicing the present invention, it will also be understood that it may be
desired to heat the recirculation loop apparatus Iiself. Accordingly, a suitable
heating means for the recirculation loop can fake numerous forms. First, the

20  recirculation loop may be heated by a variety of media, through various surfaces.
Induction heating may also be used. More preferably, the present invention provides
heat transfer media (“"HTM”) that.are in thermal communication with a portion of
the exterior surface of the recirculation loop along at least a portion of the
recirculation loop beiween its influent and effluent. The heat transfer media can

25  circumscribe the entire outer diameter of the exterior surface and extend
substantially the full length of the recirculation loop. Altematively, heat can also be

. added by inserting heat exchangers or by adding heated components into the
recirculation }oop..
In still another embodiment, a heat exchanger can be located intermediate

30  the recirculation loop, wherein the recirculation loop is in different sections and each



added by inserting heat_exchangers or by adding hgated conponents into the
recirculation loop.. Inistill another enbodi nent,{ a: heat excha chﬁ be

| ocat e diate 30 the recircul ation | oop, whér ei n g

| oop |Sw?ﬁ£§&¥?erent sections and each 2 4 MAY 2005 VI)E%?%%S %&8
PCTIUSOl47469 21 effluent fromone section is fed through a heat exchanger
to heat the recirculation fluids. This heat exchanger internediate the
recircul ation |l oop systemis especially applicable if an unjacketed pipe
for is utilized for the recirculation Ig? In still another enbodi nent,

m crowave heating may also be used. 5 T %eed or supply the additional
conponents, such as a solid polyester precursor reactant into the

recircul ation | gop, a feeding conduit is_used that has a dlscharge end in
fluid communi citiem TR aRe s3E0R et tapugh A dralicrHengrfeakehtteresinilodgn t he  means

for reduci ng UfigsprBMARe GO REAAMIRT RO By o The: desitiafy reactant s

to be fed are directed into t'he pressure decreasing deV|ce and r eby |nto
the 10 reci r cudnplitable if pmenjagkeied pive ferde vidized for tharssitnulation laohe I &k r cul at i on

flui ds devel op nﬁ e I [ e. The feeding conduit

al so incl udes %%Péegépél ng g{t’lﬁ% “%ngﬁﬁauggﬂagg%gggﬁ eg t he di scharge end. If
desired, the feedi nr;pfeemdwupplgm ddditibhal compotenissckas 4 sulidgoieset f eedi ng
systemusedto meter and to selectivyely feed.a,co nent into the
recircul ati on PEFHSOr EFHMEHﬁ%Fﬁgﬁg ?W??ﬁ?@mﬁgﬁgﬂﬁﬁﬁﬁ?$hFﬁ@w@1rst
feature of thedik@Qeh-Rgd yHlie BohBuficadhivathihOf-tikaildlRM 6 €adjsddattods abthsi | 0,
dust- coll ector, or bag house in fl ui d comm[u cation wth the receiving end

of the feedi ngMEFHdeR FIUrREihs BressEreRfithag ageRHBiEnthesesIEgRIEHENCs to be

. fed into the rB@fe’ﬂ%&lﬁ'(ﬁ}ebt@@1ﬂt99ﬁrpre%s§r9héc‘?eagﬁ%géﬁg@ang%ér&?iggtt%lﬂg%naz gr rgf gry
- val ve, bu vey w

air lock, a piston and valve 5 pper)

20 tank, oi0t heecirpWationdme & béeqr@éﬁlmssm of thewenicelatiomfidy daveloped sol i d
storage device I f device. A
Third featuro 5f TERLsRE ok 0Byis TIENng R IR BbhE ST RNARE TS T
conmmuni cat i on wid, whidhes spgosel torﬂmt(hschurgedmiu ce and al so in comunication with
t he di scharge end o t he .fee opdui t he | 0ss._ | t f geder can be
wei gh cells, a belt ffde%]ﬁ'd %ogeﬁgrgg ?c{g&%tcaﬁglrégraﬁogfpr\/ ngclegr L& sccﬁIl &, nass

fl ow hopper, happean ued td eettr bidtowsegivelylfosis conrpohdit into the recirculation loop.

15 Inaccordance with this embodiment, the first feature of the feeding system is a solid

storage device, such as a silo, dust collector, or bag house in fiuid communication
with the receiving end of the feeding condnit used for sioring the component or
components to be fed into the recirculation Ioop. A solid metering device, such as a
rotary air lock, a piston and valve (hopper), double %falve, bucket conveyor, blow
20 tank, or the like can also be located in communication with the solid storage device
for receiving the component from the solid storage device. A third feature of the
feeding system is a loss in weight feeder that is in communication with the solid
metering device and also in communication with the discharge end of the feeding
conduif. The loss in weight feeder can be weigh cells, a belt feed, hopper weight
25  scale, volumetric screw, mass flow hopper, hopper or feed bin weight loss, or the
like.
Thus, in one embodiment, the component is fed into the recirculation loop
from the solid storage device, to the solid metering device, into the loss in weight
feeder, ﬂjrough the discharge end of the feeding conduit, and then is directed into the

30 recirculation loop adjacent to or into the pressure decreasing device, It should be



| i ke. Thus, in one enbodi ment, the conponent is fed into the recirculation

| oop from the solid stogage deV| ce, to the solid netering devi &g, MAnglE t he

l oss in f eeder, through the discharge end of the ndui t, '
and ther‘i%?s é&rect ed |nto the 30 recircul ation | oop adj acecel?ﬁl%oqggf(gl nto the
pressure decreasing device, it should be 2 4 MAY 2005 WD 02/46267

