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generally to polyester processes and apparatuses, 10
wherein the esterification, polycondensation, or both
esterification and pol ycondensation process is
performed in a pipe reactor. As the business of
manuf act uri ng pol yesters becones nore conpetitive,
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reactor ("CSTR') have many internals, such as
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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
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equi pnrent. U. S. Patent No. 3,192,184, for exanple,
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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

conti nuous pressure reduction and WO 2004/ 111104
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More specifically, the present invention relates to
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The present pipe reactor invention has advant ages
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apparatuses. This pipe reactor process of the present
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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, 1s

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



not present in the pipe reactor systemof the present
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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 internals, 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 invention can be used for polyester
we@emaasdes, which typically have | ong resi denceCt/Us®84/016468

General ly, pipe WO 2004/111104 PCT/ US2004/ 016468 -5

reactors are used for processes having only very short

residence tinmes. However, it has been found herein

that the pipe reactors of the present invention can

be used for |onger. residence tine, pol ter production
pr oced S5t AT BT RIS ooTH BN SRbb e rephignce imes:
| nventieneves, ithisaret tound herddi EREHS pift eBdtoldRIFkiRprésent invention
pol yester polymer from a pluralltY of reactants,
e
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react or havj i,nd t, . .and.an i.nterior
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sulsst arfér rabltiyg & Fplyyster gitymér frérd diphgrality dfeadtan®) €omprising:
reactant into the pipe reactaor proximl the 10 in| et
so that thé readt@YifgransHcifEHRGPIPHEagPhbavirgan Blet, an outlet,

and react w th gach;ather su%ﬁg%%@%s?er@%aét?x?h@% régag)?%gﬁqprising

within the pipe reactor an e poly NONe
exits fromthe adubsthntidigrengfty pipgherein the reactants

and the polyester nonoger flow ng .through the ,
esterification rﬂdﬂlé’graég%ft&neé?aé:t aHo the ARG Easter prgxingg the
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fornmed separately of the esterification pipe reactor

t he pol ycondensavitloeacpiogher teformor polyestdr imandmer within the pipe
communi cation with.the terification pipe reactor,

the pol ycondensrg?ﬁt%rr?nsz?%eep(}lgﬁé?é?oq?ﬂ)% ﬁgl?sa{"f”f“r%@? Oyfjeg thereof,
a second end, 20herdid tidrehélfitsl @nd thefpdBRstet MBnomer flowing

pol ycondensati on pi pe reactor conprising a

substanti al | y eriptopghihsestesifigatipn pipe eeactonareteaeh n estefification
polsyester m)nomaﬁui'.nto the first end of the
pol'ycondensati on pi’pe reactor so that the nononer

flows thraugh tprevigokywgoiensdaisitish pipéedablor fdriRd separately of
nmonomer reacting to 25 faorm an oligoner and then the |
ol i gomer react i e EECTHERHPR RPE reastarniBe PalyepRdensation pipe reactor

pol ycondensati ony, @lglﬂgc%cfntﬂﬂﬁﬁi%tion%% M@%steﬂﬂl:éf{lﬁrgifgqegaor, the

fromthe second en e reactor, wherein
' polycondensation pipe reactor having a first end, a second 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 pipe reactor are each a
w@olgaonoensati on fluid. 30 I n another enbodi PENUS200HE16468

invention is directed to a process for making a

pol yester polyner froma plurality of reactants,

conprising: WD 2004/111104 PCT/6S2004/ 016468 -6 a.

provi ding an esterification pipe reactor having an

inlet, an outlet, .and an interior. surface; b. addin

at | east ohe reBOViHS I S&?”tql’r‘?ét“b‘? B‘QGF%@ES‘PV‘BgSQFrﬂ'BtI’g“O“tIGt’
the inlet so thatatberopastRpts flow through the pipe
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pol yest er bononwdding 4tHeast oeerepétpit inabe pipe agadtar peoximal the
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each an esterification fluid, erein the reactants

conpri se t er ephteaetpr andatb golyestgiomonomer exits from the outlet thereof,
di met hyl terephthalate; c. providi | ycondensgat I on
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pi pe reactor, ti{heouphlthi€ esteleiatibh pipePeqRtor2@aedchran ebterification
fluid communi cation with the esterification pipe .
reactor, the pBridewhersmsthe restaptsrempaise tesephihalic ggidpr

first end, a se nd an inside surface;
alr11(g| d. directi ngwheﬁ&%@%&g% ’yester nononer into the
first end af t hproviplgy<poigensiahsatinon pipeacact@ddbonedseparately of
that the nononer fl ovv? t hr ough theél?ol condensati on

1 1%23 R

reactor, the noRGiFEE 10 Fif g ceton: Yeopeiyatin P1aR geactor

then the ol i gongyafigaGhhiigidaBoh A hd st iRabY ?ﬁ)@ reactor, the
wi thin the pol ycondensation pipe reactor, and e

pol ymer exits fpadyedridenstonppeaeattathaying arferatcandy a second end,
wherein the m)no(ﬂer., t.he aligoner, and the pol yner

f 1dwi ng t hr ough®? @lnﬁlgFﬁlérg%Se?'@ti on pi pe reactor are
each a pol ycondgpadink @t fhidipdiyeder MBnéet i@ the first end of the
enbodi nent, the invention is gl rected to a process for

maki ng a pol yepelgeondenspiien pipeaeaciorsiohallthe ppordmer flows

reactants, c onp[hirg'lilg%gtile 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
w@bookeadbv4 one reactant into the pipe reactor prPORUSBIN4/016468

the 30 inlet so that the reactants flow through the

pi pe reactor and react wth each other to forma

pol yester nonomer within the pi‘ﬂé reactor and the

pol yester nmononer exits fromthe outlet thereof, WO

2004/ 111104 PCT/ US2004/ 016468 -7 wherein the :
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reactor, and thgo| QAla¥EGIioRBipk Sedci @b LR 1REAGIIN G THWRS

the reactor, wheréin the 15 nononer, the oligoner, and

the pol yner f| othireughtthe pelg¢ondhesatiporeacondbe s@nower pagmg to

reactor are eacphp a polycondensatign fluid. 1n anaqthe

rbod! ment -t heFVETUIGRe St R aliepetropp el dops fre
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reactants, conprising: 20 a. providing a conbi ned

esterification BelBmer episIfiane the spendend ¥é tcaeadier, pihgeein the
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react or proxi mepolybundendatioh pipe rédetdr atdach @l y@Bhdenkatvn fluid.
t hrough the pipe reactor and react 25 with each ot her

to forma polyester oligomer within the pipe
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 pol yester oligoner exits fromthe

outl et thereof, wherein the reactants and the
w@odoyasties ol i goner flowi ng through the esterpdT/US100006468

pi pe reactor are each an esterification fluid; 30 c.

provi ding a pol ycondensati on pi pe reactor forned

separately of the conbined estelification pr epol yner

pi pe reactor, the polycondensation pipe reactor in

fluid conmunication.with the 2004/ 111104 .

PCT/ US2004/ 01646§St69§n°aé'§f‘}é)ﬁ30¥3?3?ri PR TSP B IRy genggnsation

reactor, the pol pgRrdansaiaviamg a MsPéhd 886084 eﬁ@,"a‘nﬁgmgnside
an

first end, a second end, and an inside surface;
d. directing thesuifagegabl yester ol i gomer into the

that the. of tgomer P Bkt ARAGRERM:R B BRGRAER Bk Bpor e

reactor, the ol i golyesndedsdtionpiped @actbiodolthitliiBe BREMABR flows
wi thin the pol ycondensati on pipe.reactor, and the

pol ymer exits fr 8HPesieths pebyendsnertion reastory bgeligpmer reacting to
wherein the oli W{heﬁg i il %ﬁ%?)%gfchrqﬂn'g%ioqﬁif;g%gctor, and
or are each a

the 10 pol ycondensatio i pe reac
pol ycondensat i onthefpalyrder dxits froat the secontl @dd b€ tie, reddi@, wherein

invention is directed to a process f making a
pol yester pol ynef ef(ﬁltgﬁfn&r B‘I"ﬁ?hﬁlpp Wneég{c’?"’é%fhé?ﬂ@,the

coppri sing: 15 anoRoNdedtddnheaeh@si drk €2t Ab1PiRRensation
reactor having an i'nlet, an “outlet, and an interior

surface; b. addi flyidat | east one reactant into the pipe
reactor proximal the inlet so that the reactants fl ow
t hrough the pipe reactor and react wth each other to

forma pol yshetherBibs®metd, tHelifvénfitn B Afectdd tb @3#EREs for making
and the polyester nononmer exits fromthe outl et

t her eofa,polyghier pelmenEomenplnrhitysofanertats cpuipyisioger
rOROTEC 11 0400, ok MHE KOG SR i o
provi ding a pol yeoandesisiain iorripi fefaceact or integrally
conbi ned o : :

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
flud;

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 ycondensation pipe reactor in fluid conmunication
wowdon/1ihes esterification pipe reactor, the  PCT/US2004/016468

pol ycondensati on pi pe reactor having a first end, a

second end, and an inside surfacs and d. directing

the fluid polyester nononer into“the first end of the

30 pol ycondensati on pi pe reactor so that the nononer

flows through t I ct or.

nononer reacti ngB§ lgﬁ%{ gﬁ@nﬂgﬁl@g@ )JC8Hdengaq R ARt llea(fqﬂr and the

ol i goner react i ngolyet eximi frtva tNﬂeZGﬁlﬂélﬂcﬂdﬂtﬁé’rreactor wherein the

PCT/ US2004/ 016468 -9 polyner within t

pol ycondensat i on Htﬂne@ef,éb%?léﬂomeén@dtth%polwey Aawingdhraygh the

fromthe second

nmononer, the oli ggﬁ'e@?deg%gloth plg (i}?r%\gr}g (glvra %%9 rlrd gnsahon

the pol ycondensélniidon pi pe reactor are each a

pol ycondensation 5 fluid. In another enbodi nent, the

invention is directed to a process for making a

pol yester o gefer erﬁB&fﬂn@np teriavenibn N dif a8 Rocess for making

conprising: a. providing an esterification pip -

react o mév(ﬁsﬁﬁgolagvmmlfm agiuralitg of malc@nts comuprismg:

interior surface; one reactant .into

the pipe réactor beor bc;ép%lll egﬂiﬁcalnﬂp BIPed A9 Javingan inlet, an

reactants fl ow t BugatgindthEnetiBesure@et or and react
with each other to forma pol yester nononmer within the

pi pe reacttr andddingaplepsyesne eactephistrethe pipetrsactorgnpximal the
outlet thereof, }1% V@a%zﬁ'tﬁ]e{ E&aﬁt?ﬁ%%ﬁkﬁ}o% e(rjl él{)]% %etactor and react

pol yester mononer F1°0w h

pi pe reactor ar ev@m@acmmheﬁﬁoefbhﬁ la@atyiester mbhothek within the pipe
provi ding a prepol yner pol ycondensati on pi pe reactor
formed separ at eFSECHf apdhepoiysster moremenexHis fom thguget thereof,

thg 20 pol yconde %@fehrgﬁ‘le RERBInt S RE B&l?esftér%&lomer ﬂowmg

communi cation with t esterificati

t he pol ycondensathromghahp esterefiction plﬂmam ae bachsin eemﬁﬁcation
a second end, ?ll?in i nside surface; and d. directing

the fluid polyes 8% nonomer into the first end of the

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 nononer

flows 25 through the pol ycondensation reactor, the
woea/merios eacting to formthe oligoner wthi nPCh®ES2004/016468

pol ycondensati on pi pe reactor, and the oligomer exits

fromthe second end of the reactor, wherein the

mononer and the oligoner flowng through the

pol ycondensati on pi pe reactor are each a

pol ycondensatign 30, fl.uid WD 2004/111104 .
e USoooalgradesenedd e iRTpf o tidiia e 2 ssss for making
| nvental miydster Bli §@AérdEbr @ purBlit9OE seactats, SaHipriGng:a
pol yester oligonmer froma plurality of reactants,
conpri si ngd a. ProVdiag Ay cyerifieation pinedgaqteirhayingean inlet, an
reactor having [N an. - ., and an interior
surface; 5 b. aggpﬁggg%npg§§99%%§$%bactant into the
pispe reactiwr praddinght lehe oné Fdaetansintd thapifeheadt@gabrinial the
flow through the pipe reactor and rgﬁg; with eac

Wi hiFaugh

h
other to form alglspdbatdhe reaetants tlo t {ifePips practor and react
‘reactor and they léﬁ@lﬁ)ﬁl‘ér ﬁg@ﬂﬁ%&o?r%kﬁnfog%%\wﬁhin the pipe

outl et thereof, ereint rea S an
pol yest er nononeeacfdrand g pblyester moghmiehexits from the outlet thereof,

esterification pipe.reactor are each an esterificati.on
fruid: c. provi ARG IS ERGTEE BopoReraaneTeioine
rgactor i nt egr akhngugir@eiRbREHcaohpifd1@aQst £ ehdICat dsRiification
pi pe reactor, the polycondensation pipe reactor in

fluid comrunicatflush with the 15 esterification pipe
reactor, the polycondensati on pi reactqr having a.

first end,“a SeBlVIRA PRl gt ofveP Mt ion pIgs tedg ipreerally
directing the fluinBingdMifishe estoifiBh pipetreadidiethkl I st

end of the polycondensation pipe reactor so that the - :
nmonomer flows PRbSeRfsnsHen e icatiereindhrd epmmgaicatien with the

t mononer r eagLbng. L3, Qpefr% £ AR Ry SRR sattd b8 reactor
oy e ptycepicitsaltn bl

t He pol ycondensati on pipe reactor, dn

exits fromthe $ecapd festdndfa $dbend aal; had an indilesurfacet had
mononer and the oligoner f]low ng through the

pol yconden$at i ofTE5tHS the Hutdgrolygster gompmgr into the first end of the

pol ycondensat i 0Rqjycondensation 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 nent, the invention is
directed to a process for making a pol yester nononer

wo eaanaiipd ural ity of reactants, conprising: a.PCT/US2004/016468
provi ding an esterification pipe reactor having an
inlet, an outlet, an interior surface, and at | east
one weir attached to the interioll - 30 surface t her eof ;
and b. adding at |east one reactant into the pipe
react or proxi nal e. inlet sq that .the reactants flow
hrough the. pi peads bReia SR Btheie TEE51HR PoyeklePonomer
PCT/ US2004/ 0164 68ithin 1He pipaedadfot and 8¢l yesteMioRo@8Eekits from the
other to formthe polyester nmononer wthin the pipe
reactor and the %ﬁ?@@fe@ﬁ wherifie 1eagtenss ardbihepRbyester monomer

I h f, [ . .
pol yest er monoidl PEAe R TRERCHRC Ra B depfer s epeon

pi pe reactor ar ecsepdidation Buidsirdrwlidreiathoestdrlfldaton aoids flow
wherein the esterification fluids flow over the weir.

