; QRSTe3e] ; ]18dvr: 6pTv WD 02/ A2(7 PCT/USOL/.47~19 COVPONENT | NTRODUCTI ON _
| NTO MANUFACTURI NG PROCESS THROUGH RECI RCULATION 5 Cross Reference To

Rel at ed Applo/igetsy ons This application clains priority to BC3/US1/0M6SI ona
Application Serial Nunber 60/254,040, filed Decenber 7, 2000, which
application is hereby 10 incorporated by this reference in its entirety for
all purposes. Field of the Invention This invention relates to

manuf act uri ng processes and nore specifically to a 15 process for

i ntroduci ng one or nore conmponents into a ganufacturing

recircul ation |oop. Background of the Invention 20 The mmmmmmmwwmg

pol yester manufacturing process is, of course, to conpletely, glﬂgs near

‘conpl etely as possible, react or coqﬁﬁggfﬁﬁgngﬁﬁgﬁboxyllc acidin the
reactor to nononer, oligoner, and ul polymer. It is also
comonly known that a continuous feeding of solid diacid reactant directly

"into a hot reacti QONMPONENT IRYROMECTION INPO'MANHACTURIRGA 0LRISM NI
tacky on account 25 of dihydroxy vapors condensing on the surface of the

relatively cold diacid, thus i nﬁIBRBU@iBEﬁIBQHtAHQNest er formation.
Therefore, in an effort to maintain the goal of highest efficiency,
conventional polyester processes often ut|I|ze Iarge past e tanks ' for

prem xing solid di carboxyl i c GrossiRefersnce o RefrtédhApplicationsiuci ng theminto a
reactor. For exanple, U S. Patent No. 3, 644, 483 dlscloses such use of paste
tank addition WO U2/ 6217 2 PCT/USUL/-47(1i9 Wiile effective, the
necessity for a past &hisaphlicties clhinspeasty tbRES. d’@@xtxﬁoMA\pﬁhdauaszéﬂw armount of

space needed to .proper i |, .and r p ster acturing
facility. Furthéﬁﬁ@? 65%@4@%%%%@4? @rgfﬁﬁﬁn ﬁgﬁ g??@ ers becomes
more conpet i 10i Vencopdreteday thisrefeRiNes inGR%htiFRof ﬂpﬁtﬂf)éseﬂ processes and 5
appar at uses have becone highly desirable. A variety of processes and

appar atus have been devel oped, however, these systens still contain
relatively conplex, costly designs mom@qﬂmg@nbui It or installed

qui ckly. These designs also typically require nore costly expertise to
properly maintain and operate. Therefore, the need still exists for a nore
conmpact, efficient ardisdeeentiqrelstdsde maveaghaterodestes pat wortuspéalicallp &ra ant s,
such as terepht into
2P0l yost or Poadtysn B LoRNCbREL AR bomiaERL B el @i SOGRAMR:

i nvention t her efaorerqulagon bep. a process for introducing one or

Backeground of the Invention

20 The main goal of a polyester manufacturing 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 a polymer. It is 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 example, U.S. Patent No. 3,644,483 discloses such use of paste tank

30  addition.
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nore conponents into a reaction fluid and/or process fluid of a

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

i nvent i oWVR@RMeEAs to the use of a recirculation |oop in ®EAASHIHOROIW th a
manuf acturing process. In a first aspect, the present invention provides a
process for introducing a 20 conponent into a process fluid conprising the
steps of: (a) providing a recirculaation |oop having an influent and an
ef fl uent wherein the influent is in fluid communication with a process
fluid; (b) recirculating at |east a portiop of the process fluid of step
(a) through the recirculation | oop wherein the process fluid fl ow ng
through the recirculation loop is a recirculation fluid; (c) decreasing the

pressure of 25 the reaghilddtoivedhehbdyGhr StaR ol bredle RSl 0081
pressure decreasing device at at | east one point iii the recirculation

loop; and (d) fesdhergnaaneefimpensaneder i properly ingiell pudaparatesrpdlyssier adj acent to

or at the Press%&u@a%afrﬁgﬁcp% Py eﬁm% R ﬁ)ess o%@ahdgkg&mrygeﬂogeg@ uce a

conponent into the process a second aspec I'nvent i on
provides a proc e@som@rmtbmlcomphlitiivc;gtltem&ﬁ'esimwrctopxoilapeﬁbmnn@pmc@ssmndr eact ant

into a reacti nmx re r|5| h r2(7

PCTT US0L/ e FRpiatine e oo b Bl deS‘ﬁa%’Fepo‘r BiriepSthaycentes Siphtahs o

vol une wher ei n altavé bmtdeeelqmﬂ;howwert them}rsterhegtnbdontaﬁi relivélg cafgleniceslyby a
reaction m xture ISIE‘?OE 6“ g%) i‘%‘ﬁ‘i act ant and a o;rl ester
reaction productd® ﬁtrcﬁ {iP% faed quy yon EOESIEY plAY YR FAYENt and
an effl uent V\/nel’lﬁbﬂa cbdis dxpgdlgéeabrdpgﬂy ﬂaﬁl{am ;g]dQ@g@mnl cation 5 with the
internal volunme of the reactor; is recirculating at | east a portion of the

reaction mxture thr digkfarndienseq sidl oxitts fom2 mospcommestes fficeneand icpst pol yester
reactant andjgol éfﬁét‘i\%rmétﬁ&f?ﬁ)f Bt &ctafn'tsOWcH s &Fhé»ﬁﬂ&ghc éctﬂcfax{deo‘%ﬁe"r cal@t i on
loop are recirculation fluids; and (d) feeding a secon yester reactant
into the recirculieabazyli¢ @@Cbreavmémmtﬂamhlafe%mmdmpmlmter reactant is the
solid pol yester precursor reactant, 10 to thereby introduce solid polyester
precursor reactant into the reaction mxture. In still a third aspect, the
present invention provides a proc f ! a solid polyester
precursor reactant into a reaction mxture conprising the steps of: (a)
providing a geactor ottt ffehibndribof ﬁ@vﬁé@taeﬁr&ﬁ@s féﬂn\%@ucﬂﬁn@' pa

| east a portion of the internal volume is occupie reactiron m xture
conprising a fi rgere egmperieyis intep reagtien fuid alaiﬁ@tpaoqgsﬂt}m%o’éammémrmg product ;

(b) providing a c ok
wherein the inf Ilfjr%%ll:sgl ygﬁk&aﬁcgﬁg n%n‘%}%a(?%rﬁue#ﬁﬂ%%e |H%gl}r§ {’ %Purre of
t he reactor; (c)oflaef@qlnculatlationlginatonh®aemWahpmanufactutilﬁgplheess eaction mxture

t hrough the recircul % Psttla%f)? g;e? rou 1ofnl rr&;ldegg est%rm tc%%t and

pol yester reaction pro e P EerPeurat on oop are 20
recircul ati o9 f|aonghenent tho dmcaaﬂum@ombasmg mssmpeofota) piwlmm recitdudidtion n

fluids wth at least one pr Ssur si,ng.devi.ce at. at ast one point
in the recircul abTORVISSE: mti g)anfe@'é'ﬁp n‘glegel%g‘fd?\tﬁ‘eﬂtolf %@ql reactant into
me reci rﬁul at i (Imyninﬁmﬁl:aﬁﬁh ﬁm@ﬂbrob&s@lﬁu@(b)ﬁ'ﬁﬁ‘cﬂﬁwl 3 n@s@q@m&ﬁm@ fesskE e,

erein the seco e regctant is the soli yest precur sor
reactant, to thef?‘lé‘i)gfo %%@b@{?&gh ?*&f?%rcbﬂatl%‘m W@&%ﬁgre?es& Buig daingos | nt o
the reaction ni xthtebﬁ%ﬂ thOgkebirbh 19l 10@411%@@0%@@1&1@%@(@%%& m@bre%me of
invention will be obvious fromthe description, or na ear ned

practice of %5he theeeigulzion fnigafistsp (Wavinatdesstons presyyee Wﬁﬂg éw%iartat al so be
realized and attjgjsngt ﬁ&htﬁlﬁﬁg%cﬁéulathﬁl dﬁﬁﬁ“@?f&&%ﬁ%ﬁl?&%{ {ifdSthe

particul arly pointed out he appended cl ai ims 30 1s to be
under st ood t hat I‘S@qulattlﬁélopbﬂ@g‘mnh@ og ethe plesstesiecteptingdevinedf st (D.db | owi ng

+ WO 02/ ~&RC7 PCT/d-lJéQ@}/mﬁod#%Egpén fit obt%t H586%4 Rishon are exenpl ary and

expl anatory of certdin e e 1nvention and are not restrictive
of the invention as dhaiserend asBedtcthe Presant inpetition pUiVldehepﬁlcgs&rfesnﬁodﬁcglgrae 1

e ent (vl IR IR bl iE B kS AU AP RIS k0D |

present invention i ondl
recirculation | oop according to the present |nvent|on mhereln t he
recirculation loop is used in 10 connection with a pipe reactor system



Fi gure 4 depicts one enbodi rent of the present invention wherein the
influent of the recirculaation loop is in fluid communication with a first
CSTR est ¥ORMA@6T on reactor and wherein the effluent of tRETASOI/ATEY ati on
loop is also in fluid conmunication with the first CSTR esterification
reactor. 15 Detailed Description of the Invention The present invention may
be understood nore readily by reference to the follow ng detail ed
description and any exanples provided herein. It is also to be 20
understood that this invention is not limged to the specific enbodi ments
and net hods descri bed bel ow, as specific conponents and/or conditions may,
of course, vary. Furthernore, the term nol ogy used herein is used only for

"the purpose of qRsKdihDh RAcRAEgHeATo &FROdh ﬁﬁéﬁnzﬁ vofuntelneRli® &G8Hst 4 NVeNti on

and is not intended to be limting in any way. 25 It nust also be noted
t hat , as used i rPottipa Oiﬁ@dnﬁen@h\tqlw Hwecupked bapresrtion mixtaterpemprisieg s firstjul ar

“form’ éfsa { & tarft Qﬁ% fg(ﬁ?es%k a@ﬁonrpqécﬁ{c? K@} {)J‘glhﬁgﬁ récﬂgulgt?c{}ltlggﬁ t he

cl earl y i ndl cat erw se exanpl e, ere component
singular is int émhed at influemtpnd gleeﬁlugitwimenrttyxemﬂwmipmrfhm somiRanigggion may be

d h " 30 I I
expresse erSeI QVlﬁl thi: m%}hal%gfﬁ% { eﬁ € xeacPdD r }eg%éu? tiﬁg &f)]rg]?est 8 gPﬁaﬁto g ar vaiue

and/ or to "about Pr oxi ma anot
02/ ~1r2C7 PCT/ USl:ﬂ:tleﬂ ﬁﬁ)@t&e\ﬂ&eﬂg}ﬂhehcmcmarmgéodp@vlw@n drdistpoheathieictant

enbodi ment conp fromt e on rticuyl ar v Iuead/or to the other
arti curar vl odna Sohearon it Bt et B BB oatit oxi mat | ons
by use of the ant@rerdei fluidfaud (d)@éedu@mewﬁugsatyeém readtdnt itd the BRirbgtest 00d
that the particul ar val ue forns, anot her enbqodi nent. Throughout this

appl i cation, whdpPeP: WQ}E‘IGI"GB? pesprd pptvesiepreagtant dnihe seliklarodester preesos r9ptapthese
publ i cationsigi n ¢ th%téb% b el RS Pél&@sté??;fé%@béox‘ @marﬁﬂ{t@m%%aleuommﬁsnce into

this application in their entirety to nore l'y describ he state of the
art to which this inbesillofipaspest e prqe@ltmnthlrpr@w@ssapumefsa bamtroducaraj

concluding cl al Mlif Byt Meoh5 Mi%ant b Plcdcthfh SRt OGN FRYd 4 ofS {NE

resul ting product em cal species 1n a par act n schene
or subsequent fdaymxbadinga reactor benfigurel tpdefthe@n interagiaotiingsgheandin aHedsher t he

O a5kt A0S 50053 R e DM LR T
repeat unitslsin pol}estpaiemam end a pcégﬁredfeastmrqfromm(lbb@ox&dlhgbes@&clght}mﬂbop s 15
ol yester rof er dop e B GEna e e iiybiednd ffenie B i tRmireg: or
regardl ess of wheith@e irtdigal fveRine WE me&e@hﬁe(bmdlr&uyaﬁhgaﬁteasﬂg pefibR6f fheaci d or
resent i nvent | dFABTRUIE QUL B FRAOBooRO iR Ly A BRRCA Bt ur | mg
process. To thatan@pelyesiét rétieiéh Hr8AR): Rowihg through the recirculation loop are

20  recirculation fluids; (d) decreasing the pressure of the recirculation fluids with at

least one pressure decreasing device at at least‘ one point in the recirculation loop;

and (e) feeding a second polyester reactant into the recirculation loop adjacent to or

at the pressure decreasing device, wherein the second polyester 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
elements 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




"manuf acturing process” is intended to include without limtation, any
process, chem cal or otherwise, related to the production of foods, food
addi ti vedyOhoddet6packagi ng, pharmaceuticals, agriculture, ®EIMSOI/EBI6Y

pl astics, polyners, textiles, and the like. It is also within the scope of
the present invention for a manufacturing 25 process, as used herein, to
further relate to organic and/or inorganic chem cal reactions. For exanple,
the instant invention can be used in connection with any pol ynerization
process known to one of ordinary skill in yhe art of plastics technol ogy
and the manufacture thereof, such as an esterification or 30

pol ycondensati on process. Therefore, in one enbodi nent, the present
"invention is ik dés@gﬁtYOnGdréD %Hﬁ@}l51fd7exf)lanatQ@r(;f'c&’tglﬁérhyodﬁﬁﬁﬁé%f fihen used
in connection with a known pol yester manufacturing process. To this end, it
shoul d al so be uRwRSHieR sustare Refrresriative phthe dnvientiarraselaimedg pr ocesses accor di ng
"to the present invention can conprise one or nore separate and 5 distinct,
and/or integrated process features. For exanple, a nmanufacturing process
can conprise one or nore react or Brief Description of the Figures/e embodi ment , may
even conpri sg a reactor train or systemof two or nore reactors conf | gur ed
either in series, parallel or a conbination thereof. Likewi se, in

al ternative enbodi nerftigure & depictl b fiest smbodimpiitof éesedrealition Bop geconliigye tr esent
i nvention can conprise one or 10 nore of several additional process
features such asPTePeHiRVE™AR system paste tank system nix and feed tank

system water col um,Figg&d fid RkpkY Steddditidbhtehlboainean o@ﬂieuémmulaﬁ&mrobﬁ l'i ke
and conbi nati ons thereof. As used herei n, the phrase ' @ yest er
Ry 1

manuf act uri ng praSERdme to the DsseRs dnveationylaei the rF“srCP]ﬁf“é‘h siged Bf er to an
esterificatign Woﬁﬁ&%ﬁnw@tﬁa%e%ac%%mé}ﬂe process 15 or a pol ycondensati on
process. Alternati veIPy is further contenplated that a pol yester process
according the present swéﬁ@m@moaea@mmdwme ¢ pEpgen invemtisnyeherednthef : (1)
an esterificati ogaRiPGERS re%ﬁ@lﬁ&;on%c&p% i Hﬁuﬁ"c&}foﬁ%ﬁm PR é%ﬁ

pol ycondensati on process. erefore po yes er process according to the
present invent i ogstecifinativa reactor kmbwherpin dlesesfBudnoof m@remragatmnﬂmWealsem nononer,
pol yester 20 oligQ 0 / po ) fo this end, it should be
under st ood t hat %%ggésnel lgé%{eonr‘lm h%/tﬁ EF gg?f{\é ?ﬂﬁcaP%l?’mact%r i ntended to include
any known polSester derivatives, including, but not limted to,

pol yet heresters, polyester am des. ol yet herest er am des. Therefore, for
sinmplicity, throughout the spe%ﬁ&—%ﬂéﬁa—g@w LEQ TG-S ent terns pol yester,
pol yet her 25 ester, pol yester am de and pol yet her eset eram de may be used

i nt erchangeabl y and e aII referr ers, but i
under st ood that the 3‘51"? é‘?ve %@f%ﬂ'“‘gﬁ @?0? fBI dﬁf‘?’fen%tottee
starting materi apoHowing detailedktHibe bnd4rSCthEHEs HroHAtERrSin ARG Ao wHIPONENt S.