PCT/ USOL/ 47469 22 understood however, that depending on process conditions .
and other limtations wthin the manufacturing facility, the features set
forth above can be arranged in. any deSiéid conbination. That is to say
that the feeding systemset forth above. not limted to one spati al
arrangenent. 5 Therefore, in another enbodi nent, a conponent can be fed into
the recirculation |oop froma feeding system wherein t he conponent travels
froma wei ghednderstogd g@‘@?\e@éhﬂ &epeading pp Prpcsisicpeitiemsand atherldpieionst hr ough
the discharge cpihin gle el MIBONAIburRR0 ieRdvE offl bekHSEd Blgythe
recircul ation Ioop adj acent t pressure decreasli ng devi ce. eove
stitl anot her elebell soaitinationcBapis sty tha tedeedie fysidmisat forth ko heic ul atl on
Ioopfromaflr r a weighing device, into a second

st or age devi ce, néittgo??el}a%gyﬁ%ﬁ%?%%tand t hen through the discharge end of
t he feedi ng onduit 'H‘mfbfomlmahditherreeﬂjodﬁmahahlcﬁmpdampcaadlpﬁﬁrbmtdth&‘.) or into a
pressure decreasi.ng.device. i,.s end, will be appreci d. that any
pon | feed: ng By SRR PRAEA GEBR iR PSS BBENE HOR pr oceds
and apparatus dgigRéd doli@ sRFHS @bdicd, BVEM ibterinky dbﬁc@'ﬂ&@udgﬂ thb iRcHA® s@ope of .
the present invention for the f eedi ng system described above to feed nore
" than one conponeifhe fosdiae cerduiternd thon ia dirgsted igigthe repicuaips loapadiapent e

embodi ment , t wop Rk fRIcE-oGAHPAARAL M16afveh i RIFAbAEH. M datierd:On ddiloheniaddi ti on -
into the feed system ternatively, 1n another enbodinent, a plurality of
20 feeding é@/st@mﬁaedad\ump‘épmcecnlnmpdp@fr@nafwms@mg@rdevmm t@@meighmgot her .
- .embodi ment , thedeJl%eﬂl‘tcE‘Qse%Eéﬁ&&Qageée%ﬁc{ &/gd‘é eB?dtﬁQﬁ'ﬁfrc%téﬁ%geto add

multiple conponents I'n e PRRT el ation 1o in series previously’
suggest ed her ei tiscliatgesind v thedbeimgirenduitiexdsthio ol rtarhamladelpmchaﬂjgcenmtn dérhe

particul ar manuf act Bl L0 RLLSERS tevied T R oS8 A 1 hEp 2itke? iy known

feeding system and arrangement thereof can be used with the process and apparatus
15  of the present invention. '
1t is also within the scope of the present mvention for the feeding system .

- described above to feed more than one component into the recirculation loop. To
this end, in one embodiment, two or more components can be premixed prior o their
addition injo the feed system.” Alternatively, in anether embodiment, a plurality of

20 feeding systems can operate in paraillel. Moreover, in still another embodiment, the
feeding system described above can be configured to add multiple components mto
the recirculation loop in series. |

As previously suggested herein, it should also be understood that depending
on the particular manufacturing process, reaction conditions and other

25 manufacturing process characteristics, it may be necessary for the recirculation loop
to include various additional features in order to achieve a maximum operating
efficiency and the best resulis from the recirculation loop. For example, it may be
necessary to incorporate one or more venting mechanisms fo release vapors

contained therein. Additionally, as previously discussed, it may also be necessary to



25 manufacturing process characteristics, it may be necessary for the
recirculation loop to_include various addl tional features in order to

achi eve a nmaxi num operall ng efficiency and the bes{ results f

recircuyl ation |l oop. For exanple, it may be necessary t n é) e one or
nore v ‘3 Hﬁf Pﬂachanr sns to rel ease vapors contained thg)f‘Jer [fF% Aﬁ‘(ﬁ?tr onal |y,
as previously discussed, it nmay al so be necessary to 24MAY 2005 WO 02/ 46267
PCTI US01147469 23 heat the recirculation | oop to decrease the viscosity of
the recirculation fluids or to aid in the dissolution of a solid conponent
contained within the recirculation fluids. Wth regard to the renoval of
vapors, while flowi ng fromthe influent ®f the recirculation |oop to the
effluent of the recirculation loop, the recirculation fluids 5 may contain
vapor or gases as a result of chem cal reactions, heating, addition of

sol i d react anthsatthe muigtulaﬂm I¢apetd degrease theoniscotityert thegegniztion’8uigsiotio t he

present invent I I o] des neans_for rmvr n apors from
the recircul aatl(#]gnnth @i P3¥ﬁ'§ %Oglp?%e@tccg%l?eéluwgqm r?%r&glg ﬁ? ent and
effluent. To this emih reemﬁdrtaﬂmdngmesv@m \bmevrmm@frﬁmm mﬂﬁaﬂbfﬂlul ation
fluid by 1OCotrIIe cti nofthe pf the idin a
degassi ng encl™® Hog It‘egl \Rfff‘%‘?n%ﬁ}ﬁerrﬁﬁ“ ﬁ’t"?rfb %;F“ Hrgon gas from
the degassiqg ﬁi’;&?é&% Sapor M8k arahR bl Mmh&a Rastidae aRafl pehilfpds gases
entrained in a fluid stream can be separated fromthe fluid by

i ncor por ati ng %’ lifl sepgtents dhrougifas fosdl pysirg! prptbsiacaseuswAsapeh S Prese f1 ui d stream
and rel easi ng bg:s AR%RS Erﬁ‘i‘gxhr §En @Q@'v fmdS | ow 15
controlled vent. %tﬁgﬁﬁﬁ{aﬂgge und%%isgt ood t 3 gas u dS helrlgfn the term
"entrai ned" anwcirgtasiontleapristermestiaie élemwglﬂdﬂlcsﬁwwemﬂgeﬁ apdt eflgmtt. in a fl ui d;

. for exanple, gas i flurd |n f e .0b es, foam
“froth or the Ilike. e ’pres {l]gff/sespcrae' 3?’811%&]&%803&61@ ]t%f:l&%ﬁ lb por renovi ng
means, or 20 dagmﬂé&gdmasfﬂemwvekﬁﬁyaneﬂhrdngaﬂegnhsamg'smsldsmeorporat ed.
into the recircul atio l-00 The vent i osi tioned so that

i ther a1l o SR BreogRo i e A Sk B N P PRSP GP o  hi 1 ¢ he

interior surfag®rOpretdidd]y, dtak BébnFbirdthdc @adRs eﬁ&asredfnh pWidiessbad e venting
mechani sm when flowing fromthe influent to the _effluent
separated from the fluid by incorporating a length of degas piping in the flow path of

the fluid stream and releasing the separated gases through a standpipe, or a flow-
15 conirolled vent. |
Tt shounld he understood that, as used herein, the term “entrained” and like
terms, refers to undissolved gas present in a fluid; for exampie, gas in a fluid in the
form of bubbles, microbubbles, foam, froth or the like,
In the presently preferred embodiment, the vapor removing means, or

20  degassing means, comprises a venting mechanism incorporated into the recirculation
loop. The venting mechanism is positioned so that either all or a portion of the
recirculation fluids traversing within the interior surfaee of the recirculation loop
also flow through the venting mechanism when ﬂowing from the influent to the
effluent.

