WO 2004/ 111104 PCT/ US2004/ 016468 POLYESTER PROCESS USI NG A Pl PE REACTOR 5
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON This invention rel ates
generally to polyester processes and apparatuses, |0 wherein the
esterification, polycondensation, or both esterification and

pol ycondens¥@i2¢d/1piitcess is perfornmed in a pi pe react or PCAUSEHEOHIE ness of
manuf acturing pol yesters becones nore conpetitive, alternative
manuf act uri ng processes have becone highly desirable. A variety of
processes have been devel oped. Early efforts used reactive distillation
(U.S. 15 Patent No. 2,905,707) with ethylene glycol ("EG') vapor as
reactants (U. S. Patent No. 2,829,153). Miltiple stirred pots have been

I 0% o BB TERHRCR SIS M AT .
| ower pressure drops between reactors, while U S. Patent No. 3, 385, 881

di scloses nmultiple reactor 20 stages within one reactor shell. These designs
were inproved Lo solve problems wth entrainnment or plugging, heat

i ntegration, heat transfer, [ [ eactors, etc., as
described in U S. Patent nﬁ§5€§§§¥@5Q??@ﬁgfg@gﬁéﬂﬂgﬁﬁg?ggﬁ?137; 3, 644, 096;
3,689, 461; 3,819,585; 4,235,844; 4,230,818; and 4,289,895. Unfortunately,
t hese reactors andEUDROFSTHEINSENBEONY conpl ex. For 25 exanple, the stirred

pol ycondensati on reactgrs. have c | ex design ich require detailed

cal cul ati ons and craft ‘H%?ﬂ\{ f”ecliﬁmgs $e§3@ﬁ%k%§e§¥é€g§?5ﬁs§s %‘Lhiélg?am 5§e\§’acuum
and, whether heatggkréih tikagtetification] pilgdondérkatiok ey tis estdrifRad@i dndt or does not
scrape the walls, and a close tolerance i s, maintained to provide effective

mass transfer. SURIYOBMIFBIONPEANCETE PEIRES INAPIBAITFBr i nstal | ed quickly and
30 require expertise o HEbMNiMsDoAMhERARAEPolyEAR BRI R orE YoMkl €2l

esterification or ester exchange reactors, "'such as a continuous stirred
tank reactor ("CSiRtmatinamanufagiyringnregesses bavedgeomebighlyadesirable. pivpeeteofi | s for

cte. Eeter:iica Brorobirereagbidhie PRRERs SR s BB 1a1t0s
PCT/ US2004/ 01668Patent No. 2,905,707) with ethylene glycol (“EG”) vapor as reactants (U.S.

Patent No. 2,829,153). Multiple stirred pots have been disclosed to gain

additional control of the reaction (U.S. Patent No. 4,110,316 and WO

98/10007). U.S. Patent No. 3,054,776 discloses the use of lower pressure drops

between reactors, while U.S. Patent No. 3,385,881 discloses multiple reactor

20  stages within one reactor shell. These designs were improved to solve problems
with entrainment or plugging, heat integration, heat transfer, reaction time, the
number of reactors, etc., as described in U.S. Patent Nos. 3,118,843; 3,582,244,
3,600,137, 3,644,096; 3,689,461, 3,819,585; 4,235,844, 4,230,818; and
4,289,895. Unfortunately, these reactors and plants are extremely complex. For

25  example, the stirred polycondensation reactors have complex designs, which
require detailed calculations and craftsmanship. The reactor must operate under
a vacuum and, whether heated or cooled, maintain its shape so the agitator does
not scrape the walls, and a close tolerance is maintained to provide effective
mass transfer. Such complex designs cannot be built or installed quickly and

30 require expertise to maintain and operate.

Conventional cylindrical esterification or ester exchange reactors, such

as a continuous stirred tank reactor (“CSTR”) have many internals, such as
baffles, pipe coils for heating, large overflow weirs, trays, packing, agitators,

and draft tubes, etc. Esterification or ester exchange reactors can also be



-2 reactive distillation, stripper, or rectification colums with their
associated internal trays, packing, downconers, reboilers, condensers,
internal heat exchangers, reflux systenms, punps, etc. Conventional

pol ycondensati on reactors, which are typically a pseudo, plug flow device,
which tri esw0aoddixddi n 5 an average residence tine w t RCE/UFNAO1G468 ne
distribution, are typically a (1) CSTR typically of the wipe filmor thin
filmreactor type, or (2) reactive distillation device. Such conventi onal
condensation reactors commonly have a nean$ of enhancing the surface
renewal , usually by making thin filnms of the polynmer. Such conventi onal

pol ycondensat | on dRYLRRNIGARIGH, Rrbbdchred iMool iRf hBFakakibgq Wei 'S,

baffles, wipe filnms, 1 nternal agitators, andql arge agitators w seal s or
magnetic drives, einternalireys packing dewnasoersatebyiléracendenserpantemalheaot her hi ghly
conpl i cated devices, for keepin he vapor | f r.om,pl 1 N9.... Many

pol ycondensati on r%’%?&?r&ﬂés’ Iéﬁ%%%ﬁ; S’%rgé’F'icg%EY%tlgPﬂﬁgggggggﬁap%%nts and
must mai ntai n t hei rea@bRPRhiRN afe tpitAYIDsoidol plOP Cloatdevies,. wiittesies tythaingin cal

15 reactors require a | arge, anount of engi neering, drafting, and skilled
craftsmanshi p td cehdteragefesidees Wye WHHPF’&‘&‘PWFlg%fég%ﬁ*b‘ﬁl°§oafﬁg}§"°&u‘ébé9i ally

fabricated jacket ' T ShEwWRR HIIM S tHh BEn kAEHET MelgivLi nes
connecting the pi ggi‘}zg@ﬁets}to eggﬁ ff(])t(?i”gr angnt%e re@g’fdg(ra.) T;!ﬁev%:yl i ndri cal
reactor has addi t distilidtioaxitaraaluch oopenitmiabcauletsaton gecion omssonkydiavat or s,
seal systens, 20 nmotors,. and the like. The extr onplexity, ..materials, and
skill required to W%&F@WWE@&%%&F‘?%@ ur“éaglé’t 8?@3 "éga[&]é qlglstoﬁé’ehi gher
cost. A pipe has bgaipmel. Suchs@ehtional pdljcondéns@iineidliced dbatain Baysineiaat ed into
the process or equipnent, U S. Patent No. 3,192,184, for exanple, discloses

an i nternal |y !baf h¢aing poife Vel hafiles.rraps Blms; wternal ggitators, anpdarge,egitgprs

3,644,483 25 discl i [1f ther
exanpl es, Patent @gﬁ?ﬁcﬂﬁﬁﬁﬁg%‘g’/cg’z‘*?ﬁsfhgﬁed"@%‘%‘s“ at éﬁi‘ﬁﬂ%? ‘ ?gld%, 496

di scl ose two pi pe otherlugldy somplicatedrievines feskespingitiataponlize dropoplygang. zat i on
reactors, and U. S. 443 e reactor Eet ween an

esterification rea aﬁ& S%&o eﬁﬂgg{%?ét?réélfg :'?g&lt %?gagﬁé@é%"?eerﬁ%‘i%mcn ach of
these reactor trai ki misMapRaiaies: shapkbviel PRangeaLkMperatitdd. MRese@yh@dricanpl ex
reactors and equi pnent. Wiile it has been theorized that optinmm ester
exchange or 15 reactors require a large amount of engineering, drafting, and skilled
craftsmanship to construct. The cylindrical reactor also has a specially
fabricated jacket having multiple partial pipe jackets and weld lines connecting
the pipe jackets to each other and the reactor. The cylindrical reactor has
additional external components such as gearboxes, agitators, seal systems,
20  motors, and the like. The extra complexity, materials, and skill required to
construct the cylindrical reactors leads to the higher cost.
A pipe has been disclosed in prior art patents that is integrated into the
process or equipment. U.S. Patent No. 3,192,184, for example, discloses an
internally baffied pipe within the reactor, and U.S. Patent No. 3,644,483
25  discloses the use of a pipe for paste addition. As other examples, Patent
Application WO 96/22318 and U.S. Patent No. 5,811,496 disclose two pipe
reactors between the esterification and polymerization reactors, and U.S. Patent
No. 5,786,443 discloses a pipe reactor between an esterification reactor and a
heater leading to a staged reactor. Each of these reactor trains incorporates a
30  pipe reactor into the other complex reactors and equipment.
While it has been theorized that optimum ester exchange or

esterification would occur in a continuum of continuous pressure reduction and



esterification would occur in a continuum of continuous pressure reduction
and WO 2004/ 111104 PCT/ US2004/ 016468 -3 conti nuous tenperature increase
(see Figure 1, Santosh K CGupta and M| Kumar, Reaction Engi neering of Step
G owth Pol yneri zation, The Plenum Chem cal Engineering Series, Chapter 8,
Pl enum Pr es¥0 200¢/811Y04 t he cost of doing so with existin§CEIRNEOHPI6H Sl

equi pnent is prohibitive, because it requires 5 nunerous small reactors,
each with their own associated instrunments._,and valves for |evel, pressure,
and tenperature control and punps. Thus, i “convent i onal pol yester pl ant
designs the nunber of pressure reduction stages (cylindrical reactors) is
mnimzed to m nifg.z : f i*‘ﬁﬁ“tf tq.l reactors
wer e instead incr?gggﬁﬁgﬁn&e??ﬁrgwﬁ%gglﬁeg ro%?,%hfoaﬁ%ﬁ%ﬂ%}%ﬁ;ﬁggg- 10 There
is a need in the Kumaf Beadtionpinginearmgad StepSaewtinkplymeriaatiom IThe Htenummaki ng

I . SU Y OF ,THE. | NVENJ| h j j I .
Gaul prent and pr ocheuEe Higepis e CAReEt FIly Pt T Ip os{i R ile”

speci fically, thespwilsedtingriepvintionsl eqliphes id grohipitive, eeast ftiréquirasl associ at ed
equi pnment and processes for use in hoth new and existing (retrofitted)

pol yest er pl ant s. nuppg@ous sl gstorhcach withithelg powniggsocigd;ingtugents agd va¥es i qui d,
gas, or solid fee%%i&eﬂsgreyﬁfraqn@% ERIRONGR m.{]dggu%e TREY, &S Entdhal

nmodi fiers. The present pipe ?éactof I nvention has ny advant ages over 2
convent i onal pol ypdyester plotdsigss themdmbppd pegssise sedudimnsstagep@yhsbiabr process

of the present invention allows, the designer.t decoupl e.from.each other
Che react or  heat TAARGT BranPgHe Rining2e S3E  metag f bt LERRERER “ang
di sengagement f unghétoRsverdnkfead ReRakY, then the ptestur@dobaould Bempimiged.r eact or s
of the present invention do not require internal heating coils of a 25
continuous stil®red tankhereict deed Butheiansosaaimplsy apparalises idsPRestsssgr neans
such as a heat exehapgeedds) acketed pipe. Among many limtations of CSTRs,
the anount of heating cOlls is limted due to the need to naintain
agitation of the fluids. Too many heating coils do not allow enough space
between coils for agitati on.SBMMARY OF THE INVENEIONuncti on and
agitation function are 30 decoupled in a pipe reactor system this
limtati on of CSTRs, a esgnhavention gelates to equipment and processes for the

15 manufacture of polyesters. More specifically, the present invention relates to

pipe reactors and associated equipment and processes for use in both new and
existing (retrofitted) polyester plants. The starting materials, or the reactants,
can be liquid, gas, or solid feedstocks using any components for the polyester or
modifiers. The present pipe reactor invention has many advantages over

20  conventional polyester processes and apparatuses.

This pipe reactor process of the present invention allows the designer to
decouple from each other the reactor heat transfer, volume (i.e. residence time),
agitation, and disengagement functions. With respect to heat transfer, the pipe
reactors of the present invention do not require internal heating coils of a

25  continuous stirred tank reactor, but instead can use various heating means such
as a heat exchanger or jacketed pipe. Among many limitations of CSTRs, the
amount of heating coils is limited due to the need to maintain agitation of the
fluids. Too many heating coils do not allow enough space between coils for
agitation. Because the heat transfer function and agitation function are

30  decoupled in a pipe reactor system, this limitation of CSTRs, among others, is

not present in the pipe reactor system of the present invention.



not present in the pipe reactor systemof the present invention. WO

2004/ 111104 PCT/ US2004/ 016468 -4 Pipe reactors are not limted to the

vol ume of a vessel for kinetic considerations as is the case with a CSTR;
pi pe reactors utilize the Iength of pipe for kinetics, which can be varied
in a sinpl eVeaMdt1104As to mass transfer or agitation, PFCFASEWAEI64¢8s do not
require a propeller or inpeller of a CSTR, 5 instead, a punp or gravity flow
can be used to nove fluid around. Wth respgct to di sengagenent, which is
the separation of the gas from the liquid interface, a CSTR process
controls the liquid/gas interface by reactor volune. Controlling the

interface by controllingpd Rectb@ard doy Bm¥ted i He luRe oflh LEdsaUbikingy to control
the velocity of the fluids. If the CSTRis nade tall and 1o skinny, the

| evel control becownsideratigrisaglisthe ease wath @rCSIRe pipededcrase vtiliaeshalensts el

probl ens increase, . - vel och il i 1 Lncrea | nt, and
reactor costs i ncrpe'éggﬂfdnteﬁésf ﬁAé&iln%g? iéé;gagﬁﬁl?ﬁar %&’26 'jggr%lg?' ‘%ﬁgtrﬁ%tsgr?ﬁ%r hand,

if the CSTR is nestaghittont pipaetatiats donwt reqnioeigprobelddr ion gnpstliet of 0ESTHRE
introduced into the reactor, agitation ig%nnre dif%ﬁcalt wi.th the | arger

di aneter, and for PsipleaPumpor gBVIY Hel can Reusgd i oy duid atuad. pecomes an

issue. Thus, there are Qﬁ&ir@&ﬁé’btt@ﬁﬁ@ﬁ%ﬁ aicnt,fvHicH 8¢hd &B%ﬁon&ﬁtﬂ%@hs@% hei ght
of a CSTR, which thereby nakes it difficult to nodify the CSTR to control
to the vel ocity ofthe hquifllintediace, PESER processontzol BT Rquidégaairiterface hp reactenpor
removal operations_are r i . I . 2] 0Ci . However,
addi ti onal vapor r‘éoﬁruolg%l ?%g{éér;lg'ﬂ% %‘%s‘rﬁ?g%(ﬁ%gg&pﬁ%m}%ﬁ%?c&g ‘éerr‘gm% e]ésr'ﬁlt rai ned

| i qui d bei ng renovditfidalt wdyao vapmi thervelokiogsf thé flyidel I the COTR ey madeptall aml a pi pe

reactor systemof the inventjon herein, fq control th |.i qui d/ gas
interface, addi%i osrlf‘a‘}“_ypfhﬁi c{‘_iﬂ“ﬂ@letfcé%%‘i‘g-}c“ﬁﬁgﬁé?éma&degﬁﬂwﬂ\%arg’gﬁﬁ%ld to
control the total fhbleshs RkEASE, WipRREIoBIREs MBleRRiWith ih&R@¥eAUntrifmal! fvace. Thus,
with a pipe reactor systemof the present invention, the di sengagenent

functions are 25 sieagibreqostarinrense Witk &hwiingreased swsface eeat Batherdibar hend, af the
convent i onal  CSTR &ypk &l qcShl LA ol SRAVAR! AGRR: CAR B8 of G i3h B
r Pof neking p yes% R OLh

conventional react systens rsfoun e art, such
as reactive distileadtonagitasibh isapere difficult wile theflargertdiameterg hnihfos larg scilank wi t h
internals, screw, or kneader react?és in conparjson to the above stated

advant ages of the PMrye shprmedhe vrsss! grroges apisstie. Thus, there are optimum
dimensions for the length, width and height of a CSTR, which thereby makes it

difficult to modify the CSTR to control to the velocity of the fluids. As such, in
a CSTR operation, more vapor removal operations are required to control the
vapor velocity. However, additional vapor removal operations lead to the

20  problems of entrained liquid being removed by the vapor and loss of yield.
Conversely, in a pipe reactor system of the invention herein, to control the
liquid/gas interface, additional pipes (pipe reactors) in parallel can be added to
control the total fluid velocity and gas velocity leaving the surface. Thus, with
a pipe reactor system of the present invention, the disengagement functions are

25 simpler and much easier to control than that of a conventional CSTR system.
Similar disadvantages can be found in other conventional reactor systems for
making polyesters found in the art, such as reactive distillation, stripper, or
rectification columns, or tank with intemals, screw, or kneader reactors in
comparison to the above stated advantages of the pipe reactor design of the

30  present invention.

Surprisingly, the pipe reactors of the present invention can be used for

polyester processes, which typically have long residence times. Generally, pipe



30 present invention. Surprisingly, the pipe reactors of the present

i nvention can be used for polyester processes, which typically have | ong
residence tinmes. Generally, pipe WD 2004/111104 PCT/ US2004/ 016468 -5
reactors are used for processes having only very short residence tines.
However, i W84/batd found herein that the pipe reactor BCHUSI0pE01BH68sent

i nvention can be used for |onger residence tine polyester production
processes. Accordingly, in one enbodinent, §he invention is directed to a
process 5 for maeking a polyester polyner froma plurality of reactants,
conprising: a. providing an esterification pipe reactor having an inlet, an

outlet, and an i péRiordire SbdifaEFrocdsse hasihg bhllyivedishen rg@didefcd @At or conpri sing
a substantially enpty pipe; b. adding at |east one reactant into the pipe
reactor proxi mal Eﬁwew, Jthpglees dound hereiribat the pipg Frastors ofithe prEsOBTVEREN pi pe
reactor and react ' : . wi thin the

pi pe reactor and K3 eé%8?3%2{02%&%%%%%{%%?E&?‘%%bﬁétuggo%te et St her eof ,

wherei n the reactants arcortlinglypol grestmbodinent therinfdntoa sgliretted Gunprotdse

esterification _pipe reactor are each an esterification 15 fluid;, c.
providing a polsypoﬁ’dgﬁgﬁgia&??ﬁﬁﬁfep‘ﬁgﬁ?&mm PB[‘W_&HYQ BAFARIBICYTBEINE he
esterification pipe reactor probviighg exeANERIda pigeGBackir PEvin ag frdét, anl dutlkd ui d
communi cation with the esterification pipe reactor, the “polycondensation

pi pe reactor having a firstaha intgriecsuefaee. Siegsterification pine rEacidrgempnsingice, t he

pol ycondensati on pi pe react i sing.a.substantially enpty pipe; and d.
directing the fluid pol yestg%ubﬁt%ﬁgmr ﬁn??ﬁ?’he first end of the

pol ycondensati on pi pe beact addisgattlézat orieheactanhiniethe pipewsactar proximgil thde
pol yeondensal i gn reactor, b IGTE LERCk R0, houaR kU AR PLLASHET ond
pi pe reactor, and the polywah egoh dtferftd fitaRIeseOMEn@Re vAthid the piRact or,
wherein the reactor and the polyester monomer exits from the outlet thereof,
wherein the reactants and the polyester monomer flowing
through the esterification pipe reactor are each an esterification
15 fluid;

c. providing a polycondensation pipe reactor formed separately of
the esterification pipe reactor, the polycondensation pipe reactor
in fluid communication with the esterification pipe reactor, the
polycondensation pipe reactor having a first end, a secoﬁd end,

20 and an inside surface, the polycondensation pipe reactor
comprising a substantially empty pipe; and

d. directing the fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows
through the polycondensation reactor, the monomer reacting to

25 form an oligomer and then the oligomer reacting to form the
polymer within the polycondensation pipe reactor, and the
polymer exits from the second end of the reactor, wherein the
monomer, the oligomer, and the polymer flowing through the
polycondensation pipe reactor are each a polycondensation fluid.

30

In another embodiment, the invention is directed to a process for making

a polyester polymer from a plurality of reactants, comprising:



nmononer, the oligoner, and the polyner flow ng through the polycondensation
pi pe reactor are each a polycondensation fluid. 30 In another enbodi nent,
the invention is directed to a process for naking a polyester polyner from
a plurality of reactants, conprising: WO 2004/111104 PCT/US2004/016468 -6
a. providi NP #RVEY4Yr i fication pipe reactor having an i REEUS208#016#48| et, and
an interior surface; b. adding at | east one reactant into the pipe reactor
proximal the inlet so that the reactants_fl ow through the pipe reactor and
react 5 with each other to forma polyester nononer within the pipe reactor
and the pol yester nonomer exits fromthe outlet thereof, wherein the

reactants and the pol Yaf?St_er;delﬁgfﬁiesftérﬂiéﬁﬁlﬁmpiﬁ@fe@&%a&h@aﬂﬁﬁl@lﬂhﬁb&&’i,i on pi pe
reactor are each an esterification fluid, wherein the reactants conprise

terephthalic acid or 10 di € Ayintesioepifassl ate; c. providing a _ _
pol ycondensati on pi pe y eac?aﬁﬁiné?(l@?s@o&eer@%tﬁﬁ?Até{pf){fxi%ctn@?ct S{i}n{ai {Hat!on pipe
ip in I'd ¢o

reactor, the pol ycondensation e reactor nication wth the
esterification pipe react orinletsdahat il rgctantiefisa thraughphggipe sactboandraxit ng a
first end, a second end, 15 an i nsi de SLiI‘faCE; and d. directing the

an in ... .d
fluid pol yestet nononer intgth§ PtiﬂFrstP AR BYYESHRE MPBBIEE KRB RER PN pi pe

reactor so that the nDNONMBrredotdf?WRd the POBYEE hHRNRL bXiEORGE BRalutiennégeCct Or . the
nononer reacting to forman oligonmer and then the oligonmer reacting to form

the 20 polynmer within the pdienigasasianisond glepelyestgemonomerdlowitg  pol yner
exits fromthe second end e ~ . j OITEL
qug\[}# the ?ﬁ%@% 10r¥‘€5§5 ?ég o} E}% eg{aﬁo"ﬂl nﬁc&t{&ﬁ

ol i goner, and the polyner f ng ol'ycondensat i on pi pe reactor
are each a pol ycondensat i orfluid, whereii?the keactanw cbmprisntbephthaitaciddre i nventi on
is directed to a process for ki n a pol yester polyner froma plurality of
reactants, cohbri gi ng: dﬂm&my]ter"gph‘hala?e; Y Pory g Y

c. providing a polycondensation pipe reactor formed separately of
the esterification pipe reactor, the polycondensation pipe reactor
in fluid communication with the esterification pipe reactor, the
polycondensation pipe reactor having a first end, a second end,

15 and an inside surface; and

d. directing the fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows
through the polycondensation reactor, the monomer reacting to
form an oligomer and then the oligomer reacting to form the

20 polymer within the polycondensation pipe reactor, and the
polymer exits from the second end of the reactor, wherein the
monomer, the oligomer, and the polymer flowing through the

polycondensation pipe reactor are each a polycondensation fluid.

25 In another embodiment, the invention is directed to a process for making
a polyester polymer from a plurality of reactants, comprising:
a. providing an esterification pipe reactor having an inlet, an outlet,
and an interior surface;
b. adding at least one reactant into the pipe reactor proximal the
30 inlet so that the reactants flow through the pipe reactor and react
with each other to form a polyester monomer within the pipe

reactor and the polyester monomer exits from the outlet thereof,



a. providing an esterification pipe reactor having an inlet, an outlet, and
an interior surface; b. adding at | east one reactant into the pipe reactor
proximal the 30 inlet so that the reactants flow t hrough the pipe reactor
and react wth each other to forma pol yester nonomer within the pipe
react or andvOp@spoligest er nononer exits fromthe outl et PCHAIS2WR/0164¢3

2004/ 111104 PCT/ US2004/ 016468 -7 wherein the reactants and the pol yester
nononer flow ng through the esterificatiqg_pipe reactor are each an
esterification fluid; c. providing a polycondensation pipe reactor forned
separately of 5 the esterification pipe reactor, the pol ycondensation pipe

reactor in fluid communi cajkeddin WMelrBactdAR 488 tRN ol yesRE MBRoméMRwig@Ct Or , the
pol ycondensati on pi pe reactor having a first end, a second end,  and an

i nside surface; and d. dir dbroughtheiesterificatian pipk yeastoe ererpaefosressterificgionhe f i r st
end of the 10 pol ycondensaﬁuii&),n pi pe reactor so that the nononer flows

t hrough t he pol ycondensati on r'eactor, the nononer reacting to form an

ol i goner and then the @l i ggirevidingaebliyoghdensation pipt bectop @i sepatdtdly of t he

pol ycondensati on pi pe reactor, and the. éaoI%/rrer exits fromthe second end of
the reactor, wherein the 13hGEReSHISAton MR BRIt HEPOIYSARAENFALIOP BIRFHEACH | owi ng

through the pol ycondensat ijgmupi QiR with tnfaehfidatRA! paRagsSaki on
fluid. In another enbodinment, the invention is directed to a process for

maki ng a pol yester pol ynerpolycondeasgtionpaicireagtayhayinge fiastend, asesmpdiesd.ng: 20 a.
providing a conbined est erlg Mo tiﬁs?&'ésgggcepgn%ppl ynmer  pol ycondgnsatl on pi pe
reactor having an inlet, an outlet, "and an  interior surface; b. adding at

| east one reactant inido thedifctiss thefcidpolyestexmo®dmdrtitto theiretend@f theat t he
reactants flow through the pipe reactor and react 25 with each other to

through the polycondensation reactor, the monomer reacting to
form an oligomer and then the oligomer reacting to form the
polymer within the polycondensation pipe reactor, and the
polymer exits from the second end of the reactor, wherein the
15 monomer, the oligomer, and the polymer flowing through the

polycondensation pipe reactor are each a polycondensation fluid.

In another embodiment, the invention is directed to a process for making
a polyester polymer from a plurality of reactants, comprising:

20 a. providing a combined esterification and prepolymer
polycondensation pipe reactor having an inlet, an outlet, and an
interior surface;

b. adding at least one reactant into the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor and react
(25 with each other to form a polyester oligomer within the pipe
reactor and the polyester oligomer exits from the outlet thereof,
wherein the reactants and the polyester oligomer flowing
through the esterification pipe reactor are each an esterification
fluid; ’

30 c. providing a polycondensation pipe reactor formed separately of

the combined esterification prepolymer pipe reactor, the

polycondensation pipe reactor in fluid communication with the



reactor and the polyester oligoner exits fromthe outlet thereof, wherein
the reactants and the polyester oligoner flowng through the esterification
pi pe reactor are each an esterification fluid; 30 c. providing a

pol ycondensati on pi pe reactor formed separately of the conbined

est eri fi camIgrielwsl yner pipe reactor, the pol ycondenBGEPRAMIpE8r eact or
in fluid communi cation with the WD 2004/ 111104 PCT/ US2004/ 016468 -8
esterifrcation/prepolymer pipe reactor, thegpolycondensation pipe reactor
having a first end, a second end, and an inside surface; and d. directing
the fluid polyester oligomer into the first end of the 5 polycondensation

pi pe reactor so that the ol 'e@féﬂﬁéatfbh@}‘&:olyH%f BifBGPeaEﬂa? tl@@ﬂrn] mﬁaﬁﬁﬁ&i on
reactor, the oligonmer reacting to formthe polyner wthin the

pol ycondensati on pi pe-r eact dnperamrmwegﬁ&fﬁﬁm aé)%¢qﬂ§l endamd@anensigdecond end of
the reactor, wherein the oljgoner and the polyner flow ng through the 10
pol ycondensatl on pi pe reactor aré Tach a pol ycondensation fluid. In another
enbodi nent, the inventidon i stidctirgche fluitd @obyegieradgsmerf mto malﬁrsngnd af thol yest er

pol ymer froma pIurallty of conpri si |ng an
esterification?’pipe reactor W&?PP&“%‘OPHW&W“%S‘?H@{ﬁ‘@f’hg‘gﬂ Sinterior
surface; b. adding at |east ipRagh 88pbRténdefalod REctbY, AR JIRBfkPreadtingXd Mol the
inlet so that the reactants flow through the pipe reactor and react with

each other to form a pol yestferm ﬂ@m@h@wrmthmthepﬂﬁcoadg@aw pipareder arll t he
pol yester nononer exits fr om,i Q@KI%HXE‘E thqﬁg é%eorf%er}emgr LRactants and

t he pol yester nononer fl ow ng roug e es er| I cation pipe reactor are
each an esterification fl uitheoligoner and Wit polymepbwyingidengatheon pi pe reactor
integrally conbi ned L .

10 polycondensation pipe reactor are each a polycondensation

fluid.

In another embodiment, the invention is directed to a process for making
a polyester polymer from a plurality of reactants, comprising:
15 a. providing an esterification pipe reactor having an inlet, an
“outlet, and an interior surface;

b. adding at least one reactant into the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor and react
with each other to form a polyester monomer within the pipe

20 reactor and the polyester monomer exits from the outlet thereof,
wherein the reactants and the polyester monomer flowing
through the esterification pipe reactor are each an esterification
fluid;

c. providing a polycondensation pipe reactor integrally combined

25 with the esterification pipe reactor, the polycondensation pipe
reactor in fluid communication with the esterification pipe
reactor, the polycondensation pipe reactor having a first end, a
second end, and an inside surface; and

d. directing the fluid polyester monomer into the first end of the

30 polycondensation pipe reactor so that the monomer flows
through the polycondensation reactor, the monomer reacting to

form an oligomer and then the oligomer reacting to form the



25 with the esterification pipe reactor, the pol ycondensati on pipe reactor
in fluid comrunication with the esterification pipe reactor, the

pol ycondensati on pi pe reactor having a first end, a second end, and an

i nside surface; and d. directing the fluid polyester nononmer into the first
end of thew®@hogohwsondensati on pi pe reactor so that thBCHURIMKA1646BOWS

t hrough t he pol ycondensati on reactor, the nononer reacting to form an

ol i goner and then the oligoner reacting to_éprn1the WO 2004/ 111104

PCT/ US2004/ 016468 -9 polynmer within the pol ycondensati on pipe reactor, and
the polymer exits fromthe second end of the reactor, wherein the nononer,

the ol igomer, and the polynmgplynes Withth thdpOYEhdbRBioPAbY FARFE BadIH.ON Pi pe
reactor are each a polycondensation.5 fluid. In another enbodiment, the

invention is directed to a pobeeessxitsoromiticisaepnd gng of the sqastor.ovhegrimthe from a
plurality of reactants, conprjsing: . o ]! L I pi pe
reactor having an inlet, anmn%h%gtt?eg?lfggén%}é aﬁ%ﬂ%ﬁ%@ﬁ%&l‘%ﬁgﬁ%@?@ © addi ng

at |east one reactant into tpadcphdensatienpipeiregatopxferdath 4 pelycondbmsiaticro t hat the
reactants flow through the pipe reactor and react wth each other to forma
pol yester monoAer within th ‘pe reactor and the polyester nononer exits
fromthe outlet thereof, 15 wherein the reactants and the pol yester nononer
flowng through the esterification pipe reactor are each an esterification
fluid; c. providing a unaptheymmbodinieytc the devesber o dirpiterbtoragaatess for oraking

ool o e S R BASARGA o e P RaRSpc o st on pLe
pol ycondensati on pi pe peact Qroviiay af @stérifidatiGi pipd ebactdr BRGRh igRGanand an
i nside surface; and d. directing the fluid polyester nonomer into the first
end of the 10 outlet, and an interior surface;
b. adding at least one reactant into the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor and react
with each other to form a polyester monomer within the pipe
reactor and the polyester monomer exits from the outlet thereof,
15 wherein the reactants and the polyester monomer flowing
through the esterification pipe reactor are each an esterification
fluid;
C. providing a prepolymer polycondensation pipe reactor formed
separately of the esterification pipe reactor, the
20 polycondensation pipe reactor in fluid communication with the
esterification pipe reactor, the polycondensation pipe reactor
having a first end, a second end, and an inside surface; and
d. directing the fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows
25 through the polycondensation reactor, the monomer reacting to
form the oligomer within the polycondensation pipe reactor, and
the oligomer exits from the second end of the reactor, wherein
the monomer and the oligomer flowing through the
polycondensation pipe reactor are each a polycondensation
30 fluid.



pol ycondensati on pi pe reactor so that the nonomer flows 25 through the

pol ycondensati on reactor, the nononer reacting to formthe oligonmer within
t he pol ycondensati on pipe reactor, and the oligonmer exits fromthe second
end of the reactor, wherein the nonomer and the oligonmer flow ng through

t he pol yconderneutliithd pi pe reactor are each a pol ycondendiTiigEz004@806468 ui d. WO
2004/ 111104 PCT/ US2004/ 016468 -10 I n another enbodi nent, the invention is
directed to a process for making a polye§§§f oligoner froma plurality of
reactants, conprising: a. providing an esterification pipe reactor having an
inlet, an outlet, and an interior surface; 5 b. adding at |east one

reactant into the pi pemf88@bOdmbddeidniBhe mbéntioh™ @feck 16 BplockRIqor BAGRANT S
fl ow through the pipe reactor and react wth each other to forma pol yester

nmonomer Wi t hi n t het pilygster plegaates fromraiplutalitypdirsastantsy commisings exits fromthe
outlet thereof, whergin th ro@ﬁﬁ\?tﬁ%édﬁ@ﬁioﬁ@ﬁ;e@%&o‘?%ﬁ% H?Pn?&EfIn flowng 10
§ FEact or ar 6 Each an est eri

t hrough the esterification I pe icatron fluid;
c. providing a prepol ynmer pohtjetandaninéricdsugficee reactor integrally conbined
with the esterification pipe, reactor, the %%o,l }/c%ndensati on pipe reactor in
fluid communichtion with t haddisg ddeastqneireagianbinio g gipeaeactos Proxiipgl the

pol ycondensati on pi pe react giet shaat (g réacfahis HowolifbugR t1R§HM 2@ hnd 883k an
i nside surface; and d. directing the fluid polyester nonomer 1nto the first

end of the pol ycondensat i owithiepeh atherde rmsipolyeater mhromermydtien thelpipgs  t hr ough

t he pol ycondensation reactor, th n [.reacting f 0 for e _ol.i gomer
within the pol ycondensati onreﬁf‘ﬁlé%@%?@%Steéﬁlc?%?]ﬁgexéﬁgiﬂégln'tgf onQ%l[&]sereforf’om t he
second end of the reactor, wheresithe rdabtentaamiiive polgedertrishoiler oWk f 1 owi ng

through the polycondensatl gn e cstantication pipe reacior me Pach an catershoarion
fluid;

c. providing a prepolymer polycondensation pipe reactor integrally
combined with the esterification pipe reactor, the
polycondensation pipe reactor in fluid communication with the

15 gsterification pipe reactor, the polycondensation pipe reactor
having a first end, a second end, and an inside surface; and

d. directing the fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows
through the polycondensation reactor, the monomer reacting to

20 form the oligomer within the polycondensation pipe reactor, and
the oligomer exits from the second end of the reactor, wherein

the monomer and the oligomer flowing through the

polycondensation pipe reactor are each a polycondensation

fluid.
25
In another embodiment, the invention is directed to a process for making
a polyester monomer from a plurality of reactants, comprising:
a. providing an esterification pipe reactor having an inlet, an outlet,
an interior surface, and at least one weir attached to the interior
30 surface thereof; and

b. adding at least one reactant into the pipe reactor proximal the

inlet so that the reactants flow through the pipe reactor, the



fluid. 25 In another enbodi ment,

maki ng a pol yester nononer
provi ding an esterification pipe reactor having an inlet, an outlet,

interior surface,

and at le

t her eof ; arwio bao4/addésng at |

the inlet so that the reactants flow through the pipe reactor,

froma plurality of reactants, conprising:

the invention is directed to a process for

a.
an

ast one weir attached to the interior 30 surface
east one reactant into the pPPEUSEREIS463pr oxi nmal

2004/ 111104 PCT/ US2004/016468 -11 reactants reacting with each other

formthe pol yester

nononer

nonomer exits fromthe out

pol yest er nononer

fl ow ng

an 5 esterification fluid, and [ _
the weir. In another embodi nathin the pipeirspgionandthe palyesteranenaer oxits frmmothess f or

meking @ polyester monomer ofa et Uiakih I S A Sy GRTRhSHAO

providing an esterification pipe teacto

interior surface;

wi thin the pipe reactor and the pol yester
| et thereof, wherein the reactants and the

the WD

to

tdicRHGRedchfy @fth e4dhiditeRtd %Rﬁ@ﬁolfw@s@eﬁ? hhod&e each

and wherein the esterification fluids fl ow

n o et,

over

10 a.
and an

b. addi ng flawinghsiugiothe estedfidatioh pipetrenctdiarguagiear eact or
proximal the inlet so that the reachagts romLtg{ou%h the pj pe reactor, the
reactants reacting with eac u

frsterfication Juidodng, whzeip,

esterification pipe reactor are each an esterification fluid; and c.
recirculating a portioq of

recircul ation effl

15

20

25

30

uent BAAY

a.

and,. d th

eraCpBration s flons wi ¢ hin
the pipe reactor and the polyygsh&wefononer exits fromthe
and wherein the reactants and the pol yester

outl et thereof,
nmononer flow ng through the

he proce fl.uid irectin 20..
het SnfbofivfeRS s itb o Miuifee B 10 4 Prdecsd foramaiing, ¢ o
proxi mate the inl efpddfestehtotsiner frdrh alurality bRRadtats, @bmphsihgreen the inl et and
outl et of the ﬁfterification reactor.

providing an esterification pipe reactor having an inlet, an outlet,
and an interior surface;

adding at least one reactant mnto the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor, the
reactants reacting with each other to form the polyester monomer
within the pipe reactor and the polyester monomer exits from the
outlet thereof, and wherein the reactants and the polyester
monomer flowing through the esterification pipe reactor are each
an esterification fluid; and

recirculating a portion of the process fluids and directing the
recirculation effluent back to and therethrough the esterification
reactor proximate the inlet of the esterification reactor or

between the inlet and outlet of the esterification reactor.

In another embodiment, the invention is directed to a process for making

a polyester monomer from a plurality of reactants, comprising:

a.

providing an esterification pipe reactor having an inlet, an outlet,
and an interior surface;

adding at least one reactant into the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor, the
reactants reacting with each other to form the polyester monomer
within the pipe reactor and the polyester monomer exits from the

outlet thereof, wherein the reactants and the polyester monomer



I n anot her enbodi nent, the invention is directed to a process for making 25
a polyester nononer froma plurality of reactants, conprising: a. providing
an esterification pipe reactor having an inlet, an outlet, and an interior
surface; b. adding at | east one reactant into the pipe reactor proxinmal the
inlet so t h&D 2WRA1T1eact ants fl ow t hrough the pipe react aCT/u2e048064682act ant s
reacting with each other to formthe pol yester nononer wthin the pipe
react or and the pol yester nonomer exits fro]?the outl et thereof, wherein
the reactants and the pol yester nononer WO 2004/ 111104 PCT/ US2004/ 016468
12 flowi ng through the esterification pipe reactor are each an

esterification fluid; and Cﬂo{vﬁ{ﬁqm‘oﬂgl% Mg%%@f;gag?@%pgg?ag{&gwr&a{: r

internediate its inlet and 1ts “outl mate 1ts outlet through a
vent of enpty 5 pipe. |n anestbeficabodfuidnadt, the invention is directed to a
process for making a polyester .nononer. froma pluralit f reactants,
conprising: a. providifg an"851eNs Yalp8§tff°6'h8’ﬁipﬁ’§ r??éé?(ft“&f’%.?fg}'ﬁt%gs 1Hf??ﬂﬁilset ., an
outlet, 10 and an interior yisdhddafd/of fi6ximatedis JafbtBronSsh ve@REEmaty | east 20
vertical feet below the outlet; b. adding at | east one reactant into the

pi pe reactor prooximal the PHCfet so that the reactants flow through the pipe
reactor, the reactants reacting with each other to formthe pol yester

nononer 15 within the pipe reactor and the pol yester nononer exits fromthe
outl et thereof, and whdnensthérieembodiaehttlicsnention helinpctky &4 processforanakingf | owi ng

through the esterification H‘iérge eactg‘rﬁ]are eacgh an esterification fluid.
20 I'n anot her embdtRIFRIET MEADEY PBIRNLL OffERClaNS GOMBISINGr ocess for maki ng

a pol yester nonomer frqom a pkdtidihg b estdriflcRRMIpARY Ract &Rz Mlet, #h ole@Vi di Ng
an esterification pipe reactor having an inlet, an outlet, and an interior
sur f ace; 10 and an interior surface, the inlet being positioned at least 20

vertical feet below the outlet;

b. adding at least one reactant into the pipe reactor proximal the
inlet so that the reactants flow through the pipe reactor, the
reactants reacting with each other to form the polyester monomer
15 within the pipe reactor and the polyester monomer exits from the
outlet thereof, and wherein the reactants and the polyester

monomer flowing through the esterification pipe reactor are each

an esterification fluid.

20 In another embodiment, the invention is directed to a process for making
a polyester monomer from a plurality of reactants, comprising:
a. providing an esterification pipe reactor having an inlet, an outlet,
and an interior surface;
b. adding at least one reactant into the pipe reactor proximal the
25 inlet so that the reactants flow through the pipe reactor, the
reactants reacting with each other to form the polyester monomer
within the pipe reactor and the polyester monomer exits from the
outlet thereof, wherein the reactants and the polyester monomer
flowing through the esterification pipe reactor are each an
30 estenification fluid, and wherein the fluids present in the pipe

reactor are in a bubble or froth flow regime.



b. adding at | east one reactant into the pipe reactor proximal the 25 inlet
so that the reactants flow through the pipe reactor, the reactants reacting
with each other to formthe polyester nononer wthin the pipe reactor and

t he pol yester nonomer exits fromthe outlet thereof, wherein the reactants
and t he poW@aWw#itllpnoner flowi ng through the esterifi BaTUSHIHEIEESr eact or
are each an 30 esterification fluid, and wherein the fluids present in the
pipe reactor are in a bubble or froth ro_vY regi me. WO 2004/111104

PCT/ US2004/ 016468 - 13 In anot her enbodi ment, the invention is directed to
a process for making a polyester nononmer froma plurality of reactants,

conprising: a. providi 'Iﬁ’aﬁ&h?%hﬁb&i&dgﬁé‘iﬂe‘?ﬁ‘veﬂﬁ@@isrd%%EtE@Eo IS RPfRhak et . an
outlet, and an interior surface, erein the pipe reactor has alterr%atl ng 5
| i near and non- | i regmilyestec miooorserdiine aglundity of reactarite agmpmding:  di recti on
between the inlet and outlet th reofé b..f. algdi nl% at | east Oﬂ? Leact q@[j into
the pipe reactor proxifal tREVIqRE ¥ SGHERLR RERICPLA XN 20 IRl W Stigh t he
pi pe reactor, the reactant %nd@rﬁﬁtdriﬁﬂsdﬁahé]vﬂﬁﬁdh&%%er&@tcfr@nﬁﬂhltdﬁ&tiﬁ?| yester
nmononer to within the pipe reactor and the Eol yester nononer exits fromthe

outl et thereof,5 wherein t he lineasandpenslinggsecHenssatepdiegdn ithispgthwise f | owi ng

through the esterification piB&ihH®2RIRh t]%riﬁgteﬁﬁ%uﬁ th&sdeerification fluid.
! ;

15 I n anot her enbodinent, the invention 1s directed to a process for making
a pol yester nononmer frdm a pidinghtleast afe neadat and the pipepactaipnekimal ther ovi di ng

an esterification pipe reactgr, havi an inlet, —an outlet nd.an interior
surface; and b. adding at Ié'gg‘tsogmﬂ%éﬁ??f@%t&%?‘f)o‘igﬁihep‘?’B%mP‘g%flt?r pr oxi mal
the 20 inlet so that the reagctaRtéactih@with Bichlgher tRrRitREpdfREE Monohére
reactants reacting with each other to formthe pol yester nononer  wthin the

pi pe reactor ald the pol yestdthimiaginsireaster ead the RYEHE menpmesexitsiimnede,
wherein the at |east one re%ﬁfl&%er@ﬂfﬂvﬂé?&nﬂ@%fcﬁnﬁand the polyester monomer

flowing through the esterification pipe reactor are each an

esterification fluid.

15 In another embodiment, the invention is directed to a process for making
a polyester monomer from a plurality of reactants, comprising:
' a. providing an esterification pipe reactor having an inlet, an outlet,
and an interior surface; and
b. adding at least one reactant into the pipe reactor proximal the
20 inlet so that the reactants flow through the pipe reactor, the
reactants reacting with each other to form the polyester monomer
within the pipe reactor and the polyester monomer exits from the
outlet thereof, wherein the at least one reactant and the polyester
monomer flowing through the esterification pipe reactor are each

.25 an esterification fluid.

In another embodiment, the invention is directed to a process for making
a polyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a
30 second end, and an inside surface, the first end being disposed
vertically above the second end, the polycondensation pipe

reactor having alternating linear and non-linear sections



nmononer flow ng through the esterification pipe reactor are each 25 an
esterification fluid. In another enbodinment, the invention is directed to a
process for making a polyester polyner, conprising: a. providing a

pol ycondensati on pi pe reactor having a first end, a 30 second end, and an
i nsi de sur fsi@@go4tthigof i r st end bei ng di sposed verti cal | pycahse@4divasssecond
end, the pol ycondensation pipe reactor having alternating |inear and
non-|inear sections WD 2004/111104 PCT/ U52004/ 016468 -14 extending in its
| engt hwi se direction between its first emd%nd its second end; and b.
directing a fluid polyester nononer into the first end of the

pol ycondensati on pi pe reacto o that, the .nononer fl ows hr ough .t he

pol ycondensati on reactor, teﬁ%nﬁﬁ% Sr]e?gz%“élts‘f %16er£ﬁ8ng?r8'|;?ﬁ %’nﬁ%{?ﬂagﬂ%?mand t hen
the oligomer reacting to f@edonlllesd; apdl ymer within the pol ycondensation pipe
reactor, and the polymer exits fromthe second end of the reactor, wherein

the rmonomer, the ol i gomer dirsetinerafludpelyesist mongmenigta the iy and ¢fdhe o
pol ycondensati on pi pe reac.tp‘afya@ﬁ&acn?aﬁgﬁ'{)@eP&k%??d‘ﬁﬁﬂf@}ﬂoﬂ&fgy t‘fH\& | n anot her
s for

enbodi ment, the invention i's”directe a proces maki ng a pol yester
pol ymer, conprdsing: a. prowmodginife polyoindesatiansatton thepngeneesmattong thavi ng a
first end, a 15 second en& an ilnsi de s&{&;@ﬁe, .and at b.ea t.one weir
attached to the inside surfZea ¢ligamensn & PHEYMY THACHES IOBER Bt i s made of

a substantially enpty pi peolyaitd withinthé palédnderRatidriyipe RatyEshEhe TONOMEr i Nt O

the first end of the polycondensation E{&pe reactor so that the nononer
flows 20 through the pol ycdabasgxitsdiom dgsewnd cadiaf the Fraser et theg to form

an oligoner and then the Olrﬁﬁﬁﬂgﬁ,éﬁfﬂ%}n@ aﬁ(pthfg(b[)gﬁeg@l?\rvg%t%ﬁﬁgéh et hin the

pol ycondensati on pi pe reactor, polymer “e second end of
the reactor, wherein the polycondensation pipe reactor are each a polycondensation fluid.

In another embodiment, the invention is directed to a process for making
a polyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a
15 second end, an inside surface, and at least one weir attached to
the inside surface thereof, wherein the pipe reactor is made of a
substantially empty pipe; and
b. directing a fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows
20 through the polycondensation reactor, the monomer reacting to
form an oligomer and then the oligomer reacting to form the
polymer within the polycondensation pipe reactor, and the
polymer exits from the second end of the reactor, wherein the
monomer, the oligomer, and the polymer flowing through the
25 polycondensation pipe reactor are each a polycondensation fluid,
and wherein at least one of the polycondensation fluids flows

over the weir.

In another embodiment, the invention is directed to a process for making
30  apolyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a

second end, and an inside surface; and



nmononer, the oligoner, and the polynmer flow ng through the 25

pol ycondensati on pi pe reactor are each a pol ycondensation fluid, and
wherein at | east one of the polycondensation fluids flows over the weir. In
anot her enbodi nent, the invention is directed to a process for making 30 a
pol yester podydiilll@onpri sing: a. providing a pol ycondeREEUBHA4/PicHSE r eact or
having a first end, a second end, and an inside surface; and WO 2004/111104
PCT/ US2004/ 016468 15 b. directing a quig pol yester nmononer into the
first end of the polycondensation pipe réddfor so that the mononer flows

t hrough t he pol ycondensati on reactor, the nononer reacting to form an

ol igoner and then the gli gomctigggﬁ?wl%gﬁe{/ﬁ%garhé}gné ﬂ?ér)élﬁ] t 4 obkeni N the

pol ycondensati on pi pe reactor, exits e second end of
the reactor, wherein the npolgcadensatian wpé gesterso thatdhd mengoirfloss f | owi ng

t hrough the pol ycondensatign pi reactor are each ol ycondensati on
fluid;, and 10 c. renoving 85%&:"3}?? ‘?@?‘ﬁ%&é’%l"ﬁé‘*%ﬁc‘?ﬁB"q“ﬁ'i“grrrﬁ%‘ﬁ'i”&f% its
inlet and its outlet and/ oforfra@oligBinér dnll Shenth®bligdned Wak@ig folforav@h a vent
conprising substantially enpty pipée. In another enbodi nent, the invention is

directed to a process for nh®lymgr witlinshenolyrendespation pinrereactaorsithsi ng:  a.
provi di ng a pol ycondensati o j . i i : cond end,
and an inside surface; and Egl?fg?fg{l}??x%gﬂge%ﬁ#g&@%@é@gﬁﬁgﬁgﬁg}tﬁ?mO t he
first end of the polycondensabtmmeantheiobgomeaaridthe paymenflowing throughithe f1 ows 20

t hrough t he pol ycondensati on reactor, the nononer reactin o forman
ol i goner and then the oli goﬁglycq:@g\lg’sﬁl?{bplp%re]a PTrATE A% a&ﬂl’ffgﬂﬁﬁe"\%‘tpﬂid‘?“ﬁhe
pol ycondensati on pi pe reactggd and the polyner exits fromthe second end of

the reactor, wherein the ) ] ) o
10 c. removing vapors from the pipe reactor intermediate its inlet and

its outlet and/or proximate its inlet or outlet through a vent

comprising substantially empty pipe.

In another embodiment, the invention is directed to a process for making
15 apolyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a
second end, and an inside surface; and
b. directing a fluid polyester monomer into the first end of the
bolycondensation pipe reactor so that the monomer flows
20 through the polycondensation reactor, the monomer reacting to
form an oligomer and then the oligomer reacting to form the
polymer within the polycondensation pipe reactor, and the
polymer exits from the second end of the reactor, wherein the
monomer, the oligomer, and the polymer flowing through the
25 polycondensation pipe reactor are each a polycondensation
fluid, and wherein the fluids present in the pipe reactor are in a

stratified flow regime.

In another embodiment, the invention is directed to a a process for
30  making a polyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a

second end, and an inside surface; and



nmononer, the oligoner, and the polynmer flow ng through the 25

pol ycondensati on pi pe reactor are each a pol ycondensation fluid, and
wherein the fluids present in the pipe reactor are in a stratified flow
regine. In another enbodinent, the invention is directed to a a process for
30 maki ng awpaehasasties pol yner, conprising: a. providi ng PETIGRdBHdENsat | on
pi pe reactor having a first end, a second end, and an inside surface; and
WO 2004/ 111104 PCT/ US2004/ 016468 16 b. dlrectlng a fluid pol yester nonomer
into the first end of the polycondensatloA pi pe reactor so that the nononer
flows through the pol ycondensation reactor, the nononer reacts to forman

ol igomer and then the gli goﬁﬁ&tlhﬁg%ﬁiﬁo@yefstgfﬁbﬁ&ﬁerﬁn@(?lllé’ﬁﬁ{edﬁ'otfﬂien t he

pol ycondensati on pi pe reactor polymer exits fromthe second end of
the reactor, wherein the npoiyeadensatien ppé pesterso thatdhd mengudryfiems f 1 owi ng

t hrough the pol ycondensati gn pi reactor are each ol ycondensati on
fluid. 10 I n anot her enbodi ﬂgﬂfgthqﬁ%oq}“}?f}gwg%ﬁl rF@:chi 1%8&ogémfr reﬁmsp(lpocess for
making a pol yester pol ynmer forfmligsinBicind ShenPhowligdnitd radcB @ Re@nkensat i on

pi pe reactor having a first end, a second end, and an inside surface; and
b. directing asfluid polyesPelymss wibindhe nokycendengationpie resriorotndiihe 15

pol ycondensat i on pi pe 1 eact gy blidlioki\he QPR ofhOBLb LBUAR mé e

pol ycondensati on pi pe react e oligomer reacting to form e pol yester
pol ymer within the pol ycondewsamenthepiligemercaret the polymer fidreing thryeglithe pol ymer
exits fromthe second end t n_anot her egc‘[% odi ment vention

is directed to an apparat usp?éff’o“dﬁ?s&g?}b‘i’l%reﬁuﬂ o1’y & OWW@FQ‘OB i sing:

a. an esterification pipe reactor having an inlet, an outlet, and an

interior surface through which esterification fluid reactants are passed,;
and 10 n another embodiment, the invention is directed to a process for making

a polyester polymer, comprising:
a. providing a polycondensation pipe reactor having a first end, a
second end, and an inside surface; and
b. directing a fluid polyester oligomer into the first end of thé
15 polycondensation pipe reactor so that the oligomer flows through
the polycondensation pipe reactor, the oligomer reacting to form
the polyester polymer within the polycondensation pipe reactor

and the polyester polymer exits from the second end thereof.

20 In another embodiment, the invention is directed to an apparatus for
producing a polyester polymer, comprising:

a. an esterification pipe reactor having an inlet, an outlet, and an
interior surface through which esterification fluid reactants are
passed; and

25 b. a polycondensation pipe reactor formed separately of and in fluid
communication with the esterification reactor, whefcin the
polycondensation reactor has an inlet, an outlet, and an intertor
surface through which at least one polycondensation fluid
reactant is passed,

30 wherein the esterification and polycondensation reactors comprise

substantially empty pipe.



25 b. a polycondensation pipe reactor fornmed separately of and in fluid
comuni cation with the esterification reactor, wherein the polycondensation
reactor has an inlet, an outlet, and an interior surface through which at

| east one pol ycondensation fluid reactant is passed, 30 wherein the
esterifi caW@enoghdifPol ycondensati on reactors conprise ESGHYSHALPIA#A8y enpty

pi pe. WD 2004/111104 PCT/ US2004/ 016468 - 17 In another enbodi nent, the
invention is directed to an apparatus for _,producing a pol yester polyner,
conprising: a. an esterification pipe reactor having an inlet, an outlet,
and an interior surface through which esterification fluid reactants are 5
passed; and b. a pol ycangpmasepembsdiMeRethe adeh@in it alrfRel eRappirglyfoef and in
fluid comunication with the esterification reactor, wherein the

pol ycondensat i on PEREiss apatyesier nolymar, coqprige] et , and an interior surface

t hrough which at | east ,one j i : i ssed. In
anot her enbodi nent, thé i nvg'ﬁ%%{%ﬁﬂ?tg%ﬁée%?%éﬁHtﬁgglg%gé@?tz%} @Pg:eéita?%%?pi pe
react or apparatus for produfntéripr surfiot jestighrwhitginaneificatbonfuid sdactgots ate an
esterification pipe reactor havjng,an inlet, an outlet, and an 15 interior
surface; and b2 a recircul aP#8P¥op having an influent and an effluent, the
effluent being in fluig conpypiyeidemation pipe feBQoldhREd {dparatel oY dall Refluiieact or .
20 In another enbodinent, the invention is directed to an apparatus for
produci ng a pol yest er nononesmmuhicajisreyith the estasification reedommhereinghe a.  a pi pe
reactor having an inlet, an i i whi ch
the fluid reactants are pasg(glgédng%ﬁa 'q‘g‘gc@\l%‘ihlgg g%lﬁlﬁéb%’;gdh?tgg%d %J(}?@ﬁgﬂ of the
interior surface of the pi peurfi2dtireghtwhichen deastcyna pehycordeasation fleid t her eof ,

10 reactant is passed.

In another embodiment, the invention is directed to an esterification pipe

reactor apparatus for producing a polyester monomer, comprising:

a. an esterification pipe reactor having an inlet, an outlet, and an
15 interior surface; and
b. a recirculation loop having an influent and an effluent, the

effluent being in fluid communication with the esterification pipe

reactor.

20 In another embodiment, the invention 1s directed to an apparatus for
producing a polyester monomer, oligomer, or polymer, comprising:
a. a pipe reactor having an inlet, an outlet, and an interior surface
through which the fluid reactants are passed; and
b. a weir connected to a portion of the interior surface of the pipe
25 reactor and adjacent the outlet thereof,

wherein the reactor comprises substantially empty pipe.

In another embodiment, the invention is directed to an apparatus for
producing a polyester monomer, oligomer, or polymer, comprising:
30 a. a pipe reactor having an inlet, an outlet, and an interior surface

through which the fluid reactants are passed; and



wherein the reactor conprises substantially enpty pipe. |In another

enbodi nent, the invention is directed to an apparatus for producing a

pol yester nmononer, oligomer, or polyner, conprising: 30 a. a pipe reactor
having an inlet, an outlet, and an interior surface through which the fluid
reactants a¥e:zpadsldel, and WO 2004/ 111104 PCT/ US2004/ 016268/US2004/Bt6k68 a vent
in fluid comrunication with the reactor, the vent further conprising an
upst andi ng degas stand pi pe coupled to the,yent, the degas stand pipe
having a receiving end in fluid comunicatfon with the vent and an opposed
venting end 5 disposed vertically above the receiving end, and wherein the

degas stand pipe is nop-lingat, ﬁmﬁae&nﬂmha@ati ts%ih?ﬂﬂggéawoﬁehe FHnk fiffthk,oN

bet ween the receiving end and the venting en ereof, and wherein the
degas stand pipe is forned aofmprisimganapstandingdegas sach fipneuplted o tha veibtui d

conmmuni cation with each ot h%r, a f%rit. 18 section &%j a en@ t,the receiving end
and ext endi ng subst anti al | yheJesass@nd pipe ppving 2 preeiyigend n AWl oy sect i on

coupled to the first sectigmmilcAich Mith@ke Rint & APpescdekingendt o the first
section in plan view, and a third section coupled to the second section and

oriented at a éonpl i ment ar ydighR§eevertisatly abeverthe terevisg cahand Bberedrihas in plan
view so that the third secty kt%ﬂib&@%gﬁ-liﬁ%b%;cémihgH A lelﬁ@g\biﬁé’m ally. In

anot her enbodi nent, the invermion I's directed to an appara or producing
a pol yester nmononer, ol i gondirgction bggwksrmtbe receinimgicsd agd th2 @emtingzngttpecof.eact or

having an inlet, an outlet, an interior surfac t hr h ich the fluid
reactants are passed. In an"{'ﬁaﬁglﬂﬂf@m eﬁ‘ifrf’f“,natpwg 1§ fﬂ_?‘é’ﬁ?[’gﬁpﬁeé}? 1§88 ed to an
apparatus for venting a prQgess cath MIRidéomtaRaatioh vt tf et ¥ alsy

di sengaging liquid fromthe 25 gas or vapor, the liquid, gas, and vapor

bei ng fluids, Weparating theectipradiarentthareeeiingsad and exigrding subrentiallvir ni ng t he
liquid back to the process, v&?%&'ﬁ%%% vert; a &cdfP&EiolouPled tEHE i PE
containing (i) liquid and (I1) gas or
section and oriented at an angle relative to the first section in
plan view, and a third section coupled to the second section and
oriented at a complimentary angle relative to the second section
i5 in plan view so that the third section is oniented substantially

horizontally.

In another embodiment, the invention is directed to an apparatus for
producing a polyester monomer, oligomer, or polymer comprnsing:
20 a. a pipe reactor having an inlet, an outlet, and an interior surface

through which the fluid reactants are passed.

In another embodiment, the invention is directed to an apparatus for
venting a process of gas or vapor while effectively disengaging liquid from the
25  gas or vapor, the liquid, gas, and vapor being fluids, separating the liquid from

the gas or vapor, and returning the liquid back to the process, comprising:

a. a vessel or process pipe containing (i) liquid and (ii) gas or
vapor; and
b. a vent in fluid communication with the vessel or process pipe,
30 the vent further comprising an upstanding degas stand pipe

coupled to the vent, the degas stand pipe having a receiving end

in fluid communication with the vent and an opposed venting



vapor; and b. a vent in fluid conmunication with the vessel or process pipe,
30 the vent further conprising an upstandi ng degas stand pipe coupled to
the vent, the degas stand pipe having a receiving end in fluid

comuni cation with the vent and an opposed venting WO 2004/111104

PCT/ US2004/wa eedd11186419 end di sposed vertically above thecrasaowdrwgssend, and
wherein the degas stand pipe is non-linear extending in its |engthw se
direction between the receiving end and thq venting end thereof, and
wherein the degas stand pipe is forned of'tﬁfee contiguous 5 sections each
in fluid communi cation with each other, a first section adjacent the

recei ving end and extendi ngesdidisiRRd vedidally aH@Jettil&@l:éiVin%%Q@ah@%!hgl%nltthea
second section coupled to the first section and oriented at an angle

relative to the first secti degasatangpipnisvioaviincaredteadmgiin ts kkagthivbr coupl ed to

t he second section and 10 orient |le rel,atiue to.the o
section in plan view so thg{rg%t'ﬁg%FﬁeF‘g&ggé;‘iglvbw eing an'll en“telétc]i"gs%zﬁeégr}?al |y

horizontal ly. In another enbfdlivAgsin,thd degad mriipeois fortned iof deéeasdniiguoas f | ui d
m xing and distribution system adapted .for the nm xture, storage, and
distribution ofs fluids to $estianseashmfuid perampnisstinnadith ¢icl pthebadirsn syst em

conprising: a. a first el Ong&kisna@gclﬁ\agﬂhe}é‘c@vmgahﬁﬂ@éﬁ&#ﬁgst igge

vessel; b. a circulating punp in comunication wt Irst vessel
and the second vessel, the wetticallydrdm thepyntpa besiondjsectoms toupieddd thedirst ar r anged
to pass a fluid flow through ghea@%sagghand tolzokfkrgq%ghetghg fluid from
the first vessel into the s&SHRANELLIRCIANE BTHARRIGT LS IR (o t he
first vessel; c. a second f blinGist,andgeidriectibnepapsled POhy 8568 sectiod dndi d
comuni cation with the first vessel and the second vessel being disposed at
a greater verti%al el evati oRTEMsthateREng!p Fdptivgde the second gecsign 4n pign ¥ispisp ol

valve in fluid communi catl ofuapieitecfi € ukidhkdGibs iy tohforkdlfy>t vessel

and the second vessel, respective

In another embodiment, the invention is directed to a fluid mixing and
distribution system adapted for the mixture, storage, and distribution of fluids to
15  aseparate plant process distribution system, comprising:

a. a first elongate and vertically disposed fluid storage vessel;

b. a circulating pump in fluid communication with the first vessel
and the second vessel, the circulating pump being constructed
and arranged to pass a fluid flow through the system and to

20 circulate the fluid from the first vessel into the second vessel and
from the first vessel to the first vessel;

c. a second fluid storage and dispensing vessel in fluid
communication with the first vessel and the second vessel being
disposed at a greater vertical elevation than the first vessel; and

25 d. a control valve in fluid communication with the circulating
pump, the first vessel and the second vessel, respectively, the
control valve being constructed and arranged to selectively direct
the fluid flow from the first vessel into the second vessel and
from the first vgssel into the first vessel,

30 wherein the second vessel is in fluid communication with the plant

process distribution system, and wherein a static pressure head formed



control val ve being constructed and arranged to selectively direct the
fluid flow fromthe first vessel into the second vessel and fromthe first
vessel into the first vessel, 30 wherein the second vessel is in fluid
comuni cation with the plant process distribution system and wherein a
static pressorershedod f or mred WO 2004/ 111104 PCTI US2004/ 0 PEZAB2004RB48y t he
fluid held within the second vessel is used to pass the fluid from the
second vessel to the plant process distrihgpion system In another

enbodi nent, the invention is directed to a fluid mxing and 5 distribution
system adapted for the m xture, storage, and distribution of fluids to a
separ at e pl ant process bgithet fhiidheld ontheytbe savpndosspal issusad)to @ass the fiiuidsfrorfil ui d
storage vessel; b. a second f/luid, m xi and storage.vessel; c. a
circulating punp in fl q§88§Wﬁﬁﬁ?EQﬁ§Uﬁ iPI3FeES “&gpgTSV €8¢l 10 and the
second vessel, the circulating punp being constructed and arranged to
circulate the fluid through the systemand from the first vessel into the
second vessel; d. the deausthergmbedimeniethsdnventigivis difeeied @ agilid muxingard i cal

el evation than botlh..of- ' t ' i,bution
T5 systom and e. Sotitioh 3k plpetIBRR, il Mo 30 aRRGARFof A 0"
circul ating punp,asepezatk ptaat proesss distribndort $ystesecampglisies sel , respectively, the
control val ve being construct edIﬂaggq&arran ed to selectively direct the

fluid flow fromthe fifst vBSERMUSEHEgeNeEbhe first vessel and 20 fromthe

first vessel into the gecond s¥@a8Bhid rhixingfd sBfEBJex@ssel being in fluid
comuni cation with the plant process distribution system wherein a static

pressure head forned By thecireulatingiemg infloldicompmmiogienwith hsstire vesssl used t o

pass the fl uiﬂ)hfromthe Seﬁ;?cf‘ﬁjle\égc%ﬁ(ﬂrests tmgumlag{ﬁ%g@f@%%ﬁ%cghsﬁéxyﬁgmi on 25

system In another enbodi nen the i nvention 1's od of
m Xi ng and arranged to circulate the fluid through the system and from

the first vessel into the second vessel;

d. the second vessel being disposed at a greater vertical elevation

than both of the first vessel and the plant process distribution
15 system; and

€. a control valve in fluid communication with the circulating
pump, the first vessel and the second vessel, respectively, the
control valve being constructed and arranged to selectively direct
the fluid flow from the first vessel back into the first vessel and

20 from the first vessel into the second vessel;

f. the second vessel being in fluid communication with the plant
process distribution system, wherein a static pressure head
formed by the fluid held within the second vessel is used to pass
the fluid from the second vessel to the plant process distribution

25 system.