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 terminology 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

66 &§

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.

Ranges may be expressed herein as from “about” or “approximately” one

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



As used herein, the term"esterification process” or "esterification
reaction” 30 refers to a process in which a reactant wwth an acid

functi onavOOy#628Uch as a WO 02/ -4Q&67 PCT/ USUL/ ~7~G3 7 ®CTArS0vmnTAd c aci d
is condensed with an al cohol to produce a polyester nononer. Likew se, as
used herein, the terns ester exchange process or ester exchange reaction
refers to a process in which a reactant with an al kyl end group, such as a
met hyl end group is reacted to produce a pol yester nononer. Therefore, for
purposes of 5 sinplicity, throughout the specification and appended cl ai s,
the terns esterification and ester exchange are used interchangeably and
are typically referred to as an esterification, but it is understood that

esterification oWhepdueh aeigh angPreckeonometdriddiniat Sdnffrist o Meineal S. As
i ndi cat ed above, a, nmanufacturing _ praqcess accordi _ng to the present 10
[

i nvention can cdRPIUEE veliganihrdo te gtienpastichiy value pilgrixe wWernyalieeas

"features. Ther efQpRssetitas hproMimbiichs B)0us8 6PBE atbochbif “RicRBeR aprhd@RbiRn, for an

esterification or ester exchange process to conprise one or nore i|ntegrated
process feat ur est Witbe wdansiopd thaf the paréicpryalicfenms anathercembedimang at i on pr ocess
can conprise one est gfjf, I agionr ionk Bred rpative
enbodi nent, it is possh;rﬁgga#t(ltjlgg%@g estﬂ?%?@?%ﬁ’“%%&gg%h%%’q& conprise a
system or trai n difclassiee f thessgpublinatiomsdn theirsntintiés ayeihacby incaporated by par al | el
or a conbination_thereof..,Therefore, jn another e i pent, th
esterification er %ﬁeég%mﬁ%@nsgg%cﬁa fq%%fnt%re }Ker%g)emoer%& ‘J‘Fegcéla?fe iﬂ%?nS?a;ee%%tP%r S,
all of which pr edrenalilich thisénvientidd pertdins.ormuni cati on with each other. As used
Process for form ng At G GateibesEntsn SpbIARBAnE e Bafpr Tofieg e
enbodi ment, ®W pabYieansien IRt isthe fREAERSSrodct of Wt Bigknlital tfRich ESFiticulsrvent i on

is a process for formng a polyester oligoner and/or a polyester polyner.
Furthernore, in T635HPR S§hcms OR fubRequent fornpiddtion ot sherrqab propncsegddlsss ofr evi ousl y
defined above, t{ARHRPMEGRAGS ISP oPhAGE RS AR Lhamial GO, IRfis,30e Or nore
separate 25 and/or integrated process features. For exanple, in one

enmbodi ment, t he Pampleortdkdencighirobicsidesia agalyesientpiersde onoorangisl-ycondensat i on
reactor. Howeverociyo. Hdoaia e SEPAN: TR 1ok RE whahY ARAGR S RELAD
process can conprise a systemor trafn of t or nore polycon sati on
reactors confi guseditoiprepses thegolygstarabimularlyra sgbavdadsidvasidenintalyolyesér refers
Therefore, in a } t : t] f the
present. | nvent | i onay ARCOLGE oo MRS R BHFRI feRRas RWREERTHE) | (267
PCTI USO1l - 1p61 readetionbtained by mhctinigisehackraeidpr efi estaxlihezedfmo ditain the

comuni cation with each other. In still another enbodi nent, the

pol ycondensat i orPPr8¢kss conprises a first prepolynmer or oligoner

pol ycondensat i on r eadmheprdcessfahd bishatawsof teqatsemtinwintibn éanfbie k& it cotiectivdl ymer
reactor. 5 Tg that end, as used herein, th’F &lgrm"?{are‘? | ymer reactor” or
"ol i goner reXct oFith 3y Knqwa maptactyripgprapess. §gnd, s SHBénsat i on

reactor. Althoughnan@factufifiglprotshs” fs iterile@ ROINMIRS witlRE lififtatich, AnyHr6cRkd,y kept
under vacuum One of ordinary skill in the art will appreciate that a
18

! | I
prepol yner r eact@Fmical grothervisqirelatstto e Riodagtion sf fagde doadpdiiives, f1ody grow a
prepol ymer chai pafia3Me2phaefisbch SR Rortlinke AT ARRE P EES, ?J)Bjm%ﬁ, tbxfil8s, and L O @N
outlet |length of af_)]g OXI matel.%_4 to 30. In connection thérewith, the term
"fini sher react dhelikg It js@lsprethin the sqope of the pigsanginyentionfor asmanyfasiiing to refer

to the | ast siel typhas s, aldRlKCANIAATHILOR HEARL RO HGLER bR, al t hough

not required, the sedond polycébndensation or er reactor 1s often kept

under vacuum Fueadtienssore, one of ordinary skill in the art will 15 al so
appreciate that the fd nishe eactor . picallv.used to grow. the pol yner
. chain to the desi redPI fﬁ’faérf?gedh]egtﬁ‘j s tg%tcgrrl eus;é%énc?ogp?q © gltﬁls?% her ei n,

is intended to rmipnerizatiaiprodenokmownaa ohosf drdiadry islsill Sniihe alilo€plasticsuse i n a
manuf acturing pr ui.t abl e reactor for

fined i n. h, . ]
-use with the pr &g‘gglél%gﬁgmgﬁﬁlg}gﬁ?fﬁ%e%ﬁ%%oﬁfigsg%esﬁ%ﬂégaﬁ’ﬂ‘% is a 20 reactor

t hat is conf3itgurmiycondetedtion praztssi Mhexefodd, invalcwiboihene the piesentrigveatiyn gi ven
manuf acturi ng process, at least a portion of the internal volune of the
reactor is occupied by one or nore reaction fluids and/or process fluids.



Exanpl es of suitable reactors for use with the process of the present
invention include, without Iimtation, a pipe reactor, such as that

di scl osedvOR2/4n26] 25 Provi sional Application Serial NunmbePCEFQ/SRE474640,
filed Decenber 7, 2000, and U.S. Uility Patent Application for a "Low Cost
Pol yester Process Using a Pipe Reactor,” filed on Decenber 7, 2001, which
applications are hereby incorporated by this reference in their entireties
for all purposes. In an alternative enbodi nent, the process and apparat us
of the present invention can also be used with a continuous 30 stirred tank
reactor, a reactive distillation colum, stirred pipe reactor, thernal WO
02/ -462Gr 9 PCT/ USQL/-47. 169 siphon reactor, forced reci rcuI ation reactor,
"trickle bed reaghffculaB)dseiiidhisda lﬁea&reeron%ﬂraeﬁﬁ, prbsmdRmpn for
use in a manufacturing process. It should al so be unc})erstood that it is

Wi thin the scop@™®Pt he present invention for any of one or nore of the
reactors set forth Napehidohd ififoiRnkd BURHrlR i € sbifibfe hilfifachrignt | NUOUS,
batchvvl se, or sem -batchw se manufacturing process Kere n, the
term "reacti on fpregeskes mcoi‘@rgiodmsplésbnmu%ntlsn ¢antcemgissk dng or afoer separaeraed or
nore fluids tshat manuf act ur i [ ocess
definition, Eshe drlsga%t ?onorf1 Vi eéﬁﬁ’f%sfg%?% ?@’?’famp 85’??‘3?&2@5“%?@‘?3& one
l'i quid and/ or gasn cdmpriseione eindoretrémetond or] Ras altanativeiefibodinfnt iay egas can be a
reactant or, 10 alternatrv%can be an inert co onen% 6‘5 Js also within
the scope of t h&OPPEShieast PostPRg 0 3"'9 R 6‘?? Ffogtiged ghepiocess

fluid to optionabdies, failsl bSLcEMnABon MRERT. SDikéwise, GMERRIMHVE eABodibhts, al N
accordance with thi ?j’ enbodi ment, the one_or nore solid conponent can be

conpl etel y di ssdMARSECHENE PEAGesaes accarding Ruthe Bresent MVERtONSAN CAPTESEQRE Pel v, t he
reaction fluiod ahg ef seRE@FRRIfiohhIYrétesABathiRs fich lablh I taflk SRS p@die tadlp and/ or
suspension. In still another enbodiment, the reaction fluid and/or process
fluid can conpr is¥Hen. pixzndifesd tanksysiere, wierdeinme adssetionsystem, disslatiner ei n, t he
term"reaction it Snd &Eli ggaldtcgmgm%&}sqﬁeee &f two or nore conponents
present within a givén manufacturing process. In one enbodinent, the

reacti on m xture conpwiusekhesin, tbfrplmsleépmlmmrmansfpctsmgrpraeessi’ (ﬁO‘pqxipésysfst er
Compr i ses one. onrissr s BB R R YR EOHRRIdTbeer) B UBRSEI e Mt
product. InI$ti lor a@nlybdmlen@nhophommtAltérhmveEanhs ﬁ)ﬂheﬂcﬁﬁtmmﬁlatedlmlt Bses one or
nore reactants anFI eaet | r od uet s p%]gster lﬁ cess
reaction mxtur@oyeigrqu%eas%e?rgf% er%fFSeeP Y%l nfaé%raé‘cto bl

conpri sing two f (NpircesprififfongirodessAmaHs est@RRENARES Frocdss) aﬁwez)errbodr rrent, t he
pol yester process reacti on m xtur cog)rrses at least one fi rstth ester
precursor react 2Q1Y°SMgnSation processy, ?/easﬁ’g\yesrt@zi’é‘?qewcﬁ?rgﬁﬁ& e presgeh, in
one aspect, the ipfeafisiéanibeua khdwh proceBor SirRRRth fobfestétRoMbhd, Iﬁmesieflovm

met hod and apparatus for converting reactants and/or other conponents into
a pol yest er eadligemer angjor polyestespelymorT/ USOL/ ~7~G9 10 pr oduct. Therefore,
the process of the prg§EREnd, &%ﬁ&l&@@uﬁ&rs%ﬁ'tﬂa@ﬁ@ﬁs@dh& gle "?Bflyﬁ{!er‘?f any
pol yester reaction product bove, In one e

pol yest er pr ocedsinfaaded 1oomhrde>@mm keovcfbmlﬁsb‘;eéeraftatweéamﬁlueln& Hug n@thﬂptﬁldy@st er
precursor react d f | yest er
precursor react Mﬂ@%ﬁr%&r %(nges{e? al?lglgss%&op% (ﬁ} e&%ﬁsﬁ?g&@‘é‘% gﬁlr%%ﬁ)&% F?('(tj}hat i's

sui tabl e for uselm}ﬂlcay,ribl‘oyelmueﬂleppwd'wsbore@lddlaﬁmﬂel@tbemseloﬂuestblt, pol*ycthaf erred

to as a precyrsar h it..0s cl.an est

Topcal 1y, e ik PolSbrebliad Sgbob EREratRE i e TR pleiaiE

alter na]'Er ;/ﬁl y, lage ?pmhl@drefemrtebeo apomeﬂe:;s, m?wﬁet/m{dprstobdnl&t ﬂie?pgrtifl(x)lhgl R Ej he
scope o0 e inveption far i I eactant to.be.a soli i hydr oxy

. conpound as wel P Ogreﬂeroﬁ%m%sh‘ﬁ ‘aﬂeﬁ@fﬂ’? { éwmtﬂgﬂat%ﬁ)syb%t@?yeﬁre%ﬁ?‘gw react ant

preferably corrprrm:mtseahbmkecn@@bm@ol As stated above, a polyester process

reacti on mxture can al so corrprhse at, %%gt one polyester reaction product.

. Accordingly, the "polAPdSedherqindhs {egh grtepidicetion Presesss 85 gl iEcHiopasastial’t o any
pol yest er NBOOM&EfersRo h pRkbRlin WhiclQ P ictanORitRaY adkPh&n8ity, such as a




15 honopol yner or pol yester copol ynmer conprising at |east one dicarboxylic
acid residue and at | east one di hydroxy residue. Additionally, in another
enbodi menwoQ 0246t yest er process reaction product may i ncl RE€a/ysol/ya6e er s
conprising small amounts of trifunctional, tetrafunctional or other

pol yfunctional conononers, crosslinking agents, and/or branching agents, 20
such as trinellitic anhydride, trinethylol propane, pyronellitic

di anhydri de, pentaeiythritol, and other polyester form ng pol yacids or

pol yol s generally known in the art. Furtherpnore, although not required, a
pol yester process reaction product can also conprise additional additives
normal |y used in polyester manufacturing processes. Such additives include
"wi thout i mi tati Qb HEEh AP isTond®Ab AR s aldoRBIRb Drodace LhATRR S on
bl ack, gl ass fiersf&?P€+er§,o?npact modi iers,%g%t?%x#gg%%s,(%ggii[izers,
flame retar dant d;ikevebmas uwi dereinatheteamasiey ehshangd pedcass c estpoumbimge teagtipan
scavengi ng conp L I pol J I
crosslinking ag§§@§§°8@%%%%%@5@?3%§%F§§3@§$%g%&?g@a?@?@gﬁwﬁkygﬁ%%?@?ﬁg
conpounds, bar rigroup ispeaoted bgpradicte hipolysstersuamtones  Pheatfetecfor pampbses bBs and t he
li ke. WO (12/~&R2Gr.11. PCT{ USU1/ . 47- 469 Furt hermor i till another
erbodi ment ,  Ohe STOPYIY: LVPOR BE SRR B i Prois R aHD,