In anot her enmbodi%§EHE W&ihe invention is directed to a
process for nmaking a polyester nononer froma

plurality of reactants, conprising: 10 a. providing an

est eri fi catlnemothepembahoient; theanvemgomrs dirdcedd, to arprocess for making
outlet, -and an interior surface. b. adding at | east

one reaara%laﬁ?erinmnan}eﬁémm ﬁeluraé'é%%ﬁﬁaﬁw&%mﬂmswgr i nl et

sojgt hat the,r ea%r@ﬂﬁﬁrgfdn%eﬁﬂﬁﬂﬂﬂlrbi{)@Fea&bpﬁaJiﬁg?‘% {Hiet, an outlet,
the reactants reacting with each other to formthe

pol yest er nmononeand BB ipferipn swrfape pi pe reactor and the

pol yest er nomer, ;exi fromth out l.et .t hereof, and
wherein t h? reac dgln satt Z’ﬁ%‘at cfnﬁereapcgﬂn)t/é@? gfe PIRGIFEHSF proximal the
flow ng through ihikesegiatht réahislbwWiReughae bipe rddctor, the
each an esterification fluid; and c. recirculating a
portion of the pPeE¥tEYSIeREtngIthprrhdithesde form the@obester monomer

r eBi rculation ef\LiItlHﬁ lrt]l{e ﬁg@ l‘ea&t%r ?lg]dtth% §S¥y%%tg{ &%g&?ﬁg&its from the

esterification reactor proxima

esterification resletthereof, and ethamgmthicheactamtindane polyester

outl et of the esterifi%ati_on reactor. . . ] _
monomer flowing through the esterification pipe reactor are each
an esterification fluid; and

C. recirculating a portion of the process fluids and directing the
20 - 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 embodimént, the invention is directed to a process for making
25  apolyester 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
inlet so that the reactants flow through the pipe reactor, the
30 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 nmaking 25 a polyester nononer froma
w@baoraliiny of reactants, conprising: a. provi dP@USIV04/016468

esterification pipe reactor having an inlet, an

outlet, and an interior surface; b. adding at | east

one reactant into the pipe reactlgr' proxi mal the inlet

so that the reactants flow through the pipe reactor,

the 30 reactants, reactin ith each .other to formthe

pol yest er nonone®™'H Ehﬁ?'l%hmﬁfé e%?‘@‘ica%%etps Feasy ¥ gaclﬂ an

pol yest er nmonomgktefiktdtionl Q@ dnfe outlet thereof,

wherein the reactants and the pol yester mononmer WO

2004/ 111104. PCT/rtJ800i08 vanss §-m the pipeireagiergnichnediafy its et and

esterification pjpe.reactor ar

esterification f'#slﬂug?t 351;&2109@ r 0’{‘@%3%@‘?‘3%%%“@? rvgrr% ?fheén Pty

pi ge reactor intgsgrediate its inlet and its outlet

and/or proximate its outlet through a vent of enpty 5

pi pe. In another enbodi nent, the invention is directed

to a proce ' I efr I .

ol ural ity of pahetitdingd, R IGERLH i TRORT o h pRIBE for making

est er idfpotydsied mopbirer fremcd glnrahigyofirgacants, cbetprisiag:

outlet, 10 and an interior ,?urface, the inlet bei pg

positi oned dat | @4_¥idwg anggterificationbipg repelpihiavigean inlet, an outlet,

oufol et; b. addi ngsah iheAstsuPee, ifAalefBlink BbALbMR RISt 20
reactor proximal the inlet so that the reactants flow

t hrough t he pi peerteatfest belowdhe ousletit ants reacting with
each other ;to formth ol yester monoper .15 within th

pi pe react & and‘dH]ﬁ’@ aglﬁp e%?é?acm%%%&??%ea?t%%%ﬂ%ﬁ the
outlet thereof, jaREsIMMES B Reachafits'RAE thadigh tREPipkR€actor, the
pol yester nononer flow ng through the esterification

pi pe reactor ar geasiasts reagtngswidlh paohsher o farmfihg pobygstermonomer
an ther embodi e ittiin ;}E‘eg%ipg r\e/eglaté)# 204 {h gi{}feftg{) Iﬁl]gré&gelaexits from the

process for makin % nono

plurality of reastienthsseof,afPwheteNgthe deacpih@vindi thgpélester
esterification pipe reactor having an inlet, an
outlet, and an Mmeramerdlovwgpg theugh 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 esterification 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

wo booaaghos he pi pe reactor, the reactants reacP@mnyS204/016468
each other to formthe pol yester nonomer wthin the
pi pe reactor and the pol yester nononer exits fromthe
outl et thereof, wherein the reacthnts and the
pol yester nmononer flow ng through the esterification
pi pe reactoy are eac n 30 esterification fluid, an )
oy el et holaPaigE S bedmsnt (e JpRtigh Sedirabzslip dyprageay fog making
a bubb r ek ino:
T U B ST e i Ry KOs g
i nvention is di rpovidihg an etepificetesyspipoereapmk hangng an inlet, an outlet,

pol yester nononer froma plurality of reactant )
conprising: a. p?“éiﬁnd%{i,‘Og%“f@a&’e‘Hyeff?lBéﬁ? BRe fﬁ’aﬁé’r hés altemating
reactor having afndaPh@f noralindbbéctions exdBelliddin iR{ 18R tRWise
surface, wherein the pipe reactor has alternating 5

| i near and non- | direstipn belicen s ialet enbiouilgt therdofis

| engt hwi se | direction hetween il nd outlet .

t hereof; b. b‘addi %‘féh%ﬁ atﬁ%agé\?neorﬁéag%é@f) ggrlﬁ &Pﬁ{ec? c{ngro&iuB%l the
reactor proxi malinldi€o tHabiiRtreganiBdw tirougieme piptt adtbi e
through the pipe reactor, the reactants reacting with

each other to fofeAstame rasipawith cachotberde fam thewefyesienmonomer
pi reactor an 2 j

oulll et “theroor,  WRaRJREbYETELor AR EFoRtlel iohbfi SR fiom the
pol yest er nononesutlet thevdofigviidreio ulggrehdtente ahdthefpoby@stieomonomer
pi pe reactor are_each an esterijfication fluid. 15 In

anot her enbodi mefitWingpropgh Mg SsisHTipation R reagiof gegach an
process for maki QiR dgSt er nononmer from a

plurality of reactants, conprising: a. providing an
esterification pipe reactor having an inlet, an

t, interi f : d h. [ t .
Polist " one” rBA2puiet ERhoGmenl v e @Rcs el ihupocen for making
20 i nl gholgestériAéndmit® ffoBRs bRMIRY bF Risciaiis Cde@ibrishfy: Pi pe

reactor, the reactants reacting with each other to
form t he potyest@pvidigonegsterificatiompipp ecapiop baviegian siet, an outlet,

and the pol yest el qnaer gux'tg_ fr.omthe outlet
I{dhe la{é%f)r rkac and

t hereof, wherein east” one reactant and the
pol yester 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
waomithenoenbodi ment, the invention is directedPdDUS2004/016468

process for making a polyester polyner, conprising:

a. providing a polycondensation pipe reactor having a

first end, a 30 second end, ankdt-an inside surface,

the first end being disposed vertically above the

second end, the polycondensat.i on Hj pe. reactor q.avi ng .

al ternating |i rdsndigdnagienginass deeddion brivagpits first end and its

2004/111104 PCILLUS20Q4! 468 -14 extending in its

| engt hwi se di re{:etl on%égmv\gen its first end and its

second endy. andditectidg a dlatd pudyastdr mbindneo inte tedirstand axfghe

into the first end of the polycondensati.on pipe

reactor so thatp({?}‘Fé’nﬁ?}}?BH‘é‘}&PF (RSO5 S¢ ﬁp&%ﬁn&}?@ler flows

pal ycondensat i ofy;dy8fGiObolyddABetBaioHTRIactof akd mBHoher reacting to
forman oligomer and then the oligonmer reacting to

formthe pol ynfermantoigomehandgbéry dieodigomar teaeting tpdorm the

reactor, and the ol r . exits fromthe second en f
the reactor, M}%Orlggﬁr %ﬁlgm tﬁ% %ﬁ%opfie?ﬁ%éo%}”lpﬁé%gof’ zgl(r%ﬂcfge
the polymer fl oyipdet &iRU@h teeeddhdral Ve airdensa ivberein the
pi pe reactor are each a polycondensation fluid. In

anot her enbodi nearomerhtheiobigerer, aad fhy rolyraerfiaying thjough the
Pffcess for mk%&i?eonﬁe@ 911181? ?1&)9 rrea%{%lr)émaé'ach %ngEchﬁdJﬁgétion fluid.
0 [ r ‘having a

a. providing a ycondensatron pipe react
first end, a 15 second end, an inside surface, and at
| east one weir attached to  the inside surface

t her eof , wigngthsr @xﬁgo%\p}ggt, thejayestionds disested fp aprocess for making

subst@p&lb,ggtér oﬁpérycc% 'ingand b. directing a fluid
er nornorer

pol yes into thefirst end of the
pol ycondensat i opropidires a palgtwdessatioh pipetrérstardravimgra first end, a

flows 20 through th ol ycondensation, reactor, the
mbhorer react i n@ecf"bc?e’?do? et igesand éﬁaasﬁ ﬂ’é%WF‘ﬁélttaChed to
ol i gorer reactifg itQdd Qi fAks HRreoPAVNETER thY §iPé Feabd® is made of a
pol ycondensati on pi pe reactor, and the polynmer exits

from t he secondsubs@nodlly émepty@aet end wherein the

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 welir.

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 polyner flow ng through

the 25 pol ycondensati on pi pe reactor are each a
w@odgaonadensati on fluid, and wherein at | eastrPOnNESDN4/016468

t he pol ycondensation fluids flows over the weir. In

anot her enbodi ment, the invention is directed to a

process for making 30 a pol yestlér- pol yner,

conprising: a. providing a polycondensation pipe

reactor having a_first second end, an

d,
i nsi de sur flace; diFAHRES gn@@oﬁej‘i%&‘@@@ﬁmg‘&/fﬁi@ﬂé@f&e
- 15 b. di fectg;wy fdidhGbrPAbY RSESE sSTBAPHR mdddhRer Fld6/s

first end of th ycondensatlon pl pe reactor so
that the nonone rthfolugh@e pdiycudénsatien padtys didmns@nhéeranacting to
reactor, the no

act orm an ol i goner .and
Lhon the ol i o anof Bt BB e abe ot o K the

W tshi n the pol ygRngds mﬁﬁlﬁmﬁsmo&la&ﬁh@&n pipBfedctd®, and the
polymer exits fromthe second end of the reactor,

wherein the rmrmlmner exkte fiohi o seqond and of the rpﬂﬂtqrrrwherem the
flowi ng through the ndensat e reacto

each a pol ycondéﬂ%l}ﬂr'il h%IO?IE%mer d%‘f(yp!?gn?‘r HR Oug%the
vapors from the folyend@RetlicH pip&tALIVE icddabh b pslycHhd@hsation fluid;
and its outlet and/or proximate its inlet or outlet

t hrough a vent ac‘)érrprl sing substantially enpty pipe.
| yganot her e”bo%ﬁ%()‘fg vta{?&s 'fﬂ%\é? Ipﬁ’;ﬂa ﬂe&ct&lﬂ ihfthEfafeQtsdntet and

process for maki ng a polyes

conprising: a. pAtsoutldi agl/a gmﬁ»hmmcban&abr mnleptmeughavent
reactor having a first eng, a. . second end, and an

i nsi de surface; QAWPISINEFIPEntialy cqPtY Bipe: poI yest er

nmonomer into the first end of the polycondensation

pi pe reactor so that the nononmer flows 20 through the

pol ycondendatanother enloadament; the imomtine s diseatditng pracess for making

form an Ii&o and then.the oligoner reacting to
f oPm tHhi® H@F“%‘i"l‘ﬁm‘s{% pol ycondensati on pi pe

tr ﬁ:Ctr gract gpﬂ mgarrgflgin)g%ol%hﬂéqsﬁﬁ Aibb Reas e AR Adir&fend, a
second end, and an inside surface; 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 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 polyner flow ng through

the 25 pol ycondensati on pi pe reactor are each a
w@odgaonadensati on fluid, and wherein the fl uiBGT/US2004/016468

present in the pipe reactor are in a stratified flow

regime. In another enbodinent, the invention is

directed to a a process for 30 1fuki ng a pol yester

pol ymer, conprising: a. providing a polycondensation

pi pe reactor having.a fjrst end, secon

i nsi de surface; défﬁ%“\&? %@&PEYfi%b@OW?U@%‘%ﬁ%@Sﬁé&%g?the .

-16 b. directi ngofchhdénSatRRlpieSletétoMnR@ABNe Mi¥nemeh Rows

first end of the "polycondensation pipe reactor so

t hat the nononethbhgwie ptobfcom@elmsatm rpmtgfcﬁwdnmmqrmwcts to

reactor, the nononer acts t

t hen the oligo P %%8‘?%0”%“ aflgrt'hrﬁnq @g%ffr)fg&clts WPH‘G
t he pol ycondensgbiydierViftén ﬂﬁ@)@!}@bnds’ﬁﬁﬂldnhﬁpe RAtYARAd the
exits fromthe second end of the reactor, wherein the

mononer, the ol PgbmeSr exunfomithe prepydrend of thowrsrgtoriwlsgh the

t he polyconden§gii t

pol ycondensat i on o&l{%&ﬁhgghéo?ﬁégh tﬂg SOISF%I%EI Prgr%v"tg thf(ﬁlgh the
invention is di melycentiem@atmnnﬁmesaoxf Qe endka palycandensation fluid.
pol yester polyner, conprising: a. providing a

pol ycondensati on pi pe reactor having a first end, a

sqgond end, Qﬁ&h@r%ﬁ%ﬁirﬂ&n%é frﬁz%ﬁmorﬁﬁ‘éinkécteﬂl kd ?%dlﬁg&fgr making

fluid polyester oligoner into the first end o
pol ycanmmslatp@lmnpr,pempeamgor SO that t he ol i goner

fl th h th d t i pe reactor, the
ol ?\évgrrer r ?aggctl r%(?‘tl ng% Hrycgﬂ h %%éﬁ]}?%{ﬁaf}{}%qga%rst end, a

within the polyganparaatdndinRhde seRes;hnd and the
pol yester polyner exi ts fromthe second end thereof.