In another embodiment, the invention is directed to a method of mixing
and distribution a fluid within a fluid mixing and distribution system adapted
for the mixture, storage, and distribution of fluids to a separate plant process

30 distribution system, comprising:
a. placing at least one fluid into a first elongate and vertically

disposed fluid storage vessel;



and distribution a fluid within a fluid mxing and distribution system
adapted for the mxture, storage, and distribution of fluids to a separate
pl ant process 30 distribution system conprising: a. placing at |east one
fluid into a first elongate and vertically disposed fluid storage vessel;
WO 2004/ 11 MO0400R@TN44S2004/ 016468 -21 b. passing the fpGirastoogmetdse fir st
vessel into a second elongate and vertically disposed fluid m xing and
storage vessel, the second fluid vessel begjng disposed at a greater
vertical elevation than both of the first “9éssel and the plant process
distribution system 5 with a circulating punp in fluid conmunication with
the first vessel and the s I i i
constructed and arrangebd to?’%%{shgt%{ﬁg&?Fﬁ?ﬁfn?H%B%H&?ﬁgqgﬁ@ﬁgﬁogghggﬁ ng a
control valve in fluid conmyaiticaty disposed fhnd hixing addtatbgereessqhuthgsecome fir st

vessel and the second vessel_ tp selectivel irect 10 the fluid,fromthe
first vessel to either of tﬁ@‘"ﬁe}s%“'ltlg@%é‘é‘?&éﬁ‘ﬂﬁatﬂ‘i%atersvémfﬁﬁd?/vé‘ggréfhjmand d.
sel ectively passing the fl uipdifdram e csREMAthY FafEIrodeds diREib@Mic Hystel OCESS
di stribution system the second vessel creating a static pressure head used

to pass the fluid stored thevidiaricalatirgpymmintiluid eompmariettiondyibrthe Bsti on
system |n another embodi m@%ssef{ﬁﬁtﬁ&\ég&tdlvg&el %edéilrcﬁﬁ{irgékﬁrﬁ Beiheat transfer
nmedia control systemfor use w a prpe reacétor sys he pe reactor
system having a supply heatcoiistracied end aresipal lopags thé floidghrougt thi sgstdnt;r St

stream of a heat 20 transfer nedia is[ E]assngéi .émd a return | etgt i ransfer
medi a | oop through whi ¢h a YSEEASEMER MRt Y FEMPERCatiqny Fe g s

passed, the tenperature of thgpfink st vE8atand iRREMH vBREI B selk&RRM BRENT _
greater than the tenperature oip the second heat transfer nedia’'stream said

heat transfer Hedia control tesBuiefoadhphirssyasse! taeithgr of the firsh sesseltapd thef er

medi a header through which tch% Eivgé&, Q%at 25 transfer nedia streamis

passed; b. a second heat transter nedia header through which the second
d. selectively passing the fluid from the second vessel to the plant

process distribution system, the second vessel creating a static
pressure head used to pass the fluid stored therein to the plant

15 process distribution system.

In another embodiment, the invention is directed to a heat transfer media
contro] system for use with a pipe reactor system, the pipe reactor system
having a supply heat transfer media loop through which a first stream of a heat

20  transfer media is passed and a return heat transfer media loop through which a
second stream of the heat transfer media is passed, the temperature of the first
heat transfer media stream being greater than the temperature of the second heat

transfer media stream, said heat transfer media control system comprising:

a. a first heat transfer media header through which the first heat
25 transfer media stream is passed;
b. a second heat transfer media header through which the second

heat transfer media stream is passed;

C. a first heat transfer media sub-loop, through which the heat
transfer media may be passed, from the first to the second
30 headers, respectively;
d. a control valve in fluid communication with a selected one of the

headers and the first sub-loop;



heat transfer nedia streamis passed; c. a first heat transfer nedia

sub-1 oop, through which the heat transfer nedia nay be passed, fromthe
first to the second 30 headers, respectively; d. a control valve in fluid
comuni cation with a selected one of the headers and the first sub-1oop; WO
2004/ 111104WPCI40I8004/ 016468 -22 e. the pressure of tIreTiiS2eK/ 06t

transfer nedia streamw thin the first header being greater than the
pressure of the second heat transfer nedi3 streamw thin the second header;
f. wherein the control valve is used to séléétively direct at least a 5
portion of the first heat transfer nmedia streaminto the first sub- | oop

using the pressure of the fifeteabe he ARFhel 1IRIAnSHS SR AniRARTELNE heat

transfer nmedia, and to also c e tenperature aén pressure of the
heat transfer nedi a stream beidagperassenter thawtbeipiessueofithe sscomliieal tooysfer 10 | n
anot her enbodi nent, the invenhj on is ghrg ted t adheat transfer nedia
control systemfor use with™ ‘ﬁisﬁﬁa“?g T e%%‘%dgnﬁa %he pipe reactor system

having a supply heat tgansf @heRth@cdr@OPvdIVl iQusdt twhéiedivelyldirestat Fastgam of a
heat transfer nmedia is passed and a return heat transfer nedia | oop through

whi ch a 15 secdénd stream of perien pEbthe first heps fransferapgdia stecamintodle finshaib-
t t f the first h | f i I . h th
emperature o erirs ?o%ia u&E‘n?'ﬂ% sp?éessﬁ@grﬁue%{t%@@tﬁﬁéfgﬁﬂ%ggiﬁht{) an the

tenperature of the second hea anster nedira stream s ansfer
medi a control system conpri pasaghe leat teanbfier medihcmt! to nlamsdrerol the dirapeneader

t hrough which the first heat ,transfer dia streamis passed; 20 b. a
second heat transfer nedia H%Hé%“&ewﬁgﬁgﬁamﬂé r idia s Eem%%aéfedtransfer

nedia streamis passed; c. erbighShe iRBJubllbspIst er nmedia sub-1oop through
whi ch the heat transfer nedia my be passed fromthe first header to the
second headerto

In another embodiment, the invention is directed to a heat transfer media
control system for use with a pipe reactor system, the pipe reactor system
having a supply heat transfer media loop through which a first stream of a heat
transfer media is passed and a return heat transfer media loop through which a

15 second stream of the heat transfer media is passed, the temperature of the first
heat transfer media stream being greater than the temperature of the second heat
transfer media stream, said heat transfer media control system comprising:

a. a first heat transfer media header through which the first heat
transfer media stream is passed;

20 b. a second heat transfer media header through which the second
heat transfer media stream is passed;

c. a first heat transfer media sub-loop through which the heat
transfer media may be passed from the first header to the second
header;

25 d. a first control valve in fluid commﬁnication with the first header
and the first sub-loop; and

e. a second control valve in fluid communication with the first sub-
loop and the second header;

f. the pressure of the first heat transfer media stream within the first

30 header being greater than the pressure of the second heat transfer

media stream within the second header;



25 d. a first control valve in fluid communication with the first header

and the first sub-l1oop; and e. a second control valve in fluid conmunication
with the first sub- |oop and the second header; f. the pressure of the first
heat transfer nedia streamw thin the first 30 header being greater than

t he pressum wh4/thddsecond heat transfer nedia stream MTHPWNOYHE68econd
header; WO 2004/111104 PCT/ US2004/ 016468 -23 g. wherein one or both of the
control valves is used to selectively diregt at |east a portion of the
first heat transfer nedia streaminto the first sub-loop, using the
pressure of the first heat transfer nedia stream to pass the heat transfer
nedia through the firsty 5 sybeleRQdhe oRB6tho? tRIBRrACAIVED]s ubEtEtolselRBIBAL Ur € and
pressure of the heat transfer nedia stream bei ng passed through the first
sub- | oop. In another enbodidifeqiet leasha ppitips af thedirst featitransferogedip stieameainiood of
passing 1 o a heat transfeg, g{isg _tl&ro tﬂe@ @urégﬁpgﬁgghg};%&féystemfor
use with a pipe reactor system t?’ue 8? pe Feactor system having a supply
heat transfer media | oop t hediagireah,itcpasa thid heat traisfee medafthraugietht firstansf er
media is passed and a return heat traqsfer ‘g‘ia | 00 thrgu h Wh‘ltfcg a
second stream df the heat tFEWOPRrANALY RIS fantrofthe temperatyg ap H%éﬁ”éﬁ "8 and t he
pressure of the first heat heARGhGE MRH SroamRMP phSsed BirdEhALEALEEuLt han the
tenperature and the pressure of the second heat transfer ~nedia stream said
heat transfer nedia control l&opst em conprising: a. passing the first heat
transfer nedia streamthrough a first heat transfer nedia header; b.

passi ng the second heat transfer nedia streamthrough a second 20 heat
transfer medi a header; If anqikembgdinieat, ediventianiidrecta® améthodof gaesifg r st
header through a first heat transfer pedia sub-lpop, in the absence of a

A |
heat transf er !%redi REACTHElF MeMaghrpbsh? Pept rens _rrrIEP@tsyats'ﬁ{}?rdfse VAPPRSG  f ui d
comuni cation W t hefdi® shitlm ! thD pRE lacdP SystedPhdvidgsd supply He@QPinsfer media loop

through which a first stream of a heat transfer media is passed and a return heat
transfer media loop through which a second stream of the heat transfer media is
passed, the temperature and the pressure of the first heat transfer media stream
15  being greater than the temperature and the pressure of the second heat transfer
media stream, said heat transfer media control system comprising:
a. passing the first heat transfer media stream through a first heat

transfer media header;

b. passing the second heat transfer media stream through a second
20 heat transfer media header;
c. passing the heat transfer media from the first header through a

first heat transfer media sub-loop, in the absence of a heat
transfer media circulating pump, with a first control valve in
fluid communication with the first header and the first sub-loop;
25 and
d. passing the heat transfer media from the first sub-loop into the
second header, in the absence of a heat transfer media circulating
pump, with a second control valve in fluid communication with
the first sub-loop and the second header.
30
In another embodiment, the invention is directed to a fluid delivery

system for the delivery of a process working fluid supply to a fluid process



25 and d. passing the heat transfer nmedia fromthe first sub-loop into the
second header, in the absence of a heat transfer nmedia circulating punp,
with a second control valve in fluid conmunication with the first sub-1oop
and the second header. 30 In another enbodi nent, the invention is directed
to a fluidwebkegarnod systemfor the delivery of a procegsrvsedoi/ng4adsl ui d
supply to a fluid process WO 2004/ 111104 PCT/ US2004/ 016468 -24 plant, the
process plant having a pipe system for hanghi ng, distributing, and
processing the fluid, the systemconprising: a. at |east one delivery
container positioned at a punp station; and b. at |east one punp in fluid
conmmuni cation wt - |Gl i Gt 14 at | east
one delivery cont }ahg&%ﬁer?éneg?ﬁ%mﬁaglinégpﬁ’%&%{ﬁf]g%@?g%m ,?stngﬁsré ’\%teldjt rain, the
val ve train bei ngprazedsing the fleidnthe systemn ¢amprisingh t he process pl ant pipe

tem wherein the fluid i lLecti vel d directly fromthe at, |east
one 10 del i very cont ai fler t it BAATE H ot SBTERPRGHRE 1 BErD B eRbs s pi ant

pi pe systemin the abgence s9feast oht pirflp fefldid esimbigiestionnvitsihe keigsst bk for
ot herwi se receiving and storing the fluid fromthe at |east one delivery

container theréin. 15 In anditeh\é?f)/é?ﬁfe@@ﬁf'rrent, the invention is directed to a
fluid delivery systemfor thg agf'ekét\()ﬁf HelRE ona%?ﬁén%ﬂ”ﬁliH‘g fluid supply to
e

a fluid process plant, the process plant having a pi system for handli ng,
distributing, and processi rgnithmichtion with & havs iraincthe canptraigibemyg imfluid first

delivery contai ner positioned at a punp.station; 20 b. a first punp in fluid
comuni cation with the fi rstcow“iniféﬁ?}lnyﬁlih'ﬁ?f%&éfs;p%@t PPCS¥TAY del i very

cont ai ner positioned atyhbReh tAEMRIdSE SdléctiVely piEpediiredtip @omNHe RUBRL b f 1 Ui d
comuni cation with the second delivery _ )
10 delivery container through the valve train and into the process plant pipe
system in the absence of a fluid delivery feed and storage tank for
otherwise receiving and storing the fluid from the at least one delivery

container therein.

15 In another embodiment, the invention is directed to a fluid delivery
system for the delivery of a process working fluid supply to a fluid process
plant, the process plant having a pipe system for handling, distributing, and
processing the fluid, the system comprising:

a first delivery container positioned at a pump station;

20 b. a first pump in fluid communication with the first delivery
container;
c. a second delivery container positioned at the pump station; and
d. a second pump in fluid communication with the second delivery
container;
25 €. each of the delivery containers and pumps, respectively, being

in fluid communication with a valve train, the valve train being
comprised of a plurality of selectively operable control valves
and being in fluid communication with the process plant pipe
system,;

30 wherein the fluid is selectively pumped directly from the first and

second delivery containers, respectively, through the valve train and into



container; 25 e. each of the delivery containers and punps, respectively,
being in fluid communication with a valve train, the valve train being
conprised of a plurality of selectively operable control valves and being
in fluid communi cation with the process plant pipe system 30 wherein the
fluid is séVeetsanss punped directly fromthe first andPCEESHEEHES very
containers, respectively, through the valve train and into WO 2004/111104
PCT/ US2004/ 016468 -25 the process pl ant QEBQ systemin the absence of a
fluid delivery feed and storage tank. In another enbodi nent, the invention
is directed to a fluid delivery 5 nethod for use in delivering a supply of

a process working flui ghdGodes pldhthipdNyReRsa tHel Bince Bh&ﬂﬁﬁ%ﬁ’@e?%' Rle@@ta havi ng
a pipe systemfor handling, distributing, and processing the Tluid, the

system conprising: a. ptesageitaking a first delivery container at a punp
station, the first delivery container being in fluid comunication wth a
first 10 punp; b. positioning a second delivery container at the punp
station, the second déhan®h¢r etbbdiaiens thebsventon i3 dirdected tocoffiid delinvaty on with a
second punp; c. selectjvely punping the fluid fromeach of the respective 15
del i very cont ai5nerr§etﬁ‘i’4@ét'¥%/‘“idﬁll“@“ £ 9 AYRPY hajiracest warkjog 5‘é‘dtt‘f‘ aflfid peing

conprised of a pl #fr?ujhcisﬁylaﬂfthéﬁfo%ﬁésip‘t’&'l Navaied Gipt Systerfor Bhnd1ihg! dififbitig! | Ui d

comuni cation wt e process plant pipe systeém and through the valve
train into the prondgsocpisingthpflpd, the yesteomedmprising: absence of a fluid delivery

feed and storage tank 20 for_otherw r iLving..and storing.the fluid from
the at | east one deli \?ery c%%{né’f“ﬁélastﬁﬁéir%g‘?eﬁyoq na“z’aer{(?{ %glrlmgrsrgg |’?nt§n¢r:§lt t he

invention is directed to an delvegrcahteeieaiyin i @mrilurdtdtiohwitharfirstyst em  t he
water distri bu}oi on system be‘i)urllrgl:]p_separ ately

b. positioning a second delivery container at the pump station, the
second delivery container being in fluid communication with a
second pump;
c. selectively pumping the fluid from each of the respective
15 delivery containers directly into a valve train, the valve train
being comprised of a plurality of selectively operable control
valves in fluid communication with the process plant pipe
system, and through the valve train into the process plant pipe
system in the absence of a fluid delivery feed and storage tank
20 for otherwise receiving and storing the fluid from the at least

one delivery container therein.

In another embodiment, the invention is directed to an integrated plant
water distribution system, the water distribution system being separately
25  supplied with clean, fresh water from a water supply source for use within a
process plant, the system comprising:
a. a safety shower water storage tank in fluid communication with,
and supplied by water from the water source;
b. a first water distribution loop in fluid communication with the
30 safety shower water storage tank and being supplied with water

therefrom;



25 supplied with clean, fresh water froma water supply source for use
within a process plant, the systemconprising: a. a safety shower water
storage tank in fluid comunication with, and supplied by water fromthe
water source; b. a first water distribution loop in fluid comunication with
the 30 safwe@gpidhowelr water storage tank and bei ng supplPCEAS0/MI6HESL er
therefrom WO 2004/111104 PCT/ US2004/016468 -26 c. a second water
distribution loop in fluid conmuni cation \Mzé\g the first water distribution
| oop; and d. neans for selectively drawi ng“water fromthe first water
distribution loop to supply water to the second water 5 distribution | oop.

| n anot her embodi ment, cthe iagg&ﬂﬁw&rhgg{#gfi%%o%%riglrliﬁglmgl%rﬁﬂ af8n with

di stributing water through an integrat ribution system
the water distribution systlenfidstevater dspbutianddop; snbpl i ed with cl ean, fresh
water fromio a water source for.us ithin a process apt . the nethod
conprising: a. supplyfng wit@ps EOBSejecgé{?léldff‘“gﬂgthr&BTﬁ’e @?B?’ﬁtﬁ‘é tank; b.
passing the water fromthe satHitios YRS subplyekatedto RGRcdrdatént o  a first
wat er distribution loop in fluid communication with the water storage tank;

15 c. selectivély passing walisibutieplaophe first water distribution loop to a
second water distribution loop in fluid comrunication with the first water

| oop. I n another enbodinent, the invention is directed to an integrated 20
vacuum system f or use Wi drotler émbadimpt| the orveativmas divectedaaatnosthdidofi ng separat e

hi gh pressure, nmediu ressure, and lL.ow pressure pol.ycondensati on vacuum
zones, respective Wrﬂ;(“ﬁ@g gt @mt@g@@miggﬁ@&p%pt ‘éatgrpfl'é?g‘g%éﬁ?@rt, ®said spray
condenser being i Rafdr WistibubioRNERRintBdihORpivately RPFIdGFit HeanBeinUMIE b OW
pressure 25 vacuum zones, respectively, of the pol ycondensation reactor;
10 awater source for use within a process plant, the method comprising:
a. supplying water to a safety shower water storage tank;
b. passing the water from the safety shower water storage tank into
a first water distribution loop in fluid communication with the
water storage tank;
15 c. selectively passing water from the first water distribution loop to

a second water distribution loop n fluid communication with

the first water loop.

In another embodiment, the invention is directed to an integrated
20  vacuum system for use with a final polycondensation reactor having separate
high pressure, medium pressure, and low pressure polycondensation vacuum
zones, respectively, the system comprising:
a. a spray condenser, said spray condenser being in fluid
communication with each of the medium and low pressure
25 vacuum zones, respectively, of the polycondensation reactor;
b. an interstage condenser in fluid communication with the spray
condenser; and
c. a vacuum pump in fluid communication with the interstage
condenser.
30
In another embodiment, the invention is directed to an integrated

vacuum system for use with a final polycondensation reactor having at least a



b. an interstage condenser in fluid conmunication with the spray condenser;
and c. a vacuumpunp in fluid comunication with the interstage condenser.
30 In another enbodiment, the invention is directed to an integrated vacuum
system for use with a final polycondensation reactor having at |east a WO
2004/ 111107 COPA/UIXB04/ 016468 -27 medi um pressure pol yEEFYSWEHI6#E vacuum
zone and a separate |ow pressure polycondensati on vacuum zone, the system
conprising: a. a spray condenser, said spr?% condenser being in fluid

comuni cation with each of the nedlunland W pressure 5 vacuum zones,
respectively, of the polycondensation reactor; b. a first EGjet in fluid

comuni cati on i t behfien Resae &%@%?Xtmn VecuuPzohBh& siaghuapideasge in fluid

comuni cation with the rst a vacuum punp in
communi cation wit holwmdﬁmm@@mvi&gm zote, dersigamepmprsing.C. a second EGjet in

fluid conmuni cation with th%éh%?heﬁﬁ%%%ég n8%§%° 4N %e% %1 g spray

condenser, respectlvelﬁ. B VAt onis directed to

a method of 15 collecting flcomehuhicaorowith &zh opte yedhnme asblbivgiRess@act or  havi ng
a high pressure vacuum zone, a nedi um pressure vacyum zone, and a | ow
pressure pol yéondensation VARIMOREhESPeqhrelyefitbrplyepdensating reactoryassi ng

the fluid fromat |easj the arfgg(?g]rjseg{nﬁ%ﬁyg(glgamwggQgﬁﬂﬁgﬁdrgyncdﬁa%glm zone

and the | ow pressure 20 pol ycon um zone of reactor into a
single spray condenset. i n spaitewstags eandensenimilvicennimwnigation withche fifst t he
medi um and | ow pressure vaczﬂglgones respectively; and b. drawing the fluid
t hrough an interstage conde &% n fluid comunication with the spr ay
condenser with a vacuu@ pun vacuum pump in fluid communication with the interstage

10 condenser; and
€. a second EG jet in fluid communication with the low pressure

vacuum zone and the spray condenser, respectively.

In another embodiment, the invention is directed to a method of
15 collecting fluid from a final polycondensation reactor having a high pressure
vacuum zone, a medium pressure vacuum zone, and a low pressure
polycondensation vacuum zone, the method compnising:
a. passing the fluid from at least the medium pressure
'polycondensation vacunm zone and the low pressure
20 polycondensation vacuum zone of the reactor into a single spray
condenser in sealed fluid communication with each of the
medium and low pressure vacuum zones, respectively; and
b. drawing the fluid through an interstage condenser in fluid
communication with the spray condenser with a vacuum pump

25 in fluid communication with the interstage condenser.

In another embodiment, the invention is directed to a process for making

a polyester monomer, comprising:

a. providing a pipe reactor having an inlet, an outlet, and an interior
30 surface, the inlet disposed elevationally below the outlet; and
b. adding at least one reactant into the pipe reactor proximal the

inlet so that the reactants flow through the pipe reactor, wherein



25 in fluid communication with the interstage condenser. |n another

enbodi nent, the invention is directed to a process for nmaking a polyester
nononer, conprising: a. providing a pipe reactor having an inlet, an outlet,
and an interior 30 surface, the inlet disposed elevationally bel ow the

outl et; an@oxossddliong at | east one reactant into the piRfE/¥RIEHD6Hr oxi nal
the inlet so that the reactants flow through the pipe reactor, wherein WO
2004/ 111104 PCT/ US2004/ 016468 -28 the reagtants react with each other to
formthe polyester nononmer within the pipe reactor and the pol yester
nmononmer exits fromthe outlet thereof. 5 In another enbodi nent, the

invention is directed to atpf@aais fefdt withkcaliothd 6 Wnteht Bbiyeddry mer
conprising: a. providing a polycondensation reactor having a first end, a

second end, and an insi de mampMmgewithintike Hips rwacteranddhespri¥ester @l080met onal | y
above the second end, the ggﬁyﬁggq§ﬁﬁﬁﬁiggegpactor bei ng non 10 |i near
t con endt; C

between the first end and € se and b. directing a fluid polyester
nmononer into the first end of the polycondensation reactor so that the

nmononer flows through the ol ycondensat.i on reactor, wherein the nononer
reacts to form the pdpmhgﬁ%ﬁ&whéh%avwew et fha Prosess &3 makipg ne

pol ymer 15 exi tsaéglpm&gaﬁﬁﬁgggpgggg:t hereof. | n another enbodi ment, the
invention is directed to a process for making a polyester polyner,

conprising: a. providimg appvlidiopagdelyeendersatiorergaqtor hayingarfiystentli 3 seeonghd, a
second 20 end, and an insi I , fi i . tionally
above the second end, wher é’lqﬁ’ a?lﬁéiL%ﬁf@%ﬁ%@h@éﬁ%gﬁ}f(gg%o?gc?ag%g?@w:n angl e
with a vertically-oriented apbathe sdchrd endgthe pbycoglengtiontaactot bemg aw@r 0

e e R 50 b, BRI L S Lihshyhg o 11 2
b. directing a fluid polyester monomer into the first end of the
polycondensation reactor so that the monomer flows through the
polycondensation reactor, wherein the monomer reacts to form
the polymer within the polycondensation reactor and the pblymef

15 exits from the second end thereof.

In another embodiment, the invention is directed to a process for making
a polyester polymer, comprising:
a. providing a polycondensation reactor having a first end, a second
20 end, and an inside surface, the first end disposed elevationally
above the second end, wherein the polycondensation reactor
forms an angle with a vertically-oriented plane, the angle being
greater than zero degrees; and
b. directing a fluid monomer into the first end of the
25 polycondensation reactor so that the monomer flows through of
polycondensation reactor, wherein the monomer reacts to form
the polyester polymer within the polycondensation reactor and

the polyester polymer exits from the second end thereof.

30 In another embodiment, the invention is directed to a process for making

a polyester, comprising:



pol ycondensati on reactor, wherein the nononer reacts to form the polyester
pol ymer within the pol ycondensation reactor and the polyester polyner exits
fromthe second end thereof. 30 In another enbodinent, the invention is
directed to a process for making a polyester, conprising: WO 2004/111104
PCT/ US2004M0A 8981110429 a. provi ding a pipe reactor havi RET/AR20DHIE46S an
outlet, and an interior surface, the inlet disposed elevationally bel ow the
outlet; and b. adding at |east one reactantginto the pipe reactor proxinal
the inlet so that the reactants flow through the pipe reactor, wherein 5
the reactants react wth each other to formthe polyester within the pipe

reactor and the pol yesher eyiokilidg #pipé Rectotliaviig dnhisteah outidtandan ifiéor
enbodi ment, the invention is directed to an apparatus for reacting

reactants into a pol yester HBEGethe inlbdisposed ﬁ'@"at'PGalbY beé"‘bﬂfié’“ﬂ@aé‘tdor havi ng
an inlet, an outlet, agd an i
chmgeﬁtl si)cﬁ”n% éa@f\aﬁtmtottﬂ@glg@e%tctoqlpa portl © 0 of the

el evati onal |y bel ow the out a welr conn
interior surface of the pi pmletrseatatthlcraadjaatséhw thivagho titel pape edorewhereihs | n

anot her enbodi nent, the invention is d|r to appar at.us. for.. reacting
reactants intoa pol yester ﬁ’ﬁ Wgaplsrsa}fﬁ%’?ﬁ gotheé? f‘g‘ﬁﬁ"ep?lé"é&?&#thwavu ng an
inlet, an outlet, and an lnt}@rplﬁre@wrfaa@ﬂmpotyaaeﬂé)du@tfroehﬁneeﬁ@edt}&k@vatl onal 'y
bel ow the outlet; and b. a venting mechani smincorporated into the pipe

reactor so that a 20 fluid traversing within its |nter|or -surface al so

flows through the venyy aguieehRRRRhBR AN BUEAONd REbIEE oo the

outlet of the pipe reactor e venting mechani sm corrpr|S| g an eccentric
fl at - on- bot t om r edeméng reﬂ&athtnmmaphlgcstcirlmummmbmpnheg| nvention is directed
to an apparatus for reactin reach} s int

ste
conprising: a.'%a pipe raeactﬁ ingIvAC ‘ﬂ““ﬂ@!e?’ aﬁ ﬁ 'ﬂf{a“ IB{%HO%HPWE erior

surface, the inlet dispos eCheGhl@MﬂEpo@a?élé%tl&ﬁll?\l#eloh&h@ldht'l@fi andand
b. a weir connected to a portion of the interior surface of the pipe

reactor adjacent the outlet thereof.

15 In another embodiment, the invention is directed to an apparatus for
reacting reactants into a polyester monomer, comprising:
a. a pipe reactor having an inlet, an outlet, and an interior surface,
the inlet disposed elevationally below the outlet; and
b. a venting mechanism incorporated into the pipe reactor ;so that a
20 fluid traversing within its interior surface also flows through the
venting mechanism when flowing from the inlet to the outlet of
the pipe reactor, the venting mechanism comprising an eccentric

flat-on-bottom reducer.

25 In another embodiment, the invention is directed to an apparatus for
reacting reactants into a polyester monomer, comprising:
a. a pipe reactor having an inlet, an outlet, and an interior surface,
the inlet disposed elevationally below the outlet; and
b. a recirculation loop having an influent and an effluent, the
30 influent in fluid communication with the pipe reactor proximal to
its outlet and the effluent in fluid communication with the pipe

reactor adjacent its inlet



b. a recirculation |loop having an influent and an effluent, the 30 influent
in fluid comruni cation with the pipe reactor proximal to its outlet and the
effluent in fluid communication with the pipe reactor adjacent its inlet WO
2004/ 111104 PCT/ US2004/ 016468 -30 In another enbodi ment, the invention is
directed t VQRW4PPAP4at us for reacting a nononer into aPE@IUSRMYEEYS4G80] yrer ,
conprising: a. a polycondensation reactor having a first end, a second end,
and 5 an inside surface, the first end di gposed el evationally above the
second end, the polycondensation reactor being fornmed as a plurality of
contiguous interconnected sections in which the nononer flows along the

i nsi de surface of each section traversing fromthe first end to the second
end of the to pol ycondensation reactor, wherein adjacent sections form non-

| i near angl es with eacl appther embadément, the inveniion indiceciedite amappastiusdor o t he

i nside surface of _the ol vconden i r r in one weir is |located
adj acent a | unct[??%m&aolg%'i% e(gfxﬁ?%g“lyg{?grp?meg,&ogyﬂg@ tions 15 I n another

enbodi nent, the invention ispdidoadématidnaeatqphades s fitwendalcennd ead) aggt er from
a plurality of reactants conpri.si n esterjfication pipe

reactor having’a first inlet? ‘Bﬂ'a‘l‘ %%?Fé?{"‘ i%‘%lf‘gis,ggs(eg)eleéfﬁfﬁqnﬁﬁy phoyeteact ant s

under esterification reactiQpofgnd] the PA§cdnBéMRatidireactéd & SbihddAtki on pi pe
reactor proxinmate to the first inlet and formng a two phase flow so the

reactants forma |iquid phagueraitydbfeepuophaiseconmctadgactioni én whickitief i cat i on
pi pe reactor and whereln at | ast (3 RAIhy G iffiad ffiycd GAGLARLS,{ o m an ester
the BnLion 15 4rrec

nmononer. | n anot her enbodi enent, i nv ed to a process for
maki ng 25 a pol yester fronrgveging fedo the fiodt ehéacthasdeond ompsfithd ng: (@)
providing an esterification pipe reactor having a first inlet_and a first
out | et : 10 polycondensation reactor, wherein adjacent sections form non-
linear angles with each other; and
b. at least one weir attached to the inside surface of the
polycondensation reactor, wherein one weir is located adjacent a

juncture of each of the interconnected sections

15 In another embodiment, the invention is directed to a process for making

an ester from a plurality of reactants comprising:

(a) providing an esterification pipe reactor having a first inlet and a first

outlet;

(b) adding the reactants under esterification reaction conditions into the

20 esterification pipe reactor proximate to the first inlet and forming a two
phase flow so the reactants form a liquid phase and vapor phase through
the esterification pipe reactor and wherein at least a portion of the

reactants form an ester monomer.

In another embodiement, the invention is directed to a process for making

25 a polyester from a plurality of reactants comprising:

(a) providing an esterification pipe reactor having a first inlet and a first

outlet;

(b) adding the reactants under esterification reaction conditions into the
esterification pipe reactor proximate to the first inlet and forming a two

30 phase flow so the reactants form a liquid phase and vapor phase flow



(b) adding the reactants under esterification reaction conditions into the
esterification pipe reactor proximate to the first inlet and formng a two
30 phase flow so the reactants forma |liquid phase and vapor phase flow WO
2004/ 111104 PCT/ US2004/ 016468 -31 through the esterification pipe reactor
and wher ei 'wWQeookieude4 a portion of the reactants form aRCEISH04H6HENer; (cC)
reacting the nmononmer under pol ycondensation reaction conditions in a

pol ycondensati on pipe reactor wherein at |gast a portion of the ester 5
nononer fornms an oligoner; and (d) reacting the oligoner under

pol ycondensati on reaction conditions in the pol ycondensati on pi pe reactor

wherein at |east a pPofdfn iRf estdificatin! EHRIRActSrAnIB/ HRreRPAN&ESE £portidlo@pot her

enbodi ment, the invention is directed to an apparatus ftor 1 o preparing of
at | east one of an estesetant framean estgnmesemst; ol i goner or a pol yester
conprising a pipe reactor having an inlet, an outlet and an interior through
whi ch reactants of at (d)eaghctingeheéxhoumes Shddr poBIRAsatian reasticdy coaditiggser or a
pol yester are passed. K The present  inventi ond&%ovi des for apparatuses for

each and every 15 pr BreRUYORBISHIABIIDE IS3PT VBIESHR 1835t £ portiop phhggsier; ¢ at ed

to each and every appahahbStorhs ifigbM¥eahd on. Additional advantages of the
invention wll be set forth in part in the description which follows, and

in part will be obvio fromt escription. or be easily..learned by
practice of the i nven@onr.eaép'r?éqied@leﬁgpgbe"sde{)?OIY%oéld%ngRYWgﬁct 50830%1?‘?“515%
realized and attai nedttgipoiRaninitioh pipe edaee WhereRnd leaStorfuriiat ¢/aRs
particularly pointed out in the appended clains. It is to be understood
that both the foregoi AUSWRSEEHES aRO8EFEDLt i on and the fol lowing detailed

doseri U on are oxem! ot ¥ Had SkRbARE B BBkl bR L S
10 preparing of at least one of an ester monomer, an ester oligomer or a polyester
comprising a pipe reactor having an inlet, an outlet and an interior through
which reactants of at least one of an ester monomer, an ester oligomer or a
polyester are passed. '

The present invention provides for apparatuses for each and every

15  process embodiment, and concomitantly a process related to each and every
apparatus of the invention.

Additional advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or
may be easily leamed by practice of the invention. The advantages of the

20  invention will be realized and attained by means of the elements and
combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive

of the invention, as claimed.
25



BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are

I ncorporated in and constitute a part of this specification, illustrate
several enbodinent(s) of the invention and together with the description,
serve to explain the principles of the invention. 5 Fig. 1 shows a typical
pol yest er "MXM bH194enperature and pressure profile. FPEI/US208HMAS80Ne
enbodi nent of the esterification or the polycondensation pipe reactor. In a
pol ycondensati on pipe reactor node, the 1@yinfluent and effluent are
reversed (influent at 1 1 and effluent at 12). Fig. 3 shows installed costs
vs. nom nal pipe dianeter (inches) for a typical pipe reactor installed

cost of this invention. 1BRIEF BESCRIPTIONOPAHEDRAWINGSVEnti on

wherein the top of the ester exchange or esterification reactor where |evel
control occurs via a V\Eheaccbmpmyirtmirp@ihgs;mh@bdamahlbmpomwemd coBBtiguteR shows

one enbodi ment of the_invent n_exi,stin p ester uction
facility is nodifPH4° fAhlhtsﬁP%)% Saipn, r’r@‘?s a% Sﬁver?lééﬁl,’f’gﬂ"?“&ﬁ 3‘ oE f"écﬂ

enbodi ment of t he dgaierivitl the\dasription, lsaive &F explaiiithe pHBEIBles BTthé irﬂleﬁldi&ar al I el
esterification and pol¥condensat|on pi pe reactors are utilized, as well as

the productionSof nult Figh &shescatypisalolYester T6#F8I08 JRmReRtur BNEDPIgSSUre; 4. g show
vari ous enbodi nene®fidd. t he vapor di sengagenent for both the esterification
and pol ycondensation process. Fig. 8 shows an enbodi nent of the
pol ycondensat i on vapor Fig3D shtivesamg appbodiment dfithe es@ridioation atheenbodi nent  of
| am nar m xi ng i npalypaidgnsaticiepipatdactor. Inanelyebndengitiog pipewedctor avde ah¢ educed
di anet er pi pe 16l owfiuenent @ffieysdre roveded\isilyegpan1 0fand bffluesiat 12)35 Fig. 10 shows
vari ous enbodi ments of altering the esterification or ester exchange
reactor pressure profi kg, ssidue idithifedc8fis v ABmidanst édi%ﬁn@fek aHEmRty RS- This
figure is presentgd;daD ?é%c%l’ﬁf@é&]l&f‘%&gh& e}{ﬁ{fl cal displacenent between
each turn of the € terF | cation or ester exchange reactor |ines.
15 Fig. 4 shows one embodiment of the invention wherein the top of the
ester exchange or esterification reactor where level control occurs via a weir
into the polycondensation reactor.

Fig. 5 shows one embodiment of the invention where an existing
20 polyester production facility is modified with one or more pipe reactors.

Fig. 6 shows an embodiment of the invention where a larger plant where
multiple parallel esterification and polycondensation pipe reactors are utilized,
as well as the production of multiple products within one system.

25

Figs. 7 a-g show various embodiments of the vapor disengagement for

both the esterification and polycondensation process.

Fig. 8 shows an embodiment of the polycondensation vapor
30  disengagement.

Fig. 9 shows an embodiment of laminar mixing in a polycondensation
zone utilizing a weir and a reduced diameter pipe flow inverter system
downstream of the weir.

35
Fig. 10 shows various embodiments of altering the esterification or ester
exchange reactor pressure profile using different non-linear configurations.
This figure is presented in side view, showing the vertical displacement
between each turn of the esterification or ester exchange reactor lines.
40

Fig. 11 is a plot of the pressure profiles corresponding to those
configurations of Figure 10.

Figures 12a and 12b show different aspects of the additive locations
45  within the process.



40 Fig. 11 is a plot of the pressure profiles corresponding to those
configurations of Figure 10. Figures 12a and 12b show different aspects of
the additive locations 45 within the process. WD 2004/111104

PCT/ US2004/ 016468 -33 Figures 13a and 13b show two di fferent enbodi nents
wher ei n t heopastBi0bank is elimnated by using a recir cRITEUS20H/MGSH. Fig. 14
shows an enbodi nent wherein the heat transfer nedia subloop 5 punps are
elimnated. Fig. 1 5a shows a typical prioj art mx and feed system Fig.
15b shows an enbodi nent of the invention for the m x and feed 10 system
that elim nates various tanks and other control devices and unit
operations. Fig.16 shqygrey RERQUBHEIdW o diff&@ehtRUDOHINRAWMAREEH thePste
alternating |ow t?ﬁ)@is*éli&ﬁha%dﬁ%ﬁﬂfn%af‘chHifchﬁHB@Iob n is used for the ester
exchange or 15 polycondensati on pi'pe reactor. Figs. 17 a and b show two
embodi ments of the i nyentisQRof Ol uRANES WhkreidthE Bl SERIEHIL S SRIRI N9 2
pi pe reactor for the es qriTrcation and a pipe react of or e

pol ycondensatison W@Fﬁe%“ﬁf . 18 shows one enbodi nent for the

pol ycondensati on pi pe reactor process. Fig..8 i n expl oded vi ew of

el enent 133 and Fig. §‘$-i§aa§’°§'§ﬁltﬂﬁ@§p“‘\’fiaé\%?”&f“@&‘??ﬂéﬁ?“‘%llz. 25 Fig. 19 is an
enbodi ment wherein distillation is replaced with adsorption. Fig. 20a shows
the different flow rediigrdsbshowswn gmhedingnt ofihe imventinn fopthe amix pngiesd 30 Fi g.
20b shows t heltyaprystemeba efimdnetasyaripusttanks and pthep dogtroldevicgaprskunitass 1 ow and
the rel ati onshi p ¢peratiagh fl ow regi ne of two-phase flow in horizontal

Fig.16 shows an embodiment of the invention wherein an altermating
low and high pressure configuration is used for the ester exchange or
15  polycondensation pipe reactor.

Figs. 17 a and b show two embodiments of the invention for a polyester
plant design integrating a pipe reactor for the esterification and a pipe reactor
for the polycondensation system.

20

Fig. 18 shows one embodiment for the polycondensation pipe reactor
process. Fig. 8 is an exploded view of element 133 and Fig. 9 is an exploded
view of element 142,

25 Fig. 19 is an embodiment wherein distillation is replaced with
adsorption.

Fig. 20a shows the different flow regimes of two-phase flow in
horizontal pipes.
30
Fig. 20b shows the vapor mass flow vs. ratio of liquid over vapor mass
flow and the relationship to each flow regime of two-phase flow in horizontal
pipes from Fig. 20a. Fig. 20b also identifies the preferred flow regimes for
esterification and polycondensation processes of the present invention.
35
Fig. 21 shows an embodiment of the invention for unloading trucks
without the use of tanks to minimize capital costs and unit operations, along
with eliminating water to waste water treatment.

40 Fig. 22 shows an embodiment of the invention for combining safety
shower, cooling tower, cutter water and HTM pump coolers to minimize the
water systems in the facility.

Fig. 23 shows an integrated vacuum system for reducing EG jets and
45  eliminating a chilled water system as one embodiment of the invention.



pi pes fromFig. 20a. Fig. 20b also identifies the preferred flow regines for
esterification and pol ycondensati on processes of the present invention. 35
Fig. 21 shows an enbodi nent of the invention for unloading trucks wthout
the use of tanks to mnimze capital costs and unit operations, along wth
el i m nat i nyoD£111108 waste water treatnent. 40 Fig. 22 BtmUReiIesdodi nent

of the invention for conbining safety shower, cooling tower, cutter water
and HTM punp coolers to mnimze the wate systems in the faci lity. Fig. 23
shows an integrated vacuum systemfor reduting EGjets and 45 elininating a
chilled water system as one enbodi nent of the invention. WO 2004/111104

PCT/ US2004/ 016468 - 34Figl 84 shédvs AW -ha&: rkyiRred hﬂ%@teﬁﬁ&ﬁtﬁﬁ%né or
esterification angyy d¥&%ﬁﬂ?fb§€ﬁé&ﬂb5d%er@@?a 'o@ﬁﬁgr& nidnRhAGESs of the

present 1 nventi crmli el Bybb Tt Kl cnt i i e

Y TO NUMBER

DESI GNATI ONS | N THE DRAW NGS DESI GNATI ON I\/EANI NG 5 10 pipe reactor 11
outlet 10 12 Pnlet 21, 22, 23, 24, 25 view 31 inlet 15 32 fluid outlet 33
gas/ vapor outlet 20 34 i ni et 35 exit



36 tee 25 37 eccentric flat-on-bottom reducer
feed tank level 43 punp 35 44 agitator
heat exchanger 47 steam 48 water
2004/ 111104 PCT/ US2004/ 016468

t enper at ur v@y/tIddder

header 15 60 3-way val ve
j acketed pipe 74 circul ating punp

71 overflow |line

-35-

38 weir 30 41 mx tank 42
45 tenperature controller 40 46
45 49 feed tank 51 |evel
-36- 51 feed tank 52, 53 punp
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121 vapor outlet 122 product outlet 30 123 reducer 124 weir 125 next

el bow 35 126 pipe cap 127 |l ower end of the reducer pipe 40 128 tee 133
di sengagi ng system 134 90 degree el bow 45 135 | ess than 90 degree el bow
136 straight pipe WO 2004/111104 PCT/ US2004/ 016468 -38 137 |ess than 90
degree el bov 203311deicond | eg straight pipe 5 139 tee 120TESHOWI16HE 141
straight pipe line 142 flow inverter system 143 leg 15 144 third | eg 145,
146 | ess than 90 degree el bow 20 147 vapoy outl et 148 product outlet 160,
161, 162 flow conduit 25 163 injection I e

98 solid metering device
99 feeder
5
100 inlet
101, 102 pipe reactor
10 103 product outlet
104 vapor outlet
106 tee
15
110 weir
111 inlet
20 112 post weir
113 outlet
120 inlet
25
121 vapor outlet
122 product outlet
30 123 reducer
124 weir
125 next elbow
35
126 pipe cap
127 lower end of the reducer pipe
40 128 tee
133 disengaging system
134 90 degree elbow
45
135 less than 90 degree elbow

136 straight pipe



164 single esterification section inlet 30 165, 166 parallel pipe reactor
flow conduit 171, 172 zone 173 return header 35 174 supply header 181
adsorber bed 40 182 adsorber bed 183 adsorber bed 184 outlet 45 185
condenser 186 conpressor or blower W 2004/111104 PCT1US2004/016468 -39
187 condenswahosd/riemn 188 heat exchanger 5 189 inlet 1ROT/USR4EeH6duUt | et 10
191 182 bed inlet 192 182 bed outlet 193 185 condenser outlet/ 183 bed inlet
15 194 183 bed outlet 195 183 bed outl et 197 inert makeup stream 198
outlet 199 inlet to condenser 25 211, 212, 213 esterification reactor 214
pi pe reactor

137 less than 90 degree elbow
138 second leg straight pipe
5
139 tee
140 elbow
10 141 straight pipe line
142 flow inverter system
143 leg
15
144 third leg
145, 146 less than 90 degree elbow
20 147 vapor outlet
148 product outlet
160, 161, 162 flow conduit
25
163 injection line
164 single esterification section inlet
30 165,166 parallel pipe reactor flow conduit
171,172 zone
173 return header
35
174 supply header
181 adsorber bed
40 182 adsorber bed
183 adsorber bed
184 outlet
45
185 condenser

186 compressor or blower



30 215 pipe reactor 216, 217 vapor outlet line 221 solids tank 35 222
solids netering device 223 weight feeder 40 224 recirculation line 225
punp 226 heat exchanger 45 227 pipe reactor 228 additional pipe reactor
esterification process WO 20041111104 PCT1US20041016468 -40- 229 vent line
230 recycl wa10a11184231, 232 vapor |ine 233 heat exchange¢T/U$280423@68 eed poi nt
235, 236, 237 pol ycondensation reactors 238 gear punp 15 239 outlet 240
inlet line 20 241,242 seal leg 243, 244, ,245 vent or vacuum header 246

pressure reduci ng device 25 247 seal |leg~"251, 252, 253, valve 254, 255,
256,

187 condensed stream
188 heat exchanger
5
189 inlet
190 181 bed outlet
10 191 182 bed inlet
192 182 bed outlet
193 185 condenser outlet/183 bed inlet
? 194 183 bed outlet
195 183 bed outlet
20 197 inert makeup stream
198 outlet
199 inlet to condenser
» 211,212,213 esterification reactor
214 | pipe reactor
30 215 pipe reactor
216, 217 vapor outlet line
221 solids tank
35
222 solids metering device
223 weight feeder
40 224 recirculation line
225 pump
226 heat exchanger
45
227 pipe reactor

228 additional pipe reactor esterification process



30 257, 258, 259, 260, 261, 262 263 punp 35 264 second punp 265 first
trailer 266 second trailer 40 271, 272, 273, automatic valve 274, 275,
276 290 safety shower water storage tank 45 291 safety shower outlet 292
pelletizer water distribution | oop WO 2004/111104 PCT/ US2004/ 016468 -41 294
filter wat Y02 iHIW t ank 295 suitable punp S 296 downgCT@araheiatcsexchanger
298 filter to 299 downstream chem cal additive station 300
cutter/pelletizer station 302 separate wat line 15 303 downstream punp
304 cooling tower 20 306 |evel control 307 Wwater collection basin 308
cooling tower water supply loop 25 310 punp 311 downstream cold water users

229 vent line
230 recycle line
5
231,232 vapor line
233 heat exchanger
10 234 feed point
235, 236, 237 polycondensation reactors
238 gear pump
15
239 outlet
240 inlet line
20 241,242 seal leg
243, 244, 245 vent or vacuum header
246 pressure reducing device
25
247 seal leg
251, 252, 253, valve

254, 255, 256,
30 257,258,259,
260, 261, 262

263 pump
35 264 second pump

265 first trailer

266 second trailer
40

271,272, 273, automatic valve

274,275,276

250 safety shower water storage tank
45

291 safety shower outlet

292 pelletizer water distribution loop



30 312 water purge line 314 purge controller valve 315 water level contro
35 316 polyner supply line 317 polyner extrusion die head 40 318 nolten
pol ymer strands 320 vacuum punp 321 interstage condenser 45 322 first EG
vapor jet 324 spray condenser WO 2004/111104 PCT/ US2004/ 016468 -42 325
liquid seawosegnhiod326 filter 5 328 cooler 330 secomFTAGSPE{016468) 331

di scharge line 334 vacuumline 335 condenser 15 336 second seal vessel
337 punp 20 339 downstreamfilter 340 chijler 343 control valve 25 400
esterification start 401 esterification end 30 402 esterification

di sengagenent

294 filter water storage tank
295 suitable pump
i 296 downstream heat exchanger
298 filter
10 299 downstream chemical additive station
300 cutter/pelletizer station
302 separate water line
) 303 downstream pump
304 cooling tower
20 306 level control
307 water collection basin
308 cooling tower water supply loop
25
310 pump
311 ‘ downstream cold water users-
30 312 water purge line
314 purge controller valve
315 water level control
35 :
316 polymer supply line
317 polymer extrusion die head
40 318 molten polymer strands
320 vacuum pump
321 Interstage condenser
® 322 first EG vapor jet

324 spray condenser



403 pol ycondensation start 404 end first stage pol ycondensation 35 405
start second stage pol ycondensation 406 end second stage pol ycondensati on
40 45 WD 2004/ 111104 PCTI US2004/ 016468 -43 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention may be understood nore readily by reference
to the foMmWI+Y1WEt ai | ed description of preferred enbBEl/HEP16468t he
invention and the Exanples included therein and to the Figures and their
previous and 5 follow ng description. Befojse the present conpounds,
conpositions, articles, devices, and/or nethods are disclosed and
described, it is to be understood that this inventionis not |limted to
specific synthetic nmethods, specific processes, or to particular

appar atuses, as sygh may, of COURAA seal dbsbel |t is also to be understood that
the 10 term nol ogy used herein is for the purpose of describing particular
enbodi ments onlysand is not inggoded to be limting. In this specification
and in the clainms, which follow, reference will be nade to a nunber of
ternms which s allzge defined to hgve the following nmneanings: 15 As used in
t he specification3 nd t he appen&% “cl ai ms, the singular forns "a," "an" and
"the" include plural referents unless the context clearly dictates
otherwi se. Thus, 3¥r exanple, ré&€PeREdet 0 a pipe reactor includes one or
more pipe reactors. Ranges may be expressed herein as from "about" one
particul ar value, 33120 and/ or t odisehfsgrlineanot her particul ar val ue. Wien such
a range i s expressed, another enbodi nent includes fromthe one particul ar
val ue and/or to t3sd other partiveanuarlineal ue. Simlarly, when val ues are
expressed as approxi mations, by wuse of the antecedent "about," it will be
understood that tiss particul ar vedddaser

13

336 second seal vessel
337 pump
20 339 downstream filter
340 chiller
343 control valve
25
400 esterification start
401 esterification end
30 402 esterification disengagement
403 polycondensation start
404 end first stage polycondensation
B 405 start second stage polycondensation
406 end second stage polycondensation
40

45



forms another enbodinent. It will be further understood that the endpoints
of 25 each of the ranges are significant both in relation to the other
endpoi nt, and independently of the other endpoint. "Optional" or
"optionally" neans that the subsequently described event or circunstance
may or maywoQbosaenes, and that the description include®PCTuREoEALEES wher e
said event or circunstance occurs and instances where it does 30 not. For
exanpl e, the phrase "optionally heated" negns that the material nmay or may

not be heated and that such phrase incl ucile4 "bot h heated and unheat ed

processes. WD 2004/111104 PCT/ US2004/ 016468 -44 Residue refers to the

noiety that is the re j NY a
parti Zul ar reaction sp:t’tf l?l;)glg quenlt)Tt@wm E%,ef;nf(ga product,

regardl ess of whether Tm%réaait%v)énﬁ&«. :aﬁgt&alddyrs@laaaidwfbaampm icherzBedri cal
species. Thus, an ethylene glycol residue in a polyester refers to one or

mre 5 OCH2CH2 oth¢ @ﬂiemngmf:tanlsd flescriptionod pyeserredrembodigaants of dke igvenfiget her
ethyl ene glycol ﬁ’esﬁﬂméaf s@ﬁc‘?fa%ﬁ‘?h&é?:‘?arﬂPﬂoXﬁesﬁ@ﬁﬁag?gégﬁe%u??&ebaC' ¢ acid

residue in a pon ster one or Ies in the
pol yest er, regar dbResinglescvipgdrher the residue is obtained by reacting
sebacic acid or an ester thereof to obtain the ol e.z{eﬁ 10 As, used

herein, a prepol ymer mBSIRIE fie preseptcamppynds, cﬁB}pS‘?E‘S Slgvices ad/ey

typically under VAGHMDarddiekiE0Wad &éﬁ@nﬁ%@'ﬁ/ﬁ% bé iRdeRstbENEANNE ihtfon ufs eed
length of 1 - 5 to an outlet |ength The prepol yner reactor

typi cal |y has t henoshmited mRPF(FlﬁﬁS}fr@retlameﬂpé%i ;smféor@rocmﬂs, wdrpapeblglest er s have
a target chain l ﬁ%%ﬂséshgst ub}?mﬁp%rf urse, G%gasft 1£ 519 ollQe &n(aergg)]pd 'l:}%t ihese short

target 15 chain | pt odu PITR ShET reac (as ned eI ow) is
required, sinme teieinglogyadey tereinrie foe oy purpdse obalawmlﬂEg pdrdci@mcnhodidnedts. A
finisher reactor is the |ast | t ase pol ycondensation reactor, typically
under vacuum an@@%sﬂ?fé“‘ﬁﬁﬁpggﬁﬁlnﬁ to the desired product chain

llength. 20 As used hengifs speGiGRMRALLS HPthe cRIRAS GRThIbIGPREEALUSWIM § T espect
to polyester processing ref ers to a non-pipe reactor or process, including,

but not made to a number of terms which shall be defined to have the following
meanings:

15 As used in the specification and the appended claims, the singular forms
"a,” "an" and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to a pipe reactor includes one or more
pipe reactors.

Ranges may be expressed herein as from "about" one particular value,

20  and/or to "about” another particular value. When such a range is expressed,
another embodiment includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as approximations, by
use of the antecedent “about,” it will be understood that the particular value
forms another embodiment. It will be further understood that the endpoints of

25  each of the ranges are significant both in relation to the other endpoint, and
independently of the other endpoint.

“Optional” or “optionally” means that the subsequently described event
or circumstance may or may not occur, and that the description includes
instances where said event or circumstance occurs and instances where it does

30 not. For example, the phrase “optionally heated”” means that the material may
or may not be heated and that such phrase includes both heated and unheated

ProcCesses.



limted to, a continuous stirred tank reactor (CSTR) process or apparatus,
or a reactive distillation, stripper, or rectification colum process or
apparatus, or tank with internals, screw, or kneader process or apparatus.
A typical CSTR 25 reactor used in a conventional polycondensation process is
a W pe or WO Mol reactor. Reference will now be madBCT/HSMetHp468t 0 t he
present preferred enbodinment(s) of the invention, exanples of which are
illustrated in the acconpanying draw ngs, V\herever possi bl e, the sane
reference nunbers are 30 used throughout t%e drawings to refer to the sane
or like parts. The present invention enconpasses apparatuses and net hods for

converting reactants igdsplue ek YEE Soiet ae.smsmﬁ%rb&uctbf\th@aleenﬁeaodl ment,
in WD 2004/ 111104 PCT/ US2004/ 016468 -4 first step, the present invention

reacts starting nepeelrs @lapaftiulpp fﬁraéﬁmfrcb@mft o subsequen formuiation Pschsmigabact ant s)
into mononers (al %rgdllfc?f ?éarc?lgss of w%éthQPthX ?1% ,?)Hs aHEBE'l tgi)le (?mtt IS Ji'x’emﬁcql

second step, the esen ention reac rre s1n I gonmers (al so
referred to as po:tp;ae:t €Thus] dnghipiere glycoEresldeqamlaWcst)erwﬁﬂs tolose or ndoge 4 he fi nal

pol yester (also r d.to as pol yner ter | yner | f terials
with acid end Yr O§E§{ éﬁéo'fréﬁleaf B‘Pfsﬁég% Stg{)ée%r ?ﬁeﬁ‘eggx"tréf}éfzﬂﬁ“? Bk acid

or isothalic aci dis k&g p}éibﬁrefthé' Sdlycste® PSinfilaf19f £debdc hAd ?e'?sld@@ln d}%l%stcf" cation
reaction or reactor. If the starti ngmmaterlaTS have net hyl groups, such

as di met hyl t er eptefdvaiocne opmor GENRYIZ)(CE mivigtias in the n@lmesmeregardbss oftep to or
first reactor is g rlttﬁe re?ﬁﬁ@%%gﬁa%gi%%é% m]é% s%ﬁiq‘r?cf acuf ransés{EP oGk ¥

t hroughout the sp IR AR EEGH and ester exchange
are used interchengaalpolwe@rare typically referred to as esterification,
but it is understood that SE‘Ste“ fication or ester exchang&@depends upon t he

starting matétials. 1454 Figina p BESPRRYMGREFRFISR 1 1 frplrolXcRRISHEAISHL from t he

esterification 15re9£t910%%$caﬂ?ﬁn§ér$9cu‘ﬁﬁﬁhﬂl Fo®s R YIB/mdr Bhafl ttnbinGibnt @ the
nmonomer. The pol ycondénsation process can be one Integral process or can be

subdi vided into feadblesgthdrltsd toanpm@@idtqgmfﬁof?dbéfshs paepg Lymef rgacion| ng process.
e, PrePOL e e L R SR 853, DA AR, 00
process, typicall prdehehaiilepgth that is short, such as from 10 to 30. For these short target
15 chain length products, no finisher reactor (as defined below) is required, since
the prepolymer reactor will provide the end product. A finisher reactor is the
last melt phase polycondensation reactor,
typically under vacuum, and grows the polymer chain to the desired product
chain length.
20 As used herein, “conventional” process or apparatus with respect to
polyester processing refers to a non-pipe reactor or process, including, but not
limited to, a continuous stirred tank reactor (CSTR) process or apparatus, or a
reactive distillation, stripper, or rectification column process or apparatus, or
tank with internals, screw, or kneader process or apparatus. A typical CSTR
25 reactor used in a conventional polycondensation process is a wipe or thin film
reactor.
Reference will now be made in detail to the present preferred
embodiment(s) of the invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers are
30  used throughout the drawings to refer to the same or like parts.
The present invention encompasses apparatuses and methods for

converting reactants into a polyester. More specifically, in one embodiment, in



20 fromthe process conprises oligomer and polyner, with the majority of the
out put being polyner. In the esterification process, it is possible to have
small quantities of polyner exit the process. Likew se, in the finishing
process, it is possible to have small quantities of nononmer exiting the
process. THeO gW¢oriddstep is referred to as the pol ycondeawattoosnogsdcess or
25 pol ycondensation reactor. In this enbodinent, the inlet pressurized side
of the first step or esterification reactor exits at about atnospheric
pressure or above, and the output fromtHRt first step, which is fed into
the second step, is substantially nmononer. In the second step, the nononer

Is converted to ag}uisps%l}? éheg%@grglgré\?eglpon i'efa%tg gtglitirngq‘lat%%lsi (%Bl) ?éfgx?ecft'é) ’asf or

exanple, a first press ron device®°such as a seal 1leg, in the
reactor. |If not imaelmitathls driveactntsyimemondrerk (Hidolreferred e dodybsten t he pol ymer
in the pipe reactor. WO 2083{611_1104 PCT/ US2004/ 016468, -46 In an alternative
enbodi ment, the iAPEMEHERL epABa seqond sisp. thepresent yenrtiongeactsthe s ynder vacuum

(in one enbodi m%om@m@(&ﬂfg&sm@w(&k@&fém (B hERA AR bligdR@sbPr on the top of
the ester exchange or esterification reactor), and oligomer is the

substantial priodugtpdiymersxdnd thanrigto the Gnal aeloestes (dha tefarredsohepdymersra final 5
product or feeds a re?f%ﬁﬁ@%rtﬁr@-elfsrﬁﬁgﬁa%\%{“iﬁ%{lgﬁé@b%Jr@?ﬁdﬁfleg%?ﬁﬁrs IS reacted

to formthe pol . ent1oh con ny }fp’rangenents
for the differenduck aaetephthalid dtiddrdscehdliedtidpthen the fiestatep e tefdngdtté &anr eact or

is a separate and distinct reactor fr t he pol ycondensati on reactor.
Monomer is producefrfigation reasoR 8% rEagtern: 3?@?6@&5&@%@%6@%@# fed to the

pol ycondensati on t ; 4 i a
prepol yner react oég%’ %{EP t"%ﬁ‘"ﬁa‘%@ Eé?&h?ﬁleayéeagtdie?til't??lgg&tmitl%ﬁ&rtggﬁg?g?FE?(E)EF% ng

ei ther a sepat@t eordnstaeaciartissayester exdhungetsteprog igactopr betusonplieil thopogkoutf r om t he

conbi ned esterifigatio repol.yner reactor. whjc is then fed to the

pol ycondensat i on 8%@ﬂ?gn%ganﬂggy&nﬁéeﬁtﬁl{:\?at'f“ﬁf“édg Sgﬁr eﬁﬁpﬂgeﬁ{e}l% erence to the
conbi nation of reakidasgedablyiand ardgdcdlly refered ©eRBitadfightibibut itéAct or s t oget her
such that they are in direct fluid communication with each other and the
reactors are essefidemioog thah gsterfication Qiealsr exchpngsdepreds BPHERE 8A0IEr om  one

overall reactor systeak. hSnaMPhECEe GEBRHHRAL the LRGHUPRLMGROARNTR AN

15 process can also contain oligomer in addition to the monomer. The
polycondensation process can be one integral process or can be subdivided into
two subparts, a prepolymer process and a finishing process. In the prepolymer
process, the output comprises monomer, oligomer, and polymer, with oligomer
being typically in the majority. In the finishing process, typically the output

20  from the process comprises oligomer and polymer, with the majority of the
output being polymer. In the esterification process, it is possible to have small
quantities of polymer exit the process. Likewise, in the finishing process, it is
possible to have small quantities of monomer exiting the process.

The second step is referred to as the polycondensation process or

25  polycondensation reactor. In this embodiment, the inlet pressurized side of the
first step or esterification reactor exits at about atmospheric pressure or above,
and the output from that first step, which is fed into the second step, is
substantially monomer. In the second step, the monomer is converted to
oligomer, which can, if desired, be isolated at, for example, a first pressure

30  separation device such as a seal leg, in the reactor. If not isolated, the oligomer

is further converted to the polymer in the pipe reactor.



reactor fornms an integral unit with the esterification reactor. Reactants
are 20 inputted in the esterification reactor and the final polyester

pol ymer product is produced by the integral unit. In another enbodi nent, a
prepol yner reactor is wused in conjuction with an esterification reactor,
either as tWO2WépHA e units or as an integral singul aPCufiS2004ees80] i gonmer
product fromthe prepolymer reactor is isolated as a final product.
Additionally, the invention provides an 25 Est erification pipe reactor
utilized to make nononer. | n another aspec‘% the invention provides a

pol ycondensati on pi pe reactor apparatus and process. Wen the
esterification and prgp@h¥i%hatv@2aibedinRhe tHeQhBESteRariAdd oidl STUWMAirstbfpt .
typically there is a vent |ine between the reactors to vent off the wat er
by- product; thusexits hadey¥pguun (eorsgmhodingnt essentiatly puidive themsenelymarom t he
esterification ble for
any pol yester. Sucﬁétgr (Hy}g% ?’gmc%égrrﬁ F’{scg?'%% F%%—A;‘?cagérg%g?@g?%g@%)%grgc| d

resi due and at Ieﬁslte snbgargial protuadt ésindtie first step fvidsis ¥ihez Qi ddlak h(fihal

PCT/ US2004/ 016468 - 47 Cf ext residue shoul d‘%g @ in a broad sense, as
for exanple, a di WAFHERYISFYS ACKSh I the SSCaRfStehp YHuch B REEOE hEFade §°carboxyllc
acid or via esterg %ﬁﬂlﬂ?ﬂbgﬁnerug ng a diester. I\/bre specifically suitable

di carboxylic acids include aromati ¢ dicarboxylic acids preferably having 8
to 14 carbon atoms aITmhaYMOECmtmlmVﬂmcdl Qﬁcdtsar{ﬁﬂettmlﬁbfoythtmw ng 4 to 12
carbon atons, atic VI ng 8 to
12 carbon at OI'TB % f‘reatgor]s h‘l ne %%El?l’fel)ﬁ%/k’ﬂae es%%hgzﬁlo[ﬂ gac?or%% éleBﬁI% alic aci d
phthalic acid, i Sﬁﬂf‘(ﬁé\ﬁhbu 1eacisyi fﬁbm th&@bl}ﬂ:&&ieﬁﬁaeﬂreﬁclﬁr cIa[bb@mydns prodaded,
cyclohexanedlcarbox Cld cl ohe i,ac tlc ac

di phenyl - 4, 4' “Hl c’&rt%“b @auaqﬂraa %ﬁaaﬁéﬁs ’Eg to BPHVE%WVP?E"E‘%‘EFH

2,2, -di net hyI %&H&Q%%ﬂ:‘r, It e fHePER bddifeRCd ﬂepo‘l%&ﬁ@r’ r@&&or 1§lﬁ\!1tq)n 16 &ft aric
acid, adipic aC|d azel ai'c acid, sebacic acid, ures thereof, and the
like. The acid coﬂfxp@ﬁemfﬁcaaamrebetor ﬂomnlgleéuerwem@tees%remtqgrﬁéﬂlemfthershych as with
di met hyl terephthal 0] S..G

preferably havi ngprg%tlc‘?"gzﬁ%éo&gp}ggrpgféenéoﬁbéﬁ%%gre if ?E&%ﬁ}é’? po‘ ﬁca%to?é% eF abl y

having 3 to 20 carsblmfedmc poliRcadpisatsonkacterc Asdised ﬁeraﬁmfegﬁewﬁh hyl ene

l ycol (EGQ, d| et hyl ene gl ycol
gy (EQ ¥ erence o thc combination of reactors is intended to mean combining two

reactors together such that they are in direct fluid communication with each
other and the reactors are essentially indistinguishable from each other and from
one overall reactor system. In another embodiment, the polycondensation
reactor forms an integral unit with the esterification reactor. Reactants are

20  inputted in the esterification reactor and the final polyester polymer product is
produced by the integral unit. In another embodiment, a prepolymer reactor is
used in conjuction with an esterification reactor, either as two separate units or
as an integral singular unit. The oligomer product from the prepolymer reactor
is isolated as a final product. Additionally, the invention provides an

25  esterification pipe reactor utilized to make monomer. In another aspect, the
invention provides a polycondensation pipe reactor apparatus and proccss.
When the esterification and prepolymer reactor are formed as an integral unit,
typically there is a vent line between the reactors to vent off the water by-
product; thus, the vent line serves as the crossover point from the esterification

30  to the prepolymer reactor.