Wi t hout |imitatiamg.ester gx0han@s brelfusédinitecbhenge sty andsars Gypicallp Rsfeieed s @sinflues i n
anounts up to about, up, tao abqut 50 |l e percent of one oy nore different

di car boxyl i c aciedt:,e“faif‘{‘ﬁ‘oB’rb“ﬁH‘i Wdﬁﬁﬁﬂ% t}ﬁbgﬁtﬁlfﬁb'b‘morf?étemcéaﬁ%fi@??ﬁfls WYWlone or
nore di hydroxy GRaR@HAgmagmaR. 100 mol e % di carboxylic acid and a 100 mole %
di hydroxy basis. In certain enbodi nents conononer nodification of the

di carboxyl i ¢ acid corfondipated abrue, @imApafasiying Biepess asrording dbapeseat vi dual |y

of up 10 aboy ZgyeRbidionttRis! fhoARGH bephmid RldR i BEpRERL Babigl, Sui tabl e
di carboxylic acids for use Wwth the present invention Pnclupe 10 aromatic

di car boxyl i ¢ aciThergieref ibisatithjn the g¢apg ofthe present iyentinm far amasterificatiohar peer

di car boxylic aci r [ i 4 r

cycl oal i phatic di g%@ﬁ%k@ﬁ%?k%%ﬁ \sﬁsgfg[gfoéﬁlg r%ét%gg&gﬁgo%ts%)%g&‘ﬁégbg%%{ﬁm Fbms.
Mor e speci fi cal lig onezmabglilmentodn esterifiedbior prbicesa clroxghprise ané ekterifinatiomdeactor.

terephthalic aci hthalic, aci.d, | ht hal i ¢ _agi.d e e

naph hal ene. 2. o1 Seh aEt fcGlF et BOBRL ReRfSion e srierSoatioppropess o

cycl ohexanedisacelohfpris€a shsteth @hiaiydredtediication tlabwis)ohfigired i, series, parallel, or

di pheny- 3, 4' -di car bqxyl. c a%%?, succinj c acid, glutaric ach, adi pi ¢ aci d,
azel ai ¢ acid, séfErnation fheregf. Therelore, Rapifyr exppadineat, thegsterificatioppagess

sui t abl e di hydr axyy SRR BFSor3R6:e belbrifibatich fehom, BT WhidhPreftabRard AGluide
cycloaliphatic diols preferably having 6 to 20 carbon atons or aliphatic
di ol s 20 pref er HIPYHUGRHIPRyWHEh e3chathegar hon at oms. Specific exanpl es of such
di ol s include ethyleng gbyaQbin, tHé REAYHERONINER” it ii&labY teRRr B angol . 1,4
- cycl ohexane-di net hanol, propane-1, 3-diol, butane-1,4-diol,

pent ane- 1, 5-#l ol knowapreresstostognise an alignyess eyd/gfl pelymer. For example, in one

3- net hyl pent anedi.al - i, nel i , . Lo

2. 2. 4t ot hy! pont adgt poP PR EBERAREL Bhly & Hapesgpt imenton s

2, 2- di et hyl pr opamecess for frmirg)a podEsieesdigomdi aid/qr e, pB)yester polymer.

1, 4-di - (hydr oxyet hoxyy) - 202-Di $- (4- C ne,

2, 4-di hydroxy-1,1, 3, ﬁ“{@?@éﬁ%?‘hﬁ}?’?%@%@%ﬁ? gﬂéggr%&!ﬁ &8&%&‘}{4 are‘H&%Bﬁ

t et r amet hyl cycl olefinedasbvelthe ghlRohdensdtidn pytes ot blhoxammihesn ph eanap acparate

2, 2- bi s- (4hygdr oxypr opoxyphenyl ) - pr opan i sospr bi de, roguji.none, m xtures
t hereof and the %’B{é’é?ﬂ?@%ﬁsﬁ%ﬁ# %@g‘%f %ﬁr WP%QIIIOPP PH‘%%‘ 8'1:’ bl e

di carboxyl i ¢ acipgblyenynedtivh prdces|chs Corprisbsiie polydbidehiation reatef il éwever, in

di carboxylic acids, alli, hatkﬁ.dicg&ﬁgf li¢c acids, esters of  aliphatic or

: i
- aromatic di car bdRATFTmatys gebodapgn, OBFeNSAUOR REACPSS CBP CUPRYIE fiSEstem or

di carboxyl i ¢ estigdis of @t Mok plRonidestRAfreactons QMBS @lieRBY) baralld] of &
preferred that suitable dicarboxylic acid conononers include aromatic

- di carboxyl i ¢ aci@&begrrsicy Helator. 18 asecond euhedimrntsaths pelycendenigtien ¢

di car boxyl i cy@aci gGacdls 6f RE plebont MOMIHIRE cdh dPhpkilesRbRP hodd onfdnsation

cycl oal i phatic dicarboxylic acids preferably having 8 to 12 carbon atons.
To this end, nore specific exanples of suitable dicarboxylic acid
conmononers i nclude terephthalic acid, phthalic acid, isophthalic acid,
napht hal ene- 2, 6-di carboxylic acid, 10 cycl ohexanedi carboxylic acid,

cycl ohexanedi aceti c acid, diphenyl-4,4"-dicarboxylic acid,

di pheny- 3, 4' -di carboxylic acid, succinic acid, glutaric acid, adipic acid,
azel aic acid, sebacic acid, mxtures thereof and the |ike. Suitable

di hydr oxy conononers include without Iimtation aliphatic or aromatic

di hydr oxy conpounds and m xtures thereof. In one enbodinent, it is 15




preferably having 6 to 20 carbon atons or aliphatic diols preferably having
3 to 20 carbon atons. More specific exanples of such diol conononers

i ncl ude evayereérs? gl ycol, diethylene glycol, triethyl ene gIPgOUIS01/27449

- cycl ohexane-di et hanol , propanel, 3-di ol, butane-1, 4-diol,

pent ane-1, 5-di ol , hexane-1, 6-diol, neopentylglycol, 3 20

nmet hyl pent anedi ol - (2, 4), 2-nethyl pentanediol-(1,4),

2,2,4-trinethyl pentane-diol (1,3), 2-ethylhexanediol-(1,3),

2, 2-di et hyl propane-di ol - (1, 3), hexanedi ol -§1, 3),

1, 4di - (hydr oxyet hoxy) - benzene, 2, 2-bi s-(4-hydroxycycl ohexyl) - propane,

2, 4di hydroxy-1, 1, 3, 3-tetranet hyl -cycl obutane, 2,2,4,4

tetranet hyl cycl QQ&&&E‘%ﬂ'o‘?kvhw%,a?é)ﬁréfefaﬁrehﬂﬁﬁl@&ﬁﬁ'&m}%@m&ﬁ bacROBRAN G, still

2, 2- bi s- (4- hydroxypropoxyphenyl)-propane, 25 isosorbide, hydroquinone,

BDS- (2, 2-(sul forﬂ}ap\gmsgmb@rpm mheqon@epyanos@mchm@mpnsqmaﬁrstme@o}yh@r ebf and
the I'ike. While 3Gl R56RaARRiOARBRIR i borh MERIER KN d AR LN 1 8
applicabl e to any~“manut acturing process requiring eln Ion of one
or nore conponerpodymartreactorr eaction fluid and/ or process fluid, it is

parti cul arlysuseful f r %I ester,.30. fac‘tu ?yg%?r fﬁsses‘ To this and,

preferred polyester ac lfrsluﬁeélhﬁ?edléess%rén pr 57" Péﬁ%l/ ~7-169

13 include, but raeroe)rhcstmfehdadttechféroo aﬁf@pﬁ§meﬁs®ﬁomﬁuﬁra@ﬂﬂnbhg1gldﬂ0ﬁ0 and
copol ynmers of PET, .PETG (PET nodified w nononer ) aromatic
or 11Ut oryst ARG G5 PES BRGeadsi e e APL T YCrEy Dnestentngd ¢ hose
conpri sing but angii @lthe aﬁﬂmwfb@iateqhamlpéeparydxea%aemls@ﬁeﬂ »without limitation,

pol y(cycl ohexane- di net hyl ene terepht hal ate) honppol yner and copol yners,

homopol yrer and ¥&h®) lywelhs Z9F aamenalyegs ghain #emwﬁeewegtb ﬁéﬁameapreamm| at e,
al i phat| c- armatug,ygpg,ld{ﬁlgﬁgﬁgﬁh offpfrotrtdidly @30 sdrer eof . As used herein, the
term "second pol yester reacta Is intended to refer to polyester
precursor reactant tHaconnsciiontheelvigs dheitermo “ﬁmﬁéelpr@agterstoérp%yméwtor egct i on
10 mxture via tlﬁgd glhﬁscfﬁ LeAliddAn r4£29B the-ll-gﬁ‘:fnﬁﬁ‘répghq \%Pl}lﬁ&ﬁﬁgﬂsaﬁ&%:%c%@ﬁ IS
preferably a soll yester precursor reacta I's typically a solid
di carboxylic acisdsteﬂfiomm; althonglamtaetcplecd;alta s¢eongipobysiomiensation heﬁmﬂmond

pol yester reactant can L i eferred t ) so t hat
it is a react antaf %céeds ?g Iur{%ﬁr Vacm Fs'fr{hemmfo’ Ri ogorgin&ry R‘tﬂ’Ial # f‘
under st ood tlfat m%ﬁu@ﬁtm&dhﬁmhwhﬁﬂﬁfmmmﬁamq@ﬁﬂﬂy&ﬂﬂ&@gbwdﬁﬂp&ﬂm&ﬁmmﬂy one
or nore of the q%ﬁg! 0X 5 preV|oust set forth herein. However, in
one enbodi nent, & ﬂﬁ reactant is preferably solid
terephthalic acid. AsTh¢3&th h@fcﬁblrnas a&eehéxernms 1eMuRa feRter té Snyl Kib® A @@Btof O

refer to any reactant, jnert fluid or. solid additiv ormnorrer cat al yst,
col orant, pi gnerfati %@{’le Teryse m a ygpnplacturing proggss aﬁﬂﬁ‘n‘e‘?efliﬁe‘%

viscosity, meltiggaieidabior B udARE tho pRSSH afd sipatabis@f the%Qeseﬁttm@mlaﬁ@h
stabilizer, flane retardant, reheat aid, acetal dehyde reduci ng agent,

oxygen s cave?dberre%ggﬁbat igesmiigvred io dsfing ancintesnal voluma g hagiydusing apy given

pol yf unct ional B anelthihedaslsa 1&%}0@&0&{mnmwauﬁlaxfﬁle%a?foped her ein,
UV absorbi ng agent, barri i nprovi ng additive, pinning agent

magnetic pr opertcice@1¢d)by éne| gymeoxe reaction diids andfon precess Reids.To this end, the
term"conponent” ref %}éﬁmﬁa%sgp%ﬁﬁL !re%toé?o}ﬁ Wlﬁi rgé’e%s EH@FLI%& £ known f or
use in a given manufacturing process. ry S he art wll
appreci ate t hat iUVmItipeiarcllidomi(ﬂmﬂ]imitama, ﬂ(}blpmmﬂet, suoésas that érs@oﬁeém UfSl ow
rates, etc.),and, materi [ r mh features
(react ants, 2053 (rjPerngflgﬂ%l (l:lga%%n rli\P ?%g(}é% @gfl gece @ﬁ@ aﬁ‘gnt S,
etc.) are those ItI)%pUﬁHﬂleate‘nOApphcaﬁbrtmEa ﬁLd\@COﬁIPblyfeﬂér Rrb&scb’ﬁiﬂgmmpeat e 30

fact uri . der st that t
T o oP REERR SIS s 7, g Fhi2h apightions B RC MPTPRI i 11 be

readily avail ab|tﬁ1sQéfeﬁhE€ithhéileenﬁ¥Hu€é AL Burbbics UG inTaReiink i eid@indiE iteat i On.
As stated above, the present in ent| on provjdes a process for introducing
- one or more conpSAEEE G appyals Phife pregrRt ﬂ"ﬁ‘?tﬂ’nﬁﬁ’ai"éﬁ’ be,ps5d $dd arcoplingogy g

manuf act uri ngh 5 $iRE ek redviir S BREGE HiGIRNEbY colhig, %@&9@% r&ctok,NBerRhES ENt
invention pertains to the use of a recircul ation |l oop in connection with a

manuf acturing process as previously defined herein.




Accordingly, in a first aspect, the present invention provides a process
for introducing a conponent into a process fluid conprising the steps of:
(a) proviOg4e@610 recircul ation | oop having an influent ®Cd/ER1/d7469 uent
wherein the influent is in fluid conmunication with a process fluid; (b)
recirculating at |least a portion of the process fluid of step (a) through
the recirculation | oop wherein the process fluid fl ow ng through the
recirculation loop is a recirculation fluid; (c) decreasing the pressure of
the recirculation fluid of step (b) with ap | east one pressure decreasing
device at at 15 least one point in the recirculation |oop; and (d) feeding
a conponent into the recirculafiion | oop adjacent to or at the pressure

decreasi ng devi Ggphgh r&kbRP, 6:62d rebifeuldldh S¥tof, MidkRMEIG e R tdr UHAARE Btherl B Rort NE

process fluid. In a second aspect, the present ilivention provides a

‘process for i ntres&achongeghagisn kpopsifgraise sva prafutymg nreages dhshouldabso e

~invention can cdRPPPURIE canvsrtmgsras

conti gured to dafneay Aerd P bRl kEbrecth KA B0 S5 A R | 1
i nternal vol unme af gheggaatgrs sad farih heraimtodteiconfignired for esedn rither 8 icomginaosi r st

pol yester react g R t ct; (b) providing a
recircul ati o%cl gd%%hﬁ'gg\;i %gsglga{wﬁﬂjfkﬁ%ee[ﬁnﬁaaﬁhl?@ﬁ%éogg#'uent wherein the infl uent
is in fluid communi catsused bdr¢ih, thérerm Ftebaiondhuid’ o Upecest fluide isristantedno (C)
Feci roul ati on | a8 M ar RO PteiirRs YR pRdgv A O UL,
reaction productBy defitftita, thb teabiith flui@ardRs ipksodésaluidEorhRREs AN@stdR6 liEa! ation
fluids; and (d) ff‘{/edl ng_a secont(éll pol yester xeactant into the recirculation

| oop, wherein t f8YQE8HNEO Hut §rdsthe pt ledshenedinuid andfop gassen be a pescipaisrer

precursor rect aifbmalitely,REE 6O 1h60H2 <}S 6ntS at isAsBNithEShe Ecogé e ﬁl%ﬁen'i eact ant

into the reaction m xture. WO -462Gr7 15 PCT/L1S(11/-47-43 In still a

third aspect, tHevepHeR e reaqienilyid andiergwocgassiid pr atienallyfeomprisnansgugiory a
solid polyester BfecshSRents 8AFEHRMh abd@infe '&/gﬁlﬁﬁé Jaintd e GRBPHopd N9 the
steps of: (a) providing a reactor configured to define an internal volune
wherei n at | eastsold pempadnent coh be ¢rnpletely drssdlvedoto pryides lwowgpioss miytuiz or,eact i on
m xture conpri si Jhr est t apt..and, a_pol ter. reaction
product; (b) provr di ﬁ%él}é%ﬁeerg?ci&g% _%’t%iag‘?n/"{@g%“%g%d%&“ A @Hﬁ’?ﬁsﬁfm?ﬁd an

ef fl uent wherSei ranti/oe suspédsioanin st8l anothét enmtsddimsmniin readtion fluid dnbl/of pecdsat er nal
volunme of the reactor; (c). recirculatin t.leasf a portion of the reaction
m xture througheffuﬁ(i:cafnecc? lﬁ?%’iefl%}?nl%ﬁre\%ﬁgf’@?eﬁ%?#?&fi rst pol yester reactant
and pol yester reacti o pRedkhich, thd @ith NGadtioh aiglire’ Refefs@€ h inEkthdof &b dro0p ar e
10 recirculation fluids; éd) decretgsi ng the pressure of the recirculation
fluids with at ["8FOBRUCHIRLESHY & lTA &egﬁrﬁgpu@émr@gpmces&t 1¥¥st one poi nt