25 The veniing mechanism functions to slow the velocity of the recironlation
fluids in the recirculation loop to an extent sufficient to permit entrained gas to.
separate from the recirculation fluids. The venting mechanism preferably produces
a laminar, stratified, non-circular, two-phase gas/liguid flow. The exient of velocity
reduction in ﬂie venting mechanism to provide the desired two-phase (gas/liquid)

30  flow can be determined by one of skill in the art using (1a) the size of the gas



25 The venting nechanismfunctions to slow the velocity of the recirculation
fluids in the recirculation loop to an extent suffigient to per% e@h]rai ned
gas to. separate fromthe recirculation fluids. The ventin it WA ' '
pref er aB/YO%1%¢ilices a laminar, stratified, non-circul ar FCTIEOHAESR
gas/liquid flow. The extent of velocity reduction in the venting nechanism
to provide the desired two-phase (gas/liquid) 30 flow can be determ ned by
one of skill in the art using (I a) the size of the gas Z 4 MAI 2005 WO

02/ 46267 PCT1USO1/ 47469 24 bubbles likely present and the viscosity of the
recirculation fluid, or (Ib) the physica4 properties of both the liquid and
the gas, and (2) the anticipated flowrate through the recirculation |oop.
The internal dinensions of the venting nechanism are selected to provide a
| ar ger cr oss- sé&obblonbkelppesenopelih¢ vsdobigi of the moisqubrtion fhsinot {ie) the -

cross-sectional ,areg of the reciprcul ation.l oo j,agent .t.h nt i

mechani sm  Bad¥ds Eﬂ%‘ﬁ’é’%“? P%W%F %‘f’ilq ﬁﬁ@%%sganaﬂzﬁ@g afl%%paﬁ?fﬁﬁ?w qgmet er

i ncreases, the gk tHeltecidcOktich 186 STiRHhteinhDiinERs A€ the Samas mddhbkisthhe sl ower”
vel ocity, the gases rise and cones out of solution. J ressure of

) tjil the
the rel eased gaes°lprel/aRty deddreresseaiastldrcr OB SR HigmeRt Brn 861 uti on.
Venting the g el gasadoiRstseAlriecirdiiibd PBAhdARnORS feihe Bt of
solution as the equilibriumoriginally existing between"the gases in
sol uti on and outased osglagy laynrateprikiples agnce fhsrinnes pamater wreasescthe velpeitd gases
in the recirculati k i Ayt r i I for
exanple, it is %ﬁé??‘éﬁfﬁ)ﬁ‘lﬁhﬁaﬁé ?‘%ge%\%eghﬂlﬁgtﬁér}%%‘ﬁéa}rﬁ% @%ﬂ}?,é‘%@gé&r&;& ﬁledf | ow rate
of the fluids fdoowismgt ¢fselugiohnmildie reswe ofithe bddasal ganes-mphvese additiandlf i ed 15
flowreginme is preferably.achjeved.. The resi.dence tine the f.lui.d within
the' venting mePRanremerrEgHt Fobfien g iR i rarbblE dlovtedfpihe | ongtn
of the ventiig gazechanigrut f salutionasshd dquilibeinin drighmllpexitthe beaterithiey Within -
t he venting nechani sm for dequat e separgti.on of entrained gas fromthe
liquid. The ap&%ﬁ%i“é?&‘“?‘é%?add%ﬁegmﬁit% SS%%F“da_ particular fluid flow may
simlarly be deternm pgdehiaiRARf Sifuradledizias ¥ thkickiculfiohMRids AkcRELd Bithdher
experinmentally or enpirically For best results, the venting nmechanismis
di sposed or or | BEFEY disglpsre Aen sipmple, ihis dpyphledaat heggntingmedhpsm 43968 and

gases within theg.r i ) t at the
top area of theﬁl\?gﬁﬁip %ﬁ%ﬂﬁ?ﬁ%ﬁcﬁwwgg% R ELE4 M@E&Qe iR

e attributes of a

15  flow regime is preferably achieved. The residence time of the fluid within the
venting mechanism is confrolled by appropriate selection of the length of the venting
mechanism to allow sufficient time at the velocity within the venting mechanism for
adequate separation of enirained gas from the liquid. The appropriate residence time
for a particular fluid flow may similarly be determined by one of ordinary skill in the

20  art either experimenizally or empirically

For best results, the venting mechanism is disposed or oriented substantially
horizontally so that the vapors and gases within the reactants and monomer flowing
therethrough collect at the top area of the venting mechanism. The attributes of 2
desirable venting mechanism allows the gases coming out of solution to be trapped

25 by any design capable of allowing the liquid to pass on the bottom but restricting the

flow of the gas on the top. ‘ |

There are several designs that can be used to disengage the gas from the
recirculation fluids. For example, in one embodiment, the venting mechanism
preferably comprises an eccentric flat-on-bottom reducer. The venting mechanism

30  preferably also has an effective inner diameter (or greater flow area) larger than the



desirabl e venting mechanismallows the gases com ng out of solution to be
trapped 25 by any design capable of allow ng the Iipeg\ui d to pass on the
bottom but restrictingitiie flow of the gas on the\f"z*}ap. There g eApen@Er al
desi gns ,Bab.Ea0 be used to disengage the gas fromthe regirculation
fluids. For exanple, in one enbodiment, the venting mecham&mYgi¥Per ably
conprises an eccentric flat-on-bottomreducer. The venting nechani sm 30