20 | n anotther emlireefingenfluidipolyestayeligane inte thif fixst et fithe
apparatus for uci.n

rsrpr i sing: a. gﬁl}gélt%jepls logx é’t‘?‘y rﬁ:a%tor SO tﬁ-%totgi; §|}Ecﬁg%r q‘odvs through

an inlet, an outhepoly@ndemation pipe kda@forStHE bAESMEMNERHRAR to form
whi ch esterl fication fluid reactants are passed; an
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, wherein the
polycondensation reactor has an inlet, an outlet, and an interior
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 pol ycondensati on pi pe reactor forned

separately of and in fluid comrunication with the
we@sdoenifiocati on reactor, wherein the polycondetimas1004016468

reactor has an inlet, an outlet, and an interior

surface through which at |east one pol ycondensati on

fluid reactant is passed, 30 Wﬂgrein t he

esterification and pol ycondensation reactors conprise

substanti al;l y _enpt | pe, 2004/.111104

cr usoooa b RS emRiRenc BeBRRIOLshibeisa i an ppparatus for

I nventpréducirg Hpolgeted polytnedcoapizit us for producing a
pol yester polyner, conprising: a. an esterification

pi pe react & havs§teEfcatipngupe rgacteuhaverg amindptaan outlet, and an

interior surfac ntreHBPsLﬁgﬂcmlr&%h%ﬁlgﬂ ie!té&ﬁ‘%‘tﬁﬂ flutdileBetants are
. a pol'yco

reactants are “passed; and ndensati on
pi pe reactor forpaeddsaparately of and in fluid
comuni cation with the esterification _reactor, wherein

the pol ycShdensatA¥RrieseidtPAaEagr farmed separatelytqfapd in fluid
and an i nter i of comtifiACfioh WidUAD i idhiigh £8P whfiin the

pol ycondensat i on urd 10 reactant is passe

anot her enbodi npotycondensitrongridtarhas an dhletp et edltldtcandran interior
esterification pi eacti or .apparatus for producing .

pol yest er rmnornegi'“,%g“c‘aot 2 iwrlilg‘:;‘:?1 zgi‘eaghowoquo%p@g@p%gmg
pijge reactor havkqehndis da8de@t, an outlet, and an 15
interior surface; and b. a recirculation | oop having

an influent and an effluent, the effluent being in

fluid.co [ Lon with t esterificatio L pe. . . .
react or . mzrgg Fﬁagﬁroetr%beordmé%b g‘le nern {lorf ﬁe‘ﬁﬁeﬁvg ﬁ‘? F‘gﬁsuia%ﬁcatlon pipe
di r ectredttdrappararie Per bt 04 polpéstctusoridvgne, RIREIgEr

nononer, oligoner, or _polymer, conprising: a. a pipe

react or haw ng & cst§MBeationpipa repeer hayies &ninjehtaarquilet, and an

sqgfgce througqn%ﬁgpgﬁ&ggaLhuid reactants are passed;

an a weir connecte 0 a portion of the interior

surface of bthe pirpérculfionédss lewvimgywh iaflpanant ah Bfluent, the
outl et thereof, . : . . o .
effluent being in fluid communication with the esterification pipe

reactor.

20 In another embodiment, the invention is 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
pi pe. I n anot her enbodi nent, the invention is directed

wo oo0ani@appar at us for produci ng a pol yest er noPOIES2004/016468
ol i gomer, or polyner, conprising: 30 a. a pipe reactor
having an inlet, an outlet, and an interior surface
t hrough which the fluid react antl§ -are passed; and WO
2004/ 111104 PCT/ US2004/ 016468 - 18 b. a vent in fluid
conmuni catiion with the reactor,. the vent furthe
conpri si ngPan uﬁé’?ﬁﬁ&ﬁ]’ﬂé‘?&‘gﬁrggh’ﬂ%%wﬁﬁﬂée el gﬁ"teBt further
the vent, the dggpfsiak ahHpRhiREnd@daB8tadd pRHERbipIB@LEME vent,
in fluid communication vvth the vent and an opposed
venting end 5 ditlupdegesisterd pipe hnvipg abereevinhend iadbiidi ng

end, and wherein the .degas.stand pi i S _nonslinear
extending in i t§°?lé'ﬁlé’f"1‘?\%g%glt%éﬁ? ‘é%r{?iag?e]a%g?%%v?%@g end
reeei ving end amgpbfiR weatdailpabe&naht heepalg endamsll wherein the
wherein the degas stand pipe is forned of three

conti guous sectdegasstanddtipg is nppdingarcextandHigda it dmetlivipe

each other, a figst,. [ ' Vi

end and extendi rﬁibr%étb%&ez‘ﬁgl atﬁﬁ/e%giveﬁ%hédﬁhﬁsh%‘r?egﬁhgﬁg&hemoﬁ
vent, a second sadwihercicthedegs standipige fsifoisited felaiet ommtiguous
and oriented at an angle relative to the fjrst sectio

in plan view, &ptiions eahyip flceqaRuRigtnney!th gachinther, a frst

sggond section %@&ionodgja%mﬁe ékeigi,@%:am%ﬂm%gﬁ%ﬁﬁauy

relative to the second section 15 i'n plan view at
the third secti onrticallpfroentheseudpsicand saitioy coupled to the first
hori zontally. In anot har enp

djnent, the invention is .
it ected to an JEURTEGCrFBES ShTCTAs Fiye fopderapston in
nmononer, ol i goNByian REw P/ RIrd TR dLipIgd tPheBecoRd RN and
reactor having an inlet, an outlet, and an interior

surface througlerighiediat 2 pemplimeniarysagieantet vaitoethp aeeord section

I n_anot her enbodi nent . the.invent.ion j.s directed N
agfaratus for  JBREPIES Erabgdhsf telidn & orGHledsut darftiuy
effectively di sepdgagitaigy.l i quid fromthe 25 gas or
vapor, the liquid, gas, and vapor being fluids,
separating the liquid from the gas or vapor, and

returning tIH %n&th&uén%o%ﬂﬁ&tt t?le'ixﬂ%nﬂ&r? fsfitiotel CTRE bpéia&qlés for
a. a vessel or process pipe contalning (I 5 [T quid an
(ii) g@asduweing a polyester monomer, oligomer, or polymer comprising:

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 comunication with the
vessel or process pipe, 30 the vent further

w@opnigdyng an upstandi ng degas stand pi pe copQl/Es2000016468
the vent, the degas stand pi pe having a receiving end
in fluid conmuni cation with the vent and an opposed
venting WO 2004/ 111104 PCT/ US2004/016468 - 19 end
di sposed vertically above the receiving end, and
wherein the degas stand pi i =i pnear._extendi .
T st engt hw S0 B TR AnB8 by rASRInEHLE AN Bifein the
and the venting deges $thel sipé is noaritheah@it@iding Mdtsdegabwise
stand pipe is forned of three contiguous 5 sections
each in fluid coleghorhetvsen thetercademenst ansrthe yeptinggnd thereof,

section adj acentanh%egﬁﬁ?{eﬁeg?hs tﬁﬁrgd @ggiseﬁshﬁ&pé)ﬂgrcfe contiguous

substantially vertica t, a secon
secti on coupl ed sectidgrBeath iluid se@inuaitadndwithieettt @tlerat first
an angle relative to the fi

first section i lan view, .
and a third sectS8#PT cpithe _becméngs%r@owg %@eﬁ*n@ﬁuaﬁ@twﬂy
10 oriented at %{tﬁ%&?&?roﬁtﬂ}@weﬂﬁa%@coﬁlh%e&ﬁ)ﬁ%gpﬁ?@% i@ Mirst

in plan view so the third section is oriented
subst anti al | y haettondral drientedrat amengle relaimsdditheefntst sechen in
invention is directed to L uid mxin nd :

i st buti on sydtghy RiagCytCe e aRIefS thegeeqgction and
angy di stributi oryrhtddl adaflandle reldtveao SIRPRES EseBligilin plan view so
process distribution system conprising: a. a first

el ongat e and verthitdh¢ thyrddicetpasie @rientgd gubstagtialgeherezogially.

b. a circulating punp in fluid conmmunication with the
first vessel and the second vessel, the circulating

punp bei ng JaaAsthetierhBstimang tharifvengen id dirdegslso a ffuidiiniking and
flow through the systemand to 20 circul ate the fluid

f r om tHgripption syseukadapieatior thp @uzwee sragssand digHgution gffluids to
theg fi ' | - y d
(15 o LRReSEAE pichels Bttt YRRAE lonbripfetecon

comuni cat idn w4 first élengate sid wetcdly dispdsddibuid aoagt vessel;

vessel being disposed at a greater vertical e]evatjon
than the fi%st VedE %ﬂngrwampzs%&}de CprRIHRIE Nk e st vessel

fluid comuni catj@nnhdidchnd P&sQl fhe Wrdlibfigk plRHFBeink B6nstructed
first vessel and the second vessel, respectively, the
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 ve_:ssel 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
woeagaliinant o the second vessel and fromthe fPEBUS2004/016468

vessel into the first vessel, 30 wherein the second

vessel is in fluid conmmunicatiqrow th the plant

process distribution system and wherein a static

pressure head formed WO 2004/ 111104 PCT/ US2004/ 016468

-20 by the bl uidelets WithikitRe $da6n® €5981ds M&%&S?ads&h@ﬁﬁﬁ from

to pass the fluid from the second vessel he pl ant

process di $hesepond vasselye therplant progass distribeidrosiistesnt |

the invention is directed to a fluid mxing and 5

di stribution system adapted for the m xture, storage,

and di stri lhbh@RerdmYddithélg, the inv@ns@pRIdieeted téf fluid mixing and
process distribution systeng conprising: a. a first
1)

f1 8i d distahuign sydsaadaptsd fof thewsrire; starage.andidigribitipn of fluids to
tora & ui d
i ommu %Sgg%&% %Ila{/r\ﬁt ? Eoct@% edl(%tﬁylgt?&n l/ ,Q,IU %BHSIL% t he second

vessel , tha. cir adliretfiuid storayp vlemeng constructed and

arranged to circulate the fluid through the system and
from the g"rrst %@%@’@Iﬁq‘ﬁ‘i%"‘f‘ﬁéﬂ‘ié@%V§§§§el . the

second vesgel bging,diisp ?&fﬁﬂ ifHuid (Bﬁﬁ"ﬂr{%atﬂéﬁ R’Jlihct‘ﬂle 1rst vessel

el evation than both of "the first vessel and the p
priecess di st ri band dre sed@rdsyessebrthe ainchilaingspuogniaing constructed

valve in fluid co nication with the . circulatin

punp, the first a{}g]%@ge ﬁ%“ﬁﬂﬁg‘%@% tﬂlﬂd&gg é?t% system and from
respectively, thig figPRsEQlintsahd/Rchd P&sqonst ruct ed and
arranged to sel ectlveci/ direct the fluid flow from

the first desselthbgern Yﬁss;eltbn@gfdlspgﬁedﬁé@@drat%m@rtml elevation
fromthe first Yﬁzﬁlsoeoth ﬁthg iﬁ%&%ess%?@n%dth rc'an? P/vlof:?]SS dhsér?butlon

second vessel being cSuni cat

phant process dygém;&nﬂti on system V\,herel n a static
pressure head forned the fluid held within the
second vesS$el i &cg8el ‘t%"ep‘&@“d ¢qRMENiGAPTF Wishiherarculating

second vessel t uh etr% ﬂg&tvegsrepgﬁtﬁe géc%'hﬁ '\sttei Q&pec?tg/ely, the

system In anot ention
directed to a nmebhosl wafverhemgrtxgnstructed 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 m xing and

di stribution system adapted for the m xture, storage,
w@na4digo4 i bution of fluids to a separate pl anPtCpPUSHEE616468

30 distribution system conprising: a. placing at

| east one fluid into a first elongate and vertically

di sposed fluid storage vessel; W 2004/ 111104

PCT/ US2004/ 016468 -21 b. passing the fluid fromthe

first vess into d.el ongate and rtical

i Sposed Tt d o RG e 1% FEPIOR T S8l nfd s Eghg Higneste and

fluid vessel be'Mléﬂl@ﬁl%@%dﬂ‘lm@nﬁkﬁ@taﬁﬂ st‘6 'v‘éé’del the second

el evation than both of the first vessel t he pl ant

process di stri bufliidivessykhedng dispasid ht fagl@auecmracalm@evgthhan '

in fluid conunicati t esse

second vessel, 31‘ ?&18 mr%{tvle%sﬁ F%nlﬁi rrt% © Bg’iﬂgﬁrocﬁ% rﬁléﬁtgtﬂ‘giogcf ystem,
and arranged to WAL & cirbdatidghing i W@ RoinRRINSMEHE WithGhe first
using a control valve in fluid conmuni cation with the

circulating punysssal red thesseondesssel, thieirquiptingaarpdbeing
vessel to sel ect [

first vessel to éeol ?tk%crtéjdo H%C%I]Tan%&rltsotb%\sigeshggﬁd{dgqgﬁr{ﬁe system;.
second vessel ; amthgh camlotedlivy @l fJuif @ssimnghidatien flithithe circulating

fromthe second vessel Lo the process
di stribution sysRUmR> they Stsié"ééf'r‘&n@géesséf’o‘lf’r‘@éﬁlFR;Sf‘éeCthely direct

stgtic pressurenbeath #eR%hd QrsPASSeltd @mﬁérlmlesﬁr@weqsel and the
therein to the plant 15 process distribution system