in the recircul anibedinedfthe reition MixthReREnPEsed ofeEANGte PALMAS] REL 4s8ACt ant into
the recircul ation_| oop adjacent to_or at the pressure decreasing device,

wher ei n t he PecdREyepiet Brecireor reagtaph dmen slierqagixe embodimpny; the raeion IERER sor
reactant, to thep,eRYisdsinb BAMER r&RlibpBRIE Sichas RpEGEIG HachiSRFbARE. t]ho 1 nto
the reaction m'xt_ﬁ]?e. As used ﬁereilﬂ? a "reci ra?:qur?i on Iagolp" refers to any
means for recirctillanpther emboflisest, the rpastien wikiege campises pheoer more regctants vt
process fluid C%E%%Hn%ﬁhﬁéééﬁﬁh oRfMs. 91 ven manufacturing process, wherein the
recircul ation | oop turther COE’DI’I ses an influent and an effluent.
Furthernore, it shoulAd“isdyestatipessorsdctionatixtute®, ssaioptheadin,trbfersgo e saantion20

i nvention isyznot_.lim f irculation Loop but
alternati vels‘zy5 co%@%s%%%&%ttgﬁﬁg%&e rcl’%yg&grsﬂ rgé;‘]e>§s Om%%%nqsr'm#neor@eci rcul ation

| oops confi gur eccnibodsmmt, dise, pohestat pretesoreadtion mnkiuredonmpmniséshat teasifone fist t hi s end,
it should be undeystood that e inf recircul ati

h | f | be i
Flutd communi catPBR R TRy TBRa R e oy REr Ao g A etnsg 7 1"

features of the diaasgeal thepresent pivestiHiSis elvigidiea for 3¢ &ithafy Rl thdd/anget
forth herein, suitabl e _manufacturi r;g pré)ceslsjes accordi.ng to the present
aR15387/a% YOS FAMBPRINYSIRD 2 PRNGT B TR gr at ed
process features. For ‘exanple, a manufacturing process can conprise one or
nore reactors or, in an alternative enbodi nent, nmay even conprise a reactor
train or systemof two or nore reactors 30 configured either in series,
parall el or as a conbination of both. WO U2/ -4@&67 PCT/USUI/.17-4&@ 16
Therefore, in one enbodinent, the influent of the recirculation loop is in



fluid conmmunication with the internal volune of one or nore reactors. Mire
specifically, turning to a polyester manufacturing process as an exanpl e,
in one erbOdeMedt, the influent of the recirculation | oopPsarudov4i4a9f | ui d
comuni cation 5 with one or nore of a first esterification reactor; a
second esterification reactor; a prepolyner reactor; and a finisher
reactor. In still another enbodinent, the influent of the recirculation

| oop can be in fluid comunication with any one or nore | ocations
interniediate any two reactors or other pragcess features. For exanple, in
one enbodi nent a reaction fluid is introduced into the | O recirculation

| oop from a pol ycondensation reactor. In another enbodi nent, the reaction
“fluid is introd igfd cation
reactor. In sti Ili?&glﬁ{omﬁgg%ﬁﬁﬁ%&yL%hgﬁ?éggggf%%(ﬂ?% ﬂﬁdgﬁ%rﬁﬁ oduced into
‘the recircul ati cfnnmmpOfarUmOI)@sthrlawtreBpmduﬁn cation reactor and a

pol ycondensati on reag{ i g{m t...the infeed to the
recircul ation | oop i S%S%(E)a%edf ?H\% T &lee 'b§d1 e? ;Beg'eswrapﬁofés re""%er 8% i on
reactor. As prewoomsbes atliesst ossihat Iiméyastenprewrsmmea‘cmt UAdcngling to dlesisesmtion,

accordi ng to t he, p& sen invention c furth e or nore

addi ti onal fﬂ’é)sher h’e%lgr ReGHsRT ’Eeﬁ?é‘n‘tﬁms §%T%r os ﬂgéﬂf"{"adﬂfk‘/ LY CBMPOYRY  and
feed tank syst er’that\wéu&ablé:ﬁiruﬁﬂm aABREP prodessyssdeified ldslréiﬁl It ligrefemrad tmdstarm and
the like. Therefore, it so within the scope of the 20 pres

i nvention for tHECPRPT t“d?af%'éta?té’é?drf@d?aéﬁﬂ%?rqu@éﬁﬁf i it o
communi cati on Wgolyestsi ]])r@cﬂ@soﬂea@@xﬁtﬁs fftuidhe, aﬁéﬁhﬁmmdheafee@@ﬁe%a%aﬁures set
forth above. For exa in one embodi nent, the influent of

recircul ation | dwe}/%n it alsoTithin Berieane ehie grveniiqnHontheifisst mﬁnantsty b@ aaelidro
this end the | Hilyafiky Bhpblif o &1L SRIBIaRRAR tfAfstiRielel frtkuor

comruni cati on with any asBect or teature of manuf'acturing process
provi ded the i nftkaséant piefrably dompridestipiensigligol.on wi th at | east one reaction
fluid and/ or process 4l LP nd/ or
spati al arrangem&*nts‘&*gfsu@l;t gb??\e?}h&%?gt&tp%%%sesf %ﬁenb%(tﬁl%%e%ggem I‘pg{l%? ion

| oop can al so bdeashorfelml}{dstmuﬁmtmn pmduminAwotdmgy;yh@‘rp@l}@stemamopprddha”aI ong
t he manufacturin ref ore turnln to a po

manuf act uri ng pr gélges qleé %?ﬁerseééi‘%%lyéﬁt‘?r R ‘éﬁ%’&% ﬁ?om?rh anymeﬁer

021 - 1621r 7 RGT/ Uﬁhiobélyhﬁr &ﬁﬂlybitexefobblyﬁlﬁ cohipdising at Radtloié dicarboaylioaciat i on with
one or nore of a féﬂ? I’Iflcgﬁaf on reactor; a second esterification
reactor; a prepdfy ra“?ié%ll(?‘l‘sf)?ne TP her reactor. In still another
enbodi ment, the effl ugRttiodlly, htunbes érﬁwdﬁhén@rhﬂo%@@teﬁﬁﬂcé@@rda&mfn'ﬂ%dﬁct
conmuni cation with any one or nore points intermediate any twp reactors or

other 5 process IT‘%’aPP‘E}F‘éﬁ'SPOIWB‘ie@W@PHS‘P&S@% ] 3ot I‘i‘éﬁ‘m@}?%]dfeﬁ%ﬁf‘cm@h]é’

effluent of the Jtl?e@bﬁl?ﬂ]né‘ﬁdrﬁﬂcdn%@m@l%%r@ééﬁﬂqbfa efits] Aridfch! bfagemwa%reaisl on with
one or nore additiona rocess features set for herein. Therefore, in one

enmbodi ment, 20nhe sugh 4&}%1@111@&%@% tiimethylolpenpang mrz@meanncmnhychldm X tank-

system In acco ?ﬂﬁﬁ%

invention, in or‘lui'1 ﬂﬁgﬁﬂ]\rﬁ%&l g" n%ﬁ;{%?pﬁg%te??gﬁn tlltg% Oﬁgdﬂ] cgﬁﬁgg} ?WI%W
recircul ation | db@aranﬁilrﬂiem@,@ﬁh‘t%b ngenegiiedt apdlyestep process seagtiont fredusaean poi nt
where the recir f Ui r action
process. Alter ngat&go\a/céing,ﬂsetelr?glh?gg;gg‘?:lﬁ é;Stn:O% ﬁdslg%%aﬂé ns%{(lig%guttf%%r{n circul ation
| oop and r e- ent grodebses. n&whfaddiﬁmsiimguq:cmﬂmstshmitatmnycaMysm ccﬂomhs,rtomqmst ream
and/ or downsjream fr 00p.. To this end,
15 one of offéi PGl b b AR ety fill B RouernpioBfBiten o ocese
condi Ej i ons, ﬁ starl])llizfaisuﬂaiﬁe 1i8mfﬂaﬁfsfﬂehlﬁﬁhldé ,acailiehyde rsaaﬂ?]@&)mh mml &Rfkeh N
accor dance vvlt the particul ar acturin rocess throu only routine

. experi ment ati on Sﬁ\%veﬂéﬁ%lc‘?‘?i’oﬂlﬁ@s g&g‘l"?tﬂﬁ“?{)‘?{ &hglgefﬁﬁ‘gﬁdgﬂyfl%? R, it shoul d

al so be under st qeshskilkidg ASnth BMoNGH&E, hydioRPcalidRy ¢ adil BVIaBasbingn f ! ui d
and/ or process fluid fI ow ng .20 throudgl the recircul ation | op, _are

“referred to as "PERPRdS b&f"i“’éﬁ“?‘]"&’i“ﬂ@ tiveseSurla 8y Flétﬁiehﬁqr@fﬂeslaééﬂwdﬂ‘éf erably
conprises a neans for increasing the pressure and/or velocity of the
recirculation fluids flow ng therethrough. The pressure increasing neans is
| ocated internediate to the influent and effluent of the recircul ation
Loop. It should be understood that any known neans for increasing the 25
pressure and/or velocity of recirculation fluids can be used with the
present invention. However, in a preferred enbodi nent, the pressure
increasing neans is a recirculation punp. According to the invention, the
recircul ati on punp can be any punp known in the art, non-limting exanples
of which include a centrifugal punp such as an in 30 line verti cal
centrifugal punp; positive displacenent punp; power piston; screw



WO 02/ ~&G7 PCT/USIII/-47-4& 18 punp, such as a double ended, single
ended, tinmed and/or untined; rotary punp, such as a nmultiple rotary screw,
ci rcunf eMeQR/4626pi ston, lore, rotary val ve, andlor fl exi bIPETHENDETHSY | et
punp, such a single nozzle or nmultiple nozzle eductor; or an el bow punp. In
one enbodi ment, the preferred punp is an in-line centrifugal punp 5 that is
| ocated el evationally below the influent to obtain proper net positive
suction head ("NPSH'). Once the recirculation fluids pass tluough the
influent and the recirculation punp to incriease the pressure, it is
desirable to decrease the pressure of the recirculation fluids-at |east
tenporarily-at a | ocation dowmnstream fromthe 10 recircul ati on punp. The
‘advantage of decr easimighdrh8rdd i%ifhShérenitRdinlal, 1R {8 ester HBIRORGA, such as
a solid polyester precursor reactant, can be easily directed into the
‘recircul ation | dupsuctingy ftberineladeo pithows limitetions alpabyewer rideomprAngG o
decreased using : I r el I ine. In
alternative e%o%%ﬁ%%‘ﬁgﬁaﬁﬁggﬁﬁég@k ?Igteonc{bgéﬁpcﬁ?lgp?rg%& F ﬁ)}%&g is
decreased by usimge diffeseht dicanboxydic acidh am oraphiasistueny toebntthdimolopartant of et ;
and/ or injector. _lLn one odi nent n ed or,is used through i,ch at
feast a port ion BF ot FE% BRI PRona pf G0 Pt AR SR b Thi s
enbodi nent, the maleies dihydromtyl tasa. & deghin entbodinents@omshidmatnicisfidadon of the essur e,
at its throat. 20 For best results, o f ordinary skill. j.n.t rt will
2\ 50 appr eor at o QMO G CEORPTER: BF Ay SsrLbTuBer ot farbdrdifaiallidb ' |
have a gi ven " NRBblit 2376b1¥% 9€ Of td abolitEiGUhs1eay BégRemeédlg on the di nmensi ons,

mechani cal properties,, E\d other specifications of the particuylar pressure
decreasi ng devi ce us@Hitablgdigarhexylie goidsnior uerdiith e Breser inyaRtiggdndvde; he present

i nvention i st hergtidc didarBRyRPicRdsDréteatiy hdivg 8 %o PRINGR MRS aRSRAS Ur €
decreasi ng device and the "KIPSH‘ and vi sc05|%y properties of the desired

manuf act uri ng prdivaekoxylic rdidsgpreferably deving 4 4e 1 heareoteaigins or exslastiphatioct ur ed, the
eductor will hav i y Vi } i t ich it
provi des the besfca?%(g(wtfegsb.lds rég%léﬁmq‘gﬁgg?ﬁo%%\ngﬁmgsﬁgﬁ SPénc?té fe art,

ei t her experi nerexaiplgs of sugahde dicarhbyic avwids lindhele3¢reptithadictacid) phttadie atithe poi nt

or points in any._Qgi manuf I NG process. whar e e 2/ (267

P! Us(1 1/ - 1p66" 18P H RIS St REREF MR Selhirme R [ s at s 1
t he requi r enent sytlohexahaliediicciodd, 'diphbedd,Pdichboxgdicaeid] diphagriod tdiatbonylih

feedi ng additional, conponents, such . as.a solid reactanf,.intpo the

oot roul att on | dBg: SEEREER: Eetare Rt Fibel B A bRkt S mNRES ai nt s
mayb: irr:t t he awmré(ﬁ%h&itﬁemke,f pl aci ng thfe ed:Jct or OE a :ci mted 5 nunber of
viable locations within a manufacturing facility. Therefore, in one

embodi ment, the eductdfeaie: SRR dpdexy, F@n%@ﬂ%&mﬁglgd%mednéese%m@@twn

speci al | y manuf agdiideadclodfiphdfi®dioR prefBably havih@b té BESbdA bt dHaliphdhie diols
pol yester manufacturing process. However, in an alteniative and nore

preferred emfodimseiblyihasing ddp £¢ earbon aoms. | Speaisic eramrle Rfsuchdiols Bl di £ i ed
in order to obt a1ghe b caY G{%ﬁﬂYen@‘g%rBolfitrﬂth‘yféﬂe BSSHE Syl hb8RS RgkadaYi, Ce.
such as an eductor. As 'such, one of ordi nari/ sSkillTin"the art wll

appreci at e t hat m9papedidftdiphbutancel .frdinbarenianes 1 dfdielpkexanec].6-diglat i on 1 ui ds,

any given educt | a . Qi ' | J1° Ir'i ng
process thus ad%eg%&%@ﬁc&%é‘%é@y&%rgm f%(% ’%ﬁ%ﬂgﬁrl%égg%%dlgm F@)’%’?on to a
manuf act uri ng f ddimethylpentafie-diol-(1i)s2-ethyllhexanedipl-(d 3er2.2-disthylprapare-diob (I, Hul at i on

fluids can di f.i al tering. the, vi Sjt / vapor. pressuyre of
the f1uids. BuonehairiiHCr bAs Aot S P EBs R EP Sl BTG The
tenperature of tpepanedcd-dibpdokyHl A, 33 dtramethylogebutiha)22.4¢ndl or by t he

addition of additives, i.nto.the recjrcul gtiqgn | . JThe viscosipty .of the
- recircul ation f Itﬁ?ﬁgaléyéwcgoé’“%ﬁﬁ{“ﬁi %%?lsf(gﬁyg‘é??ﬁg‘?%w%ﬂ%“%r% Ftkosity,
by raising the tigdpssplops:ephddl)Progayie,figsekibitg, iy dviuinat, nyixflas tieadif agd
additive into thg ﬁggirculation | oop. To this end, in one enbodi nent, the
- viscosity can behf red by preheating an additive, such as a liquid diol,
prior to entry into the recirculation |loop. In accordance with this
enbodinment, it is further contenplated that said preheating can further
i ncl ude a phase change of the additive. Therefore, in 25 one enbodi nent,
the diol or other additive could be heated to a vapor phase before being
introduced into the recirculation |oop. By heating the additive prior to
entry into the recirculation | oop, the tenperature of the recircul ation
fluid increases upon entry and m xi ng of the preheated additive 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
WO U2/ ~62G7 20 PCT/ USUL/-Q7.469 recircul ation | oop. Furthernore, it should