- preferably also has an effective inner dianmeter (or greater flow area)

| arger than the 2 4 MAY 2005 WD 02/ 46267 PCT[ US01147469 25 inner dianeter
of the recirculation | oop. The velocity the recirculation fluid can also
be reduced by using multiple parallel sections of the recirculation |oop. As
t he gases and vapors conme out of solution within the venting nechani sm

t hey must be renoved. To is end, .the venting nechani sm preferably further
5 conpri ses an.mﬂﬂéﬂ%rﬁéﬁﬁéﬁgg%?ﬂﬂﬂo%%v g’ﬁﬁﬁ' @gﬂa]? @C{Iﬁl@aﬂpg ‘1‘?2&‘%
mechani sm  The alslegasdiset@BeluhdOuiliR paralleGettionHgf B ekcirbulbtidailéop; onMmuni cat i on
~with the venting nechanismand an opposed venting end positioned

el evational |y above Ahi&e BEPRINISHECTS oot 18 0F FPieicn PIETY fie VENBBAnSFEMisT.s
contenpl at ed, | e} ubiRhghsRE. THEks LlaCHESaRA %&Hﬁisﬂ%x@?er&b@y fPfler | NEAT

bet ween the receiving end and the venting end. A co n 10 feature is that
t he standpi pe i eommised anaipsipnding doppesiangmapa doupled it the genving meebaniani. sThe

hori zontal ly orj 1%4 | ' he liquid

al so flow ng ol&%&%ﬁg’} e s%gr?g%ﬁe%\éfg ﬁtf’ta%llgaglcé%mgélg%gb%‘%%nﬁéﬁude a flow
control devi ce wiethunisntdnd adepased sntingl@idpesitionaieitvatidnaili ebdve dhw iafet &ddui ds

t here through. flow contrql .device .be, f.or l e, an orifice;
throttie varve; MBniend o aAbortiiatt b pRtel b DRt WA Gl o1
Lpressure cont r obipe e #dh-Bica@Bébivedn theHbEiGing BRDMEIN vathgledDrA Beagon The flow
.control device can be used to _allow fromapproximately 5, 10, 15, 20, 25,

30, 35, 40, 195, fsgue isghat iy stapdpipely verpigallygyienigd andyle VERngRSELGE S cent t o
appr oxi mat el y 9oriRiall Briedtll, whith allfws fie gadiB escape wilout iR L aldHowdle 25,
20, 15, 10, or 20 even 5 percent of the vapor generated to this distance in
the recircul ati Qﬁ‘qud]@ﬁpﬁf@éplpp-ass whil e the remai ning percentage is retained
within the Iiquid. | ishobbdlilfe o RARLSURAdRE! acdhe Sl @E haaDOVE, ANy
lower Iimt percentage can be paired with any

standpipe fo control the flow of fluids there through. The flow control device may

15  be, for example, an orifice; throtile valve; control valve; hand valve; reduced pipe

section; outlet pressure conirol; nozzle; and/or bubble through liquid for head.
The flow control device can be used to allow from approximately 5, 10, 15,

20, 25, 30, 35, 40, 45, 50, 55,.60, 65, 70 , 75, 80, 85, 90, or even 95 percent to
approximately 935, 90, 85, 80,75, 70, 65, 60, 55, 50, 435, 40, 35, 30,25, 20, 15,10, or

20  even 5 percent of the vapor generated to this distance in the recirculation loop to
pass while the remaining percentage is retained within the liquid. It should be
understood that as set forth above, any lower limit percentage can be paired with any
upper limit percentage. In a preferred embodiment, the flow control device allows
approximately 85 to 95 percent of the vapor generated to pass. This ensures that

25  liquid will not pass through the gas line and maintains approximately 5% to 15% of
the entrained gas for mixing in the recircuiation loop. One of ordinary skill in the art
will appreciate that the amount of gas removed cannot approach one hundred
percent as a maximum, since the liquid would begin to flow into the standpipe along
with the gasés, thereby reducing the efficiency and yield of the manufacturing

30  process
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the recirculation 10 fluid and mnimze the vapor velocity at the surface
hal f of the rectidctilldeiabpmosisric icss¥Exer. 1f additional surface area is
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paral l el to eactrndehmpraypdbnincrepsied thelguner diemetbiny threrctisowladion Ioppiadjasanti es  of

paral l el section vent i ATl . OV L, itional, ar r the 15
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wi || furt hent0apfodeandnenittiat thavdpbt piecityetth sgfacobelfiafihs psircdatidedostsed in the
recirculation | Qo et dts influent and effluent. .. For. ex le,. a
venting mechani E’r’s tag‘aig?‘i‘aisﬁﬁ‘(ﬁ?@e%gﬁe‘ﬁ‘ém PA eéﬁe‘%ﬁ@qlg%%}rﬁsg%%‘gﬁfje
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In 20 connection therewith, it should al so be understood that pl.aci ng a

b
venting mechanpeire) wpaeieleldp parh sy andalidnsluds o vaniing merhapisip 1 h%/sl'f"ém”SNPSI 3"

Wil simlarly sfparaliel sections and venting mechanisms provide additional area for the

15 disengagement of gas from the recirculation fluids.
One skilled in the art will further appreciate that multiple venting
mechanisms can be used in the recirculation loop between its influcnt and effluent.
For example, a venting miechanism as set forth abqve can be placed upstream from
the recireulation loop to thereby increase the net positive suction head “NPSH.” In
20 conmection therewith, it should also be understood that by placing a venting
mechanism elevationally above the recirculation pump, the “NPSH” will similarly
increase. Furthermore, a venting mechanism placed in the recirculation loop
upstream from the pressure decreasing device, such as an eductor, will also increase
the “NPSH” for the pressure decreasing device. In still another embodiment, a
25  venting mechanism can be used downstream from the pressure decreasing device
and reactant feed system in order to remove any entrained gases which may have
been drawn into the recirculation loop when the solid reactant was fed into the
recirculation loop via the solid feed system previously set forth herein. Lastly, it
should be understood that any combination of two or more said venting mechanism

30  locations is also within the scope and spirit of the present invention.