I n anot her enbodicnemt yessdhgandnvention is directed to a

heat transfer nedia. control for, use wth

pi pe react ot sysstebﬁﬁw?clﬁgasﬁ ”pgetﬁ%/@ r% §'§fssteg?ﬁlvg Y}eé\s/ﬁfé}rﬂ%thﬁ plant
supply heat transbedss AREiHutbA StdA 1Y Sdtondd 'v@sﬁelacrédtfn%ta static

stream of a heat 20 transfer nedia is passed and

return heat tranytssurehedd asqddepasshe fyid sigred thezgein t0 the plant

segond stream of_the ransfer media is passed,

thlg5 tenperature %Pcﬁsﬁg but“fms%sér? transfer nedi a

stream being greater than the tenperature of the

second heat transfer nedia stream said heat transfer
medi a cont ri§lanethst embedimsnt Hiergvension is dirgeiad th@dyeat transfer media

tr anSf&BtrgF s%nTI ﬁ@é W tHr %g%'} }éﬂ&c%sttege tlIeI gé Belagt% sys?e?n
transfer ream S second” heat
tr ansf}ﬁaivmﬁls@phd&dmraﬁsfmmt@ﬁh lobp dirotigtewBieh arfist 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-1oop, through which the heat

wo ea@asian4 medi a may be passed, fromthe first POT/UN®04/016468
second 30 headers, respectively; d. a control valve
in fluid conmunication with a selected one of the
headers and the first sub-|oop; 2%© 2004/ 111104
PCT/ US2004/ 016468 -22 e. the pressure of the first
heat transfer nedia stre Lthin the first. eader , .
bei ng greafer t ﬂ%r?ﬁére&%gg%?séhﬁﬁ‘ tﬁaﬂg{a’é‘é‘sﬁiiﬁ Eg'ﬁaé%fy ithin the first
transfer nmedi apgideeBbhWistdited thdh&hd Beefifle BERE8EGoNH heat transfer
wherein the control valVve is used to selectively

direct at | east nzdidstpemtwithin e sehend header; heat

transfer dia streaminto the.first sub-, | oop WSi
the pressure of V‘fq’?ée‘ﬂl}cﬁnﬁ‘éla‘fal‘fer1§H§?dzt|‘3 sﬁ%&ﬁ‘%"?%@?ée"ggmt least a
tos pass the hegbrilohdTHhEfirstBsht Gansdéitntda siréeen B thedrst sub-
the tenperature and pressure of the heat transfer

nedi a stream beiloap ysinsthe pressire g§etiiet Hept tsanskggmadisogiream to
10 I'n anot her enbodi nen l.ny-ent ' I

a heat transfer pﬁ%sglhgﬁeaté gﬁ%'gr}gﬁ Iln%lg’t %{r%qp glrsgﬁgié&(\%%ﬁgg{p Rrature
pi pe reactor sysheéptesélieopihpdetitatmisfer nidit eieambaingnassed
supply heat transfer nedia | oop through which a first
stream of a heatthropghythest sypdeeP-i s passed and a

return heat transfer media | oop through which a 15

second stream of the heat transfer nedia is passed,

t he t enper dhunehafembudithéntsthe inveation rsahisted toredied transfer media

stream bei ng greater than the tenperature of th

5 £ on ORI SEEIAL i o & PP SEA-Ty Sl e SP g pe

medi a ’ eQiaNBop throdkh Whish a ealst f a heat
trans#%?mggﬁugﬁ%ggggﬁt@%?gﬁgﬁ \?V?‘III) chOLta%we fli r gt heé?amo 2-1_ . .
t r ansftensfeetiediass pasaed sl patse deat2gnpfer mediadeemithraigh which a

T LB e Bl 6L, AT e
t r ansfiRht dBATR nfdbr tReM HellizOttedtehE theltB@pdig@te of the second heat
transfer nedia may be passed fromthe first header to

t he sdvwsigr medimdéneam, 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 communi cation

wth the first header and the first sub-I|oop; and e.
w@2@aaonos control valve in fluid conmuni cati onp@I/Uk200H€16468

first sub- |loop and the second header; f. the pressure

of the first heat transfer nedia,streamwthin the

first 30 header being greater tfran the pressure of

the second heat transfer nedia streamwthin the

second header; 111 P 4/.016468

9. wherein %ne o % ngfor%’ ﬁtfah cfgl-rlll% %ro\?g?lv 9 iged | tgéglecnvely

to selectively airdrce@ttle@dt alpeain of tROfilst kAt &ﬁnstfélﬁnédli Stkeam into

heat transfer nedia streaminto the first sub-I|oop,

using the pressuthe figst subrdoap; psing feressurgrod the firshheat fransfer

stream 1o pass ﬁlgcﬁagﬁ‘@&mtt Qscsftﬁé h%@a?ﬁg%gﬂg%g the first

first 5 sub-1oop, control e tenperature

ancs pressure of dubdoopeaat td alamséxﬁfolmmdjemps@fwaamd)pﬂemre of the

passed through the first su | oop, .I n anot her

enbodi ment , ¢ he oL BHISTEITWa HfA8E beike pa5oel theughdhipfist sub-

passi ng 1o a hegp,transfer nedia through a heat

transfer nedia sys}t)emfor use with a pipe reactor

system the pipe reactor system having a supply heat

transfer [ 0 rou ich a.first streamo )
heat ¢ r ansr it mpedirelihe HiirtioR i filediamencd ofpassing
t r ansf £hedibdhdded RN ﬁﬁé@glﬂehhé/hh bRk e RERLBbterh FRARR Kith a pipe
the heat transfer nedia 1s passed, the tenEerature

)\ 4

and t hisagpesystere thef piphiecagtor SXStqii@hthItlg anyind mmaasfer media loop
strear@]}( t.h erature and t
pressur e%ép %FE& gﬁgsg%t? aﬁ% ?aéﬁré?sef@mefﬁ IS passe agﬁ]a feturn heat

sai d heafsfer hasdsd 106p eeigh Whidh AGkcStreith 0P tHaltiesi tidhsfeR medla is
passing the first heat transfer media stream through

first PassRd, thetempgraturg,ang the peessise of the fissidptigansies media stream
seqon

hegS? ??J]‘?E egtglaﬁ]laﬁ ehtglegéﬂttﬁé E@me?pé's Ef ﬂ'ﬁssggo%qleag@ansfer
t r ansfaediastéan fsaxdrhehhtearfsfarmedlmeadmbl t;lfstaﬁugd'mmsuﬁg r st

heat transfer nedia s in the absence of a

transfer netlia H¥EDE eltlhr@t Dsahisansfriopedia ?t¥qa§kth%‘t$f‘|aéir5t heat

valve in fluid eonmipiddiidaferd th the first header
and the first sub-1oop;

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 nedia fromthe
first sub-loop into the second header, in the absence
wobooa/imaed transfer nmedia circulating punp, WahUS2004/016468

second control valve in fluid conmunication with the
first sub-loop and the second header. 30 In another

enbodi nent, the invention is dlﬁécted toa fluid

del i very systen1for the delivery of a process working

rocess WD

bet ebtband st P hayRE R B e Sy age tuethE istrhuing, gnd

a pi Per&esdi hEQTulcl@'iBjiysféﬁlcdimﬁ{sﬁﬂgﬁ)Utlng and
proceSS| ng the fluid, the system conprising: a.

| east one del | ve@t;le@bmfariiqhefpryw@raﬂm%meatlamedaat@mvplp station; and
station; and b. S ft

conmuni cat i On Wi ?tﬂe%shg&aé "I%glgls gﬁg}nﬂg}ncfehlgl\]/évﬁty the at least one
cogt ai ner; c. saﬂalv@tyécﬁaﬁﬁerone del i very contai ner

being in fluid conmunication with a valve train

val ve trai - bei ngid t leasiper d@tyﬁmwn&aaw&elwﬂﬁluﬂwe

process plant pi ‘wgﬁ flui
sel ectively purrpg |¥I?1t§c E%N glt’ Heewa;\lg\{el tgaﬁrébilgg in flud
delivery contai narrnmhmoaxgm Winletheairmmss plahn'piamsiystanm 0

t he process pl ant stemin th absence of
i 0 dol s velyen inai s SASHEDY Pes 156t oTe g Qdeast one

regei ving (O hihhad to! Q881
e very” Sl SlaEhAR Il OTbR BB boR gl e

t he i nvent isystensn @heréaser@d of @ flid dalivdrydised ot yorasymnérﬁ)r

for the delivery of a. Ki luid s Ly to,.

a fluid prdd Seﬁ?cﬁh‘? rﬁgsst?)‘???ct §§‘F 8‘1% tﬁ%@ﬁﬂﬁ%t éne Qelivery
pi pe syst emoh@inepdeedihng, distributing, and

processing the fluid, the systemconprising: a. a

first delivery container posi tioned at a punp station;
20 _b. a fi rst n £l
filst deliV 3 rangtHgP erﬁlbodlmgﬁt th%?mgbl? aldi dj %@ eWt(t)Qﬂtuanehvery

al ner secon

cont ai s@@témﬂﬁﬁth@ldeﬁﬁedy afa bhf:esﬁsu W@rl&ﬁ @ﬂuﬂn;upplllydo a d1u1c‘aprocess

second pu WE in fluid comunication with the second
del i veMsnt, the process plant having a pipe system for handling, distributing, and

processing the fluid, the system comprising:

a. a first delivery container positioned at a pump station;
20 b. a first pump in fluid communication with the first delivery
container;

a second delivery container positioned at the pump station; and

d. a second pump in fluid communication with the second delivery
container;
25 e. 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 conmunication
wowdon/1a1val ve train, the valve train being copQI/US®d4/016468

of a plurality of selectively operable control valves

and being in fluid conunication wth the process

pl ant pipe system 30 wherein e fluid is

sel ectively punped directly fromthe first and second

delivery coptainers, respect.ivel t hr ou the lve

rain and |t BB PHE ST REY I ASRB0HERG g HaSEy focd and

t he processsgtagdtanki pe systemin the absence of a

fluid delivery feed and storage tank. In another

enbodi nent, the invention is directed to a fluid

del i very met hod for.. M LVer | f

pr ocess. worki oL e g g R iR fecRartatoty ity

pr acesgmethbd fr i@t dwivaribg euppys b Lapiodéssvadiding Mhid to a fluid

di stributing and processing.the fluid, the system .

conpr i BPeRgS PNt Sessproeesh plagt baving a pipg systemAgr kawdhiag, distributing,

at a p i ' ' / cont ai ner bei ng

in fl u#lg%ggéﬁim%}ﬁg E:hgtf?lpcl)(?f tfv]\‘/lf %)%Eeén ?‘lﬁ‘bgﬁ{&l&% punp; b.

posi tioni nga.a sepositionie b fiestylebwry abmeimenit a uenpstagion, the first

station, the second delivery contajner being in flui

conmuni cati on wi GRIETY SUERR ?ﬁ%@%‘g§@?8’é‘f‘ C@E?*yw‘tg a%rSt

pupgpi ng the quigu& 9n1each of the respective 15

delivery containers directly into a valve train, the

val ve trairb. bei pgsitompg asexpndfdehvery gorthineyatdhe pump station, the

sel ectively operable go.trol tv.alves i%aiLgid . ‘i

communi cati on wi £F°Pf} GEY%% suaigprhfing influid sommupication,with a

t hrough the val vgedohdipimpnt 0 t he process plant pipe

systemin the absence of a fluid delivery feed and

storage tank 20 Pdectvrehepumpiag thediidifiem eash of therrespgetive

t hFS fluid fromt Egli%r%%(grg?itrlers;a’ri}%%%g fn!t(y LAy f)rgltna{h%QJ’alve train

therein. I n anot hér e men inventron s
directed to an i bteglcainpeisdd e plutatityess sdiestivélpupérable control

system the vater, gl et TL Byt LoD 1St ST AR 9, B P
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
wey®iamicoOnpri sing: a. a safety shower water SPOT/EE®04/016468

tank in fluid communication with, and supplied by

water fromthe water source; b. a first water

distribution loop in fluid conmdfii-cation with the 30

safety shower water storage tank and being supplied

with water therefrony WO .08_@)/111 04 . . o :

PCT/ US2004F01646B5€copbwater JisibubAn Iopara fuid sarpmppiestisn with

| oop in fluid compyiGakdfisitbitlon 1B dhitr St wat er
di stribution | oop; and d. nmeans for selectively

drawi ng wader f rmarnsher felqosivelyalraving aiastr fidou thiedirst waer
to supply water t.o the second water 5 distributio

| oop. T anot herSRbBiHERE T s Wog(a BhstebhiAlky, eq
tosa met hod of gtgtgﬂj[lii&u[ong wat er through an
integrated plant water distribution system the water

di stribution system being separately supplied with

cl ean, fresh er framl . SQUE S

within a p?%%%@éerpﬁrlg’r?g }m?rﬁ’etgﬁe ﬁg%onclgrl%rlﬁrﬁélgtgﬁ g{f Hlegh.o'd of

suppl vishgburigaratérahugR b inte g heiplannvahRr dBtributigs syaeHk, the

b. passing. the water fromthe safety shower water :
st or agtarabigtibyiion system; heing sraratelysppHedbyith sheanofsgshiwater from
fl.uid i ' i -1 ;.

o ¥ o pSRRIB B2 S Ofke it Bocptial, G AR CRffinink”

di stributi an | oofupblyingwster toredsafey shiovekrstaterstiragatahkop

in fluid communication with the first ter |

oop. In .
anot her enBodi mePASSINg e WatgRpmdhe salety;s SUFTHR P agAee tank into

integrated 20 vaggnasyes daidion Y& Wlid BorhinliAication with the
pol ycondensati on reactor having separate high

pressure, nmedi unwpteeststage fanknd | ow pressure

pol ycondensati on_ yacuum zones, respectivel the. .