o o o e P T o e



15 an additive into the recirculation loop that is known to either increase
or decrease the vapor pressure of a fluid stream By practicing the present
i nventi onyoiedemt | al so be understood that it nmay be desi Ped/usol/aay t he
recirculation | oop apparatus itself. Accordingly, a suitable heating neans
for the recirculation |oop can take nunmerous fornis. First, the 20
recirculation | oop may be heated by a variety of nedia, through various
surfaces. Induction heating may al so be used. Mirre preferably, the present
i nvention provides heat transfer nmedia ("HRBM') that are in thernial

comuni cation with a portion of the exterior surface of the recircul ation
| oop along at | east a portion of the recirculation | oop between its
influent and ef fl uentg; ] f -0 AHE ri -he
entire outer dianeteﬁhg%hfﬂgﬁgg?g%?§?Cgﬁﬁggggég% &%égg%%hsugstéﬁgﬁgr?y t he
full length of tdiearbaxylie anidsaeliphati¢ diopboxalic e¢idnestere pfaliphatict orgzamadicso be
"added by inserti . h . j A COAPO into the
recircul ation |é@%?&g?hcg?%r@ﬁ§§%?ﬁ§?a@%%@%gﬁ%ﬁ?gﬁgﬂﬁeé¥9@§¥ gﬂé@% can be
| ocat ed i nt er nednixtpes3Bertdfe Ineoe embbdimennit ispogferradhtbataiitabledhdicariexiyicadidt i on
loop is in different secti and .each WO 02/ ~&XC7  PCT/ USOL/ ~7~(9 21

ef fl uent from oncém%og%]P?rSH’c?'@%%o&wtnﬁggﬁré’ﬂ"%}lcﬁéé% p’%ﬁ(’fﬂ)% Ving 104 £AT0PR
recircul ation flawrms alighatic dieedbxydkabids geferably Ravirgd @t1e chiben kel Sdul ati on

| oop systemis especjally applicable if _an. unjacket ipe for js utilized
for the recircuﬁ%gﬁ%hﬁPU%ﬁF"ﬁq’ PpﬁsHﬁﬁ?ﬁ%#m%H§§HPﬁgﬁg@B%ﬂEWBMEQQU%eating
may al so be usend, Motk @pstify exampRb ¥f dultebla didhibbA R laciaRBReRRRSinckdEn as a
solid pol yester precursor reactant into the recirculation |oop, a feeding

conduit is used tensathalicacid, phtbalisacideisentihalip agif japhtbdlerechf-dicerberyligiacids t he
recircul atiofy | idg1oRaRGRMbiChcidlyd] SetlcQkid! SNG4t hEpSgasur e of
t he recirculatiéﬁ'flufds. The9%e§?Fe% 9§g%$§ﬁtgﬁkgx%egyg% gréhdfgggﬁed into
t he pressure dedcukdiphenydbdrdiearbaxylie paid.sheciniaead,ighuarioeide adipic atidt 4zelicl i ne
fiorn the decreagged, QS§§H&%qﬁRm%qﬁa&ﬁ%h&ﬁ%lﬁgiOn flui ds devel oped by the
pressure decreasing device.” The eedlng condurt also includes a receiving
end, which is oppos ecSuit@l@ diéydtbxx:tmmyemrsdnclﬁcfe witeirlevitatichelifledbng condui t
el cct vel y f eodren g o Rp Sk B e BB 17 P BB 8BCor dance
wi th this enisodiprefetred thhtethkistnitdbld dibdusxs cimohdirers aetlida gycoadipkaticidiola sol i d
storage device, such a silo, dust collector, . or bag. house in fluyid
conmmuni cati on vviprr?‘rg’ﬁah@ﬁ’ra@é‘g o9 Y caéﬁ‘?i’ Ppms ﬁré‘tllpéaé’ﬁidﬂ‘fﬁs W%f‘?&%& haymg 3 tf’gb
storing the conpafmtatons. QTP epRifceximplbEof sach dibk RnioAeméE:S Gichde kalyiead | oop.
A solid netering_devig¢e, such as a rotary air | pi ston and val ve

ock, a
(hopper), doubl es¥ealiiethyleneiedicols Girfsyase ,gYMSP’(’)MZWCiobﬁ’F@,“e@m?‘F@OL PRP2RNn al so

be located in comimdpl,batahes, Ahibihpdntie I%-4id), 85,QhA9S-HAVhdoBe tﬁFl EQCHI ving the
conponent fromthe solid st o&gge device. A'third feature of F}{e t eedi ng
systemis a 40sdnsthylppiizysdiol@etie?-mefiirenigngdipld b aimegyngntape-diok sol i d

metering device @ zl,eﬁ%tﬁﬁhé)danw,@%,QQL&iQtﬁyl‘Motthet-cngl-@E3§,ﬁﬁ§%rﬁ§ioﬁﬂq3)of,4l he

K
feeding conduit. T oss I n weight feeder can be wei C S, a belt feed,

hopper wei ght 23lidbyirexyethoxyirhenzane, tbiswd-hydroxycytlohextibmpenane,Adpper or feed

bi n wei ght | o0ss,; e | hke |;m{1§,_' lﬁgg [ MP is fed
into the reci rcu(*l%'zdlr%){% llii(h)léet trraom ﬁgg’és]% [ e’g’%’g’g’é@ ee\‘/‘}}@?l"? 0 (ag?’?d%i d
netering devi ce,bisi-f&-wdrmeﬂmmhbmyl)wbm, 2,2bie(r-hy tioryprgiioxy plengl)-poipange  end
of the feedifig ondylfe nAsEREE B5s- U 5 CEIEL HiB4I - 1Sy lencoxy))bis(ethanol),

mixtures thereof and the like.

While the process and apparatus of the present invention is applicable to any
manufacturing process requiring the introduction of one or more components into a
reaction fluid and/or process fluid, it is particularly useful for polyester

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



30 recirculation |l oop adjacent to or into the pressure decreasing device.

It should be WO 02/ a&G7 PCT/ USUL/ ~7.t &@ 22 under st ood however, that
dependi ngvO2/4626¢ess conditions and other limtations w tROT/USE47469
manufacturing facility, the features set forth above can be arranged in any
desired conbination. That is to say that the feeding systemset forth above
is not limted to one spatial arrangenent. 5 Therefore, in another

enbodi ment, a conponent can be fed into the recirculation |oop froma
feeding system wherein the conponent travelss froma wei ghed solid storage
device, to a solid netering device, through the discharge end of the
feeding conduit, and then is directed into the recircul ation | oop adj acent

‘the pressure deghaa®i Bt a0t Gifrited, BR¥&Ses ftmﬁ{uifalckurﬁg%&%ran@_s@gﬁimﬁ a
conponent 10 can be fed into the récirculation loop froma first storage

device, to a weildHi RET4VEE modifiedovith GEoMm9menemenduliiearoneatic erdiqaidnet er i ng
"device and then Lo i f i it and into
the recircul ati och%taglg%tbgij gtgxghl?%%bg?bl?ﬁgg&féer%ggcsh sagﬁgsgg%@rgrgg%ng device. To
this end, it w |Hutdpedialpferepbihatiestid et adiriy/adid) puly(dyelobéxage-dinstiedanand
arrangenent thereof e used with th r ocess d a ratus 15 _of the
present inventi &?f?pl}tﬁﬁé@ %080&[%?‘?9 ctoﬁ(gly%ﬁ% oanpggﬁgr %f‘ﬂ%"@ﬂ%ﬁﬁ&’émi on for
the feedi ng systGHDNEsad dihethybbelohetmediesbbxynate alighatic-aotatiotapoliesters) Nt o t he
recircul ation IooB..To this §nd, in one enbodi nent, two or nore conponents
can be prenixed 3 Iy¥ ey tepRot addition into the feed system

Al ternatively, in angishgéd RidRdhéRA 'seBorfd polyRbtef ad¥int2( itBRIRH BlrefeY & £M8 Can
operate in parallel. Mreover, in still another enbodi nent, the feeding
system descr i bedPhtsBigiPTEAmsOB Eagiapthay i iBHodugediaty theipelyqstes PESAESGIEHES i nt o
the recircul gf i QRixhPORa ki r8&fchRBon op PTRYVILHRIPsLRUSORAR id1REBlably o T Shoul d
al so be understood that depending on the particular nmanufacturing process,
reaction condi t isohé peliestes preerrsoeaniant vddahuis hivipaly o sdiiglicainkoxsiie aoid.st i cs, it
may be necessar i i j i h t-honal
features in or d)gjr[&?%’e%?ﬁ?%%%h%ﬁ%a%ﬁr?a?nn%’gﬁea{e?#g q%##:&gﬁ r‘é%%n?ﬁ%&% Sand%&l est
resul ts from t hdtisecferedioat k preclusorpin taoit isaamaqdns psddtto maje the polyesasdoy t o

i ncor porate one or e,V in C i.SNE to.rel egse vapors contaiped
therern. - add t s Ry A be DOl Aoty vo)s PR SRR RSB BE Sy <o
WO U2/ 6217 BCT/dapoié ornferé Of the AR alt@aylic dokls pawiocuslylsettfordinhdreiap Howevkechease
the viscosity of the recircuylation fluids or t.o aid.in e di.ssol ution of a
Soli 0 conponent CGATEEE G oS RUVE FRCHPE PRI S TR SG d o
the renoval of vapor ssuekd hegeih, thdeR “Edn@idhédreisiimbide@ i re@dr 18 &y reRent,cul ati on
| oop to the effluent of the recirculation |oop, the recirculatign fluids

may contain vapdh®b uig gE3Rlid additive, cemppompr, LS calerank Rigmegh Lonep, &Rt g
addi tion of sol igask gt ¥deid: Vo s Jif@sitye afdl ﬁ,g%ﬁlmo%a@][r BREsutERS@ns:, AS

t
such, the present invention optionally provides a neans for renoving said
vapors from3dhe antiexidang|sibiliger. flawp ratadant, fehentaid acotaldehydp radusing pgont.| oop' s
i nfluent and eff { L : om a
recircul ation f Idl} ygé}{)sya‘;lggg%% ié}t’gfbﬁ&,eﬁé&?é%%{&?%%ﬂg% %?%@?ﬁdgb\?vpélgp%%n%f of the
fluid in a degadwinehingagenis such ag thost praviendhdesorihed detegd Uheshsobingeteol | ect ed
gas fromthe de I E . I L: ] und t hat
gases entrai ned%ﬁ%ﬁ%‘ﬁ?@h g?@é‘gehr ﬁ{gﬁgﬁg@@géﬁﬁ‘“ﬁ%" e*" Er’ 8%??%12?@? glf by
i ncor por ati ng a dxemgor), ofd thekjes Toi this egyd, ithe terne“doinpongniit tefeos tomhlesdlidui d st ream
and rel easi t he separa ases through a.standpipe.. or _a flow 15
control |l ed \r)%nt hlqlu de(gr Sﬂéuﬁg%%ceﬁcﬁlavé? Yo (o] e n&%’g'ﬁéﬂ“ﬁg‘)@?sﬁy the term
"entrai ned" and |i ke Qrerofferdivaeyf skil$ irt the amndilbapleciatk atshgreagdnconditiansf | ui d;
for exanple, gas,in a fluid in the formof bubbl es, .rnicropubbles, foam
roth orthe iRt Pt By oot el Rt ORISR 1 BRERR0
renovi ng neans, dier pebceRgediedGedtRa Sco-10AIRI, SQBordMER) hddiGvaiRaRABRIss M
incorporated into the recjirculation | gop. The venting nmechanismis
. posi tioned so t HSMPENGNeFic)pTe tg?semlyi%wd&thﬁ HEOfraé'gfof@Glca"t“P’SPF“ﬁt%i ds
traversing vag hifadufRniil @Fdcds. BUWERE & will aldd®e uREdriiGoH Mhd R optRARtBhee 1 ow
t hrough the venting nechani smwhen fl'owing fromthe influent to the
effluent. 25 The venting nechani smfunctions to slow the velocity of the
recirculation fluids in the recirculation loop to an extent sufficient to
permt entrained gas to separate fromthe recirculation fluids. The venting
mechani sm preferably produces a |lamnar, stratified, non-circular,
t wo- phase gas/liquid flow The extent of velocity reduction in the venting
mechani smto provide the desired two-phase (gas/liquid) 30 flow can be
determ ned by one of skill in the art using ( 1 a) the size of the gas WO
02/ -4&67 PCT/USIII/-47-4@ 24




bubbl es likely present and the viscosity of the recirculation fluid, or
(I'b) the physical properties of both the liquid and the gas, and (2) the
anti ci patved ofie@a7r at e t hrough the recircul ati on | oop. The PCTIUSONAT469

di rensi ons of the venting nmechanismare selected to provide a |arger
cross-sectional area open to fluid transport than the 5 cross-sectional
area of the recirculation | oop adjacent the venting nmechanism Based on
mass flow rate principles, since the i mer dianeter increases, the velocity
for a constant flow rate decreases. Wth tjae sl ower velocity, the gases
rise and conies out of solution until the pressure of the rel eased gases
prevents additional gases fromcom ng out of solution. Venting the rel eased
gases al| ows addiuln RatioddwARRGRad) (G AN binblwitUutihalt ARukhfugA! | TDr 1 um
originally existing between the gaSes in solution and out of ®sol ution is
 shifted. For sepapatmepietion. entrai ned gases in the recirculation fluids
disclosed in the pre i OSULI it I t the
venting nechani sm red%(l%g{eaée%t%gl’ef ?%\B 8 tgﬁvgﬁ?f%&?flﬁa gbfeﬁ%%?'ﬁgn%? ‘#@F% rough
to such that a tonmophasepostmtainid a wdctibh fluldoandfoe grovessifiwidosfef mambictnriaghi eved.
The resi denc$ tinme of 1\ghe fl Lil duvvi thin thefttvenii n?. rre%r#gnilim itstcont rolled
by appropri at’e PEIEL i oW e SPetHé ¥’élhegqrﬂ0683r° heepl\fl’%eﬁ ]in?ﬁ‘a1 &R aﬂ?ssfh}feousal | ow
sufficient tinme oftrédireuidolobd sh ddhhdition Whk a ientfagringeebens saprédousidequat e
separation of entrained gas fromthe |iquid. The appropriate residence tine
for a particul ar®efings B%Fow may sinilarly be determ ned by one of ordinary

skill in the 20 art eickh@mgRXRe firdBpak, e REscRITRYdnticRbloYide®h proBsk faresul t's,
the venting nmechanismis disposed or oriented substantially ROI’I zontally so

that the vapors BFRiugiag esompensmhintorrerrpesat v comening e siges off (2ppioniging a

ther et hr oughygcol L &fehladbn foGE hb AR A BAudt add i TNt REeBRGACRANER: is iR Fluid
at6ributes of a desirable venting nechanismallows the gases com ng out of
sol ution to be tconppaibation with apipces dhuish (W) agearolating at dgaptamontgpn aféhd praesssl t o
pass on the bottHn r [ G} . . There
are several desifglnmé tEea?t(g)(s:%'%dugfém&g%%lletﬁga%ﬂggﬁgvg%rgﬁt e Sgéés Plr}fgrﬁo S}%leg