increase. Furthernore, a venting nmechanism placed_in the recirculation |oop
‘upstream fromthe pressure decreasing device, sych as an 2400 JACS will al so
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gases which may have been drawn into the recirculation | oop when the solid
reactant was fed into the recirculation |loop via the solid feed system
previously set forth herein. Lastly, it _,_should be understood that any

conbi nati on of two or nore said venti ngzﬁechani sm 30 locations is also
within the scope and spirit of the present invention. 2 4 MAY 2005 WO
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before flow ng to thgilekfhbpedhte®that #B alPartQebisob kakia@Bld 8@ond ihidi S end,
the dissolution of soljd conponent can be facilitated by heating the

reci rcul at i on PoBpraRios foopes the feding spnduitap 1! theselitpomeponsi creb nol e

¢ ratio and/or Qﬂssél'v&&ﬁ* 1 rdRBuIRt E Ao b hbﬂin%gh&ﬂfe%@ﬂﬂeﬁ%ﬁﬁé on | oop. _
However, it should al so be understood that I Is desirable but not required

for the sold d reeisnpdinelnopt do Songridethe dissalinnagifelidomitonentisen beelrilisaidat i on

fluid. 15 Furt i at t ] i tian of

solid corrponen@e@ﬁe‘gﬁkeéﬁ{rqu%dogﬁl)%ioang%ﬁ?eggélﬁ%ieoa egdrsé%&h%%g glee\a)f? é(?e%lbféuch as an

educt or, enablmto adidertbiyaiterigf the plessdrecwitipn then¢drediatiecioby. Hotveveanny reacti on

A o g SRt L DA B IR B SRt Brocess: For
decreasi ng t hecopfpRa&t tCc@iplétéle diseslie @ithia kheqBeifdulities fluidhe 20 vacuum on the
eductor ot e ofEROWT: also b appreciato il it Bdidn OF somd eampondas 2" ©
adjacent to or at a pressure decreasing device, such as an eductor, enables addition
of solid components direcily into any reaction fluid and/or process fluid found
within a given manufacturing process. For example, in those embodiments utilizing
an eductor as the means for decreasing the pressure of the recirculation fluids, the
20 vacuum on the eductor throat will keep vapors from lofting up into the solids that are
being introduced into the process line. Prior fo the instant invention, vapors would
condense on the solids and the mbdure would become very tacky, thus resulting in
the clogging of the entire system. However, in accordance with the present
invention, the eductor expansion or divergence zone provides very iniense mixing
25  and maintains sufficient separaiion of the solid coraponent, such as terephthalic acid,
so that it does not lump in the various reactor zones. To this end, one of ordinary
skill in the art will appreciate that for best results, it is preferred to feed the solid
component into the préssure decreasing device, such as an eductor, at any point

within the divergence or expansion zone of the pressure decreasing device.



being introduced into the process line. Prior to the i nstant invention,
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devi ce. 24NMAY2005 WD 02/ 46267 PCT/USOL/ 47469 28 It should al so be

under st ood t hat thelqsh@désbowumhtsit@dabhiiﬂtdmesheﬁ@olﬁdmﬂit@bdes:rﬁbsdI ikely to

pull at least a, mni as.1nto eC| rcul ati.on, l.in al ong
with the soli dstYe‘[1S ﬂyéﬂ( 2-?“ Lﬁfaté}eg tp%@flg?“zf%fm&fno %Wgﬁ %]1’08]51&0%51‘16

i ncor por ating aaaan‘gaﬁﬂrthelsaﬁaghgﬂhaaformrefeﬂbtelmgem&ﬁa‘gaﬂsy ﬁﬁﬁpﬁrﬁﬁ@ herein,”
downstream from t he ressure decreasin C. Alter atively, a liquid
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H e

reactant or, aﬁﬁl%w copenEt 4pes D@Bﬂfﬁﬁﬁ%ﬁﬂﬁ eparatgly ing Ori’etF?Ct%r(ﬂ?ponent
20 I'n accor dancgpyi frbcekhieanasReabireat A aliitishAlyC QPR IpbSenfy @h 8 aldaa added

'nto 15  as a means for increasing the velocity of the recirculation fluids and/or decreasmg
the viscosity of the recirculation fluids. To this end, it should be understood that a
fluid component to be added into the recirculation loop can be a reactive or
functional component, i.e., a reactant-or, alternatively, the fiuid component can be an
nert component. '

200 In accordance with this aspect, the fluid component is preferably added into
the recirculation loop upstream of the pressure decreasing device (before the
addition point of the solid reactani-:), although the fiuid component may likewise be
added downstream of the pressure decreasing device.. To ﬂ:l.iS-Glld, it is also within
the scope of the invention for the fluid component to be fed into the recirculation

25  loop at any point in the Ioop, even including through the recircnlation pump seal. In
an alternative embodiment, the fluid component can even be added upstream of the
recirculation pump. Furthermore, it shonld be undesstood that fluid component can

be introduced to the recirculation fluids at any temperature. ’.[hez;efora, as previously

set forth herein, a fluid components can be used as a means for heating or cooling



the recirculation | oop upstream of the pressure decreasing device (before
the addition point of the solid reactant), althouﬁh t he flyggm$qmﬁonent may
I'i kewi se be added downgt ream of the pressure decf easi n evice. To this

end, itWPIHPE3 within the scope of the invention for 3%¥Wﬁ$ﬁﬁa“@onponent
to be fed into the recirculation 25 | oop at any point in the | oop, even
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recirculation punp, Furthernore, it should be understood that fluid
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as a fluid Conp@ﬂﬂﬂhag@kﬂn&&ﬁnﬁﬂﬁhﬁﬁﬁiatlOn | oop. Referring nowto figures 1
through 4,, it should first be acknow edged that. wth refgard to aII figures

i ncl uded herewi th, I’i’RCéOWGWSéﬁ‘@"F’éﬁ?TE‘*s@anPI%R@“H&PF@OBEAES HEayeivalni t h
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15  dihydroxy compounds set forth above. In one embodiment, additional first polyester
precursor reactant is fed into the recirculation loop. In a preferred embodiment,
eftiylene glycol is added as a fluid component into the recirculation loop.