S5 em compr i si el vely PagsE W agh famdlis Sistaalpr ggption loop to
condenser bei ng } Becbhd vdter aRIABIH0A 3dpAn Mfid BorB@AGhicfion with
the medi um and | ow pressure 25 vacuum zones,

respectively, of theHastpoitsrdediensat i on react or;

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 communication wth

the spray condenser; and c. a vacuumpunp in fluid
w@oomniieati on with the interstage condenser.P@8DUSIV04/016468

anot her enbodi ment, the invention is directed to an

integrated vacuum system for use with a final

pol ycondensati on reactor havi ng2dt- | east a WO

2004/ 111104 PCT/ US2004/ 016468 -27 medi um pressure

pol ycondensati on v zone and a separate | ow
b o6s ARBIUTE BIBRREHESHI<BALOR AL GP1E i eRyaiedy pressure

CONDT ig3}RBndesatfd %Eﬁﬁn%@ﬁ’éj%bss%t mS@nthrifig@y condenser
bei ngplgyafnw o clzlom“runl cation W ieh eggph ofgat he nmedi um

and | ow pressur ea prepcendensenmas] Sprraasmdtmseebqing in‘ﬂmitle
pol ycondensati on_react.or t EG

conmuni cati on wi ?W?H’é’cgtb%‘yltI&S?fg‘eQ@}éerm dipm aélﬁlqow pressure
i nger st age condena%ﬁﬁmlzranéé %sgea%]wemletpbgréoﬂuetr@attdﬂqeactor

first EGje . a vacuu uid communi cation

with the i rbt er st&@éﬁt Emebmﬁgledag@nmuawatl@ with shecsprizy @e@denser;

jet in flui d o m ers a%e &n\éﬂe ng }nhf?m!i QRIG ef’c%y o with the first
e y. I'n :

vacuum zoné&" and condenser, respec

anot her enbodi maBG,Jeﬂ; he invention is di rect ed to a

met hod of 15 collecting fluid froma final

pol ycondendlat i on2 ¥asasmppumpi fiyd sommymicatie withdhe interstage
vgguum zone, a | qHiRe prggsur e vacuum zone, and a | ow
pressure pol ycondensat’ion vacuum zone, the nethod
conpri si nge. a. pasex:bn@EG'yet il fliiidl cémonmittidrewith thenlew pressure
medi um pressure conden tion vac zone and the

| ow pressure 20 cﬁ?&%ﬁ% eéﬁfa\)’éle{}‘gﬁﬂs?oFPép%ﬁlV?
reactor into a S|ngle spray condenser in sealed f|UId
conmuni cation with each of the nediumand | ow

pressure vdtewthercmamdimespbe tivestign isakmgctod tala ating of

t flujid throu an in ta ndenser .in. f
comurtP RSP PPy B B S EneRe Bz g ppessure
PUNMp  vacuum zone, a medium pressure vacuum zone, and a low pressure
polycondensation vacuum zone, the method comprising:
a. passing the fluid from at least the medium pressure
‘polycondcnsation vacuum 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
walooeairaos t 0 a process for making a pol yest err@DUSIMBE/016468

conprising: a. providing a pipe reactor having an

inlet, an outlet, and an interlg 30 surface, the

i nl et di sposed elevatlonally bel8w t he outlet; and b.

addi ng at | east one reactant into the pipe reactor

el th h h
P Ll i ARG ) e

PCT/ US2004/ 0164&fbnom2Bwithth the pfeaBictor’Md e pdlydste@didhomer
other to formthe polyester nononer within the pipe

reactor and t he epiét fjertthe ouflsiHipesof. exits fromthe

outl et thereof. 5 In another enbodi nent, the invention

is directed to a process for making a polyester

pokymer, cirpidtRéregibodimeatatié iiventien pdirgcod eenpricesdfor making
reactor having a first end, a second end, and an

i nsi d@ POINeFSEROIYRR CPMPEFINgd i sposed el evationally

-above the econ%rcﬁﬁkﬂ t\l%glgﬁ t(ﬁe‘é@:{iﬂﬁr}éﬁ%r angaatCt?]Ig{ end, a second

bei ng non 10 I|inear Irst en

second end; andeid, addraemsiidagﬁuafaté mhajﬁqsoér;derﬁs;msedmlnmtmnally
into the first eg t he gﬂ%¥con ens tion reactoB

that the monomeRPTIeHE SRR B thheelesBAgisaer Fresir bring non-
rggctor, wherei fntfdeRRATES fifseasd éldttﬁe E&:Bml ehd)@nd

pol ymer within the pol ycondensation reactor and t he

pol ymer 15bexi t dirtetng & fieid pelyestar matomérdntedhe first end of the
anot her enbodi men on | irected t

process for mak? ﬁfgbondqen%qn)%’sr ?aCtorﬁ& éﬂxrg?e RSP fng]s.gt.hrough the
a. providing a pelyyeaidefivatreaior BRI thdaonBeeRrdhbt 8 form
end, a second 20 end, and an inside surface, the

first end di spodiePodyBeavitinabg golyeopdensationereaeton el the polymer
end, wherein th%xﬁ@ﬁ QHQ&Q%&{&%ﬂhl%thor forms an

angle with a vertlca y orl ane the angle
being greater than zero degrees; and b. directing a
fluid nononer into the first end of the 25

pol yconde n%‘é?‘i%ﬁ"Fr caefppend.ghe myentigidis dyrelpd o 3 prgggss for making
throughyoBfester 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 polyner within the

w@odgaonoensati on reactor and the pol yester ppdTHOBI004/016468
exits fromthe second end thereof. 30 In another
enbodi nent, the invention is dirgected to a process for
meki ng a pol yester, conprising: 2 2004/ 111104
PCT/ US2004/ 016468 -29 a. providing a pipe reactor
havi ng an inl et out | e nterj S ac I
the 1nlet d spoRsngtbrtperdiey AarEhr v sy filet 268 pinteror
b. adding at |eas%tfa@enﬂ]diﬂﬁﬁﬂﬁﬁésedl&lds)aﬁdikﬁlll?'bl@ﬁ)“‘ £230u0Et; and
proximal the inlet so that the reactants fIOM/through

t he pipe rdact oraddiget dgapt ong reaggant ide thepipe reaglor proximal the
each other to f %E} E&ﬁnapﬁllﬂg&%iaﬁ{s f%v& %ﬁueéhqﬁ? ?ié)%ereactor wherein

reactor and the yester exi fro

thereof. In an qhh edacaniseeticiatith eatthethemntoefoin dit padyester within
directed to an apparatus for  reacting r tanfs into

a pol yester mndﬁ%?lpeéﬁﬂ?ﬁﬂrlagil Hig: PofYpstet e’é‘%ﬁﬁ'@ thegities thereof.
having an inlet, an outlet, and an interior surface,

the inlet disposed eIevationaIIy bel ow the outlet; and

b. a weir da mnembednbaﬂimemoﬁtiimndbn ishdirdcteddp ianapparatus for

sur face f t he re r adj acent the.outl et

hor agfadting D0 PO e BRI | on | s

di foected t o an apfpé Alaber hVing ket HDoltRAGHARM Stk Surface,
a polyester nononmer, conprising: a. a pipe reactor

havi ng an inl et thainle@ispesed eimtlanallyrheéw dre anilef; ané,

the inlet sposed el evatj gnal Qut d .
b vent | 5. mochan] SR rgb ATl of gt pifise oF B pipe
reactor so that rgact@didcehtdhé bavetisgrer Wi thin its

interior surface also flows through the venting
nechanisn1mhen flomﬁng fromthe inlet to the outlet of

t hl% pi pe rg ther érﬁ I%gltltl 15%?1'&@@ ?@e%%m% ﬁg ira&garﬁﬂs for

eccentric on1fe ucer n -ano
enbodiesming rédmeamtsnm&m palfestes mbroatt adnipeisaiy: appar at us
for reacting reactants tq a polyester nonagner

conpri si ng:®a. aamipwafsf@agf\evg AR AL gamet]eh| agd an dpferior surface,
outlet, and an 'tﬂé ﬁnét%sp%yédfa&%nonﬂnﬁoém%e SitRpasgd

eIevatlonaIIy bel ow t he outl et
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 [ oop having an influent and an
effluent, the 30 influent in fluid comunication with

WO be4pipes reactor proximal to its outlet and PEEUS2004/016468
effluent in fluid communication with the pipe reactor
adj acent its inlet WD 2004/111104 PCT/ US2004/ 016468
-30 I'n anot her enmbodi ment, the P%vention is directed
to an apparatus for reacting a nonomer into a
pol yester polynmer, conprising: a. a polycondensation
reactor having a first end, a second end, and 5 an
i nsi de sur fagRshdr RELEHSNt SREind RS diret6y &) drapphtatus for
above the second end, the pol ycondensation reactor
bei ngredactimgeamasomer ipkaiz poliyesjerafol yuert ¢quupnising:
I nterconnected sections in. which the. ner. f19o
al ong the Pnsid8 pgfylc?%(ie Sag\‘onég%cﬂorshg‘&nigggﬁ rg& v ap %c:é'ﬁ% end, and
fromthe first gRehstde subfeces aromet @adigoséd@edddionally above the
pol ycondensati on reactor, wherein adjacent sections
f orm non- | i neasecandleed the polyeosndpnsgtiprFeactor eipg fopmed as a
| east one weir att . 1 nsi e 0of
polycondensatioﬁhgéhgﬁg?églBE&%@ﬁg%ﬁéeagé%§%§n$%€%@g%ﬂm
adj acent a | ungionbmepfloeaalongthetingidé mirérce ofinsdi section

sections 15 I n anot her enbodijrent, the invention .is
directed to a pP@E@§@8ﬁ%Nnﬁﬁgﬁ%&ndth@§F%meW6 the
plyrality of r egs B RenSRTRTERtPIwhérin 4 R¥hNeBorForm non-
esterification prpe reactor having a first inlet and a
first outlet; (ibaraddiengithieach ethet;ands under
esterification reaction conditians . ,nta.the_. 20

esterifi caﬁ’i on pt5851PBa LY tﬁ?}&@{%ﬂﬁqeemflge Pifdaceiof the

inlet and form EGIy@oﬁd’Hﬁsat%@é&tcfr', AeRR dBydiLRAb@IEdSadjacent a
forma liquid phase and vapor phase through the

esterification pinstureefcachrof drednigreanasiedsectionst a
portion of the reactants forman ester nononer. In .
a6t her embautiteersmbodirnent; the gventaen is dirgetedtq arocessdor making

process for .naki 25 | yester.froma plurality of
r eact AREELHRTA Pﬂﬁrﬁb’%’ ?%fgcg?%%?o i nrglgsng%i esterification
pi pe reactor having a first inlet and a first oulket;

(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
w@eadiimabe to the first inlet and form ng a tweCT/882004/016468

phase flow so the reactants forma liquid phase and

vapor phase flow WD 2004/ 111104 PCT/ US2004/ 016468 - 31

through the esterification pipé-réactor and wherein at

| east a portion of the reactants form an ester

nmononer; () reacting.the nononer, under, . :

pol yconde &%‘é%}bﬁ‘e reétglgpf%Wné’épneariefmit%rn%n% Whergin at least a portion of the
pol ycondengtantYofth R estepmbAsmyAer ei n at | east a

portion of the ester 5 nmonomer forns an ol igomer; and

q ti ] . ti . .-
et o R RSB0 20 SRISEIA |l conions

react or waesblycaidehesioh pipeposdibromha@éintanastal paioresf the ester
forms a polyester. In another enbodi nent, the

i nvent i on MAOFIF EEPS AN EaReL3R4r at us for 10 prepari ng

of at |east one of an ester nononer, an ester oligoner

or a pol yédx ereactngheidignmenumpiep polyeatiensatioavéasgjomponditions in

inlet, an outlet gnd an interior throu whi ch.
r eact ant s H5FPOAYcOndensation RIPg feagior ddersin ?fgﬁ?ﬁtr@rpfm%ﬂ‘? of the

ester ol i gaBEBheOfords apely¥ast er are passed. The present
i nvention provides for apparatuses for each and every

15 process Igah@HEBBodiAa, e ieeAliéeRtdincRd b6 O &Sparatus for
related to each and every apparatus of the invention.

Ad@i t ipsrparingafatrieasyene of antaster monemer.@n offier pligameyer a polyester
o PR s o RSB BT AL Py

in par Vi ous sCription,

be easiligh teaattmedf bylegx and b fer vmohiey eintds@holiddifer or a
advant ages of the 20 invention will be realized and
at t ai POWYCHST #EXABCAf the el ements and conbi nations

A B

to be unders ol Nng genera
dascr ippddesnerabatiimbig, fral domedmoanthjedt @iobesd reletsd to pachand every

are exenpl ary ehgd expl anatory only and are not
r est r i2RP419Ws Of epRvanHORnt i on, as clained. 25 WO

2004/ 111104&&39?&%“3@356&@&3 invftion will be set forth in part in the

description which follows, and in part will be obvious from the description, or
may be easily learned 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 incorporated in and constitute a
w@aoot/10f104 hi s specification, illustrate severabCT/US2004/016468

enbodi ment (s) of the invention and together with the

description, serve to explain tt}g principles of the

invention. 5 Fig. 1 shows a typi“cal pol yester reaction

tenperature and pressure profile. Fig. 2 shows one

polycondensat | BICHEESESCRIPTIOR OF FHE RRAWINGS
pi pe react 9 fel u%ﬁ?paglpﬁf f]‘%}/}lg@ lfv#iﬁm a@ngco%(%§M8% arfl ceonstltute a

reversed (i'n uent at
shows pansf #li$ gecdwsticn, vidustraersenahl gnipelidest(eoé the 1nvent10n and

Ui o nodsaerefh oa §Esefigton sERs i man GHDBATHRI O/Ghe Pwgntion

i ngention whenehbwsBgylion pefyesteﬁreaaﬁnqemséﬁhﬁ@gﬁd Pessure
eSterlli,éfﬁ@tl on reactor whéré |[evel control occurs via

i P TRt o the pol ycondensatl on reactor Fig. 5

shoms one . ment of |nv er.e an
exi stin § ‘é’éPE?e Tm “t%t op T S £ i %
WI t h é)ﬁ CBIEI E)HFHI raspo ﬁo& erga eé CtOI‘ mode, the

enBodipant #1d ¢ ﬂéerrtﬁrﬁewwéﬁi Ginfbpeat at } laandesttlpgnaat 12dher e
multiple parallel esterification and pol ycondensati on
pi pe react diig 3ashewstnstdlled @osts #s npglinal pgpethemgiendnades)dor a
of nultypipdl @ipgerreatuatisstalldddost ofitbissyamémm. 25 Figs. 7 a-g
show vari ous enbodi nents of the vapor di sengagenent
fas both tHe 4anbekioht embbdmeansk tROInveMsIERB&EInQRe top of the
processier EBldland HRONA fiddtiRTRRM I Widre Rvel Bitrol occurs via a weir

pol ycqllpt ﬁl&&%df!r?s&%nre%@tog' sengagenent. Fig. 9 shows

0

an enbo amnar mxing in a pol ycondensatl on

zone ut|I| 25% rangcﬁ{nggtﬁtdd' mete
i nverte géﬁ OEYS E AR ¢ hac WP ‘O%%’ § ei‘é ing”
S Hivis PP b BLETORH DS FrodLfdaFithgng gramore pipe reactors.
esterification or est er exchange reactor pressure
profil e usikig cahpwe epgmbadiment ﬁg‘;’ﬁlﬁ n@:\@nﬁorgmelaneiadﬁrgpr plant where
Thi s fmytiple pamllpk estesificeton andgiadyconidewatiahpipe nepctonsare utilized,
verti aawetlias fegqmreduwmivon olf etulgge pedaobts within ofie $ylsem.
eskerification or ester exchange reactor |ines.