The process is applicable for any polyester. Such polyesters comprise at

least one dicarboxylic acid residue and at least one glycol residue; in this



triethylene glycol, 1,4 -cycl ohexane-di nethanol, propane-1, 3-diol,
but ane-1, 4- diol, pentane-1,5-diol, hexane-1, 6-diol, neopentylglycol,
3- et hyl pentanedi ol - (2,4), 2-nethyl pentanediol-(1,4),
2,2,4-trinmethyl pentane-diol-(1,3), 2 20 ethyl hexanedi ol -(1, 3),

2, 2- di et hyWsrwpenagiodi ol - (1, 3), hexanediol - (1, 3), 1, 4-diECT/US2004/016468
(hydr oxyet hoxy) - benzene, 2, 2-bi s-(4-hydroxycycl ohexyl) -propane, 2, 4-
di hydroxy-1,1, 3, 3-tetranet hyl - cycl obut ane 442, 2, 4, 4

t etramet hyl cycl obut anedi ol , 2, 2-bi s-(3-hydroxyet hoxyphenyl ) - pr opane,
2, 2-bi s- (4- hydr oxypr opoxyphenyl )- propane, isosorbide, hydroqui none,

BDS- ( 2, 2- ('sul f onybhtes)résiduciho ®8 Yiken tadibidiecsi{e bR ekampléliadisaimsyhider eof ,
and the like. Polyesters nay be prepared fromone or nore of the above type

di ol s. Preferred ®@rresdieanay keofepredusined dgmharlic acider ya exprmschange
P ol oot sy LR ARsle?. Bk LlnciiFRt/ Wil BPIBOANR :ids fHOTRE Bihiafe O

napht hal enedi carb l'ate, 2, pht ha edl car I c acl et ene gl ycol,
30 di et hyl ene gl ydimarhoxilidlacidsaireferk hriavig Bao hdnabor{ £bibk)aliphatt- but anedi ol ,

ol yt et ranet hyl enegl yoc]., trans: . trinellitjc anhydride, .dinethyl
(F:)yc?/ohexane- 1%4 ﬁ‘%&%ﬁ%ﬁ??%‘%s&refﬂ%ﬁ“géé‘ég F?HE’%‘} #o ’c‘ﬁ%g%“phi‘téc, )d/ecal in
WO 2004/111104 P@[dather9idaRdGA6RrabhyAHviniz BRb N2 BRbon SI6HANEMRRaNdTt hal ane

2, 6-di car boxyl ate, 2, 6-di hydroxynethyl - decahydronapht hal ene, hydr oqui none,
hydr oxybenzoi ¢ achietrboxiylie aidsscompasetsrephthalipcid; ghthpleacigjisophbelicardd, (A-B type
where the ends ar NE 6 ST ox v xybenzoic acid
may al so be i ncl ungg)ggglggeg?’g?-m)ﬁé%@%g@é\&zﬁa@gﬁggﬁﬁlgﬁg[&process, can be
added anywhere alyclohexahaligpetc asd, diphonylidye-dvedorylicagid)dipghbey-2dt-eri fi cati on

to the polycondensation progess,. Specifically, with reference .to the
Dstant | nvent oricarpglic B syt - hpaes e S PObEE RO TREIGal ng, but
not limted to, aREO¥REcINRApiObE, &6laicRBidERbRIIE 4di€ Fhilk s tRAEIOdnd

proximate the outlet of the 10 esterification reactor, -a point between the
inl et and the outthelikefTheeid comperdnt fasncheifukillipd by theesterthyishb sechas i@ t he

recirculation |l o RIS AREQahe i nlet  to the prepol ymer reactor,
. ™ ﬁﬁ . , .
proxi mate the out et E’o Re p?epol ynmer reactor, a point between the inlet

and the outlet of the Soitafetipissrompesctyoloalipiratx divist perefetubly havingt6 tb @0t he

pol ycondensat {Son crar %gta?orm’s o?gﬂp}%lttic %ioﬁ)so;;rgfteragﬁrth\g%ﬁlg 3ttQ 30 icarllr!bgrtl at%rr;lcsi. the
Examples of such diols compnise ethylene glycol (EG), diethylene glycol,
triethylene glycol, 1,4 -cyclohexane-dimethanol, propane-1,3-diol, butane-1,4-
diol, pentane-1,5-diol, hexane-1,6-diol, neopentylglycol, 3-methylpentanediol-
(2,4), 2—methylpentanediol-(1 ,4), 2,2,4-trimethylpentane-diol-(1,3), 2-

20  ethylhexanediol-(1,3), 2,2-diethylpropane-diol-(1,3), hexanediol-(1,3), 1,4-di-
(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane, 2,4-
dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4 tetramethylcyclobutanediol,
2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-bis-(4-hydroxypropoxyphenyl)-
propane, isosorbide, hydroquinone, BDS-(2,2-(sulfonylbis)4,1-

25 phenyleneoxy))bis(ethanol), mixtures thereof, and the like. Polyesters may be
prepared from one or more of the above type diols.

Preferred comonomers comprise terephthalic acid, dimethyl
terephthalate, isophthalic acid, dimethyl isophthalate, dimethyl-2,6-
naphthalenedicarboxylate, 2,6-naphthalenedicarboxylic acid, ethylene glycol,

30  diethylene glycol, 1,4-cyclohexane-dimethanol (CHDM), 1,4-butanediol,
polytetramethyleneglyocl, trans-DMCD, trimellitic anhydride, dimethyl

cyclohexane-1,4 dicarboxylate, dimethyl decalin-2,6 dicarboxylate, decalin



15 outl et of the polycondensation reactor. It should al so be understood that
as used herein, the termpolyester is intended to include polyester
derivatives, including, but not limted to, polyetheresters, polyester

am des and pol yet herester am des. Therefore, for sinplicity, throughout the
speci fi cat Whadidigdai ns, the terns pol yester, 20 pol yeP¢EUSH84B6468 pol yest er
am de and pol yet heresteram de may be used interchangeably and are typically
referred to as polyester, but it is unders% od that the particular

pol yester species is dependant on the starting materials, i.e., polyester
precursor reactants and/ or conponents. The pol yesters fornmed by the process

of the present |nyeRinaf], dcfydronapiRhaFRIZE-cRATBAAMIEE Atk GaRALN T St hal

are suitable for use in a w variety of applications including packaging,
film fiber, sheedecalydeiniaphybaleneabiysequinone, hydfadgberaoiciagidemixturmeitheiset,| i ke.

Food packagi ng i Sﬂ%&ﬁgﬂ%én%Jdk?agi%ﬁb%ﬁﬁe{‘?gﬁrﬁé‘%ﬁg?{/aégﬁcr’tttﬁé oMol | yesters of

the present inven ers conprise a

di carboxyl i ¢ aci deggrp@eaniucB@s BRlipybeizol dcil mphilbabd @clagedd or i sophthalic
acid, preferably at |east about 50. nole%terephthalic acid ang in sone
embodi nent's, pt ef er abl4y CgMonaEsY %W“‘?@“oﬂﬂlp@?&ﬁse?aé‘pﬂﬁaﬂg?q ¥YFEF'E and a

di ol conponent comé’ntﬂe ﬁ)gggélf}fggﬁg bg@ﬁlig%@thy\gt&g%{ig@t%mg PCTI US2004/ 016468

-49 selected fromet cycl ohexanedi met hanol , di et hyl ene gl ycol,
but anedi ol and ni pdlyroadensitemgquécessT Hipeptatlys wih sefenancefta itheniastant dnmvweniioe

conononer residues in amunts,u bout.. 50 .6 percent .of. one or nore
di fferent dicar bo&%'\“t?n%?rocgngﬁgd%ﬁaﬁfﬁ)%ﬁ)nog%c[[‘?&%%%%ﬁmg I’B"elﬁégéont of one or
nmore 5 diols on apdRithatehe iftetdd thielebrerifidation Aitdr, prokimatt Okt dubleeof¥heli ol basi s.
In certain enbodi ments_ conononer nodification of the dicarboxylic acid

conponent, t hé? gl srssificelinfystrér: 2 BeinkhEween des ipleiand thg oet gptheo about 25 ol e%
or up to about 15.4mireisIB%adis :B{gﬁg@feraﬁg)g tﬂ{ke&%lﬁﬁh%ﬂgﬁ%&mﬂé gashaxylic
| xyl i s, 6%

aci d conononers conprise aromat i car c acl ers of dicarboxylic
10 aci ds, anhydri tdbe pepaymearioantgr, proxmstethe putdat th Wik ptepober raetenf. I n one

eroodi et .« GAFEN aRIRH| HhERGRDHNBL PGy RRlr BRHATR01 vl
inlet to the polycondensation reactor, and at a point between the inlet and the
15 outlet of the polycondensation reactor.

It should also be understood that as used herein, the term polyester is
intended to include polyester derivatives, including, but not limited to,
polyetheresters, polyester amides and polyetherester amides. Therefore, for
simplicity, throughout the specification and claims, the terms polyester,

20  polyether ester, polyester amide and polyetheresteramide may be used
interchangeably and are typically referred to as polyester, but it is understood
that the particular polyester species is dependant on the starting materials, i.e.,
polyester precursor reactants and/or components.

The polyesters formed by the process of the present invention are

25  polyester homopolymers and copolymers that are suitable for use in a wide
variety of applications including packaging, film, fiber, sheet, coatings,
adhesives, molded articles, and the like. Food packaging is a particularly
preferred use for certain polyesters of the present invention. In one
embodiment, the polyesters comprise a dicarboxylic acid component

30 comprising terephthalic acid or isophthalic acid, preferably at least about 50
mole% terephthalic acid, and in some embodiments, preferably at least about 75

mole% terephthalic acid and a diol component comprising at least one diol



terepht hal ate and et hyl ene glycol. In yet another enbodi ment, the reactants
conprise terephthalic acid, ethylene glycol, and CHDM 15 Preferred
pol yesters include, but are not limted to honopol yners and copol yners of
pol yet hyl ene terephthal ate (PET), PETG (PET nodified with CHDM conononer),
PBT, full yWlr¥aHtilt4or [iquid crystalline polyesters, BHHEYIEUBe
pol yesters, such as those conprising butanediol, terephthalic acid and
adi pic acid residues, poly(cyclohexane-di n%) hyl ene terepht hal ate) 20
honopol yner and copol yners, honopol yner and copol yners of CHDM and
cycl ohexane di carboxylic acid or dinethyl cycl ohexanedi carboxyl ate, and
m xt ures thereof. egg%g | rr%‘pgo i reacting
PTA and EG In ansgitelel(g? ﬁg%o |gniae ) %’Egag%bﬁﬁgﬁgﬁ?dgﬁggﬁélﬁg ecgg reacting
PTA, EG and CHDMutdnadiohandemisbuaésithertof. {The polyestaramiay fulthencamprsepri se an 25
anhydride. I n one enbodi nen the polyester is.not. polycarbonate or PBT
("pol ybutyl ene t PEISHPRS rgfléﬂe)s,m 8?8%¥Ve®taéP%t%mée B‘F%%ﬁi BE?'FFa 8 nnhydri de
or mal ei ¢ anhydrdifferenticarixgEe MdidPinder i acdboit U Mok percembfahs6r hereused in
esterification, 0J)ol ycondensation, or both, fora process wherein

1

terephthal i c aci diipl§opa{l 8P mojet dicadwxnlcmcidana K9 melado disl Yasisr iyed to form

60/ 226, 695, {11 ed ALGEETOTg 8060 e R O SR I e R BB 0041 01046

-50 Application O@hipblIcahe glycdledmpbmenho2@ch @6 idualihbElp @rabolg@Shmole%

incorporated herein by r re .__The | yesters of the present Jinvention
may al so contai n iR X%ﬂ’g&ﬁf”@peg/gfna?ﬁts? P{)e?er%éﬁ'eh ?ﬂ?ﬁmb(?f‘hnfeé'ﬁ)’rdécfaﬁwéﬁwonal
comononer such asadd dofRinbinkisGorpRyrbslatic dicdbdxyié ByiQlefe@RABRarbYyIRMEl i ti c
di anhydri de, pentaerythritol, or other polyester formng polyacids or

pol yol s gener & | yackdsoshydrdes Edigarbox yhic gstars; aidjmpigtuses thﬁ?ﬁchi ng agents may
al so be used. In addity h i itivehs) normally
used in polyesters maylhgge ﬁlggwyﬂdtgg?%ag%ﬁggtﬁé g&é@%}g@&ayg a?'gcl udes, but
is not limted t oetiyleneglyaobrla anbther aeticdinyst, thewkdsmntompreadimetiy]l pi gnent ,

carbon bl ack, glass fiher, filler, inpact nodifier nt i oxi dant
stabilizer, fl anete?egglth?latﬁr‘i‘f“,j eﬂ*‘éﬁ@%@"@d?ﬂ ¥ apy ﬂ@ﬁ?agiweéaﬁlﬁ % hpound,
oxygen comprise terephthalic acid, ethylene glycol, and CHDM.

15 Preferred polyesters include, but are not limited to homopolymers and

copolymers of polyethylene terephthalate (PET), PETG (PET modified with
CHDM comonomer), PBT, fully aromatic or liquid crystalline polyesters,
biodegradable polyesters, such as those comprising butanediol, terephthalic acid
and adipic acid residues, poly(cyclohexane-dimethylene terephthalate)

20  homopolymer and copolymers, homopolymer and copolymers of CHDM and
cyclohexane dicarboxylic acid or dimethyl cyclohexanedicarboxylate, and
mixtures thereof. In one embodiment the polyester is PET made by reacting
PTA and EG. In another embodiment, the polyester is PETG made by reacting
PTA, EG, and CHDM. In one embodiment, the reactants do not comprise an

25 anhydride. In one embodiment, the polyester is not polycarbonate or PBT
(“polybutylene terephthalate™), or polyesters made from phthalic anhydride or
maleic anhydride.

The present pipe reactor process may also be used in esterification,
polycondensation, or both, for a process wherein terephthalic acid is esterified,

30 hydrogenated, and polymerized to form PET (or PETG if CHDM is also added),
such as disclosed in US Application 60/228,695, filed August 29, 2000, and US



scavengi ng conpound, WV absorbing conpound, barrier inproving additive,

such as platelet particles, black iron oxide, and the |ike. Wen
terephthalic acid is used as one of the reactants, typically purified 15
terephthalic acid (PTA) is used as the reactant rather than unpurified

t er epht hal w0 2i/dt1{0iPA) or crude TPA (CTA), although TPACBmSZ004/01€#8 can be
used in this invention. The processes of the present invention are directed
to melt polynerization, that is, the process of the present invention is in
the nelt phase, 20 wherein the reactants e in a fluid state. This shoul d
be contrasted with solid pol ycondensation as used in certain polyester

processes of the Jgﬁﬂ;hgﬁ%ogmlrds-}81z Yoz Maﬁ*é?lezoo?tg)ag&ﬁcﬁ&%le%%gxggipﬁ&ke‘ddes

processes where s ycondensation fof urd p
pol ycondensat i on. heiiebpraferenceact or process of the present invention is thus

appropriate for a fluig propcess. .The pol yester 25 pol ycondensati on process
of the present invent iﬂﬁ Pé’ﬁ’ﬁﬁﬂ’rd ng@r%@td’i"éem'?fbﬁﬁ)é E]é?j\éo"ft?‘Bﬁ?’ Ff@?‘“’égl ymer

processes, such &g, tfifincRAIBY tBirafBitHoRd ROmoRRSG 40 KTRieARL adrivdli ch
typically requires a second or even further solvent, whereas polyester

condensat i on doestrimsthyldprdpaneopyromeliitia disohydnde,ipeatagrythritolwri adler pelyester
necessarily a two-stegﬁg)teacti on as,i s se i ondepsation. 30 The

processes of the Pro% jﬁaﬂese%&ﬂo%ls eﬁgaﬁ ki mqtr"r%ﬁ?ljé%/ geor™

or .
acni eve co on or °“substanti al

conpl etion of thepragdhitig dgbmtainiagalst daasddoin additidhgalthtubR hotabqilifee, an
esterification or polycondensation process. re specifically, the process
of the WD 2004/ 11@%@&"3@5@?‘7@3 ¥ y8gd0 palyesters @f%ﬁl“&dé espedi 48N i n vari ous

aspects, can achi g \RlindiGRS buBR A RAREEHLIOAB or Bbre Jfadaaly30 BIGRAD LS, 0N, at
| east 90% conpl etion, at |east 95% conpl etion, at |east” 97.5% conpleti on,

at |east 99% tonppigmemncarkan Hlacks glagdibsaidtionphesct mdifiat, antieadant,99. 9%
n

conpl etion, wherein.co etion s a.,termco ly used in the art 5 to nea
100 m nus t he ol e ERTElaespArdafy Boe o FRRRE v SRR latissten” ac o
end groups. |n adgdaamging@oinpeurnd; Biedbsorbing@binpund, bdrEerd inpsdvisd Kitveef er abl y
occurs in a pipe reactor. It is also, preferred that the second step, which
i s perforned afte%”Ch?h%laﬁeleFE"’Em’él‘f‘%g,lacbéfe]&l?x‘ﬁﬁ apdithedikfe or a different, second

pi pe reactor. However,wfgn terephthalic acid is used as one of the reactants, typically purified

15  terephthalic acid (PTA) is used as the reactant rather than unpurified
terephthalic acid (TPA) or crude TPA (CTA), although TPA and/or CTA can be
used in this invention.

The processes of the present invention are directed to melt

polymerization, that is, the process of the present invention is in the melt phase,

20 wherein the reactants are in a fluid state. This should be contrasted with solid
polycondensation as used in certain polyester processes of the prior art;
however, the present invention includes processes where solid polycondensation
follows liquid phase polycondensation. The pipe reactor process of the present
invention is thus appropriate for a fluid process. The polyester

25  polycondensation process of the present invention should also be distinguished
from other polymer processes, such as, for example, emulsion
basedpolymerization, which typically requires a second or even further solvent,
whereas polyester condensation does not, and from olefin polymerization,
which is not necessarily a two-step reaction as is the case in polycondensation.

30 The processes of the present invention can achieve completion or
substantial completion of the esterification reaction at the outlet of the

esterification or polycondensation process. More specifically, the process of the



to one skilled in the art will appreciate, the esterification step can occur
using conventional prior art processes and then the pol ycondensation step
can occur in a pipe reactor of the present invention. Simlarly, the
esterification step can occur using a pipe reactor of the present invention
and the poM@uiduidedt i on step can occur using a prior BETURBEHERS
According to the present invention, at 15 |least one of the first or second
steps occurs in a pipe reactor. Basic pipeg,reactor apparatuses as used
herein are adapted as di sclosed herein fron1those known in the art for
other applications and are typically based on standard pipes used in place

of conventi onal rpﬁ@s@ﬁﬁéﬁmomh@aﬂ&ﬁ%&&bﬂs}’oan@blﬂ@ve 4t SRACL S cdRSIQIdR, AT ©
typically an axially eIongated substantially cylindrically 20 shaped

apparatus, alt hodegst &%p@mphﬂ% whlegst 9@%@%@?“9@}@&!6@8&96% eenpetignl @r, if  not

detrirrental to t Q94 I erein, pipe
reactors can Si ml;lfvpg{a ﬁpggﬁtl%n % 'lea ygé’r‘%ﬂj@b h%q' léaﬁﬁﬁggﬁ'ﬁéﬁu@’eﬁpty pi pe
or tube. Hol | ow le4st QQTW%)Con@&:tldﬁfwhwﬁn bemgetivn is @ t@mcohr@ndriheused ﬂlﬁtheﬁrtt ube
having no additional deV|ces or |nternal nponents, particularly no

i nternal conponerff 32 19¢ mings thergol ePF@%ﬁB%PYFj ac’érenﬂéé‘t“ipﬁﬁ“’tq’? V@%t or or
vent fluids, such, gpé@%lr(;@tsors static m xer elenents, protruberences for
controlling the flui ow profile or mxing, packing, scrapers, rotating
di scs, such as, for eﬂambclreqsmghbtswemémwwoa, thewh piestf:p prefagably peoarsiiplam

baf f | I
whi ch ar e found |RPEBHIEI SRS PPate P R eond sl ShisRR apefaedD '

Hol | ow or enpty age ﬂ&e@te;t]eabairﬁn teesmebl Ddiffteht, bdtOndpipe esredt. Hbwéded)\is
measuri ng devices, such as orifices, or flow control devi ces, such as

control val vifs dmegkilled in the agt pll ppnseciaty, thegsterificafion sieproap REFUT HYBSL | on, t he
pi pe or tubes VIO 2004fibih 3}:9? ?r@éfok@g&%é %ﬁ‘h@ﬁ%ol Oc%ﬁdé?ﬁ%ﬁm%te?@x%&u% prerior

surface. The pipe reactor present inventi does requi re surface
area enhancenent xTpppreacnt ef thmpltemt lmcléwnoﬁlrmiarbfh@epstpleﬁmpn stdpea it require
a filmformng enhancer as.use eac s of the

desi gn
rior art. 5 Por ThY e pESERpto e iraPh B BEREhSmesiBiE "t ops o
the present i nvesdp @A ocdud@sibf alpeibl &t process NACDIdigy &l the plsdne hvaritionsatmi | ar to
the criteria generally considered when building.a prior art, conventi onal
reactor. For 15 leaston€ of the first or second steps occurs in a pipe reactor.
Basic pipe reactor apparatuses as used herein are adapted as disclosed
herein from those known in the art for other applications and are typically based
on standard pipes used in place of conventional reactors. More generally, pipe
reactors herein are typically an axially elongated, substantially cylindrically
20  shaped apparatus, although shapes may vary, such as square or rectangular, if
not detrimental to the purpose of the invention. In certain aspects herein, pipe
reactors can simply be hollow or empty or substantially hollow or empty pipe or
tube. Hollow or empty, as defined herein, refers to the pipe or tube having no
additional devices or internal components, particularly no internal components
25 for mixing, transporting, or heating the reactor or vent fluids, such as agitators,
static mixer elements, protruberences for controlling the fluid flow profile or
mixing, packing, scrapers, rotating discs, such as, for example, those used in a
wipe film or thin film reactor, baffles, trays, down comers, screws, or heating or
cooling coils, which are found in conventional reactors and in some pipe
30 reactors. Hollow or empty as used herein does allow for the placement of flow

measuring devices, such as orifices, or flow control devices, such as control

valves or weirs, in the line. In one aspect of the invention, the pipe or tubes



exanpl e, the designers may consider the criteria of the desired capacity,
quality, agitation, heat transfer area, and di sengagenent. The designers
may al so to consider information determ ned fromthe operation and desi gn of
conventional reactors, such as the working volune of the reactor, the heat
transfer aM200¢/hd104surface area of the liquid, the vapBET/HBWI4¢16468] ocity,
the reactor vapor velocity, the process flowrate into and out of the
reactor, and the heat transfer nedia flow rate may al so be considered. Mre
specifically, the designers may 15 det er iPAé the reactor vol ume from an

exi sting reactor, a reactor design nodel, engineering calculations, or

other sources of ydgsd Gfodif ishétior SurfalBCThERBE feactdr ofhe pRAMRirRERBMoRLTE!

required for each zone o e reactor naybe calc usi ng the reactor
vol ume, Vr, and trberefairanskfacdartoenhahcemebt dofpbnéits intheingerior pEthe pipepope

radius. 20 The surface area,, A, requitred for each zone .nay be cal cul ated as
fol lows: A = 2% |d9%5<jh‘1€6r1§9fFilrn)f%","‘fk/&ﬁ'@?@%?%“?‘ﬂ@ Sﬁg\eéﬁfhe PRIFET quid in the
pi pe and wherei ndlési'g,%(ﬂ'ﬁﬁ@ﬁrﬁﬁ-ahhan h. These cal cul ations can be reiterated
for each reaction zone, taking into consideration heat transfer area, vapor
vel ocity (vapdr flow Far thegireseasinanisgd Inthe Srst arsk/er secondasteps ehthe prrgentn t he

pipe reactor Wil Jofb #ld ofihfa BPEHOBARE Atibydl e RHRGAS clckiftptal al e, 1N thi's

way, the length for each pipe dianeter- can term ne I't should be
appreci ated that gendralty donpidpred sihambaibdisg apridr artpemvedtonalreaptorr €oent s of al |

reactor conditions. Fi contains an,exanple.of . the . calculations. Too
smal | a pipe si zéx?ﬁﬂlegpéi?ségnﬁﬁdmyrﬁ?“ﬁfl%@%&Eeq%oﬁtfﬁ%&sfrﬁg?ﬂp%ﬁ%(nﬁ‘ﬂla?%bt br eak
whereas to0 big 3gRiiRR, Rdal Bard¥lef afcd Ul diseReagEiBadt. ThPUeSSIIAns) AR across the
fluid height. The reactor is not constrained to these design criteria as

ot her fact or slonmyconsidet inforneation detspringrhifors dur opgeasiog And desigm oA sonwgniéoniab|
aval [abl 111y V0O 20088 L0 tﬁé%éﬂ%%ﬁ(&lc}%ﬁ&eaaééth%fhe&%nﬁg} 4} 7Rt ion of an
area of the reactor. I'n certaln aspects, the pipe’size is rom’2 1 nches to
24 inches, pref ersatihoe abea ofaheelsquid) theGraporgingag veloeity, theatetalybpor ¥Elocity 16
i nches. Reaction conditiaons (tenperatures, pressures, flow rates, etc.) and
5 materials char Jhgpregess ﬁgwrrétﬁéllt poe ?%nghﬁﬁ%)@m’@&szlfcl{e W@,Sfeﬁgﬁa“ﬁoners,
addi tives, flow rate may also be considered. More specifically, the designers may

15 determine the reactor volume from an existing reactor, a reactor design model,

engineering calculations, or other sources of design criterta. The length, 1, of

each pipe diameter required for each zone of the reactor may be calculated

using the reactor volume, V¢ and the formula below:

1= Vr/(mz), where r is the pipe radius.

20 The surface aréa, A, required for each zone may be calculated as follows:
A =2*I*SQRT(*-(r-h)%),
where h is the height of the liquid in the pipe and wherein r is greater than h.
These calculations can be reiterated for each reaction zone, taking into
consideration heat transfer area, vapor velocity (vapor flow in most standard
25  reactors is vertical and in the pipe reactor will typically be horizontal), and
process flow rate. In this way, the length for each pipe diameter can be
determined. It should be appreciated that not all pipe diameters will meet the
requirements of all reactor conditions. Fig. 3 contains an example of the
calculations. Too small a pipe size may create foaming problems in that foam
30 may not break whereas too big a pipe size may cause too great a pressure drop
across the fluid height. The reactor is not constrained to these design criteria as

other factors may lead to a non-optimal cost design, such as material availability



catal ysts, etc.) can be those typically found in the prior art for the
commensurate polyester reaction, but the process of this invention all ows
even wi der operating conditions than used in the art. That is, the use of a
pi pe reactor in this present invention does not necessarily require change
in the reatMadWi/udredi ti ons or to materials charged to tHE/URaeHdsi6Her se.
However, reaction conditions can be different and, in fact, inproved with

t he pi pe reactor system of the present Lqﬁqntion. In certain enbodi nents,
pi pe reactor conditions are inproved over “"the prior art reactor conditions,

al | owi ng enhanced performance, such as higher purity product (e.g., |ower
DEG i npurity) or drm@fﬁlﬂzaﬁ%%an drea S fdakiot oGk &Eaiﬁ%e@fs}lhgﬁfﬂ»cgﬁt‘:%r m ne
such paraneters based on prior art nethods of naking pol yesters as a

starting point. IfronoRénchested? indhibg poaferatdy brgchesionidi inghgagnom preferaldy ildr art
are a reactor teﬂ*g%aqtfﬁre of 20 - 400 C, preferably above the nelting point
of the bulk of t M at any given point in the reactor train, pressure

fromfull vacuumto 5@Za@ibn@onditioicipReaeurts, presstpes Nowbaey, e@.)26d hours, and a
nole ratio of from1,005:1 to 6.00:1 on a basis of the nole rati.Qq of the
gl ycol residué tdnaeraky $hagre te ths ceagtor HEAAIES, coffantants, RRMaRAnEers. 844iHYRS: can be

based on the esten AR LDScH BetRbse'ttMYForANn BR fR% & f&wh@co%ﬁénsurmese

conditions or other “prior”art operating conditions can be easily nodified
and optim zed f qolyebter papmny wu theqroatessghis afventiinsaliows emen - widehypemtipg of
ordinary skill 25 igm .t het art @ft\?}r E':koxfﬁitdertati on ofi Ehe t%i sctbcgsur es her ei n.
In addition to t HCBAYEsIpan ussd & Be aff, " Thads Mraiss Pf HRPC IAGOLITPERITEY of the
speci fic esteri fiigantiondeRtopRicysarilgeatat chingpinte Favtdnimdpiacesses and
apparatuses are discussed in nmpre detail below as we|l as_ _certain other
processes antf agpyfralschetsed jotheseastop eree Hlopsydt agtiogicopdibonscanis at e from

t he pi pe 30 react : I; } I FI I CATRON
5T e R W booa s GnETR Rk nRfovel Sa6 e ﬂ‘%%ﬁ’@?&@ﬁéﬁ%ﬁ%e bel ow

di scussi on under invintios.eltdevain eTHEdinESFRRPF1e@AT! ONIGPEPart improbvediovey al |
subsections (Pres ure Proficléa, ond: gﬁsi wiS! Sithice nIe S .S eci fi o Ly stated
to the contrary, _"ﬁ‘fﬁg PAPleEdES g(ﬁg a@%’é?%&ﬂgé‘g gfp &s?ﬁn? Feﬁ\?‘é(ﬁ‘tq %H%%{ scussed
in this section hareyprade: esgldlowyr DEG impurity) or improved color,
15 One skilled in the art can determine such parameters based on prior art
methods of making polyesters as a starting point. In one aspect, the operating
conditions in the prior art are a reactor temperature of 20 - 400° C, preferably
above the melting point of the bulk of the fluid at any given point in the reactor
train, pressure from full vacuum to 500 psig, a residence time up to about 8
20  hours, and a mole ratio of from 1.005:1 to 6.00:1 on a basis of the mole ratio of
the glycol residue to dicarboxylic acid residue, where the acid residue can be
based on the ester and the glycol residue can be based on a diol. These
conditions or other prior art operating conditions can be easily modified and
optimized for the pipe reactor design of this invention by one of ordinary skill
25  in the art after consideration of the disclosures herein,
In addition to this general overview, considerations and attributes of the
specific esterification and polycondensation pipe reactors processes and
apparatuses are discussed in more detail below as well as certain other processes
and apparatuses that may be used together with or separate from the pipe

30 reactor systems of the present invention.

THE ESTERIFICATION STEP




5 applicable to, and can be used in, the pol ycondensati on processes and
appar atuses. As noted above, in one enbodinent the first step involves use
of a pipe reactor to react the starting materials to forma nononer. In one
enbodi mrent shown in Fig. 2, the pipe reactor 10 has an inlet 12, an outlet
11, an ext®AWp4/1MO04urf ace, and an interior surface. | nPEHES2ABHAE408 t he
Interior surface of the pipe is <circular, square or rectangular in cross
section, preferably circular, so as to fargp_ an inner dianmeter. For both the
esterification and pol ycondensati on pipe reactors, the pipe reactor is
preferably forned of a material that is non-reactive with the materials 15

f1owi ng through the i wgh re8pecs tif thébdow iditehssidhngddrhivesctieh ‘BB e steel ,
iron, alloys, ti tanl lﬁh hast al | o stai nl ess, carbon_steel, nickel

al umi num copper ,E %Tﬁoﬁbﬁl'g%di"l&’?ﬂdmgiaﬂ'tﬁ“bﬁ%"‘@l‘éﬂﬁi&ﬁﬁWFOﬁ%ganese
cobal t, zinc or %ea‘ﬁﬁé”%&%hhlﬁ& ggﬁﬁ%ﬂgstagﬁ@&e%ﬁ ?El:r#femép(%t:esgﬁ%hr uction

I ncl ude, but are not ceramc pi pe, and plastics
such as acryl oni tapparetugd dfltmamvetnmnsiuxuseccém(tmsgqtmpbb}pmmyétpmﬁy( PB) ,

pol yet hyl ene (PE), (PYQ) . . chlorinated PVC (CPVC),

Dol vor oy ene 3 PPPPlsapeisan 52 b ity e ielirbte P R P s iy o1 .

St ai nl ess steel, Eﬁﬁ@gésoy and titaniumare commonly used due to their
properties, availa iy and cost. For both ester. exchange and

pol ycondensat i on, ﬁ%%@dﬁbomﬂrbw%ﬂmﬁﬁﬁww@s 15% sméwﬁwuswapw p| pe. In
use, the reactant o) r or
near, the inlet (%%&%Q%F%ge%e?%ﬁltn ?‘“%1“5?% an t out ﬁ% me%d acent to
the inlet (rightshoenin Fxg Arthapipé i'aactnnltélua)sanixﬂettlﬂearr@atet hhtaa ektlen(w t hr ough

t he pi pe reactor, ép act nts rteac with ea &E L%% ? fo¥lﬂ1the.rronorrer
within the pi fe rdgets F“ %I”@ TPhETaPhe™ PUTHB rahiSHERT BRIFE T PBMPERL outl et .
However, not all &;fcutahe,qu:fr@alcieataﬁgﬁﬂmmrogsesa@ﬁonl Prlefer IR cifdINR 'R as tioha

traversi ng fromthe inlet to the outlet (i.e., sone of the reactants nmay
exit the outl et vﬁntlﬁ’éﬂﬁtdlwfng reacted into WO 2004/ 111104 PCTI U82004/016468

-55 monomer) and stillgg E}%t‘h tifd és@n*i‘icﬁttb% aﬁ&@@l‘?«t;cg{d]pﬁﬂﬁorpﬁé‘?él[:to}s” g’ﬂ: S;Jt

Additionally sone of the nonone react ormo oner
wi t hi n the scope reactor is preferably formed of a matenial that is non-reactive with the materials

fall

15 flowing through the interior surface, including by way of example steel, iron,
alloys, titanium, hastalloy, stainless, carbon steel, nickel, aluminum, copper,
platinum, palladium, lithium, germanium, manganese, cobalt, zinc or a
combination thereof. Other materials of construction include, but are not
limited to, glass, ceramic, lined pipe, and plastics such as acrylonitrile-

20 butadiene-styrene (ABS), polybutylene (PB), polyethylene (PE), poly vinyl
chloride (PVC), chlorinated PVC (CPVC), polypropylene (PP), fiberglass,
teflon, and a reinforced epoxy resin. Stainless steel, hastalloy and titanium are
commonly used due to their properties, availabiliy and cost. For both ester
exchange and polycondensation, a catalytic material may also be used for the

25  pipe.

In use, the reactants typically are added into the pipe reactor proximal,
or near, the inlet {i.e., closer to the inlet than the outlet) or adjacent to the inlet
(right next to or at the inlet). As the reactants flow through the pipe reactor, the
reactants react with each other to form the monomer within the pipe reactor so

30  that the formed monomer exits from the outlet. However, not all of the
reactants must react into the monomer while traversing from the inlet to the

outlet (i.e., some of the reactants may exit the outlet without having reacted into



of the present invention. The reactants added or injected proxinmal or
adjacent to the inlet of the pipe reactor may be in the formof a |iquid,
gas, solid, or 5 slurry, or other phase mxture. It is easiest to add
reactants as a liquid (e.g., EG and DMI) because the reactants nay be

i ndependenWO20pHHpEd directly into the inlet of the pi peCT/ERAGYUA46Br at

anot her | ocation upstream or downstreamof the inlet. In one particular
design, one reactant may be added via thqsgqlet of the pipe reactor and 10
anot her reactant added upstreamof the inl&. In still another particular
enbodi nent, one or nore reactants may be added through the inlet and anot her

reactant may be agfigfheAtan® 96l Bl VAt thedbdpe)f e pracmtih@RtoR! K8dLsMEy! engt h of
the pipe reactor between the inlet and outlet. Wen the reactants are

fluids, a punp caempef tisapnpmar may reeide fum aligemen Mmdrstitldalhwvitinghe sgopa essur e
above at nospheri [ i | 0. .0l at . pi pe
Feactor . Moro. sp lHeTIEH e " oNe Lokl ddB) of kB8 prdipdler Blialepe,
pressure suffi ci enthefiglet dffiee pipé eattad may e intlee/form ef b higoidggest dolid pirpe r eact or
and exit out of [he outeﬂet whi ch invol ves overcoming frictional forces or
| osses, chandes SI"FYp®td riPQPscéWéP"@"y (el evational head), and other forces

that resist the 20 f1 o olsidsiie Bttt s 4 Ry ey | B Rl PMTIAREARE meThe punp

can be any punp known in the art, nonlimting exanples of ‘which include a
centrifugal punp,reactantsirali regndapendently pempedrditeetdy intethe ilétogdtie pienp;  positive
di spl acement pump,, to?%}'lvgtrangs%l ?1%?4??&1 uBdHfelf o(-‘JSMP&Pea%”o‘%FT}T]eSiH%Q'ﬁ' pd, timed,
untimed); rotary féear, mu F|p e-rotary screw, circunfereritial piston,

| ore, rotary val \pasticOlar ddsépn, bhecreZdbanranah @ hddefd@ia the thlettod theipeescidsrend| e or

mul tiple nozzle); or el bow . The reactants can b unped separately or
mi xed bef or en¥nd %ﬂ%ﬂﬁﬁ%ﬂ%’%ﬁé@ﬁéﬂﬂm of g jp t'rlééeﬁéﬂ?tgerg’lagﬁ@géi |y punped,
ei ther alone or mpLEMinicRfBhOEF mo:*é%acﬁxﬁls'n?agflﬁaaﬁﬁémlﬁn@ﬁﬂmermfe?arﬂraﬂ%@ﬁmt' C. As
di scussed in nore detail below, the solid reactants can be added using a

paste punp, a mi xeactankmanbepddgdet erieyor aptiralgp of leedtiony sloagthedengdeofrtbail at i on

| oop integrally for wihth th t , or a conbination of these
appar at uses and meﬂrg%éqrb&{c}‘éeﬁﬂa eglgl%%dr?gﬁeﬁs needed to dissolve any solids

present in the |iquidWlkendhé Ragiiayiddlugise punp cinited usedihagdisohad@ tRO04/ 111104
PCT/ US2004/ 01165468reacia?1t% at a pressure above atmospheric pressure, typically proximal to the
inlet of the pipe reactor. More specifically, a pump can discharge the reactants
at a pressure sufficient for the materials to traverse through the pipe reactor and
exit out of the outlet, which involves overcoming frictional forces or losses,
changes in potential energy {elevational head), and other forces that resist the
20 flow of the materials through the pipe reactor. The pump can be any pump
known in the art, nonlimiting examples of which include a centrifugal pump,
including an in-line vertical centrifugal pump; positive displacement pump;
power (piston); screw (double-end, single-end, timed, untimed); rotary (gear,
multiple-rotary screw, circumferential piston, lore, rotary valve, or flexible
.25  member); jet (eductor single nozzle or multiple nozzle); or elbow pump. The
reactants can be pumped separately or mixed beforehand and pumped together.
Fluid reactants are easily pumped, either alone or mixed together, but
solid reactants are more problematic. As discussed in more detail below, the
solid reactants can be added using a paste pump, a mix tank, a unique mix and
30  feed system, a recirculation loop integrally formed with the paste tank, ora

combination of these apparatuses and methods. Adequate mixing is needed to

dissolve any solids present in the liquid, and to provide gas / liquid mixing to



drive the esterification reaction. Cenerally, it is preferred that the
gas/liquid mxture is in a bubble or froth state in the esterification
reactor. Pressure Profile 5 In the preferred enbodi nent, the pressure of the
reactants at the interior surface of the pipe reactor adjacent the inlet is
hi gher, or Wg2etdi104t han the pressure of the nononmers BAdVEPV40AEHEE ant s at
the interior surface adjacent the outlet. To achieve this pressure
differential, the inlet of the pipe reactgg.is preferably disposed

el evationally below the outlet (as shown in Fig. 2) so that to the pressure
differential arises, in large part, fromthe hydrostatic pressure resulting
fromfluids cont ahinetehtehficativh eeattiine Generallyyrif @qeefefred that the gas/liqadt or . That
is, hydrostatic pressure eg ?’EFS etween.the dovpstream and upstream

posi tions so t hafMXureipin 3 pypble qr| Stifﬁ\‘/tbﬁhawe‘? MAHARYFFEAE pi pe reactor, the
pressure decreases. The hydrostatic pressure is a function of Iiquid density
15 (tenperature and conposition), void fraction (reactants added,

t enper at ur e, re&&@[ﬂf};&hoducts created, anmount of gas renoved fromthe
reactor), the hei ght . or el ev r Nt n.s in the

pi pe reactor, Sand theI tﬁ‘?@sgu% %'%%dm% f“teeﬁ%%gre%%l aaa"watﬂ%fl SWr ate,
viscosity, pipe diddeiofthe. piﬁ‘reamtaejabént cetinlenis higher, begreiter, tlﬁtﬂltheal so take

di fferent shapes. For 20 exanple, in one demﬁ;ﬁn gnot shown %

reactor is subst &FSPUF Plthe meBaiersgad/grigetanteatith 1atengnsnrige Al feegighe hat t he

pi pe reactor s gyial h dehionhls prbssird i RABRC o SIBASTEbe rehdier 1 pe react or

is substantively non-linear. In another enbodi nent, the pi pe reactor has
al ternating | i negreferablydisposedeleantionally baery therrigetapshomario Feg: 2psorthie

essentially VS Lalue IAROONA il BNGAAR! foh e RRRENYSF AT e DI PE

reactor orientati CAn form any angle ver ne, fromo
(vertical, i.e. rﬂ&ﬁnm@dtoﬁ:ruﬂ@tﬂs mumm vgttmurlﬂ imeridraurfaatdf o) piporeddor.
(horizontal or par al | Eil to the horizon). In vgrl ous aspects, the pipe
reactor can be Ghatig hydepstalie preggyre exists batweandhe dowmstretn apd yRskB¥Bt to t he

vertical pane. RGBS tﬁzﬁ%ﬂh@rﬂuﬂfﬂ%@tv\la% ahaligh the biBe Fdagio @i | cal pl ane
depends upon many 30 conditi ons, partlcularly t he product being made and the

pressure profil e pissire depreasgin rTFQMdlthetﬂt pressPETs p fungtien pldivquid densigy epht hal i ¢

acid is used, .a rEt%mper?apuré:?landV\Qmp%gMgon%)lvo19 ?ragt)%-r/(P 300 a(%]e(a %%peraél

reaction by-products created, amount of gas removed from the reactor), the
height or elevational difference between two points in the pipe reactor, and the
pressure drop due to flow in the pipe (flow rate, viscosity, pipe diameter).
The esterification pipe reactor can also take different shapes. For
20 example, in one design (not shown), the pipe reactor is substantially linear
between the inlet and outlet so that the pipe reactor is axially elongated. In
another embodiment, the pipe reactor is substantively non-linear. In another
embodiment, the pipe reactor has alternating linear and non-linear sections.
The pipe reactor can be essentially vertical, horizontal, or any angle in
25  between. The pipe reactor orientation can form any angle with the vertical
plane, from 0° (vertical, i.e. perpendicular to the ground or foundation) to 90°
(horizontal or parallel to the horizon). In various aspects, the pipe reactor can
be 0°, 10°, 20°, 45°, 60°, 75°, 85°, 89°, or 90° with respect to the vertical pane.
The pipe reactor orientation angle with the vertical plane depends upon many
30  conditions, particularly the product being made and the pressure profile desired.

For example for PET production, if terephthalic acid is used, a horizontal



orientation is preferred, whereas if a DMI process is used, a verti cal
orientation is preferred. For PETG a vertical orientation is preferred. In
vari ous enbodi ments, the esterification pipe reactor can have a vertica
configuration. In various enbodi nents for such a vertical 5 configuration,
the inlet ®0z1whe11pioge reactor can be positioned at | easPCRUS206(016468, 80,

90, or 100 vertical feet below the outlet. In other enbodinents the inlet
can be positioned from20 to 200, from50.to 200, from50 to 175, from 90
to 150, or from 100 to 140 vertical feet” Yel ow the outlet. Another equal |y
vi abl e design includes a pipe reactor that is non-linear 10 between the

inlet and outlet ngﬂﬁtigﬁjﬁltbrr%?&p@hel%assﬁg ro%eg s %sefi,ie :gv 1 2a E%élﬁ'ﬁmnp' pe

reactor is serpen(h ne 1n plran non-1i near
pi pe reactor inclisgefertudt FafBET\@,tav&drumat aderitam,onﬁbme@nsdt hat are twi sting;

wi nding; twne; coil; contort; ereat i.n a curve% chfnvol ut ed;
distorted; neanderi ng:IN¥aRQuESTRodIEeRtsHliS oS WB?“P'HBW‘F‘H ten "PEE 2 anot her

desi gn, t he Pi pe YRl &{nﬁ@ﬁﬁﬁ&?dﬁ Jaﬁ@&ﬂdn[ﬂo@ﬁnén@s BHidchl veRicA non- |inear,
hori zontal run, and then proceeds vertically to a further level wth

anot her non- | i neagonfiguratiern thelinletof thepite teaster gandepositionnd ableastdfedt 8, t o any

nei ght - (and wi dtpy Lengh iy «SReh el nad i GERURS R PABKARAEHINC

| ayered non- |inear,; 'horizonh an a ernatirve e I'ment, the
esterification (olﬁegm@itiysﬁémﬁlﬁﬂaato zm)), fromeiiﬁ)abGOchﬁimb@toalEefrbrﬁQO(uﬁlﬂp and down
cat on reactor (or

vertical rises. eC|f| t he er|f
pol ycondensat i on) b&ﬁ@ légr’ff)‘é‘Fﬁth% glgw 1150“ ‘but rotated 90. That is,

with reference to Fig %thérlaguaﬂkazsavolms@mrﬁmde&§p$5$ea%mﬁdls rof-ibar12 and
proceed vertically upward an en vertically dowmward in an 25 alternating

pattern. Thi slUesbeaymesalthointet eidoytisk dgna sycls destgn 1p shovdein Fig- @skuwlich thhen go to

o s bR S BRI, GUMERRL B haSalgnt 1y Dack

ef fl uent exits atpipdreattor intlade bapare hotrlemtedde,sieggﬁs thatruee Wigthgl @aeingt

preferably includes a lurality of el bows dis ed between the inlet and
the outlet. The e“ﬁ’&ﬁf\&‘)‘? Eﬁ‘?ﬁnwvafh&(’i‘i‘?%la&é‘”@ @EY"jve‘il*l%O‘fe&'S) or ninety

(90) degrees, butypiReky @&g}ogss sfhSusdhifPordgikatp! at ed. Each el bow changes
the direction of fIow wthi

15 In another design, the pipe reactor proceeds from inlet to outlet in a non-
linear, horizontal run, and then proceeds vertically to a further level with
another non-linear horizontal run, and this process can be repeated to any height
(and width/length) desired. This creates a packed design with layered non-
linear, horizontal runs.

20 In an alternative embodiment, the esferiﬁcation (or polycondensation)
reactor can be a series of up and down vertical rises. Specifically, the
esterification reactor (or polycondensation) would be comparable to Fig. 2 but
rotated 90°. That is, with reference to Fig 16, the starting matenals are pumped
in at 12 and proceed vertically upward and then vertically downward in an

25  alternating pattern. This design allows the feeds to come in under pressure, then
go to low pressure, and then back to high pressure, altemating subsequently
back and forth. The vapor could be removed at the low-pressure zone. The
effluent exits at 11.

In these non-linear designs, the pipe reactor preferably includes a

30 plurality of elbows disposed between the inlet and the outlet. The elbows

commonly form angles of forty-five (45) or ninety (90) degrees, but other

angles are also contemplated. Each elbow changes the direction of flow within



WO 2004/ 111104 PCT/ US2004/ 016468 -58 the pipe reactor as the reactants
and/ or nononer traverses through the el bow The direction of the flow may
change relative to a stationary horizontal plane, such as the floor of the
building, or relative to a stationary vertical plane, such as a wall of the
bui | di ng, WO W/HAIe to both stationary horizontal andP@EFIEI648 p|l anes.
Whien the reactants and nononers flow through the el bows, nore m xing

advant ageously occurs of the materials co%ared to a straight section of

the pipe reactor. It is also contenpl ated "¢ design the pipe reactor to
obtain a desired pressure profile. As one skilled in the art wl|

appreci ate, hen Aol EAGLANN e A BaRORY: HRRAIE L ALSo dodil UG for M 1 e

pressure of |iqui y cons ong a portion of
t he pi pe reactor THeafre¢tionlodtheztuw mhj/yhange re@amtvembaiblainar)shorlzhmalq:lam no
hydrostatic pressure differential hori zont.al secti %%qof t he pi pe

reactor, but fri ctfhossdhe ﬂ%@é@e&wawga%f reliive tp @ §tatignary yeticy . &t3Uehm t hat
may vary the pr esa%ur“ﬁ‘an%fmumhﬁ% &i-‘}élhﬁ@l%%th%%ﬁhhgp n8fizdntd? ahd P&tidap T eactor.

In contrast, the pressure of | ui d decreases an increasing rate, as
that portion of tiinepi When theceastanissind rospmer flowr throngh thieglions, mbewi ng

downstream Ref err:gw%gnokr% Lo s %tgcscflﬁo?th%'}ﬁjat Is éopn cd%] %gg rtlsg r| nci pl es

may be enpl oyed i € present 1nv rea éb5|red
pressure profil aﬁe{npéretatterreact ants and/ or m)norrer rovm ng .t hr ough t he pipe
reactor. 20 Profiles 21-25 of Figur correspond to yiews 21-25 of Fig.
10. Changing the confﬁ‘@ﬁ'ﬁaf'?‘ﬁﬁ“% Sltfbd‘ﬁlgﬁéhcdqlf’ feaciphig obfaina desredyy of i | e.

Figs. 10 and 11 PréssGlp DERE. Ad OndXidIRARNE art W] abg}ea%uaﬂléntme reafgntpr essur e
drop along the horizontal pipes wll only decrease by the frictional

pressure dropital cng/or h‘@n'bleﬁgﬂrhlltﬁllqu}rrbfophp‘ée pfﬂh@re oidiquidciaisubstamtiglist i ons of t he
horizontal pipe 5 ggnﬂénﬁvn ﬂ‘gwmgal dqgtasﬁ_cl)rllt(i)tn! et;h%e %gct rptwet is %r?z%%%lile in the

pi pe reactor. Accor gSUfe® "VEPLEsY I ength or

time woul d, in reaileney, Tmes;lthelrennsslumgmstamre:;sﬁretdﬁffermummﬂgaho:ﬂa&m on
depicted. G ven this understandi ng of_.the 5| nplified g ﬁ @nﬁ%vgea(:h

configuration wi |€CURE of degppareactor b frigtiongkl OﬁFﬁOCCEDaﬁt of pipes

equal ly ~spaced, Wn%aﬁ%ﬁﬂﬁ%%?yﬁ]epk&ﬁﬁé alBh ﬁﬁyﬁ&.zéﬁ@pseubﬁmhéﬁa@tor
assum ng equal 30 fluid density and void fraction. View 22 shows a pipe

react or with Bmalrkastor. In contrast, the pressure of the fluid decreases at an increasing rate, as
that portion of the pipe reactor is oriented more vertically flowing downstream.
Referring now to Figs. 10 and 11, these engineering principles may be
employed in embodiments of the present invention to create desired pressure
profiles for the reactants and/or monomer flowing through the pipe reactor.

20  Profiles 21-25 of Figure 11 correspond to views 21-25 of Fig. 10. Changing the
configuration of the pipe alters the pressure profile. Figs. 10 and 11 are correct
in principle, but in actuality, the pressure drop along the horizontal pipes will
only decrease by the frictional pressure drop along the length of the pipe. The
vertical connections of the horizontal pipe segments will lead to noticeable

25 lower pressure in the pipe reactor. Accordingly, Fig. 11 charting the pressure
versus length or time would, in reality, occur in surges, not in the monatomic
fashion depicted. Given this understanding of the simplified diagrams, each
configuration will be described. View 21 of Fig. 10 is a series of pipes equally
spaced, which results in a linear pressure drop in the reactor assuming equal

30 fluid density and void fraction. View 22 shows a pipe reactor with smaller
pressure drops at the beginning and larger pressure drops in the upper four,

widely spaced, reactor sections. The pipe reactor depicted in view 23 of Fig. 10



pressure drops at the beginning and | arger pressure drops in the upper four,
w dely spaced, reactor sections. The pipe reactor depicted in view 23 of

Fig. 10 WD 2004/ 111104 PCT/ US2004/ 016468 -59 has large initial pressure
drops, caused by the increased vertical sections and snaller pressure drops
in the Iasﬂ”?&ﬂ%”é@@tions of the reactor. View 24 shows PET/USR9ent6eesct or
havi ng four zones with snmall pressure drop each and with a large pressure
drop between each zone. View 25 design allows the reactor to drop the 5
pressure in steps. As already noted, the'é?essure profiles for views 21
through 25 are shown graphically in Fig. 11 as profiles 21-25. It should be

appreciated that the confjgurations deschrihed. herei.n are il lustrative only.
Many other  conf ithﬁfj ok ng @gﬁu_ éﬁ?]nés?ab‘ﬁe@&’ Yﬁg%‘é’ama?%dt"_ﬁ&“’ lrﬁeﬁtéﬁ"ﬁlmé‘g di scussed
herein. In anot hemapetiReksiteMropsii thie Jast i SRRl thd RNt i@ 24 Bhis At 10
approxi mately the sane el evati onal height as the outlet (i.e., the pipe

reactor ori ent edipassasterheyingfourizenes i smallpresse drppeachendovidialarse at the
inlet will be gré)?éasEufrE df&aq}t&s{éﬁtea&fﬁohagvféwif&esig?}.%ﬂgwéj{he;rédcfo? 'té)(ﬂf[ahte}legisg gs

that occur as th mat erral s ow along the inté&€rior surface of
reactor. The pregsesswe indstéfserAsrdnealy roetdyhe preshuee proffidds famndewhz! theouglet wi | |

not be as great the 15 enbodj nent. vin he, ,i el evati onal hi gher
than the outlet.azlita"ff ORinEH3P 'allmlﬂglg'_ﬂ@ B &bPES _]":{Hng[g ﬂ?oé‘g'el?ﬁapf’??\?@ ion to
orient the react qhatidX@®nBgurhiicils deftpibed Miréth afeSlIcitaROSGsly eMRMAbinenal | y above
the outlet. The pressure in the top of the esterification reactor could be

under vacuum wi teanfigsatiangicap ba designed-RpsedRiathe pringiples discussrdlgrgin.| n one
t, bef 20 th 40N t he bul k
aspec erore % Xﬁn%ogﬂcr#\‘%%S@HeﬁtgJt#?co‘ﬁ%m&éérigﬁ‘%%éa\ﬁg%%tQt renove iLhe bu

of the water. In this e I ment I rst e polycondensati on
react or coul dithe appmeouhtelp thetsame elepatohaltleeghe st the batiat 4td. ahe pipacacaor Thi s
woul d nake the plant, pracess |ler,.. with part of th | ycondensati on
process/ appar at p?“&ﬂteﬁﬁ S@f‘ﬂfﬁ%“@ﬁ'fti’l&ﬂ sgh%&le pf"’ﬁ“ﬁﬁﬁ?ﬁ%ﬁ‘?"ééﬁﬁg? ment, it
woul d al so el i m nagaerthd thargaRloudadasdde ftiftidnaElodss tHabdcut ¥% théddi tional Iy,
i n anot her aspect, a heat exchanger can be used in the reactor line after

the vent. Heati n meenalngoy Along thecrianiersurfacerad shecnipe Wactpealdeinsiswat e to
facilitate form ngelDGial between the inlet and the outlet will not be as great as the

15 embodiment having the inlet elevationally higher than the outlet. 1t is also
within the scope of the present invention to orient the reactor pipe so that the
inlet is disposed elevationally above the outlet.

The pressure in the top of the esterification reactor could be under
vacuum with the fluid traveling upward with the vacuum. In one aspect, before

20  the vacuum section, a vent can be used to remove the bulk of the water. In this
embodiment, the first part of the polycondensation reactor could be placed on
the top of the esterification reactor. This would make the plant process smaller,
with part of the polycondensation process/apparatus on the esterification side.
In another embodiment, it would also eliminate the longest seal leg in the

25  facility. Additionally, in another aspect, a heat exchanger can be used in the

reactor line after the vent.

Heating
Heating the reactants increases the reaction rate to facilitate forming the

3¢ monomer and polycondensation. Accordingly, another optional feature of the
present invention is to include a means for heating the reactants and/or

monomers traversing through the pipe reactor. Moreover, heating the materials



30 nonomer and pol ycondensati on. Accordingly, another optional feature of
the present invention is to include a neans for heating the reactants
and/ or nononers traversing through the pipe reactor. Mreover, heating the
materials WO 2004/ 111104 PCTI US2004/ 016468 -60 to boil along the interior
surface of Whwoglpw4r eact or i ncreases the m xi ng by (1)PCOUSM04/016468 buoyancy
differential between the gas/vapor forned by the boiling and the
surrounding liquid (or solids) flowi ng algng the pipe reactor and (2)
breaki ng up the boundary | ayer created byGPrictionaI forces between the
interior 5 surface of the pipe reactor and the materials in contact with the
interior surface, .| rkou S | east . sQne .luids.in the
eoteri 11 oati on pioedbabR e MgRESGTcE or B TSl G0RT kb Ritint bhED
esterification agttapsg ybwiydansdifferonial petoeasthe gastvapohfanedby eboilingng t o
provide efficient m xing. In other aspects, at |east sonme of the fluids can
be brought to boidnd B suEreidmedigyd (og 'Hs)a‘i",w‘l‘%iﬂo‘l@thé)PWF@,“”B?“ (Bweri ng t he
system pressure i 'Qgﬁ@- i r: e than
the fluids needi %5“?@95‘89%%?*3%%‘“?9%%5@?m il eti"”i‘*'hg‘”‘?‘*ﬁé’“ﬁ’??“s&%‘?éi%%r eci at e,
t he hi ghest héat sunfaneof the pipereacterand thefmateninlcinesantectivaitt the interfor serface.

generation of individual bubbles or bubble col.ums), .put. other types of
boiling are al soq%g?ﬂoé“ﬁﬁfpﬁté’cﬁt%fg e O?Q‘fﬁ%]\l/\cn%ﬁ%m(%ﬁgff?gfﬂ&l(?{}ipﬁ?ggsst boi l'i ng
poi nt of exenpl apylyeondensasioh Procéddadr bothethp et ifichtidnard ol yeBndenyatiph ocess. O her
conponents than those listed _bel gw may, of Efpurse,, be used: Conponent

Boi | i ng Poi nt Tempreessesig heatedlg bapmgite prav|dg eificaent maxing; kn other gspsats, at

Cecomposia. oot il Shh Sullare o Spsneteil, JO0REE ) o
Ti t ani um | sopwopexardge 9. 16wering the system pressure or adding a component having a

higher vapor pressure than the fluids needing to be boiled. As one skilled in

the art will appreciate, the highest heat transfer rate occurs for nucleate boiling

(i.e., generation of individual bubbles or bubble columns}), but other types of

boiling are also contemplated. |

15 The following chart provides the boiling point of exemplary components
that the present invention may process. Other components than those listed

below may, of course, be used:

Component Boiling Point Temperature °C
20 Acetic Acid 118.5
Adipic Acid 330 Decomposing
Isophthalic Acid (IPA) Sublimes
Phosphoric Acid 213
Terephthalic Acid 3014
25 Methano! 64.5
1-Butanol 117.8
Isopropanol 825
Titanium Isopropoxide 82.5
Titanium Dioxide greater than 475
30 Trimellitic Anhydride . 390
Zinc Acetate 100 Loses water then
sublimes
Antimony Oxide 1100
Cobaltous Acetate Tetrahydrate 140
35 Dimethy! 1.4 Cyclohexanedicarboxylate 265
Dimethyl Isophthalate 282
Dimethyl Terephthalate (DMT) 288
Butanediol 230

Cyclohexane Dimethanol (CHDM) 284-288



Titani um Di oxi de greater than 475 30 Trinellitic Anhydride 390 Zinc Acetate
100 Loses water then sublines Antinony Oxide 1100 Cobal t ous Acetate
Tetrahydrate 140 35 Dinethyl 1.4 Cycl ohexanedi carboxyl ate 265 Di net hyl

| sopht hal ate 282 Di nethyl Terephthal ate (DMI) 288 Butanedi ol 230

Cycl ohexan® @& ol (CHDM) 284-288 WD 2004/ 111104 PO TUB2D04016H8468 -61
D et hyl ene dycol (DEG 245 Ethylene dycol (EG 197 Triethylene dycol
290 5 The heating nmeans for the pipe react qr can t ake numerous forns. The
pi pe reactor may be heated by a variety ot iedi a t hrough vari ous surfaces.
More preferably, the present invention includes heat transfer nedia ("HTM)

that are in thermal c | ' WEQ'J:) a portion o he exterior surface of
the pipe reactor al Oﬁh gleﬁéiébtg ﬁs:'fo tion of the %gg.pe reactor between its
S
: 2

e 9 Og'l
inlet and 10 outl et. gea glr]é er nedia can c unscri be the entire
outer dianeter of the E¥VEEGHYOlrface and extend?ibstantially the full

| ength of the pipe react ;ﬁr. . Heat car‘1 al.so be added by inserting_heat
exchangers or by addi ngemEHBEaraas 5 hegups Racterfan (A4 BRmEToY forms\ The aspect,
in a PET or PETG ﬂ?ﬁé’x‘é?&énmiﬁ?e l?éaﬁﬂ'b?'ﬁ%_aﬁétyﬁphediﬁﬂqg% b4 qRfcle added hot

or in the vapor state. Alté€rnatively, induction 15 heating or m crowave
heating may be ud¥dre ptefbrably, e phesenyenventéan ibdudesdatitransfer maain £HTHIEed |ine to

heat or vapori ze react ant. A heat .exck r. can,al so be used internedi ate
the. pipe. roact or , Mot rERahaRbr commmtaigs SABIMSHich M Rl RBriBE s HBE ol B S 0
each effluent froiporectosssig @Meabtsa jopbrt dMigLigPe RabioBbctreeniangerando heat the
reactants and/or nononeric 20 upits. This heat exchanger internedi ate the

pi pe reactor é‘%/st‘é‘ﬁlﬁ- STlggxﬁgé;aai;fps,medla can circumscribe the entire outer diameter of the

exterior surface and extend substantially the full length of the pipe reactor. Heat
can also be added by inserting heat exchangers or by adding reactants hot or in
the vapor state. In one aspect, in a PET or PETG process, the ethylene glycol
and/or CHDM can be added hot or in the vapor state. Alternatively, induction

15 heating or microwave heating may be used. |

A heat exchanger can be used in a reactant feed line to heat or vaporize a

reactant. A heat exchanger can also be used intermediate the pipe reactor,
wherein the pipe reactor is in different sections and each effluent from one
section is fed through a heat exchanger to heat the reactants and/or monomeric

20 units. This heat exchanger intermediate the pipe reactor system is especially
applicable if unjacketed pipe for the pipe reactor is utilized. Heater exchangers
can be the low cost component of the reactor train depending upon the installed
cost of jacketed pipe vs. the installed cost of the heat exchangers. Typically, in
the esterification and early polycondensation, the temperature of the fluid

25 controls the residence time, so heat input can be the limiting design factor rather
than the reaction kinetics. Therefore, to minimize volume and costs, rapid
heating can enhance the process. Heat exchangers can be inserted at any
location along the length of such as intermediate the inlet and outlet or
proximate or adjacent the inlet or outlet to the esterification reactor(s), the

30  polycondensation reactor(s) or the recirculation loop or between any of the
reactors {(between the esterification reactors, polycondensation reactors, or
between an esterification and polycondensation reactor), adjacent or proximate
the inlet or outlet of any of the esterification or polycondensation reactors, or

proximate, adjacent, or within any seal leg. Preferably, a heat exchanger is



applicable if unjacketed pipe for the pipe reactor is utilized. Heater
exchangers can be the | ow cost conponent of the reactor train depending
upon the installed cost of jacketed pipe vs. the installed cost of the heat
exchangers. Typically, in the esterification and early pol ycondensati on,

t he tenper &Q084/bf1G4he fluid 25 controls the residence PCHES2084016868t | nput
can be the limting design factor rather than the reaction kinetics.
Therefore, to mnimze volunme and costs, rapid heating can enhance the
process. Heat exchangers can be inserted’é?“any | ocation along the length
of such as internediate the inlet and outlet or proximate or adjacent the

et or outl et gidiey BRIGH drEAL LR SARHOLAS) el hEHR helreapdenzat  on

reactor(s) or thé 5B etween gactors
(between the est eapdriizatibn mlsrtﬁaﬁhﬂr S’he@ﬁirg/,@@ﬂdﬁﬁbﬁibeﬂb’w nessaicaref a heat bet ween

an esterification and pal ycondensati on reactor jacent or proximate the
inlet or outlet (fP‘CIE‘iﬁerdF‘OtPf@X‘@‘saf"eP’f ‘f‘{}%c&?tlt%seﬁileﬁﬁ?ry%?ﬁgéﬁ‘féﬁoﬁ n1)§|“%%[ct ors,

or proximte, gha&@m e\% Liddn 84t fR8A6n luﬁgalgwaﬁr?i%ms tGudeqat
exchanger is WO 2004/ 171 1 PCT/ U82004/016468 -62 located at the start of

each reactor sectlicatrexchingereat thedepinging of thechianfieation pragess, ardealsontithae i zat i on
cools the fluid. Theref o) a heat
35ioF et exfRniRs Sh PR SN nd RBALL LR,

exchanger into, pﬂd ace €9 can v ant ageous. |f

non- jacketed tyn&nﬁr@ﬁrdtﬁlcklﬁﬁds nhebwtcﬁmttfdapaizieanln draaspeat, iiheatost option is
to use a 5 heat exchanger at tgiqbegl nning of the e ter|f| tion process,
and al so utilize cxshamers yioyld beelnse Leethshjdhesbegingg & I'il?-?qsﬁi‘éfﬁ'o&f t he reactor

to bring the tenper.al iR SpatPlafts oh, M8 1RYmRIACHHy-pIEMRE L ARPized B ONE
aspect, the heat = exchangers vvoul d be close toget her at the beginning of the

esterificatiol pgrmtwsﬂurbdgmmnghétheagamﬁcanam er on, as the anount of

by- product vapori zed i neexa EIF%%& hggtt;aggfﬁ%rggdslgg f’%ﬁ%%?tgr“.?%@fé rification.