Referring now to figures 1 through 4,, it should first be acknowledged that
with regard to all figures included herewith, like numbers represent like parts. As

20 such, with regard to figure 1, there is provided a recirculation loop 91. The
tecirculation loop 91 includes a means 92 for increasing the pressure and/or velocity
of the recirculation fluids located intermediate its influent 93 and efﬂueﬁt 94. The
pressure increasing means 92 is located elevationally below the influent to obtain
proper net positive suction head. Once the recirculation finids pass through the

25  influent 93 and the pressure increasing means 92, the pressure of the recirculation

fluids is decreased, at least temporarily, downstream from the pressure increasing
means 92 by a pressure decreasing means 95 through which at least a portion of the
recirculation fluids flow.

To feed or supply components into the recirculation loop, a feeding conduit

30  isused that has a discharge end 96 in communication with the recirculation loop



recirculation loop 91 includes a neans 92 for increasing the pressure and/or
velocity of the recircﬁ]ation fluids | ocated intéfﬁediate ZtisMAniiduent 93
and eff , The pressure increasing means 92 is lo el evational |y
bélOM/thﬂS?%¥$%%nt to obtain proper net positive suctio%%hggﬁ?uﬁﬁge t he
recirculation fluids pass through the 25 influent 93 and the pressure

i ncreasi ng neans 92, the pressure of the recirculation fluids is decreased,
at |east tenporarily, downstreamfromthe pressure increasing neans 92 by a
pressure decreasi ng neans 95 through which at | east a portion of the
~recirculation fluids flow To feed or suﬁﬁly conmponents into the
recirculation | oop, a feeding conduit 30 is used that has a discharge end
96 in comunication with the recirculation |oop 2 4 MAY 2005 WO 02/ 40267
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Thus the components are fed.into the.recircul ation | fromthe solid
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conduit to be 10 directed into the recircul ation Ipog 91 t hrough the
pressure decr eadimgnent§ioege devipeflys Exthosolidancieringrdenier YHdppdhe laptarrgitve
embodi ment s of fe@&rbg%a%%fw% b 919&%6 ekl 96’\@@&% MRRE ebRdiflg ppeci rcul ation
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t he recircul@t i directedapiodlrecke¢itralatiencloog A1 Bwrough the pregurefdeomssingxdvive. ef f | uent of
the recircul ation | ent. .he C | ion. 15 fluids
re-enter the pipe rg%%?géE%ﬁ§9ﬁgﬁgﬁgﬁ?a%%n%%g§%ﬁ%ﬁ&%ﬁg¥#ﬂ%%meﬁgglnn Fi gure
2, an enbodi mehiop o8 Fghevinwidian éctrtrdresthfidrLiomp isfusehintepmlle ndthof pipheagbpe
reactor is teed.,off 106 and, o ortion.of the effluent-is _sent_to the
recircul ation I8@ﬁ9ﬂFﬁogmgﬂﬁﬁ?gﬁgBm%ﬁﬁ&ﬁ?ﬁ@ﬁ%j o crepreafpndlnd o ¢ e
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the influent for  the reciyculation loop is not from ) :
15  fluids re-enter the pipe reactor 101 adjacent or proximal the miet 100. In Figure 2,

an embodiment is shown where the effluent from the end of the pipe reactor is teed
off 106 and one portion of the effluent is sent to the recirculation loop. In a separate
embodiment as shown in figure 3, a tee 106 is located intermediate the complete
pipe reactor 101 and 102, so that the influent for the recirculation loop is not from
20  the end of the reaction process but rather comes from a point intermediate in the
reaction process. In figure 2 and 3, the final effluent from the reaction is at line 103
where line 104 represents an optidnal venting device.
With reference to figure 4, there is shown another embodiment of the
recirculation loop of Figure 2 wherein the recirculation loop is used integrally with a
25  continnous stirred tank reactor “CSTR” system comprising a first esterification
CSTR 107, a second esterification CSTR. 108, a first polycondensation CSTR 109
and a second or final polycondensation CSTR 110. When the components added
into the recirculation loop flow to the effluent of the recirculation loop, the added
components and other recirculation fluids re~enter the first continuous stirred

30 esterification or ester exchange reactor 107 adjacent or proximal the inlet 100. As
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15 can come from a tee located intermediate fluid line 114, such that the influent for the

recirculation loop is the effluent from the final or second polycondensation reactor
110. To this end, it should be understood that although not shown in the figures, the
effluent of the recirculation loop can return to the manufacturing process apparatus
at any point in the system, i.e., upstream, downstteém, adjacent, or even at the

20 mfluent location.

There are many advantages that can be obtained with the recirculation loop
process of the present invention that will be apparent to one skilled in the art based
on the discussion above, For example, the use of a recirculation loop allows one of
ordinary skill in the art to replace large, bulky and costly equipment such as a paste

25 n_Jix tank, pump, instrumentation, agitator, and other similar devices that are
typically used in the art, with a more compact and cost effective recirculation loop
comprising a pump and a pressure decreasing device. It will also be appreciated that
the recirculation loop is advantageous for injecting solid reactants becauge they can
be substanﬁaﬂy dissolved in the recirculation process, preventing or minimizing

30 solid abrasion on the internal process. Thus, it will be understood that the system



at any point in the system i.e.; upstream downstream adjacent, or even at
the 20 influent Iocati_Oﬁ. There are many advantagesithat can wa’fﬂ@ ned

W th thﬁr r@?i rcul ation 'oop process of the present invepti o% t'hat 1 be
appar enl' $'676# skilled in the art based on the di scussfolf U3BYYE® For
exanple, the use of a recirculation |oop allows one of ordinary skill in
the art to replace large, bulky and costly equi pnent such as a paste 25 m x
tank, punp, instrumentation, agitator, and other simlar devices that are
typically used in the art, with a nore cqgonpact and cost effective
recirculation |loop conprising a punp and“& pressure decreasing device. It -
will also be appreciated that  the recirculation |oop is advantageous for
injecting solid reactants because they can be substantially dissolved in

- the recircul at fesripeddicesin is lpps edeantageqys ghenpaly diuid rert8ts gorddgdddeasi on on the
i nternal proce - Thy ' | rstood that the system ~n\ 24NMAY2005
WO Q21 4i 267 PW@?&%%b@gglﬁgﬁd herein is | ess advant ageous when
only fluid react ant ¥hlkcdbiathsentiopdagbeen déprintdig commroney with prfebed and EG) . v