recircul ati on f Ithriodgh thEeecirewlatiql leop isa rexireulatidnofiiiidye(n) Jectehsing tha presgprerel hani sm
preferably conprjses. an eccentric flat-on-bottomreducer. The ventinpg
echant sm 30_pr PeEarie R S dfston (0 B E RO M hastbe Sl YL, o

fl ow area) |18 gdéast firrpoidién the WoirORAtich(adp( arb(dPEedip@tompanehBintonther di anmet er
of the recircul ati.on}#joo}o. TQ.e vel oci t% of the reci.rcul at io&m fluid can al so
be reduced by udFRgUREIPR 93P adipeenhio|oL pt Be pressyFredegteatinmdevingiol &P 93 %8n | oop.
As the gases andhyteROhfodiRdR cOnporRht ifR!thd procesyvliibi n t he venting mechani sm

t hey must be renoved. To this end, the venting mechani sm preferably further
5 conprises an upst an¥f AR BRECtsthe AreSSHf HUCRLion Brovides & Prasess fariprpgjicing a

nmechani sm  The dgE@polssad? Pre2liR6r BRtarRinies RhMtoATniRMek éotdrlsidh@PdRi(Bat i on
with the venting nechani smand an opposed venting end positioneo
el evat i onal |3 abweddipga reagioscordigyred i¢ defipg g indersal valugierwhengib at lpasht i s
contenpl ated, it P =11 r

bet ween t he rec&ottlﬁ) r?g’r f?ﬁﬁﬁfgﬁ{jﬂ %ﬂ@h%}g:}&% ?L%S&gjrs{é%%ﬁggme%gm gg?%?gﬁ?s t hat
t he standpi pe i solygster wwastiny and § pelyester anadtiarimodush (bryoviding am¢oinaylation loop
hori zontally ori Wi I I; he. |iquid
al so flow ng outh%giﬁlgtq ﬁ(laﬁlﬂsateg%ggfdﬁgmfét%gggf%%%é@gﬁégﬁﬂ %Hn? g%‘élﬁlghglgha flow
control devi ce witlhthe intt¢realdeas oftlendpiqre(c) wcicamitinglat lehst afpooienof thel ui ds

there through. The.fl ow.conitrol, device 15 be, .far exanpl an.orifice;
Lhrottl o vaise: TReph BitkGR tiofey E Yeoh SRR 10 feseih Mo G Rear PRt L1
pressure contr ol andpoezster; resutidh prodint Blolvengtthioogtgihe kdcioulatidndbogad. The fl ow

control device can be used to allaqw fromappgroximately 5, 10, 15 20, 25,
50058 40 a5, TagreubuSR Baiokged (Gaay SGBR bgiegt St b e s RbuRtimn: 1o
approxi mat el y 9300 &hef2th th8Bscoddpolyddter factafiQs the Selidofblyedfer prébursot eactihi, 25,
20, 15,10, or 20 even 5 percent, of the vapor generated to this distance in

- the recircul ati Jf teEdy BEPqyseoligpplyesterpEcchsARicAGHY TH fedsrcHgRMIUE et aj ned
within the liquid. It should be understood that as set forth above, any
lower Iimt percentage can be paired with any upper limt percentage. In a
preferred enbodi nent, the flow control device allows approximately 85 to 95
percent of the vapor generated to pass. This ensures that 25 liquid wll

not pass through the gas line and nmaintains approxi mtely 5%to 15% of the
entrained gas for mxing in the recirculation | oop. One of ordinary skill
inthe art will appreciate that the anount of gas renoved cannot approach
one hundred percent as a maximum since the liquid would begin to flowinto
t he standpi pe along with the gases, thereby reducing the efficiency and
yield of the manufacturing 30 process WO U2/ -t &Gr7 26 PCT/ USUL/ ~7-419 The

Y .




sections run parallel to each other and all include a venting nechani sm
This series of parallel sections and venting nechani sns provi de additional
area for whe21®6ti sengagenent of gas fromthe recircul ati ®#ECTIUSO/AEBISY One
skilled in the art will further appreciate that nultiple venting nechani sns
can be used in the recirculation | oop between its influent and effluent.
For exanple, a venting nmechanismas set forth above can be placed upstream
fromthe recirculation | oop to thereby increase the net positive suction
head "NPSH." In 20 connection therewith, it5 should al so be understood that
by placing a venting nechani smel evationally above the recirculation punp,
the "NPSH' will simlarly increase. Furthernore, a venting nechani sm pl aced
"in the recircul ationph 9Qp, MR LERAMHE AR R RIGSHIYBeIGRE QRSP i d8NifE
such as an eductor, wll also increase the "NPSH' for the pressure

decr easi ng devi @solid polyestirpregatsoerctantBgels raetion raixiuge ¢amnrisig thaetepanf'sm can
pe used downst  qa/BLéiai beicBk E5ithfale 8RR Sh ModlfWofitaADRLLif BOkARS 1 eed
systemin order 't'0 renovVe any entral ned gases WAl ch may have been drawn
into the recir cwosidnad theoniernaherumis osaipiad byeaedction mixtsrefcenhprisinga firse
recirculation loop via the solid feed system previousl.y. set forth rein.
Lastye 1 oRourabedidi A P neR s R RRE XD G aind fieufiiniots, o
venti ng nechani davidg ah adhientand an sfflabitavhateimtha irdfluentds ftvidieshnapiicdtionof t he
present invention, WO 112/ -462 PCT/ USQ1/ -47-4@9 27 According.to the
present inventi of® ?‘ﬁ@‘t%?]}ﬂBWé"rﬁg}teﬁﬁatCt%%(g)lﬁﬂ%ﬂﬁtinﬁﬁble?%@ pP@@PPgﬂi’Fati on
l'oop flow to thegeetibh ekthreqhrobfitihe feirtlatontllbdpwheddn the Firet pobRReNeadmtand t he

other recirculation fluids then re-enter the reactor, or other process
features to whi GfdPAkCHEEPIEON BroteH fogds throvginbhe gicarylytiondAtRE ed. Thus,
this process)oof raduRgor 1118, (APIRRASHS fhe bRERrd Hiahd ReirEulaHoAlluRR wiliR
perforns the function of introducing at [east one type of conponent into
the reaction fl U¢ast enegiressire dasiedsimetdayicaf apleat @sepoint in gl recifalatipnlose; at ed
that it is adva . i k : Y ion

| oop via ¢ he f o] eitgh ceBGH fByRatl K RANRReokblBid ob Rk 8| 00
by the recircul atiterpréssure dscrépsingrdevitd, owhieren the sdchied pflydsteereactait i the salil
recircul ation |qop.. Jo this e t di.ssol ution  of | i Q ent can be
et 1§ tated by oberRombis St RapabhRudhicd i pe R e RERkp L 11 0
changi ng t helsf eddtortid reactivhintixt@red/ or by altering the pressure within the
recircul ation | oop. vvev(gﬁ Jt ‘shoullg.allso,be unt(élerstood hat. i} is ;
desirable but not redthiFEEFEP & Hecteliiion RApJSREP PP e BIPUrErpagre sl ve
vviht hi nht hed(r]I eci redst ?ﬁ)&lﬁjﬂr_l gfalfedctioia@uﬁufnﬂlg_ef)fm&s@,ﬂuidtcowiairied alithin 42 giepr eci at ed
that the addition of so]id conpopents adj.acent to qQr at a pressur

decr easi ng devi dBanufagiysing pragassewhiereig the r@#i%?ﬂ agign L?GH?‘FF]’GHC%’F T56Y ‘f“dnﬁ‘('ﬁ%onent S

directly into anwdheefiieRFarthétfoRNHiHRLIdYA68&S06d Mhtthé Yapslotthé Plefend gi ven
manuf act uri ng process. For_ exanple, in those enbodinments utilizing an

eductor as tHe riawsndon moylimitedisjthajise pEonsredtylationloop hut alleEiatvaly ati on
fluids, the 20 vacHum Qi dbdHGH s ahl (RS Mbrk redkBERHMABYsSohfigtied Al ti ng
up into the solids that are being Introduced into the process line. Prior
to the instant issuespiralel ovapopkinatisuitebresdndense on the solids and the

mi xture woul d become G ch@Gkoul B Indeftildl dihd Raddifofid REK Mo odpNe
entire system However, In accordance wth the present invention, the
educt or expansi oanbe iniflvid cogmmuaicatiomevifirany iode or meteodationsud/onproresy 25 and
mai ntai ns sufficient s rati of the & co nen .

t erepht hal i (L:H 5acicfla?etur§(sz)°fﬁ'§fn %ln?t?’c Jes 1?{8?63$ Sér%lprafrr?l%qﬁgs tglrae&%obl%g%%}eac lE)erreuzl’ones.
To this end, oneuaiblotahufactyrigprbesden atcosligy tb thid préseatiipventivatan dohmptisd or best

results, it is preferred to feed.the soljd. conponent into th ressure
et east ng. devi RBG OF oRS seutals S0 gt sndipt B Loes RSy R DR o ce
or expansi on zonfamifactligpkRSSHWas c6lRFie até HOmEke Yéae®rs or, in an alternative

embodiment, may even comprise a reactor train or system of two or more reactors

30  configured either in series, parallel or as a combination of both.



WO 02/ 62C7 PCTI USO1/ ~7~@& 28 It should al so be understood that the process
of solid addition described above is likely to pull at least a m ni num
anount oWw@ax4a2nto the recirculation line along with the POTIUS81/4H69 i S
therefore preferable to renove said gas by incorporating a vapor

di sengagenent or venting system as described herein, downstreamfromthe 5
pressure decreasing device. Alternatively, a liquid feed nmechani smcan be
used to feed a liquid into the solid feed hopper, which will displace the
gas being pulled into the recirculation | ggp, thus mnimzing or even
elimnating the gases being pulled into the recirculation | oop. As
suggested herein, it is also within the scope of the present invention to
'10 add addi tional 11 yheeLAIRARRRboliReR:, Gt St RbAQM R isfe Tl ui d
conponents may be added to assist the sol1d components 1n |558 I'ving in the
recircul ation f Iﬂmdd?smﬁ@fﬂeﬂﬂéom with Hierigtemakvobimg efeomt opfotereadtassi Morel at i on

"l oop, or nerely I does not
need to be added separ dte-rﬁﬁ%e%%} gg?tégg%ngrrf&glrrﬁggh cg&%rgg%g)gs ? r[]unree

downstr eam Addlembgdlaienty thetnhﬂuehl afitice mcirqutmtiem tcmp cambdin faitbemhmimiatoa nmeans
for increasi a9 t he vel 00|t tthet rﬁz #rcu |on fl Esg nd/ or Qecream ng
the viscosity of tHe° PPt Qflaffﬁ SHeRHGRHORTeaqHr f gpeond peterifjcation rsag

under st ood t hat p&pﬁlﬂeﬂre@ﬁﬁﬂ@ﬂ&ﬂﬁni&l&rb@cﬁddﬁfﬁhll &tothek bﬁbé(ﬁﬁbﬂtc’tﬁk ﬁﬁ'ﬂu@iﬂ | oop
can be a reactive_ or functional %rrponent i.e,,.a reactant or,

alternatively, ChECTIUCHAEIHIRMEAR g g compunisaiqn EORFY AT MO | n

accor dance vmthldcau&asa:&%cédmtéd?@ tivh WabofsQFRMeLPYocdsS fdafugdser abl y added into
the recircul ation | ogp upstream of the pressure decreasing device (before
the addition point of°ts¥ampls meng embediment a reactionfly i mEoduyced iicBeponent may
li kewi se be jgddegidownst b6aFbRk aols@omeﬁs%auﬁ fadbC rIﬁ%ﬁbtﬁ& eﬂﬁ,\s&% i, 43 this
end, it is also within the scope of the invention conponent
to be fed into resetions@uid énintaedused & ﬂi@@pqutlat@anpd‘rmm an wtqdf@ammmctceven

i ncluding throu

enbodi mont 1 he 1 11 GoRE Ak o BUBRERL i fidbaRRath Se1Bkitclfiyon
recircul ati on piloop. froﬁubd:then nstcrrfe:atmtrea;dunmhdl alpelymnﬂen&tnmoﬂadtblaﬂ'huisL inni thlis
conponent can b e rec tion fluids erature.
Therefore, as pr%%l\ltl’lg%élg fte?d Pt Plherﬁ rrcg g’o SLﬁoéht%erf)ro'?? Fﬂe@y ngé used
as a neans flér haaﬁﬁaagomfeaaopl i ng V\D 02/ 462Gr7 29 PCT/ USQOL/ a7- 469 t he
recircul ation fluids,dependi n%gon t era?ure of the fluidq, onent

when i ntroduced i nt o REVIOSEY disGysse e‘?d‘dﬁan“ ACTURNE PrOGEsseRASPU ﬁnélt‘é ®t hat by

practicing the pfe&fafveftiondif fRHRE Eubiprish ¥R driniite addiGdhal REWFER Shdl 25 @HRLNENt
i s added throug%i(he feed systeminto the tecirculation |loop and the fluid

conponent is al $§*SUHEH Refie pnkggsteaanix and fed sk syuigim. ‘Y“rﬁ@é?éluﬂ’fna%dég@égn resul t

in adding at | eggderh, WM RGScoRfm:® APAB BRE. ThiRfoPe, 3 i §RE WhinQhe RbRESS Y OCeSS
feature into which the effluent of the recirculation | oop feeds. Taking a

speci fic ex3fpl Bresgi@veytipn f@#*&&#’p@ﬁéﬁﬁhefrwrcpm@ loﬁétqleeclmft‘!@l ation loop via
the feeding sysisfinuaidatifm \ﬁthsﬂlliy BﬁllIIXI%%Ffﬁ{C apﬁlﬁgﬁm gwcegs?%%%tf aych 10

pol yester precursor reactants cl ude suitab rboxylic acids as set
forth above. | nakovgrBdrexamplednionciemeadiment.the mfi¢rd oHthe yeesrrwatiqurleomis sor

nccor dance i ¢ n (PR DL ARLE il Ik s HE R et ROWEBEREERL P Ty e
fed into the remcuculhmn' loop d:and;a e fnidcomesmgatjonoich oy aspaceordtattieef sui t abl e
LS Lo o oAl OF BT B S B RS R, T
preferred enbodonerehctioatfiuyd adéor procegifluidc added as a fluid conponent into

the recirculation | ogp... Referring now.to fi t hrough 4" i{ shoul d
-first be acknow edgegf?‘f‘}‘?éfo'iﬁff’??s éeg“é’i“ﬁg“tr?)t‘oé‘? ‘ﬁ‘i’rg“ﬁ?té"%a‘irﬂ%ﬂ?&gﬂo few th,
l'i ke nunbers repifegahihelefilRnidilicreciANlatiOn Béf Ban Mbd e ih eI dninfunidafer € 1,
there is provided a recirculation |oop 91. The recirculation | oop 91

i ncl udes a mean¥1§Any gpe ?rrﬂ%?réaemﬁgﬁlqnﬁéhw@%%wnamcsrfs Vlarefere Priwge ¢+ he
recircul atigo f hytifl® d QARRE HaflBEdTRt R@sd fsSnieRfhpleth o&éelﬁmlrﬁénftlthkent 94.
The pressure incfeasing means 92 is located el evationally bel ow the
influent to obtain proper net positive suction head. Once the recircul ation
fluids pass through the 25 influent 93 and the pressure increasing neans
92, the pressure of the recirculation fluids is decreased, at |east
tenporarily, downstream fromthe 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 supply conmponents into the
recirculation | oop, a feeding conduit 30 is used that has a di scharge end
96 i n corNOMR@e7on wWith the recircul ation | oop WO 02/ ~@XEUS01/47469