One exanple of the heat tfan el ectrical
heating corrponentaecvmﬁpmdnghmu;tonbﬁtewaﬁped htsput the ek@aor sufrfatdef the pige react or.

It is also contenplated usj ng cket e circunscribin e exterior
surface, in whi cHeady jitigpls ?C‘Hltﬁélﬁﬁtﬁ “%{ Wﬁ}é‘?‘ pgqgﬁraggsqug?r@ége EHEIPTt he

exterior 15 surfage,Qf 1nt»bﬁclpth@§adk€i§}g§é)ﬂastaf?lﬁn9f Ak RARYYUAR 1RPRESior
t her ebet ween. The heat transfer ia, including by way of exanple a

liquid, vaporls stwinge of lipcpiperepdior to form an annular space therebetween. The heat
transfer media, including by way of example a liquid, vapor, steam, superheated
water, compressed gases, condensing vapor gas, conveycd solids, electrical
tracing, electrical heating components, or a combination thereof, are then
located within the annular space. For use of a fluid heat transfer media (i.e.,
20 liquid, vapor, or steam), the annular space should be leak-tight in the lateral
direction so that the fluid flows longitudinally between the inlet and outlet.
More specifically, it is desired in this embodiment using fluid heat transfer
media that the fluid flow within the annular space be in a direction counter to
the direction of the material flowing through the pipe reactor (i.e., the heat
25 transfer media flow from outlet to inlet since the reactants and monomer flow
from inlet to outlet) although co-current HTM flow paths can also be used.
Based on the heat transfer media flow rate, the designers must ensure
that the velocity of the heat transfer media in the annular space between the
process pipe and the jacket pipe is of the appropriate velocity for good piping
30  design. For the present application, a speed of from approximately four to
about eighteen feet/second linear velocity is generally considered appropriate.

If the velocity is too high, then the jacket pipe diameter must be increased.



wat er, conpressed gases, condensing vapor gas, conveyed solids, electrical
tracing, electrical heating conponents, or a conbination thereof, are then

| ocated within the annul ar space. For use of a fluid heat transfer nedia
(i.e., 20 liquid, vapor, or stean), the annul ar space shoul d be |eak-tight
in the | at 8YQpO04/@ililct i on so that the fluid flows | ongi PAHURNWNII6HEt ween t he
inlet and outlet. Mre specifically, it is desired in this enbodi nent using
fluid heat transfer nedia that the fluid flow within the annul ar space be
in a direction counter to the direction dPthe material flow ng through the
pi pe reactor (i.e., the heat 25 transfer nedia flow fromoutlet to inlet
since the reactants angd._npn r f frominlet.to out|et t hough
co-current HTM fl ow pgﬂﬁgﬁggg’%ﬁ'&%@é@h&ﬁg’g .eatqgggfgﬁm fﬁapﬁxg a?fga Owtorrg)%sf er
media flow rate, Ibéuteddeidhif fiRrifinetpiie agd terpeodebiafluid heatée iothe bynuddr spdve heat
transfer nedia in the annul ar space between th process. pi pe and the jacket
pipe is of the appst¥isniths YererERseqf thedpneg sig aﬁgﬂledﬁ‘m%@fdg@?’@?ﬂor PBE: t he
present applicatifys g i@ﬂ@&ﬂ_e%efsma&aﬁ%peﬁw?éc@&%éﬁ@a{d.-E iRPQWreki ght een
feet/second linear velocity is generally considered appropriate.” |If the
velocity is taoo hixtgmal plpenbut meiyjbadresficil s some heat ansfergnedia sichasbighed. WO
2004/ 111104 PCT/ US2004/ 0164 -63 11,1 Ye) t | at ed.t hat e heat
transfer nedia nd“S5PES" I”“o@qgl}g 4e ca?(l%%:gaqd%é W\}&hmebgﬁ‘e"‘f tﬁﬁénrsll%‘%iaﬁaenlgnd t he
process fluid | ocafigdk éfMhd hroces Nuidawith frRGeocebeluid @itht htddie beiuls ysdcace of the
inner pipe and the interior of the exteriaqr pipe. _This design reduces the
surface area of the pribBgechest tansien s desiprdiip asection gf tereastan,the@r thal pi pe, but
may be benefi ci al 5,}9&53 i B ghs ure
medi a. More area Sgg%&b%% ed %%ﬂ‘ﬁﬂﬁﬁﬁ%ﬁ%ﬂ“ﬁ%@?nﬁ‘é? %E%Im@%géﬁout si de
of the proces#® f|yusingsintatiet diamgterproenss pipeii Ghe smalleepnocesd pwearilincsgass pace. | f
nor e heat transfetj3 irs gsez.i Ea?qfe-og'tabnsneé:sthiafnas%eflcpe z{téa%cr{[ rdhitﬁ] N, | he surface
area to process v f BIFESY AT IS pe PrdtaeBsed. Trhie i %ccénp iShed 1o by
usi ng smal |l er di agmaiespiferepssithsandiiPiot il M dis&igagihg seclio®OLHS plpepeactr) thisi Nncr ease
the process linear velocjt but as long as the flowrate is not so high
that it causes pFpeeriable cyyheséﬁ’égheés%@i;e #rRa 2095 WEh#figst HiG CRB O HSPIRSE t he pi pe
reactor, this i RSEraldi M Ll affect
tho cost of the e FLmepiee Rl s i e A B IE R e then
mul tiple parald eluspd.pes are

Degassing .
20 While flowing from the inlet to the outlet, the reactants, monomers,

oligomers, polymers, and by-products may form vapor or gases as result of
chemical reactions, heating, or other reasons. The present invention also
optionally includes a means for removing vapors from the pipe reactor
intermediate to its inlet and outlet and/or at, proximate or adjacent to the outlet.

25  This removal helps to drive the reaction to a favorable equilibrium and/or to
control the phase flow to the desired regime. The removal locations can be, in
certain aspects, at the end of one or more or all zones (a “‘zone” referring to the
esterification zone and each polycondensation zone) and/or at one or more
locations within each reactor zone.

30 With reference to Fig. 20A, eight different flow regimes of two-phase
flow in horizontal pipes are shown. Dark areas represents liquid and light areas

the gas. In bubble flow, bubbles of gas move along the upper part of the pipe at



15 used. Deeassin2 20 Wile flowwng fromthe inlet to the outlet, the
reactants, nononers, oligoners, polyners, and by-products may form vapor or
gases as result of chem cal reactions, heating, or other reasons. The
present invention also optionally includes a nmeans for renoving vapors from
the pipe r¥eeW 11Kk erredi ate to its inlet and outl et ®REWAUSLO0KDI64G8r OXi Mmat e
or adjacent to the outlet. 25 This renoval helps to drive the reaction to a
favorabl e equilibriumand/or to control %ﬂg phase flow to the desired
regime. The renoval |ocations can be, in <Certain aspects, at the end of one
or nore or all zones (a "zone" referring to the esterification zone and

each pol ycondens%%irﬂﬂgg)th@ﬁg{e%lo@ﬁ)é e R&ui&f‘)gﬁ%lu%ﬁ??} diRARePihRiJp each

reactor zone. 30 th reférence to Fi 20A; eigl erent flow reginmes of
t wo- phase fl ow ilmuivbaridzzastreive plopethe aipper parwhthe Pipek Iasteaidied dowelgnds | i qui d

and |ight areas he gas.,, | ubble flow . bubbl es, of gas _nove,al ong the
upper part of theﬁoﬁ’\'spagorkgtth?/\%’t 9}}tﬁi‘i‘fﬁﬂn%f?%ﬁ%ﬁ‘/e@gﬁi§§m°9%’4

appr oxi mat el y t hajguadrBas\iftesde! WS fldveis kintllak ¢b stlatified igw ket that thegazat e pl ugs
of liquid and gas nove al ong the upper part of the pipe. In stratified
flow, liquid %I onevesiabnbigheraelosity and tbe Uﬁfri@%l%’ésﬂahaf puderayestrasbige, over a
snmoot h | i qui d/ gas 4 Nt.erf: : ' ! o ait 4 fu w except
that the gas 5 ngl\%ﬂééq%{fgcg&ﬁfgfgthéeﬁ?&yfeﬁo%% f}&xgﬁc%@}(&#@%xﬁ? Se_ Pgégedpiﬁgﬁ g? @tb %r bed by
t he waves travel i mpidly motihg gadito 6o siug) whidhepasde tirough thd pige il iwelocitite r ol |

wave is picked up by the re r io(l{}% Vi n s to for sl.ug,..whi ch
passes through th&® Frﬂgmh%gévqiﬂeg&ﬂ ey %ﬁ"g}a??]ﬂgn&?W@”@]\}E’r“'ég@gm"&ui d rate.
I'n annul ar flow, fikearbintiithé idsideWalliof tid it And thd ga8fiRHe Wh4alhigh@elobis) ey wal | of
the pipe and the gas flows _at a high velocity as a to central core. The

surface is neit hetentighres riheaprizrsis asiber mmsiricat pergioofhs bulpiberisr to rol |
waves. super i MpOS g, Ghipl s sAfhroSA iRV foh@or by fSPEF Sed of

spray flow, nost o‘]pﬂt he IQUIé entrai ned as spray by the gas. The spray
appears to be pr odispeestd by sirinefliny ghest ef the ligyid gesntmaingd angpray yuthe gasf fThehe
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crests of the roll waves. Froth flow is similar to bubble flow only with larger

15  bubbles or void percentage. See generally, Robert S. Brodkey, “The
Phenomena of Fluid Motions,” Addison-Wesley Senies in Chemical
Engineering, pp. 457-459, 1967.

For the esterification processes of this invention, froth or bubble flow in

the pipe reactor is generally the optimum region to operate in, as it provides

20  good mixing of the vapor and liquid for facilitating the reaction. For the
polycondensation step of this invention, stratified flow in the pipe reactor is the
optimum flow regime, as it provides good disengagement of the vapor by-
product from the liquid product. Stratified flow is also the optimum flow for
the vent off of the pipe reactor of this invention in either esterification or

25 polycondensation. Fig. 20B, which is a Baker Plot on a log-log scale of By (in
Ib/(hr ft%), a function of vapor mass velocity) versus Bx (a function of the ratio
of liquid to vapor mass velocities) , shows the various, typical flow regimes of
two-phase flow in horizontal pipes. . See generally, Baker Plots for two phase
flow, e.g., in U.S. Patent 6,111,064, and in Perry's Chemical Engineers'

30  Handbook, 6th ed, pgs. 5-40 and 5-41, both hereby incorporated by reference
for the indicated purpose. As stated above, froth or bubble is optimum for the

esterification process, whereas stratified is the optimum for the prepolymer and



Phenonena of Fluid Mtions,"” Addi son-Wsley Series in Chem cal Engineering,
pp. 457-459, 1967. For the esterification processes of this invention, froth
or bubble flowin the pipe reactor is generally the optimumregion to
operate in, as it provides 20 good m xing of the vapor and liquid for
facilitati OeM&1d¥cti on. For the polycondensation st @TER20KPB448nvent i on,
stratified flowin the pipe reactor is the optinumflow  regine, as it

provi des good di sengagenent of the vapor % product fromthe liquid
product. Stratified flowis also the optimutmflow for the vent off of the
pi pe reactor of this invention in either esterification or 25

pol ycondensati on. ¢ Fj , i i o] cal e of By
(in Ibl(hr ft), firiifhe i or b P&Qﬁgﬁdeﬁ%@gﬁéﬂ"%& ?il‘%%é‘g#’ks‘%?d@ig?"z function of
the ratio of |i cuossibleequipment daamge, wemdariand dispursedsgrovidle tdodowarresidesce t ypi cal

fl ow regi nes of t\/\o-aﬁhase hl ow i n horizont al H'Fi es. . Seewgeger ally, Baker
Plots for two pha¥Be2pf ¥gyy Hoy entraips process pamd jijfo Kie 35 Stegdlm. WHIGH Cptieper ry' 5

Chemi cal Engi neer gyligfintiRngl fekdling efuifsentPgs. 5-40 and 5-41, both hereby
i ncorporated by reference for the indicated purpose. As stated above, froth

or bubbl e is optinum flothedady perd pEestarificatianoin qsrtasesbodimpatseasolisioanbefied i s
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esterification, igh&PhldbRcIfit)od B s preBenst indy AétbeRruelivE SRR flowhi ch can
create a three-phase flow. However, the optinmumflow regines described

above pertainlt o gitre atbird(scbdathage raty baiweseplqui d and the gas. The solid does
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that for clarity, if a'so a ase flow
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process, venting QirileY ey, chandRipdhd hysis fatmftdls By Rk subtPistemperature,
15  pressure, composition, adding a diluent or an inert component, or by other
means.

With reference to Fig. 20B, for the esterification process, to move in the
right-hand direction on the graph, the recirculation can be increased in an
amount or ratio to achieve the froth or bubble state. To move upward on the

20 graph, smaller diameter pipe is used. To move left, additional paths are used.
For the polycondensation process, if the vapor velocity is too high, then
additional parallel pipes can be added to decrease the vapor velocity, in order to
achieve a stratified two-phase flow regime.

Figure 24 shows one possible set of two-phase regimes for one

25  embodiment of the inventioh for a process for making PET homopolymer. In
this embodiment, the esterification reactor starts at point 400 in the froth or
bubble regime and slowly moves towards point 401 as the process proceeds
through the reactor. The velocity is lowered for disengagement of the two
phases at point 402 in the stratified zone and then proceeds through the first

30  pressure zone separator, for examp!:e, a seal leg, into the first stage of
polycondensation at point 403. The process proceeds along the path to point

404 until the second pressure zone separator is reached moving the flow regime



paral | el pipes, changing the physical paraneters by neans such as
tenperature, 15 pressure, conposition, adding a diluent or an inert
conponent, or by other neans. Wth reference to Fig. 20B, for the
esterification process, to nove in the right-hand direction on the graph,
the recirciY@piogiigldn be i ncreased in an anount or rat PETUS24EHI6ESe t he
froth or bubble state. To nove upward on the 20 graph, snaller dianeter pipe
is used. To nove left, additional paths ar&sused. For the pol ycondensation
process, if the vapor velocity is too high, then additional parallel pipes
can be added to decrease the vapor velocity, in order to achieve a
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gas from the degagshéfowpeth@FtHeSluidBtfedm and releasing the separated gases through
15 such a standpipe, or a flow-controlled vent. 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 one presently preferred embodiment, the vapor removing means, or
20  degassing means, comprises a vent or venting mechanism incorporated into the
pipe reactor. The venting mechanism is positioned so that either all or a portion
of the reactants and monomer traversing within the interior surface of the pipe
reactor also flow through the venting mechanism when flowing from the inlet to
the outlet.
25 Referring now to Figs. 7a — 7f, the venting mechanism functions to slow
the velocity of the reactants and/or monomer in the pipe reactor to an extent
sufficient to permit entrained gas to separate from the fluid reactants and/or
monomer. The venting mechanism preferably produces a laminar, stratified,
non-circular, two-phase gas/liquid flow. The extent of velocity reduction in the
30 venting mechanism to provide the desired two-phase (gas/liquid) flow can be
determined by one of skill in the art using (12) the size of the gas bubbles likely
present and the viscosity of the fluid, or (1b) the physical properties of both the



preferably, it has been found that gases entrained in a punped fluid stream
can be separated fromthe punped |iquid by incorporating a |l ength of degas
piping in the flow path of the fluid stream and rel easi ng the separated
gases through 15 such a standpipe, or a flowcontrolled vent. As used
herein, thevoemmiri@ntrai ned" and |ike terns, refers toPOHUBAEHINEE gas
present in a fluid;, for exanple, gas in a fluid in the form of bubbles,

m crobubbl es, foam froth or the like. In _one presently preferred
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are selected to provi a er Ccros tional area open to ul
transport tham t hendoubefsobrioniioshatedar ea of the pi pe reactor adjacent the
venti ng nechani sm Bars{‘ed on massffloaweﬁate 5 lﬁri nc%&l es,.,. since the inner
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solution 15  polycondensation process. The residence time of the fluid within the venting
mechanism is also controlled by appropriate selection of the length of the
venting mechanism to allow sufficient time at the reduced velocity within the
venting mechanism for adequate separation of entrained gas from the liquid.
The appropriate residence time for a particular fluid flow may be determined by
20 one of ordinary skill in the art either experimentally or empirically after
consideration of the disclosures herein.

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 flow substantially horizontally and collect at the

25  top area of the venting mechanism. The attributes of a desirable venting
mechanism allows the gases coming out of solution to be trapped by any design
capable of allowing the liquid to pass on the bottom but restricting the flow of
the gas on the top.

Several designs that can be used to disengage the gas from the liquid

30  reactants and monomer include, but are not limited to, those in Figs. 7a-71.

Each embodiment in Figs. 7a-7f has an inlet 31 to receive the fluid and

gas/vapor mixture, a fluid outlet 32, a tee 36, and a gas/vapor outlet 33. The



lo and out of solution is shifted. For separation of entrained gases in the
reactants and/ or nononer disclosed in the present disclosure, for exanple,
it is desirable that the venting nechanismreduce the flowrate of the
fluids flow ng therethrough and preferably a stratified two-phase flow
regi ne i s WEH0BYH#0HN the venting and 15 poIycondensati%ﬁ”ﬁ?@@@%@@sThe
residence tine of the fluid within the venting nechanismis also controlled
by appropriate selection of the length ofééra venting nechanismto allow

sufficient time at the reduced velocity within the venting mechanism for

adequat e separation of entrained gas fromthe liquid. The appropriate

resi dence time fofenanPrictiatishtard domipdisé hd¥comic R-GEbAoM RageeRy) ROoone of
ordinary skill in the art either experi mentallyg or enpirically after
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in Figs. 7a-7f. ach .enboedi ment .i.n_ Fi. - h i - to receive
the fluid and gatéElF \iﬁ'ﬁ)‘grby%ug)&’aﬁl? %fiff%refl}'%?}éatgafsfz%thegg? %gasf gg%%%’?a][%nd a
gas/ vapor outl et ReducdidarcfrefaRediivhdrd iHede IPET 1iBA0O610RIp4 ABmeteB8r Ment i ng
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the velocity & tiacte] %Peplﬁynﬁﬁw%@a@f&eaﬁamlﬂf&aeiaéﬂm@* a?mcmglwphli"m% t he

entrai nment of thg Jiiefahide idY RdbdeecatdRProvidiREpipPaaSiardlel @WFovid a Rweer tai n
anount of surface area so that the vapor 5 velocity on the |iquid surface

is sufficiently slingar ¥eloqityzand muse suifsee argoins shorterdragiylengthqui d al ong with it
e 1 Lol eases, o, S e e OB SRS e T P

greater flow area) larger than the inner diameter of the pipe reactor. Velocity

15 can also be reduced by using multiple parallel pipes as shown in Fig. 7f. In one
aspect, the system of Fig. 7f does not need a reducer on the inlet. The
configuration in Figures 7e and 7f can be further enhanced with a weir at 38 that
is in the top half of the pipe (inverted weir) between the TEEs 36 and the elbow
to the right of the TEEs.

20 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 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

25  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.

In one embodiment, the vent further comprises an upstanding degas

stand pipe coupled to the vent, wherein the degas stand pipe has a receiving end

30 in fluid communication with the vent and an opposed venting end disposed
vertically above the inlet end; and wherein the degas stand pipe is non-linear

extending in its lengthwise direction between the receiving end and the venting



the Iiquid by buoyancy differential that causes the two phases to separate.
Reducers are preferred where there is no limtation on pipe dianeter or in
10 reactor capacity. If pipe dianeters are limted and plant capacity is not
limted, an alternative to a reducer can be providing pipes and parallel to
provi de a IYvRp4/11ll¢¥ear vel ocity and nore surface area PATASHMIGNt6EG8 pat h

| ength. The venting nmechani smpreferably has an effective inner dianeter (or
greater flow area) larger than the inner dianmeter of the pipe reactor.

Vel ocity 15 can al so be reduced by usi ng'ﬁﬁl‘ti pl e parallel pipes as shown in
Fig. 7f. In one aspect, the systemof Fig. 7f does not need a reducer on
the inlet. The confiqguration in Figures 7e .and ./f ca further enhanced
with a weir at 3§“€h§?e°rf’ia§d iwrk'erteH'etﬁ? g%gaﬁétfi?f } elslfgmﬁ pc’et ?%?/Oenrlil e wei r)
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renoved. To thi s tegrgceiying endand sxipnawg substaatallysyesically gioym g veet seediibr i ses an

upstandi ng degas (shfdoRlifoIRRlPLLchch dndSricHER bi ALIRGBRHBIMCRG: degas
stand pipe has a receiving end In flurd conmunication wth the venting

mechani sm and san segjoose plan eiewi, agd ®thid 28ctvo souilahtiedhesiceontt seotirml dng above t he
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venting end. |n QqagioRiPeskntersubstidiially Béizohtlly hBI orfeQEFYC, HiSventlis ufizétandi ng
degas stand pipe coupled to the vent, wherein the degas stand pipe has a
receiving end 30Gcstionfveriical Rimeavaled 42 2 BirdpetienthrEzendd PIRs Y thhsesMsos ed
venting end disp t] L QU8 dhBli&nt e aft Rl e degas
stand pipe is no%ﬁ{i%ﬁé’g&do@ﬁéﬁe‘ﬁ%?ﬁg Iﬁlﬁalrht‘ﬁs ?Jé%tﬁ%%g %lgr%\@t iogl}l&bet ween t he
recei vi ng endioand drt%é degmaes, prefandblQ 80114 51det i@ AnEIETIUBRDD4 AP2B468 - 69 end

t hereof, and wherej he degas st,and pi i orned.of three.contiguous
sections each in SP%’%?’@“@Y)H?F&?@’C‘%‘&I? 'E?FPE\% Egﬁheetzréﬂsefﬁ%r'",J"éleﬁ’iﬂ?esqu‘ssg‘étf on
adj acent the reaRingiongnead: ANehgRIF GO HPuisHRSbaMIGoekites/RIatiIvERI thy from the

vent, a second section coupled to the first section and oriented at an
angl e rel ative t oettisal lanes from abaeti() t9aboud 5 degressrelativetedhavartigal plagect i on

coupled to the segpnghse6td %u@@degrees relative to the vertical plane, from about 0 to
i5  about 30 degrees relative to the vertical plane, from about 0 to about 15 degrees

relative to the vertical plane, or about 0 degrees (vertical) to the vertical plane;
the second section being oriented at an angle to the vertical plane of from about
5 to about 85 degrees, from about 15 to about 75 degrees, from about 30 to
about 60 degrees, or about 45 degrees; and substantially horizontal, with

20  respect to the third section, includes being oriented at an angle relative to the
horizontal plane of plus or minus from about 45 to about 0 degrees, plus or
minus from about 30 to about O degrees, plus or minus from about 15 to about 0
degrees, plus or minus from about 5 to about 0 degrees, or about 0 degrees.
Plus or minus with respect to the third section is intended to mean that the first

25 and second sections are typically placed at an angle with respect to the vertical
such that the vapor or gas fluid flowing therethrough proceeds in an upwardly
direction (with the liquid initially proceeding upwardly but then after full
disengagement moving in a downwardly direction back to the process), whereas
the third section can be oriented in an upward, horizontal, or downward

30  orientation. In another aspect, the first section is oriented at from about a 0 to
about a 60 degree angle relative to the vertical plane, the second section is

oriented at from about a 5 to about an 85 degree angle relative to the vertical



oriented at an angle relative to the second section in plan view so that the
third section is oriented substantially horizontally. In one aspect, the
vent is a first section vertical pipe coupled to a third section horizontal
pipe with a second section pipe connecting the vertical and horizontal pipe
at any angl¥03HaLPhan 10 0 or 90 degrees, preferably PT/ES208/0tdey ee
angle. In various aspects, substantially vertical, wth respect to the first
section, includes, the first section being oriented at an angle of from
about O to about 60 degrees relative to th&-vertical plane, fromabout 0 to
about 50 degrees relative to the vertical plane, fromabout 0 to about 45

degrees relative to the, yertical .pl.ane, fr about. 0.t0,15 a t 30 degrees
relative to the vREns gnd t¥’5fr&WéfcqoﬁldﬁP%%ﬁa?gowg%%? Eolagoateab&g‘gegeer el ative
to the vertical pimhi&elafve RiRdhorikodQDFIARS 1h ¥Rdthdragdekt, ti firltesesntis cal pl ane;
t he second section being oriented at an angle to the vertical plane of from

about 5 to aboutorsBtedadP degreesirelgtiyeipdhn verieal plagg digrseqond gesfioadsoriantedm about
30 10 about 60 Agg5eesecteifPOl nd veriGbERS and L RHPRLAN fs Bhkaediarg zontal,

with 20 respect to the~t section, Intludes being orien at an angl e
relative to the degrdez cabdtpvie tgothamerindntad iplase.oPrefarablig tiier st sbidort is 46erited about 0

degrees, plus or 1 hus f.rom abouyt . to about degree us of. mnus from
about 15 to aboutatgl’o‘ﬁégd'tsé%%fee _Bﬁ’ﬁtjgrei%vﬁl{%ﬁg 958 e&ﬂg‘ﬂrtanét&egL‘é‘iﬁFﬁ{’?'b‘Sdegrees,
or about O degr eegientdd!at! ok a B QeiFedbriplt eREPEGithd RcbimFsebidn. Pré@fablyon 1S
intended to nean that the first and second sections are typical fy pl aced

at an angle with thedrsection is pecyreant focthe prosess line Hiat it isie flsighor or gas fluid
f1ow ng therethro&bqﬂn&{i&?i%g%h'&sﬁp H YR d}qu’ a§%rlﬂ%té!sf?&r(mﬁe%c%{lgok' qui d
initially proceeding upwardly but Ren' aft ur'y i sengagenent noving in a
downwar dl y di nect Fign7dwer té be placedmr oasspsjed dukethyamsr Fighe/at Hiwhdresentlei 33n can be

oriented in an upward, harjzontal, ,or do d 3Q orientation. _|.n another
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relative to the veuipnoa lagburiisadtineagee CTius, theddganstandpimer dremdsechon-linear
path from the first to the second section and then another non-linear path from
the second section to the third section. In another aspect, the third section is
positioned at a minus 45 degree angle with respect to the horizontal, creating a
downward flow path in the third section, and for this aspect, preferably the third
20  section is oriented at a 90 degree angle to the second section, which is
preferably oriented at a 45 degree angle to the vertical plane. The vent is an
extremely low cost configuration to perform a disengagement function, in that
there are no moving parts in the basic pipe design of the vent, and the vent can
be merely empty pipe.
25 As shown in Fig. 7g and Fig. 8, the preferred embodiment of the degas
stand pipe is formed in three contiguous sections in fluid communication with
each other: a first section adjacent the receiving end and extending substantially
vertically from the venting mechanism; a second section coupled to the first
section and oriented at about a forty-five degree angle relative to the first
30 section in plan view; and a third section coupled to the second section and
oriented at about a forty-five degree angle relative to the second section in plan

view so that the third section is onented substantially horizontally.



at 45 degrees relative to the vertical plane, and the third section is
oriented at 0 5 degrees relative to the horizontal plane. Preferably, the
first section is oriented at about a 45 degree angle relative to the second
section, and the third section is oriented at about a 45 degree angle

rel ative t V@RWHIHA®Nd section. Preferably, the third PETASHG4N460- current
to the process line that it is in fluid comrunication with, as shown in Fig.
79, as would be shown if the device of is Fig. 7g were to be placed or
transposed directly over Figs. 7a-7f where’butlet 33 connects to inlet 34,
or as shown in Fig. 8 (assumng that the elenment 137 is on the sanme plan

view plane as TEE 36 or 139). However, the third section can,be
countercurrent, or eveh Camﬁwpﬁfat‘ﬁéf%é%‘ﬁh%%‘?'}qﬁlpéés-Yﬁﬁ?‘iaélﬁto“ﬁ?fad &Rt er current .
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view, and a third section coupled to the second section and oriented at

about a forty-fiv&igdehrHethangbedimehtafifig 78 gav taposiodat Ad isgetedomfliid pl an  vi ew
AT I M T A
vertically oriient g¢@ vapst firktroceeds through the vertical section of Fig. 7g, then through the
diagonal section then through the horizontal section, and exists the outlet 35.
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 be, for example, an orifice; throttle valve; control valve; hand valve;
20  reduced pipe section; outlet pressure control; nozzle; and/or bubble through
liquid for head.
The flow control device preferably allows approximately ninety percent
of the vapor generated to this distance in the pipe reactor to pass while the
remaining ten percent 1s retained with the liquid. This approximately ninety/ten
25  percentage ratio ensures that liquid will not pass through the gas line and
maintains the approximately ten percent of the gas for mixing in the pipe
reactor. The amount of gas removed cannot approach one hundred percent as a
maximum, since the liquid would flow into the standpipe along with the gases.
The venting end of the degas stand pipe is typically in fluid
30  communication with a distillation 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



venting nechanismis horizontally oriented, which creates a non-linear path
frominlet to outlet and thus allows the gas to escape without the liquid
also flow ng out of the standpipe. Wth reference to Fig. 7g or Fig. 8,
whi ch venting 5 nmechani sm arrangenent is al so applicable to the
esterificaWOMOilddlss, the pipe |engths 136 and 145 aPETAEINEM6HuNti| a
straight path from conponent 144 (or inlet 34 in Fig. 7g) to conponent 137
is not possible. Thus, no straight path exists between inlet 34 and exit
35. This non-linearity causes all or nost @ the liquid droplets in the
vapor to inpinge on sone surface of the vent piping. to Thus, Figs. 7a-7f
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detrimental in atﬁiéadnﬁhglgnd)wm’l@ddt@ﬁnosblﬁbrﬁ@@ésslﬁabodl ment of Figs. 7a-7f, the
enbodi ment of Fig. 7g Q%gs/vapor inlet 34 is placed in fluid conmuni cat| on
with the outlet 33 of Queskiliedimthgart %%am*eqﬂtagwtthaefiﬁclengueﬁvatpﬁa{cmsathe

vapor first proc (Y by} el the fherSfhdiel b fibBreadiGr adilify t T ough
t he diagonal segct%?gntﬁ rlouge% tgLe hO?I zont al seecﬂ) ne rdeeX| sts the
outlet 35. It § s aadpoodeshe winking mnCHamsmjdenalmﬂzgwecsgrfameam"\?haﬂmuw thin the
degas standpipe tq control the flow of .f t hrowgh., The.fl ow
control device mjgimigcthe xapor rlgcity at the Suf[? chaﬁfﬁ%‘%‘i’%&g‘&f’v‘é%&‘}%nt r ol

val ve; hand val Ve.selo%ﬁyﬁrﬁmu@ﬁfé iDttR&iGE Bt df disenggbheit iPooHddh, the@ipet r ol ; nozzl e;
and/ or bubbl e t hrough q‘?ﬁl d for head. The flow contral device pr ef er abl y

al | ows appr oxi rrat‘b‘l“vﬂﬁrfﬁ %P’?,‘@ﬁtas Slwnt%ef%%aw &iferdt BEOMS this di stance
in the pipe reath%E“oHHné?@ssﬁ]e o&@@cnoﬁ?@i?feﬁbﬂghatv%%E&reﬁfmtﬂa't $p.f €t ai ned

with the liquid S appr OXI ni net 25 percentage rati o ensures
that |iquid wd| bwttompediset ﬂorl@qupcﬂcbleﬁgmsfotmmg irathd reagtor. nﬁ"msnsoczkhe

approximately ten percent of the gas,.for. mxing.i.n the pi -The
arunt of gad r erto0Es emRden an: S8R Bhuie el sl SRbRT be EEBTLC!
since the liquid deoﬁiuécﬂdlfrlrxgwm;m@esﬁ h'ﬁhesdoaﬂgmatﬁxﬁxsahmg]mmg@ 7t hed Pafamt The
venting end of the degas stand pipe is typically in flurd 30 conmuni cation

with a distillatit® Wsdt%ailﬁwﬁmlﬁﬁe‘ﬁﬁ@ﬂi%@ﬂ Blapy hyjdgwng Bhe sptRgiat ed. 1t is
al so possibl e to yehby dgrn%ae{sl@fm% m@é@ﬁ]gﬁr E\?\%r%&%ﬁ@fe?th@ﬁtﬁehﬁe dt\é@n“ ng

end of the degas stand pi pe can contr en the venting end is in
2004/ 111104 PGT/ Usaczd/t@ 16 468aspect, the venting pipe is at least one standard pipe size

larger than the pipe being vented, in another aspect, is double the size of the

pipe being vented. Because the typical optimum pipe size for the pipe reactor

design herein is normally the largest pipe size available, and therefore it is not

practical to have a venting pipe being larger than the pipe being vented, multiple

20  venting pipes to lower the velocity can be used as an alternative design as

shown in Figure 7.

If additional surface area is required or desired, additional pipes may be
installed at the same elevation, in which the additional pipes run parallel to each
other and all include a venting mechanism (see, for example, Fig. 7f). This

25 series of parallel pipes and venting mechanisms provide additional area for the
disengagement of gas from the reactants and monomer.

One skilled in the art will appreciate that no gas removal is required to
maintain the reaction within the pipe reactors, but removal of gas enhances the
reaction rate by removing a limiting species. The gas removal also reduces the

30 void fraction making the final reactor volume smaller.
One skilled in the art will further appreciate that multiple venting

mechanisms can be used in the pipe reactor between its inlet and outlet. For



-72 communi cation with the distillation system whereas when venting to
anbient, the venting end will be at atnospheric pressure. One skilled in
the art will appreciate that the efficiency of vapor renoval can be

i nproved by increasing the inner dianmeter of the pipe reactor adjacent 5 and
prior to twoesitlteg mechani smto naxi mze the surface BEBHS2H04/06468 | i qui d
and mnimze the vapor velocity at the surface half of the pipe dianeter. If
the velocity in the pipe in the vicinity of disengagenent is too high, the
pi pe dianeter may be expanded as shown i-/3-for exanple, Fig. 7d. In sone
enbodi nents, the expansion sections preferably have an eccentric flat-on 10
bottom reducer to keep pocket %romforn‘i ng i.n the reactor. These pockets
reduce the react i%ﬁ‘“ﬁ@e‘&,‘m{: ﬁ’@f"é epte g SHARIGALRn o ?‘S}Yc‘)&ﬁ?fsf‘twn(fﬁ%%t"‘gﬁe

readily drained fwaiti@okEioRs OCLHS: sedtih 0 Afsbabat 38¢dtidN Sand Weharein the Fi gs.  7d
and 7f do not trap liquid and allows conplete draining on plant shutdowns.

The venting meclmuessemicigdudsd in the pakypendsnsation epgeipt, dhe redudingrsig™ i n di anet er
than the line it | . i Ng pipe is at
| east one standarcaalgl;%le‘géflg%l?RP%Erl%&Sir&nﬁ%ﬂ?ﬁygﬁggmﬁl&%ﬁ@téll}létnled, i n anot her
aspect, is doubl eoljrenddnzsioafredctoe so thapthe pelycndeentiediluiBetawessing Whihypi cal
opti mum pi pe size for the E“! e reactor . e%i g’n herein is normally the

| ar gest pi pe si zd!sd0sidq spsfeee W pRAuER K by the t@otespectiye JEgasying 1 o have a

venting pipe bei ngednafigial whipflowilg fidiife AR B (¥R REondBAdlfBlee 20 venting
pipes to lower the velocity can be used as an alternative design as shown

in Figure 7f. |f pedtondepsationsrgadtercandawlkesein thertwguicgassing megeatismsdre addi ti onal
pi pes may be install . t i i t addi ti onal pipes
S TR e R e

run parallel to e Ve mechani sm (see, for
exanpl e, Fi g. 107 )polytbhdenzdiioheedces. Of onpasmict, ele fstpmd servdd yatibhsgf thechani sns

provi de additional area, for the disengagenent of gas, fromthe reactants and
mononer. One ski I‘TS@HﬁFW"PH’éPalﬁ’{‘o"{ﬂieﬁa“%fgrﬁ?‘é‘&‘i at E‘al"ﬁag?cdrf’éd et BIFSRIESES i s

required to M Nk Badhher € BEdrofidr WhbdlimeritBe BitAFidaB8E b otycoRdnsdtROval  of
gas enhances the reaction rate by renovin imting species. The gas

al
removal al so redutisreatier ingodasgitep section, ia@ngdiamﬁgn,tqmé aftiotiein seedmotand vol une
smal ler. One ski Iéa@lgof tHe M}g’\e saeEtEon\QAilllclluJeygtt]Qa%g oﬁ%ﬁﬁ&é I%E&a}'nﬂ%t hr\ryl tiple

venti ng
15 particular aspect, the polycondensation reactor includes a top section, a middle

section, and a bottom section, and wherein the pressure is reduced in the
polycondensation reactor, the reducing step comprising at least three degassing
mechanisms incorporated into the polycondensation reactor so that the
pblycondensation fluids traversing within its inside surface also flow

20  sequentially by the three respective degassing mechanisms when flowing from
the first end to the second end of the polycondensation reactor, and wherein the
three degassing mechanisms are located respectively at the top section, the
middle section, and the bottom section of the polycondensation reactor. The
top, the middle, and the bottom sections of the polycondensation reactor can be

25 maintained at different pressures from each other. Another design consideration
is, as noted above, including a plurality of elbows in the pipe reactor, which can
assist in removing the vapors from the reactants and monomer. More
specifically, the pipe reactor can include a first elbow disposed upstream of the
venting mechanism and a second elbow disposed downstream of the venting

30 mechanism,

Addition of Reactants into the Pipe Reacior




mechani snms can be used in the pipe reactor between its inlet and outlet. For
WO 2004/ 111104 PCTI US2004/ 016468 -73 exanple, in one enbodi nent, the
esterification or polycondensation reactor has at |east two sections of a
first section and a second section, and wherein the pressure is reduced in
t he pol ycort@A¥4111d0¢ r eact or, the reducing step conpri SCRFS2040BAH t WO
degassi ng nechani sns i ncorporated into the 5 pol ycondensation reactor so
that the polycondensation fluids traversing within its inside surface also
fl ow sequentially by the two respective dedhssing nechani sns when flow ng
fromthe first end to the second end of the polycondensation reactor, and
wherein the two degassjin chani sns _are cat respectivel t the first
section and the secondjnégelfﬁﬁlﬂ’f obfearigpts w3s B@WB&%@H%H&"&WWE 1178 | n one
aspect, the fir st naRdestmidioIREpibORBctof udikta pudss. €T Hel présdhi RN discusses

pol ycondensation reactor are nmaintained at different pressures from each

ot her. In anot her alkamasive msthods phadding the fepgtants indmthe pinsarartsniselydiagueing pi pe

react or includes t] % l_m" g i : . jon, and

each of the thr eeﬁg%s@%a%ﬁ%x{n%&g& es a?tﬁ%éazlgg?égggy$%’%nﬁégggé%ﬁ%§€%5b'l na 15

particul ar aspect, theOpetkiliahidainsat wikinppeamtetthati forcdaukl asthad tieresaits on, a

m ddl e section, and. a ttom sectj.on, nd wherein th ressure i s_reduced
belov &b e

e
in the pol y_condeH?éitbFé_ erdé'é_ tsgysse _ f“ﬁ%]’t%‘inéb{’?ﬁ ¢ tandag t_éacnsfeéast
three degassing pEMMRIHs SERIEAEN IR pRelaBil Otht b&p@ﬁﬂswm@%@_&wn react or

so that the polycondensation flui'ds traverSing within i'ts’inside surface
al so fl ow 20 sequbefpiesnteyingyhe igactartse diwt p eeldaunor pexige genssiopynatectianiAsms  when

flowwng from the fir t he. se d_en f t | ensation
reactor, and wher 8‘|“3nSkt‘?]ltifedEi Ht eragte&@eaész’sagﬁﬁﬁla%b%hﬁgnrﬁ S ?@%@@%g@ ag‘a%
respectively at t hpstiea o8 dewharamtffom theidetlistosecpipoOreactantay bebanefitialm sect i on
of the pol ycondensation reactor. The top, the mddle, and the bottom

sections of the p8fYEEH#ensati on reactor can be 25 nmintained at different

pressures from each ot efomeARHoliffentiCSiteNalGOREBINIRAAD O ditiod to 82 pift €d above,
including a plurality of elbows in the pipe reactor, which can ‘assist in

renovi ng t he vaporesctor aimpreferablyded Eom shetapl dorom ot the redstos, in sybechith¢ enti vy, t he
A R E L,
15 This reactant line should be jacketed at a temperature exceeding the melting
point of the reactor contents at the location and the reactant feed point. Such a
design keeps the reactant line from plugging when flow is stopped and (1) the
control valve does not seal and (2) the check valve does not completely close,
both of which are common in prior art polyester plants.
20
Pumping Fluid Reactants
As discussed more thoroughly above, it is easiest to add reactants as a
hquid (i.e., EG and DMT) because the reactants may be pumped directly into
the inlet of the pipe reactor or at another location upstream of the inlet. The
25 pump(s) discharge the reactants above atmospheric pressure proximal to the

inlet of the pipe reactor. The reactants can be either pumped separately or

mixed beforehand and then pumped together.

Injection of Solid Materials Using a Paste Tank
30 The main goal of the esterification reactor is to completely react or
convert the acids in the reactor to monomers and oligomers. To maintain this

goal, solid acids, such as terephthalic acid, must be kept in the reactor until it



30 nmechanism Addition of Reactants into the Pipe Reactor WO 2004/111104
PCTI US2004/ 016468 -74 The addition of reactants was addressed above in
reference to adding fluid reactants into the pipe reactor using a punp. The
present section discusses alternative nmethods of adding the reactants into
the pi pe r dREWH M| udi ng using a paste tank, a m xi RETUEHRIVIEHS
alternative feed system and a recirculation loop. 5 One skilled in the art
wi |l appreciate that for each nethod the reactants nay be added as

di scussed bel ow, the reactants may be at the standard transfer conditions
or, alternatively and preferably, the reactants may be preheated before

entering the react.or.so that col L X1 ng..zone. do . occur. As
one skilled in th Ss&%"feswﬁ?s Clanss r%%%?“@@%‘fsg},l %(oa‘agfhﬁgmlg&%c?ﬁﬁggg@gg’t%gat
| ocati ons 10 upstuysaPutent NRBEG 483 distlosestichae bdueh aipasto addigorpilpepaseact or may

be beneficial or necessary. In so enpodi ts, external. reactant |ines
for addition to tteKgidssreds ths pays °££E’é( SB\“g?a@Ert}F‘ilnf‘bﬁef"rl%trﬂftﬂl?é"lf"dﬁa%vm into
the reactor, in why t @@{'ﬁﬂ =Y Wihlop Gahb@hgescri bed
herein or chosenmﬁpyaqgnn)teﬁgﬁ?ﬁaﬁe(ﬁlgidﬁ heéar%ﬁﬁléagﬁ?sﬁpggct alr)f%1 i ne shoul d be
jacketed at a % enpeirataiios leop; sbithngdestrebedbkloivng poi nt of the reactor

contents at the location and the reactant feed point. Such a design keeps
the reactant |ine from pluggi ng when flow is stopped and (1) the control

val ve does not seal awma)dpéwnhe'gggyﬁl ve does not conpletely close, both
of which are comon in_prior art polyester plants. 20 Punping. Fluid

Reactants As di scussed’*‘?fﬁ‘i”@gtt%gkgo[)@%lﬂ}“&%ﬁﬂi‘Fﬁ"%dé’é@i“é%lﬂq'-‘t‘%t"atﬂd reactants
as a liquid (i -e?adfﬁ%a&‘ﬂleqmmcis%ﬁmavé BENRAG R HeSelBBYd BRidPWiRAHe di rect 1y

into the inlet o e pipe reactor or at anot’her |ocation upstream of the
inlet. The 251punpquds idclsdhBGgmethinw],(ddoMaand shedlikey Etiaplensgbyrot wdl b essur e

s L2 L1 LB Pl RUBE LR e B RN SRR 1
of Solid Material gppklriae t8mpératuge, degekiding on the additive and the EG addition

temperature, which is a function of ambient conditions and preconditioning.

The heat exchanger 46, mix tank jacket, or internal coils, efc. is used to heat and

15  cool the mix as it is being recirculated with pump 43 (not required when a mix
tank jacket or internal coils are used, but can be used to enhance heat and mass
transfer) using temperature controller 45. The heat exchanger is typically
supplied with steamn 47 and water 48, but any appropriate heating and cooling
media or mechanisms can be used. The additive is added with agitator 44,

20  pump 43 or both operating to suspend the solids until they are dissolved into the
EG. The level in the tank 42 is monitored to control the addition of EG and to
tell when the tank is empty for the next mix. Mix is pumped from the mix tank
41 to the feed tank 51 using pump 43 and going through a 3-way valve 60 or a
pair of 2-way control valves (not shown).

25 The feed tank 51 level 49 is controlled by adding mix from mix tank 41.
When mix tank 41 is empty, the next mix is made while the residual volume in
feed tank 51 continues to feed the process. Pumps 52 and 53 supply a feed
header 59 to supply mix to the feed systems 57 and 58 that control the additive
flow into the process. The feed tank temperature is controlled with temperature

30 controller 54 using steam 55 and water 56 or any appropriate temperature
control media or mechanism. Agitator 50 is used to maintain a uniform mix in
the feed tank.



30 The main goal of the esterification reactor is to conpletely react or
convert the acids in the reactor to nononers and oligoners. To maintain this
goal, solid acids, such as terephthalic acid, nust be kept in the reactor
until it WD 2004/111104 PCT/ US2004/ 016468 -75 di ssolves. Paste tanks are
frequent |y Wey4filied d the mi xi ng and bl endi ng, and U. BCTRB2MHD16NS.
3,644,483 di scl oses the use of such a paste addition. If a paste tank is
desired, the paste of any solid can be fed7into the inlet of the pipe
reactor or at any |location along the path %f the pi pe reactor with or

wi thout the 5 recirculation | oop, which is described below M x and Feed
Tank System Referring [~ Iy & .M } il h: the liquid
to be added. Suitabl e‘;"ﬁpgé?é's‘&\/?ff"f&gig's"?é ?/c}efao%iﬁeé?yu(;e?%/&\?mptoﬁgqeﬁﬁelhgeI ected
solid. Suitable withdut agingishéaded 390 AtH€ast anetpaaipads reqirkd\peahide with sparéseas

Et hyl ene glycol will be used as an exanple in this section. The EGis either
heat ed or cool ed APBTPH&®- appropriate tenperature, depending on the additive

and the EG addition tgnpenakivé Systefiveiks bsfolob ¥ BELH/R iR FigdThB ept igondi ti ons
and preconditioning. The heat exchanger 46, m x tank jacket, or internal

coils, etc. is usasded to uningketedhpipg 32.0du¢h actseasihiodaplsin thisisysteei Thy pireci2r cul at ed
with punp 43 (not. ui, [ e LY - I i rnal iLls are

used, but can be 'ﬁioggteggcelﬁ%ﬁgé Heai’lgtﬁgnﬁuadgg%%[%%31(;@%&8?%&82?85&@8@&ature
control |l er 45. ThealheFie ppctimaehiavie hotiymtat abhyonests pp Facidatevirishallstionaom 47 and

wat er 48, but any appropri at hahati n nd cci(r')l.i n nmedia or chani sms can
be used. The addigiEemEntsinyag v “f‘ﬁ’lg'ljit cIpgpiaggn Mgt nob RAVEAHADPE, For s

operating to suspeid ke dRESIVES Attriie dpbRridE anduRSTIEGH ahaﬁdqogﬂ,% 72EG  The
level in the tank 42 is nonitored to control the addition of EG and to tell

when the tank!ds asmpenjtofedrbytlenel Adsthe gricnlating Rump 7Hisractivetéd. crhetniia systsmt ank 41
to the feed tank 51 _usj ng. pu i th h 31 lve 60 or a
P BT D AR R

pai r oft-way cont FEPY owh e I"'evel 49 is
control | ed by addwagr 76 of dhy appropriaté @ilperture colrehmsdiX of mBkhadibm Mmd edisy, t he
next mx is made while the rg@i.du volune. in fe‘ﬁd tank 51 coptinues to

| .
feed the process.C3gss 2 sasket P‘BS%UF&I %ﬂdé“’Fé%%fde_ AR G fiEEURlph v nix to
the feed systems Qs 10&ishARithS INGE B pipd'B3 @il krlel ¥Bds are dissolved. When

15  the solids are dissolved, valve 60 is switched to direct the flow to feed tank 82.
Feed tank 82 should have the appropriate volume to allow a mix to be

made and dumped and a second mix to be made in case the first mix is in error.
In one aspect, the inlet to tank 82 is just above the weld line of the bottom head.
The overflow of feed tank 82 is preferably at a distance of 95 % of the length of

20 the tank between the tank head weld lines. The mix from pump 74 is directed
through valve 60 into feed tank 82 and overflows tank 82 back into pipe 72 of
the mix system via pipe 71. The flow of the mix via pump 74 through both the
mix system and the feed tank provides mixing and temperature control for both
systems eliminating the need for temperature control, level control, and mixing

25  (agitation) in tank 82. Mix is added to the plant through header 59 and systems
57 and 58. In one aspect, no pumps are required since the tank 82 is
strategically located at an elevation that provides head pressure to the additive
systems. As mix is consumed through stations 57 and 58 (two station are
shown, but 1 to a large number could be used), the level in pipe 72 will drop.

30  When the level in pipe 72 is so low that pump 74 starts to cavitate, valve 60 is
switched directing flow from pipe 73 back to pipe 72 without going through
tank 82. During this time, the level in tank 82 will start to decline. A new mix



flowinto the process. The feed tank tenperature is controlled with
tenperature 30 controller 54 using steam 55 and water 56 or any appropriate
tenperature control nedia or nechanis Agitator 50 is used to naintain a
uniformmx in the feed tank. WD 2004/111104 PCTI US2004/ 016468 -76 Punps
52 and 53 M320BE151H4t al led to directly feed the pol ynmer PCT/HE004816468ut usi ng
a header 59. At |least one punp is required per line with spares as
appropriate. An alternative system works foll ows as shown in Fig. 15B. EG
is 5 added to unjacketed pipe 72, which acts as the tank in this system The
pipe 72 is located vertically in the plant, in an unused space or attached

to an outside ‘Qﬂiilbcm@emtﬂgmmsﬂ% ém.ﬁ% wliaaaag%f@b t6 PIPROR R USschiBed

facilitate inst ation or enharicenents 1o the ume, but the installation
must not have tr apsvel dihemaw misdd inaderaid diyeded hodughalvaido anto tank 83 pefoopr i at e
amount of EGis agﬂ(eq% to o{%: 72 to as nonitored by level 75, the

circul ating punp't S §UPYPat ed. The nix system tenperature is controlled

Wi th tenperature cont rmak beps74 R tHe roik @@iks 4% 16datkd oAl 18Wwer/food bf Bhay
appropriate tenperature control nedia or, mechanismand in this , case uses a

j acket ed pi pe 573.buitdiagadbe mix enk pipaircrogitianest guhp owtaide Mall (eransidmif sRasat i nues
to suspend the Solids 3o whike il fobd s @Ak 2028 T S30HY RibiniliR 15 ¢ he

solids are dissolve alve 60 Is switc ed to direct t ow to eed tank
82. Feed tank 8Zirstlatingipumap/® mhebajapkatqs fonheativpbrgmeling Eid retyrmpipt so t o be

made and dunped and secqgnd, i e made in case the fifpst mx is in

oprle and, cuTped e AEraN v Tagkeled R Gseid of AegabiaS The lo fidtnic’, | 0
the bottom head. tankRp@YEhdslaQiitceival@elie baMNdRE td the Fedlt@ikedd. Vhatfesd di stance
of 95 %of the length of 20 the tank between the tank head weld |ines. The

mi x from punpl974 trtk & has er everflew dige dh b to dheguixithnko/ s ddg feedripnko® hnd
overfLove tank B2nRagltelilifle BireBolefine vEfloW oDkl BB pARIRAR @da The Tl ow

of the mx via punp m X system an tank
provi des m xi ng aatk tbdendehaplamtewbidathe otxtnok birob ks besygstales Aekondinght i ng t he

need for tenperature control. . |evel .control nd m xi 5 (agitation) in
Tank B9 Mt A SanE Bl st vachiE beifie Bt e B YRy iR 402 STERETSE g s
In one aspect, NQhAWEHuidHEesRANOW @ffosgh e fdell tink 30K TRR cofiguration

15 eliminates all agitators and the level control in the feed tank 82. As the feed
tanks are located on the roof, the additive flow pressure is derived from the
elevation difference. Flow is controlled via a flow meter and a control valve in
stations 57 and 58. This configuration also reduces space required in the
facility.

20 For a typical system consuming 100 lbs/hr through each of 2 feed
stations, the pipe 72 can be 14-inch schedule 10 pipe at a length of 72 feet. The
pump can be 50 gallons per minute and pipe 72 can be 3 or 4 inches in
diameter, Tank 82 in this case would hold 75 ft’ and have approximate
dimensions of 3.5 feet in diameter and height.

25 The described fluid mixing and distribution system of the invention thus
includes a first elongate and vertically disposed fluid storage vessel; a second
fluid storage and dispensing vessel in fluid communication with the first vessel,
the second vessel being disposed at a greater vertical elevation than the first
vessel; a circulating pump in fluid communication with the first vessel and the

30  second vessel, the circulating pump being constructed and arranged to pass a
fluid flow through the system and to circulate the fluid from the first vessel into

the second vessel and from the first vessel to the first vessel; and a control valve



strategically |ocated at an el evation that provides head pressure to the
additive systens. As mx is consuned through stations 57 and 58 (two
station are shown, but 1 to a | arge nunber could be used), the level in
pipe 72 will drop. 30 Wien the level in pipe 72 is so |low that punp 74
starts to VaXEIV4val ve 60 is switched directing fl oRCHUSA4INEIES 73 back
to pipe 72 without going through tank 82. During this tinme, the level in
tank 82 will start to decline. A new mx WD 2004/111104 PCT/ US2004/ 016468
-77 will be nade in the mx systemstartihéswith adding EG to pipe 72 as
descri bed above The new m x is nade and diverted through valve 60 into

tank 82 before r%lggorinm gﬁ 0"3’9{8”‘??%{&%%%?74 ft?le {"‘yges@ﬂ)ﬁn& ?hnks are

| ocated on a Iowe}Jl 00T prpe i's positioned

on the outside \Nakdconﬁcbwske‘l,&eqﬁcmfebspﬁmeontadllvam)s doasthiwedrand‘anawgten@ t he feed
tanks 82 are |ocated., The pe 73, 1 eavi ng tt}e ci rcul af] 74 may be
jacketed for heatf ‘g'ft'B'FIY@HS‘Ft ﬂFFgﬂ“‘q' Aaw frow thg tigst yessglgntog ‘b@c §F1’§F‘§o be

jacketed where neﬁsﬁ%ﬁéﬁrs%esgamﬁﬁlfﬁst vElel. tm seéonm@ssm.zm figgk pi pe 73 has
a three-way valve 60 leading to the feed tank . feed to tank 82 has an

overflow line ¥1 btanmumgattolnewth thc planlkpracess diktebﬁtwosystamk ﬁeﬂatmgessmough
residence time be}lé’a\% %ﬁ’cﬁ'{e V\f.dmlgl\{lfthﬁggcohggcs%atls us 8?£ Sgﬁ}f ur1| tank

to feed the plant, e nex REL6 gly, and

whil e the next barrahnthesdaemm@smdﬂhephﬁt;irhasee@dlmyumaisyeteﬁxo is switched so
that the fluid does not fltﬁwthrou htptg feed tank 82. This configuration 15
elininates all agitat of\€csHBely A 3SRRFLP E)H]t"'F‘Eﬂonl'ﬁt hbe fiet yesselffte?  As t he

feed tanks are |pgabeds 9fuldnevel A3hitor! 18 ﬂﬁﬂﬂlﬁé]%nftb%n@&ﬁﬁi’lfc?ed'aﬁdder' ved

fromthe elevation difference. Flowis controlled via a flow neter and a
control val veldn amsanged tmastiBate thectosigol lepgp@o@rﬂewgugamr@lnteanmgd fleiduevel space
required in the fagil] N 20 Fo  ca t nsunl ng. 100 |.bs/ hr

t hrough each of 2""16";1t§1en CYI Y‘f%ﬂsi"%ﬁ‘é%g. p%ec?%%@aﬁmﬁgﬁleﬂop%gﬂh ?‘Féﬂfﬂse 10

pi pe at a |ength afsuld2df aein ad'ﬂhtbnalpismht clenfitbevebdd] Bathparstuaiontivoliudf eand pi pe
72 can be 3 or 4 inches in qyﬁrgmter Tank 82 in this case would hold 75 ft3

and have approxi marid floyy fremdhefinst ypschbeing used (9 contfokhe tempesatprenbihsht |

second vessel. The temperature controller further comprises a means for

15 selectively adding steam and water to the fluid within the first vessel to raise
and lower the temperature thereof, as desired. In another aspect, the second
vessel further comprises a fluid inlet in fluid communication with the control
valve such that the fluids are passed through the inlet and into the second vessel,
and a fluid outlet spaced vertically above the inlet and in fluid communication

20  with the first vessel such that any excess fluids held in the second vessel
overflow therefrom into the first vessel. In yet another aspect, the fluid flow
through the system is directed by the control valve from the first vessel back
into the first vessel until such time as the fluid within the first vessel has been
mixed to a predetermined standard, and where the mixed fluid flow is

25  selectively directed by the control valve from the first vessel into the second
vessel.

An alternate embodiment of the system comprises a first fluid storage
vessel; a second fluid mixing and storage vessel; a circulating pump in fluid
communication with the first vessel and the second vessel, the circulating pump

30 being constructed and arranged to circulate the fluid through the system and
from the first vessel into the second vessel; the second vessel being disposed at

a greater vertical elevation than both of the first vessel and the plant process



25 The described fluid m xing and distribution systemof the invention thus
includes a first elongate and vertically disposed fluid storage vessel; a
second fluid storage and di spensing vessel in fluid communication with the
first vessel, the second vessel being disposed at a greater vertical

el evati on WRRAM{INE04| rst vessel; a circul ating punp i nPGT/UR04@BFERINI cat i on
with the first vessel and the 30 second vessel, the circul ati ng punp bei ng
constructed and arranged to pass a fluid .,fgl ow t hrough the systemand to
circulate the fluid fromthe first vessel i'nto the second vessel and from
the first vessel to the first vessel; and a control valve WO 2004/111104

PCT/ Us2004/ 01646%%2&%05@,;&&&45 éﬁd%@f}mﬂ&ivﬁ%iixpﬂui\ﬁ'}cBﬁn{uﬂﬁ:aﬁ&{ &Hhafel ng punp, the

first vessel and t second vessel, respectively. The control valve is
constructed and anncelatmipunap, thecfiretciessebangd the sesond vdssel frespiectivel o ¥hefaootmolt he
first vessel into_the second vesse an fromthe . first vessel .into the
first vessel. The? V@?SW@ C\C}Iésg%lgﬁeafigé ?rﬁanﬁgﬁocfe@mbvc?mmcég?iﬂghdS@?‘Y Ffo'fnhe pl ant
process di stri butth®firsbyeset BackAntlthé fisst s Svd Gomeafirsl wds8at thtdihelsbedntil ui d
held within the second vessel is used to pass the fluid fromthe second

vessel to the Spl affesehr Biesseondivetsel 1in (T comarpisption widh temdany progsss aspect  of
the invention is %ﬂﬁﬁutfo’ﬁ%ﬁ;&rﬁ Sind\W&88iE presillrd REH fo@%ﬁ?gﬁﬁ@ﬁuiﬁ hfefd‘%iﬂ)(ijﬂ ;a\(;el

nonitor, the flui eve nitor belng construct to arrange
activate the contthotecomd wessel posed et past the flur fopme thetsecont ivesdel th thecblam v el
within the first ve-sse&.. .Ln.a furt her aspect, both of or either one of the
vessel s is i nsulPPEE IPHOWPIRHFY! onal aspect, the first vessel is

tenperature control | edihetk@hod dfiwtiding laANakirBatdNEMbil Mathives SRld ARingg used to
control the tenperature of the second vessel. The tenperature controller

further conpri%estnd dintrhndion systeps inshudescnipaieg 3t leaginnedluid wime Brsticlapgats to the
fluid wthin the JnHr@&icylgscﬁgdosédjﬂﬁiﬂ'st%?a egQ&ell gn‘ﬁ@anéthg ik Hh ﬂ'Ielﬁr& t her eof,
aspect, t nd ~ vésse

as desired. In another e sec urther conprises a fluid
inlet in fluid comsathintei sesondielotgateemd venicalty dispoaéd/Buid moking had stbtage f | ui ds

are passed through the inlet and into the.secqnd vessel, . d a fluid outlet
spaced vertical | y"eésﬁg\%e R fﬁ'l"gf’eséﬂg'_""inﬁ%fsp?ﬁea_aE?)ﬁrﬁ’El'ﬁf gg@qa@ﬁle%mwttm t he
first vessel suchydiatth@ st f65Q%Ad He Pl platsd distitufien sREANdiMessel  overfl ow
therefrominto the first vessel. In yet another aspect, the fluid flow

t hrough the sisst eniichlating pwap indfludg cerhmurniosttonayiththe {iest Fessehanthehefseeond vessel

back vessel, the circulating pump being constructed and arranged to pass the fluid

through the system; using a control valve in fluid communication with the
circulating pump, the first vessel and the second vessel to selectively direct the
fluid from the first vessel to either of the first vessel and the second vessel; and

20  selectively passing the fluid from the second vessel to the plant process
distribution system, the second vessel creating a static pressure head used to
pass the fluid stored therein to the plant process distribution system.

Additional aspects of the method include adding at least one solid or a

second liquid to the at least one fluid within the first vessel and mixing the

25  combination therein; circulating the fluid through the first vessel until the
materials therein are mixed with one another; passing the fluid from the first
vessel into the second vessel once the materials therein have been mixed with
one another; controlling the temperature of the fluid within the first vessel;
controlling the temperature of the fluid within the first vessel by selectively

30  adding steam and water to raise and lower the temperature thereof, as desired;
measuring the fluid level within the first vessel with a fluid level monitor; the

fluid level monitor activating the control valve upon detecting a predetermined



into the first vessel until such tine as the fluid within the first vessel
has been m xed to a predeterm ned standard, and where the mxed fluid fl ow
is 25 selectively directed by the control valve fromthe first vessel into
the second vessel. An alternate enbodi nent of the system conprises a first
fluid storw@eoodasiwel ; a second fluid m xing and st or ageCvVes2e@I0]6468
circulating punp in fluid communication with the first vessel and the
second vessel, the circulating punp 30 being constructed and arranged to
circulate the fluid through the systemand®fromthe first vessel into the
second vessel; the second vessel being disposed at a greater verti cal

el evation than bqgth,of the.fir vessel and t he an cess WO 2004/111104
PCT/ US2004/ 01646 “‘d_%&";' "‘8?‘%‘% lr*%egfﬁtivgsﬁglgl}asst"’é‘ﬁ]a“%%‘éeg@"é@Hﬁfg VA S\‘ice"“i%n fluid
comuni cati on W tJasdehigack Gnito ehel fakti vegsepunp, the first vessel and the second
vessel, respectively, the control valve being constructed and arranged to

selectively direct the fluid flowfrom the first vessel back into the first

vessel and fromthe fif sl yesS@laclabsUsihEratEeRRdsp VESSEl . The second vessel
is in fluid communica di stribution system and a

static pressurse head fThepedersynvechiorf 4ls0 aptiondlly ingladesa meahe faeeindatimssel i s
used to pass the fluid fromthe second vessel.tq th | ant r ocess

distribution systertions Geradiindmoreny” DRunteuehsts PBRreat®r 9 wi t ni n
the fluid mxing noldd Ak, BieSdeld pasicingR (¥ ot SFnhiR GAnktdRs b tepticBdwah al east one
fluid into a first elongate and vertically disposed fluid storage vessel;

passi ng the fl ui degircylatipmer fepycde loop en the|estergxshangs pinsieaciTongat e and
vertically disposed flyyi 1 X] 5’(?19 V, : nd fluid
vessel being di sposed Ig't&gf%siég@?%@&&gﬁlﬁﬁca g‘ft’e@g?%)rﬁm%@ﬁg@gth of the
first vessel wBnd dohpriptsantciputatios foogihsving b infloentaypd te affluantt The iriflment
circulating punp.in fl.yid co nication with the first vessel and the second
vessel , the ci rchH&é%ﬁ}ﬂ%%f%“@bﬁ&?wa&aé@fé‘rPd‘Y&’PF’éﬁ 853130 pass the
fluid through thges¥isdtRflor PolyBshdensa@b protesy, dhoheiihg) bl st dini@@@Ini cation with
the circulating punp, the tirst vessel and the second vessel to selectively

direct the flui crexiow thpesterification eeseter infeh peprimelrthoeutiehef the egerificetier| and
the second vessel ré;tic%}da ééggg&'n@&e%' tHEhnler BRSEE BOhck BEE lebtbArd BN aBG,, Second

vessel to the plant pfo
15 proximal the inlet to the pre-polymer reactor, proximal the outlet to the

prepolymer reactor, a point between the inlet and the outlet of the pre-polymer
reactor, proximal the inlet or outlet to the polycondensation reactor, and at a
point between the inlet and the outlet of the polycondensation reactor, and the
effluent is independently in fluid communication with the pipe reactor at any

20  point along the esterification or polycondensation process, inciuding but not
limited to, proximal the esterification reactor inlet, proximal the outlet of the
esterification reactor, a point between the inlet and the outlet of the
esterification reactor, proximal the inlet to the pre-polymer reactor, proximal the
outlet to the pre-polymer reactor, a point between the inlet and the outlet of the

25  pre-polymer reactor, proximal the inlet or outlet to the polycondensation
reactor, and at a point between the inlet and outlet of the polycondensation
reactor. In one aspect, the effluent is in fluid communication with the
esterification pipe reactor proximal or adjacent its inlet, proximal or adjacent its
outlet, or at a point between the inlet and the outlet of the esterification reactor.