Wiile this invention has. been. descr.ibed in_connection wth.preferred
enbodi monts. 1 ErpeSRs i RERERRRET bt hf RGP ACER P R ABEEEE, | | e
particul ar 355 enbodin¥rRiss foel, bhosi the cdtitaryg it i Rhendahbreave sudhaliematitdsended to

cover such alternagtives, npdifigcations,. and, equiyval ents.as be_i ncl uded
within the spif9d o e ap e o8 %&Bﬁ%{ﬁ%@@@@%@%@%@e abiBended
claims. For examphfen 4sHRERBLME BIRIQET 1IN Filckfnsle aRste GRMRLRAIsONS  Of
reaction conditions, e.g., conponent concentrations, desired solvents,
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will be required to optimize such process conditions.




m xture conprising the steps o a) providing a reactor configured to define
an internal volune wherein at least a portion of the internal volune is
occupi ed by a reaction m xture conprisjng a first polyester re@thzﬂgfpd a
pol yester reaction product; and subjecting the reaction mxture to
esterification, ester exchange or pol ycondensation; b) providing a

reci r cul aWhahislocdameidssi ng an i nfluent and an effluent wherein the influent
is in fluid communication with the internal volune of the reactor; c)
recircul alj Agraesd fopgitrodugiog kisolid pélyéshe prasbt tcractantdnty rebta@ugh t he

reci r cul apigird @aiprisidaheitdpddte first pol yester reactant and pol yester
reaction product flow ng through the recirculation |loop are recirculation

fluids; dydecieRs Reib@nBbaRaYS Befdfe dRichREVbkHeANRAn ! hds W th at |east
one pr essbﬁ; on S SARHAGVAGY ‘i?m[ach i%?b %%é&otiBﬂﬁ%iQfa}{éor{lﬂis‘iﬁga fifgg! reul ation

| oop; and feeding a ecolgg %08% st e -#le@cténb.l nio dhe rec rcul ation | oop
adj acent P@ BYCLATAHH AP ROSTRE TR R ;gjé F%é‘?f’ REDLA e second

pol yest er Mgty spteriBeation, eshricdchange GuRAEGONEENSAIOLor react ant, to t hereby

i ntroduce solid polyester precursor reactant into the reaction m xture. 2.
The pr ocebkprovidies recirculgitarlepmhavies seindluent and ag effilysat wherginghe 3. The
process oinflieat isir {luidivemsiumidation mathche ntérgalavobumg pftheesackri rred t ank
reactor. 4. The process of claim1, wherein the reactor is an

esterifi cafiecifculfBgtaleastal porfiod YO ACOES iditureahugh theTecildidatiohdsgss of
claim1l, whefedifhe g poRekterih@hit@Rd pBRLste refdtRI préduct HpWHRIthA&RBRIHSES a
recircul a?écﬂﬁﬂﬁ%@lob@%&tﬁgﬁd@&tﬁhrﬂ%ﬂdsﬁt e the recirculation1oop influent and

effluent "for i1ncreaSing the pressuré of the recirculation fluids flow ng

t herethroygh. 6.. The proces f.claiml erein ih ressure decreasing
step of sﬁgﬁ%@;ﬁg _618‘8 et‘?féﬁ%‘*ﬁ%?#?%ﬂ% Wﬁhj? ];?f"?e% °BUWD7. The process
of clai m gér e¥ice Abatdpast anp ROIRFIR theerinepldtondoRiofls perf or ned using  an
eductor through which at |east a portion of the recirculation fluids flow

8. The pr eb%g‘gngﬁ seqoail pelyestoispetny ptedhgresiseulationdeep adiseangtoserapthied) i s

per f or medpressungdecversingrdemise.cvivdrein thd sshom] palydstanseastant isghe solid nozzle, jet, or
i nj ect or . pSlyest&rgraome ssactaht, ¢é therabi intvddaresalidt jodyestee predugsot seesthidr r eact ant

i s fed inimo theaeadbiog SEKfi@:.decr easi ng device. 10. The process of claim7,
wherein the feeding step is perfornmed using a feeding

2. The process of claim 1, wherein the reactor is a pipe reactor.

3. The process of claim 1, wherein the reactor is a continuous stirred tank reactor.

4, The process of claim 1, wherein the reactor is an esterification reactor, or
polycondensation reactor.

5. The process of claim 1, wherein the recirculation loop of step (c) further comprises
a recirculation pump located intermediate the recirculation loop influent and effluent
for increasing the pressure of the recirculation fluids flowing therethrough.

6. The process of claim 1, wherein the pressure decreasing step of step (d) is
downstream from the recirculation pump.

7. The process of claim 1, wherein the pressure decreasing step (d) is performed using
an eductor through which at least a portion of the recirculation fluids flow.

8. The process of claim 1, wherein the pressure decreasing step (d) is performed using
one or more of a siphon, exhauster, venturi nozzle, jet, or injector.

9. The process of claim 1, wherein the second polyester reactant is fed into the
pressure decreasing device. :

10. The process of claim 7, wherein the feeding step is performed using a feeding
conduit having a receiving end opposed to a discharge end, wherein the discharge end



conduit having a receiving end opposed to a discharge end, wherein the
di scharge end 5+ 2 4 MAY 2005 is ig fluid conmuni cation with the
recirculation | oop adjacent to or a the eductor and wherein the second
pol yester reactant is directed into the recirculation | oop frpmmﬁyezq
decreased pressure of the recirculation fluids devel oped by the eductor. 11.
The pr oceissindluidtammutiogtionheitiethe redisuiatiod longy adiacdutitv of atthhedudterpdi ses: a) a
sol i d st owageirdhe semnt polvesteresamtundicatddantothe becithelatie kiopifiregn thied of t he

feeding geaneised pReshrd oLt edircilagsnHdidaievdldiRdiyald sdusgprend and di scharge
end of the feeding conduit for storing the second pol yester reactant to be

fed into t ein fluid
comuni cailli]glrwlﬂe b(f]e%’he lgfllie‘l{(-:lle(ly 3?%681%% %é&dﬁgg&ﬁmﬁgggﬁghﬁ and | ocat ed
I nt er medi C VI-I’I and. t he end_of