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.
woegunesod2a and 12b show different aspects of Pe®ES2004/016468

additive locations 45 within the process. W

2004/ 111104 PCT/ US2004/ 016468 -33 Figures 13a and 13b

show two different enbodi nents whérein the paste tank

is elimnated by using a recirculation |oop. Fig. 14

shows an elﬁ) ‘ijésnﬁqtan%?{) Shdly %vbc? dnf_e%nt @ga{gﬁe&ts Wherdin the paste

subl o

typi ngﬁ]k& Fl I gfefi%r%%l%adreflé%"gg Fig. 15b shows

an enbodi nment of t he i nvent.ion for the m x and feed

1o syst em FHat4ehows amembodimenioykereinihe heph frapsfpranedia subloop
coht r ohmpegrecdignipgted.unit  operations. Fig. 16 shows an
enbodi nent of the invention wherein an alternating

| ow and hi §ig. preeshows e tgmodlipgior ait noxr and faedgglstéar t he

ester exchange or 15 pol ycondensati on pi pe reactor.

Figs. 17 aFrandsksedieyard sbgiiaest oTeiy ivveticnt8r ihe &R tah@ feed

f qp asﬁ%n\{ @tk SlimiRt RN arif8Sta it dnAlR bARE RvREPSd ur}l
r eact the esterification and a pipe reactor or

t he ngyconéensatlon systen1 20 Fig. 18 shows one
enbodi nent f oy, t.he poI ensat.j,on p| actor
IOr oce (E {(8 shodvsag %&SEB‘%@! &/ oeIIl ‘8Pé‘ﬁ’§ﬁetm 1 3ltemating

Fig SOW and gl BFsTHE GO U4USRH YIS SpEhih he £aisT Cxthapgaor 10

45 anPelypoRfieRsatOn RIRS T8RHO i sti | [ ation is replaced with

adsorptlon Fig. 20a shows the different flow regines
of two- pha&igsf 'baaihb shoy bwoenbddipiepesf tiBOinFionZ0ba polyester
shows ptahtdesggmantegessing fal pope regctor fat ile esferificativrdaraviepipe reactor

vapor foraBspolfitandensation bgstdrel ati onship to each flow
regi ne of two-phase flow in horizontal

Fig. 18 shows one embodiment for the polycondensation pipe reactor
process. Fig. 8 1s 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 flowregines for esterification and
w@odgaonadensati on processes of the present i nvEOL/USI004/016468

35 Fig. 21 shows an enbodi nent of the invention for

unl oadi ng trucks w thout the usg of tanks to mnimze

capital costs and unit operatloﬁ§ along wth

elimnating water to waste water treatnent 40 Fig 22

shows an erﬁ dim%(vs%e tt\&i:EB%agy %ﬂ-‘ ga'f Q& r(fﬁ)mo

safety PﬂM
punp cQ%YCé?P ‘F‘%“‘?ﬂ ﬁfﬂ? gIPH ﬁ%ﬁ frghe PEeseignvention
faci | i YREreIpapipersaginpizds QFARAA'Sy st em

for reducing EGjets and 45 elimnating a chilled

watser system as one enbodi nent of the invention. WO
2004/ 111104 PCT/ US2004/ 016468 -34 Fig. 24 shows the

t wo- phase regi mes for esterification and

pol ycondensation for one enbodi ment of a process of

the present invention wherein a pipe reactor is used

to produce PET honopol yner. 5 WO 2004/111104

PCT/ US2004/ 016468 -35 KEY TO NUMBER DESI GNATI ONS I N
THE DRAW NGS DESI GNATI ON MEANI NG 5 10 pi pe reactor

11 outlet 10 12 inlet 21,22,23,24,25 view 31 inlet

15 32 fluid outlet 33 gas/vapor outlet 20 34 inlet 35
exit



36 tee 25 37 eccentric flat-on-bottomreducer 38

weir 30 41 mx tank 42 feed tank |level 43 punp 35 44
wa@gootains 45 tenperature controller 40 46 herdT/US2004/016468

exchanger 47 steam 48 water 45 49 feed tank 51 | evel

50 agitator WD 2004/111104 PCT/ US2004/ 016468 -36- 51

feed tank 52, 53 punp 5 54 tenperature controller 55

steam 10 56 water 57, 58 feed system 59 feed header

pipe 73 | Ak 8B o BRDEREIN RN iyt BIEEWINTS

DESIGNATION MEANING

10 pipe reactor
11 outlet
10 12 inlet

21,22,23,24,25 view

31 inlet
15
32 fluid outlet
33 gas/vapor outlet
20 34 inlet
35 exit
36 tee
25
37 eccentric flat-on-bottom reducer
38 , welr
30 41 mix tank
42 . feed tank level
43 pump
35 :
44 agitator
45 temperature controller
40 46 ~ heat exchanger
47 steam
48 water
45
49 feed tank 51 level

50 agitator



25 75 level 76 water 30 77 tenperature controller 78
steam 82 feed tank 35 91 recirculation loop 92
w0 emincubat i on punp 40 93 influent 94 punp oupdBUS200H016468
eductor 45 96 feeding conduit 97 solid reactant
storage device WD 2004/111104 PCT/ US2004/ 016468 - 37
98 solid netering device 99 fe @er 5 100 inl et 101,
102 pipe reactor 10 103 product outlet 104 vapor
outlet 106 tee 15 110 weir 111 inlet 20 112 post
wei r %ﬁs out | et 1208 % et. 25
eed tank

52,53 pump
5
54 temperature controller
55 steam
10 56 water -
57,58 feed system
59 feed header
15
60 3-way valve
71 overflow line
20 72 unjacketed pipe
73 jacketed pipe
74 circulating pump
25
75 level
76 water
30 77 temperature controller
78 steam
82 feed tank
35
91 recirculation loop
92 recirculation pump
40 93 influent
94 pump outlet
95 eductor
45
96 feeding conduit

97 solid reactant storage device



121 vapor outlet 122 product outlet 30 123 reducer
124 weir 125 next el bow 35 126 pipe cap 127 | ower
wena4oi1ivhe reducer pipe 40 128 tee 133 di senp@miusm04/016468
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 | ess3than 90 degree el bow
138 second |l eg straight pipe 5 139 tee 140 el bow 10
141 straight pipe line 142 flow inverter system 143
leg 15 144 third leg 145, 146, 1ess than 90 degree
el bow® 20 147 vapor ldmesteringdeicSduct outlet 160,
161, 162 flow conduit 25 163 injection |ine

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
paral l el pipe reactor flow conduit 171, 172 zone 173
wo edounmieader 35 174 supply header 181 adsordBUSIHEH016468
40 182 adsorber bed 183 adsorber bed 184 outlet 45
185 condenser 186 conpressor or bl ower WO 2004/111104
PCT/ US2004/ 016468 -39 187 conddfsed 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 15 194 183 bed outlet 195 183
bed oddlet 20 197 inéﬁ@?&@&%gﬁe 198 outlet 199
inlet to condenser 25 211, 212, 213 esterification
react dB8 214 pi pe reaetond 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
wo ewdariidd 224 recirculation line 225 punp 2061/018814/016468
exchanger 45 227 pipe reactor 228 additional pipe
reactor esterification process WO 2004/111104
PCT/ US2004/ 016468 - 40- 229 vem?1ine 230 recycle line
5 231, 232 vapor |ine 233 heat exchanger 10 234 feed
poi nt 235, 236, 237 polycondensation reactors 238
gear funp 15 239 outlet 240 inlet line 20 241, 242
seal 1&g 243, 244, 2densad sEfa%acuum header 246
pressure reduci ng device 25 247 seal leg 251, 252,
253, M&8lve 254, 255heapG@hanger
5

189 inlet
190 181 bed outlet
10 191 182 bed inlet
192 182 bed outlet
193 185 condenser outlet/183 bed inlet
15
194 183 bed outlet
195 183 bed outlet
20 197 inert makeup stream
198 outlet
199 inlet to condenser
25
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
WQ@Zg1RidR4 273, automatic valve 274, 275, 276r@P0S2004/016468
safety shower water storage tank 45 291 safety shower

outl et 292 pelletizer water distribution |oop WO
2004/ 111104 PCT/ US2004/ 016468 -4%1 294 filter water
storage tank 295 suitable punp 5 296 downstream heat
exchanger 298 filter 10 299 downstream chem ca
additive station 300 cutter/pelletizer station 302
separ &% water |ine V%1883 downstream punp 304
cooling tower 20 306 | evel control 307 water

col | e230 on basi n 308recpdEling t ower water supply | oop
2% 310 punp 311 downstream col d water users

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 ~ sealleg
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

290 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 |evel control 35 316 polyner supply line 317
w@odogmernoext rusi on die head 40 318 nol ten pol BAEUS2004/016468

strands 320 vacuum punp 321 interstage condenser 45

322 first EG vapor jet 324 spraﬁ condenser WO

2004/ 111104 PCT/ US2004/ 016468 -4Z 325 liquid sea

vessel 326 filter 5 328 cooler 330 second EG jet

10 331 discharge line 334 vacuumline 335 condenser

15 Ssggéecond seal vziépkawfgévgg§§$ 20 339 downstream
e

filter 340 chiller con 25 400
:2: :HZ 522:: 82 3|t 2;:15 4 1?@5;?” fication end 30 402
5
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
B 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
w@olyaonoensati on 406 end second stage PCT/US2004/016468
pol ycondensation 40 45 WD 2004/111104
PCT/ US2004/ 016468 -43 DETAI LED DESCRI PTI ON OF THE
I NVENTI ON The present inventioh4%ay be understood nore
readily by reference to the follow ng detail ed
description of preferred enbodi ments of the invention
and tﬁ Exanpl es inchud d therejn and to the Figures
and t Z?r previ ous ah8"8 SeY|VE¥{l ng description. Before
the present compounds, conpositions, articles,
devi c830 and/or nethA8es are di scl osed and descri bed,
it5is to be understood that this invention is not
limtéMto specific syoletheti c nmet hods, specific
processes, or to particular apparatuses, as such may,
of cogsge, vary. It k&oad 8Gje0 be understood that the
10 term nol ogy used herein is for the purpose of
descr kbi ng parti cul ap; sments only and is not
iﬁ?enggh to be Iinit?ﬁggpgﬂht is specification and in
t he cbiins, whi ch fol | ow, feference will be nmade to a
numbef>of terms whi cKe¥HE ™ %e defined to have the
followng neanings: 15 As used in the specification
and t k¢’ appended cl afPRdeni%e singular forms "a," "an"
ahtd "the" include plural referents unless the context
clear B0 di ct at es ot brsond seal vassels, for exanpl e,
reference to a pipe reactor includes one or nore pipe
react 335. Ranges mayptapexpressed herein as from
"about" one particular value, 20 and/or to "about"
ap@t hegg parti cul ar vabwsstreheniegsuch a range i s
expressed, another enbodi nent includes fromthe one
partigmgar val ue and/gf.f0 the other particular

value: Simlarly, when values are expressed as
approgi tions, by us 3 f ghe ant ecedent "about," it
mggl under st ood t S ¥&VBarti cul ar val ue
400 esterification start
401 esterification end
30 402 esterification disengagement
403 polycondensation start
404 end first stage polycondensation
” 405 start second stage polycondensation
406 end second stage polycondensation
40

45



forms another enbodinent. It will be further

under st ood that the endpoints of 25 each of the ranges
wa@em4i1god fi cant both in relation to the ot herPCT/US2004/016468

endpoi nt, and independently of the other endpoint.

"Optional"™ or "optionally" neans_that the subsequently

descri bed event or circunmstancé3 may or may not occur,

and that the description includes instances where

T docs. soUTARGEBEDECRIRIHON, 6i%b’ﬁlbéiiﬁ?§i:ﬁ"&$b%

heat ed" meqﬂ felgéﬁt %@ﬁhgﬁhﬁvb@upgﬁgtoogg{%eﬁ ﬁ%gy Leference to

heat ed and t Rt8lc rase-inc

unheattedollpwingesedisd dmlaﬁ&ﬂbﬂﬁr&ﬂe%d REbo P78 fAASHE8ntion
-44 ReAgIF%tref rs to the noiety that is the resulting

pr odu® XARIP (S dpfileded th%fﬁl@@ﬂééo the Eigyrss endihpisprevious and
react mfb“ﬁg@g&@n}%onsubsequent formul ation or chem cal
product, regardl ess of whether the noiety is actually

obt ai ned f Befor¢ the pmd:sem aalpousgws composifldnssartiales, eiehyzbg mﬁd/or

egcoI esi due ester. refers to one or

ConstoR alsSincTostt BEd eRSiRs, idp e wtteianghaiTBisdmsniion s
Whet hgét 16hited t@@?ecﬁﬁﬁ/ Sftthetic IndB&ER, §RciHSREESsds NGt to particular
polyester. Simlarly,” a sebacic acid residue 1n
pol yeapRératusesfasisych wapmd covrsepragy. - E@(Mt)o&@@ndmstoed itkees the
in th L& S t her .t he
i 20 ob%zglllpl ﬁlé)y y ?%}é%r th nggosrgﬁ %urgo%\e\(l:%}e Jestibing %{‘%ﬁar embodiments
t her eolytand isoitt ditendelio poliesdger . 10 As used herein, a
prepol ynmer reactor _is the first polycondensation
reactor, tipthisspesificatigaand iz theplaimaavhich fdlow éefpmnywrll be
chai n_J t e utle
I engtwa@gﬁ%}&%%épo?ﬁé& g?glb%\ g}rgffé:%er eacetd-tof%af/e the?% V{/mg
has tmeasage function for all polyesters, but sone

pol yesters have a  targ % chain Iength that is short,
stich as frOfie% ipdhespeCifigationanddhe prpepdedglajans, ths sigalan forms

| engt #y ‘pradugd Qhe’qﬂcﬂlﬁpgﬁlpﬁrr RAGLRliest AR Gl e'xp?lgarl dic jates

bel ow) is required, sin e pr epoe[ymsr reac XM

pr ovi etbetvhise. eftuis pioo dxrmple Acferamice bhex pipe acdcarr induddd@ne or more

| ast msl t g{j??se pol ycondensation reactor, typically

underPYEEFIPS-and grows the pol yner chain to the

desired prR&tpes magibdicRpleSRE hereirt s f?@muﬁl%:ﬁt'h@r{eeﬁa%cular value,
“conventional " process or apparatus with respect

P yeandéar tpr'dhoa'sinather paréicglar valee. ndiepsynh a reagd xsrexpnessed

pr oceaciﬁ)’thelr gl%lbgﬁilhﬁ:gt II’IQHIdeS f}om 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

processes.



limted to, a continuous stirred tank reactor (CSTR)
process or apparatus, or a reactive distillation,
wGeRoosppan4 or rectification colum process or PCT/US2004/016468
apparatus, or tank with internals, screw, or kneader
process or apparatus. A typical TR 25 reactor used
in a conventional polycondensafi'on process is a W pe
or thin film reactor. Reference will now be made in
detail to the .presen referr .epbodi ment fothe
Mventi on, RERdRERIE0 kg AERARY T iR SRR br R Bnemical
ac CoNpgetydsig a @aaisuag seaci¥iesche@e op ofsskiledt forMalasian®r chemical
ref erence nunbers are 30 used throughout the draw n

to repedugioragaediess et whether toe npnietyds actwallymbéaiegd from the chemical
v e Lh ks THATRA SR erRRAOR HURfGS ix{’f‘gﬂo%g@%%ré {"one or more -

convefting reactants 1 nto a polyes

speci OGIROHL0-irepeanenisiib dat pudydster,i ragan@leROE Hetiet @thylene glycol
PCT/ US2004/ 016468 . -45 a first. step, the present .

i nvents BRd fepepare hepqlyssiprnaireilaryy, & sehacicicibregidpe in § polyester

as r i _ _) i Nt .