30 Inone aspect, the effluent from the recirculation is directed to the esterification
reactor proximate the inlet of the esterification reactor, in another aspect, the

effluent is in fluidd communication with the reactor adjacent the iniet thereof, in



di stribution system the second vessel creating a static pressure head used
to pass the fluid stored therein to the plant process distribution system
Addi ti onal aspects of the nethod include adding at | east one solid or a
second liquid to the at least one fluid within the first vessel and m xi ng
t he 25 conwiorat#10mos herein; circulating the fluid throur/us2ecsfoissss vessel
until the materials therein are mxed with one anot her; passing the fluid
fromthe first vessel into the second Veéf once the materials therein
have been m xed with one another; contrdoPfing the tenperature of the fluid
within the first vessel; controlling the tenperature of the fluid wthin

the Tirst vessel i aehREl eluelio AL ALoRLRRTLANLIRIRT cAcbrbphigy and | over

the tenperature fheres neasur | eve hin the
first vessel Wit khednlet aﬂddautletvcﬁéreasfpmlmonher dspert, thé effldert &oal thepstircolatict | vat i ng

the control valve upon detecting a predeterm ned WO, 11110 ,
PCT/ US2004/ 016464 diregigd {9 {'}FaSth&%@PO'&F@ﬁPh“RSH@m‘F pfet ‘5%‘ é*reesmggatwg any

overflow fluid fromotheaiikeAshect BRIEMuARS n NMRohBRin{cafist wiRERE! . | nfection
of Reactants Using Recirculation’ 5 The present invention also optionally

i ncl udes a neans eﬂcmﬁqatamn reacibnbbdtween the iniat andentlst thereof, inanpthanaspestnthenononer
f1ow ng though t h o2h 1s ti%gggmpﬁf?‘%anorﬁ%lﬁxdthg Psq%rﬁlca{lgn l‘eg&éld prﬁ)‘?i fafe tmex tank or

the m x tank can"be rep recirrcu oop on the

ester exchange pioptettigaif,0n andthertaggecp tiesiafidny isin ﬂﬁelrdoﬁdnmadm Wbk, the
recircul ati ng neans lo conprises_a reC| rcul ation | oop having an influent and
an ef fluent. The S§5end [Raptor, Whereimthe sghopd E"@ﬁ‘l"?{]ﬁld@‘é{ﬂftfﬁ?"\/ﬁfttw estraifisatin® r eact or

at any point al ofgclhn oRShaTLILE M iRMAN R XERARARAAL [Oflir OCess.

i ncl udi ng, but not ., proximal the esterification reactor inlet,
proxi mal the out Icemmhlcathml with the ipblycatdensation sacon in anmthgoaspectbie ween t he
I nlet and the outrggt of roxmal the inlet to

t he pre-pol yner ERERY tP the rlg?)l&cuﬁ‘?gfmfsﬁg?fgh‘fﬁ “fm‘fnbca?ﬂ%w]%rt epol ynmer reactor, a

poi nt between th(polyedneiten@ndn tdactopprokiddaterhe biftet fHefeofQh Yi®Ker ab@ag thar , proxi nal
the inlet or outlet to t he pol ycondensatlon reactor, and at a_ point between
the inlet and th&HGrpERS %S?P is RErformied using & secircyiation logp honng anafluent andst £ | yent

i's i ndependent |y o Beifuchl fhe COTEHNB &Y ih i edlind diG:tiBh RELBAGhOFeadibr 2NY

15 proximal the inlet, wherein the fluids flowing through the recirculation loop are
each recirculation fluids, in another aspect, the influent being in fluid
communication with the pipe reactor between the inlet and outlet thereof or
proximal the outlet thereof. In this discussion, the reactants and monomer and
any other fluid, such as oligomer and polymer flowing through the recirculation

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

As stated in another embodiment, the monomer can be provided to the
recirculation loop from the polycondensation reactor, which is discussed below.
Thus, in this embodiment, the infeed to the recirculation loop is not from (or not
solely from) the esterification pipe reactor, to which the effluent of the

25 recirculation loop discharges.

In certain embodiments of the invention, which are shown in Figs. 13a
and 13b, the recirculation loop 91 includes a recirculation pump 92 located
intermediate its influent 93 and effluent 94 for increasing pressure of the
recirculation fluids flowing therethrough. The recirculation pump 92 is

30  preferably an in-line centrifugal pump that is located elevationally below the
influent to obtain proper net positive suction head (“NPSH"”). This is because

the recirculation fluids, as discussed in more detail below regarding the vapor



20 point along the esterification or polycondensation process, including but
not limted to, proximal the esterification reactor inlet, proximal the
outlet of the esterification reactor, a point between the inlet and the
outlet of the esterification reactor, proximal the inlet to the pre-polyner
reactor, pMEkiMHI11{0e outlet to the pre-pol yner react oPCT/ESIPOH0I6468et Wween
the inlet and the outlet of the 25 pre-polyner reactor, proximal the inlet
or outlet to the pol ycondensation reactor,, and at a point between the inlet
and outlet of the polycondensation react'gz.' In one aspect, the effluent is
in fluid communication with the esterification pipe reactor proximl or

adj acent its inl LRl ) i : f FaLeY bet ween
the inlet and thesfEFeaR e EXEE Rkl bl ie w o il oot

t he ef fluent fr opoinheOthecpuraps rady atematively bevsedcbut @ cente fugel pumirf is degitedn
reactor proxi mat% tHe itgl et _of t.he ges.t (;eri‘fi cation reactor, in another
aspect, the ef f IPAEAONRE PUmRing characliishies cation with the reactor adjacent
the inlet thereof, inQOA& #RirtlhAGHNRETHdISHEIEhHSAABent add thanot her aspect,
the effluent is in fluid communication wth the reactor between the inlet
and outl et t hdr edtcircplatiompimpio ierpass the nrefsurgs it Mg he desighledndecreass theul at i on
is directed to t hEi 104 f ;nl et of the
esterification g?%?%rgﬂh%h&%%l?ﬂ%r{ﬁgg%gglfw?h{é’%?&r;?flf&teﬂb%ﬁdﬁ n fluid

comuni cati on w tdowhbtezat fesrh érel recircatatiompurep cTlor advattagesof detreasing the and out | et

t hereof, in another aspect hﬂ}% inf.lluent isinfluid COI’[TT'UI’]I ﬁa‘ﬁi on with the
esterification r #&CFYP Spﬁod%t Sarich SGUET &Y ONE 08 FIKT oAt AN, S8 Be "¥8pect, the
influent is in fligth@heresironnitionidopn THE hResslre iS predirably @8&bed uthesei n the
second reactor is downstreamof the esterification reactor, in another

aspect, the ilff | pesfsure dearprsingglevice.grelt as@n efuctonsfthigugh whickahisasiacat i on with
the pol ycondensatp!oﬂ{bproq. tr%irculaﬂoﬁlﬂgitdgﬁBw?%‘ﬁ@&LuctJr%ﬁlls ABE%&]F@E{EJ? Oyt he
n flui th the po

recirculation is comuni cation w ycorttdensat i on reactor
proxi mat e t he outshehtndspherimfpressure st dts thesat.aOpesitilled inghe arewiltalsd ati ng step is

performed using a recirculatiaon |o havi ng, .an influent .and. .an effluent,
the effluent bei ﬁ@pﬁeﬂaﬁfﬁﬁ‘it.@‘%ﬂgﬁﬁﬂﬁﬁgﬁp%ﬁs ‘Pﬁf@ﬁ%geg‘i?‘gié“ ‘fhtS’r" 15 proxi mal
the inlet, whereighfudr;Mehtiuelh0k210MetNEndidpi @by drldthef BRE prestupd e@itidgoop are
each recirculation fluids, in another aspect, the influent being 1n fluid

communi cat i on!Swi td§vicefe pi pe reactor between the inlet and outlet thereof or
To feed or supply the reactants into the recirculation loop, a feeding

conduit 96 is used that has a discharge end in fluid communication with the
recirculation line adjacent the eductor. The reactants to be fed are drawn into
the recirculation line from the decreased pressure of the recirculation fluids

20  developed by the eductor. The feeding conduit also includes a receiving end,
which is opposed to the discharge end. The vacuum on the eductor throat keeps
vapor from lofting up into the solids being moved into the process line. The
vapor will condense on the solids and the mixture will be very sticky and plug
the system. The eductor expansion zone has intense mixing and separates the

25  reactant, such as PTA, so that it does not lump in the esterification piping. The
solid reactant may drag gas into the reactor with it. This gas can be removed by
another vapor disengagement system after the eductor. Alternately, a liquid
feed to the reactor system can be fed into the solid feed hopper. The liquid will
displace the gas and then the inerts will not enter the eductor.

30 A feeding system is used to meter and to feed selectively the solid
reactants or other components, such as modifiers, catalysts, etc. into the

recirculation loop. One embodiment of a feed system is shown in Figs. 13a and



proxi mal the outlet thereof. In this discussion, the reactants and nononer
and any other fluid, such as oligoner and polyner flow ng through the
recirculation 20 loop are referred to as the "recirculation fluids." As
stated in another enbodi nent, the nononer can be provided to the
recircul at Wh20pg0p1ir om t he pol ycondensati on reactor, whiTbsiosydsssussed
below. Thus, in this enbodinent, the infeed to the recirculation loop is
not from(or not solely from the esterification pipe reactor, to which the
effluent of the 25 recirculation |oop disdRarges. In certain enbodi ments of
t he invention, which are shown in Figs. 13a and 13b, the recircul ation | oop

91 includes a regirc I on _pu 92. qcated inter late its influent 93
and ef fl uent 94 1&3'? f‘%‘&alﬁréhg‘ﬁnﬁpé’g&té’igﬁgge%&g SYpEm 1§ %g(ﬁ ﬁ?czﬂtﬁ)tﬁralg?yi ds flowi ng
theret hrough. Theeyie£97, hdhadsiaQflo RHBIPcoNEctbs orbhgMoBélsed For sﬁ:!ﬂin? el soli@ _
centrifugal punp that is |ocated elevationally below the influent to obtain

proper net posi t irsastagiiotheded inteetbie pecnmeation loom iLiguidcapdieadded tothpesolid

recircul ation fluyj | ' - ' .ol t he vapor
W0 20041 111104 P CEABHBRERRR o LRPELSARL bne bt AHLRIRAGLAE, | 02 VO

at nospheri ¢ pressulid. dfuldisheolzolbotisiueed, thenlaishigpingabition s€iésaan piergpsn may

alternatively be used, buyt a ntrifugal pu | S desired ased on the
punpi ng char acterSP’éqS%é’_s“.’e'@ﬁé%&ﬁﬁé{‘HpB@ F&'UFIH‘E?E’GW aﬁﬁtﬁlﬂgenb‘ﬁgge‘f‘%oygh t he
i nfluent and the Qyq{iRmhily: Welilo@hn R FP tHe Welight S RANCard BoRt&RSHIGuorl ! IfTRY be
desirable to decrease thHe pressure of the recirculation fluids, at |east

tenmporarily, at aolibwamhyanaldownseyeddront oifntet then neednvey bystanols reqwired. The
advant age of decrgeasin e e 1S S at _oth teribal s, such as
%‘ﬁ‘&f&é%ggg%? 98 UWish i rofaﬁ);egr Foc? a Cpeﬁ%to e nva\lve

one or nore react awn 1 nto recrrcurati oop. The
pressure is poef ¢hapkyy, dableaabedbutketrgnaydf) blomeask)oe titdikecia fdcagd dethe ce, such
as an eductor 95 throu ch at least a po_?TfLi on of the recircul ation

h whj .
fluids flow The baHRRE thesalid eagtan!;sigiac dguietd rfor srceivirptha rareiaps Spme
pressure, at its gdVBateacthfsidhid Jl@dﬂ:e'f?ﬁb }Th@nékrt EoMbérienﬂtl)ﬁﬂe feRMRE Gt © U hat

the eductor 95 can be used interchangeably with a siphon; exhauster,;
venturi nozzle; jietlosnindraghtifegdenfoorolometor figeded) PR ¢hap rses sommunsaliani ng 15
S with the solid metering device 98, and also in communication with the receiving
15 end of the feeding conduit 96 and intermediate 96 and 98. Thus, the reactants
are fed into the recirculation loop from the solid reactant storage device 97, to
the solid metering device 98, into the loss in weight feeder 99, and then through
the feeding conduit 96 to be drawn into the recirculation loop adjacent or
directly into the eductor 95. The loss in weight feeder 99 can also be located at
20  the solid reactant storage device 97 or at a feed tank (not shown) located
upstream of 97 and which feeds 97. It will also be appreciated that the addition
of solid chemical components adjacent to a pressure decreasing device, such as
an eductor, enables addition of solid chemical components directly into any
reaction fluid found within a given chemical manufacturing process. For
25 example, in those embodiments utilizing an eductor as the means for decreasing
the pressure of the recirculation fluids, the 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
30 of the entire system. However, in accordance with the present invention, the

eductor expansion or divergence zone provides very intense mixing and

maintains sufficient separation of the solid component, such as terephthalic



To feed or supply the reactants into the recirculation |oop, a feeding
conduit 96 is used that has a discharge end in fluid conmunication with the
recircul ation line adjacent the eductor. The reactants to be fed are drawn
into the recirculation line fromthe decreased pressure of the

recircul atwonosthuitels 20 devel oped by the eductor. The PEEQISAWIeBAGUI t al so

i ncludes a receiving end, which is opposed to the discharge end. The vacuum
on the eductor throat keeps vapor fromlofting up into the solids being
noved into the process line. The vapor wi%- condense on the solids and the
m xture will be very sticky and plug the system The eductor expansion zone

has i ntense m xi ng.,and, separates, t he 25 reactan such PT. so that it
does not lunp in a?ﬂesogtg?téf‘??efggttslfl@ﬁ "b iVHBQUSﬁPg]édrgBﬁ’Eisd Tapzl&éfr%fm%{/ drag gas
into the reactor gpihdtyiskill id tHeSrtgaid appidciaR it for\best réyalts dni@tpheéradap Ged

di sengagenent systemafter the eductor. Alternately, a liquid feed to the
reactor system cdbe ddrempenenbdifssty H8p fhe presgire HemspAsing dPHES. SR ASANw | |

di splace the gas gpdod Mykgﬁlt mﬁfngﬁ? agﬁvl?.ge&%r fliod e%q}gfeé;gfslmggo A

feedi ng systemis used to neter an ed selectively th reactants
or ot her conponenteseasngdevas. nodi fi ers, catalysts, etc. into the

recircul ati on | oop. odi nent of .a,feed, system..s shown .in Figs. 13a
and WD 2004/ 111104 P%ﬁ%@&ﬁﬁ%ﬂé@ redy oS Fifeons Feragomiihant of the
feedi ng system i si@am9lor thelR@eyséths Sh@hadR in fAUIESr SfiesSuchspasifia sil o, dust

col l ector, or bag houSe used for storing the solid reactant to be fed into
t he recircul ati orembediment,ithppadyroers cancbegnefis@f multindesaligs peyl thesesan be fednd

storage device t . l.iM T Al e 5 solids.
1 o dust ool FectapvHEAR At & i B Gl edRh SR AL R el oy 1
sol i ds by wei ght aind thepolsherpplidsgac bamatenerintacns feed hbperiiny end pressuckevi ce.

Additionally, the silo gcan as. .t he wei system a short. term
inventory. If sorFﬁ?‘l‘f' vw&fﬁ? %ﬂ?‘dipg?y&?ﬁ\9@@%@#6%%%5%39%‘%}“ ‘Héaﬂ{eHBg convey
systemis requirage solif réRtdrto 8RIQIITNThebavitem cBBthus Uhklindt tBe ik dsna ai r | ock,

a piston and valve to (hopger), doubl e val ve, bucket conveyor, blow tank, or
the like, is |ocaoBgressorapconysy systampaue tparayyy flawr eact ant st orage device 97

o el ving, Uhe | 2ah i apld L e AphgE0 M EERGEARIIE o7 T
vol unetri c f esderperféfin tHedtndtien iofithe dossunveight foeder. Also, instead of using weigh
cells as the loss of weight feeder, a belt feed, hopper weight scale, volumetric
screw, mass flow hopper, coriolis flow meter, hopper or feed bin weight loss, or
the like can be used.
When the reactants added into the recirculating loop flow to the effluent
20  ofthe recirculation loop, the reactants and the other recirculation fluids re-enter
the pipe reactor 101 adjacent or proximal the inlet 100. Thus, this process of
adding the reactants in the recirculation loop so that the reactants start near the
inlet and traverse toward the outlet perform the function of adding at least one
type of reactant into the inlet of the pipe reactor, which is one of the initial steps
25  inthe process of the present invention. It is advantageous to feed a solid
reactant into the recirculation loop via the feeding system so that the solid
reactant is dissolved by the recirculation fluids, especially the monomer or
oligomer, before flowing to the effluent of the recirculation loop.
1t is also contemplated adding additional fluid reactants into the
30 recirculation loop. The fluid reactants may be added to assist the solid reactants

in dissolving in the recirculation flmids before reaching the effluent of the



with the solid netering device 98, and also in communication with the
receiving 15 end of the feeding conduit 96 and internediate 96 and 98. Thus,
the reactants are fed into the recirculation loop fromthe solid reactant
storage device 97, to the solid nmetering device 98, into the loss in weight
f eeder 99, wandodihew4t hrough the feeding conduit 96 to I/ GR2004914468 0 t he
recirculation | oop adjacent or directly into the eductor 95. The loss in
wei ght feeder 99 can al so be located at 20 the solid reactant storage device
97 or at a feed tank (not shown) |ocated-8pstream of 97 and which feeds 97.
It will also be appreciated that the addition of solid chem cal conponents
adj acent to a pressure .de reasinﬁ devi ce S%ﬁh as . an ducior enabl es
addition of sol i JeBHUIRIERIOPRRASASATE N O3 thepdd! Qﬁg‘ regerant floes ok | yi d
found within a ginsgpthaisPiepararif AcHeuhlenS tRé Pip€ féactolOr 25 exanple, in
those enbodi nents utilizing an eductor as the neans for decreasing the
pressure of the recirdilledmidugaqtanis are prefarebly added nmte the neeircudation &aopt hroat wi | |
keep vapors from|oftin i | 1,45: i i oduced into
the process Iine?pgﬁ%&tgge(?ﬁ{eo?lﬂ;negﬁgn aldﬁl\?nghF?}%@f@g%@lﬂ?@%ﬁ! condense on
the solids and tdMhonghehe fleidwedttaitsiradikewiseby aldedkdownkincssn sfebeibductag i n t he
clogging 30 of the entire system Ho er, in.accordance with the present

i nvention, the éﬂﬁépﬁﬁem@?ﬁ@ﬁég’éﬁ‘l&f‘rﬂ@{%?@@%@ e PR dew thé’Fﬁhi nt ense
m xing and mai nt@i peirsiihddnGuRiptorsenanahdiaits &h ARDeSAldLRRERPHARE . Such as
terephthalic WO 2004/111104 PCI/ US2004/ 016468 -84 acid, so that it does not
lunp in the vari ogsirquistion prmp e ¥ herthesalid reaptents avecaddéd thoqugh therfgedski 11 i n
the art will appregiate for r Lts,. it. 1S preferr feed the
sol id conponent d%ygtglgltalng/hlﬁﬁfﬁ%é ?ﬁ%%tglglgérgs?%?éda edc'Peé’aﬂs]+ rneﬁﬂ %uge\l/tlm e]tgéjpshhgﬁe as an
eductor, at any pPRbissedirdshitin dddtngdit astgeo peoof RAPANSIntithe ipe redktok he

pressure 5 decreasing device, Th ,Leedl ig system can feed re than one

sol i d reactant. Aregmajits pichimig P’F‘V e off Rt ﬁé‘hgi@tr%%“%ﬁofb &¥Sate in
parallel or series. |ng @§ReGI 6f theoHadkdthRi mateRS FARbY ERfAc&RSy e made of
mul tiple solids and these can be fed individually each to its own pressure

reduci ng devi ce iincrsasingibe temperatyreand bryethanging the ratid ofghe pigesprompnemesol i ds
can be netered into d pper. 4. pt o _one pressur reduci eyice. The
Saria porymer coupde i EacE in BRI bRLoRER. PRRRRHIA FhERR A SRk

15 changing the pressure of the system.

Taking a specific example, one type of reactant fed into the recirculation -

loop via the feeding system can be PTA, which is a solid at room temperature.
The recirculation design avoids use of a paste tank and inherent problems
therewith. The fluid reactant can be, for example, ethyléne glycol. Thus, if EG

20 and PTA are the only reactants to be added to form the monomer, then the
efﬂuént can feed directly into the inlet of the pipe reactor as the only source of
reactants added to the pipe reactor. Of course, variations of this design are
contemplated, such as pumping more of the EG reactant into the inlet of the
pipe reactor, in addition to the EG and PTA added proximal to the inlet of the

25  pipe reactor from the recirculation loop. In a separate aspect, the diol, such as
EG, can be fed through the recirculation line before or after the recirculation
loop pump or before or after the PTA feed line to the recirculation line, or
upstream of but adjacent to the pressure reducing device along with the PTA
feed.

30 In Figure 13a, one embodiment is shown where the effluent from the
end of the esterification process is teed off 106 and one portion of the effluent is

sent to the recirculation loop. In a separate embodiment, as shown in Figure



the solid reactor to device 97. This systemcan thus elimnate the need for
a conpressor and convey systemdue to gravity flow In one aspect, the
solid reactant storage device can be on weigh cells to 15 performthe
function of the loss in weight feeder. Al so, instead of using weigh cells
as the | osVOROHRIIYHt feeder, a belt feed, hopper wei ghPCT@ae40MeSUMEL i C
screw, nmass flow hopper, coriolis flow neter, hopper or feed bin weight

|l oss, or the |ike can be used. When the reactants added into the
recirculating loop flowto the effluent -80-of the recirculation |oop, the
reactants and the other recirculation fluids re-enter the pipe reactor 101

adj acent or proxingal the inlet 100. Thus, this process of adding.the
reactants in the 15@&"? [‘?ﬁIlg&fsdﬂtembat%%‘eFi‘l‘HPle'teﬁét%Pg%P&r?f%ceﬁpéPetm AP the

inlet and traver 9@| LRypEA sé thar B tdfRbntI8Y thO FAIrENRidnUBES is@0t Rbmaklinadrat | east
one type of reactant into the inlet of the pipe reactor, which is one of

the initial stepsheostearificating pspeses byt rather qomep fremeant inferpediate peint inthg s

advant ageous to feed.a.sol] r ] i t i i.on. 1l oop via the
feedi ng system sggt?ﬁ%%n?ﬁé}ogg 5 ?ﬁl%ggtg?gﬂrﬁ Pzi"s“&@?ﬁ%@é tg{(/)httﬁ% recircul ation
fluids, especisal leytetification prowess io4t linelt 03 (after vapbefentovalfihdine 104)t 0 t he ef f | uent
of the recirculation |oop. It |s,also contenplated adding additional fluid
reactants into the 30 It arather g '_f"ihﬁﬁf“bg’ﬁﬁmufag‘?ﬁiﬁe&”? %{_E’galt‘i’ﬂ s_ﬁ?&?fte@e added
to assist the solggniRart Ftheinlet Bf e E%eréébl@ﬁ This Emsoaiﬁﬁhtrigg}e?érm@ fl uids
before reaching the effluent of the WO 2004/111104 PCT/ US2004/ 016468 -85

recircul ati on | ooyhendhe mencmer $ray eniers theanBusgnt pfthe rasicedatiinloemer the dumy ant  does
not need to be de r at . ' . .he pipe r tor. The fluid
6}d re%baﬁgggsag eog{h?é réll.?{])ltl%lﬂgl thm'egam Fta clghorﬁ:a{ngegasﬁgﬁer

reactants are pre%na recrrcula p ~upStream of the
educt or (bef ope trbsidendéiiie dranpaull ocafr if the effalendfed diaedthrin®)ihe mleabf theugh t he
fluid reactants may | i kewi se be added downstream of the eductor. It is

cont enpl at ed addiPRf €M | ui d reactant into the recircul ati on | oop through

the recirculation pumgy, 9Zice@inbodieRfts ARt SiNGaN t@ih%?eéﬂ%uﬁgg?ﬁob'MJn?am of the
recircul ati on punp 92. When the solid reactants are added through the feed

system and the f leithet theestardicationeprecess erchaptdebnilensatiantppossss i $rsaifiatliyon | oop,
Itoihgzer teg hor oSSR varfous alpektd, B8 Herige3S e 2aSeulalifh fobP 85 O rEFAGHAR S 1 nto the
15 intermediate the esterification reactor (as shown in Figure 13b), the end of the
esterification reactor (as shown in Figure 13a), the product from the outlet of the
prepolymer reactor, the product from the outlet of the finisher reactor, or any
point from the beginning of the esterification process to the final product from
the outlet of the polycondensation process. Thus, the recirculation fluids
20  comprise in various aspects the reactants, the polyester monomer, the polyester
oligomer, and/or the polyester polymer, depending upon where the influent
from the recirculation loop originates. The recirculation system is not limited to
the use of one recirculation loop, but alternatively comprises two or more
recirculation loops configured in series, parallel, or a combination thereof.
25 It is also contemplated for the recirculation loop that it includes other
features discussed above for the pipe reactor, such as a heating means and a
vapor removing means for the recirculation loop, which may be the same
compenents and apparatuses discussed above and encompassing the same
features and embodiments. 1f monomer is removed from adjacent the outlet of

30  the pipe reactor a shown in Figure 13a, then the vapor removing means does not

have to be added to the recirculation loop. Otherwise, the liquid elevation is



proximal its inlet into which the effluent of the recirculation | oop feeds.
The dissolution of the solid reactant nmaterial can be enhanced by

i ncreasing the tenperature and by changing the ratio of the pol yester
nononer to solid reactant in the recircul ation system changing the feed
nmol e rati o, WQAWABH10415 changi ng the pressure of the systremusImiirsgssa
specific exanple, one type of reactant fed into the recirculation |oop via
the feeding systemcan be PTA, which is a solid at roomtenperature. The
recircul ation design avoids use of a paste#t.ank and i nherent problens
therewith. The fluid reactant can be, for exanple, ethylene glycol. Thus, if
EG 20 and PTA are the only reactants to be added to formthe nononer, then
the effluent camafsekel ldvereduhyl theprossuteas hedr etmasphdrivangitipevapemst or as t he

only source of react ti a g-ﬁ to the pipe reactor. O course, variations
of this design arrgm%%ﬂp ! on &FE-as punpi ng nore of the EG reactant

into the inlet of the Ad@ré%@ingmaﬁénreinBviﬂ?ﬁieﬁ:ﬁs@i}eéiﬁcéll@r?inl:eﬁe%Hﬂoﬁ}émadded
proximal to the inlet of the 25 pipe reactor fromthe recirculation |oop. In

a separate aspectof thewgcigubationdenphthgdesigas simitar frethptedeserihed abovetfpethe
recirculation i t . tio I or before or
after the PTA 4f egbgp%%%‘gel&fag% ?1‘2;‘ E‘gg?rregﬁpéil? TCF(;%&H ﬁaeé' ‘glrso’ 'ﬁ%g? eam of but

adj acent to the pegisdsispefemblghaehd watiog mechanistnibetlbeatddphoxifmabm.th80 | n

Fi 13a, nhodi ment i s shown where the effluent fromth d of th
cotori fi ot i on pr BRGSO Ge ragBRt B i BBt Y B FS PR AT et 1

sent to the recirgdltRhiofthe reRRantd, BnPsusE P déshdrbis SREWadin @ 13a afd SIouNoan Figure
WO 2004/ 111104 PCTI US2004/ 016468 -86 13b, the tee 106 is internediate the

conpl et e esteri fiipdisuwnliranddds ipFigarerldhct ors 101 and 102, so that the
i nfluent for e recir I i ] .

esterificati olrifppr ocess@%ﬁ%’ aﬁg%%gﬁ&é%%ggﬁap%%%ﬁl?ﬁ? S%Qn‘ég{a%?@g%fhﬁ{ in the
esterification preitidssappirentito gse skilbal iatie aitHasedt duethé disalssieh kbavenit isfroom t he 5

esterification process is. ai line 103 (.affer vapor renova ine 104). In
jtiop g

l.in,
anot her enbodi menteceH teincfuds the tagirculslion loop for 3 pips @ﬁCtProtBﬁaI} ‘é’“{“ﬂé}éﬁ ed
downstream of theghid StthOprebdd€imbRon! &Rtda®) the dddhFonRid SHLINBIN dibcusfuef er abl e

when the nononer that enters the influent of the recircul ation | oop or the
slurry such as a pump for the fluid reactants and a paste mix tank for the solid
15 reactants can be used. This embodiment using the recirculation loop, however,
allows the designer to replace the paste mix tank, pump, instrumentation,
agitator, etc. with a pump anda pressure reducing device, such as an eductor.
One skilled in the art will also appreciate that the recirculation loop is
most advantageous for injecting solid reactants and is less advantageous when
20 only fluid reactants are added (e.g., forming PET monomer from DMT and
EG). Using a recirculation loop to dissolve solid reactants reduces the abrasion
caused by the solids in the system. For example, solid PTA can be dissolved by
the monomer in the recirculation loop, rather than using a conventional paste
tank. In a conventional paste tank process, solid PTA is fed to the process and
25  remains an abrasive component in the undissolved state. In fact, pipe reactors
that process only fluid reactants may not benefit from the added complexity of
including the recirculation loop. However, the recirculation loop can enhance

the heat transfer to the esterification process.

30 Weirs
A means may be included to control the level at the top of the

esterification pipe reactor. In one embodiment, at least one weir is attached to



formed as a result of the addition at the feeding station requires a shorter
to residence tinme than would occur if the effluent fed directly into the
inlet of the pipe reactor. In various enbodinents, the influent to the
recirculation loop is from either the esterification process or the

pol ycondenwaxdoomiprodcess. Specifically, in various aspREWES200408646%f| uent to
the recirculation loop can be froma point 15 internedi ate the
esterification reactor (as shown in Figure 13b), the end of the
esterification reactor (as shown in Figure88-3a), the product fromthe outl et
of the prepolyner reactor, the product fromthe outlet of the finisher

reactor, or any %m nt fromtlr(}? g of the ezﬁt}fgr%fica i on process to
the final product! £ THOT spydacs Fh@te tS‘F‘ ‘Eaﬂ A G TS ?IB‘HtEer ocess. Thus,
the recircul ati Onesiéﬁﬁ'c%n%ﬂna‘sqmw bR8 el A S AIRRE FRe, Wh@c beAckant s, the
pol yester nononer, the polyester oligoner, and/or the poialester pol ymer,

dependi ng upon whesnrolling mieany ig @reir FPohe weirismreferbhndisnase prepimst lgi nat es.
The recircul ati on&hgxs‘?&gﬂh% 1p%trezlc'l<{p ted to the use of one recircul ati on
| oop, but alternative or nore recirculation |oops

configured in series, nﬁrveéaﬂeis,a body pom@m‘d’rdmtsb@lﬁedtﬁyem&ﬂge Apottionics thal so
contenpl ated for the re ulation |loop t it includes other, features
di scussed above feﬂgeﬂsnr@ é‘”l‘seI es%mect@aéﬁgt‘a@ d2 pEanmePoen e thesies s vapor

renoving means fo(hett(ﬂ)eed ecr wna&atmge&geqpofm&éaw gfenkhﬁan HAREiveomponent s

and apparatuses di sc ove and-enconpassi ng t he features and
enbodi ments. |f rr’w)nl)pmwm gf uhenwm sﬁxmfam\oéﬂ:pamncacm@nd)mtachcd BEreB0 t he pi pe
reactor a shown iﬁh Fi% }?jl? eg g%ec vapor rem sV|n ans fdo S not have
to be added to the™ P"r"' ‘?“(%S?r a5 1S GHPET cLgss-seqtion i GPEEfed, ot i on i's WO
2004/ 111104 Pag/ L@R&Qﬂlﬁ&ﬁ%S&nm&%grﬁgﬁﬁdlsﬁrclrbtﬂmr)edmpl%tﬂehtahh&:oﬂfaelsSur eis
near atnospheric and the vapor renmoved to the distillation system

Addressi ng the vaptrengasedls W&"ﬁ’éé‘ﬁg"‘c%pem fically, in one enbodinent of the
recircul ation |oop, the.hesbyfitcr 'ﬁ‘tﬁea}feacttaﬁ’xtstéﬁﬁﬁor‘flﬁﬁﬁ&bﬁ@%(ﬁﬁﬁougﬁgr the 5

pi pe reactor as shown in, for exa Fi gures - not
required, it is pfrerhexoatbllbl aritbavet the wearat poigt HécITzhnw-semabs as ebatredfopthexi nal to
{ Qet h'enf luent of the recipcul ation | gop,sq that the VaROL S 0§ hgipved prior
15 the weir. Thus, the weir controls the liquid depth along with the fluid viscosity,
the flow rate, and the length of the pipe before the weir. After passing over the
weir, the fluid flows out of the outlet of the pipe reactor at 113. The weir, as
described below, may also have openings in it or at the bottom to provide flow
uniformity and compléte draining. This would include weirs with the top
20  sloped, V-notched in the weirs, etc. The weir is preferably located a distance
five to ten pipe diameters from the outlet of the pipe reactor. In one aspect, by
sloping the top of the weir, the weir can compensate for higher and lower flows
and viscosities.
In alternative embodiments, the level can be controtled by any level
25  controller known in the art, such as, but not limited to, a control valve, seal legs,
level devices such as those that .use differential pressure, radiation, ultrasonics,
capacitance, or sight glasses. Other specific examples of level devices can be
found in Perry’s Chemical Engineer’s Handbook, 7™ ed., p. 8-49, which is
hereby incorporated by this reference.

30
Additives



addition of the reactants, and such a design is shown in Fig. 13a and 13b at
104 in Figure 13a and 105 in Figure 13b. to O note, although there are
advantages with the recirculation loop that w |l be apparent to one skilled
in the art based on the discussion above, it is not necessary to include
the recircW®WHH1IMEop for a pipe reactor to fall withi RCT/HB200&¢6458 of t he
present invention. Instead, the conponents originally discussed, such as a
punp for the fluid reactants and a paste mx tank for the solid 15 reactants
can be used. This enbodi nent using the red%-cul ation | oop, however, allows
the designer to replace the paste m x tank, punp, instrunentation,

agitator, etc. with aﬁﬁ-luq—ﬁ anda C)ésessu*;@l redUCLn devi ce,. such as fan
eductor. One skilled iHWOHivEoRqnalgspect BY WU PLesHt &y H‘ﬂ%"ioﬂﬁlns?sr?emFaé’él? ul ation

loop is nost adva%m&g%e Bpﬁmferudeﬁ,%mto&aé bige feeaa@} Bétveertiidinict akdeS S
advant ageous when 20 only fluid reactants are added (e.g., form ng PET

monomer from DM catlet. EGfh atllﬂbil‘mg ape deseribed abaveiand iricbidg, hub aginps bimited o] i d
reactants 1 educes, L p AR 86 by AUREH: Bock Wil ol kRS ushem For

exanpl e, solid P'I"Recan noner Fedircal ation
| oop, rather tmarﬁlle%nﬁ@aa mmtﬁmlomahntmaﬁl&er tfranie retasdant, tsheataid, i onal paste

tank process, solid PTA ed to the process and. 25 remal(ﬁ{\ﬂn abr asi ve
conponent in the 35/ia1del e\}' cgcompoyny, prygen saveneinecompopad, Yat process

only fluid react %&&bm@xom%m{ereB&EertlmfpmmgtdaanﬁeOL%@h Eé’ﬂ%}%i( dricigd, 1 ncl uding

the recirculation [oop. However, the recircul ation | oop can enhance the
heat transfer to hlm lemtmdet cqmqnommpmﬁverssthe@gf w;«iitf@ hkemaddigivesesan be
included to contr ol sterificat]

reactor. In one eahsrﬁ’é)ﬁ h%lrlu‘f org?s @5& dl%veg C\A%PePrEhegdtbegF{ga oo 2084/ 111104

PCT/ US2004/ 01646 &ystedPirkchdingrulphaiehasde! kb as Bdatihf EGElsduéd fofth€dpopstatpi pe
reactor and wherein the esterification fluids flow over the weir. As
il lustrated in FitgProvideheat igethereagtorcont rol ling means is a weir 110. The

weir is preferably digp e[@fr%‘&rﬂﬁédi&%ﬂs§H6@/nQH‘P]g§tlﬁfath§bQﬁepe reactor. 5
The weir has a body portion circunscri by an € A por'tion of the edge

is referred to asintrbdicogmeos corgprisdgesaalatilechamehian rapchpMcd byayoff thdhe edge is

arrows in Figs. 12a and 12b, through the pipe reactor allowing fluid

15 communication between its exterior surface and its interior surface and an
injector for injecting the additive into the material flowing within the pipe
reactor (i.e., the reactants and/or monomer). The injector can include a pump or
other means such as pre-pressurized, elevational, or gravity driven injection that
injects the additive into the interior of the pipe reactor, which must be

20  performed at a pressure greater than that of the materials within the pipe reactor
at the location of the sealable channel.

The term “sealable channel” is meant to encompass any opening that
allows communication from outside the pipe reactor into its interior. It is
preferred that the “‘sealable channel” be able to be closed off so that when the

25  additive is not being injected into the pipe reactor, the reactants and/or
monomer do not leak out of the pipe reactor. The sealable channel may be
“sealed” by a plug or the like, as well as the injector not allowing leakage out of
the pipe reactor.

The additives can be introduced or injected at any point along any

30  portion of the pipe reactor, as shown in Figures 12a and 12b. Examples of
suitable addition points include the sealable channel traversing through a

portion of the top, side, or bottom of the horizontally oriented sections of the



the top edge. The connecting edge is of a size to be conplenentarily
received by a portion of the interior surface of the pipe reactor and
attached thereto. Thus, since the interior surface is circular in
cross-section in the preferred 10 enbodi nent, the connecting edge is also
circular twocomplierentarily contact and engage the i nteEeT/OS208U01688 €.
Referring still to Fig. 4, the reactants and/or nononer is shown flow ng
frompoint 111 and over the weir at point 112. The weir acts as a barrier
for the reactants and/or nonomer so that-%he fluid material flows over the
top edge of 15 the weir. Thus, the weir controls the Iiquid depth along with
the fluid viscosity, the flowrate, and the length of the pipe before the
weir. After passiPige Bagter thestopysides or hottemiqf girespe¢tiRshont 9 2 657 168uddet of t he
pi pe reactor at Ijgyre MRatGlhangdS qs%‘ﬁﬁﬁﬁ WPRg. DR MEctBR iR RIH@ME Openi ngs
init or at the bottomto provide tlow unitormty and conplete draining.

Thi s woul d i ncl udadvastagsusbedaused theopsubhgshaymdm viximgtanigdickn t he wei rs,

etc. The weir is preferabl ocat.ed .a di stanc fjve to ten.pipe.dianmeters
From the outl et ocomarmpdr PEARIBYE e g radats wd s pyronie yiPad Hidte ™ op of
the weir, the wei goRafirtioBedesRukiap ididglethepisk red&r flows and
viscosities. In alternative enbodi nents, the level can be controlled by any

level 25 controller knéupth¢raspastolthe injegtingymaans ipiieludisg anoazieathe o, a control
val ve, seal |egs, disih%}(ﬁ%{m%gg&%?ﬁ]em%ao@sfh{emeéﬁe Eire gﬁ?\ggpﬁﬁrtﬁ@fﬁbg her

pressure, radiation, rasoni cs, -capacitance, or s asses.

speci fi c exanpl esreaétot vk lodeionaof thegealatdechafioeln @or exaPpia; tHesioLtiemanc al

Engi neer's Handboopk, 7th ., p. 8-49, which is hereby inc orated by this
Feferonce. 0 Addiuic e Soisbehuters Shnbt FiRey AR RORR N BOMRBLHG
optional aspegy Ofnd/érandoRe iat hrd BRI IR MRIphFeaSactor W 8810k &fon. | Nt r oduci ng
one or nore additives into the pipe reactor between its inlet and outlet.

Such additives are desBetpéng ta sigh @f the epterdfécatip pipgreactosithe pPigfted to  one
or nore of a cata : e | t r .ass fiber
; . @ﬂ& s tofd) _ 1
5 filler, inpact %r%gaﬁ?olnggﬁ fgg?ilﬁpc?xuﬁ antr’, °&ta |dzfg§p,%’ ?ﬁ}&%s@giﬁgtrhggnﬁ , reheat
ai d, and outlet can vary widely depending upon the products made, plant capacity,
and operating conditions. One of ordinary skill in the art could readily
15 determine these parameters using basic engineering design principles together

with the disclosures herein.

THE POLYCONDENSATION STEP
With respect to the below discussion under this section, “THE
20 POLYCONDENSATION STEP,” unless specifically stated to the contrary, the

processes and apparatuses of this invention discussed in this section below are

equally applicable to, and can be used in, the esterification processes and
apparatuses.
As noted in the “Overview” section above, the second step of the

25 process of the present invention is the polycondensation step, which in one
embodiment occurs in the polycondensation pipe reactor. The
polycondensation step involves reacting the monomers into oligomners and then
into the polyester polymer. The monomers may be provided from the first step
in an esterification reactor, as discussed above, or from a prior art process.

30 Alternatively, if oligomers were substantially formed in a prepolymer first step,

then oligomers are reacted directly to form the polymer.



acet al dehyde reduci ng conpound, oxygen scavengi ng conpound, UV absorbing
conpound, barrier inproving additive, such as platelet particles, black

i ron oxi de, conononers, mxtures thereof, and the like. Additives can be a
solid, liquid, or gas. The additives can be preheated before entry to the to
system i nwsloa4igiw4phase change, such as heating EG | i BER/US2004/ 016488 vapor
state to provide heat for the reactor. In the preferred enbodi nents shown
in Figs. 12a and 12b, the introducing nmeans conprises a seal abl e channel,
as represented by any of the arrows in Figbk: 12a and 12b, through the pipe
reactor allowing fluid 15 connunication between its exterior surface and its
I nterior surface and an |nJector

(L ectl ng the a?dl ti Vﬁ Eﬂto t he
material flow ng wit hi 18 aspecific grabo '@5‘&% ey FETepolymrds formetl Ahe nd/ or

mononer) . The inj Ribhdhers 3 fe&lfolmeig 19c&u£mamnp.péﬂa§aomq@m5m§e
pre-pressurized, elevational ravity driven injection that |nJects t he

addi tive into thearemtaetedan thefpotyendshgation chlrm‘;or tehfooh thre RET blegop@r ped f or ned

h h
The'l bati on of ¢ HE eedbap i el AL FdudborbePal diR Bl 2% ot ™

to enconpass agy @a@tmm@foﬁnhﬁiepwﬂdvmercmmmémmhfres@mtwpsr,de the pipe
reactor into its interior IS referred that the "seal abl e channel " be
able to be cl osedm@f“?m’éféh@‘f%iﬁss\m ¢hatn longths, ghigomess haye Arom #hovhjtq st ed

into the pipe rea &ﬁh& k out of the
pi pe reactor. Thegésg‘g a{?P@hg ﬁ:%&{q m‘i’“ﬂéa{ams]égg@ﬂg?agegﬁ‘%c&g%gr the like,
as well as the i npmtdaredmuﬂnomet onvliggmie) adne e lyoerrs lndve gtdaearmapebmwtaiﬁt or. The
additives can be |ntr ed, or ected a n) rtion
of the pipe react M g §f10M"P?{ Y GiAmle; Bg?én%@ %E%Eg’g%ﬁ%éé I?ﬂg(gh Eﬁl tabl e

addi ti on pointg i pehdislgihdra aeabah) Thiésh 88 Rehdehsativ R hipe Meactdd bOthg pra@entpor ti on
of the top, side, or bottomof the horlzontally oriented sections of the WO

2004/ 111104 PCT/ USYeuionen g th&l@@eﬁif peth agagpobmer reastof apweld pgpfinigherhot t om of
a respective el boi%actbf‘ﬁs‘lh@se%éiﬁ{g I ed file Hﬁjaﬁltra%daas heflecdPRNABGR, - As shown

in Fig. 12b, injection into oW IS ant ageous because of the
resul ting maxi num ni xi Fig. 4stdwguheutput of the pipe reactor traversing over a weir, for

-level control, and into the polycondensation reactor of the second step of the
15  present invention. Also referring to Figs. 4 and 6, one skilled in the art will
appreciate that pressure-restricting devices (such as, but not limited to a valve,
orifice, or the like) between the esterification or ester exchange reactors and the
polycondensation reactors can be used but are not required.
" Inone embodiment, a seal leg is used between the esterification/ester
20 exchange reactor and the polycondensation reactor. Seal legs can also be used
between some or all of the polycondensation stages. As was discussed above
with respect to the esterification process for the polycondensation process, a
heat exchanger can be placed proximate or adjacent to, or even within a seal leg,
thereby transferring heat to the fluid between the esterification and
25 polycondensation or between the polycondensation stages or zones,
The static equivalent to a seal leg is a barometer. The difference in
pressure between two zones of the reactor is maintained with a fluid ina “U’
shaped pipe. The differential in pressure will be equivalent to the product of the
fluid height times the density on the low pressure side minus the fluid height
30 times the density on the high pressure side. One skilled in the art will recognize
that if the differential height is not great enough, the differential pressure

between the zones will push the fluid out of the seal leg and both zones will



I ncorporation of the additive into the reactants and/ or nononer w t hout high
s concentration eddies occurring inside of the pipe reactor. Another aspect
of the injecting means is including a nozzle at the discharge or outlet of
the injector. The nozzle can direct flowwthin the pipe reactor at the

| ocati on of WPRM4H4EHMabl e channel . For exanpl e, the nozzIreTamoosiorgsect t he
additive co-current, counter current, or perpendicular to the reactants 10
and/ or nmonomer that are flowing within the pipe reactor at that |ocation
Returning to the design of the esterificatfbn pipe reactor, the pipe

el evational height, pipe diameter, total length of pipe, and pressure at the

inlet and outlet can vary . w dely depending upon the prod pl ant
capacity, and op¥FUPfAye qqgﬁgsureo%gls(ﬁan&qmrﬁ eighf PF t%F ﬁe""?ﬁé t8b¢ coul d

readily 15 det er Mg idrfendy PAIARRL FRIShiLR bREuRARIFrER0 I 88EHI6Y HETIT
principles togetheg?km ﬁ% dﬁ?E osd?eg hggggn reTHE 9&%%DENSATICN STEP
Wth respect to tthesmllagwrdhetmsgﬁssnreum&evﬂltghma;'al!;yelmtbodmg atdeedmed
PCLYCONDENSATI ON STEP, " spec stated.to th trar t he
processes and app&’iﬁﬁslutfsB?“’S?hetslﬂwgersﬁvgﬁlg?8%16??ts ﬂgsﬁedluﬁ s%lgtlon bel ow
are equally applﬁﬁﬁﬁhgfﬂﬁmmgﬂd can be used in, the esterlflcatlon processes

and apparatuses. As noted in the "Overview' sectlon above, the second step
of the 25 process of FQ@"ﬁWb’s@l‘?tﬁca}lﬂﬁﬂéﬁﬂﬂwlgbﬁfﬁ@e%ﬁf&’ﬁﬁﬂe‘h&%‘?B‘Hdstep,
whi ch in one GRRRY CAGEHT deh) 1&41%19@11@&9%@61%%%&%% sh&@gpor - The
polycondensatlon step | es react t he nononers 1 nto |gone S and t hen
into the pol yestewnbaﬂapd”eanbél'lhﬁed tmmhmes}lemyssbe ctmmoyﬁttjetb\afprossuterseiefl rst step
in an esterificat hon é’eac | scuss above, or lf om a lgﬁ[i
process. 30 AlterRAAAYVRES: OY"fpa re ra%a's?ﬁ‘gcteah”t‘(eaf’f?n? ‘ﬁ@ﬁtefn a
prepol yner fingt §$ff-h% to thORRY SSGQrTeg@ftﬁéearle§qheﬁe@bufeeﬁb;bMnﬂ-e16\0rmthe
pol ymer. WO 2004/1 04 PCT/ US2004/ 016468 In a specific enbodi nent
when PET pol ymer Pressugs sidedper upis obelgvatipp pasrsrincragsed £ Hdhe lhow pstriction is
pol ycondensati on r
pol ycondensati on gﬁ%ﬁmggg%%g%t?% fg%ﬁ%nﬁﬂﬂgggk§F &ﬁékﬁ%&gﬁﬂdhﬂnh&ﬂm

two phases and the density of will be greater. Usmg these methods to increase

the pressure drop of the low pressure seal leg will decrease the total height of
15 the seal leg.

The present invention involves providing a polycondensation reactor
having a first end, a second end, and an inside surface defining an inner
diameter. The first end can be disposed elevationally above the second end so
that gravity moves the monomer and any formed oligomer and polymer from

20 the first end to the second end.

As shown in Fig. 2, the polycondensation reactor can be serpentine in
front plan view (but flow is in the opposed direction as compared to the
esterification pipe reactor — that is, the influent is at 11 and the effluent is at 12
for the polycondensation process). Nonetheless, as with the esterification pipe

25  reactor, other profiles, such as the designs hereinbefore described with respect
to the esterification pipe reactor, are contemplated in addition to the serpentine
design. It is also preferred to include a plurality of elbows, each elbow
changing the direction of fluid flow within the polycondensation reactor. The
matenals used to form the polycondensation reactor may also be the same as

30 those used to form the esterification pipe reactor.

Thus, the monomer, which is preferably in a fluid form, 1s directed into

the first end of the polycondensation reactor so that the monomer flows



then are further reacted preferably within the same pol ycondensation pipe 5
reactor to formthe PET polyner. As used herein with respect to PET,
nononers have |l ess than 3 chain | engths, oligoners have fromabout 7 to
about 50 chain | engths (conponents with a chain length of 4 to 6 units can
be consi dé&Y@OBHEHer or ol i gormer), and pol ymers have BEBESWI4/RUH68 about 50
chain lengths. A diner, for exanple, EG TA-EG TA-EG has a chain |ength of
10 2 and a trinmer 3 and so on. Thus, the condensation pipe reactor of the
present invention can take the place of #t-h a prepol yner reactor as well
as a finisher reactor as those terns are used in the prior art and as

defi ned herei nabove. Fig. 4 shows the output of th i pe reactor traversing
over a weir, for dol"vé‘\‘?’équlﬁgﬁ?"r&glﬁ}e : ofl%tnﬁglq‘iéeﬂﬂryiggﬂlé’ﬁg‘&?rirB‘?‘Ftsrtgactor of

the second step g BiR olik@mBY AN thOHRNpbRther Mithi thE€pAYdonBhshtton1 9S. 4 and
6, one skilled in the art will appreciate that pressure-restricting devices

(such as, but notredateriso dlert ths pelyweer gxifs fresm theiseeondend thieeeofi Aepnerdkilioden t he
esteri fication e at i g@g&?ﬁg ot APSE R &oﬁg{gg}aﬂﬁq {?ﬁ%o\ﬁ%’e? Hﬂ]‘é{%g& kPhe I eactors

can be used but are not uiré n one e nmen sea i's used
bet ween t he est erwithif éel sospeasfttie presefit iexaiang€he masdmdr, aigdmriehand/or

pol ycondensati on reactor. Seal |l.egs can al sqQ be used between so or all of
t he” pol ycondensatRobyssist ajemer J@”‘R&@%@ék’%@‘gﬁoﬁﬁﬂ\?@mW?qtprﬁé%‘ﬁg&ﬁlt‘b t he
esterification prpeessifddhddlifioaglydondensation process, a heat exchanger
can be placed proximte or adjacent to, or even within a seal leg, thereby

transferring heat to tlhis alsppreferpsithasdlre pahecondeneationireastar ahnaaniineas

pol ycondensati on ,or. bet we t he | ycon tiQ t.age r zones. The static
equivalent to a sbeeg‘fcelnet%e ﬁrrs%t %{]labaélgglrfcé e %ﬁ‘%%lg}p? ?vzcrt%l%@%ssﬁrnam%rp@gsuﬁﬁ‘rgebet ween
two zones of e theaohomer Mdfeinitd alipedersing poBmiet. Uindzeherakband s disedvaqied pi pe.
The differential in pressure wll be equi v?l ent to the groduct of the fluid
hei ght tines the Resithgpalyropdensatinn mass banpes isscaemplished by Hie massfrenstidi ght 30

times the densi tyat%shrﬁcémﬁearg%ﬁﬁpﬂ@wﬂo@&ma%igﬁkﬁddnﬁ&)hﬁa5 fhear t will

recognize that if the differential height is not” great enough, the
differential presanng apeenveidhe gdsevelvimgdrom withipubkdpalyreerf Thisgastt of t he seal

29, 8m0 ot toneg MR TSRS o 21
15  polymer. The mass transfer is further enhanced as the liquid falls over optional
weirs in each section of the reactor. The reactor can be constructed without the
polycondensation reactor weirs if the physical parameters of the polymer
allows.
The polycondensation reactor can be formed as a plurality of contiguous
20  interconnected sections, in which the monomer, oligomer and/or polymer flows
through the inside surface of each section traversing from the first end to the
second end of the polycondensation reactor. Adjacent sections of the reactor
preferably form non-linear angles with each other.
The polycondensation reactor preferably forms an angle with a
25  vertically-oriented plane, in which the angle is greater than zero degrees. Stated
differently, each section is not parallel to the vertically-oriented reference plane
and, thus, is not vertically oriented. More specifically, the angle that each
section forms with the vertically-oriented plane is between about 1 (almost
vertically oriented) and 90 degrees (horizontally oriented). The preferred angle
30  progresses from horizontal (90 degrees) to within about 26 degrees of vertical;
however, one skilled in the art will appreciate that the preferred angle is based

on viscosity and line rate (flow) within the polycondensation reactor.



very | arge between zones with high pressure difference. In addition, the
side of the seal leg on the |low pressure side will generally be boiling at
the reduced pressure, hence the |l ow pressure side's density will be reduced
by the void 5 fraction of the vapor. Fortunately, the seal leg is a dynamc
bar onet ri c V@9d@d1119¢ t hat the fluid is flow ng throughprChassmabickesg. This
fluid fl ow has associ ated pressure drop wth it and can be used to enhance
the pressure drop of the | ow pressure side. By adding a flow path
restriction, such as an orifice, valve, or%mnall diameter | o piping, to the
| ow pressure leg of the seal |leg, the pressure drop on the low pressure

side per unit of elevatign can be incr ed. If the.flowrestriction is
inserted before tfﬁﬁgﬁ’g&f 813 °$P&ﬁ§%‘?"’f’8§3{%mﬂ6?’t&1€é rglé'é e ipggeh ?theé_n the fluid
Wi ll not be two RbRSEE tHOHhitid)SectiBRShavIhgQfhozbitalRR nedr@Rtigdntal degIBGinhese
met hods to increase the pressure drop of the |low pressure seal leg wll

decrease the t ot s theepalyrondgnsation reaséion propresseg andrthe flyiddigergases inEsROPibN

i nvol ves provi di i r V] fd I second
end, and an insi Qee %]Lﬁ? %é’gl(eég%g??%?tr’llggg"nrn?ﬁeﬁge@ ve]a{&girr%é}grr'@ o'lf%‘éﬁt;afeﬁs sIJeogtd can be
di sposed el evat i asfahd fuid bioveght thepagcmdehsetih e retdtat gravity noves the

nononer and any formec} ol i goner ol.ymer. from 20 the first end to the
[

an
second end. As shown iR OB gsped, the paly ghiefuyaciion dhthe dopgngrhag a fovhe

serpentine in fraife (Rlofhotz8Mal) BEdausd tRAILA i$ 6 4186 ORBABLUheiche®Ei On as
conpared to the esteriflcation pipe reactor - that is, the influent is at

11 and the ef f | uemttomsendtis afe highyslopefaapeysrieshihenaise therflyid sed gdigh

Nonet hel ess, as w.th.. sterifi ' l.pe: e .J.]es,
Such as the desi oHeOpbf erENgHslca GOLRR gBIAGing Bpb ERSARbers AFL LBl
esterificatiom pidd derdigtodthe ftiétocazhicedhl apdumnreffactdils honhdrasgebgnser pent i ne

design. It is alsg preferred to include a.plyrality of elbows, each el bow
changi ng the di re‘@?ﬂedﬁui‘?fi ’?PUP’EF"F‘F"@W P3fipn ?%g‘eﬁ&YXF@B‘?ﬁTéﬁ?&trF%FPrr eact or.

The materials used tqgnpfRe mpTeé\ethEBBwE&ﬂ_@ﬂﬁﬁaﬁ tahof RRAGIRhedRYorRb@ be the
same as 30 those used to formthe eSterification gl pe reactor. Thus, the

mononer, whi ch i sorpntitien sdthey than agveftical afiehatiog. This Honizsotabdri¢niation cete fir st

end of the pol ycondeRsgtl o FGRRLgH: (Wb pbCorRARTES nligNsnaiPL7004/ 111104

15 gravity in a downward manner throughout the system. In various aspect, for the
horizontal configurations, the pipe reactor can have a length of at least 10 feet,
at least 20 feet, at least 30 feet, at least 40 feet, at least 50 feet, at least 60 feet,
at least 100 feet, or at least 200 feet. In other aspects the length is from 10 to
500 feet, 20 to 250 feet, 50 to 200 feet, 60 to 100 feet, or 60 to 80 feet. The

20  upper length limit is only limited by the practical amount of horizontal space
available at the production facility. In one embodiment, a pipe reactor of at
least about 60 feet is used because standard maximum length commercial pipe
is about 60 feet. Pipe reactors herein can even be hundreds of feet long or more.

In one aspect, the interior surface of the polycondensation pipe reactor is

25 circular, square, or rectangular in cross section, preferably circular, so as to
form an inner diameter.

To aid in the mass transfer/mixing, the present invention further
comprises a means for heating the oligomer and polymer flowing through the
polycondensation reactor. The preferred heating means is the same as discussed

30  for the esterification pipe reactor of the first step, namely, heat transfer media in
thermal communication with a portion of the outside surface of the

polycondensation reactor along at least a portion of the polycondensation



-93 downwardly through the pol ycondensation reactor. The nononer reacts to
formthe oligoner and then the final polyner within the pol ycondensation
reactor so that the polyner exits fromthe second end thereof. As one
skilled in the art will appreciate, not all of the nonomer and/or oligoner
nmust react WO2Hd/1H1 t hin the scope of the present i nve®CIdis2007ams4680n0NeEr

ol i goner, and/or polyester polyner flow ng through the pol ycondensation
reactor are referred to as the polycondensation fluids. It is also
preferred that the pol ycondensation react oP5is non-linear between the first
end and the second end to inprove the nass transfer/mX| ng of to the
nmononmer and formed alig ene andﬁlga di scussed bel ow,

t he pol ycondensat {eﬁﬁom‘é\é’e‘i"rtgﬁg'fsg?"dlysgmd'gc?l}ﬁﬁ)‘lﬂ?@ﬂ  h5et XAANFES N § St er  at

the surface of thgipldcaas®sr l(d[.mete@ peUlrathe R@féﬁ% eﬁfbbmmm i Healtyank foe
foam ng action of the gas evolving fromw thin the ymer. This gas is

evol ved from t he medieiarfghesamens diggnssed ahovac B anedspas hp@&é@haa&es\m ¢n the 15
pol ymer. The mass St h all's over
optional weirs |H§eggﬂ§€e§% tl?%(g\tr]r tﬁ@%e@ragg%%ﬁ%n éesﬁlég?gﬂﬁrcglglfan be
constructed w § hoahbddnmantpbdaymhai@amate used freanjunctioewitls séal leghaughhasdiycal
paraneters of the all ows. The pol ycopdensation reactor can, be
formed as a pluraPi of’@/’@ft["éh BLEsrs &*Bﬂm#e?@%fﬁﬂ'eewaﬂ@é%ﬁ%‘r}ggs ‘fsﬁdvvm ch

t he mononer, oli gg;g@ﬁargte@}{@gongglyrrer flows through the inside surface of
each section traversing fromthe first end to the second end of the

pol ycondensati on react 8ise sm}aa@eﬁh@ esierfiqatierspipe reapfer diseyssegraboys éf @ieabl y f orm
non- | i near angles T r erably
forms an angl'e w Hiet GERGH: Aol RGPS RV oA Bl BESL PP
greater than zer oadegt eesweiShitkohel todhefihﬁdenn-fayc themofl Heqiolyondensaioh par al | el
to the vertically-ori ﬁnted r ferenﬁ_g13 | ane I's not vertically

oriented. More sp8Rideflpyqver the fyeiry e?ﬁﬂfa%%l ﬂ“ergéft?‘f’on forms with the

vertical ly-orient %n%aml%b&ep SIIYRE S0 i fldws(oFEME top 248¢ Bf ablelt vafehent ed)
and 90 degrees (horizontally oriented). The preferred angle 30 progresses

from hori zontal (9ovingdrosetie firs eng tﬁhﬁsﬁb’@h@dﬂf theenpl yeondamsatiparedcganl ;
however, one skilkgd Lo 1NGe3hd same'v'«eua&%&"gﬁ%hc%recohﬁgﬁraﬁ&ede%?ﬁe‘ﬁ H&% %ngl els

based
15  the esterification section. In one aspect, a weir is used between each zone of the

polycondensation reactors, and in another aspect, a weir is used between some
of the zones of the polycondensation reactors but not in all zones.
The weir controls the liquid level in each pipe level of the reactor.

These weirs can be as simple as a half circle or include added complexities. In

20  one aspect, by sloping the top of the weir, the weir can compensate for higher
and lower flows and viscosities. In one aspect, the design of the
polycondensation pipe reactor allows the integration of any weir design to
compensate for these factors. It is also contemplated including at least one
opening though the body porﬁon of the respective weirs so that the

25  monomer/oligomer/polymer flows through the opening, as well as over the top
edge of the weir when flowing thereby. These openings or holes in the weirs
improve the flow and reduce stagnant flow zones. In still another embodiment,
a section of the body portion of the weir may be detachably removable to allow
a fluid to pass through that section of the weir instead of over the weir. For

30  example, the section may be a “V” notch or “V-slot” in the weir. The “V-slot”

in the middle of each weir from the inside of the pipe to the center of the pipe



on viscosity and line rate (flow) within the pol ycondensation reactor. WO
2004/ 111104 PCT/ US2004/ 016468 -94 Preferably, the sections can have
different angles relative to each other, preferably the initial sections
having a horizontal or near horizontal angle, and as the polycondensation
reaction prQr¥4duddand the fluid increases in viscosit PCT/USEO4/Osdise

i ncreases to provide an increased vertical sloping to facilitate transport

5 of the fluid through the pol ycondensation pipe reactor. In one aspect, the
pol ycondensation reaction at the top end had a | ow sl ope (nore horizontal)
because the fluid is of a |low viscosity, whereas the bottomend is of a

high slope (nore y 5&1%\’ a(il%lwé theer%a?cYc?t‘?o rd&% »LLAEH Huladwh! TRedld8l gos lhfr‘e‘%%ﬁey The

sl ope can be vari€ upon ers such as VIS
density of the fImmdngﬁftaeﬂuﬂywhénhmmmngwrhefvﬁect I n anot her aspect, no
slope is used in a horlqutal configuration for the pohégo densatlon

reactor. In one aspectnc RIEEPIpRInFaElHPER A2 fediprzentak anp c nEat al

hori zontal orient gihQR a8kt thd'@Bir RastRE I\d\ﬁﬁ‘t'agé)éf‘ 1§&Eﬁ§dg%e et:ﬁbieﬁthhéont al
orientation can include sone vertical height to allowthe polycondensation

fluids to flow bySﬁErrgb)ahothyurfaqe ared enhigsidencedimeerAdditiomalihdht t he system In
various aspect, for hori zont al | can
have a | engt h of 5?1y(f°n§§qsati(5' PReY? %besoBF eas '%‘?6 p%n{cuﬂ?ly I? easetn%g%)f\?%%t at

| east 40 feet, atihedasd appoatksto,s dilg drgpaiter60 feet, at |east 100 feet, or at
| east 200 feet. In other aspects %he | en Ih i S from 10..to 500 feet, 20 to
250 feet, 50 to 200 feé{loth@c?smta bePféé@E‘ inyentisn thay isgpmilerdp thethe 20 upper

length limt is oplaiddd itk Mctgms&gs%afab&ﬁhsaﬁpmegeﬁzo.m%gaﬁ&mea&oﬁpace
avai l abl e at the production facility. In one enb a pl pe reactor of

at | east aboud 6prefegaily also usbldeiﬁemam@rstmmthe vapor m;murtemghfh commer.ci al

i bout 60 _f b dreds of f
Pong or more. 1 n BHeccdiafon i3S R ot Bpeleli i ReRERmiE W) Condensat i on

pi pe reactor is 2mmuficatioarwithoifiel isile s@ifack @€ thapglycaddehdiioh esstosect i on,
preferably circular, sQ as to  forman inner dianeter. To aid in the nmass
transfer/mxing, t he pPBYBHY, tf‘ﬁ%ﬂ%ﬁ“}ﬁr\mﬁ?ﬁ‘ﬂ'ﬁ@r”sedclﬂﬁlﬂﬁrl?@l‘;“é’“ﬁe%!ﬂﬁ‘s for

heat ing the ol I JORBERRMY BRIER veflRhdels WRIGUIAIHIR SRflys fRdeqgat | o

reactor. The preferred ﬁeatl ng rrea I'S t e sane Egﬁc?l scusse
15 discussed above in the esterification section. Of note, the venting end of the

degas stand pipe is preferably in fluid communication with a vacuum source so
that a sub-atmospheric pressure exists in the standpipe and at the inside surface
of the polycondensation reactor. The vacuum source may be maintained by
vacuum pumps, eductors, ejectors, or similar equipment known in the art. The

20  vacuum in each of the vapor removal lines can be used to control the pressure in
the zones of the polycondensation reactor.