PCT/ USOL/ . ~7: 4 30 adj acent to the pressure decreasi ng neans 95. The
feeding conduit further conprises an integrated feeding system wherein the
first feature of the feeding systemis a solid conponent storage device 97.
A solid neterilig device 98 is |located at the bottomof the solid storage
device 97. The next feature of the feeding7 systemis a |loss in weight
feeder 99 that is in comunication wth the solid netering device 98 and

al so in comunication with the discharge end 96 of the feeding conduit.
"Thus the conponestienté tegl fliialcBmidaBichfmi Wittt b lor fldrd APrSleslefiffiohie solid
conmponent storage device 97, to the solid nmetering device 98, into the |oss
in weight feedere®@r asrgondRsierifiprtion gRCioRa rieRobigT geacteridnd @ fipisherveactasedi ng
conduit to be 1 e he
pressure decreag?g%ﬂ5&%§%8h8§38%$é?g%ﬁgﬁﬁ%gﬁ%rgﬁﬁﬁgﬂﬁéﬁ%g lﬂﬁgpﬁgtlve
enbodi ments of tdemnnaisatiouivith aryrone comorsf poliitgjimteemédith @nyetwo teltors ecétherul at i on
loop is usedgd nt P added into
the recircul atl E QMeXtu%@ Plr?geog%rtﬁrsglﬁ%gétﬁ%ﬁ"&h i }?n?ﬁlovxgﬂq)n ‘%‘3 ef fl uent of
the recircul ati amﬂcutapon ldop cmoevpmbetmtﬂtﬁdlcbrmtﬂnecatmﬁmlmlmb at more aal&ubﬁall ds

re-enter the pipe react.or 0 r.oxi mal. the in]et,10 I.n Figure
2, an enbodi rrentpr?cfsss %Wsﬁﬁgi?@dtleﬁeén gﬁ?‘i@i‘f’é%tm PR qoﬂgneé‘rtfgl‘%?fﬂ‘t‘?{‘g CH We
reactor is teed infibhidldmnamitatsiewidos mboanPéysthe ef fluent. is sent to the

recirculation loop. In a separate enbodi ment as shown in figure 3, a tee
106 is | ocated inter ARageatdangerathchessard et aaeet:FSeO;élmreSfetlmgﬁva%elzOneso t hat
the i nfluentygf Orenfo@inicR€ 'tl'ieCrU‘lslfbhlaQGn h@Pcan®x Ue rbEiRMatOn H&? afif:-Qifer bi2e
reaction process but rather cones froma point intermediate in the reaction
process. |n fi gunaufachwag processat the sagne refint|vhers the resireulationtbudstwesh is at |ine
103 where line 12 fP LRSS RbS VR, nce to
figure 4, ther e%l sahgwn anot r@é}e%hg@nﬁsﬁ A th ‘g%f\g%:eﬁrg%lﬂc%t{lp%ﬂﬁ:{dggagl of

Fi gure 2 wher ei rexititee reeirdutation kop end tecamter ithe mmieﬂlctlmmegmbdsw yuytpoi etter

continuous stirr St
esterification (@gf'ﬁé % #d/og%ggg%rﬁ%‘%-gﬁ etP ;é ﬁlg tg&%mfig%ﬁoéﬁ 1y th]ts end,

pol ycondensalsi oron€8T8rdirnagy Ekliﬂmahesaaftwﬂlchppreciatertbdt cpnﬂuypnonehsnemmuana, i€STR 110.
When t he conponen t he rec ati.an 0 the effluent
of the recircul é{lfiﬂ%ﬁ?‘i"gl %ﬂ“‘?‘ﬁg"’%{’d’aﬁ(ﬁmb g’ﬂﬂ?ﬁdén 3??8“@?‘?‘%‘?’%&‘ PATLEYIER § on
fluids re=enter rhdimafcumgpﬁmwslﬂﬁuaglmngtﬂonﬁxeobxﬁ&rﬁaﬁarohfl cation or ester

exchange reactor 107 adja oXi the inlet | 2L1 Q217
PCT/ USOL/ | 17, 100 31 AU ‘i“ﬁhep‘féé‘aﬁ’é‘maan anpender ehume WB?“‘@AE P%‘&‘M%Eﬂ"én on
| oop is not fronhdtheu@dtherin, iR®né BAGbleQEhcREPAME IndIbl procdsdAkid soWRE from a
tee 106, located along a fluid line 111 in_fluid comunication with both

the first ar® sdbigneh Bsresieyiptonloem ateaeferred t9 as areciieylptiondluids’er ni edi ate t he
first and second est e[fhbfréc%@ﬁlhm IBWEﬁfa%ly%%nEé}ﬁatméaH?fdr'iﬁclréé%ﬁé ieor the
recirculation loop is in fluid conmunication with the effluent fromthe
first esterifi caﬁsélllfel&@‘é(@tYﬁlocmiﬂfthﬁtecﬁh'é@mﬁl fhllciﬁdl%‘enmthé‘@ﬂg@ltﬂbd Thehat in an
al ternative enbofli R lndhind SRhliE ok FhHESad to bl fyrBld 418 Bnughs Jre
recircul ation | oop can e [ comuni cation wth a ocat
i nt er medi at e f| uedrculatien lopp, Itshmlﬂrl berendetstoed thaf inydmowhareanhifor instsasingithat i on
10 loop is iqx Tl rflc n reactor
108. Likew si; |p'.llri‘!}sglfrg(21 ano?(%% Sfre 1r%15]at1toﬁfl ﬁ]?%%ﬁ?e ?%ngﬁc afésleﬁt
recircul ati on | downtiem Howeweg it eprefemébmﬁodhntﬂrmaq}reamme fnlcmasing memns is1:83 such
that the influent fo%ﬁt heur'eci rculation loop is in fluid comrunication with
~the effluent frdmtng PP pol ycondensation reactor 109. Moreover, in
still another enbodi mbx;dutghetﬁemﬁdeuﬁcm, tﬁe@écnﬁ:ﬂl&tuﬁrﬁ@inﬂ;ﬂctﬂnakiaﬁﬁpﬁrﬁ]ﬁ)molaﬁl can

come froma tee .| qcated internedi ate f li.ne 114 h that the jnfluent
- for the recircul B PYy mftg’gteﬁ@n@?sfq ingly %W@W%&P“‘Bﬁ’ such @@ ppyin-

pol ycondensaio 0ﬂlrk%ﬁkﬂrceﬁﬂ:%gafrﬁlnﬁﬂqb&ltﬁfédilspﬂdcelﬁé}ﬁ?hﬁ* Do wiR PRoR! Resy t hat

al t hough not shown in the figures, the effluent o Re recircul ation | oop
can return to the manufacturing process apparatus at any point in the
system i.e., upstream downstream adjacent, or even at the 20 influent

| ocation. There are many advantages that can be obtained with the
recirculation | oop process of the present invention that will be apparent
to one skilled in the art based on the discussion above. For exanple, the
use of a recixculation |loop allows one of ordinary skill in the art to
repl ace large, bulky and costly equi pnment such as a paste 25 m x tank,
punp, instrunentation, agitator, and other S|n1Iar devi ces that are

—— T T o, Y
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WO 02/ ~62fi 7 PCT/ USOL/ ~7aC9 32 described herein is | ess advant ageous when
only fluid reactants are added (e.g., form ng nononer from DMI and EG) .
Wi | e thiwOP¥@ATi on has been described in connection w t RCEASHE#IHEY
enbodi ments, it is not intended to limt the scope of the invention to the
particul ar enbodi nents set forth, but on the contrary, it is intended to
cover such alternatives, nodifications, and equival ents as may be included
within the spirit and scope of the invention as defined by the appended
claims. For exanple, there are nunerous valsi ati ons and conbi nati ons of
reaction conditions, e.g., conponent concentrations, desired solvents,

sol vent m xtures, tenperatures, pressures and other reaction ranges 10 and
"condi tions that pamp, &0h4SLEoUbR: ABkd, Fin Eehm Bmedid/orRitiky, raflE) pting, d
obtained fromthe descrihed process. one skilled in the art will
“appreci ate that Sh¢h 3§aduylfiple ﬁ‘@farﬂ’ﬁére]ffr @@@g@erel}tlai Pisten; laxpetptary yalve and/or

reasonabl e and r ﬂmﬁg such
process conditi of% gfb'lé'rﬁerﬁ%? 14 Q&dg%%n\g%é I}osz ng oglﬁﬁgi'gfe%zh@ e&%tdé’grzalﬁ- 17-469

A process for i rﬂbowrmmglnwm@mbddlp@my@gmeqferpﬁd@mpgmn indinetcamirifugak mmp
reacti on m xtzur ﬁﬁ£% figured
to define anglnﬁgﬁn 5&&1&8mﬁ§ﬁﬂ§%?§®at 3@%%928“&9 ?s |n§§@na
volune is occupﬂediﬁymaﬂﬁkactlon m xture conprising a flrst pol yest er

| oop. havi ng an |t uohee RGBT iR P bR B ARl e RS U7
f:ommnl cation V\Am?ptthﬁlctdﬁieﬂhﬂﬁﬂessﬂtﬂ itﬁ@ddsfr?lﬁlél& crﬁaeﬁgemlﬂepreésufeleﬁﬂfecul iati ng at
east a portion of t r tion mxture through the recirculation |oop
wherein the flré?mﬁBr ﬁ@ﬁ&“@ EP&WFWSWH3boﬁf8@?@9“?@@%??ﬂﬂﬁﬁ gﬁct f1 owi ng
e B it e kg
pol yest er react SAMPPRENSEch g5 p golidpglystes pregyraenipasiint, P@abﬁt eastly directeditoeny
i ntroduce solid moley¥Ralifion Mopcur sor reactant into the reaction mxture. 2
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with this embodiment, 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 dimensions, 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 eductor as an example, as manufactured, the eductor will have a
given “NPSH” and viscosity requirement for which it provides the best results. As
such, one of ordinary skill in the art, either experimentally or empirically, will be

30 able to locate the point or points in any given manufacturing process where the
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f1uid conmmuni cat N M th
15 To this end, the properties of the recirculation fluids 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 additive, such as a liquid diol, prior to entry into the
recirculation loop. In accordance with this embodiment, 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 entry and mixing of the
preheated additive 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



of the feeding conduit and | ocated internedi ate the receiving end and

di scharge end of the feeding conduit for storing the second pol yester

react ant wo ob@e2e2d into the recirculation |oop; b) a sol i ®CFEI®IHTGY devi ce
in fluid communi cation with the receiving end of the feeding conduit and

| ocated internedi ate the receiving end and the di scharge end of the feeding
conduit ; and ¢c) a loss in weight feeder iii fluid communication with the
receiving end of the feeding conduit and | ocated internedi ate the receiving
end and the discharge end of the feeding cmnduit; wherein the second

pol yester reactant is directed froma point internediate the receiving end
and di scharge end of the feeding conduit through the discharge end of the

feeding conduit bafclatib®1dofC Fhirtiekiabre APsHoRRAs0 b3 unddstof BEEESaddlitives aem 11,
wherein the solid storage device is a silo and the solid netering device is

a rotary air | odietlimitggsolfuids apdsandechpicpplidgsoliquids or@gses a1 mpHwepiheceks of
cl 11, wh th | ved
claim erein 9? I u;&gﬁl@g&?{ %ﬂﬁ?xﬁ% rﬁ%&%ﬁ% bk ﬁec%ﬁaﬁrtt@mtéﬁhé Yaptlt Ssol ve

by the recircul ation before wng to the effluent of the

recircul ation | cm‘pﬁsutwf th'FI‘lI@quQu]@ﬁ@B@ldﬁ Tereifore, An angilear einhodimmentf the yapqgol yest er
reactant conqprises dr X n i

Feactant compr | aeseqr BRI RA i PR hlASaR Db BEREPAMIBIISRCT o |
t he second pol yasaisw ﬂe&elbesatoferﬂrahedgaﬁak hAIsumbbacvednnglﬁechIhlmnpstheemse of

claim2, wherein, the t ant | ah i meth | .
18. IThe pr ocesls that ?‘%‘gf#)%qo‘g 8 ee? 65 q‘é"}qﬂ&neil?sﬂ %Pﬁﬁgéog Igepoﬁggster

reactant into thecifRikibe Wop! HoWeveddh a@ﬁe&“&ﬁeﬁwfﬁbbamt heefingasdchamigesr easi ng
devi ce wherein the third pagl yester reactant, g a fluid. 19. The process of
claim 2, wherei W?%@“We?’@ﬁ"é‘%th?@é?é%“ir% CI5PRRIETI€onpri ses a pol yest er

nmononer . 20.j0The pr OQEﬁﬁal‘chmé%ilv@bﬂbé’dlmm%@biboEBﬁsé&@g 348 %16 be iRAGEIA®BY pr oduct
conprises a pol yester polyne 21. The process of claim2, wherein the

reactor is an esweling 'ihééﬁcifélﬂa‘il(@a@tl@r Said Céglﬂllgrcaékéh&ﬁwoﬁagé%mﬁ%ns &hd t he

Feactor. o (1T AR PRL AR B Iy AT R B b 0°
wherein the readesling wlativey kgdernddtises intorthe weicquintionhavpt Frestdfanplent of the
recirculation | o%ﬁ:)odiﬁnénlfI tltné wpgr 1%8&3%% &%tréc%umlcgrl]ﬂlﬁ@s can be altered by feeding

15 an additive into the recirculation 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 itself. Accordingly, a suitable
heating means for the recirculation loop can take 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 between 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. Alternatively, heat can also be
added by inserting heat exchangers or by adding heated components into the
recirculation loop..

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
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10 recirculation line from the decreased pressure of the recirculation fluids developed

by the pressure decreasing device. The feeding conduit also includes a receiving
end, which is opposed to the discharge end.
If desired, the feeding conduit can further comprise an integrated feeding
system used to meter and to selectively feed a component into the recirculation loop.
15  In accordance 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 fluid communication
with the receiving end of the feeding conduit used for storing the component or
components to be fed into the recirculation loop. A solid metering device, such as a
rotary air lock, a piston and valve (hopper), double valve, 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
conduit. 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, through 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
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to include various additional features in order to achieve a maximum operating
efficiency and the best results from the recirculation loop. For example, it may be
necessary to incorporate one or more venting mechanisms to release vapors

contained therein. Additionally, as previously discussed, it may also be necessary to
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heat the recirculation loop to decrease the viscosity of the recirculation fluids or to
aid in the dissolution of a solid component contained within the recirculation fluids.

With regard to the removal of vapors, while flowing from the influent of the
recirculation loop to the effluent of the recirculation loop, the recirculation fluids

5  may contain vapor or gases as a result of chemical reactions, heating, addition of
solid reactants through the feed system or other reasons. As such, the present
invention optionally provides a means for removing said vapors from the
recirculation loop intermediate the recirculation loop’s influent and effluent.