conaut ¢ S £ ?%§ oHick milug% %@&&%ﬂoﬁﬁ% ec@b% pid E%ﬁmtgh the
recei vi ng %‘Wﬂ“ %f"ét&{'ﬂ] cfﬁ?et“"ﬁ?—i&mll ﬁlaf% %? fe recei ving
end and tﬁ@ldalatsf%%t?rg%g BRgeop PP ESPIISRFTAY e B ipto aippl °§Econd

pol yester reactant is directed froma point internediate the receiving end
and di schiy geolishdetefing fevidesindluid coomdnicatiarhwithiie re¢pavingiené pbihge end of the

f eedi ng cfeedingtconduivandecatet intarmiediptecthe teseivinglehd afifl ¢hepdisdess enfl of| ai m 10,
wher ei n t i Balihglesidaltpgrl device is a silo and the solid netering device is
a rotary air lock. 13. The process of claim10, wherein the second polyester

reactant s, R4DHIAENAEdes uﬂﬂﬁa%ffﬁﬁmménhﬂ%lﬂh%é Feleb éﬁla offltﬁé' dS before

]:I.l O%ggef ?eeﬁfglg L&dl“ﬁﬂltl QzIte ﬂl?erfn%&a ectﬂi?etcéﬂ' nﬁ%ﬁd ﬁ{} orsns)oal;l dclaﬁijm
wherein t E"It ﬁ& %S ec?{e #blm cid. 15.

%fsﬁ?e
T NS %ﬂt‘]ﬁ £GP %P %e coRgue
te?eg[}?ﬁgfi}se haggs quo fe?ﬂ‘égﬁf”&l%%q} eEEICéFFHlP’i Brein the second pol yest er

reactant is cycl ohexanedi met hanol .  17. The process of claim1, further
conpri si nd2.iHeauodesgokelaini 1@ Vfiwqmﬁte@phd stocagadevicaisn sitorndrtbeselisul ati on | oop
upst r eam frretaninghievipe sty dizdocdkasi ng devi ce wherein the third polyester
reactant is a fluid. 18. The process of claim1, wherein the pol yester
reaction pgopiGro&R8BS L1885 1® wherein the second polyester reactant is substantially

dissolved by the recirculation fluids before flowing to the effluent of the recirculation

loop.

14. The process of claim 1, wherein the first polyester reactant comprises a dihydroxy
compound and wherein the second polyester reactant comprises a dicarboxylic acid.

15. The process of claim 1, wherein the second polyester reactant is terephthalic acid.

16. The process of claim 1, wherein the second polyester reactant is
cyclohexanedimethanol.

17. The process of claim 1, further comprising injecting a third polyester reactant into
the recirculation loop upstream from the pressure decreasing device wherein the third
polyester reactant is a fluid.

18. The process of claim 1, wherein the polyester reaction product comprises a
polyester monomer.

19, The process of claim 1, wherein the polyester reaction product comprises a
polyester polymer.

20. The process of claim 1, wherein the reactor is an esterification reactor or ester
exchange reactor and the eﬁ'luent of the recirculation loop is in fluid communication

with the reactor.

21. The process of claim 1, wherein the reactor is a polycondensation reactor and the



pol yester nmononer. 19. The process of claim1l, wherein the polyester
reaction product conprises a polyester polyner. 20. The process of claiml1,
wherein the reactor is an esterificdfion reactor or ester ex?gi’ﬁ]ﬂqmﬁ act or
and the effluent of the recirculation loop is in fluid commun with
the reactor. 21. The process of claim1, wherein the reactor is a

pol ycondeeaSenionf therereratimdoopés indluidcommpyicagpswitle a psiemficagipn ohe

reci r cul atsterexchaygeirsactar. f| ui d conmuni cation with an esterification or ester
exchange reactor. 22, The process of claim1l, wherein the effluent of step
(b) is in2f|THethro@Reunilgial |, Giherdih tite efflhbdt SF stop (oyrik b faicomnigaation. 23. A

process f QithiafikQlusifRaich @aéthd 1 nto a process fluid conprising the steps
of: a) providing a recirculation | oop having an influent and an effl uent

wherein t i.nfl . LS 4 ' [ i Ltk r fluid; b)
recircul a? ?n% pg ce#gfg%s @d{ﬁ%ﬁ'é%g&ﬁﬁdo@?% Bgsgtcdgg@c%%l{fsﬁ%@egﬁggg ‘a) through
the recirculatjion | oop wherein the process fluid_flow t hr ough the

reci r cul af) BRVIdgE jecirgplationlopp hiving “E‘?td’fld@)legi‘t?fﬂb‘é’ 78 P'he pressure of
the recir &flugnt is g flpig;cqmppunigation with aprogesa flujdsast one pressure decreasing
device at at |east one point in the recirculation |oop; and d) feeding a
conponent b} rcoculiténg a déastapativo nf the ppocaslj fiwd of step (grthwngh He pressure

decr easi ngeciteulatien lobp sthepeif the, proasd fieiddlowing throdihahe gectronpticrelvopiisd o t he
process f kdsirdulatiaffluiihe process of claim 23, wherein the conponent is a

pol yester process conponent. 25. The process of claim 23, wherein the

conponent c?easﬁg%et'rx SR8 ABreul ARG i of st ‘B%%ﬂ{atl%kxﬁét er precursor
react ant,péél%ggboga ﬁfggﬁvgﬁm Lo A08RE: weégg L QNGby: 0SS! 1 ki ng

agent, or e process of claim erel e process fluid
conpri ses | i, quid. 27. The process.of .23, wherein the process fluid
is a pol ygifeg 1g A GORPENGIEL 1t | ec‘ﬁ‘?@(‘g

| ai
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wher ei n t Heereasing dsvice ©f glsp £y rtherepyintradusegsgangonent into the process fluid.

24. The process of claim 23, wherein the component is a polyester process
component.

25. The process of claim 23, wherein the component is an additive, colorant, modifier,
pigment, polyester precursor reactant, polyfunctional branching agent, polyfimctional
crosslinking agent, or inhibitor,

26. The process of claim 23, wherein the process fluid comprises a liquid.

27. The process of claim 23, wherein the process fluid is a polyester process reaction
mixture.

28. The process of claim 1, wherein the reactor is an esterification reactor,