5 of LGP BEL 8 S CREHARCG bk BRIl B lhtss o
seconavhsthepthetrbedysrie sbtained by eedcitiop setmactasid drean ester thereof to
nonone s.i%;o R igomers (also referred to as pol yester

ol i goRBRY BF PBYE ol yners) and then into the fina

pabyester (salsed h&ERI & BRpbBMRS rd¥etoy iBthe Gt pBRJcYREhSdtion
polymer). If materials with acid end groups are fed to

t he f irgastorgtypigally wndeh vagsiume pag Brovs the pelymgr efain length from a
i sot hali ide.then the first, step.hS—teferred to a
an oRtaiPRE | 1 ah it bin PLERAYD ThY RpRfinc: feulfr

st ar t ityjicalgthas til saml dvectidh tfowdll goldestcds, GupSomSpliestsis have a
di met hyl terephthal ate or dinethél i sothal ate, then
t he f it4rget chpiadength Byt ysishert, sughyag Bpm; 19 tg30e Sopthese short target

excha . F ' i Gl ; .
S 2088 P g A E B PE A p PR, e
exchartgepragaymsiedactony 8 moaidg eleddnd modhcar A finighiee sdabtyr is the
referred tf S esgﬁfification, but it is understood

that &8t @eltphassnobropdensaiiareasttthange depends upon t he

st ar t ikcal FRIAE! Bl Sum) ;Indsé??\_% theqlofmn A& nERdE iRt QRFed ﬁlgguct

the output “fromthe esterification 15 process can a
cont aichainlléngtner in addition to the nononer. The

pql ycondensat i o rocess can bge one integral pr.cess

o0 e be SULETONER | oS R Ses T DA G et o
pr ocepslyaiter protdsEing héfol t6h AeRIpe refctde RERBS iYdI®ding, but not
process, the outpuf conprises nononer, oligomer, and

pol ynéimitedite.ia configenvs stirrp@tanly reagpsir (&P TR) precesser apparatus, or a

gﬁjt glrjitréa\(,tivé @isttiltf'aqiol;li Q.fislg'eir,n(% B DT cngr%in%%cleXs 5rha%paratus, 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 oligonmer and pol yner,

wth the majority of the output being polynmer. In the
we@sdoenifiocati on process, it is possible to haveCEIB1004/016468

quantities of polyner exit the process. Likew se, in

the finishing process, it is possible to have snal

quantities of nonomer exiting t#e process. The second

step is referred to as the pol ycondensati on process or

25 pol ycondensation reactor. In this enbadi nent, the
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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

1s further converted to the polymer in the pipe reactor.



reactor forns an integral unit with the esterification
reactor. Reactants are 20 inputted in the

we@sdoenifioLati on reactor and the final pol yest epCpUS2008016468
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at oms prAbbiRB 3likémer bk AdeOYihéd @@drﬂﬁa@érﬁﬁ&b@l@hﬁér reactor, which
haV|ng 4 to 12 carbon atons, or cycloaliphatic
di car Esdhet fed tadiecolymoadensalianreneioi. nds wsed denem, dntemghwith
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aci d
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cycl ohexanedi car boxyl i ¢ aci cycl ohexanedi acet.i c
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di car oxyl1c acld, SUCCi ni c tarl Cc acCl
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t hereof, and the

The aci d co nent can.be
{ABT | FIRSY RS e Hop AU AN Sl HAB B Pt Agfuctis
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diols preferably having 6 to 20 15 carbon atons or
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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 process.
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
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propane- 1,3-diol, butane-1,4- diol, pentane-1,5-diol,
weooanerid4 6- di ol , neopentyl gl ycol , 3-net hyl penp@nesoo4/o16468

(2,4), 2-nethyl pentanedi ol -(1 4)

2,2,4-trimet hyl pentane-di ol - %& 2 20

et hyl hexanedi ol - (1, 3), 2, 2- d| et hyT propane-di ol - (1, 3),

hexanedi ol - (1, 3), 1,4-di- (hydroxyethoxy)-benzene,

2,2-b I X ne 4- . .

di hy d(%o%l)t(c(x_% ic% &g%gé{@{t%r gzﬁ(rr% yh %bpoagleo S %sﬁ‘gr e)ﬁamé)lgr a4dlcarboxyhc

t et r aged feﬁidw el agibetfaneet mslmg a dicarboxylic acid or via ester exchange
2, 2-bi s-(3- hydr oxyet hoxyphenqu) pr opane,
a

2, 2- bv%ngadwytelf B DsekgpheTRbLe divashaxylic apids nshusic aeomatic
hydr 0 UérBQ aEIF&? (pg%fﬁlzc\bf vfr%@’x 0b1'4sc)af]b(%1 a%g’m allgha&l

pheny eneo tures thereo

like. dlE‘mbyJeﬁtcercﬁlslmglfehbly lmvergat ed 2f caebunctem§for ﬁpdfleaquhatlc
t he

o e pICHEPT el Pl DAY e eloda oA, Examples of
i sophiibabbeyRCcHs cehﬁsﬁwtékeﬂhafanbwal lﬂftﬁ ehrﬁzgd d Caéaéhma 1t§a01d

napht hal enedi car boxyl at e, napht oxy
aci d, n@hﬂyileané @tigcexhoxylimacmkil @Vtﬂyh@weecgbgrbo»tyhc acid,

ol vt SIS BTy P hepy e g S T P34

armyddlbﬁﬁoxﬂicm%tmlz dw&hﬂhﬁ;@f@a&dﬂl di @ dX9KY h&tiSsuccinic

di met hyl decalin-2, 6 dicar boxyl ate, decalin WD
2004/ #1d; Edmamql@@zlmmﬁ@m@alc acit sehagistasith olixtures thereof, and

d
2eg ag%l{lg b ?gg@% h%{,‘l%pé‘%eglg g&n gtglgg d%t Fthe ester thereof, such as with

hydr Od)meﬂ@lh&;reﬂmfﬁhlaxybenzm c aci d m xtures ther eof
and the like. Bifunctional (A-B type where the end
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& d IBYordSAs BRalk eﬂiﬁhé‘ﬂf%‘#s é) 0&@5@%?‘?& 20 8b Ipat@mtshe

conventlona proc can b wher e
pr oceExarrﬁplemﬁslueh Bieds comiprize efhytelne gbgbbfHG);, dathymmcetgd:ycol
cess.. Specifically, wt

th d t
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' pr oxi (Feft) e2-niethydpantanediof-( t,fhe 2 204-winahylpervatd-dinl-(le3)c or
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bet Vve;ﬁnp;ideewadr&ﬂe Andrdguénone, BDS-(2,2- (sulfonylbls)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 term
w@odoyastiesr is intended to include polyester PCT/US2004/016468
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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
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enbodi nent, the reactants conprise terephthalic acid,
webdwhenes gl ycol, and CHDM 15 Preferred pol yeBtBUS2004/016468
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09/ 81graddhaldib laﬁf’etN?l'éﬁ@ gl%fQ@l 3R0dt anthtiet BmBb&nlAL, fhe reactants

incorporated herein by reference. The pol yesters of
t he premspnse tambuhahmcldmyhmmlmhtaadﬂwl anmount s

245 11 el 1 ProTe P )Gt e Bap ik i B8 SR o Sl5ers and
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Pach ey LS e A o, o
oxygemixtures 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
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a di f hewevwr, the prsent ipignéon gwbitdes proelesses/@hereaslid 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
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w@eooaniydons processes and then the pol ycondensapdDOSBDEEI6468

can occur in a pipe reactor of the present invention.

Simlarly, the esterification step can occur using a

pi pe reactor of the present i nvehtion and the

pol ycondensation step can occur using a prior art

process. According to the present invenfion,,at 13 .

P east gt ek 1 virdqusgsoeBlse SRtpebiebp &l lseddped faafeion, a
Pi pe [8a®59 conﬁ-’ﬁl%& Rt REst0OREdoMipl & helehst ©5YAconki€thn, at
herein are adapted as di sclosed herein from those
knownleast 97H&6 gempletion,git teast Ifprorapleiionat keast 920 completion, at -
typi cal | ed st andar sed in
conveReitoass fimpRlpT A CoBkRAGs HOFgh SoRRif Fsg in the ar
hes ei @ Mé/ 100RhEAL the rable psicaht of I€tdREadi€End groups divided by non-
substantially cylindrically 20 shaped appar at us,

al t hottithcrhgi98BsS-may vary, such as square or

rectangul a

i nventi on. fni %ddiéees?l gi n s%)éélgﬁg Iel%eornélﬁln o ﬁgy&?geg%b% ofdifs ina
can spipp ke}acbﬁ xdk biswpoaferestipthyt the saohd ttap,twmlchys ;famfolrmed after

or e ty e or tube. Hollow_or e as define

her e Je fidieiams og i the 5P o6 dtft%fs@t;f?éegwgm%reactor However, as
aggi t b%‘ﬁdllléﬂﬁwtﬁ@ﬁ‘t Qi1 hﬁﬁr&ﬁﬂ@l th€ STBPAEHbA step can occur using
particularly no internal components 25 for m xing,

tr anspmvlentn@lal pmomapnon@wmdrﬂeemtm polzypon@nsatn‘ohutezpsan occur in
such as. a tor static mxer,.el

ot ot r ABEE SRSy 3 e RERRR BYVERIY. (BB 0E pyssificariap pieg can
or  NheduPdsinPapleBactSICfaRSpBsent GfvahiidtDardl t8E polySdhdensation
as, for exanple, those used in a wpe filmor thin

f| | m stepeanpccubaging asrior ¢rayrs§>cesaom<:@rdmt9 thespricesnt invgntion, at
g? ti e st Hglo?ﬁl()lf ngclzc; steﬁs ogg]urg 1n a %1p§ béjac{orr]

nven rea ors reactors.

Hol | ow or Bagit Fﬁlp@fremdlpbﬁﬁ@lsés din@éd l@érbl(ﬁvﬁré fdaptddens disclosed
placenent of flow measuring devices, such as
ori fi bersin fepm thasakeewn ibihe g8 \prether applisations aehasedypically based

12 Yo i s 08 2906 W s, i

PCT/ U204/ l&:iﬁﬂaﬂa typﬁﬁllinatvexlall)seiomgdned stlestantiallg oylireicieally
The pi resent invention does

reactor of th
r éQui F@pgih??péeaéu%ra[é%%a%ﬁﬁm%mva&sﬁﬁ%@ﬁqgaqerpr%angular if

i nterphor de@ﬁm&rﬁ?l t8 'tlp@plﬂ'ﬁ(Sse ot ‘ﬁﬁﬁn{/éntfroﬁqtﬂﬁ E&tdin hdpebls herein, pipe
fornlng enhancer as used in sone of pI pe reactor

desi gmctofs ¢anesimpliydre hatlow o5 empty me;tarpmllwé@diowr@ empdpipe or
int resen

d/
| ventiben HoURE S eripet 5 e B Ricr tegPrafa emieay tijechaving no
si m | additiéhal BEviedsi dr iteal ERRRINShLs Yp &@&ﬁér@&ﬁ&ﬂltébﬂzﬂl&omponents

building a prior art, conventlonal reactor. For
25  for mixing, transportmg, 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

wo e@agian4 area, and di sengagenent. The desi gnePST/IIE3004/016468
al so 10 consider information determ ned fromthe
operation and design of conventional reactors, such
as the working volume of the re¥ctor, the heat
transfer area, the surface area of the liquid, the

vapor, pi ping velocity, the_reactor vapaqr velocit .
the pye@sEoPHoRIeIgE é“rf%Fngﬁ BIPG HEacHi Ot%ﬁlé? ng%&i 6’3(’?“%‘}?:3‘1065

the .hrgﬁ‘}e i35 R Jf@éjér?xan(feln@ﬁt EGhFordER¥% iR t1RGinkBior of the pipe nor
consi dered. Mre specifically, the designers may 15

det erddesét redpuerer efilm Gmrming enfiender esrmsed ivxx0mE oA thermepecreastor

a reactor design nodel, engineering calculations, or
other‘?&ﬂ?@g§w8¥m8§§19n criteria. The length, 1, of

each pi pe gl anBhipE LM iRd ih He MACIMAZRRECOAM steS of the present
reactor may be cal culated wusing the reactor volune,

Vr, ainderttivs, fhorcritdria forthopsing atipbutes rarg pimilgsde glercri,tegla
e eSS o0 RBe nEHGHEE BB £ cofverl B ERTr For

each

2* 1* SQRHpI tie dddighbss nidiedodsier the tHeriaeif g desired Eupacity, quality,
liquid in the pipe and wherein r is greater than h.
Thes eagitation|hent tansiee arrapandrdssangaganesatf bhe desianersdngy #em

Zpne. c&n@{ﬁggﬁltférg‘ﬁagon ﬁ%ﬁﬂgﬁ fbhOfe BF@hti bk Qrﬂiscﬁeglégnad'f%émventional

vapor “veé apor ow I n nost standard
r eact @a&oisssuchirak ittgavorking volurhé ef thic peacteratht deatwiankfer area, the
typically be haqriz , and .Froc ss flow rate.