To this end, entrained gases can be vented from a recirculation fluid by

10  controlied reduction of the flow velocity of the fluid in a degassing enclosure
coupled with controlled venting of collected gas from the degassing enclosure.
More preferably, it has been found that gases entrained in a fluid stream can be
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  controlled vent.

It should be understood that, as used herein, the term “entrained” and like
terms, refers to undissolved gas present in a fluid; for example, 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
tecirculation fluids traversing within the interior surfacé of the recirculation loop
also flow through the venting mechanism when flowing from the influent to the
effluent,

25 The venting mechanism functions to slow the velocity of the recirculation
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/liquid flow. The extent of velocity
reduction in the 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
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bubbles likely present and the viscosity of the recirculation fluid, or (1b) the
physical properties of both the liquid and the gas, and (2) the anticipated flow rate
through the recirculation loop. The internal dimensions of the venting mechanism
are selected to provide a larger cross-sectional area open to fluid transport than the
5  cross-sectional area of the recirculation loop adjacent the venting mechanism.

Based on mass flow rate principles, since the inner diameter increases, the velocity
for a constant flow rate decreases. With the slower velocity, the gases rise and
comes out of solution until the pressure of the released gases prevents additional
gases from coming out of solution. Venting the released gases allows additional

10 gases to come out of solution as the equilibrium originally existing between the
gases in solution and out of solution is shifted.

For separation of entrained gases in the recirculation fluids disclosed in the
present disclosure, for example, it is desirable that the venting mechanism reduces
the flow rate of the fluids flowing therethrough to such that a two-phase stratified

15  flow regime is preferably achieved. The residence time of the fluid within the
venting mechanism is controlled 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 entrained 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 experimentally 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 a
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
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also be reduced by using multiple parallel sections of the recirculation loop.
As the gases and vapors come out of solution within the venting mechanism,
they must be removed. To this end, the venting mechanism preferably further
5  comprises an upstanding degas stand pipe coupled to the venting mechanism. The
degas stand pipe has a receiving end in fluid communication with the venting
mechanism and an opposed venting end positioned elevationally above the inlet end.
Although a straight embodiment is contemplated, it is preferred that the degas stand
pipe be non-linear between the receiving end and the venting end. A common
10  feature is that the standpipe is vertically oriented and the venting mechanism is
horizontally oriented, which allows the gas to escape without the liquid also flowing
out of the standpipe.
It is also desirable to include a flow control device within the degas
standpipe to control the flow of fluids there through. The flow control device may
15  be, for example, an orifice; throttle valve; control valve; hand valve; reduced pipe
section; outlet pressure control; 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 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 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 recirculation 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 gases, thereby reducing the efficiency and yield of the manufacturing

30  process
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The venting end of the degas stand pipe is typically in fluid communication

with a distillation or adsorber system to which the vapors flow or are evacuated. It
is also possible to vent the vapors to ambient. The pressure at the venting end of the
degas stand pipe can be controlled when the venting end is in communication with

5  the distillation or adsorber system, whereas when venting to ambient, the venting
end will be at atmospheric pressure.

One skilled in the art will appreciate that the efficiency of the vapor removal
can be improved by increasing the inner diameter of the recirculation loop adjacent
and prior to the venting mechanism to maximize the surface area of the recirculation

10 fluid and minimize the vapor velocity at the surface half of the recirculation loop
diameter. If additional surface area is required or desired, additional sections of the
recirculation loop may be installed at the same elevation, in which the additional
sections run parallel to each other and all include a venting mechanism. This series
of parallel sections and venting mechanisms provide additional area for the

15  disengagement of §as 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 influent and effluent.
For example, a venting mechanism as set forth above can be placed upstream from
the recirculation loop to thereby increase the net positive suction head “NPSH.” In

20  connection 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.
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recirculation loop flow to the effluent of the recirculation loop. The components

and the other recirculation fluids then re-enter the reactor, or other process features

to which the recirculation loop is integrally connected. Thus, this process of adding
5  the components into the recirculation loop performs the function of introducing at

least one type of component into the reaction fluid a given manufacturing process.

It will be appreciated that it is advantageous to feed a solid component into
the recirculation loop via the feeding conduit so that the solid component can be
dissolved by the recirculation fluids before flowing to the effluent of the

10 recirculation loop. To this end, the dissolution of solid component can be facilitated
by heating the recirculation loop and/or recirculation fluids, changing the feed mole
ratio and/or by altering the pressure within the recirculation loop. However, it
should also be understood that it is desirable but not required for the solid
component to completely dissolve within the recirculation fluid.

15 Furthermore, it will also be appreciated that the addition of solid components
adjacent to or at a pressure decreasing device, such as an eductor, enables addition
of solid components directly 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 to the instant invention, vapors would
condense on the solids and the mixture 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 intense mixing

25  and maintains sufficient separation of the solid component, 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.
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above is likely to pull at least a m1n1mum arnount of gas into the recirculation line

along with the solids. It is therefore preferable to remove said gas by incorporating

a vapor disengagement or venting system, as described herein, downstream from the
5  pressure decreasing device. Alten‘latively, a liquid feed mechanism can be used to

feed a liquid into the solid feed hopper, which will displace the gas being pulled into

the recirculation loop, thus minimizing or even eliminating the gases being pulled

into the recirculation loop.

As suggested herein, it is also within the scope of the present invention to

10  add additional fluid components into the recirculation loop. The fluid components
may be added to assist the solid components in dissolving in the recirculation fluids
before reaching the effluent of the recirculation loop, or merely as a convenience so
that the additional component does not need to be added separately into a reactor or
other process feature downstream. Additionally, the fluid components can be added

15 as ameans for increasing the velocity of the recirculation fluids and/or decreasing
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 fluid component can be an
inert component.

20 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 reactant), although the fluid component may likewise be
added downstream of the pressure decreasing device. To this end, 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 loop, even including through the recirculation pump seal. In
an alternative embodiment, the fluid component can even be added upstream of the
recirculation pump. Furthermore, it should be understood that fluid component can
be introduced to the recirculation fluids at any temperature. Thefefore, as previously

set forth herein, a fluid components can be used as a means for heating or cooling
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5  loop and the fluid component is also added into the recirculation loop, these
processes result in adding at least two types of components into a reactor or other
process feature into which the effluent of the recirculation loop feeds.
Taking a specific example, one type of component fed into the recirculation
loop via the feeding system can be a solid polyester precursor reactant. Such
10  polyester precursor reactants include suitable dicarboxylic acids as set forth above.
In a preferred embodiment, the solid polyester precursor reactant is terephthalic acid,
which is a solid at room temperature.
In accordance with this same example, a fluid components that can typically
be fed into the recirculation loop comprises any one or more of the suitable
15  dihydroxy compounds set forth above. In one embodiment, additional first polyester
precursor reactant is fed into the recirculation loop. In a preferred embodiment,
ethylene 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 ﬁg‘ures included herewith, like numbers represent like parts. As
20  such, with regard to figure 1, there is provided a recirculation loop 91. The
recirculation loop 91 includes a means 92 for increasing the pressure and/or velocity
of the recirculation fluids located intermediate its influent 93 and effluent 94. The
pressure increasing means 92 is located elevationally below the influent to obtain
proper net positive suction head. Once the recirculation fluids 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  is used that has a discharge end 96 in communication with the recirculation loop
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adjacent to the pressure decreasing means 95. The feeding conduit further
comprises an integrated feeding system, wherein the first feature of the feeding
system is a solid component storage device 97. A solid metering device 98 is
located at the bottom of the solid storage device 97. The next feature of the feeding
5  system is a loss in weight feeder 99 that is in communication with the solid metering
device 98 and also in communication with the discharge end 96 of the feeding
conduit. Thus the components are fed into the recirculation loop 91 from the solid
component storage device 97, to the solid metering device 98, into the loss in weight
feeder 99, and then through the discharge end 96 of the feeding conduit to be
10 directed into the recirculation loop 91 through the pressure decreasing device.
Figures 2 and 3 further depict alternative embodiments of the recirculation
loop of Figure 1 wherein the recirculation loop is used integrally with a pipe reactor.
When the component added into the recirculation loop and the recirculation fluid
flows to the effluent of the recirculation loop, the component and other recirculation
15  fluids re-enter the pipe reactor 101 a&jacent or proximal the inlet 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 optional 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  continuous 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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fluid communication with both the first and second esterification reactors, at a point
intermediate the first and second esterification reactors such that the influent for the

5 recirculation loop is in fluid communication with the effluent from the first
esterification reactor 107.

It should also be understood, that in an alternative embodiment not depicted
in Figure 4, the influent of the recirculation loop can be in fluid communication with
a tee located intermediate fluid line 112, such that the influent for the recirculation

10  loop is in fluid communication with the second esterification reactor 108. Likewise,
in still another embodiment, the influent for the recirculation loop can from a tee
located intermediate fluid line 113 such that the influent for the recirculation loop is
in fluid communication with the effluent from the first polycondensation reactor
109. Moreover, in still another embodiment, the influent for the recirculation loop

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, downstream, adjacent, or even at the

20  influent 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  mix 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 because they can
be substantially dissolved in the recirculation process, preventing or minimizing

30  solid abrasion on the internal process. Thus, it will be understood that the system
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described herein is less advantageous when only fluid reactants are added (e.g.,

forming monomer from DMT and EG).

While this invention has been described in connection with preferred
embodiments, it is not intended to limit the scope of the invention to the particular
5 embodiments set forth, but on the contrary, it is intended to cover such alternatives,

modifications, and equivalents as may be included within the spirit and scope of the

invention as defined by the appended claims. For example, there are numerous

variations and combinations of reaction conditions, €.g., component concentrations,

desired solvents, solvent mixtures, temperatures, pressures and other reaction ranges

10  and conditions that can be used to optimize the product purity and yield obtained
from the described process. Also, one skilled in the art will appreciate that in

practicing the process of this invention, only reasonable and routine experimentation

will be required to optimize such process conditions.
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10z What is claimed is:

1. A process for introducing a solid polyester precursor reactant into a reaction
mixture comprising the steps of:

a) providing a reactor configured to define an internal 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 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. A process for introducing a solid polyester precursor reactant into a reaction
mixture comprising the steps of:

a) providing a reactor configured to define an internal 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 ié in fluid communication with the internal volume of the
reactor;

c) recirculating at least a portion of the reaction mixture through the

recirculation loop wherein the first polyester reactant and polyester
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fluids;
d) decreasing the pressure of the recirculation fluids with at least one
pressure decreasing device at at least one point in the recirculation loop;
and
e) feeding a second polyester reactant into the recirculation loop adjacent to
or at the pressure decreasing device, wherein the second polyester
reactant is the solid polyester precursor reactant, to thereby introduce

solid polyester precursor reactant into the reaction mixture.

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

4, The process of claim 2, wherein the reactor is a continuous stirred tank
reactor.

5. The process of claim 2, wherein the reactor is an esterification reactor, ester

exchange reactor or polycondensation reactor.

6. The process of claim 2, 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.

7. The process of claim 2, wherein the pressure decreasing step of step (d) is

downstream from the recirculation pump.

8. The process of claim 2, wherein the pressure decreasing step (d) is performed
using an eductor through which at least a portion of the recirculation fluids

flow.
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using one or more of a siphon, exhauster, venturi nozzle, jet, or injector.

10.  The process of claim 2, wherein the second polyester reactant is fed into the

pressure decreasing device.

11.  The process of claim 8, wherein the feeding step is performed using a
feeding conduit having a receiving end opposed to a discharge end, wherein
the discharge end is in fluid communication with the recirculation loop
adjacent to or at the eductor and wherein the second polyester reactant is
directed into the recirculation loop from the decreased pressure of the

recirculation fluids developed by the eductor.

12.  The process of claim 11, wherein the feeding conduit further comprises:

a) a solid storage device in fluid communication with the receiving end
of the feeding conduit and located intermediate the receiving end and
discharge end of the feeding conduit for storing the second polyester
reactant to be fed into the recirculation loop;

b) a solid metering device in fluid communication with the receiving
end of the feeding conduit and located intermediate the receiving end
and the discharge end of the feeding conduit ; and

c) a loss in weight feeder in fluid communication with the receiving end
of the feeding conduit and located intermediate the receiving end and
the discharge end of the feeding conduit;

wherein the second polyester reactant is directed from a point intermediate

the receiving end and discharge end of the feeding conduit through the

discharge end of the feeding conduit into the recirculation loop.

13.  The process of claim 11, wherein the solid storage device is a silo and the

solid metering device is a rotary air lock.



109 & ()-3@0%& ()- "910%& ()-910%& ()- 10z?*[**+F,,, aB:/

10zL! 1092 & ()-Y 10%& ()- 9GLO%& ()-F 109%& ()-'e 109%& ()-y3

1092 & () WOO2HG2RT . }~2:/ 10z ,109%& ()-Y (s109%& ()-!Y (s1OUX{USOYHEDY

% 109668& ()-fs$10%& ()-"" 10%& ()-..U //0000dYNC 10z 10z 10z 10zl

61092& ()- ,5100& ()-1 ,210%& ()-Y /10%& ()-z -f10%& () - 0#0&060011"?YNC
1023 109 ()-'e 10988& ()-z! 1$109%& Z

& ()-"&10%& () -3, 10%& () - &10%&' () - 11G23d3w33z[ <YNC 10z +y10%& ()- 3

(3109& ()- “'f109& ()-!" LIMLOY4& ()-!e r560% /& ()-z!"

10%=8& () - S33W4444444~ @ 102" &10%& () - &10%& ()- 10 10 10Y

14.  The process of claim 11, wherein the second polyester reactant is
substantially dissolved by the recirculation fluids before flowing to the

effluent of the recirculation loop.

15.  The process of claim 2, wherein the first polyester reactant comprises a
dihydroxy compound and wherein the second polyester reactant comprises a

dicarboxylic acid.

16.  The process of claim 2, wherein the second polyester reactant is terephthalic

acid.

17.  The process of claim 2, wherein the second polyester reactant is

cyclohexanedimethanol.
18.  The process of claim 2, 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.

19.  The process of claim 2, wherein the polyester reaction product comprises a

polyester monomer.

20.  The process of claim 2, wherein the polyester reaction product comprises a
polyester polymer.

21.  The process of claim 2, wherein the reactor is an esterification reactor or

ester exchange reactor and the effluent of the recirculation loop is in fluid

communication with the reactor.
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23.

24,

25.

26.

27.
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the effluent of the recirculation loop is in fluid communication with an

esterification or ester exchange reactor.

The process of claim 2, wherein the effluent of step (b) is in fluid

communication with a first esterification reactor.

A process for introducing a component into a process fluid comprising the

steps of:

a) 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 the recirculation fluid of step (b) with at
least one pressure decreasing device at at least one point in the
recirculation loop; and

d) feeding a component into the recirculation loop adjacent to or at the
pressure decreasing device of step (c), to thereby introduce a

component into the process fluid.

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

component.
The process of claim 24, wherein the component is a liquid.,
The process of claim 24, wherein the component is an additive, colorant,

modifier, pigment, polyester precursor reactant, polyfunctional branching

agent, polyfunctional crosslinking agent, or inhibitor.
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28.  The process of claim 24, wherein the process fluid comprises a liquid.

29.  The process of claim 24, wherein the process fluid is a polyester

process reaction mixture,

30.  The process of claim 24, wherein the component is a solid.