Referring now to Fig. 9, which shows one embodiment of the
weir/degassing system, specifically, using an optional flow inverter system for
the separated liquid, the polycondensation reactor may also include a reducer

25 123 located immediately downstream of a weir 124 inside tee 128. In one
embodiment, at least one polycondensation fluid flows through a flow inverter,
wherein the flow inverter is proximate to and downstream of the weir. The
reducer has a diameter smaller than the inner diameter of the polycondensation
reactor and the reducer forms a part of the juncture of two interconnected

30 sections, in which the interconnected sections are formed by an upstream
section and a downstream section. The reducer is connected to the upstream

section and extends into the downstream section. The reducer has a lower end



30 for the esterification pipe reactor of the first step, nanely, heat
transfer nmedia in thermal conmunication with a portion of the outside
surface of the polycondensation reactor along at |east a portion of the

pol ycondensati on WO 2004/ 111104 PCT/ US2004/ 016468 -95 reactor between the
first and sarmadignds t hereof or heat exchangers in serPeRUSMIHVII6468Cket ed or
unj acketed pipe. In the preferred enbodi nent, the heat transfer nedia are
the sane as di scussed above. I n one aspect, heat exchanges can be used,
preferably between the pol ycondensation z&des. In a particular 5 enbodi ment,
heat exchangers are used in conjunction with seal |egs, such as by

provi ding the he xchanger s pr.pxi nat djacent, or within the seal |egs
used to separat 3??ﬁ@“ﬂ%ﬂg%".e“ﬂ%stgmggﬁfvsgp?]Tédn?r}?@eé/gﬁ@rp?r?pc?m% °%fpe reactor
di scussed above, vidn@acersiag BOf the lpktreRa lsdttion €LME AbAdreaMatétin. Thet he present
invention further conprises 10 at | east one weir attached to the inside

surface thereof. lawes egé ol ths refigerali2? dnspacqdapard fromahe tsidle sufecepéthe. The weir
t b i i i th
acts as a barri er fagy @ﬁse@i?-{hg\gmﬁacg‘?ﬂ;%%%(ex z%égﬁfélﬁgs Eall 3 on fhe%r@é"%f over ihe

top edge of the werr to the second end of
t he pol ycondensatgravityrigtacheainside Sinfaceref the domrstioan séntios abrefavkitis mesi gn and/ or

configuration descrj bed above in 1 e esterification_sectjon. In one
aspect, a weir ié’r?fg‘éﬁﬂb@ttl&&g’h‘feé oég%rg&bc'er {a%gac%gqp@g&?aweﬁtogtof 8% eact or s,
and in anot her aspAfde oftheéRbtoned/olgRferTRWIREHRIcugthe d¥wnkid@inZR06sh 1Bht the
pol ycondensation reactors but not rn all zones. The weir controls the liquid

| evel in each pi ple fleiddlowdis thipugh thegedncer spipHers aipoithe soperipper sgfacsiafpl e as a

hal f circle or i ities. In 20 one aspect, by sloping the
top of the meir,q@%égﬁ%ﬁgﬂggﬂﬁg : H%éte for higher and |ower flows and

vi scosities. lon one aspeetdiffefeatlylasi syl referrinigeo prg. 9.0ondeaabsdimantpihpe react or

al lows the integration of apy,weir design.t conpensate for these factors.
It is also conteﬁﬁ“:lftaé’&quf? e&ﬂ%gat%&capbgg}m “Sg’géﬂf%”k‘%ﬁig Yt he body
portion of the repffftd Ker WRivesr 2 ahll fto h hAuds 10D BORRY dnfdring Meekpol yner

fl ows through the openlsgaigdas wel | as over the top edge of the weir when

flowi ng thereby. citpssl janigsmenomesioligomes/pelymepmiill be mixedfeopeingide ory ow and
reduce stagnant faanWic%Q/Ql%ﬁ.' Tﬁé‘licﬁﬁ& hhw?fﬁ%@ﬁfye %R‘}ﬂé {5820 and passes over
15 the weir 124, which controls the liquid depth. The vapor continues out the right
side of the tee 128 at 121, The degassed liquid flows into the concentric reducer
123. The concentric reducer 123 passes through a pipe cap 126 of a larger
diameter pipe. The reduced pipe stops above the liquid pool depth of the next
pipe run. The configuration withdraws liquid from the walls of the top pipe and
20 introduces the fluid into the middle of the next pipe and out at 122. Fig. 9 is but
one embodimént of a flow inverter system 142; other flow inverters known in
the art may also be used. Typical flow inverters used in the art can be found in,
for example, Chemical Engineers’ Handbook, Perry and Chilton, Ed., 6"
. Edition, p. 5-23. Flow inverters are typically not needed in the esterification
25  process, because the gas tends to mix the fluid. However, a flow inverter can be
used in the esterification process, if needed.
The vapor disengagement system of, for example, Fig. 8 can be used
without a flow inverter. In that aspect, in one embodiment, tee 139 of Fig. 8
contains a weir such as shown in Fig. 9, but section 143 can be just straight pipe
30  and section 140 an elbow, without a flow inverter therein. Thus, in that aspect,

section 142 of Fig. 8 and 18 do not contain the flow inverter system of Fig. 9.



a section of the body portion of the weir may be detachably renovable to
allow a fluid to pass through that section of the weir instead of over the
weir. For 30 exanple, the section may be a "V' notch or "V-slot" in the
weir. The "V-slot" in the mddle of each weir fromthe inside of the pipe
to the cenWér208¥1148é pi pe WO 2004/ 111104 PCT/ US20041016RKGRUS2081016448 t her
allows the reactor to drain when shutdown. These designs increase the

m xi ng of the fluids when traversing by the weir. The first pipe in each
zone can be horizontal and can be functi of8F without a weir, but the weir
has the advantage of increasing the efficiency of the 5 system by both

surface area and resigepce 1 L tilonall .t he i on pi pe can
be sl oped downward, pgf ik be‘?EFV tﬁgrgxei[/\rﬂ’g%yte Wéoqlvegtfm{'%éoq?%ﬁ?%%é%oﬁr oaches
0.5 dug or gr eat efactofBiiWiEIn Fag ¢ the polycoridendaties fattor pipeBleiations batbei s simi | ar

to the esterification pipe reactor discussed above is that the

pol ycondensat i on SPRHEPRY slppedfrum &péﬁlb%“a?-sgh‘? RenfigEnion repiRs extigme, educi ng
the vapor pressulgeiifciiffathiR S HPIRNS Shthithd RIFLLhquid Ko, AfcAuiIGaRs ng
mechani smin flui comuni cation with the inside surface of the

pol ycondensat ison liqeislotissosity 28 pifedengh (redstoniaigeg kehgty) weuldzantsohtheasglei n t he
pol ycondensati on .r eact or i.ncl ude.a venting nmeans, and/ or stand pipe
simlar to the dd¥ tg‘hfe" 15%%/@8%%6555%53\75??51 (&ﬁ@m&t YRR BN Section. O
note, the ventingnerdn edlcilivon. FRGANithivaNe, the Rguid Soudd 6v&flaRlad tantinbeli d
comuni cation with a vacuum source so, that a sub-atnospheric pressure

exi sts in the st &F¥9R pelopsdihenzoniabsninakefdhe ralyqondensatym nipisgpHPYESHRdensat i on
reactor. The vacyim sopig&oiRREndR 87 ulon tHAGHLEL RYH LTS,

ej ectors, or si m'LhHgll]rn eqﬁpﬁen%{ggﬁtomﬁﬂ%%{éh%uar? Tﬁﬁe{ 20 vacgaanr?éljr#htelach of

t he vapor renovalonithmiesideafthb8owpsth.t o control the pressure in the zones of
t he pol ycondensati on reactor. ferring nowtoFig. 9 which shows one
enbodi ment of the wei %ﬁ@aé'ggl?ﬁﬁsag%P%ﬁ{ea\é\{ﬁrescqffﬂ?%gﬁew Y Iﬁ‘r‘?ﬁ’ I%1“r‘]"p(§pti onal
flow inverter systendttafuired bawsaDRE dabidr tdndsibihectidng opHeypobRreMRaGkbAN I eact or
may al so include a reducer_ 25 123 located i medi atel y downstream of a weir
124 insi de tee 1Pereapteind hup fipgieseBiinvengion Ineisaspaskelpongtes iy @aekior on 1 ui d

flows through a fah@nWoﬁﬂ\Sﬁ&B?Betwcen zones. The oligomer and polymer in the

15 polycondensation zones of the reactor in one aspect flow by gravity from one

section to the next, and no pressure restricting devices are located between the
reactors. Seal legs are preferably used to maintain a pressure differential
between the reactors as discussed below.
Referring now to Figs. 17a and 17b, the polycondensation reactor

20  preferably includes a top section 235, a middle section 236, and a bottom
section 237, and at least one degassing mechanism incorporated into the
polycondensation reactor. Such a degassing mechanism is shown in one aspect
in Fig. 8 and in Fig. 18 as system 133. Only one vacuum system is required and
only one vacuum pressure is required in the polycondensation process.

25 However, with only one vacuum system, the vapor velocities can be extremely
high and will detrimentally put liquid with the vapor into the vacuum system.
At least two, and more preferably three levels of vacuum can be used to
minimize this entrainment. One vacuum system can ultimately supply the one
Or more vacuum pressures required.

30 If only one spray system is used, this requires that the vacuum to the
highest pressure zone be controlied with a control vaive. Without a spray

condenser between the reactor and the control valve, this valve will plug. When



wherein the flow inverter is proximate to and downstream of the weir. The
reducer has a diameter smaller than the inner dianeter of the

pol ycondensati on reactor and the reducer fornms a part of the juncture of
two interconnected 30 sections, in which the interconnected sections are
formed by wo wpgtlawam section and a downstream secti onPCTVOS00d6HERT | S
connected to the upstream section and extends into the downstream secti on.
The reducer has a | ower end WO 2004/111104 PCT/ US2004/ 016468 -97 127 havi ng
an aperture through which the nononer/ ol i-§8rer/ pol ymer flows when
traversing fromthe upstreamsection to the downstream section. The | ower
end of the reducer 127 is spaced apart fromthe inside surface. of the
downst r eam sect i dHee lﬁM‘?'&ﬂfY%‘F‘B\?E“susﬁé’%f‘Wd‘ ‘H%mf"‘l’féyﬂ’sttﬁ“élgorfﬂréq fomiRght¥Ae force

of 5 gravity intg rdsBtk VSeutil @efs Ad 4 RAToP Beligr I n fact, it

d 'aﬁ.fiéb\i‘%ﬁ
IS nore preferre#t%at tfﬁe | ower end of nth(g reducer be spaced apart froma

top or upper supfaome edcutinsystemotiren thelcomporwalvé [safienthe thighotagium bpratiownst r eam
section that the fluid flow ng.throu t he reducer. splatters upon the top
or upper surfacesiﬁiemtﬂglsl’fﬁolﬁﬁ??@f@lpﬁ'b% 4361 ?‘pli%ﬁl’é'f'g?tg@ﬁ&‘ivﬁpé?yently and
still referring tpstérhgare Ypidally piiredrbodi ment, the inside and outside flow
paths can be m xed by using a flow inverter. By dropping over the weir 124

and into a reducer 12¥ifurkrencein Beprsy! taandldithe efflyent fromsther ne | i quid
/ol i gorer /gl ' i L) | . Th
monorer /ol | gomer egg,h%{agrén akfor gﬁcrekas%;fg 53h 96 R bt 23%%%&&{@&’“53 e

liquid flows in t romthe Ieft and passes over e weir 124,
whi ch control s t peoducttfinm tigied yeondensativn porcessenits thaepstontat 23% Thedloids si de of

the tee 128 at 121. The d sed. ]iquid ows, i ntp the concentri,c reducer
123. The concent rtﬁaXGrF'Eﬁt‘J’thgﬁ]atE?g‘sEﬁ§@rg%ce E%@@WC%P_ Pﬁ’_é'oﬂéeﬁcfiéﬁs% % 1arger
di amet er pipeyy ThequeRGHILAS thé RYcakt SRIoMDBUR hifRudrh Bk ddd06al d@Rishgof the
next pipe run. The configuration withdraws liquid fromthe walls of the top

pi pe and 20 i nt r GeRebassmeyedyqeshg vapRroelorisy, heergiredusing ligsidenieingieptintnd out  at
122 T, s R SRR R b e A, e 1 o1
the art can be fcesddiend of the polgxandpisetiorGieartore il wiinlythe@e slsdwiHaredbook, Perry
and Ohilton, Ed... 6 M1 EdLLion, B %2Rl MNBL op'sSorhonl WRAGE! ¥ not
15  section, and the bottom section of the polycondensation reactor. The top,
middle, and bottom sections are preferably maintained at different pressures
from each other preferably by the use of seal legs. Preferably, for PET
production, the pressure in the top section ranges from 40 to 120 millimeters
mercury, the pressure in the middle section ranges from 2 to 25 millimeters
20  mercury, and the pressure in the bottom section ranges from 0.1 to 5 millimeters
mercury. One embodiment of the seal legs and vacuum source is disclosed in
U.S. Patent Nos. 5,466,765 and 5,753,190, which are incorporated herein in
their entirety. It is also preferred that the three degassing mechanisms are in
fluid communication with one venting system. When the polycondensation
25  pipe reactor is at a sub-atmospheric pressure, the source of such vacuum can be
any vacuum generating source such as, but not limited to, a vacuum pump or
gjector. A preferred degassing mechanism 133 is shown in exploded view in
Figure 8. In one aspect, laminar mixing system 142 can be used and is shown
in exploded view in Figure 9. The elevational difference in the different zones
30  of the polycondensation reactor allows for the elimination of all pumps internal

to the polycondensation reactor train. The polycondensation pipe reactor

actually dampens inlet perturbations despite eliminating the use of pumps.



25 process, because the gas tends to mx the fluid. However, a flow inverter
can be wused in the esterification process, if needed. The vapor

di sengagenent system of, for exanple, Fig. 8 can be used wthout a flow
inverter. In that aspect, in one enbodinent, tee 139 of Fig. 8 contains a
weir such 30 ¥hBWAIHN Fig. 9, but section 143 can be j uBET/E3208d/ 368 pi pe 30
and section 140 an el bow, without a flow inverter therein. Thus, in that
aspect, section 142 of Fig. 8 and 18 do not contain the flow inverter
systemof Fig. 9. WD 2004/111104 PCTI us20t 016468 -98 Referri ng back to

t he exenpl ary enbodi nent of the polycondensation reactor shown in Fig. 2,

the pol yoondensat | on iGag flcif RR, Flsy AP oBa0 e saf R BIHRLY u5 | OPe

fromtop to bottom Thi's guratronr care 1n cal culating
the angl es to obtathat theeffiiesi (beworh) fiem dné sty is pempeaktosiia inflidny (top)eofS | qui d

[ it d pi I th ti I t | d t t h I
or the | vl . Byvesal Hepenaieaions Qi BRobne Bl SYhp b RAGAPPEEn

correct errors ighorCdlge ShdiRPin HeY @i msh b ovBlaliSravityFed dyateht TRYItHe over f 1 ow
and continue around & sloped horizontal spiral” of "the FOl ycondensat i on
avg

pi pi ng. Howevér, diffexeritnaguufrl syehions dp aohmged tagnd upheittsenedelavyihedextnIn he out si de
and the sanme |iquid n.the insid fl g
o8l e bl oo 4l o v

1
pol ycondensat i on DBF 55(?8 are not

requi red between ubditorSiecCthe heit @Edion OF thePolycoriiensation Racpphhove tdenitali on  pi pe
reactor. Thus, the present invention in one a%ﬁgct elimnates the need for
addi ti onal punps thrtighss Rresgiesectm oA gring Sabe 2idad pervgrrepolysontensation

pol ycondensat i on Zopgs rgisure%néses%%a%nizenéaresn A8 §Cthe ;An%mﬁsﬁs.am&y fromone

section to the next, a no pressure restricting devices are | ocated between
the reactorslo Sdavers tgdotaltmildimgfheighbfoy thepotycondensatinn &icrlitg. pressure
differential bet vveenvsﬂg eli.eea%t gréi as iangqsedneb I OW. | F\::%1;1 rri ng now to
Figs. 17a and 17b, the f) 'fyé%rhﬁ he'gtiCor F B8t 67 (5hp‘?é¥er eﬁﬁ} I'ncl udes a
top section 235, réactoridhewaeThatds) witiGefetnte @ RigirkoMa HEAUb,Figtd78 and at

| east one degassi ng nechani smincorporated into the ol ycondensati on
reactor. Such a deRy&s8isREe ﬁé?ﬁ%l%li%2’%%%”‘]‘?@@}?’@13/&%&&18 Gomldmi g. 8 and in

Fig. 18 as systemdadn: (B EMir® BElyYAHRENAISY Sb&it.| Bydi€fliyi E£H offhE zones PI,

15 P2, and P3 is at a different pressure to maximize the efficiency in the polyester
production. More or less zones can be used from 1 to a plurality, for example,
2, 3,4, 5, or more zones with 3 typically be used for PET or PETG production
for example. The inlet to the zone in Figure 18 is at 147 and the outlet at 148,
The polycondensation fluids flow through the pipe reactor reacting from the

20 inlet to the outlet along, in one embodiment as shown, the linear and non-linear
path. The vapor is disengaged from the polycondensation reactor with a similar
piping arrangement to the esterification process at 133, as shown in Fig. 7 and
as specifically shown for one embodiment of polycondensation in Fig. 8 (which
were also referenced above in the discussion of the esterification pipe reactor).

25 Fig. 8 shows a blowup of section 133 of Fig. 18 where liquid and gas comes
into the disengaging system 133. Figure 9 shows a blow up of Section 142 of
Figure 8 and Figure 18. Fig. 18 shows five vapor disengagement section 133.
However, any number of vapor disengagement section 133 can be used for a
particular zone, from 1, 2, 3, to as many as are needed to effectively vent this

30  system. Fig. 18 also shows an embodiment wherein the laminar mixing using a

flow inverter system 142 is used, which is blown up in Fig. 9. Additionally,



only one vacuum pressure is required in the polycondensati on process. 25
However, with only one vacuum system the vapor velocities can be extrenely
high and will detrinmentally put liquid with the vapor into the vacuum
system At |east two, and nore preferably three | evels of vacuum can be
used to rmMvoi2nd4ze11Dhi s entrai nnent. One vacuum syst em F&T/UR2Q048E46Y v suppl y
the one or nore vacuum pressures required. 30 If only one spray systemis
used, this requires that the vacuumto t_hg01 hi ghest pressure zone be

controlled wwth a control valve. Wthout spray condenser between the

reactor and the control valve, this valve will plug. Wen WO 2004/111104
PCT/ US2004/ 01646%&&% da&?fe?for'tﬁé’@én?sﬂ{emvﬁqm @Jgﬁee%ge,fowéa ) (§Bl4g Spray
wo | um s s an

system for the conbine ower pressure vac yste anof her spray
system for the hidggree anglesessshowny &iberanglystasmjsotbhaped he control valve is

after the high vacuu ray syste Thi alve will not plu vacuum
train is sufficient, mﬁﬁ?v F&’B"E%?é‘}me@og')?é?d\é%a\ég? é)r?cﬁﬁ %3%’%’%?&@?’&. Wth
reference to Fi guisesgabédframdhdilduid.t Fer erbrhpledniont eabadifent, 834 grefefredat i on

reactor enters the polycondensation reactor at 235 and the final product
from the pol ydondéivg theiEsnbynredust Gomthe polyqeadapsatioreagtion off as ¥yapary uj ds

traversing wthin: L BS] 1. al so
flow 10 sequenti gll {E?/&g;e/ﬂt ia"lrfebergt Uf'éeggﬁn@%eewg%g{e?otﬁséq%%g%1%%%5@%? E%e?fcrjdi tional
degassi ng necharbeaffectedbly darexninpleympeasingthe outnlsr ofipaaBelpgescivingh | | qui d
entrainment into. the V‘ﬁ or%ﬁ?r especti ve degassi ng nechani sm when fl ow ng
fromthe first t " EBEHFERFBT t he pol ycondensation reactor, in which the

as shown three degassviflgref@edtard Figh. $dn@ 9| KARd @ JTRadENEVaEh ¥f Bt the top
section, the mddle 15 section, and the bottom section of the

pol ycondensat %on Peserdspsatipngeagiop 138, thediguid flospvisbihe tpirsidénsineot artes
preferably mai nt 3560, tle?'lfific fe%ﬂﬁg ﬂ@%éﬁ#rt&?ardf[ eggt%uﬁﬁqg eﬁ%@relrtto%:ﬂtﬁﬁabl y by
I y, 1or PE ucti t t he

the use of seal legs. Prefera pr o on, € pressure in
top section rangdwrifomalydd 14b TROweir (dr theeftuid siscasity end pipe tehethpingbsure in t he

mddl o sect] on ¢ oot o2 b Tkl BTS20 Ut and L pr essure
enbodi ment of t han aRylipih@ IPhidAdxMALURE SPMECRed. SORbeIRd S thB reactor is
15 so thick that a weir is not required to maintain level, then maintaining the pipe
half full does not maximize surface area or mass transfer rates. The second leg
138 of the tee is in the direction of the flow. The third leg 144 of the tee is
pointed in the horizontal plane in the direction away from the liquid flow. In
one aspect, the vapor and entrained liquid is disengaged by flowing through a
20 nonlinear pipe. In one aspect, the nonlinear pipe is a pipe such that the angle
from third leg 144 to the vapor exit does not proceed along a linear path. Such
an angle creates an impingement plate for the entrained liquid. This
impingement plate causes the entrained liquid to disengage from the vapor and
return back to the liquid systém. With reference to Figures 7, 8, and 18, vartous
25  embodiments of this entrained liquid/vapor separator are shown. After a short
horizontal run from the third tee leg, the vapor line has an elbow 134, preferably
a 90° elbow, directing the vapor away from the ground. The horizontal zone
144 allows the vapor to flow at a slow rate and the liquid to disengage and flow
back to the main stream. After a short vertical run 145 from the vapor elbow
30 134, a preferred 45° elbow 135 (common pipe component with a maximum
disengagement vector) is installed with the vapor line at preferably 45° elbow

146, which is again horizontal at 137. The angled pipe has a steep slope to



U S. Patent Nos. 5,466,765 and 5,753,190, which are incorporated herein in
their entirety. It is also preferred that the three degassi ng nechani sns are
in fluid communication with one venting system Wen the pol ycondensati on
25 pipe reactor is at a sub-atnospheric pressure, the source of such vacuum
can be anyWV&¥eHlUtiMenerati ng source such as, but not |PETABWIFVSE468 vacuum
punp or ejector. A preferred degassing nechanism 133 is shown in expl oded
viewin Figure 8. In one aspect, |amnar mXxing system 142 can be used and
is shown in exploded viewin Figure 9. Th& el evational difference in the
different zones 30 of the polycondensation reactor allows for the

elimnation of all s internal 0.t pol yco den at onr actor train.
The pol ycondensatPf¥r %B?J%“ef@é@ﬂlb‘f'edfta &g,hwsaéﬁg IfPR08 i ons

despi te el | m nat s WIS Ry 2BRiee 4O @9@%&;%%&@%@@3%@16468 _100

Al ternatively, the various stages of pol ycondensatl on can be broken up so
that the effl uentUpévmdtmtorﬁlgIﬁdomeoﬂ“élSévagmtal9lmdﬁﬁeﬁhcmcqmn¢¢mthﬁbnt (top) of
t he next stage. Thi | | t he f S t duced
because each ste? e”%’ ﬁgwfsslor1Sclhre%kg%H@c?%&gsq[trﬁég%\%%a ﬁg]mr gy‘lt?t9 3}; ?

system Thus, st hdedveshifilife emandahuhqmekgufﬁslt@ms next lenad nnlafedMﬂoThe\stea:pp W|th one
bel ow the next. In aspect, the difference . in pre re t IS

controlled in thél @ééﬁtﬁFéﬁplEé‘ﬁm’Bé& ?%’o‘;‘?‘c‘)“t?aéﬂegé‘qf’ ﬁ'@i‘ﬂ“@ “fsd?t‘fe of the

pol ycondensati on tﬁ@@a}%da}%% thBBe%bie. Furthé R IRoABEatRNGSH e SeCtion. A
punp can be added between po | ycondensation vacuum pressurezones so that

all zones can st aondustediimtheqgrtding 14V.aThophysital layout of the pmesraates theot al
bui 1 ding el gt 1Rt 4i1e, RAUNEOPISSAELER dBRL AN il L GRERRLD F1 OUT e

18, a single zonéd sa Lo o eact 1S°S S, wth

reference to fa gmr\eﬁr)b?amﬂp‘ld:afbilhonﬁ'gugaﬁ‘oﬁs 18 represents one of the zones P1,
P2, or P3. Alternatively, Figure 18 could .represent the entire
pol ycondensat i on procér§§35tqffﬁF]E"é1ﬂF9resé"5‘@ﬁatWV@H%‘PIP)‘H% ApQg tepOpan be g p3 s

at a different prigsgietisti goycodchSatiol pigh df&'rﬁﬁ@o" 'eIBo%vh%M%ﬁleMﬁéttﬁJ
production. Mre or |ess zones can be used from1l to a plurality, for

exanple, 2, 3, 4ap@vegicalpaml iz shaoen iniFidh 78. ﬂyphqmt InyFlbe"/g;.Jéledlquudns PET or PETG
product fon {01 exaNPlE s i Ihiihed Bk BSARSck Sl ifiskiol SpBhhd? and

the outlet at 14 con oW t 11 the p
reactor reactisng ih Finis, hﬁe angled pipe 136 has a steep slope to provide the energy requlred

for the high viscosity liquid to drain back into the reactor with very low
residence time. The vapor, without the liquid, passes upward into angled pipe.
The gas proceeds up the pipe and to the vapor processing equipment.
The pressure drop zone preceding the polycondensation zone has a high
20  degree of mixing. The pressure let down zones between reactors also has high
mixing and are accessible in this reactor.

Nitrogen or vapor or gas can be purged across or into the liquid of one
or more polycondensation reactor sections. One potential advantage of this
procedure is the lowering of the partial pressure of the diol, thereby increasing

25  the polycondensation rate.

Referring now to Fig. 6 which is yet another embodiment of the
invention, the esterification reactor is shown dividing into a plurality of parallel
pipe reactor flow conduits 165 and 166, with the inlet being at 164. The outlet
of the parallel esterification reactors flow to the polycondensation reactors. The

30  polycondensation reactor is shown dividing into a plurality of substantially
parallel flow conduits 160, 161, and 162 between the first and second ends

thereof. Fluid flowing through the polycondensation reactor passes through one



20 inlet to the outlet along, in one enbodi nent as shown, the |inear and
non-1linear path. The vapor is disengaged fromthe pol ycondensati on reactor
with a simlar piping arrangenent to the esterification process at 133, as
shown in Fig. 7 and as specifically showm for one enbodi nent of

pol yconden¥ R tW8H1IH4Fi g. 8 (which were al so ref er encedPEHEHW04/416468e

di scussion of the esterification pipe reactor). 25 Fig. 8 shows a bl omup of
section 133 of Fig. 18 where liquid and gas conmes into the disengagi ng
system 133. Figure 9 shows a blow up of Skion 142 of Figure 8 and Figure
18. Fig. 18 shows five vapor disengagenent section 133. However, any nunber
of vapor diseng i.an 133.can. he .used fo articul ar zone, from

D DSl o e bt e plurkiig of B sana iR Sle DR e oM ik bt St Strefd i o

18 al so shows an gabAdENGRA, avesst Ghdoflthefldva Bbrdialts Firthe@nysiseGarfinjeb v
inverter system 142 is used, which is blown up in Fig.. 9. Additionally, WO

2004/ 111104 PCT/ Umg 363 jrofed egmmunigation therewithy in whighdke injsetiembineadaptedy st em of
the 90 degree angl g, 4l J4Q tbmemoﬁérﬂmggﬁtﬁﬁ&m@@ PeSorfimped her

angl es can al so be used. e vapor or gas | e pofycondensati on process
shoul d pr ef er abl yadbitivesdhselrganyed tHase hstedhabove.qui d. For exanple, in one
enbodi nent, it is prefehre e the EG b I’OdL{Ct fromthe

t .dri
pol ycondensat i on reactigie 'ﬂ”%égéﬁ' é’:a{ﬁ% olycndets epitor of MERESFBVe it from

the system The dgghfen & wsen@assiRRiureAlitipRradiicBot @A tHkplif itle. Thaml e,
i ncreasi ng the nunber of parallel pipes, which increases di sengagenment Wth

reference to Fi ggeac®rsanbospliaat many lecations to paent Biediermastiosfof difterend

pol ycondensati on Ofoaddsh Wo[VIE I r i 4 4 0si de of a
tee 139 with a |aé'§ﬁ%fzk& rect°|} E’;“’d{“jﬁg*ﬁ:‘ﬁ’&%i(gwf‘(%‘%@ rc% %Ségg%ggﬁ oﬁogl bow 140
and then hor iozorexahply, iatFig. 4] onéihenonsdr br ¢ligontehes rhadeiia agingleasietificaiod pi pe

| ength) in the polycao satian zones naintai th L qui evel, L, at
approxi mat el y haISFthyotﬁ‘llgg%? WPH@ tiwﬁiﬂ"’r@’.“d'lf_ﬁ‘i‘cé"rﬁg% ?ﬁd(za‘eéé’gﬁgg@{f?%‘&e area.
Once the fluid i nyiffientRBEb/Ienbation Peas@rs 1H0GKd | FRaGWHRitlvo ldSTep&it nfegqui red to
maintain | evel, then maintaining the pipe half full does not maxim ze

surface area or mhess predustsite be madesTh coudeapationgepctiapgappe thesameer i s in
(e, S ectt 0, O P colfobiadat ehudforled g e 10 the
15  features or other features. As noted above, line 163 is an addition -line and the
monomer is shown as being split and an additional reactant, such as DEG,
added at 163 to allow one polycondensation reactor to make a different product,
such as a higher DEG product, in 162. The number of splits is not limited to
two, ény number of splits can be made. Similarly, the plant could be operated
20  with some zone emptied and not operating, allowing the plant to operate at
multiple capacities.
Returning to the design of the polycondensation pipe reactor, the pipe
elevational height, pipe diameter, total length of pipe, and pressure at the inlet
- and outlet can vary widely depending upon the products made, plant capacity,
25  and operating conditions. One of ordinary skill in the art could readily
determine these parameters using basic engineering design principles together
with the disclosures herein. The pipe elevational height is typically not critical

and can be based upon the building dimensions.

30 HTM SUBLOOPS
Most polyester plants have numerous HTM (Heat Transfer Media, such

as oil) subloop pumps. These pumps allow temperature contro! of individual



one aspect, the vapor and entrained liquid is disengaged by flow ng through
a 20 nonlinear pipe. In one aspect, the nonlinear pipe is a pipe such that
the angle fromthird leg 144 to the vapor exit does not proceed along a

| i near path. Such an angle creates an inpingenent plate for the entrained

| i qui d. Thive0 200#piltlgenent pl ate causes the entrained |i BoT/Astoo4/elics8ngage
fromthe vapor and return back to the liquid system Wth reference to
Figures 7, 8, and 18, various 25 enbodi nents of this entrained |iquid/ vapor
separator are shown. After a short horizdtddal run fromthe third tee |eg,
the vapor line has an el bow 134, preferably a 90 elbow, directing the vapor
away fromthe ground. The horizontal zone 144 allows the vapor to flow at a
slow rate and t hdodpsdbatds lowerihar Higannin loap headgiyemparature. cLewranggheHEM eam

Alter a short verhbbulettaldSul A AfertBRSl bR Dol cAoRRARC T o0, 45

el bow 135 (conmon pe con%onen X1 I Sse enment 'vector) is
installed wth thdegwdation, indalosts fortettertedbsratdte snbrolv 146, which is again

hori zontal at 137. Th ngl ed pi pe.has a steep sl.ope to WO 2004/111104

PCT/ US20041016465 - _i@g‘%’%‘x‘?’f“ﬁ&%ﬂ&“*é’Hg\_ﬁ’ﬁ‘ﬁe‘\‘i’&ﬁaﬁ?‘éHﬂ?wt}’F’ﬁg Ri gh viscosity

liquid to draign bagkondatyy thiRottesCAnE A thiheablol SdwabvRWIdrasd StRAGBndsicaR. The

vapor, w thout the liquid, passes upward into angﬂ@eddgl phegiThl s hori zont al
i hgaled gy the

pi pe 137 is then dignpatnthgsepuntpst Hhe sesppbhotiggizonc Isiheat EMreaingd to the
condenser or VaCuylEaystemy, E&%&ﬁrﬂ?Elsxﬁoszér.t%?‘é%%nt\‘(}l*”Va{\)eQﬁofagﬁo@?odthEhe |1 quid
goes to the next Tevel “in I'iné . The stéep slope’is e I npl ngenent

pl ate for the entRaimeéiTMihgadet andithen h sepondlcdntroivaal eevallowstflosy e the and dr ops
to the next zone.

Furt ol ycqondensati on may pe conducted in the next
e 141 e oy irel TR Racr ARG RN e B TR oS! temaerae anistl EAdar | onal |ty
(flow, pressuig, Kdbtdinsd wilPSHibIGSNpulntps AR budRedshe zofd RR%kehit@fut0 @ weir) or

conplicated configurations. The ester exchange or esterification vapor
pi pi ng | eavi ng t eevnBalleskin thasamemeanpermehlbef thih és madenossible bseaubeothe pippi ng af t er

the 90 el bow 134 directi he ., vapor vertically.and is .sh in Fig. 79. As
shown i n Frg. 7o, Tedieeen B ol erel@ngts bt ey 8P ComB I B 16t % 1 ovi ng
back into the |i oyt ceab@Pls-low\s OniRYGthékhahd) fér Doondéhtiohflravess, e CSPRAGLk36 has a
steep slope to provide the energy required for the high viscosity liquid to

drai n back into trencedeinghe igpgter apdyadkeigd reactor, which causes a large AP of the
15 HTM across the reactor.

Referring to Fig. 14, the flow rate in the main HTM header can be
reduced and the return temperature of the HTM will be lower than the Subloop
controlled system. Heat Transfer media is supplied in header 173 and returned
to the fumace or heat source in header 174. A differential pressure is applied

20 between the headers 173 and 174 to provide driving force for the fluid flow.
The supply header 173 pressure must also exceed the additive pressure drop of
all of the zones piped in series and still overcome the pressure in the return
header174. Return header 174 must provide adequate Net Positive Suction
Head for the header pumps. Heat Transfer Media (HTM) is supplied to Zone

25 172 through a temperature or flow control valve. The HTM leaving zone 172
proceeds to zone 171. If the fluid is too hot or the flow is too high, then HTM is
removed to header 174. If the fluid is too cold, fluid is added from header 173.
[f the fluid requires a higher temperature than can be obtained with the valve
sizing, then fluid can be removed to header 174 and replaced with fluid from

30 header 173.

In a first embodiment, therefore, the heat transfer media control system

includes a first heat transfer media header through which a first heat transfer



residence tine. The vapor, wthout the |liquid, passes upward into angled

pi pe. The gas proceeds up the pipe and to the vapor processing equi pnent.
The pressure drop zone precedi ng the pol ycondensati on zone has a high 20
degree of m xing. The pressure |l et down zones between reactors al so has high
m xi ng andW&804dE¥dsible in this reactor. N trogen or RAKHBIZ0HOIGEE can be
purged across or into the liquid of one or nore polycondensation reactor
sections. One potential advantage of this()procedure is the lowering of the
partial pressure of the diol, thereby inb}édsing 25 the pol ycondensati on
rate. Referring nowto Fig. 6 which is yet another enbodi nent of the

invention, the e I brbaRtd ARsel CAGOMd Redt SRR ML RY tHrod® i@l yral ity of
paral l el pipe rg{é:g{agrr ﬁ?o con’d%él%{cs 165 an 1%%?1 vl\}gt h the g:Plnl elt %ei ng at
164. The outl et sabnd heat pansfrineddiastteamiis passed; o first beet tronsferfrhasiia sub-lodm

pol ycondensati on reactar.s. ,The 30 | ycpndensati on, r.eact O | hown di vi di ng
into a plurali tytlﬁ?“éh‘glg?lh%i STtﬁvnﬁgrd%%‘ﬁTg‘f‘y ?B%S%doﬁaﬁ’iti‘%ﬁ&%%’,‘ﬁial, and 162
bet ween the firstednghéreRNds otively;tah@s eattrol Falvé th flli@vbhiubibatungiit he

pol ycondensati on reactor passes through_one WO 2004/111104 PCT/US2004/ 016468

-103 of the pPur &flpatsd ot of theieadartiand tee first sub-lppR W hePreseBinof the firsthget end to
the second end. AR.rshoufa st i€ BRbicLfiEn B phdiSurl bPie SORAN hiat ubirliner

conprises an injection I ne 16371 ommuni cation therew th, in which
the injection |i medadtpimohnditiee @adtobvaledsliteil vesdativélg drestanierstfal owi ng

t her et hrough. The cont | .at ed addi tives may. pbe apy of those |jsted above.
Still referring PB“’IQPQ?{IE,fﬁftE‘@atﬁ’B‘P Ertjlﬁﬁcé‘h§t5elafr%)l'ﬂgrtg%ﬁ¥s&?u‘°61f’°? HE&HYEsent

i nvention can be pus&fle bPhABR hes trdfiferTiddid PleBmPomglus bssfiticbat tidrstepl it |1 ne.
The reactor can be SE|I'[ at many |ocations to permt the incorporation of

different addit imedi thiosgl thefirst sib-lgopoand de alse eontigl thederpasthres8di nher ent
Vi scosi t I . | i i goner 1s made
y (IV)) PIFe;EEuré O g AR 'tﬁnsférrhaéﬁégstr(e%ﬁ 3&%@ \ﬁﬁ%%ﬁ&’ %Fetl?r[)u%. A

in a single este Ication section 1 two par reactors
165 and 166), andddigdna espevimf thl systememdtludes b yeoond e dansder maac subrlsod 60 and

AN R NN T T W TN RN N,
reactants, additiaH@8 secohd Eont@! vaveERHUidenfihiedtioh keGahe second sub-loop.

15 The second control valve selectively directs at least a portion of the first heat
transfer media stream into the second sub-loop, using the pressure of the first
heat transfer media stream, to control the temperature and the pressure of the
heat transfer media being passed therethrough.

In a second embodiment, the heat transfer media control system includes

20  a first heat transfer media header through which the first heat transfer media
stream is passed; a second heat transfer media header through which the second
heat transfer media stream is passed; a first heat transfer media sub-loop
through which the heat transfer media may be passed from the first header to the
second header; a first control valve in fluid communication with the first header

25 and the first sub-loop; and a second control valve in fluid communication with
the first sub-loop and the second header. The pressure of the first heat transfer
media stream within the first header being greater than the pressure of the
second heat transfer media stream within the second header, and one or both of
the control valves is used to selectively direct at least a portion of the first heat

30  transfer media stream into the first sub-loop, using the pressure of the first heat

transfer media stream, to pass the heat transfer media through the first sub-loop,



15 features or other features. As noted above, line 163 is an addition |ine
and the nononer is shown as being split and an additional reactant, such as
DEG  added at 163 to all ow one pol ycondensation reactor to nake a different
product, such as a higher DEG product, in 162. The nunber of splits is not
limted toWwWQ2Wé411a¢ nunber of splits can be made. Si m P@rU§200441646p] ant

coul d be operated 20 with sone zone enptied and not operating, allow ng the
plant to operate at nultiple capacities. Returning to the design of the

pol ycondensati on pi pe reactor, the pipe -ébevational height, pipe dianeter,
total length of pipe, and pressure at the inlet and outlet can vary w dely
dependi ng upon the products made, plant capacity, 25 and operating
conditions. One omddr alshegnyrokibe tgmperatyrg andypressyen @fdhe kesdiirprsier adid i ne t hese

par aneters usi ”g.&@ﬁ{}%eﬁg?hﬂ‘é@fhirﬂ%hmwﬂ% ciples together wth the
e el ev

di scl osures herein. pe ional height is typically not critical
and can be based upon Armhaiditidnhldispest df the ssbodemb@imefif SiBh@DR Most

ol yester plants .hgve nynerous at. Transfer, Medi a, . such, .as..pil
bl op’ pubpe. THBakTesaHEE AFn P varter p SR BRrIpoR fopmed FIRGIEL P
2004/ 111104 PGT/ Ua20Q08465k6h88n NuiiRémhRarstidddtrelvith) Wieh sédBadcdn@) mai n 1 oop

header tenperature. Lowering the HTM  tenperature reduces the wall
t emperatures, inp B ! - , al | ows

i mpYadieds flpidecopmupigation with the seepnd sub-lappgyhestin theisecordd al |
for better tenper : ] td | 1 he
header tenper at ur%ht}éﬁggggg%gtlme} o(pfegg%f){/&ét?%ggﬁlg%‘ {b gg{% ﬁzrgtnmgaﬁki']?%%&gcggct or and
val ves for the otdnesmimtadis: seeond seb-lovphesing theipessupeiofithe fifshbeas amsfid hot t est

zone is heated by the HTMexitin the first ne. Inb en the two zones,
a control valve a‘P?‘gﬁ\é"qa%W ‘EO(S‘“PEIEC teERPETRIYRe LG ﬁﬁhe ‘f'i’éHa%F?%recond

control val ve,@l | Q¥fa béigipdst@therBroudH PPhy/secind daadBvalvelib usedb Q¥dréles t he
equi val ent tenperature control that can_ 10 be obtained with Subl oop punps.

Each successive zbpismpsstireapbihapipsaire elhe bt ransfermadiepasseddhonghither . Al of
Lt o ol SGP REl Bs LRE a0 e o0
hand, for a conveviveandidooomgsgatian @8k khersetangdsub-loop, wherein the third
control valve selectively directs at least a portion of the first heat transfer media
15 stream into the second sub-loop, using the pressure of the first heat transfer
media stream, to control the temperature and the pressure of the heat transfer
media being passed therethrough.
Still another aspect of the heat transfer media control system is that the
pressure of the heat transfer media passed through the second sub-loop will be
20 less than the pressure of the heat transfer media passed through the first sub-
loop. Additionally, the second control valve will be used to increase the
temperature and the pressure of the heat transfer media passed through the
second sub-loop. Thus, in another aspect, the system includes a conduit
extending in sealed fluid communication from the first sub-loop to the second
25 sub-loop so that the heat transfer media passed though the first sub-loop is
passed through the second sub-loop, the second control valve being in fluid
communication with each of the first and second sub-loops, respectively, and
used for controlling the temperature and pressure of the heat transfer media
passed from the first sub-loop into the second sub-loop. The second control

30 valve may also be used to lower the temperature and the pressure of the heat

transfer media passed from the first sub-loop into the second sub-loop.



upon coils in the reactor and a jacketed reactor, which causes a |large OP of
the 15 HTM across the reactor. Referring to Fig. 14, the flowrate in the
mai n HTM header can be reduced and the return tenperature of the HTMw ||
be | ower than the Subloop <controlled system Heat Transfer nedia is
suppl i ed | woneedaa10473 and returned to the furnace or PERUS2HGKMEWS i n header
174. A differential pressure is applied.20 between the headers' 173 and 174
to provide driving force for the fluid flow. The supply header 173 pressure
nust al so exceed the additive pressure drdp’of all of the zones piped in
series and still overcone the pressure in the return headerl 74. Return

header 174 nust provi ade yat e P t|ve uctio header
punps. Heat Transfer %dll € %ﬁﬁﬁecﬁlghshﬁ %“’m %e o?lerﬂﬁg}_%%gtr?rﬁ 35316 laa
tenperature or flsnww@a;maiefomleum subteguét blb- lb&pb&gghﬂﬂﬁd]:é’rﬂmuprcﬁmﬁeds to

zone 171. If the fluid.is too hot or the flowis too , then HIMis
renoved t o headerWilythe 1'!“1’“3{1114@]3??1’6‘?36‘“183‘;“]? -Repden TGCCIYIF‘&F}I? heét teefstmediam header

173. 1T the flu'tﬂer{eﬁ ;rfauirgatﬁveg sl P R0 oFMB nOR 1arg! ned with

t he valve sizing, can be renove eader 174 and replaced with
fluid from 30 headedia nissed through fhersstiesafbeat itnansfer, mediesubfloogs, bemgdoWaatl

L ough whi cha. FEPAEeoERen oo BB s i i RSO Bha kg - o5

nedi a streamis pAR6.SH;asgectSORREnbOAImehr GMBY ShtefiEid iat t}eadﬁ;ﬁeritb:rewqﬁ whi ch a
second heat transfer nedia streamis passed; a first heat transfer nedia

sub-1oop, thr oughatinsier mediapassed f}F%Hﬁé’fﬂéer sefigtipiheatiensier pgdiasub-190pHm t he
first to the Sec@f%ehﬁﬁ&‘:'iﬁ%achrs%ﬁﬁgﬁédt V@ mo%g«gﬂ Qs flﬁllm}‘r%hf‘éféw n fluid

comuni cation with a 5 selected o of the and the first’ sub-I oop.
The pressure of tlbreceﬂmgssub-ﬂmmt Artaddnmhérasmdnsah%Ba@an&pﬁal\gmattmnsfchan t he
pressure of the second the. C@ﬁ{lrol val ve is

used to sel ectivel§i4pybs Ppgf Fé%{éetsogsu 8?3 h(?ﬁ gl?smf:ﬂlzmﬂv?lgfl transfer

medi a stream i nt ocdnfifurii¢atish withithd S@Chddddragd tHegub-MecpIBtinereafind the first heat
transfer nmedia stream only, to pass the heat transfer to nedia through t he
first sub-Ioop, atﬁ@p@ratuaq%lmﬁwrﬁm thetheatitpfer medip pasgerithersthaeughyandgr t he

heat transfer nmedig,RidoRas Rifle1s ﬂgﬁsc%ﬁﬁlﬁq&%ﬁ@ﬁ BItR U SubA¥bp and the second

15 header for decreasing the temperature and pressure of the heat transfer media
passed therethrough.

Another aspect of the heat transfer media control system is that the heat
transfer media is passed from the first header into and through the first sub-loop
in the absence of a heat transfer media circulating pump, and also that the heat

20 transfer media is passed from the first sub-loop into the second header in the
absence of a heat transfer media circulating pump. Similarly, it is an additional
aspect of this embodiment that the heat transfer media is passed from the first
header into and through the first sub-loop, and passed from the first sub-loop
into the second header, respectively, in the absence of a heat transfer media

25  circulating pump.

The method of passing the heat transfer media through the heat transfer
media system includes passing the first heat transfer media stream through a
first heat transfer media header; passing the second heat transfer media
stream through a second heat transfer media header; passing the heat transfer

30  media from the first header through a first heat transfer media sub-loop, in the
absence of a heat transfer media circulating pump, with a first control valve in

fluid communication with the first header and the first sub-loop; and passing the



addi ti onal aspect of the systemincludes a second heat transfer nedia
sub-loop fornmed separately of the first sub-loop and in fluid conmunication
therewith; and a second control valve in fluid conmunication with the
second sub-1oop. 15 The second control valve selectively directs at |east a
portion of woleoHilt9s heat transfer nmedia streaminto tHMEEREGAH468D- | oop,
using the pressure of the first heat transfer nedia stream to control the
tenperature and the pressure of the heat transfer nedia being passed

theret hrough. In a second enbodi ment, thelffat transfer media control system
includes 20 a first heat transfer nedia header through which the first heat
transfer nedia treamis_passed: S heat .transfer | & _header

t hrough which th egtglﬁagﬁfrmﬁ%ﬁ?romtg%gfsgg&%aﬁ’ 5‘?%%*?8%‘3 nﬁgeapdéggﬁe@';e a first heat
transfer media swBsdne@pf a hdat auglerwiddiatichiatifyaimg, amss seeondrdhiolalebe passed
fromthe first header to the second header; a first control valve in fluid
cormmuni cati on wi tii flukcommunicatign wath thefirgfsyblenp and the segend-headss: Thhd a second
control valve in ' Qﬂm i ' iyt [ S he second
header. The pr ess[%)?}leéb%%&t e ﬂ"?‘g{*‘hﬁgé‘%’&t@g‘ng‘ glrrgt eﬁ‘iglfgytsaltplreg%?htos\j@ﬁ%n t he
first header Bei rsgcapdead ehergofismthe Resepread spumpof the second heat transfer
media streamw thin the second header, and one or both of the control
valves is used to selectively direct at |east a portion of the first heat 30

transfer nedia streaminto themN[mZgu‘beququMe pressure of the
first heat transfer nedia stream to pass the heat transfer nedia through

the first sub-1oop, Wi doaad theuseof beurd e maten sl feedsanks maypbeghigninatedy| so
control the tenp I 8¢ RlowNEwh L1 ARS{L [ stream

bei ng passed thr ?ﬁ‘g{%% é’%];‘élgtreg‘%r%gﬁg-ﬁ%op? Aﬁa a@g‘lte?la%nal egliseprgaéé$ to t he second
enbodi nent of 10t heproceseplantdry any nuinbetes kpah typesofsiebverd viladles, to molsfiea nedi a
sub-l oop forned separately of the 5 first_ sub-loop_and.in fluid :
communi cation t hé%’@‘a%rﬁ ra%icff"hoéa g‘écé?)rff&'lﬁrorﬁ}}’%'lnv?)g'losgr‘?vﬁdclsIrt]]lfit h‘eéﬁ‘?‘rnuni cation
with the second shftefifi§ps WlBdImbfows BE edGidrRbilPlo tHapMe: fich @Rt | vel y
directs at least a portion of the first heat transfer nedia streaminto the
second sub-1 oop, deivery vehislep The bapisofdhis progess is the NESH: curvepfhepummets a .
stream 1o cont I QluolACadd BPElRioh Sl e RNARHIGs Be hilRs/1R8Y, dg ansfer To
medi a bei ng passed therethrough. The second control valve I's used to

decr ease 15 NPSH is a function of the fluid level within the trailer and the pressure drop of

the fluid to the pump. The pressure drop is a function of the fluid velocity, the
fluid viscosity, and the piping configuration used. In comparison, the head
pressure from a supply tank is a function of liquid height and density. The
piping configuration of the system will be constant in both instances. The
20 liquid density and viscosity changes should be small with ambient temperature
changes, but if the density and viscosity changes are large they can then be
obtained from a conolis mass flow meter, in known fashion.
Therefore, if the mass flow rate is known from the flow meter, then a
process control computer (not illustrated) of known construction can take this
25  data input, as well as any additional input data that may be required, as
discussed above, and can calculate the fluid mass within the trailer using the
inlet pump pressure. The inlet phmp pressure and flow are used to continually
determine the mass of the fluid within the trailer. During functional checkout,
the pressure and flow relationship to the fluid level within the trailer is
30  established to correct any deficiencies in the computer estimation.
The operating process is now described below with reference to the fluid

delivery system illustrated in Fig. 21. A first trailer 265 1s parked at a pump



the tenperature and the pressure of the heat transfer nedia passed though
the first sub-loop. An additional aspect of the invention includes a third
control wvalve in fluid communication with the second sub-|oop, wherein the
third control valve selectively directs at |least a portion of the first

heat transQ2206¥Hi1¥415 streaminto the second sub-| oop, PABUSIHOLONE4GST ESSUT €
of the first heat transfer nedia stream to control the tenperature and the
pressure of the heat transfer nedia being passed therethrough. Still

anot her aspect of the heat transfer nedial@®omntrol systemis that the
pressure of the heat transfer nedia passed through the second sub-1oop wll
be 20 less than the pressure of the heat transfer nedi a passed through the

*

first sub | oop. AdHpPR Bnalheyraileriscameerdiandbyayedito 9 anme 24# PY opingsd t o
pnerease ihe ! CRBRLAEVEGCAN, 10021 055 968, Al 7B TeORAvly AitheLanid! @ Passed

through the second sub-1oop.’ Thls, ’in’another aspéect, t'he systemincludes a
condui t ext endi nigne, aseseoad st bivalives 8A8n2aD.C2R2I 2, nd2i S, hespdctively, eb- | oop to

the second 25 sub-1lo so th t.he heat .transfer nedi sed, t gh the
first sub-loop i §1‘7’_Sf}g2§l¥d’“f'}ﬁ dﬁsﬁe _@888{{’83&&69’1“8%‘?}‘_ @ﬁ%‘ téaé{%ztgsl']cont rol
val ve being iR flhedystGR RV eady ﬁﬂ¥|\ahttdpeﬁﬁ6ﬂi\oﬁ&e thdfutbrhitilvapird 73 @£ 0Nnd
sub-l oops, respectively, and wused for controlling the tenperature and

pressure of the peeredt Aasesons trableriZ6P is plse perlied atdhs pumep statjosy andib- | oop into the

second sub-1oop. cglgﬁeﬁﬁeﬁ GRhe gaﬁ&ﬂto{a%écoﬁg gtﬁ%b Y84 gg%Bc?‘}ilﬁ%&?ieyé%b%g TZEIP wer the

tenperature and t ressure o tra I a passe rédmthe
first sub-loop i 56, 2596260 26hahdATH; tegeptiveAD Sk ArkdIdQ4hPGIYeISIDWL016468

-107 Still another ec the s emin des a series heat transfer
media  sub-| oops_,eNII ??3’9@9&2% af_&&f“ﬁcfg ua‘d‘se@&ﬂ‘@_ﬂﬁﬂéw@ﬁe&&ﬂd BEF&%@LV OFBui d
comuni cati onp Wtk doliBe iraiTeR db@t Bleypubipea difiéin $¢iow RABy fopblahGRYatioRY t he
heat transfer nmedia therefrom This features the aspect of the fluid

pressure of the Mabis left maswtandbpmedeli a passed through the series of heat
transfer media sub-loqps. el 5% ﬂsg ed' %tl-ul‘égy?ﬁt E%%%ﬂ.“%%nﬁ&éqe‘lc?ﬂﬂpwth
ub- 1 60op. ) D

respect to the imediately preceding s an aspect of this
enbodi nent of t heraflysR&hisidstetrhimtd totbe at e pgresialemelsud ast foe exdigsie, Wrtansf er nedi a

PR O R e B PR S i e b b, 021

15 for providing a seamless supply of fluid to the plant. Now the pump 263 is in
recirculation back to the trailer 265 and the pump 264 is supplying the plant
from the trailer 266. The plant continues to run consuming fluid from trailer
266 until the level therein i1s measured to be at a certain level such as, for
example, 85 % of the full level. Once this occurs, the cbmputer opens the valve )

20 275 and closes the valve 276. This pumps the remainder of the fluid contents
within the trailer 265 into the trailer 266. The pump 263 stops automatically on
low watts. The process control computer then closes the valve 275.

The first trailer 265 is removed from the pump station, and another

trailer 265 full of the desired process fluid is parked at the pump station. This

25 process is repeated with pump 263 being primed from the trailer 265. Then,
once the fluid level within the trailer 266 is measured to be at a certain level
such as, for example, 10 % of full value, the valve 271 is closed and the valve
272 is opened. The fluid level in the trailer 265 is used until the fluid level is
measured at a certain level such as, for example, 85 % of full, whereupon the

30  remainder of the fluid within the trailer 266 is pumped into the trailer 265. The

trailer 266 is then removed from the pump station, and another full trailer 266 is



to precedi ng sub-loop. An additional aspect is that each respective heat
transfer nmedia sub-loop of the series of sub-loops has a first control
valve in fluid comunication with the first header and the sub-1oop for
increasing the tenperature and pressure of the heat transfer nedia passed
t her et hr out® 2084id184 second control valve in fluid comeeii/esdemedsst h t he
sub-l oop and the second i s header for decreasing the tenperature and
pressure of the heat transfer nmedia passed therethrough. Another aspect of
the heat transfer nedia control systemisliat the heat transfer nedia is
passed fromthe first header into and through the first sub-loop in the

absence of a heat transfer media. circulati. ,_apd, alsp that the heat 20
transfer nedia i Q”ﬁf&‘ggletge P?Sbtfﬂ"tq%éhefc?r}gé'fa?%‘%-g'l gﬁgg‘i‘lﬂ? ggdt ’ﬁé‘? g@d’ﬁ'ﬂ“ﬁqeader in

the absence of ohrdt ntw alitdr6s il frbéestbohtihndl iR WP fasoni 1 arly, it is an
addi tional aspect of this enbodi nment that the heat transfer nedia is passed

fromthe first headeA firstambedimenhpiiheHeseribed fluid delivigry: syslom therefprpassed from
the first sub-| O%&d’g%@e&sp&eﬁ%ﬁ%}ﬂ Sg'lggiﬂg{poﬁigﬁﬁf;{itﬁgaéﬁ%%&a iof] a&ﬁgt @Eﬁence of

a heat transfer Cl rculat f)as& n € heat
transfer medi a t bropghp ilhBuilh eahmuniastiherith the di leass yisd dalivenyebntdimer, fiesi ng t he
first heat transfer rregiea streamthr.ougrp a, first, heat t\[ﬁansfer medi a

i
header: passing #¢et sdshyeryeontaipsr bring In fiwd gpmmugicationwith 2 §alyk traingBe ond heat

transfer nedi a heagetraintR&Y iR Guidi@nidiicatibdWih Be ppbteBPslad pigedpitehe first
header through a first heat” transfer mnedia sub-loop, in the absence of a
heat transfer nedha/flgidieselentively pyoppd divdcti frgry the et leasbone deliveraicortaingr  f | ui d

i cati i th t fi fi : < ; i th
W0 2004 111304 petp e 18k EaBaRE G plctfss R bpE Wl by BRRE" Pt
sub-1 oop i nt aot he fReTddelydagicand stonagehank fabstherodseeéceiviteald storgsher nedi a

circulating punp, Wwith second control valve in flyid communication with
the first sub-I oélb“da‘f’i‘%f“t%?‘r’eat (Mg dRlbsaLFontaBgg ‘h%?'yégﬂﬂﬁ‘i‘?g]dt thgaYstemyi ds are

o, or, L [HESARicshg A B GRS B a1
| i quid raw nat er isedond peap imflwd campupisatisn witlhthe sepond delivery container, each
of the delivery containers and pumps, respectively, being in fluid
15 communication with the valve train. The valve train is comprised of a plurality
of selectively operable control valves and being in fluid communication with
the process plant pipe system, such that the fluid is selectively pumped directly
from the first and second delivery containers, respectively, through the valve
train and into the process plant pipe system in the absence of a fluid delivery
20 feed and storage tank.

Additional aspects of the system include a process control computer, the
process control computer being operably coupled to the first and the second
purnps, respectively, and to at least one of the control valves within the valve
train; a mass flow meter in fluid communication with each of the first and the

25 second delivery containers, respectively, and being operably coupled to the
process control computer; the mass flow meter being constructed and arranged
to measure and transmit a fluid mass flow rate of the fluid pumped from either
of the delivery containers to the process control computer; the process control
computer calculating the fluid mass within a selected one of the delivery

30  containers using the fluid mass flow rate and a measured inlet pump pressure.

Additionally, the process control computer uses the inlet pump pressure and



fromthe polyester process. As known, raw nmaterials are delivered to the to
process plant by any nunber of known types of delivery vehicles, to include
a pipeline, arail car, or a tractor-trailer. This invention provides that
the raw materials, as delivered, may now be punped directly to the plant
fromthe WOWHYI0ehicle. The basis of this process iTHRINRIHEUr ve of
the punp. As known, and for exanple when a tractor-trailer delivers the
fluid(s) used, the 15 NPSH is a function of the fluid Ievel within the
trailer and the pressure drop of the flulld-to the punp. The pressure drop
is a function of the fluid velocity, the fluid viscosity, and the piping

configuration used.,An ¢ arison,. ressure.fr : ly tank is
a function of Ii gmd(ﬁ%fagﬁn o“ékod‘;% 8%‘53‘1%?&%%%1‘83 Hﬁi’%ﬁsﬁaF@Sﬁﬁfﬁg‘g‘r"ﬁﬁﬁﬁn of the
system wi || be ceféedtéddneiof thealelivirpsbmaiaas. The 20 |iquid density and

vi scosity changes should be small with anbient_tenperature changes, but if
the density and vi scodPs Brogsss Al sorapyteropens a iyt 2eMatiseANEY vaygPas ned from

a coriolis mass E«Jaaét.ﬂﬂlg%p%ﬁomtmﬁy&s& AR Y c1d R8RS MY Gutdnlatit RentBRss f1ow

t
rate is known from w neter, then a process control conputer (not
illustrated) o6f kagoonaedhsfluiddevebwithinthe fakiedelingry coRBindais determpined byatbewel | as

any additional input data.that may.be r ir as_di scussed, above, and can
calculate the fl BFO(‘}GWQQH%CPWPWBE%’ebetaf%ﬁ%g?reggflﬁan? %u‘&rcﬁth unp pressure.
The inlet punp ph@&hsHatapaét if ihavy fcendmbindtio cempdlivalvakd imulaiecaisiy ne the mass
of the fluid wwthin the trailer. During functional checkout,, the pressure

and flow rel ati oRB#eg by hanfecess eAntro| eaputen ok that thiefinst prRutecirilates the
established to C%rc@ﬁéma{}g]rgte&en%rge@hﬁﬁeab@;ﬁ vy &gmh%eﬁs&d WdrOihg The
escri be e nhe 1;

operating process I's now Ik ow wth reference to t Tuid
del i very systiem ithe seeandagtuen suppliss ghe fiid framfthe setondrdeliverny co@Binestopls ked at a

WO 2004/ 111104 PCT/ 04/ 016468 .-109. st,at.i "p i i
Do etted and vaPeasEay finmedashpvans prid Ity plocess IUGLIGRSE ' * o5,

253, 257, 261, aRetoad GeliveBpsutdiney @htyl.theMuitl veSiBemRin it UetermifediBehod series of
val ves 258, 259, 272, 274, and 275, respectively, are _closed. The punp 263
is started and pPrasew cBytrelsPRguisEbeaha tesang pragqteminssfluidleyple systemis now

ready for plant %@Jeaﬁérotﬂeﬁ%gsstcbﬁrcﬁ%ﬂgﬁglj cfbe?{?tlh)fﬁas%zgnt}o‘f val9P&Edose§ Second
he punp Station, and is

trailer 266 is also parked at t
15  the second control valve such that the remainder of the fluid contents within the

first delivery container are pumped into the second delivery container. Once the
process control computer closes the first control valve, the first delivery
container may be replaced with a fresh delivery container in its place at the
pump station. An additional aspect of the invention includes the process control

20  computer reopening the second control valve and closing the first control valve’
such that the plant is provided with the process fluid from the second delivery
container.

The described method of this invention therefore includes positioning a

first delivery container at a pump station, the first delivery container being in

25 fluid communication with a first pump, positioning a second delivery container
at the pump station, the second delivery container being in fluid communication
with a second pump, and selectively pumping the fluid from each of the
respective delivery containers directly into the valve train and into the process
plant pipe system. This method includes the aspects of operably coupling the

30  process control computer to the first and the second pumps, respectively, and to
at least one of the control valves within the valve train, and using a mass flow

meter in fluid communication with each of the first and the second delivery



connected and valved to a second punp 264 by opening a series of valves 254,
255, 256, 260, 262 and 273, respectively. Sinmultaneously, the valves 258,
259, 271, 274 and 275 are closed. The punp 264 is started and prinmed by
going io back to the trailer 266. The punp 264 systemis now ready for plant
oper ati on W0HEI1ft in a standby node. The val ve 272PCEHUSSHMMENd t he
plant is started. Wien the level inthe trailer 265 is determned to be at
a certain |level such as, for exanple, 10 %of its full level, the valve 272
is closed and the valve 271 is opened si milZaneously 15 for providing a
seanl ess supply of fluid to the plant. Now the punp 263 is in recirculation

back to the trailer 265 and t.he pu 264 is supplyjng the plant . fromthe
trailer 266. The Cﬁf‘?ﬁ’_ﬁ’%&ﬁ?‘?"ﬁﬁggv at"g%F“ll}ﬁ °BHﬂ%‘Mﬁ$‘ﬁﬁgdf‘P8%‘%PfPF%ﬁF?‘}“£h er 266
until the level thgiplicR thmcaRRsihedriid PovPPastdd therefbhdlyhé BMEAndHEdhdas, for
exanple, 85 % of the full level. Once this occurs, the conputer opens the

val ve 20 275 and numpserspenéveln| The mrowss qoiiral qompyter coleulaiesihedud mass t he f1 ui d
contents wthin & 65 .1 ' . . H%Jﬂm, st ops
automatically on ‘L]llﬂg{}v vsvglfL' %tgé Ol%hogt}gﬁ)eggé?%%élft}urﬂlgﬁglgg?rr%uquyﬁ} en cfagésges t he
val ve 275. Thes fianglta rh¢aanred inl@@hmppressure,\aad afso asasttieinfzt pymg passuonandand
another trailer 265 full of fthe desired process.fluid is _parked at.the punp
Station This - oshe Rl ke S aifeatigialk e mineahepingt B v ihism ¢ he
trailer 265. Themnhe @6fed &2 oFtheidlil@y Bbntithirhi Thd BBcdss Bbde@ caffutirppaRasur ed
to be at a certain level such as, for exanple, 10 %of full ‘value, the

val ve 271 is cl osefirshmdomstic opairglevalveand ptartoihe aperationed the progess plagtini n t he
trailer 265 is us unt | .fluid |Lev R in | evel
SR kP o RARGE ety 5

such as, for exanp ereupon t the fluid
within the tra | edelidefy costajmersped into the trailer 265. The trailer 266 is

then renoved fromthe station,.and anot her [l trailer 266 is WO
2004/ 111104 PCT/ us2004£%§3a3?9°ti‘1ﬁﬁ3 Blaﬁpe@a@? HmI & UoPESHIPGP t he ori gi nal
trailer. The DU”pco%%tér_%leﬁg tl?é‘ﬂsnoafu'td?i?ﬂic cBﬁtHiFvElb_@oH@cWhé i 18/el %ﬁﬁin_tﬁ@d the

process continued in this fashion. A first enbodi ment of the described fluid
del i very syst em t fist ddflivery coptatnenid dstemningdiisthe prosessebntvadrcpmpotst tihest a

oSt L1 oned ., PR R B0 A0 oG BBy
15 back into the first delivery container, and simultaneously opening a second
automatic contro! valve such that the second pump supplies the fluid from the
second delivery container to the process plant; providing the process plant with
the process fluid from the second delivery container until the fluid level therein
is determined by the process control computer to be at a second predetermined
20 fluid level; the process control computer opening the first control valve and
closing the second control valve such that the remainder of the fluid contents
within the first delivery container are pumped into the second delivery
container; the process control computer closing the first control valve and
replacing the first delivery container with a fresh delivery container at the pump
25  station; and then transferring the remainder of the fluid from within the first
delivery container to the second delivery container, and thereafter continuing to
provide the process plant with the process fluid from the second delivery
container while replacing the first fluid delivery container.
As known, in a typical polyester processing facility three different
30 distillation columns are present: A water column, a stripper column, and an
MGM column (mixed glycol and monomer column or ethylene glycol

condensate column). Vapor from the esterification reactor is sent to the water



| east one delivery container being in fluid conmmuni cation with a val ve
train, the valve train being in fluid conmunication with the process pl ant
pi pe system The fluid is selectively punped directly fromthe at |east one
delivery container through the valve train and into the process plant pipe
systemin tWE20abtdige of to a fluid delivery feed and sPEFEGW04/G6468T or
otherwi se receiving and storing the fluid fromthe at |east one delivery
container therein. Additionally, the system includes a second delivery

cont ai ner positioned at the punp station -ddd-a second punmp in fluid

comuni cation with the second delivery container, each of the delivery

contai ners and pu%l?mn‘r gqu%taje}/%lsopr%ggd Pr%nit e%h%%%ré?‘i" ‘Sﬂ%?gﬁ%i on with the

val ve train. The Ve frarn’Isc rrsed o SeTectively

operabl e control (it wawer)aed regoved dt thel tep eDiEUsluMmAtand Bentid the stipperpr ocess
pl ant pi pe system _such that tlhe id.is sel egtivel d directly from

|
the first and sectiynperhilesthy %ﬁ[yéglr?é'ﬂé’fhef Bigh Bicl?rﬁéll%)F?"%gYpﬁ%@&Sﬁ beHemyal ve

train and into thgrhE QAERA ahd SHbeRbRBaSYBURTDAsR thilC RISRAGE dRbetdd & Ui d
delivery 20 feed and storage tank. Additional aspects of the systeminclude

a process cont¥ ol otbenysenseand as descripeddiceais, beotorths regyaiploper bei ng operabl y

coupled to the first d the second unps, .. Lespectiv a to.at | east
one of the control va?@gssﬁﬁﬁeﬁfoﬁumﬁge%émag 1A nﬁ;ouéaﬁéggopfq?gw sﬁ%qu? in
fluid comuni cat i @humh Whichaginodbe sdhetof the Shstardatérneattiens eciitg adel i very

cont ai ners, respectively, and _being operably coupled to the process control
conput er: the nas@mhipgs thepasrdiprens ¥ith 3p azcotipeef “water Whishisdhsa sentdo figasur e and

transmt a fluid gRgs. b ﬁvxnro%ioﬁ‘zei)tvithfﬁ?ecfth#iléég E%'i?}?%?gi%{ ﬁ:reﬁnﬁ)%ﬂ?rThé)f the

delivery containers to the process contro process control
conput er cal cut at flmgds frhm thé battbrmefdke stiiper polamgaresentetd thwastéwatdre del i very 30

containers using the fluid.mass flow rate a _neasured inlet punp
pressure. Additi %??S?F'g}f#a‘i‘h‘é- E’F %I%:eeeé“\égog%cﬂ gﬂj‘?ﬁ% Loty H}eﬁéat?qnl et punp
pressure and WO 280dna islthidtaled bi/SeHaig/ tBd o4dilers td thk fufnhed @ihlet an tat e fl ow
to continually determne the mass of the fluid within the selected one of

the delivery cont Hie sEpger Wﬁgn‘bﬁ%@@grﬁ’ﬁﬁtqohﬁm’bﬁﬁﬁﬁteémi@ﬁéné“ thig inptagce,
automatic control yual& cAfithn i§§ré}{§%d5tottﬁ’c%ﬁy9€er AHePthaR Serddit RE RGESGIR! BNt and

closes the first automatic contr
15 the stripper column. The MGM column is also vented to the furnace.

It is also known that in a conventional polyester processing facility, a
wastewater treatment facility is required to treat the organic waste as well as the
hydraulic load (water flow) resulting from the process. In one aspect of the
present invention, described above, the organic waste is vented to the furnace

20  where it is burned. In a separate aspect of the invention, and as discussed in
detail herein, by eliminating many unit operations from the polyester formation
process and integrating the plant, thus creating a more compact plant, a roof can
be put over the entire process plant, thus eliminating the need to send the
hydraulic load to a wastewater treatment facility because rain water will no

25  longer be permitted to come into contact with the process equipment, and/or any
spilled process fluids. In still another aspect of the invention, therefore, the
elimination of the organic wastes by sending these to the furnace, and the
elimination of hydraulic load or wastewater by integrating the plant through the
reduction of the facility size coupled with putting a roof over the facility,

30  eliminates the need for a wastewater treatment facility needed to otherwise

service the polyester processing plant.



5 valve once the fluid level within the first delivery container is

determ ned by the process control conputer to be at a first predeterm ned
fluid level. An additional aspect is that a second automatic control valve
is simultaneously opened by the process control conputer such that the
first punpWwedit¢/tul®@tes the fluid fromthe first delivecyusmdaisssr back
into the first delivery container, and 10 the second punp supplies the fluid
fromthe second delivery container to the rocess plant. The plant is
thereafter provided with the process flurél$ron1the second delivery
container until the fluid level therein is deternined by the process

cont ol COmpUt er 10 DGt e i S PRERRACIAE ) byl S ven LT LS

t he process control opens I'rs Ve and & 0s¥s 15 the

second contr ol vahe/pfosesgb d, i dntthﬁtlbewumdguhecstnﬂab&s ftheradomersi gt s wi t hin
the first delivery container are punped into the second deliyvery container.
Once the process'agyi P'BPP%SMGP‘@F"‘“E I"G‘Eég‘tq wpressurized vephhsader. TREVEN t he fir st

delivery contal NhadrMbwRf heRITM Einilela & ihdifiedietrlal Quch Vel ner 10 119

pl ace at the punp station |ona aspect e invention includes
t he process cont roohn@ﬁ:dctmﬂmjlmderr therséme,the lummwd@nnlsswmﬁpmthwallamemﬂnd

closing the first tr t h e} w,th the
process fluid fro %r?(ﬂ" e‘ﬂé’é tﬁ%ﬂ %%RW"@Q%P&E}%% em'fﬁlgns gg‘ﬂ’%’é ¥ hod of
this invention thaaefere Additicidis, thieptdceRriifithates thd Neell falel suveycdl@nh ai ner at
a punp station, the first delivery container being . in 25 fluid

comuni cation with a 3t §P°‘b&rnfﬁat“i96§|tllq REPRERignYentiar isthat dyncreasingdit ai ner  at
the punp stati On’votlJH?e ‘F‘ﬂ P&ln'o BF the ¢ & Ec%'v@ﬁfsh?fioﬂ% #u%rfs'o%rqhsﬁ%?@m cation
y ul

with a second punp, |ve punp ng the rom eac
respective deld ve\rojfum@mﬂeénrn@nsemondcptrd:oyssemttmﬂ(slﬁutbawméuctts;aaisscdamdnd nto the

process plant pigpe S net ho cl udes.the as ts of operably
coupling the 30 pf%%sﬂﬁsg{ﬁﬁ??rbﬁo %’Fﬁﬁﬁf’gF ]?IBmP%g' Ff"tsﬁﬁﬁ%cfg? ﬁ‘B%‘E{;’gnd punps,
respectively, andidi@codiniedtea@ne albf thbasseoibted @bsty/RltN @By sich Blofagehe val ve
train, and using a mass flow_ neter in fluid communication wth _each of the

first and the sedadd éfyrwn@whwmeml&wsw thehaseiprpinareasedasdstillation
containers, T esPeGhint)ofumflo BEithaP BRI AN SOUPLAEH of el AR GRS cont T ol

conputer, to nmeasure OW passe erefromby the rst and second
15 aspect of the invention, the base of the water column is at least 40% larger in

diameter or height than a conventional water column. In this aspect, the overall
height increases by about at least 3%. In another aspect, the base is increased at
least 50% in diameter or height.
The wastewater treatment facility can be eliminated, as discussed above,

20  through the integration of the plant. This is particularly made possible by
eliminating environmental emissions and by eliminating storage tanks as
previously discussed. Moreover, the plant is constructed with a roof over all
process buildings, the trailer pump/unloading station, the HTM fumace, and/or
any other areas of the plant that could have the potential of COD. The

25  wastewater from the pelletizer and the cooling tower are separated from all
other waste streams and go to the plant outfall. All rainwater, including water
from all roof areas described above, also goes to the plant outfall. A ditch,
preferably double walled, is constructed between the process plant and the HTM
fumace. This preferably is a covered ditch. All remaining contaminated

30  wastewater goes into the ditch. All collected wastewater within the ditch is
pumped from the ditch to the HTM furnace where the wastewater is burned.

The heat duty cost is offset by the reduction in the cost for the capital and



punps, respectively. The process control conputer calculates the fluid mass
within a selected one of the delivery containers using the fluid nmass fl ow
rate 5 and a neasured inlet punp pressure, and al so uses the inlet punp
pressure and the fluid flowrate flow and continually determ ning the nmass
of the fluw®2W4Hiw4 the sel ected one of the delivery cREREFNeWH468he
process control conputer opens a first automatic control valve and starts
the operation of the process plant in response to determ ning the nass of
the fluid within the sel ected one of the'ﬂésdelivery contai ners. Additional
aspects of the nethod al so include the process control conputer closing the

first automatic c I ' . 1.1 Dl | [ st
delivery cont ai ne(?&%ﬁgé‘%{%ro ﬁgﬁggﬁ%{ﬁeﬁ%&égg@g&%ﬁ r %{ngcg%%g %{ef‘ %rg be at a
first predeterm niditéd.ui d | evel such that the first punp recircul ates the

fluid 15 back into the fir, del i very.cqntainer, and sinmultaneously opening
a second automatic cohffd ﬁ‘&&ﬁ\‘)@%‘ﬂﬁl‘?ﬁﬂg‘?‘l PRl OB SRPV Y SHHFTES t he

fluid fromthe sgeeRd Bk pelids GURRIGE méIPpRBE FRIRF CBfe A RlactoPbuiet di NY
the process plant wth the process fluid fromthe second delivery container

until the flui® |ishegh enheghedorthatitiee citeesaninméd pelets, mdvighrwitldeld by gravitpinte onput er

to be at a second, predeter.nne flu d leyvel: the process contraql .conputer
opening the first thg Sﬂﬂ?{%ﬁebl{)%{&\?%e%ﬁc oW éﬂeocgit%ra. i%aémts}]&g'ﬁgo Teeh a‘\’/ag}'s\l/se such
that the remai ndepin®hrelelimiratadi d'he eileydwrs corveyedi to tlie6p bF the blesi@ink kids,y

container are punped into the second deliver contal ner; the process
control conputer #dgas bejtomhel the plepdipg g is posjagned aboye ‘h?%"é%?%\g‘"t ABefirst

del i very contai negoiint RefiohlaRa Bledfldn\6s fré ﬁgag%ﬁ:ggsﬁg a@hi%ﬂow aflow el 1 on;

and then transferring the remai nder of I'd fromw thinh the first
del i very cont & neeontents dféhspeckaginghin to/fsed by gravidy imbr Seadmikst treakeadfrt er

continuing to provide the.process plant wth the process fluid.fromthe
second delivery @bl}:lo[a “Aer T&H’?c a$‘5%‘)15§?‘?1 % Eeeel’fl?lpgtfgﬁy §F8°“i¥§if~‘?%‘§e

cont ai ner. As knopdtkagifg equipaiént fomixhé YRS UThe upitohesiickdgebalki Bagé, bokdl ee
different 30 distillation colums are present: A water columm, a stripper

columm, and an MNMSANGFACks Rrsdeentes Yndet andmganrppeside theopackeging bigsaihabne

| ycol condensat B ' is sent to
Dhe et er WD 2004 ] ST HFRY SAT, TRErRRAEIA bRk ShidAel fes

15 equipment, utility cost, and improves product quality with the elimination of the
mechanism for the melting and the stringing of the pellets.

In still another aspect of the invention, the water systems in the plant can
be minimized by combining the safety shower, the cooling tower, the cutter
water, and the HTM pump coolers. '

20 Typically, the plant safety shower system is a self contained system. It
has a level control system fed off of the city water supply. It alsohasa
pressurization system and a back up pressurization gas in case of a power
failure. The cooling tower has a water supply used to maintain the water level
therein due to the loss of water that evaporates, and a blowdown (p'urge) to keep

25 high boiling point components from concentrating or precipitating. The cooling
tower system has a chemical additive system that keeps the water pH, hardness,
biological growth, and the like on target. The cutter water system supplies
water to the cutter (making pellets), and make-up water is required since the
water evaporates when contacting the hot polymer strands. This system does

30  not normally have a purge, and the impurities generally leave on the pellets,
although this can cause problems. The cutter system also has a chemical

addittve system. The HTM pumps have coolers that have a high-pressure drop.



colum. There water is separated fromthe ethylene glycol. Low boilers
(i ncluding water) are renoved at the top of the columm and sent to the
stripper columm, while ethylene glycol and other high boilers are renoved
at the bottom of the colum and can be sent back to the paste tank, the
reactors, &Wozo¥edimo 5 ot her users, and as descri bed heceiusobhecksst o t he
recycle | oop. The stripper colum separates paradi oxane out at the top of
the stripper colum which cannot be sent to the waster water treatnent
facility, and conbines the paradi oxane witth- an azeotrope of water which is
then sent to the furnace or to an oxidizer wwth the other |ow boiling point
conponents. The to fluids fromthe bojtqom of the stripper colum are sent to
d ndger§

the wastewater tinsARAEHE cpoling towsr OfS nehBRIYRIAYERATESHEE 1B 8L sent

i nvention, the Waf@hgh G hipiprétudBidy @bREbMNYe B9M pidpd. he | ow boilers to the
furnace rather than %ho the 'stripper colum, and the stripper columm can be

elimnated. In this i Fouxahewes typlvallynenist forgdshlingwitls thesspreblems: t he f ur nace

rat her than sending t I bpilers to tripper columm. The MGM
columm is also vent edq?’d’s?#@p&uw%rcaes.0"?621%02’@@@03'”%10\/\“ that in a

conventi onal pol yest e )incesse depgeskire of ihe Yoolihg waatvemeataddr pagdhgmat facility
is required to treat the organic waste as well as the hydraulic |load (water
flow) resulting fiRGMSEhEAPHAIANEPYMPING CBHE aspect of the present invention,

described above, the gngaNiG sURFHEhiR R&@éﬁ&@&oﬁiﬁg%&%‘mBEJ&EP&@ux%ﬂéYl’{&er eitis

burned. In a separate dspect of the i nvention, and as discussed in detail

herein, by elim rindreasgd caprigl andipumppigreasti @ds from t he pol yester formation

process and integrati th | ant, thus creating.a,nore conpact plant, a
roof can be put over qgﬁ’é“cz'ﬁg?g@wp‘?‘%s&rgsﬁ?ﬂ %)Hle,“ggoﬁﬂ? pé‘mpﬁi"ﬂsﬁﬂ%éﬁet he need to
send the hydfaulddged Qptalicostandasiifiyakewartdneat ment facility because rain
water will no 25 | onger be permtted to cone into contact with the process
equi prent, and/ or any InggpiingQesssystenscquld seduce capital apd ppesptBicasts-a¥iBct  of

the invention, thg ﬁlftég{-ﬁignto?ﬁ\e IV Aéhd £R tﬁ’éf eltﬁgatmnﬁﬁ%ilﬁu%ﬁﬁ ?§mf9§’ sendi ng

these to the furnace, "and the elinination o ydraulic load o wast ewat er
by integrating thmhpthamain leopHdM peraps arebtfic (lhe nodingtwaterfflooy tequireddbre coupl ed

110 PUtC1 9,2 1St A 3Gl e BRSBTSl o
processing pl gnt . (t108ehedbOddtdrid 4e4ptekIdy. UH2 Q0udr Qbed B Pstem has higher water
pressure to go to the cutters, the pressure of which is also high enough for use
with the HTM pump coolers. However, after passing through the HTM pumps
the water should not come back to the cutter system since an HTM leak would
contaminate the product. Therefore, this water from the HTM pumps should go
20  to the cooling tower. If the cooling tower chemicals were added to the cutter
water system, it would protect the cutter water system and eliminate one of the
chemical additive systems and still supply the chemicals to the cooling tower
via this purge. A purge on the cutter water system would not be detrimental and
could be beneficial. Pumping water from the cutter water system through the
25 HTM pump coolers and then through the cooling tower would eliminate the
additional cooling system needed for the HTM pumps, would eliminate a
chemical treatment system, and provide the needed water to al! three uses.
Water would still need to be supplied to the cutter water system and the safety
shower.
30 The safety shower system needs to be purged weekly to keep the water
from being stagnant. Purging more often that this would be beneficial, and an

automatic purging would reduce cost. If the safety shower tank is elevated then



- 114 Environnental em ssions fromthe plant can be reduced by venting al
of the process (i.e., the distillation colums, the scrubbers, the
adsorbers, the vacuum punps, etc,) and tank vents into a pressurized vent
header. The vent header flows to the HTMfurnace and is incinerated. If al
such vent s Y9 &4 1HéMnected to this header, therefore, tRETHSVWOGLS

em ssions fromthe plant will be reduced by nore than 99 % (typically
oxi di zed em ssions are carbon di oxi de and water). Additionally, this
process elimnates the need for a stri pper 1ol um. Still another feature of

the present invention is that by increasing the volune of the base porti on

of the respective_,distillation umms _over .t hat base Lo vol.u S
conventional pr oc@ggléegsuntzgth%a"fig’fmi WpuPressaERipn s é@gggref%r tf"lg%qﬁﬂ ﬁp
distillation col uanegr ﬁﬂ&e@meehﬂe@l snawhzadankTamdSavému@eamttheto@rafurettaﬂa‘ fluid
contai nment area and all of the associated costs with an}{i such storage

<

tanks. |ncreasingthemthepwnkgteuldsiay FApd apt ried a fryehsysteme dh thedevebsanrol he
distill | h
s ol e B St P AT i

columm. In one 15 aspect the In ter colum is
at least 40% | a&r gmnkland thobi safekyt showar tahleb@nﬂowdmﬁntoahcmnwewhieotaak thet the coI um.

In this aspect, t overal | i ncr.eases, b st 0

anot her aspect, e ba@é"qfé”‘*“ﬁ??ﬂ té‘Hmé{fly PHIEY %Y‘th &](’H’l 'h?réﬁ?f m%?c lFi’el ght .
The wast ewat er trﬁaéﬁe%thfo@melcuwmﬂah@tmlcb@ﬁﬁgabe&wa&@sﬁwsmd above, 20
through the integration of the plant. This is particularly made possible by

el i mnating envi r B noad dimigate gl éabawdbyst@mems o g safelyrshgeensabiRg. as
ly di d. t f
previously discussed. ApLeg YI??%’IH'{EQ ﬁlag $ rrp}rudrﬁira&gﬁﬁ sHitGh o 13{},“56}01{_”0 over

all process buildings, the Ing station, M f ur nace,
and/ or any otiher whicbaddresses the aforaméntibhek pretderng ahdwzansﬁhsethpuewnbf the of COD.

The 25 wastewater fromthe .a coolin separ at ed
fromall other wBlBptePPEtal oéa%ll%ﬁ'ﬂfe‘éﬁll:tlgrﬁhg]gqrﬂ?ﬁ “%‘ﬂ?c’f%ﬁ;l\ﬁ ﬂls‘f Yai nwat er,
including water E{ouer dhler St0Rke BRSO ﬁ%ﬁfﬂuebeﬂmaﬁmeﬁes@wﬁw goRs suadihe pl ant
outfall. A ditch, preferably double walled, is constructed between the

process plant andwelsesoumn W sudiss an pHisite site Mateasipply @okillugtaadddThe t ch. Al |
oL, Cont T S U B 4 O Sl B 0,
wher e t he wastgwatwbaths (dotiillvsiated), and also supplies water through a first pipeline 291 to
a filter and water storage tank assembly 294 provided as a part of a separate
cutter/pelletizer water tank 294. Once introduced into the water distribution
loop, the water is passed into and through the filter and water storage tank
assembly 294, From here the filtered and cold water is passed through the
20  pelletizer water distribution loop by a suitable pump 295, and then passed
through a downstream heat exchanger 296 to cool the water after having been
passed through the pump. A filter 298 is positioned in the pelletizer water
distribution loop downstream of the pump to remove any dirt and/or small
particles that may be entrained therein. A downstream chemical additive station
25 299 is provided as a part of the pelletizer water distribution loop in order to
keep the water in the pelletizer water distribution loop within controlled organic
growth, water hardness, water solubility, and corrosivity guidelines, as needed
for the process being performed, as well as being due to the locale and water
characteristics of the water supplied to the system. The last component of the
30  pelletizer water distribution loop is a cutter/peiletizer station 300, the function

of which is described below.



The heat duty cost is offset by the reduction in the cost for the capital
and WO 2004/ 111104 PCT/ US2004/ 016468 - 115 operating cost of a wastewater
treatment plant if all other sources of water are limted. Also, if the

pl ant |ayout is planned properly, only one convey systemis required for
the pel | et @00¢/hiI# for a nelt phase facility. The finRCTAUSZO4/@IG46BUt | et 5
I s high enough so that the cutter can nmake pellets, which will fall by
gravity into the analysis bins | ocated bel ow the cutters. In another

enbodi nent, the analysis bins are elinindl®d. The pellets are conveyed to
the top of the blending silo, and the bottomof the blending silo is
posi ti oned above the ckaqi ng binn. The ottom |.ocation and. el.evation of

t he packagi ng bin areqﬁPgw%@}ﬁﬁﬁﬁr%%ﬁlp’aB wamfﬁvt?d’ﬁ#@ﬁ?guwyllﬂ% ackagi ng
bin to feed by gr@wipoyymditlertnfich dielhded, 317 atihk Suttedpelldtiabl st 300/ the di€he
packagi ng bin can also be elimnated by directly feeding the ackagi ng
equi pment from t h@aﬁPK@d‘mPMWﬂ‘Wﬁfﬁéé“ﬁa@mggf@@ Rl%‘ég@,c’wb ®n.  druns,
and sacks are |oc DEeR, 3 | ' t hat

t hey can al so be ﬁﬁerﬁ%%% Sgﬁyé'?%g?ty. arleﬁdggtrég%@? |c%%@{p%ﬂ%§%€§et§%£?gp eﬁ?rrg reduces
15 equi pnent, ut i palleyiziog sid/oranting iy moles: polyokn stramls atithttie eald,Hilteted

elimnation of the nechanismfor the nelting.and the strjingi f the

pel lets. In stil I‘f“é‘ﬁbﬁ“ﬁ@ﬁe%afgﬁ?é’& {héfpeﬁ‘ﬂ@eﬁ' %9@?&‘?‘8&‘}“%@80%1@?3&@%5_ ms in the
plant can be m nid B&ELdIdCORBT Waltd istfassed alte ihe MRPURT watkNRor@QOhAKIY t OVer,
the cutter water, and the HTM pu coolers. 20 Typically, the plant safety

shower systemis seehly ixbmgosiadewith ynakepy water for agtes lqsbifem eyaneraton akyst em f ed
off of the city - al ' ' nd a
back up pressur i 7 0F Coicielbber o SchRR Py BLESS bR BRBKT) AT 0,2,
has a wat er suppl y03sddtd fionnthe nifetyshéve watdratordgevaik. Theevatirpadedintad t he | oss

of water that evaporates, and a bl owgown (purge) to e 5 hjgh boiling
poi nt components &Féﬁﬂcﬂﬂd‘é@mrﬁ?ﬁﬁd%asﬁ"@& ﬁ??%\'tﬂaﬁﬁ.h%"f‘ﬁ%‘ E‘IB‘&“ g tower
system has a chenpdntiz@td disgibasish BISp RAescki8ePBertifoovBL fBf reflde. har dness,
bi ol ogical growth, and the like on target. The cutter water system supplies

water to the cutter (nhRemgpipepteting302dntedimrethe peligizerwater dighbutioad si nce
the water evaporgf6s, Wagin &0 L AGKh AR PRnp03 RO BPhssThE FB-Bt0 2 dMbfinSY St €M

does

15  tower 304. The cooling tower is provided with a level control 306, used to
maintain the level of water held in a water collection basin 307 formed as a part
of the cooling tower assembly. The level control 306 has a minimum flow
setting that will ensure that a satisfactory amount of water is always provided
for the minimum required cooling flow for the pump 303. The cooling tower

20  cools the water passed therethrough, the water being passed from the water
collection basin through a cooling tower water supply loop 308.

The anticipated uses of the water passed through the cooling tower water
supply loop include any desired number of downstream cold water users 311,
which users may return the now “waste™ water to the cooling tower water

25  supply loop. Any water not used downstream is passed back into and through
the water cooling tower, the level control valve 306 drawing water from the
pelletizer water distribution loop as needed to make up for lost water within the
collection basin/reservoir 307.

The waste water passed back into the cooling tower water supply loop

30  from the downstream users is passed back into and through the cooling tower
304, and evaporates therein. The evaporation of the water thus concentrates

solids and/or contaminates within the water stream passed through the cooling



30 not normally have a purge, and the inpurities generally |eave on the
pellets, although this can cause problens. The cutter system al so has a
chem cal additive system The HTM punps have cool ers that have a

hi gh- pressure drop. WD 2004/111104 PCTI US2004/ 016468 -116 The standard
cool i ng t owerzobwerad®s does not supply enough pressure toPERIUS20BWICHGH t he

hi gh- pressure drop coolers on the HIM punps. Four choices typically exist
for dealing with these problens: 1.) use supply wat er as once through
cooling; 5 2.) increase the pressure of t-Hd? cool ing tower water header
paying the increased capital and punping costs; 3.) build a separate high
pressure cooling tower heade ncurrl t he ncr nd punpi ng
cost; and 4.) pur@Wﬁ%WﬂtﬁrTHB ylo%psgﬁ gg}S@Br%?88Pte?t§ﬁ? SPPﬁhrg %‘lﬁm% i ncurring
the to added capirgs ligoHR, md:cwaargu 1@ wdidt cuerill @idt BRistrdted)egitad dongolidiese
systens coul d reduce capltal and operating costs. Wth the integration of
the HTM systens ahd- tHe pemp(s ALY F‘t?ﬁlydbe forge usethtogsps theRpried Walsly the main

| oop HTM punps ar §.le&frbush T@&)ﬁﬁﬂ'dll%ﬂ!ﬁfs@r% flowrequired for these HTM
punps is slightly I'ess t an t’he cooling tower nmakeup water required 15 (too

much water is accept abTIE)watél'r‘rsepp:lmttethe\ﬁaﬁeta/rshgystwmagﬂ tghie290nat er

pressure to go to th tters e ,of Lch i.s _al so ugh for
use wth the HTM’%‘H of WpEr felv-gl\ﬁg(}téc?%%ﬂf‘?lg?h 3‘%"5.%"‘?1&‘?@1? %H Eﬂ' M punps
the water shoul d w@hinGR@nD2IKataGuitdite wakkl level S ERdcedwatePfiémake iy | eak woul d
contam nate the product. Therefore, this water fromthe HTMJ nps .shoul d go

20 to the cool i ngShogReater storagptank ppssertherglierm st tharatepline2 Haaddnte o t he
cutter water Sys{h‘érﬁltef de&fér%m% L& ash lfh?tf&rth 1@{.2 Yeutgm and elimnate

one of the chem cal ditive Sys ems an c emcals to the
cool i ng tower 10vi dlsﬂribusorplnolgéf?z Avhpu:rtgewatnrlslhmdimasellesmmab@yswrwmul d not

system thr ough ¢ e BB RASERE ety Bt o R 2PF Sie FRLE ST ng tower
woul d el i m nate tkater RAFBOS BrREPpIRATHTPsSHSTE QAP OGHHEEW g;btabteewdr&b/laﬁurrps
woul d elimnate a chemcal treatnent system and provide the needed water
to all three usesdescribed above. This includes all'water added to each system for all water lost
through the downstream users 311 and the evaporation of water in the
15 cutter/pelletizer station 300, as well as in the cooling tower 304,
Accordingly, the integrated plant water distribution system of this
invention includes in a first embodiment a safety shower water storage tank in
fluid communication with, and supplied by water from the water source, a first
water distribution loop in fluid communication with the safety shower water
20  storage tank and being supplied with water therefrom, a second water
distribution loop in fluid communication with the first water distribution loop,
and a control valve or valves for selectively drawing water from the first water
distribution loop to supply water to the second water distribution loop. Aspects
of this system include the safety shower water storage tank being in fluid
25  communication with a separate safety shower and eye wash system; a water
pipeline extending in sealed fluid communication from the safety shower water
storage tank to the first water distribution loop, wherein the first water
distribution loop is supplied with water from the safety shower water storage
tank as the water overflows therefrom and is passed into the first water loop.
30 The first water distribution loop comprises a pelletizer water loop constructed
and arranged to supply water to a pelletizing station used to pelletize a melted

plastic polymer; a filter and water storage tank; a pump constructed and



Water would still need to be supplied to the cutter water system and the
safety shower. 30 The safety shower system needs to be purged weekly to
keep the water from being stagnant. Purging nore often that this would be
beneficial, and an automatic purging would reduce cost. If the safety
shower tankva¥®iElawdt ed t hen WO 2004/ 111104 PCT/ US2004/ BAGUSR04/016468 7 t he
pressuri zati on and back up pressurization systemtherefor are not needed. I|f
wat er entered the safety shower tank and 3\£§rflowed out the top of the tank,
then the tank would stay full and not neé “l evel system If the |evel
control valve for the cutter water systemwas in the |line supplying the
safety shower 5 t i e cutter
wat er tank, then %ﬁieﬁgcd:%f 5 "@eﬁslig\%\gl; %%%EII? %ﬁﬁggsﬁé%cﬁ\éﬁ%%wg]ﬁér%%ﬁ”%& h wat er
flow ng at the nadisgtribpionladE afheat dachangaf a fiher; and 4 ehremieal eddigvecstdtior. cool i ng
tower water systepns., This |ayout .woul %Pel i m nat&all | gbor,. and i nstrunents

fromthe safety shtfim t el 1.5,30718%?1‘1 Hrsttgpmyof the gump, t : lief 13 st ri but i on
system of the i nveqtioRBd ddwnstearm bf A HER eR@anidd ahabiRnasRARbdAvEdatnad! ens, and
satisfies the needs of the plant operator, Is illustrated in Fig. 22.

Ref erring now %o Fisgiongddovanssrasna of the diltersghe prletizingsstaioagepesitivned 90 i s

supplied with clean fresh x s S A I “W. such as
an off-site city 8 nesrreS%B%\ﬁ%%%%%‘fagpﬁl&gﬁtg@d%d tﬁﬁ%ﬁﬁ%@%@;{{a&?gw\éy\%r t ank
suppl i es any needrfk iwalo@mstrcant dfahgpaletizis@ftation. shower s and 15 eyebat hs ( not
illustrated), and al so iﬂ) | | es Wait’rﬁ‘i‘ thro%%r atfi rst .&i.gel ine 291 to a
filter and wat er st or ANk 25RELR ?/"‘_ma QJW(YE(&“&’% HOYIORSYIEM 5 separ at e
cutter/pelletizer;waheh warhkevéPnirbNE AuidtohRsliisRton Rit thdRepahEwater
distribution |oop, the water is passed into and through the filter and

wat er dst ﬁr agerIIQ ?Rworaa@@eﬁwngi_azgm.rolpwalamrggrmdm@nfl itn ivld'élﬂééﬂmlcé@ﬂmwkﬁﬁlt er is
passe roug [ u e punp
295, and then pasgaecﬁgf?%r (?E%kllgvg[?g%’g{npe%ersﬁta#ég#{og%ghéi%ggté)%@%‘"?bﬁéégol t he
wat er after havi ngateeknel cpatsdédednismmtigiant Rerangedo sefechivélyadd R28@Be-uswptesi t i oned

in the pelletizer t di,stribution | opp downstream of the_punp to renove
any dirt and/or s??\éﬁ'? g{‘ﬁéﬁ’fifwéfeéét°.far$5fa"kﬁyg%g’ feqep phe ks SPW&F'GTEE\E&GHOMS'[ ream
chem cal additivele§tiabh@d) i#BsPhsirictdd MM laH8thed %o S1RAVLLY bnitd1erddBhpIGLE ZEr
water distribution [oop in order to

15 water to the safety shower water storage tank to maintain the water level therein

at a predetermined water level.

The second water distribution loop comprises a cooling tower water
loop which includes a cooling tower, a pump constructed and arranged to pump
the water from the cooling tower through the second water distribution loop,

20 and at least one cooling tower water user. The cooling tower further comprises
a water collection basin formed as a part thereof for collecting the water passed
therethrough. The pump of the cooling tower water loop is positioned
downstream of the watér collection basin, and the at least one cooling tower
water user is positioned downstream of the pump and upstream of the cooling

25 tower. The second water distribution loop further comprises a purge line in
fluid communication therewith, and a control valve in fluid communication with
the purge line for selectively passing water from the second water distribution
loop. A second water pipeline extends in sealed fluid communication from the
first water distribution loop to the second water distribution loop for providing

30  water thereto.

One aspect of the means for selectively drawing water from the first

water distribution loop to the second water distribution loop comprises a second



keep the water in the pelletizer water distribution |oop wthin controlled
organic growh, water hardness, water solubility, and corrosivity

gui del ines, as needed for the process being performed, as well as being due
to the locale and water characteristics of the water supplied to the
system ThévQ¢1ddi#ponent of the 30 pelletizer water dPETURINYOIGIEl oop is a
cutter/pelletizer station 300, the function of which is described below. WO
2004/ 111104 PCT/ US2004/ 016468 - 118 Nblt3 polymer fromthe plant is
supplied via polynmer supply line 316 toa Eélyner extrusion die head 317 at
the cutter/pelletizer station 300, the die head extruding a plurality of

mol ten polynmer st5ands fildcdhmbmesdnhadthose ndT\b@remFaﬁfe, KRb¥ARS drafr ands are
cooled in the cutter/pelletizer station 300 ?or 5 pelletizing and/or cutting
t he nol ten pol ynewatet fremdhe fivist Watehdistgbiton Ieap to dheosgcondawader disipipitiondoaphr ough

the pelletizer water .distributi.on l.oop. Thereafter h now heat ed and
"dirty" water is %’Srseglé%fl%thm‘%’ %dﬂgwf'f‘lﬁsfge)elpt%?ﬂ &ee O%S[eifpg‘éeéy ﬁraa‘ﬁf(ng%%grenbl y to
be cool ed, W th nikevdig 1¥at eintdoDin MAS edmhesitatioh e psvliag kewer atatert he
cutter/pelletizer station, which nmake up water_is also used to purge to punp
10 303, added f§ r ofallepiondasia; yndaronte! Watiedntearegiatgindip Aid copamypigatipn passed

o the filter QndoMlotinek0rAgRnanl rRIBBIH bukowhBEGIRARRMRACK thr ough

the pelletizer water distributi oop, as cri er el nabove, for
re-use. A separ at €hevmater levél ment8) Zori the famting togver bimin jsebhsttucted andwartanged

di stributi I , d extends t d t 303 d . th
witer to a cool i n Ra e e rRuadE I R REF v slBrlenaR TR o v

control 306, usedfrb@ theddedbiiti WattdYiipdiRY Qind 0 alyBdoREtrit@ddchnt Arranga t@EstabBikh ect i on
basin 307 formed as a part of the cooli n_(r:] tower assenbly. The |evel control
&

306 has a mi nitfrunt PiBRUISEter figy setdng it 1ill epgine bat peafisfacert amquakelor y anount
pUND 305, The cool PG tadr Py Mg ey R L e R R B thd P
wat er bei ng passepurhp.om t he water collection basin through a cooling tower
wat er supply | oop 308. T(B anticipated uses. gf the ter ssed through the
cooling tower water sifp ﬁ?f aﬁ%eﬁgoﬁﬁﬁllﬁvﬁgt’%§ﬂﬂ’€é@?@%ﬂﬁ‘ﬁ%‘ggnﬁﬁmﬁmﬁt ream

col d water users thidugh awliniegtatds planit Wityr digtkibuitiontsh@emOibe ayiss 6f the@ie@iodt 0 t he

cooling tower water i )
15 including supplying water to a safety shower water storage tank, passing the

water from the safety shower water storage tank into the first water distribution
loop, and selectively passing water from the first water distribution loop to the
second water distribution loop. The method features the additional aspects of
selectively adding water to the first water distribution loop directly from the

20  water source; passing the water in the first water distribution loop through the
molten polymer pelletizing station; passing the water in the second water
distribution loop through the water cooling tower; selectively passing water
from the second water distribution loop through the water purge line in sealed
fluid communication with the second loop; and selectively passing water from

25 the first water distribution loop into the cooling tower water collection basin
forming a part of the second water distribution loop.

A preferred embodiment of an integrated vacuum system for use with
the described process/process plant is illustrated in Fig. 23. By using the
integrated vacuum system illustrated, the number of EG jets may be reduced,

30  the chilled water system may be minimized, if not eliminated in some instances,
and the number of components required for obtaining two stages of vacuum in

the last polycondensation reactor is also minimized.



25 supply | oop. Any water not used downstreamis passed back into and
through the water cooling tower, the |evel control valve 306 draw ng water
fromthe pelletizer water distribution | oop as needed to nmake up for | ost
water within the collection basin/reservoir 307. The waste water passed
back into Wie208gHll1IAg t ower water supply [oop 30 from PEEUSRIMAEE468am user s
I s passed back into and through the cooling tower 304, and evapor ates
therein. The evaporation of the water thug goncentrates sol i ds and/ or
contam nates within the water stream passe 3 t hrough the cooling WO

2004/ 111104 PCT/ US2004/ 016468 - 119 tower water supply loop, so water is

purged out of the | oopadiMuQpAd: id tﬂaanaqm,eredpleaﬁze?lgolye&ldGMﬁ&asary to a
water outfall (not illustrated) w a control he punp(s) 310

supply the force mllrbaqdb@s Staae,sqfd@crt@m Hiere ghe unianedesizn efigis inventioy and al |

water users. O ThEBhE par BBl ks TR ShimBRNSI Bk LR0 ¢ ank

200 is controlled eve ntr ice mal ntains the
wat er | evel W t hpmessisfeevatcauk sﬁ@& ghe ﬂuﬁllMat:lab:h stagedaniotibevetbgrated bemasarat er

fromthe safet shower water stora asses therefr gh the
water |ine 291;/ anthe PrRsEpre {hissiage é*rtg%\l"ﬂ@g E’P“ 3@8?%‘8@%8& °‘é(§€%§r§l y 294 of
the pelletizer wa@zfpb r £P1oHat {Hefw&ﬂepalffefeaaai%%?e’ssm\e/@@rro%efahsn V‘ﬁltﬁl‘(ijgﬂé ?ar]?ﬁnd! ed as

descri bed above wat er supplied to the pelletizer water _ ution
| oop 292 and the nabe vapgr tinmkas ledtapiuggingPpotd@ss and is neiml rickabld sodhioa. sui t abl e

wat er supply W(p tabl e er This i ncludes all water
added to each sys gﬁthlFss h' %/%ﬁeépf]/acgilgc%?%%@%?f'%gccc’fl(?\}\ﬁ%tream users 311
and the evaporation of R¥feiriag nbw tb Fep. 15 aGuitatae Atﬁﬁith@(ﬂsé%bn&hﬂbﬂa@ﬂao%ﬁﬂ as
well as in the cooling tower 304. Accordingly,  the |nteegd{ated pl ant water
di stribution $§stB¥nRA2Q P a varupenen NI RAE SBIGTRET 324 PO oAssEITEnt A

saf ety shower wat gimsinefi@Gfhla@ TG dnd otfel bl QBT NA GREI FXD vaMot et 380d suppl i ed
by water fromthe water source, a first water distribution Toop in fluid

conmuni cat i on wit hnsitaﬂed briveanya syrm«mndmaqréﬁél and ﬁmmtargt@g@ eanidersat] abdi ng
cuppl e 4 1 et GRS 30, sl A BRIP4
or valves for sel pqiid uebmrgkc&whmtmgercoiﬁdeamrtgh@ thi |anﬁ;mdvmlezressel 325, also
15 referred to as an immerston vessel. The discharge from the vacuum pump, as
well as the liquid discharge from the spray condenser can also be passed on to
this seal vessel, or to any other type of desired vessel. The liquid from the
immersion vessel is then pumped through a filter 326, a cooler 328, and either
(a) retumed to interstage condensor 321 or spray condensor 324, or (b) is
20  discharged from this system at line 331 to, for example, the water column (not
shown). Depending on the product being processed, the temperature of the
system should be increased or decreased to control the vacuum as well as to
control the buildup of low and intermediate boiling components, as known.
The vacuum pump of the integrated vacuum system of this invention
25 pulls the vacuum from the polycondensation medium pressure vacuum stage or
zone P2 into a top portion or region of the spray condenser through a line 244,
as schematically illustrated. This medium pressure vacuum/vapor stream from
the top of the final polycondensation reactor is connected to the spray condenser
below the liquid cooling nozzles (not illustrated) within the top zone of the
30 condenser. As shown, the vacuum connection extending from the spray

condenser to the first EG jet is also at the top of the spray condenser, which



distribution loop to supply water to the second water distribution |oop.
Aspects of this systeminclude the safety shower water storage tank being
in fluid 25 communication with a separate safety shower and eye wash system
a water pipeline extending in sealed fluid communication fromthe safety
shower wat 8Y0 2@¥/ovislge tank to the first water distribut ponvusmogoiswdserein t he
first water distribution loop is supplied with water fromthe safety shower
wat er storage tank as the water overflom? therefromand is passed into the
first water | oop. 30 The first water disi ?bution | oop conprises a

pell etizer water |oop constructed and arranged to supply water to a

Il etizi tati i | ; ) i1t
Do oator % o and PR SRR i BT ety gl R sl e
PCT/ US2004/ 01646 8 his libR theatesisabdreeffacvofinerpasingahe\adpebilify afithd jee wat er st or age

tank through the first water distripution |oop; a heat exchanger: filter;
bt e chondnat "aaai 1) e BoStonghnsatidn B preuis YaRinet e & BACPT PR fndt |

downstream of t hgoBlBRientdlien Feakiof (s dofinecRAblylai iR OS5 BPNRSbEERO &30 adheat
exchanger, the chermical additive station is 5 positioned dowstream of the

filter, the pédl| exterinfon thers ori hostopmartiangneesioriehthe spraweandensenelheheni cal
additive station, i 0, i s ream of
the pelletizing sP é}?ghnﬁk%ék‘%oﬁgr%] ﬁ Bﬁ(gge%{tesﬁ%? Jp?%gcoph%grrja%i eaggéﬁgint wat er

di stribution systielow thebbtishe liguid@balinglregats (@otitluatatddn theteot.dTideallaws cat i on
with the filter apnd water 10 storage tank, apnd.a contro| valve internmedi ate
and in fluid conﬁEﬁP%WBWSW%VaB%%oBT&f Fl"éovxgggrletr %‘Vleti‘e trol and the

saf ety shower watRfycaidihddien bfdkire TRAUM e bEN&Gh of MHelin@l rebdtor@@nst r uct ed
and arranged to sel’ectively add make-up water to the filter and water

storage tank i r eondepss wishaut htheppiseimpasing e dintiRishig the vacyuny ef the gapafol i s

al so constructed t | ectively control the supply of 15 water
to the safety sh&&g&l%%@ér}ggt &%azz&t ank to maintain the water |level therein

at a predeterm ned watSsll réferrrig.to Fipe23 elointtgrpddaculing systdmudf tha idvedtipnconpr i ses

a cooling tower ter oop which includes a cooling tower, a, punp
constructed and ﬁodﬂﬁ‘éfkfslﬂ%’Eﬁ?ﬁﬁaryfﬂ'@pmﬁﬁo‘i“ﬁﬁ)?ﬂngﬁ aEEh et &lifer ¢ hr ough

the second water iwzbhdeRstiiofMighGPEsuré Yadfith Rhpelof 88de PNRinRARE VAGuHOVET Vat er
user. The cooling tower further conprises
15 pump 320. Accordingly, the high pressure vacuum zone is piped into a
condenser 335 through a vacuum line 243, The vapors from the'high pressure
stage are cooled in the condenser 335, in known fashion. The liquid/liquid
condensate collected within the condenser is passed into a second seal vessel
336 in fluid communication with the condenser.
20 This second seal vessel is in fluid communication with a pump 337
which draws the liquid/liquid condensate therefrom and passes it through a
downstream filter 339. Thereafter, the liquid is chilled within a chiller 340 in
fluid communication with the filter, and the liquid passed back into the
condenser 335 for re-use, or passe'd to other users within the plant, as desired.
25 A vacuum line 334 extends from the top of the condenser 335, and is in fluid
communication with the vacuum pump 320 through a control valve 343.
This design therefore eliminates one EG jet train, one spray condenser
and pumping system, and only has two total EG jets rather than three per train.
By putting all of the seal legs for the medium and low pressure vacuum zones to
30 the same seal vessel, the number of seal vessels has also been cut to less than

half. For example a dual system would have five seal tanks, whereas a single

system would normally have three seal tanks. This construction thus eliminates



a water collection basin formed as a part thereof for collecting the water
passed therethrough. The punp of the cooling tower water |oop is positioned
downstream of the water collection basin, and the at | east one cooling tower
wat er user is positioned downstream of the punp and upstream of the cooling
25 t ower . fﬂ@zgﬁﬂbﬂﬁ‘mater distribution | oop further cormgmiuseasmisaes ge | i ne
in fluid comunication therewith, and a control valve in fluid

comuni cation with the purge line for sqhgggively passi ng water fromthe
second water distribution |oop. A second water pipeline extends in sealed
fluid communication fromthe first water distribution |loop to the second

wat er di stributi Oghre@@8ary eduiptent dstAgnenBDantibll R redites Bicdgy Lnsumspact of the
means for selectively drawing water fromthe first water distribution |oop

to the second watetherissmepdsditp eperpte gfrredmpeyusesysigmsecond WO 2004/ 111104
PCT/ US2004/ 016468 -12 ! ' ' ' ] wat er
d%s £4bed thg%rﬂggﬁtgﬁg@{}ieﬁ%t e\rﬁ‘ﬁrsyl?ré %f:t:ﬁ% lrjnt%rﬂqu

pi pel ine, adapted to aw  wat ér rst wa Ion loop to
t he second wat er mnickties auprayorontienser in floeretimuningtion Aith aakdh dfitlenatdiempect of
the neans for selectivel drawing wat er isea} ter level control in fluid

communi cati on Wi t HSIAY PESSTE P B\EOnes SR tEe R At Rl gondensation regeteta cont r ol

val ve internedi at & aRestddd dohdknSerG® AMidoRRunRABtion it tHRABAYbndeffrsaaand punp
and the cooling tower water collection basin. The water |evel control for

the cool i ng tower vasaampumy ig Sniskoomemusirationiviih fheripfetstage eondensset i vel y add
make-up water to gﬁtigﬁa‘i’}a&s&& JFRELyst tigélud:e? Je%qeké%i‘idpt?ﬁh o Jn%iﬁg&tt?rﬂe second
and s also Pucted an S

wat er pi peline, construc arrange 10 a
m ni mum wat er f | owits esdchiafghet dpedy conddnsernthe intersthge comdanen, sfidihe eaguummount  of

water is always provided for the m.ni.pymrequired cooling flow of the second
DD, Anot her s pRETP.GFPEFVEL: ATEMISHUREDRHRRSYFRE SOBETRSIPIGRS BFIEe Bt | ng

water through ancdiptesiitat adnpnaistkeliqul Sbmhididprancodistsemndite aspects of
the nmethod 15 including supplying water to a safety shower water storage

tank, passing t heinigastege condenserheeseentivaly, te pashof theesspeay condensgyand thek into the
LSt e S0, o8 SO R PR 1
features the addi tysensbeigs@astnstalfand arranged to collect liquid from the vacuum pump,;
15 the liquid distribution system being comprised of a single seal vessel
constructed and arranged to collect liquid from each of the spray condenser and
the interstage condenser, respectively; and a control valve in fluid
communication with the liquid distribution system and being constructed and
arranged to selectively pass the chilled liquid to other users thereof, as desired.
20 Still other aspects of the system include the fluid from the low pressure
vacuum zone entering a bottom portion of the spray condenser, and the fluid
from the medium pressure vacuum zone entering a spaced top portion of the
spray condenser; a second spray condenser in fluid communication with the
high pressure vacuum zone of the polycondensation reactor, the second spray
25  condenser also being in fluid communication with the vacuum pump; a control
valve disposed intermediate of and in fluid communication with each the second
spray condenser and the vacuum pump; and a second liquid distribution system
constructed and arranged to collect, filter, chill, and distribute liquid passed
from the second spray condenser to at least the second spray condenser.
30 Yet another aspect of the integrated vacuum system of the invention
includes a spray condenser in fluid communication with each of the medium

and low pressure vacuum zones, respectively, of the polycondensation reactor, a



selectively adding water to the first water distribution loop directly from
the 20 water source; passing the water in the first water distribution | oop
through the nolten polynmer pelletizing station; passing the water in the
second water distribution |oop through the water cooling tower; selectively
passi ng wat} 2004/tidifi4t he second water distribution | oop PAFOEYA4/IeEsWat er
purge line in sealed fluid comunication with the second | oop; and

sel ectively passing water from 25 the firs% wat er distribution |oop into the
cooling tower water collection basin forh%ég a part of the second water

di stribution |oop. A preferred enbodi mrent of an integrated vacuum system for

use with the desgrd BedeRih IAPRIPhRHEGEHSn Wit Me égﬁayitdﬁhMéraamtéraa gl 9- 23. By

using the integrated vacuumsystemillustrated, e nunber  of G jets may
be reduced, 30 t heomglandet ufluid cemmygicatiomwiththe rstE6i jet, 2 @acuuinfpumptindluidyi nat ed
in sone instances and. the nunber of co nents yequir f.or_@hbt.ai ning two
st ages of vacuum F?‘fﬂm{lﬂl@atfoé's‘?nﬂbn@?e)‘f'é‘(’)rﬁ%%encs%g? "SH> ?%%%%?nufgséﬁé%ﬁ%dni m zed. WO
2004/ 111104 PCT/ UgafiniddiahbGaith the loavpréssutel Mat@ini 8érthnd theFdipgs/. coddeasand | 7b,
respectively, gol ycondensati on, nor mal Ify has three stages of vacuum Here the
uni que design &f fespectively e AdAigianaliaspestfshis smppiment ofdhe nyRItien dfaiedre vacuum
the medi um pressuhﬁidwn%qub@wss&é FRA GoNACHEHT S BB poltiéh mw%rasacuum
stage cannot be integrated beCause 5 the pressure in thi's stage 1s too high
and woul d not ot heoies®r,ant thw fivd frei thempdinmjpetssure vheuue: Zdne eptenmes

differential pressure for eration. Putting al . In the vapor |ine has
led to plugging pf’%aﬁf%{?g Pgﬁ "iozt"}'fcf‘f’rag CP'éq[eP%l ’Itge g"c'?f ﬁﬁj%‘?’(tenafé@érr"g}]@feess, t wo
stages of vacuum epobRoredfitReiprasedoyiddietpihe decolf@ EEY jei bigngiailuid® Fig. 23, a

sui tabl e and ot herwi se conventional vacuum 10 punp 320 pulls a_vacuum on an

i nterstage corlflens@rmypitatipnetith Ge (oneresiie vageim seernd RARIYOBPIRESNAd ot her
condensabl es. A f 'tl{eﬁsgraljzv@'oﬂ@dﬁ%r; arfdla s%%%e’ss%l in'fﬁ?c%:I &Jtﬁvﬁﬁgﬁﬁfoﬂ%ﬁ the ﬁ)?%f%’l

condenser 324 and t I'nter stage condenser, an vapor | et
usual |y have a corprdesser,dhe mtarstageandmmsarcand tiie Yasu@n puing, respequivedly, dhieschar ge  of
the interstage condenser 1Joes t

a liguid seal vessel 325 .al.so 15 referred
to as an i mersi oty é%sggll . mgﬁgnsggugtgﬂ 3&5@@53@%‘3@3@ i‘@ﬁ'ﬁrﬂlg E}ﬁlﬂa as well as
the Iiquid di schacgalchsdthblem. 6reYspeon deNfRM: pusp ia st Reniasaaon omtht 0

15 the seal vessel for pumping the collected liquid therefrom; a filter in fluid
communication with the pump; a chiller in fluid communication with the filter
and being constructed and arranged to chill the liquid passed therethrough, the
chiller being in fluid communication with each of the spray condenser and the
interstage condenser, respectively, and wherein the liquid chilled by the chiller

20  is passed to the spray condenser and the interstage condenser, respectively; a
control valve in fluid communication with the chiller and being constructed and
arranged to selectively pass chilled liquid to other users thereof, as desired; a
liquid collection and chilling system constructed and arranged to collect, filter,
and chill liquid and liquid condensate from the spray condenser, the interstage

25  condenser, and the vacuum pump, respectively, and to redistribute the chilled
liquid to the spray condenser and the interstage condenser, respectively.

The method of collecting fluid from the final polycondensation reactor therefore
includes passing the fluid from at least the medium pressure
polycondensation vacuum zone and the low pressure polycondensation

30 vacuum zone of the reactor into a single spray condenser in sealed fluid

communication with each of the medium and low pressure vacuum

zones, respectively, and drawing the fluid through an interstage



this seal vessel, or to any other type of desired vessel. The liquid from
the imrersion vessel is then punped through a filter 326, a cooler 328, and
either (a) returned to interstage condensor 321 or spray condensor 324, or
(b) is 20 discharged fromthis systemat line 331 to, for exanple, the water
col um (noWO b4 Dependi ng on the product bei ng pr oREBEsM04/q15468
tenperature of the system should be increased or decreased to control the
vacuum as well as to control the buil dup | ow and i nternediate boiling
conponents, as known. The vacuum punp of " " i ntegrated vacuum syst em of
this invention 25 pulls the vacuum from the pol ycondensati on nedi um pressure
vacuum st age or zone I : 1.1 i rLay condenser
through a |ine 244, ggl?dgt%gﬁ‘aﬁlggﬁ@gflﬁtﬁt@g}@g%@ﬂlﬁ@{dﬁ% ?ﬁ%ﬂér essure
vacuuni vapor stream f vamunt fuenyt influaf canreurficatiah withl thcintedstageabndansereact or i s
connected to the spray gondenser | ow. .t he Liguid.caopljng_.nozzles (not
illustrated) within tlwﬁit@ﬁglzaﬁ?leé’t %&ﬁ? H‘ngthgg l@hﬂg@ﬁ%sg}g_tgﬂmgﬁm&w?% vacuum
connection extendi ng fiQhrd B&y&ﬁnﬂ&)ﬁaﬁ&ﬂh@&ﬂﬁQénctiﬁtotaf%ttf)mgﬁ)hicﬁ%ﬂﬂ@é is also
at the top of the spray condenser, which WO 2004/111104 PCT/ US2004/ 016468 -
123 al l ows thé pol ycomnprensendenser.aag prssing sheniduid ofide medinbpressee goi ng to t he
EGjet. This has the i i NC i i.lity of the
jet. The pol ycondensatp ?@%’!"f‘%&é“g‘r"gg‘:ﬁ% Z\E}é%fl?ﬁ)n% %qgégdgg%ﬁ)&gigﬁgpﬁg S%I:a §t he fi nal
pol ycondensat i on r eacicondensergaassisgthe duidyfran thenep gathion of the sgraposhdesse; et 330,
and 5 extends fromthere . to a bottom portjon or .region of the spra
condenser. The vapor s '9 fgAntensiage %%@B'PFBRE@“]“&““’( ﬁ'ﬂg?%ﬁ’t@fe t‘fprfé’"é%‘g';}h%ondenser
324 at a point Dbel OWs%rlﬁ?c&Qfeﬁéémﬂrb@H'a%r%Eﬂ} jeth MAd gbMmubRMon Wikigtr at ed)
thereof. This allows he pol ycondensation vapors fromthe second EG jet,
and the | ow Wol ycondéeprescnsisnssr erdsthe interstaganantiensen persingdhe thind 6pomthe i nal

reactor to 10 condens ] ] i g | M.l shy .he vacuum
of the top of the poﬁ%%#g%ﬁés%ﬁg%ﬁﬁﬁé%&no@ﬂ@ H]]% tfrzrrg%] &%%SI?{%a%%P 23, the
i nt egrated vacuum systfiid aimrhirdcation esithitieelowglr&ssure polydstelendatien neuamsar y

componerts {or 012 N2 KoY LSy e oLy oSSR g pr e
pressure vacuum zone iggndnPREFbALUR: $ray condenser and the interstage condenser in a
15 seal vessel in fluid communication with each of the spray condenser and
the interstage condenser; filtering and chilling the liquid collected in the
seal vessel, and passing the chilled liquid back to the spray condenser
and the interstage condenser, respectively; selectively passing at least a
portion of the chilled liquid through at least one control valve in fluid
20 communication therewith for use elsewhere, as desired; and passing the
fluid from the high pressure vacuum zone into a second spray condenser

in sealed fluid communication with the vacuum pump.



condenser 335 through a vacuum|line 243. The vapors fromthe high pressure
stage are cooled in the condenser 335, in known fashion. The liquid/liquid
condensate collected within the condenser is passed into a second seal

vessel 336 in fluid comunication with the condenser. 20 This second seal
vessel is MO Ip4iiidiodonmruni cati on with a punp 337 whi chPUF/ESR04/(16468
liquid/liquid condensate therefromand passes it through a downstream
filter 339. Thereafter, the liquid is chilled within a chiller 340 in fluid
conmuni cation with the filter, and the Ii'da?d passed back into the

condenser 335 for re-use, or passed to other users within the plant, as
desired. 25 A vacuumline 334 extengﬁ RY .l, of the condenser 335, and
isin fluid comunication with th t hrough a control valve
343. This design t her dfi esite ehbodimaiite it magebddesirsile ior@place thadisifdtay condenser
and punpi ng system and only has otal EG jets rather_than three per
train. By puffi rfg’]"ﬁ!"ls vgith 3 %’bg'éa}rﬁné%‘grbfaﬁrca{‘ﬁ@ hatdnerheasdfar $saPHPessur e
vacuum zones 10 3ffedh gs's i§ @ gRCRhicN 88&Got rebASviERRInOinRPARE YRASGLS has al so
been cut to less thal half. For exanple a dual system would have five seal
tanks, whereass a tbémgreasentsHateas desotptiomprodudes glysals evithrvepeloseal tanks. This
construction thus_elimpate 2004/ 111.104 [ US2004/ 016468, .--124
unnecessary equi p??gﬁ?nfra{;ﬂ?toiﬁv\éngﬁtwg}}'éha‘ﬁélllgfpé%‘férqpé_%%sgzers?xéﬁgg%?fr eét(g’ﬂg'ﬁ i on

ot herwi se needed g¢opvérpion alrton@ abprcf Qf leds GhenTacg iadioPcontiRuad, idne &heieher ef or e,
the integrated vacuum system of the inventjon includes a spray condenser in
fluid conmuni cat i #reash & Bpraitef the dicheompoynd iremeysd fr PEEEFHA aVaRUYum zones,

respectively, of the.: %ﬁ’éri : t.on.; i condenser in
fluid conmuni cati %ﬁ(ﬁl\}\n@’%){%ﬁgﬂgpr ay ag&(;?lggﬁg’ea?? lsésnugjkgteag(g%%%ng%&?rg influid
conmmuni cat i onlo tdystemgo iselt@ivslyageventhd diskeompouadidi t i onal aspect of the
systeminclude a seal yessel .in flukpd, cqnupication Wt C f the spray
condenser, the int erst‘%f:‘gS °‘é‘8&‘a§ﬁ%‘8?,b’qgﬁﬁ‘%@"ﬁ@w&"%a [}ﬁ‘ﬁ% "Eeégﬁécti vel y;
and a liquid distadskrber (32. IHhs pbrotedusdsisesttte theditst adsorberd @l typicaligol | ect,

filter, chill, and distribute liquid fromthe spray condenser and the
i nterstage condenOBPrisg ¥¥I0E, fiAvids of 2 mixtyrg thereef. This prosessyfludprrealer and t he

i nterstage condengffes fofSPPapot Ulatr ofFHMAE e ARG HGh prBGsE ARS tehfuldsaui d

di stribution
15 come from the polycondensation and other streams, such as pump purges, pump

seals, vacuum pumps, evaporator purges, intercondensers, ctc. The process

fluid stream continues to the second adsorber until a component that is desired

for recovery breaks through the bed. All previous process vapor fluids leaving

the adsorber are sent to the HTM furnace for incineration via line 184. At this
20  point, the bed is saturated.

The use of adsorption reduces columns, equipment, tanks, agitators,
pumps, etc. and replaces them in one embodiment, with a few simple large
pipes or tanks, a compressor, and two heat exchangers. Adsorbtion saves energy
since no reflex is required like a distillation column, which typically has a

25 reflux rate equal to the product draw-off rate. Another advantage of absorption
over distillation is that the diol will be more pure, which leads to less by-
product in the product, such as lowered DEG and less coloration. Also, the by-
product is reduced in the ester exchange or esterification reactor, such as water
in the esterification reactor. Water can have a significant impact on the reactor,

30  and so, the esterificiation reactors can be smaller.

Process fluids enter adsorber bed 181 as stream 189 and exits in stream

190. Stream 190 has a continuous monitoring instrument (such as an FTIR



system bei ng constructed and arranged to collect liquid fromthe vacuum
punp; 15 the liquid distribution system being conprised of a single seal
vessel constructed and arranged to collect liquid fromeach of the spray
condenser and the interstage condenser, respectively; and a control valve
in fluid ®shieos1gdi on with the liquid distribution syBCERISZAMIOIGEENg
constructed and arranged to selectively pass the chilled liquid to other
users thereof, as desired. 20 Still other aspects of the systeminclude the
fluid fromthe low pressure vacuum zone-dA8ering a bottom portion of the
spray condenser, and the fluid fromthe nedi um pressure vacuum zone

entering a Space FEn? e &?Jr;[s}‘oo .Igltrar%]?\Halﬁﬁé)?&ﬁ%%ﬂn%gen\ﬁg\;e;lengthsﬁgquge spray

condenser in fluid C nication w Fessur & vacuum zone of the
pol ycondensat i on dpprpiiate, withexpatamoe)dnd fheawit2ling osule s dsnealitina timemghtet n 1 ui d
comruni cation with the vacuum punp; a. control, valve disposed internedi ate
of and in fluid c%ﬁ?ﬁ?rﬁc%é‘ﬂiim?"&ﬁ"? @5 bR agmplighed ith mpualerabserledr and t he

vacuum punp; and tﬁaﬁﬁ@gp& Wit nfdboRdct kP 8208 igmhﬁglthe%e&suwﬁ&*egir d

arranged to collect, ter, chill, and distribute qui d passed romthe
second spray cond®mpenertexits, all ethst contponegdcanders pracireamn i 8@ trsstream3@4.Yet

anot her aspect of_the jnteqgrat vacuu ysteem of the.inventio i ncl udes a
spray condenser i%rqaph %gmfﬁﬁ%%afgeﬁ%ﬁ%ﬁ dg‘éls%sug 4 Wé%mﬁﬁ? “and | ow
pressure vacuum zeds furi®s pebeimat byidized, a th@lynobyidieadens @ncobed BAG§ Or, a WO

2004/ 111104 PCT/ US2004/ 016468, - 125 first EGjet in fluid comrunication
with the spray coRgdsdaed a dgsired sompienyis exitipg §Esaael90; theproseds RudsaAifi cat i on

with the first EGeh€hio the HAGYLMHRYAR. i N fluid communication with the
i nterstage condenser, and a second EGjet in fluid comunication with the

| ow pressure Wacuum zdnerdentd ushéhessama dravangl dad 81 is Bowebpen us thelpgrtiallyldi t i onal
aspect of this enpodi,nen f ,the.,invention i @ de the fluid i m.the | ow
o1 bssur 6 vacuum 2oRFodRy Ly e Eofel isBra 0F BPT e BEARRERET  ng
the fluid from t hglighdidedbdgirRs&ibee inie presRdnsaraRiphl iBw 183 ispaded t op
portion of the spray_ condenser; the first EG jet extending fromthe top
portion of the spteagrbedbrslerdisd 18] ivkeingleicd apdrserbeddaithrgfimtparagmany. Bsd
comuni cati on Wi { fue ahGYRERIT R SR SHANASEARGANIRRIAME BILPAIL | on Of
t he spray condenser; and a seal vessel 1n tlurd communication™wth the spray
15 supplied to it via stream 191 coming from heat exchanger 188 which is heating
the stream. Any convenient source of heat may be used such as stcam,
electricity, hot gas or vapor, hot liquids such as heat transfer, media, etc. Heat
may also be exchanged between condenser streams 187, 191, 192, 193 and
stream 199. Conventional air to air heat exchangers as wells as solid bed
20 exchangers may be used. The motive force for the inert gas stream comes from
compressor or blower 186 although an eductor device may be used with inert
makeup stream 197. The pressure on the inlet of component 186 is maintained
by the addition of inert 197 and recirculation stream 195.
The hot inert gas coming into bed 182 desorbs the components from the
25 bed. Altemately, steam or other hot condensable vapor may be used, but this
detracts from the purity of the exiting stream and also requires additional
separation equipment for the stream. Those skilled in the art will control the
flow and temperature of stream 191 to accurately desorb bed 182 separating the
desorbed components into high purity, discrete pulses. These pulses in stream
30 192 are monitored by a similar device used in stream 190. When a non-desired

component is removed from bed 182 into stream 192, a 3-way valve or multiple

2-way valves are switched and stream 192 is sent via stream 198 to the thermal



condenser, the interstage condenser, and the vacuum punp, respectively, the
seal vessel being constructed and arranged to collect liquid and liquid
condensate therein. More aspects include a punp in fluid comunication with
15 the seal vessel for punping the collected liquid therefrom a filter in
fluid comYMPOHINHM with the punp; a chiller in fluid EETFE0GBHEHEN Wit h
the filter and being constructed and arranged to chill the liquid passed

t heret hrough, the <chiller being in fluid %anunication wi th each of the
spray condenser and the interstage condéﬁ er, respectively, and wherein the
liquid chilled by the chiller 20 is passed to the spray condenser and the

| nterstage condensRiioh ASMGEHA VR 163, AIRRIIY, stalky 993 Quld pisdifSugauni cat i on
an r

with the chiller bei ng constructed an ranged to selectively pass
chilled Iiquid taootdoeled gemienser h8¥ aruifproceed thestieamd 84 dor thérgpal ekidasionect i on and

chilling system strycted and arr.anged col | filter nd chill
liquid and Iiqui gwg%ﬂgﬁgg EOTPRYAYRE 05?%60%8’%2&%@? Sl 19 Wst age 25
condenser, and t h@vedaitimiRheiand s@ede I protetds @REredm 19Sandintd dulmséme
chilled liquid to the spray condenser and the interstage condenser,

respectively. SThel&teopgenstr I8gionebe saoledrvith ain. refgerated welenaringsraleddatiensat i on
reactor therefor %aieéﬁggﬁs%%o > 3t &Qertagﬁrghgél% ﬂgﬁm?s‘? MRlcobRd Sea YT UM

pressure pol ycon at1on vactum zon ow pressure polycondensation
30 vacuum zone offal heloweghe saturationt temperstureging tlypdeayedamgengdwill gosteaseed f | ui d

conmuni cation with each of the,nedi nd,l o r ure v u zones,
respectively, anotl‘)?lp Strgam AR iy d&lg%ﬁl%%w Sﬁﬁ%‘ﬁ?i‘%‘??@%%oom 111104
PCT/ US2004/ 01646 8pprobAtecRNaiRtsataineNfof thdi So@RIMDRLCAcb@N IPicbitain 2 nor ay
condenser with a vacuum punp in fluid comrunjcation with the interstage

condenser.  AHdi tdeskied compoaent agrinthevahes RERERIEIGRehRIBIt a2 2B d from
the low pressure,ppl ycand Sﬂﬁﬁﬁdn%viﬁﬁ’lf'lg%‘%ﬁ%{hﬁg ﬁ#%%s?b&%ér%@si?&f dgon of the

5 spray condenser, and passing the um pressure

pol ycondensat i on noaedesimedzapmeponertocantispacetll edd 8P o tbladlp dedortiede Be it 8%
condenser; passi nﬂ the fl L{' d,fromthe top portion of the spray condenser to
the interstage conALBEafSHIY g the fluid fromthe top portion of the

spray condenser throudhasdrdnh Ediidefiser 185t inisfednt VOXhvTIOIBALAN @adbsiiedWi th the
15 component to be recovered, but is below the saturation temperature of
condenser 185. So, stream 193 is sent to the fully desorbed bed .183. Bed 183
adsorbs the desired components cleaning stream 193. Stream 193 exits bed 183
as stream 194. Stream 194 is directed back to blower or compressor 186 as
stream 195. Stream 197 adds makeup inert gas to maintain a constant inlet
20  pressure to compressor 186,
Once bed 181 is saturated and bed 182 has been previously desorbed,
the bed functions cycle. Bed 181 takes the place of bed 182 in the cycle. Bed
182 takes the place of bed 183. Bed 183 takes the place of Bed 181. During the
second phase Bed 181 will be desorbed, Bed 182 will catch the desired
25 components from condenser 185. Bed 183 will be saturated with reactor
vapors. Once bed 181 is desorbed and bed 183 is saturated, the next phase will
begin.
Further enhancements may be necessary based on system sizes and -
products being produced. Multiple adsorber beds may be required for each
30  function as well as multiple cooler, compressors, heater, and heat exchangers.
The stream 189 from the reactors may be cooled before entering bed 181 to

improve the adsorption capacity of the bed.



10 spray condenser and the interstage condenser; passing the fluid fromthe
| ow pressure pol ycondensati on vacuum zone through a second EG jet in fluid
comuni cation with the | ow pressure pol ycondensati on vacuum zone and the
spray condenser, respectively; collecting liquid and Iiquid condensate from
t he spray ®sunwesisiero4and the interstage condenser in a l1BCresdoov@ssel in
fluid conmuni cation with each of the spray condenser and the interstage
condenser; filtering and chilling the quigg collected in the seal vessel,
and passing the chilled liquid back to th pray condenser and the

i nt erstage condenser, respectively; selectively passing at |east a portion
of the chilled liquid through at |east one control valve in fluid 20
comuni cation therewith for use el sewhere, as desired; and passing the
fluid fromthe high pressure \EIdMINATION OR GEARSPUMRISEpray condenser in
seal ed fluid communication with the vacuum 04/111104

pu WO 2

PCT/ US2004/ 016468 - 12“4"%@%%%@5%@?@/? BFPT ?B%Bbé%‘ﬁﬂf TRV ISP e
desirabl e to replagend ffstl fdabtbt. aFHePAmpCveiBinSs the fphesfHe BFopDetiveed] R adsor bers
can use hot, inert gas for desorption. Inert gas is any gas, which does not
react with redct dmwodeagtatesingatbe prgsryra ditiprgncess neleareat praugbitq promde thgas
desorption produces,alntal Sl Bp\ehiko halaCORGRRLEALLENS 9videl Fliforihi ©N
will inmprove the € TEr exchand’e > eS8l eri 1 cation® conversion. 1 one
aspect, at |east flyvetothafhidhdr alloswingdiable opeapaurShmeprdcashahavabeeat | east a
portion of the diol conmpound is removed fromth rocess as a vapor a
liquid, or as botwnam?&ﬂd?‘ﬂhtﬁapﬁp?w&i’ E?Ct%rr?(ﬁ a@%ﬁﬂf%’?@&‘@@%ﬁf“&ﬁ&@r ption
10 system to sel ggbiM@ink neQRYPhrebdife dlitirendeO MR WantdorsdMeurdiforhirdwr € 19,
the fluids fromthe process are fed to the first adsorber 182. The process
fluids sent t# thiethdfiyshendsorber 182 typically conprise vapors, liquids or
a mxture thereof. Thi fl Ul r . . m a vapor stream

The ]9eci'§§c§or sbéﬂgﬂ gQ%hﬂg?Hqél ire ggﬁ‘iﬁg uI the

I
of f of the esterificatloﬁ"process, corme fromthe
pol ycondensat i on muhgtoaddmeatimtsyeansincsthe dedgn pithppipingdatseremlyppoviésathes, vacuum

punps, evaporator purges, .intercondensers, etc. The .progcess fluid stream
continues to the EE?B‘%J%@ {hpve the matesialig ﬁfec{lﬁ%?fctggp]&ﬁ%imed

addition, the pipe reactor has no level or pressure control systems to provide

15 upsets to the system that would be dampened by the gear pump. The pipe
reactor dampens inlet perturbations. Since the pipe system provides a uniform
flow without additional dampening and provides the head pressure necessary to
provide the flow between reactor sections, it does not need a gear pump in the
polycondensation section.

20

COMBINED ESTERIFICATION PIPE REACTOR AND
POLYCONDENSATION PIPE REACTOR

The individual sections recited above regarding the processes and
apparatuses for esterification and polycondensation apply to, and can be used in,

25  the combination and retrofit embodiments recited below,

As shown in Figs. 6, 17A, and 17B, the two main pipe reactor stages of
the present invention can be combined into an integral unit. Figure 17A shows
one embodiment of the present invention. The esterification reactor and
polycondensation reactor are both pipe reactors. Reactive material is stored and

30 fed from tank 221. In a preferred embodiment, it is solid PTA feed directly to
recirculation line 224. The reactive material proceeds to solid metering device

222 from tank 221, which is on weigh cells 223. The solid PTA enters the



for recovery breaks through the bed. Al previous process vapor fluids

| eaving the adsorber are sent to the HTMfurnace for incineration via line
184. At this 20 point, the bed is saturated. The use of adsorption reduces
colums, equi pnent, tanks, agitators, punps, etc. and replaces themin one
enbodi ment WoMep4i11a10ew si npl e | arge pi pes or tanks, a BOHpPP288€W6468 and t wo
heat exchangers. Adsorbtion saves energy since no reflex is required |like a
distillation colum, which typically has 3%25 reflux rate equal to the
product draw off rate. Another advantage absorption over distillationis
that the diol wll be nore pure, which |l eads to | ess by- product in the

product, such as lwehich RE3ANhER & RREOKAh RYeachlve Monblier fédin iRy oduct i's
reduced in the ester exchange or esterification reactor, such as water in

the esterificati csterificatipnreactpn22t, “(imhh@ab@nae@plgdlthm@ﬁrﬂmel%ﬁad"hc on the

d h
1 ai ds ent er ads Srete i b ealexkBhbdoh 586 iRy TheSBRuE 00 °S cam

190 has a conti nfels pifreidhsri22g. Pmbfmmtndrsmmhua& ragychelllbzc kYo 1200240111104
PCTI US2004/ 016468 - 128 (Fouri er Tr@nsform | nf rar ed AC}%@ ySi sg but a single

wavel engt h wodl d ipythe ‘&fb}fﬂb‘bfrﬂuﬁ’tpezz\ﬁn ditiopl liauidadditiyesy syhedis S5actapldi %99 coul d be
done Wi ih 2 L1 Totedld Biousf HRE AR RN ROINENp6ap 25 PREATLE Shod, i LT

manual grab sanples I ndi cat es when a conpone 0 be saved Is exiting
the bed. Until aoflesmp@ds b f@d)ﬂwghmtprﬁxm seduaing d@tltﬂe246cio|f4tditgtntdse sahié sent

Vi a stream190t st ream Str es-ta a_thermal, destr uctlon
Hevi e such as ¢ RESER B i fap GREA L thedERac Aol dellor B voRbe

catal yti c oxi di Zeines Ziland QEele&dpdraipteﬂeraHlpéﬁﬁe%raﬂdng Figaieriog dimsf'@onent is
exiting stream 190, the process fluids are sent into the nexi absarber bed.

10 In order t¥ udem Kigueefa, iy i angddifepal yent ‘¥"§2%%WP§?§60\9|1 VBt ingel29dnt j al |y

| oaded bed that igho Beiclids |deadeshsVhriorts i dbirt fRid @FMS dHBwhGRFIDT 78, Bed 182 i's
the fully |oaded bed described in the precedi ng paragraph 183 is a

fully desorbed hedertaBeaspe@s. réraovsavaiey ﬁmtﬂumrm%d&:bg oihgeportion ofibef i r st
parSaraeh, 2o 1080 SO 0L R 855 B B 1 R "
exchanger 188 whixB. THe BlatntT@m the esterification process is then optionally mixed with
15 additional liquid additives at 234, is fed through heat exchangers 233, and is
then fed to the polycondensation reactors 235, 236, and 237. The effluent, or
completed polyester or polymer, is fed through gear pump 238 and exits the
system at 239. Pressure, specifically vacuum, in PET and PETG processes can
be controlled using vent or vacuum headers 243, 244, and 245, The vent or
20 vacuum headers 243-245 can be fed to an oxidizer, such as an HTM fumace, an
incinerator, or a thermal oxidizer. Pressure differential between the
esterification sections or zones (E1/E2) and polycondensation sections or zones
(P1/P2/P3) can be controlled using a pressure differential device, such as a seal
leg 247, and the pressure between each of the polycondensation stages 235, 236,
25 and 237, can be controlled using a pressure differential device, such as a seal leg
at each of 241 and 242. In an alternative embodiment, instead of the recycle
influent coming from the esterification process, the recycle influent can come
from the polycondensation process, for example, as a slip stream off of effluent
239 (not shown in figure). This can increase the liquid polymer uniformity.
30 One skilled in the art will also appreciate that the reactors of the present
invention can be used to construct new plants, as well as to enhance or improve

existing plants or to increase capacity. The pipe reactors can be used to replace



the stream Any conveni ent source of heat nmay be used such as steam
electricity, hot gas or vapor, hot |iquids such as heat transfer, nedia,
etc. Heat may al so be exchanged between condenser streans 187, 191, 192,
193 and stream 199. Conventional air to air heat exchangers as wells as
solid bed 20 a0¢hHdfers nmay be used. The notive force fecTaleoiomids gas
stream cones from conpressor or blower 186 although an eductor device nmay
be used with inert nakeup stream 197. Th? ressure on the inlet of
conponent 186 is maintained by the addifi inert 197 and recirculation
stream 195. The hot |nert gas comng into bed 182 desor bs the conponents

fromhe 25 bed.o bbb 6F RkRLNinH MO ohRPICIOkioRPBFENSARYE plAPRL, ™) e

used, but this rom-t urit e eX| al so
requires additi onabaussgpaemlcarm@qpacpmnﬁtaﬁm Ihlvee sipeetam estdardwetiaki [ 1 ed in

the art will contr | ow . a erature o stream 19 accurately
HocorD bed 165 ccratdsationed RULuPERRCBBE RS ' FomiHrag anCTiged

di screte pul ses. tmemcsuﬂnm Edndbidi€Ah 38th hDén PdnioAR RedcRr ¥t rﬁ’éku?g aSI m | ar
device used in stream 190. When a non-desired conponent is renoved from bed

182 into stream lBfyesigr Bopppenaipolymsr. Farlexampple, Fig-Swbpwe apsside are swi t ched
and stream 192 i s o%ﬁ%gt\{%n%wgit eetﬁms%gr?d és?entfﬂgtlo%t}gﬁc%l2&%@0@501%%41%\;& 3’@{1@1 stream

PCT/ US2004/ 016468 evice Via strea
192 coul d pass t hvodugdtodeedthe pelgcdndensativriiensar2 13@bitafull qapailgeth this st ream 184

for thermal oxidation. Wen a d red co ent i rermv d frombed 182
into stream 192, {ifyation, a pipg Feagios i h‘éﬁ‘i@g ctuvepnti firgand second s t o stream

199 and into condapsBkatentBRiorCNIaneer2 A8RcaaINDE £RAIAS iildhcalife is
refrigerated water, refrigerated gas, by expansive cooling, or other

appropriate miansrequited i thel fiset p@lw:e@dwaaggn vdartor 2§35 the i tsegterdd Ssan be at i on
tenmperature and t, H&aﬁe‘?isa{bﬁ%dthg %@o%ﬁen%s c)%wﬁ@c%gﬁ{&ﬁ%ac Oglntnﬂ‘? Sh 51??%‘ as a
i'S

liquid. The liquid Tn stream e appropr|a or age
contai ner for thatippeantizatdedindteraise diamgifEhenoniracasreatoreducelliquidesi red

conponent again, the valv are a tched so at stream.l oes
the thermal oxi dati@Hmeay Yepor wm °§;§P‘P HEtepris® éé‘graﬁ’é‘t%%‘?f’s&égﬁ?‘gd and

non- desi r ed CO”DOHQMA&MQ%EI' pipESouttld ddabed id@eask theliRh@bdn¥reffer PRde Bed 182
t hen goes to stand

15 plplng modifications can be installed with the plant running (the pipe can even
be routed to an outside wall to have enough room for the installation) except for
the two end tic-ins. Then during a short shutdown, the tie-ins can be made,
effectively adding capacity or performance enhancement. These pipe reactor
retrofits can be in series or in parallel to the existing facility CSTR or other type

20 conventional reactor(s). When the pipe reactor retrofit is in parallel to the
conventional reactor, each of the respective pipe reactor and conventional
reactor can be selectively operated, such that either only one of the reactors is
operating at one time, or both of the reactors can be operated simultaneously.

Alternatively, the pipe reactor retrofit can replace the existing reactor(s).

25 In one embodiment, there is provided a polyester production system,
comprising the pipe reactor of the present invention retrofitted to a conventional
polyester process comprising a conventional polyester reactor, wherein the
conventional reactor has been disabled from the production system. In another
aspect, there is provided a method of retrofitting a pipe reactor to a conventional

30  polyester process comprising (a) retrofitting the pipe reactor of the present
invention in a conventional polyester process comprising a conventional

polyester reactor; and (b) disabling the conventional reactor from the process.



Gas from condenser 185 in stream 193 will contain the desired 15 conponent
to be recovered, but is below the saturation tenperature of condenser 185.
So, stream 193 is sent to the fully desorbed bed 183. Bed 183 adsorbs the
desired conponents cleaning stream 193. Stream 193 exits bed 183 as stream
194. Streamol®a4/i1310di rect ed back to bl ower or conpressoPCI/BS0a&1688r eam 195.
Stream 197 adds nakeup inert gas to maintain a constant inlet 20 pressure to
conpressor 186. Once bed 181 is saturated and bed 182 has been previously
desorbed, the bed functions cycle. Bed 1833takes the place of bed 182 in
the cycle. Bed 182 takes the place of bed 183. Bed 183 takes the place of
Bed 181. During the second phase Bed 181 will be desorbed, Bed 182 w ||
catch the desi r edAp8ssedhatsim diselingvith reenseten thercongantiont @roogss rafery tobe

saturated with rea . - g}ﬁ . 81 | gg 31is
saturated, the ne&rﬁ‘t’%ﬁ'ﬁ g%m ?fm egﬁvﬁgf@tﬁ}r}et 3&§né%ﬁ§ﬁ)g£%gshtﬁ g’q‘%ﬁy éﬁehecessary
based on system sppedimgravalverupstusirsoflibe intet piddivarteanhof thi plidet agither ber beds

may be required for each 30 fungtion as well as nultiple cgqoler, .
conpressors, heat €nvenipgaljgagtoran H%]Hljlgraﬂé". cWﬁ@t’QPEPIé’é?ﬁei%’?f?‘?rr‘g?ﬁof‘%“?% actors

may be cool ed bef Qi ¢n&nihg ol oPafd cdvkntiohal {eaaepﬁ&ntdrﬁraée%@g fdppn capacity of
the bed. WD 2004/111104 PCTI US2004/016468 - 130 ELI M NATI OF GEAR PUMP(S)

Most pol yester plants Indhepracegessang eppsraisesdeseriheddiernine tasirg ersrbergeataror  and
o F1miSher 1 each gy T0% PR RISECPIRS ohif: BERSSNALofl SRBRINERR o 5 (w0

reactors since the pP%ssu erence 1's no réat eno to provide the
requi red flow. Theageusizons HesOmuBiplt restas cantterplargd thestneeortia ppralisli de a
uniform flow to the fjinisher allow ng iéabl e operation. _SOHE processes have
been constructed wit PTEHBUHICEHNS PREFOFERE PRMStErs{ORdesHBINEINSRRE IBAOt han t he

the. uni for m 1 1w Eg e L Ra o gl R e aL not o
require a punp i naaguire langs snovghiring dininoter wyoonsimctihaceactonendimeitdhe of t he
piping inherent| yp:R’zrn%gtieg.e%o} Ql%h plants, a plurality of pipe reactors can be operated in

parallel. Multiple parallel pipe reactors can be instatled and combined at

various locations within or between the zones. To minimize cost, the initial

15  starting section of the reactor can be mixed before splitting. This will eliminate
the purchase of additional feed systems. The vapor lines can all go to the same
vacuum train. The polycondensation reactors can share the same vacuum and
condenser systems. Thus, the only additional equipment, and cost incurred, is
the additional piping required.

20 In another embodiment, one single pipe reactor produces the polyester
polymer from initial pre-monomer reactants. In this pipe reactor, reactants to
make the monomer are fed in at one end and polyester polymer product is
output at the other end. This is especially applicable for polyester processes that
do not have separate esterification and polycondensation steps. In this

25 embodiment, the above aspects with respect to the separate esterification and
polycondensation reactors and processes are applicable to this single pipe
reactor process, such as the use of a weir, vapor removal and liquid
disengagement, geometrical orientation of the pipe reactor, etc.

Accordingly, in one aspect, the pipe reactor divides into a plurality of

30  substantially paralle! flow conduits extending between the inlet and the outlet

thereof, and wherein the reactant flowing through the pipe reactor passes

through one of the plurality of flow conduits while flowing through the reactor.



pressure required to nove the material to the next section of the plant. In
addition, the pipe reactor has no | evel or pressure control systens to
provi de 15 upsets to the systemthat woul d be danpened by the gear punp. The
pi pe reactor danpens inlet perturbations. Since the pipe system provides a
uni form f MEM0AFEHYYt addi ti onal danpeni ng and provi desPChESeslsg8essur e
necessary to provide the flow between reactor sections, it does not need a
gear punp in the polycondensation section, 20 COVBI NED ESTERI FI CATI ON PI PE
REACTOR AND POLYCONDENSATI ON Pl PE REACTOR34he i ndi vi dual sections recited
above regardi ng the processes and apparatuses for esterification and

pol ycondensati on LN, 5t i i nd
retrofit enbodi nel?iﬂt% 51)%8{:18{) Cg%gleﬁ%%\?vw Qggpgg%%%cqﬁﬁa |ngépeer§?8§"h7ﬂ?%ﬂﬁaié;8, t he
two main pipe rea@bmbfehmgemdoées thdsmeroe 8 differénd pelytstamammenand elibiered i nt o
an integral unit. g re . 17A shows one @Ws'Odl ment of _the present inpvention.

The esterificatid é)‘feStﬁﬁ’Ei'c'“%?r)‘F&S‘l’?H Eﬁpief)thvereé’%ﬁﬁﬁﬁqnoaP@’eﬁﬁﬁcﬁ’riﬁspe

reactors. Reacti varaaea%b@he ﬁla S 8 paidomidndagiehn Prpe%akemklr%&he} n a
preferred enbodinent, it is solid PTA feed direct recirculation |ine

224. The reactd veaspeateat ﬂmt typ@aveaiepqlmcoedtnswmmn‘engomerﬂ wrevided padhr om t ank

221, which is on VPWI%QE roduces ?h%?éa Iglea ?ﬂﬁ%ﬂb@lﬁé Wﬁegiaglyﬁ}e} qu w@el%ldl e\%{ 111104

PCT/ US2004/ 016468° recircul a I'on 'S mXxe 1'fh t he

reactive nonomer flyiépolyeser rﬁ&ioﬁ’fet Exiting the mespemivt esterdficationpipe Feabiass ibeen
recycled through I|ne 230. m.xture enters the heat exchanger 226 where

it is heated. Thedifgciedip 818|f'§stteﬁ%ﬁfatf1%’at s ob thserepRestiy ool yepndensatiqn pipe ¢ he
react i on mxtur e jesus@ovehamhd ke febieidith fipt RabBF ol AueRbIRTicPUTD 225,

Addi tional liquid additives, such as reactants, can ough line 240
into preferablfy tmStenﬁbumtreaﬁforpmmlOz%m pﬁrﬂéleetbfomemthero*ﬁﬂmmmﬁ is fed

through a pressurg, s efluckig, ASul.g. £40. 4 8eds ] bl Sabiomalid, s no of

the PTA from tank' fon-react can Mines 23
| and 232. The vapeftpolgopdentationltactosemisitioned @fparullelto ohe gmmmrlrﬁﬂi differs 10
fromFigure 17A, in tha}, an aqdl tional vent line 229 is :Pc( egent Vent |ine
229 in common first end. In this embodiment, a co-reactant can be added to at least
one of the plurality of polycondensation reactors but not to all of the
15 polycondensation reactors to thereby produce at least two different polyester

products.

SOME EXPECTED ADVANTAGES OF THE PRESENT INVENTION
One benefit of the present invention is that the design allows the reactor
20 to be constructed in areas that contain interferences. The pipe can be fabricated
around columns, beams, other pipes, other reactors, distillation columns, etc.
Also, many embodiments of the present invention do not require
pressure or level control. The pressure at the bottom of the esterification or
ester exchange reactor is controlled by the pressure losses due to friction, the
25  static head from the reactor liquid contents, and the back pressure on the vapor
lines leaving the reactor. Since the goal is to reduce the pressure in the reactor
in a prescribed pressure profile, the reactor piping is configured to produce the
profile. This eliminates the need for pressure control with valves. But it is
possible to control the distillation or vapor exhaust pressure and add this delta
30 pressure to the entire esterification or ester exchange reactor.
Nearly every aspect of the conventional polymerization train is greatly

simplified by the pipe reactor of the present invention. The instrumentation,



one aspect is located just prior to the recirculation tee as shown in Fig.
17B, to, 1in certain aspects, renove water fromthe process. The ot her
portion of the reactive mxture flows through the additional pipe reactor
esterification process 228. The effluent fromthe esterification process is
t hen opti o) 1o94/m1dd wi th 15 additional |iquid additiveeI/H$2008M6468Bs fed

t hrough heat exchangers 233, and is then fed to the pol ycondensation
reactors 235, 236, and 237. The effluent,lgr conpl et ed pol yester or
polyner, is fed through gear punp 238 and Rits the system at 239.

Pressure, specifically vacuum in PET and PETG processes can be controlled

using vent of vaciliiRsaRaesicdl isbs redfifled 20GredPrealltl, dfhuntts, RRyaCUUM

headers 243-245 can to an o i zer, such as an HTM'furnace, an

i ncinerator, or aagitatarsygtactox satewsand ysegiated scatisyksfems arg ¢lmtinited. Wexnept foe
esterification sections.or .zon EL/E2). and pol ycondensation sections or
zones (P1/ P2/ P3) aB'émp’ﬁgm}:edF\P?egisf?rt(a%reﬁg‘f n’ﬁmg gb‘ﬁ’@s‘éu PECIFY Oérs‘éﬁrﬁ?rpsa?llt Vi ce,
such as a seal | p@seadihveivel Habelittle @8 sweh@oheiwgrteathe ftudtiva and

pol ycondensati on stages 235, 236, 25 and_ 237, can be controlled using a
pressure diffef enfamevakpfhese comprngntg drom e glant greatlyfeducgethe gmopmtofang 242, In

an alternative e i i : : j ] romthe
”P@agésdg&% gbdrhg}é Wgﬂ?n&?{lﬁuré&%‘ﬁlaﬁ*ccﬁ@ Ha}’rﬁ%%}m%‘eﬁc{é‘s@ dnd

esterification pro ent can cone
pol ycondensat i on ptildg essspmpten. eRerppercacier can bt wpldsd mathoutfaskets, whifchl uent 239

(not shown in figure). This can i.ncrease the. |iguid mer, upiformty. 30
One skilled in théed}i%ets cWﬁsP“ﬁPEtOOf F%(’i?rzi‘f'galf:lweé'gagceﬂgt%ﬂé%%f’%?rsﬂﬁfe%ﬁ’ he present
invention can be usgevihgpeat&iqubiay. TR¥sUds@MIS redastiomlin cqsprhient ahevnes] or

i nprove existing plants or to increase capacity. The pipe reactors can be

used to repl ade WsEOBAISPPIaUde $RONcRLd RPOWICA G - 132 or can be inserted
W thin a section of MUhkd hercABIOPIR scin®biio) idberbAhucldidhy 1S causing

a technical or capacity tation. In one aspect, an esterification,

pol ycondensat i on, installedbinHessitipee thaareacor vepgeber dihe piping) cande shoysarrfiebd ed and
arranged to be placed in,fluid co ni.catiqn w.th conventional reactor
for making a 5 poPRbrEiteiiee pbliriass son berdpiensello aflaw the 1sactyr ¢ ce

possi bl e confi gusatib@MNs belkipsed diastaasdnacas bigppihg Eotitdifds emies,@fc. 212 does
not have enough volune to feed the pol ycondensation reactor 213 at its full

capacity. In thiswitSpytehtaining costlyppbslew qrergee groveryjehi shigping aemitsveen t he
first and second fy, prefabrication allows modular plant designs where the piping can be
constructed, pressure tested, and insulated in the shop, reducing field
construction time and at a lower cost.
* The liquid volume required for polyester pipe reactor design of the
20  invention is substantially less than a conventional polyester process.
Additionally, the amount of particular by-products produced can be greatly
reduced by utilizing a pipe reactor design of the instant invention. In one aspect
of the instant invention, wherein PET is produced, the instant invention can
achieve a level of DEG impurity in the final produce of less than 1.2 weight
25  percent, in another aspect less than or equal to 1.0 weight percent, in another
aspect 0.74-1.0 weight percent. This is to be contrasted with a typical
conventional process for making PET, wherein the typical range for DEG
impurity level is from 1.2 weight percent to 2.0 weight percent. In fact, this-
reduced amount of DEG impurity in the final product can be achieved
30  simultaneously with a drastic liquid volume reduction achievable with the

polyester pipe reactor design of the instant invention.



esterification reactors (211 and 212 respectively). |If additional residence
tinme is 1o required in the first pol ycondensation reactor 213, the pipe
reactor 215 can be installed above the top of the first polycondensation
reactor. Simlarly, jacketed pipe can be added to increase di sengagenent
surface ar &0 Wd4/tidthdce | iquid entrainnment. Vapor renovedrAUsmn/4lessystemi s
wthdrawn via lines 216 and 217. Additional pipe could be added to increase
the heat transfer area. These 15 pi ping difications can be installed with
the plant running (the pipe can even bé outed to an outside wall to have
enough roomfor the installation) except for the two end tie-ins. Then
during a short AWy the tie-ins can be made, effectively adding
capacity or pertornmance enhancenment. These pipe reactor retrofits can be in
series or in paral | &hefdlopheg examplesarg fubfirhisp s EIFRVide theshefordippry 20
conventional reagt.or(s). \When I reactor retrofdht is in parallel to
the conventi onsgﬁ] lﬁélgfc%torwgg%rhﬁgﬁe%ﬁ%gjsurrgg‘b&e@‘fsmé}oﬁiogg%‘r”e@%tor and
conventional  rceapbetdsCraimpdsition, eticley,aleyicenmaat adthods Chintdidierain lser only one
of the reactors is ogperatin t one tine, or both of the reactors can be
oper at ed si rful taaEan< Fyprluakgd, g‘?‘ﬁ"ﬁf‘ ijendgd tohepumslyexemplary of theduyegtion can
replace the exighifagol ffded foSimit the3cdpd of WhadHPRIERBRLeoddSY eit S Provi ded a
pol yester production system conprising the pipe reactor of the present

i nvention retrohventien Efforts hayebeantashead ensprel apesacyrwith tespssttogumbeissi ng a
conventional pglyester reactor erel n the conventional .r or has been
di sabl ed from ﬁﬁ‘ ” Wﬁ%%’??’%é}e%%rse\t,\%%ﬁ’%Iuﬂsoénr?oe[rﬁ%ﬁ'andzi@‘pl)lg s S%’ﬂlgl?g’gl s provided a
met hod of retr akiduhteddord hilge indiatddather®ise, pannxepaitobplveidt, pol yest er process
conprising (a) retrofitting the pipe reactor of the present inventionin a
convent i onal? pdfyeesetere ipiolediss alamtiens iompertus Mpd RIGSHHAIS at poRSpEst er react or ;
and (b) disabli @gogpﬂgr-cconventi onal reactor fromthe process. WO 2004/111104
PCT/ US2004/ 0164 Y33 As used herei n, disabling with respect to the
conventi onal procesASPENamsddling was esedrfod thg dith Belbwu iWhdre ASPENowWi ng to t he

conventional process,.b for, .exanple, pr.ovidi val ve upstream of the
inlet and dpms"f“?‘ggﬂg Bfrgqcf?é'c"d]d{’ﬁ?ﬁné)"?@pkﬁét l?éé%{?&%ﬁ%ﬁgﬁ“ﬁ@g@ﬁ&rw d val vi ng
the conventi onalol @6 pRS, Ml ASPENIE BEPTE@mbIoBY, eRcdpi8s indlcaled BBwOtRe et of the
conventional reactor fromthe process system In the processes and

appar at uses!sdessterifeation egaston is medeled as grsenins of  £T& reactor models followed
by a plug flow model.

EXAMPLE 1
Using ASPEN modeling, exemplary pipe lengths and heat exchange areas
20 werecalculated for a pipe reactor system for each of PET and PETG.The resuits

are shown in Table 1 below.

TABLE 1

Esterification Polycondensation
Pipe Diameter in 14 12 .14 16
PET Plant Pipe fi 733 1775 1905
Length Stage 1 Stage 2
PET Plant Heat ft’ 2200 2000
Exchanger Area
PETG Plant Pipe f 79 75 255 680
Length Stage 1 Stage 2 Stage 3
PETG Plant Heat | ft’ 2200 1900
Exchanger Area




than one esterification stage or zone and/or greater than one

pol ycondensati on stage or zone. These multiple reactors can be placed in
series or in parallel. Previous sections described the paraneters for
designing the pipe reactor 10 systens of the present invention. For |arge
pl ants, it wompo4ntiohe possible to acquire |arge enoughP@i/pseogiasmeser to
construct the reactor and neet the paraneters. For such plants, a plurality
of pipe reactors can be operated in par alllﬁl Mul tiple parallel pipe
reactors can be installed and conbined at ~“various |ocations within or

bet ween the zones. To mnimze cost, the initial 15 starting section of the
reactor can be m xed before splitting. This will elimnate the purchase of
additional feed systens. The vapor lines can all go to the same vacuum
train. The pol ycoBXAMBLE@n reactors can share the sanme vacuum and
condenser systens. Th the di i prent, and . i ncurred,
is the additional pip uédqﬂqq?'é%req%éq 1 %R%l?’%g?r P&%S%“t%r}‘%?‘g‘?‘c?ne singl e

pi pe reactor pr odwbeﬁnﬁdm 1650 thansitoahivenfionay pelwes‘tércymdesu tHoflexdhiipte, ASPHNET
reactants. In this pipe reactor, reactants to the nononer are fed in
at one end and’ poM@ading wassyn,iesPmprrsdRia $09 %“"‘%P?}H'E‘S BT YereP Bk britle plagt.  Thi s
is especially aperhézé 18 akdet BRILETLEIE 2RERGESSEes that  do not have separate
esterification and pol ycondensation steps. In this 25 enbodi nent, the above
aspects with respect to the separate est’l‘ekBlf-Edatl on and pol ycondensatl on
reactors and processes are applteabte stRgte—phpe reactor process,
such as the use of a weir, vapds +€m‘v'Eptegﬁﬁaq'q“1"' d—disengagenent ,
geonetrical orientation of the pﬁt“ﬁ@a’ideP @Wor, e 'Eb‘é Aﬁgordi ngly, in one
aspect, the pipe reactor divi de?‘l’erﬁ"é‘c@fpl ur aI i 8¢ g 30 substantially
paral l el flow conduits extendi rideBedwdien the | A%t and |t he outlet thereof,
and wherein the reactant flow rg _through the pipe reactior passes through
one of the plurality of flow cdnduit sPolpgondedsationng t hrjough t he reactor. WO
2004/ 111104 PCTI US2004/ 016468 |-Starid4rd Maanot hensaspett,| at | east two
separate esterification pipe reaipoReacrre provilded,m’ egch of which produces
the same or a different pol yest|er Rean@err, andgpherein | the fluid pol yester
nononer exiting the respective |esterification pipe reactors is directed
into the first end of the polygomuensatigl PladE ' €actorl. | n another

Standard 1356 m’
Pipe Reactor 226 m’
% Reduction 83%
EXAMPLES 3 -7
10 Various ASPEN modeling was run to determine operating conditions

and performance results for various polyesters of the invention. The modeling
was based upon an apparatus of the invention of either figure 17a or 17b as
noted in the Tables below. The inherent viscosity (I.V.) is measured by
dissolving of 0.25 g of polymer in 50 mL in the solvent, which consists of 60%
15 phenol and 40% 1,1,2,2-tetracholorethane by weight. The measurement is made

at 25 deg C using either a Viscotek Differential or Modified Differential
Viscometer using ASTM D 5225, “Standard Test Method for Making Solution
Viscosity of Polymers with a Different Viscometer.” The results for Examples

3 -7 are set forth below in Tables 3 — 7 respectively.
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present invention have little or even no noving parts. The reduction and 5
renoval of these conponents fromthe plant greatly reduces the anmpbunt of
conput er and control equi pment required, capital costs, nmintenance costs
and utility consunption. The pipe reactor can be wel ded w t hout gaskets,

whi ch red¥@¥0&ErItl ons out of the reactor and air | eaREHESINY/@I6IdRe
reactor, thereby inproving product quality. The substantial reductions in
equi pnent and control io systens al so prox&%e decreased operating costs. The
pi pe reactors of the present invention can’be constructed and installed in
| ess tinme than reactor vessels. The piping can be shop or field
prefabricated. The pipe reactor sizes can be designed to allow the reactor
sections to be shipped by standard trucks, shipping containers, lorries,

etc. 15 without obtaining costly andABbWBA4oversize or overwei ght shipping
permts. The prefabrication allows nodul ar plant designs where the piping
can be con eted- eSSH &S atreb— at-ed— 1C1
field construction time and at a | ower cost. The |iquid volune requifred for
pol yester pipe reactor design of the 20 invention is substantially lfless
than a conventional polyester process. Additionally, the anmount of
particul ar |by-jpro pLod an =¥ =Y . il zi
react or des|i gpof the |
i nvention, wherein PET |s producled,

| evel of DHG ”ﬂﬁ%kk% i fofaiendrirgal produg¢e of | ess than 1.2 weight |25
percent, in apother asppertPRreydht han or equal to 1.0 weigh percend,'
anot her asjpe¢t 0.74-1.D wejght |percent. |This is to be contrasted

typi cal c#nvbnﬁ&gﬂﬁﬁhp oc®s¥nf or nmaki ng|PET, wherein the typical narnge for
i

DEG i npurilty Hegseli-s 1+ 8= ™ ei ght pércent to 2.0 weight perceft | In
fact, this | reduc amojint & DEG inpuritly in the final product can He
achieved 30 sinultaneously with a drastic liguid volunme reduction gcli evabl e
with the ol yeftiageRpipp r eact @imailesi gn Qv rdme P e
2004/ 111104 PE —36- PEES=—TteT oty s fare put
forth so asjt de {hose ngﬁg@ nar y
Pressure {torr abs) 120 5 05
id volurre (M3} 46 40 50 32
E1 P1 P2 P3
12in pipe(f) 213 85
dinppe(f) 0 254
|16in pipe(ft) 60
heat exchangr {i2) 2000 2000

hf%mumg;, [ omay |
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The liquid volune required for a polyester pipe reactor design is
substantially |less than a conventional polyester process. For exanple, ASPEN
5 nodeling was run to conpare to a 300 mllion pounds per year PET bottle
plant. The results are set forth in Table 2 below. TABLE 2 Esterifcation
St andar d PWAN04O®I0# M Pi pe Reactor 8.4 nB % Reducti on BEBASYRYAe8hdensati on
Standard Plant 35.6 nB Pipe Reactor 14.2 nB8 % Reduction 60% Total Pl ant
Standard 135.6 m Pipe Reactor 22.6 n8 %Reduction 83% EXAMPLES 3-7 10
Vari ous ASPEN nodeling was run to determ ne operating conditions and
performance results for various polyesters of the invention. The nodeling
was based upon an apparatus of the invention of either figure 17a or 17b as
noted in the Tabl es bel ow. The inherent viscosity (I.V.) is neasured by

di ssol ving of 0.25 g of polyner in 5DARLEi the solvent, which consists of
60% 15 phenol and 40% 1, 1, 2, 2-tetrachol oret hane by wei ght. The neasurenent
is made at 25 deg C using either a Viscotek Differential or Mdified
Differential Visconeter using ASTM D 5225, "Standard TesSt MeBthod Tof Making
Solution M scosity of Polymers with a Different Visconeter." The repults
for Exanples 3 -7 are set forth belowin Tables 3 - 7,respectively.}W

2004/ 111104 PCHJS2004/016468 138 TABLE 3 _HOMD [ -
0 PET - Fiber Polymer
§ parts monomer to
Racyda Rate Lot PTA by weicht
300 million
Production Rate
powdshear _ |
EG to PTAfped mole 16
. mato )
Raactor (Sea Flg. 178) Estertfication Polycons ) ticn 2o0e | Potycond " z0ne | Polycad EMm
Temperiin 26 7% 2% —
Pressura {palg] 10 down 1o 2
Pressura {torr ahs T m o5
Liquid volutre (n3) 84 . 19 24 :
[3] E P [ ——ups
120 pipe () 3 125
14 in pipa (f) 700 o
|16 In pipe {ft) 5
{heat exchangar (f2) 2000 2000
v 0.55dlL/g
DEG 0.94 W%




Reeycb Rap 5Spartslmtsto 1 part PTA byvmd Prot icti Itab 300nilipn

ommft Near EG o PTAfeednde 1.6 ralo Reacbl SeeFig. u rn rsrnkal on
PWconaarsaf mro Vtl| ccaMensabnne hllccndnaalonme | z z Te natre 296 296
296 296 Resaure 10dvnnto2 Ressue abs 61 10 0.5 U Id vdwne n6 162 .7 3.3 .9
El P1 P2 PWO24N1R4632 253 14in 935 630 16 In pkw (ftFCIBYBO4/HewSnT)v R2
7100 RnidW 1v 0.60d/ OEG 0.78vA% Pcd Ends 33 nde ed par | mlimns Mryl
Ends 1.5nde 'vaM per 1 ninon ns WO 2004/ 1]1%%04 PCTI US20041016468 -139 TABLE
4 PETCGCo 215wt % Rac Jel ~ 1Opals nonnerm'I“pat PTAb/vdM ProdEfi m Rate 95
ndl i On =rdAw W oPFAf eedl Se 3.5

TABLE 7

PETG Copolyester {20.5 wt % CHDM)
10 parts mmwn:l
RecycleRate |4 ot PTA by weight
Praduction Rate 95 miflion
EG to PTA feed mole 15
ratic .
Raadeor (Sea Fig 178 Estartfication Pdrcawz::\:nm Mywﬂu;:;?m decmm‘\zs::;m
Temperature (C) %5 25 P 775
Pressure ‘Eﬂ] 47 h{
Pressure {tory abs) Qgiﬂ‘_0_§ 120 5 0.5
Licgue] volume {m3) 23 25 50 32
E1 ] P2 P3
12 in pipe (f) 108 43
14 In pipe () 125 754
18 in pipe () 660
heat sxchanger (f2) 2000 2000
d | L

In comparing Table 3 to Table 5, the following can be observed. With
5 no vapor disengagement in the verification process (Table 3 data), the DEG by-
product is 0.78 weight percent, versus Table $ data, which does have the vapor
disengagement in the esterification section of the reaction and produces a DEG
by-product of 0.94 weight percent. However, with the vapor disengagement in
esterification system, the liquid volume is reduced from 16.2 m? down to 8.4 m*
10 {compare Table 5 with Table 3). Removing water during the esterification
process, as shown in Table 5, drives the reaction to produce monomer but also
drives the reaction to produce additional DEG. However, the liquid volume of
the reactor is drastically reduced. In this case, for PET, the volume reduction
supercedes the increased rate of DEG production and provides a final product
15 with slightly higher DEG but with the liquid volume of the reactor reduced by
almost 50%. This would be expected to result in a substantial capital

investment savings and operating expense savings for PET production.



rato Ratlorlasa Re illy ryw ramm Pdy=dm aonam Pa"& lonw Riyntle~lmrv 1 2 3
T 755 255 Z75 275 PlePie Ot 4 Pres__ a s 120 5 0.5 Lkluidvdtm(rrt3) 4.6
4. wa.2 E P1 P2 P3 121npoetft) 213 65 141n ' e 201 254 16in a 690 he# a
mhm 2700 Fri N 0.75 WD 2004/ 111104 PCT/ US2004/ 016468 -140 TABLES | bjdeF
5i s5nuur eb Wi 200114104 Pt dnmital e 31)rtiim B3bPr Al eedndePQT/F520044¢16468

neaavl ael 4l o raaocam 1l 2 3 236 96 2 as Rempou 10dwt2 Pt:9 ie 11 10 QS Lk;
fdywd'l 84 L7 27 98 el E2 PI P2 P3 121r11§§.€_3 is 141n a 105 16l n 1EGS

Additionally, both Tables 3 and 5 show that the DEG by-product of 0.78
weight percent and 0.94 weight percent respectively, are lower than that
typically found using a conventional CSTR process, which is from 1.2 to 2.0

5 weight percent.

Additionally, as noted in Tables 3-6, the reactors are run hotter than
conventional CSTR reactors. In the embodiment shown in Tables 3-6, the
reactors were run at 296°C, as contrasted to conventional CSTR reactors, which
are typically run at about 262°C. Surprisingly, the pipe reactors able to be run

10  hotter than a CSTR without the negative side effects of increased DEG
production, as shown in the final product data in Tables 3-6. It may be
theorized that this is due to the smaller residence time in the pipe reactor as
compared to a CSTR reactor. The hotter reaction temperature also enhances the
process by allowing the increased vaporization of water off of and out of the

15 process.

EXAMPLE 8 Lab-Model Comparison

Lab Scale Reactor

20 A lab scale esterification pipe reactor was built to demonstrate such
esterification of PTA and EG in a laboratory setting. The lab unit consisted of a
pipe reactor made of 664.75 inches of 0.5” 18 BWG stainless tubing heated by
electric tracing, a 1200 ml receiver with agitator for receiving the output of the
pipe reactor and acting as a disengagement zone to allow the removal of vapors,

25  arecirculating monomer gear pump which pumps liquid oligomer from the
receiver back into the inlet of the pipe reactor, and a PTA/EG paste feed system
which feed raw materials into the recirculating loop.The reactor was started by
charging a PTA based CHDM modified (2.5 weight percent) oligomer of
approximately 96% conversion into the receiver (C-01) and filling the pipe

30 reactor with this oligomer in recirculating mode. After recirculating the
oligomer at temperature, a PTA/EG paste feed was introduced into the
recirculating flow. After the reactor reached steady state, samples were taken

from the C-01 receiver at a rate equal to the product generation rate.



Fed 2M 21D N QN rm 09w% PddErxk 35nde 1m m 6~ 1.5nde Irtifm gaTs WO
2004/ 111104 PCT/ US2004/ 016468 TABLE 6 HOMO PET - Fiber Pol ner Rxydqf-~ft
Spades to 1 pad PTA byvairja PMIuWwn RBW 300 rtyllim poundWw EG to PTAfead
nde 1.6 rado Pe~cw(ew Flp. 178) EM M gpon Pojcw4 | anaol | a Pol yat. atl onnro
P*w drt aaeWem4/111102 3 T rabn 296 296 296 296 Pt essuePdQUUERMAG64OE esSsUeE
touabs 11 10 0.5 Liquid vohxmnG .4 1,9 4 1 7.7 E1 E2 P1 P2 P3 12m QOpe
Q1 313 125 14 In (4) 1 709 693 16 m 1473 Qeat 2000 Fm~ IV OvmiL/ g DEG
0.94#4% 5 WO 2004/ 111104 PCT/ US2004/ 016468% - 142 TABLE 7
These samples were analyzed for percent conversion by proton NMR
analysis to determine the extent of reaction that took place in the pipe reactor.
Percent conversion based on Esters was determined by Proton NMR using a

Trifluoroacetic Anhydride Method:

Ten mg of the sample to be analyzed is dissolved in 1 ml of a solvent mixture of
chloroform-d with 0.05% Tetramethylsilane (TMS)/trifluoroacetic acid-
d/trifluoroacetic anhydride in a 72/22/8 volume ratio. The mixture is heated to
50° C and stirred as needed to completely dissolve the sample to be analyzed.

10
The appropriate amount of the sample solution is transferred into a 5 mm NMR
tube and the tube is capped. The proton NMR signal is recorded using an
average of 64 signals collections. The NMR signal using a 600MHz NMR and
a NMR pulse sequence is collected which gives quantitative proton NMR

15  signals and also decouples the carbon 13 NMR frequencies. The NMR spectrum
is analyzed by measuring the correct areas and calculating the percent

conversion of acid groups to ester groups by the areas and calculations below:

20  Areas between the following chemical shift points referenced to TMS are

measured, and percent conversion calculated using the formula.

Area A =7.92 ppm to 8.47 ppm
Area B =5.01 ppm to a valley between 4.82 and 4.77 ppm
25  Area C=4.82 ppm to a valley between 4.74 and 4.69 ppm
Area D = A valley between 4.28 ppm and 4.18 ppm to a valley between 4.10
and 4.16 ppm
Area E = A valley between 4.10 ppm and 4.16 ppm to a valley between 4.0 and
4.08 ppm
30 Area F=8.6ppmto8.9ppm
Area G =7.55 ppm to 7.8 ppm



PETG Co 1 ester (20.5 wt % CHDM Recycle Rate 10 PM5S rtcnoeeW !l peel PTA by
weft Production Rate 95 miIlim QOfdS&WEG to PTA feed nole 3.5 ratio
Pael ort5r Rs 17~ Fabnacaym PchrcgS al anean Pdycndwel | mwv Pdycrmdwal nmre Zaat
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Nwdl e nBwWO Bh4/R116P2 P3 12In R 108 43 14In d 125 254 P¢T/es2oednedss 11 880
Mat f12 2000 2000 In conparing Table 3 to Table 5, the follow ng can be
observed. Wth 5 no vapor di sengagenent _ilqst_he verification process (Table
3 data), the DEG by- product is 0.78 weight “percent, versus Table 5 data,
whi ch does have the vapor disengagenent in the esterification section of
the reaction and pgageCeaveRsiéES100MBRIOGUCH +9F + . 94E))EA ¢t + pgr cent . However,
wi th the vapor disengagenent in esterification system the liquid volune is
reduced from16.2 n8 down to 8.4 nB 10 (conpare Table 5 with Table 3).
Renoving water during the esterification process, as shown in Table 5,
drives the reaction toTpesahples weye elseanaiyzed by gas chismategraphfer peaatt DBEG t o
produce additional DEG. However, the Liquid volu of . the reactor is
drastical |y retuc®dmassio flﬁtieg“@%lg@,rgf’ 8*“‘%@1‘? retaﬁtéoﬁll‘ﬁﬁge‘i‘ BE{fé‘ﬁF‘H’ﬁ Um& per cedes
the increased rat ﬂldoffaciﬁ%ﬁuaﬁeﬂmﬁdssaébnaagdagﬁﬁguhe%ed&at%Iopme pasteduct 15 with
slightly higher DEG but with the liquid volune of the reactor reduced by

al nost 50% This would be expected to result in a substantial capital

i nvest nent savi ngBesultsl fropdebaratary rasgkan be seeavi dgldle BdeloPET product i on.
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WO 2004/ 111104 PCT/ US2004/ 016468 -143 Additionally, both Tables 3 and 5
show t hat the DEG by-product of 0.78 weight percent and 0. 94 wei ght percent
respectively, are lower than that typically found using a conventional CSTR
process, which is from1l.2 to 2.0 5 weight percent. Additionally, as noted
in Tabl es ®0004NElMeactors are run hotter than convenkGTUIANOIFARS r eact or s.
In the enbodi nent shown in Tables 3-6, the reactors were run at 296C, as
contrasted to conventional CSTR reaﬁé rs, which are typically run at about
262C. Surprisingly, the pipe reactors able to be run 10 hotter than a CSTR
w t hout the negative side effects of increased DEG production, as shown in
the final product data in Tables 3-6. It nay be theorized that this is due

to the smaller residenge—{ma TR X8 5 conpared to a CSTR
reactor. The hotter redct| dj erjat| (g ces the process by
all owi ng the increased [vapdili ijon af |wg and out of the 15
process. EXAMPLE 8 Lab-|Mogie¥ arfi gon Reactor 20 A |l ab scale
esterification pipe regctor uill t] tio e such esterification of
PTA and EG in a | aboratfory s g.| The | nsisted of a pipe
reactor made of 664. 75 {i-rA¢ Qo1 ess tubi ng heated by
el ectric tracing, a 1200 MEir e v(gmmtg’h for receiving the out put
of the pipe reactor and acdji rg &|@ | |sd yone to all ow the renoval
of vapors, 25 a recircul afiZg gpornoner| gea i ¢h punps liquid oligoner
fromthe receiver back it ife |i |l dt [of reactor, and a PTA/ EG
paste feed system which {eed matlerli g e recircul ati ng | oop. The
reactor was started by %*.aggi Stas 1R AR pdi fied (2.5 wei ght
percent) oligonmer of ap@l & rit-€l-y ~946%-6 ‘Il nto the receiver (C01)
and filling the pipe 30 ™¢d4gi ith lthis n recircul ati ng node.
After recirculating theg ol2|g rlat (tgnp PTA/ EG paste feed was
i ntroduced into the recinctl atli ng [fl|ow. react or reached steady
state, sanples were taklen{ ffrom tlhg G- Q1 a rate equal to the
product generation rat et e e AL o N W L
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WO 2004/ 111104 PCT/ US2004/ 016468 -144 These sanples were anal yzed for
percent conversion by proton NVMR analysis to determ ne the extent of
reaction that took place in the pipe reactor. Percent conversion based on
Esters was determ ned by Proton NVR using a Trifluoroacetic Anhydride

Met hod: 5 Werzopgiipfdt he sanple to be anal yzed is di ssol MEQUS204016468 of a
solvent m xture of chloroformd with 0.05% Tetranet hyl sil ane
(TMS)/trifluoroacetic acid- d/trifl uoroag:%,} c anhydride in a 72/22/8 vol une
ratio. The mixture is heated to 50 C and Stirred as needed to conpletely
di ssolve the sanple to be analyzed. 10 The appropriate anount of the sanple
solution is trangf&lef €GmpdHis8nd 5 MM NMR tube and the tube is capped. The
proton NMR signal is recorded using an average of 64 signals collections.

The NMR signal usy gg]}@t;,, IYﬁE@)Q : Fg” [ ect ed

whi ch gi ves quanﬁr{]‘gwlﬁ pro o# %ém@f“g% @ng}g\m; ogﬂg‘%(]){l%?sg@eltdhe car bon
13 NMR frequenci ésthisTdxampidR Is tectaseiPASAEN bnawth @dlyimersiBlas,and AGPENS corr ect
areas and cal cul at | h ercent . .canversi.on of aci rqups. .t o .ester groups
by the areas éndq)%h(ﬁ? naasfised for %W%Ehﬁ%wﬂgta\% 1?‘“‘8@ @P'P%Wn_ﬁl@r cheni cal
shift points refqsaread d&@ﬁi{&ﬁfoaéﬁmgmasnrle@ltheaﬂ.dda%ﬁﬁguratﬁmmer si on

cal cul ated using the formula. Area = 7.92 ppmto 8.47 ppmArea B = 5.01

ppmto a vall ey befwerenvere sgnifipantly differens formtbatasedin@xamplegd-pplmordsra val | ey
bet ween 4. 74 and . 4 g: A = : 4.18 ppmto
a val l ey bet Weent(é)f ecagnl lﬁ%gﬁs%éﬂ@a‘l’@r:’p &%@?@é&’ﬁ%ﬁ@g@%ﬁéﬁlo ppm and
4.16 ppmto a valchaditibretingeriakl itOvasdmedmeShepasar3 oo Addedisdolutiol khefqmrmot 0 8. 9
ppm Area G =.7- 30, BBEL" Yavle § RIS thice 20mparisos of Tab 1t With doe model wathout  ~+°

dissolution kinetics included; this model was found to be of reasonable accuracy

when the experimental conditions resulted in completely dissolved PTA as in
these runs. Table 9 also shows two examples of comparisons of lab runs with
the model including the dissolution kinetics; this model including the

15  dissolution kinetics closely matches the measured conversion when free PTA is
present at the end of the lab scale pipe reactor as in these runs. Conversion is
defined in this context as the percentage of reactive (acid if use PTA as here)
end groups in the liquid phase that are esterified as measured at the outlet of

reactor.
20



Percent Conversion = 100*(B + (0.5*C) + D+ (0.5*E))/(A + F + G The sanples
were al so anal yzed by gas chronmat ograph for percent DEG 5 by nmass to
determne the rate of the side reaction. The effect of residence tine and
recirculation ratio was seen by varying the feed rate of the paste Results
from | abor MOAYYYEW4 can be seen in Table 8 below. 10 BGU30000#464 11104
PCT/ US2004/ 016468 -146 Ve oo eoeoeee LL1-70'Dr NIIDMM d O
VGooeoeeeeee ~v-n Nr -nr O-;NN.- GV oPaoO, ar0Ovl NO
U voQOAO mmmmao . . 0000 [i fk o Ay Nh MM VVI NM Wa ~ 00
rrrrrrrrrr a000 NNEUo00OOMNMMOO 00 00 m

TABLE 9

Completely Dissolved PTA - No Dissolution Kinetics in Model

Paste | Monomer | Temp. | Paste Weight % | Model Measured

feed Circulation | (°C) | Mole Unreacted | Predicted (%

(g/min) | (g/min) Ratio PTA (% Converston)
(EG/PTA) Conversion)

8 507 263.2 | 1.8 0.00 97.053 95.170

8 507 2539 | 1.8 0.00 96.645 93.750

15 507 265.5 | 1.8 0.00 96.269 91.630

PTA Not Completely Dissolved/Dissolution Kinetics in Model
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PCT/ US2004/ 016468 -147- NMbdel Conparison An ASPEN nbdel was used to

sinmul ate the | ab apparatus previously described in this exanple. In this
case, ASPEN 11.1 with Polynmers Plus, and ASPEN s 5 PET Technol ogy was used
for the noW& I0RGIINIO#h a nodel configuration simlar toPEHES2M0IGE8Cri bed
for exanples 1-7. Neither nobdel configuration nor software were
significantly different fromthat used in Eﬁanples 1-7. In order to
correctly simulate the dissolution of pTalfhito the ol i goner at different
conditions in the lab, it was soneti nes necessary to add dissol ution
kinetics to 10 the nodel. Table 9 shows three conparisons of lab runs with
t he nmodel wi thout dissolution kinetics included; this nodel was found to be
of reasonabl e accuracy when the experinmental conditions resulted in

conpl etely dissolved PTA as in these runs. Table 9 also shows two exanples
of conparisong of | ab Thesughttlils agpheationdedricun phblidatiths alerefbrehged. Ultieon
kinetics; this nodel including the 15 dlssolutlon ki netics closely nmatches

the measured convisckyswigs %@ﬁsefnuhlécapm ingheisniiecsiss argherehy ncamorted e | ab
scal @ pi pe 1 eact guicd fud AESByRNG NRBYLE HoRlnlS aedlBbl BEdaidLil &« cont ex

as the percentage of reactive (aci |f us A as"here) end groups in the
| i qui d phase t hatto athechabis érvefiliaacpestginereasur ed at the outlet of reactor. 20
WO 2004/ 111104 PCTI US2004/.016468 48- TABLE .9 | et.e | ved PTA -
No Di ssol ution Kineti ‘swﬁébcl\%aglemls% & ?\Wﬁgnﬁ}haﬁ vggg%ﬂ%fg,ﬂﬁlpn% Model

Measured feed Ciangwhiddtiodscdn®Be Mbdetn tﬂarpeaaitemeﬁﬁ@dwnh@ﬂ départi{gdfiréth e ( g/ M n)
Rati o PTA (% Conversi on).

scope or spint of the invention. Other embodiments of the invention will be

apparent to those skilled in the art from consideration of the specification and

practice of the invention disclosed herein. It is intended that the specification

and examples be considered as exemplary only, with a true scope and spirit of

15 the invention being indicated by the following claims.



(EE PTA) Conversion) 8 507 263.2 1.8 0.00 97.053 95.170 8 507 253.9 1.8
0.00 96.645 93.750 15 507 265.5 1.8 0.00 1 1 96.269 91.630 PTA Not

Compl etely Dissol ved/ Di ssol ution Kinetics in Mddel WO 2004/111104

PCT/ US2004/ 016468 - 149 5 Throughout this application, various publications
are referenced. The disclosures of these publications in their entireties
are hereby incorporated by referencelftmto this application in order to nore
fully describe the state of the art to which this invention pertains. It

wi |l be apparent to those skilled in the art that various nodifications 10
and variations can be made in the present invention w thout departing from
the scope,qr spirit of the invention. OQher enbodi nents of the invention
will be Yent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It is

i nt ended thalt thet sgecdofni catli on, a}lnsg egéénpl.es Fe .éora%{' dered as . .e %rrpl ary
only, with a ‘{Aﬁﬁg g lfﬁ)e apﬁ%cegsp? PIRSE VTR 'AVR AT SR aé'ilr}$ga (ihﬂd' cated by
the fol | oviaoid rdla raBo ofléfdut C8ah BPipt readivr@fd Brd fldw addie sqle@eRfFSmakPr i si ng
esterifying a liquid reactant having a diol-to diacid nolar rati o of about
1.8 in a gioye cpesigingof stivtified flows wawy Flayi theg Sevadve oy bihbien@ow.dfadlp
consistin f i {4 3 f I f - pl bbl e fl ow,
froth fl gl\?vglaar?gtcélgb n%{ﬁggit%éﬁgﬂtt%‘é@}e%g p![r(g}ﬂ%: %gﬁ%%ﬁ“gp‘%%éﬁ’@eb?g"tg’%@g%‘b@r eaction
by- pr oducliqaiddea@tion mixting coepeibing@an estat radction rautts whereansagbdsedr ré¢aetiad | on

product, wherein said ester reactio r.oquc as a conversion in the range
of from SPT@U?W“%P?‘]V&&?%WLC Q‘T‘gerﬁfgf“ﬁ'ﬁéigé%bﬁ)‘g PEICEMtm | wherein said diacid

and said diol are introduced into said pipe reactor, in the formof a
paste. 3. The gr ocess of claiml wherein said diacid is TPA and said diol is
EG 4. The pkdbegmceds of claimml wlerein baid didoidmnil sdidgial areriododicad)intmsadd sai d pi pe

reactor an. e%aicg)(grrgrt ehi%%%ga asggnversi on of approxinmately 96 percent. 5. The
process of P &M 4 V\%erel n sard ol igomer conprises PTA

3. The process of claim | wherein said diacid is TPA and said diol is EG.

4. The process of claim 1 further comprising introducing into said pipe reactor an

oligomer having a conversion of approximately 96 percent.
5. The process of claim 4 wherein said oligomer comprises PTA.
6. The process of claim 4 wherein said oligomer comprises CHDM.

7. The process of claim 4 wherein said oligomer is PTA modified with about 2.5

weight percent CHDM.
8. The process of claim 4 further comprising introducing a diacid into said pipe
reactor, wherein at least a portion of said diacid is present in the form of solid particles,

wherein said ofgomer helps dissolve said solid particles of said diacid.

9. The process of claim 1 wherein said flow regime is selected from the group



6. The process of claim4 wherein said oligonmer conprises CHDM 7. The
process of claim4 wherein said oligoner is PTA nodified wth about 2.5

wei ght percent CHDM 8. The process of claim4 further conprising
introducing a diacid into said pipe reactor, wherein at |east a portion of
said diacid is present in the formof solid particles, wherein said ofgoner
hel ps di ssolve said solid particles oflSkaid diacid. 9. The process of claim
| wherein said flowregine is selected fromthe group 151 consisting of
bubble flow, froth flow, stratified flow, and conbinations thereof. 10. The
process of claim1l wherein said flowregine is stratified flow 11. The

process of claiml, further rising~di sengagi ng,at .least a.portion of said
gaseous rE%Pﬁ%oﬂg}’-bg!eotgol}‘(’:’tf%f?lﬁrgﬂ]wsﬁfagﬁfeé ﬁ%‘?’gangecgg}bf%ﬂo% 3 rl(}(r)fe'. 12. The

process of claim 11 wherein said disengaging includes reducing the flow
vel ocity of said gaseous reaction by-product and said |iquid reaction

m xture. 13.10THhee proesse eEclaim Ewhprein said fipws regime istrgtidedsBeWagi ng i ncl udes
causi ng sai d gaseous reaction by-product and said liquid reaction m xture
to forma stratified flowreginme. 14. The process of claim 11 further
conpri si ng rldnbhd prgedshef daisie hfated cgasdsingsdisehgaging atrledsya poidn of sdid om sai d

pi pe reactor. 15. The progess of claim| further conprising transporting
said |i qug%Fe?‘é%fE"l“it‘Bﬂ%y'rPir%fuﬁPEé‘”&ﬁﬁ‘%é'ﬁf‘lﬂi TGALRB UXW A ct i on by- product upwardly
t hrough said pipe reactor. 16. The process of claim1l wherein said pipe
reactor includes a substantially horizontal, substantially |inear section.
17. The pr od@sSheproe¢sapphelain Wheheiein seis disehpaging mgiudes rgdudingthedloyai d

subst anti all'% hari zontal . substant ioﬁl Itgaiian(gﬁr .aecti.onm. 8. The process of
claim1 wigPEPPISa) &af)l Berﬁagé%} or PR ddfed® %II" F4f l?%/ ST subst anti al | y
hori zontal, substantially |inear sections, wherein at |east sone of said
substantially horizontal, substantially |inear sections are vertically
spaced from lgnéhe praeashef claims bl whereimsaid disegaaaing weludessaysing Ghd gaseAus ai d pi pe

react or Nas GondfNSodhdt ¥ind S4i® RRlit REc 88PREture to form a stratified flow regime.

14. The process of claim 11 further comprising removing the disengaged gaseous

reaction by-product from said pipe reactor.

15. The process of claim 1 further comprising transporting said liquid reaction

mixture and said gaseous reaction by-product upwardly through said pipe reactor.

16. The process of claim 1 wherein said pipe reactor includes a substantially

horizontal, substantially linear section.

17. The process of claim 16 wherein said flow regime occurs in said

substantially horizontal, substantially linear section.

18. The process of claim 1 wherein said pipe reactor includes a plurality of
substantially horizontal, substantially linear sections, wherein at least some of said
substantially horizontal, substantially linear sections are vertically spaced from one

another.
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19. The process of claim 1 wherein said pipe reactor has a generally serpentine shape.