ri zont al )
this wafAce arsa o gwgltcwlcﬁ g%e BRERPIBITige el clliethE Feactas Vigpor velocity,
det er me:f)?gces% {10\?@%{? ﬁx?% Bed SRATRE @h&6r, bh@theRht @ddsfR nRRia

di ameters w e . requirenents of all reactor

condi flownate nkyglsodeommsidemed. Morespaepficallyfthe designers may

cal culatians, Too small a_.pipe size nmay create foamn
Tl SHETIRS irdEett A FRY e Ehe Sttt Bagot S8 godel
a pl pgy ﬁ@eﬁn?’%ﬁcﬁl@ﬁ&% bOGh& RafceRoPI&SldrReril. OFhe length, 1, of
across the fruid height. The reactor is not

const eahipint diamtieesguited fog sady2one of thegsactonnay be eadewatsd
may | ead fo a non-optiRpl cost design, such as

mat er P4PE &\?é??"é‘i{i Yoh0e. Wes snstohe farmmesbatesr] Us2004/ 016468
-53 or sub optimzajL R pibbEag&actor. In
certain aspects, thg gﬁﬁgpésggﬁgs@'ﬁg%} 2 1nches to 24

| Bgheshe Rirelcehfial X, RquRENRS ehdh Zb8e ni§RTaldiRit&] as follows:

preferably 12 to 16 inches. Reaction cponditions

(tenperatures, pressured=RfBWQRdi(Es(-dtc.) and 5
ggtr :;i&@g%tlgi’rs] %iegl%gﬁ%%g&%ﬁiq&? dﬁtﬁé glé{e GAG WAt 1 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,
w4t aopr ocess of this invention all ows evenpai/tig1004/016468

operating conditions than used in the art. That is,

the use of a pipe reactor in this present invention

does not necessarily require cha ge in the reaction

condltlons or 1o materials charged to the reactor per

: di
and, | PR AR ERGh S0 AR T8 " AEHE B e ee

the prB&ENinchdsty Atindhes, préfeBIyt @indh& B adiiAeiat, SmoRiph&ferably 12
reactor conditions are |nproved over the prior art

react trl1&ioglist i ons, al l owm ng enhanced perfor nance,

such as hi 99”

i nmpurity) g‘Facnon?gr\% ano(ilie %E%ﬁe“%%ﬁgrﬁ%‘v %‘%‘ ﬁtec )zfp

cag dﬁiaﬁﬁi‘lﬁls%a@dﬁkb ﬂlarradtﬁirefe‘ictbﬂlsecﬁbrmtams eématidmers, additives,
nmet hods of naking pol yesters as a starting paint. I'n
one aSHaYsts, qt%bca@&@rth?ﬁeﬁgm%lmumi Yhibeppof ﬁé foythgsommensurate
are a f
abovep%lﬁés%r‘%%atlclttlﬁﬂptg{t) ?l]}]e?};rg % ﬁgﬁllb n%QxQ og %IB(‘E e%r?@ld%r operating
any gtomeiitigeithen usad irhme agadieris, the asenof Ppips saacmr frr trhm present
full vacuunn%% 500 a residence, tk u ngbout
8 20 HYEREon ¢argngt ]é(trP%‘“fff peminthe Frac OI} PrgiieEs o
Offp & RARkalsthatdds tcm?lle%efc@ér'p@r &f HEWE B r¥Eon cBRAIHHS dafl be
di carboxylic acid residu where the acid residue can
be bdidteny nnd hre f@sumprcemd V\tlﬂﬂethg psp@abactcewstgm of &re IIIesent
based. onig ' H@ con i ans ﬁg Z Lorlor art,
oper at1"fig ‘°c‘br¥8.°€ﬁt%‘ﬁ§ 88‘%%1 8§°elrea° &OP? ‘4 5 tpfled over
opt i mnegftiok akt réd&fbrQbﬂ(ﬁtlbﬁﬁﬁﬂ&bmg%ﬁhzﬁﬁe@beﬂf&h&nce such as higher
invention by one of ordinary skill 25 in the art after
COI’]SI petitytpresuchfe.g-Newdr BECosnusisy s improved polardi t i on

?% this gewﬁg @%1}1183 f thk GW:calt ﬂgt% e ?ﬁéh a;%h?arﬁl&grsé)ased on prior art
attiributes ec I'fic esterirfication an

pol yc s af making IpryeEteﬁCaIs QrsariOFERS 68 oaa dspect the operatmg
apparatuses are discussed in nore detail bhel ow

as cefeulitonstimEic P05 A K53 reaglqy teapsEataie pf 29 - R4t Crmferably
be usethLeRek B g‘fﬂoir{?‘ of fhe%%ﬂ@&athg ﬂfufcpemah? %lV@h Bgm:l3 th the reactor

reactor systens resent 1nvention.
EST| EREREfAISur< oS TRP v\x@uﬁoms DIpkig)4 rEéﬁHdntSﬁﬁﬁMde CLTOT

-54 Wth re ect to.t he. bel i sc nder hi s )

S 30 | B R ARty gl Ay OeiR B0 B 3 S oL mole ratio of
subsegfl g@f&ul fRIRR 3 Hf%ax%%?{rl'id &id re"ﬁl% ' \Oﬂere BeCrcid rebiﬁh@éa% be
specific stated to the contrary, the processes and

appar hasgd @9 thﬁf estariand theglmeal egsidiiesen bs besedpntardigl. These

sect (C)QnéD fond r Blter Srqcl)'lraarl Xperatmg 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 apparatuses. As noted
w@bmva1110. one enbodi nent the first step i nvol REFUSEB4/016468

of a pipe reactor to react the starting materials to

forma nmononer. |In one enbodinega shown in Fig. 2,

the pipe reactor 10 has an inléet”12, an outlet 11, an

exterior 10 surface, and an interior surface. In one

aspect, t h%ikkprte%écﬂo B Bgl%&ediggusgig uide? Thib §<?cti8h r‘fll-ﬂiar !

square or rectaigular n cross section, preferably

Ci r CUESTERSEICSTION §TER)” isdludingeN sabsaswing (Prebsiie Pifile,

the esterification and polycondensation pipe reactors,

t he phsating gkok wlewsspswgfééf/ya%d tfodhersentery.dhemrosessay and

Chat i ) p . ’ . .

thr outiP T REE of B} el Ut i ficfiop bk LAty

exanphgplebblelto, and @an babsedyis, the podlyoondensatias ppeddessgs and

stainl ess, carbon steel, nickel, alum num copper,

pl at | ARRAAPSES adi um 1ithium germani um nanganese,

cobal t, zi AG nBfedAbot@HPbRREhBEHI BRI RO First geB #lvolves use of a pipe
materials of construction include, but are not

| i mi t emdctooto ghetdhe stamgmiateridl§ woeldrmiapeqnoared. i arst énglgodiment

.such as acryl.onjtril.e 20 b i ene- ene , )
Dol yb A TEiRE iEphyhe nifk FReRY 1 R ToRfe (e R an exterior
ché or keteace PMd)an ifitekiof urice dn BYEadpeRtY fhe infeBlby AIrfiRY LETMR pipe is
(PP), fiberglass, teflon, and a reinforced epoxy

r esi nCirgHe; suassorseeangulyan crolss esetigndreferabhy ¢irudareso as to form

conmmo to their properties, availabiliy and
cost.g£§¥giﬁgﬁgg§1er exchange and pol ycondensation, a

catal yti c Fatigsth dle axmyifiehtsan Hd podwdnl@isatidiepipe Feapiobs the pipe
In use, the react Q%f tgpically_are added into the .
pi pe FB86f bsrprﬁfaﬁb%b? rmed gf a pigrial thabisingpagactive &vith the materials
close [ b r ' t :

A2 e R P S ik UG et on,

r eact alhdys, titaomnt, hasialddy, stamlgss paroastdet mickeh@luminum, copper,
w th each other to formthe, nbpnomer

react ant.s rea % :
wi t hi AR adis, (g germagiut, SangRREst GoRBl ZsHDer
exi t scéhpinhdSethetbt e@them‘ﬁ‘?eﬁi‘ﬁfs’of REhstRklioPfnctudg, but are not

reactants must react into the nononer while traversing
f r om tineted ko, glass,cetamuc, lingtlipage, fnd plastics sneh asfactyHenitrile-

A TR sy SR Bl R e PR TS i
and sthiblidé @VC)chiBtiNattdPVEC@RS O péIPSropyRAE (HP), fiberglass,
invention. Additionally sone of the nonomer nay react

to fofeon) Indcrmemianeed epaxyresin Stayglessisieel, hastaliaypad 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 proximal or adjacent to the inlet of the
w@epeiraact or may be in the formof a |iquid, P@EBUS2004/016468

solid, or 5 slurry, or other phase mxture. It is

easi est to add reactants as a quid (e.g., EG and

DMT) because the reactants rmygsoe |ndependently

punped directly into the inlet of the pipe reactor or

Iatm 2? Q ?qe{ﬁgkocda %QE{;‘P%F}%IE ﬁuggc}gg%e 0 g’nége{s%g &?veﬂ 1on Ad%lgonally

addedsoyietoftthemonbiBier by tdaet thiferen 6&@&1&&ranal§dll £z9)| aznmnhﬁé scope
react ant added upstreamof the inlet. In still another

par t i fthepresenifygntiemt Theisactants adsied or drjeetadproxiragl osadjacent

e GRS Loy OB B SEE LN, BB, o

| engt 4, or deher phade niigaed.or bet ween the inlet and
outlet. When the reactants are f] ujds,

b
used that Misepigpigeadd practants a5 adigphes. &@%P&@h@gam the
above, tg?agm;gfb'eqn RERRN pu&¥m gibdiiy; ﬁ{&ﬁ PRt otf%e Be

inlet o i pe actor: e specrfica
can dicsattiasrge abdtberlecatioantpstreaat oradqrsgsamef ﬁwhﬁ]et:l kanne

for the erials to traverse through the. pi react or

ot oy flesn: ondretiht Bty R bt Tt o of rstrigengior and
f{d ctifenmk réefafeSddRl ubQFB8Sof the BRI ES il amﬁ@rrﬂah@mar

energy (el evational head), and other forces that

r esi sembddémea, faw roéretrérstamismay be sddeditbioygh theanist gl another

non g RIoRE B AR s by Prdiern of e

puUNp, pipé fatied berea thelinlet A otelet.i cal centrifugal punp;
positive di splacenent punp; . power (piston); screw
(doubl e- enWhes thegrectansaretuidsda pumpicae 8§ usqdghatrdjscharges the

( gse arreactEE’ﬂL tcll! Hér%sgu% ﬂ{o\(/]p ?%&@’Ferﬁ% ér%%n%em(gill@}pé&lﬁltap{é the

"'ve
( ed uCitntet oStmqixpae reactat. eMore spedificqlye a padploan disohargt theweactants
punp. The reactants can be pupped separately. or, m xed

bef or ¥RREFSHTFUHIAMTE dort 1Bg BB o fraigiae feeRaiRg BiPgFeactor and
easi | %iP3IBEthe d%l'tlu1 Vhidl i8Ry o%}%ﬁgné ﬁ%@ﬁﬁrfor&;y& losses,

solid reactants aré nore problematic. I'scussed In
nor e dfangesl in jpeteatial enbepy (slevatonedaat prahd othan fdneesahiaiedslst the
usi ng tank, a unL[glue mXx a

t

PR S BERESaR s 1R ofEtnd RS st a e a8 B ampibump

W th thReviPasheart %Khm‘i)t'ingaex@ﬁ’mswwm 1ﬂtluHQ§§&lmfu§al pump,
appar at uses and net hods.” Adequate m xing i s neede

di ssoineladimgyangniling yegsicelsesntrifigal phpl pepitivs; displerement pump;

DI OV g, 895 U1 g5 LRV e rotary (g,

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, or a
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. Generally, it is

preferred that the gas/liquid mxture is in a bubble
w@eooknotiy state in the esterificati on reactor.PE/ESBO4/E 6468

Profile 5 In the preferred enbodi nent, the pressure of

the reactants at the interior f rface of the pipe

reactor adjacent the inlet is h'%’ner, or greater, than

the pressure of the nonomers and/or reactants at the

i nterj C ' at t Let. T i (S,

or ca st B b fOA PERHn,' Oler, % prdirBE AU e ifuia

is phideeading libbposdebtie baeahitionestdrificagbiowattoe out | et

(as shown in Fig. 2) so that 10 the pressure

differential arises, in large part, fromthe

hydr sure resulting fromfluids contained

V\/ithio%t—e%'#e@iyr}rl&g‘r&i or surface of the pipe reactor. That

i S, hydr oslnah¢ preferedsmbedendsthe petssuee of theeeaboamsAt tlesinterior

and upsfrea ositions so that.as.the fluid flo
(v B8 i U Gipeu s 65 49 r R B! it HaheryPrieiiet than te
decr g38&sre fitRe MHEAS AL or RIaBRAK ® tHeSnRribH i fak O 2 Qéeélt the

liquid density 15 (tenperature and conposition), vol
f r actoutiet. (Teaduewstibis pueseete diféerprsradithe mlet of deqriporeactor is

ooty 55l APy a0lep ER ah TS Soehaf Fie'S) so tha

bet WeBlB pfedburp @i fidréntiaDarides, iR148e pAAT R thedYdrdshRic pressure
pressure drop due to flowin the pipe (flowrate,

vi scossuling fppeluifiseantangd withia thesmegrior swdaceed thsi pipe reactor.
react q . [ £f. e E

excarnpl 2 5 Byl BSEauth b BRbueRy ARy Bl upogream
I s suhsitnt s@thay ad thedlaid fides weedrdlyhtirough elie FHpereactiot, @he
so that the pipe reactor is axially elongated, In .
anot HEESsBraflsaresess: The hadiosigtic pressurd s 3 Ringugisetdinuid denity
nan- | s [ i

e o PRl 2B ELitof VG (R Rbn (LRGarkt ek Rizplhature
pi pe reedmhdry-pradudiecrestsé rimaant of gesnrémaeedd, frém thezeadtad), the

or any.angle in. 25 hetween. The pipe reactor

or | orHeiHt g clekftion BT SETCE R EIMOHDa RS 1y BeHRgeactor and the
Pl an€redstRBrlp GUEFd IGRin the pfpe (PBHRERIVSEsRY, fife ERfieter).
ground or foundation) to 98 (horizontal of ‘parallel

to the horTheomjerificatiorepipotrsctas pacalsy takbdiffsirpe shapgst Bor
a0, BB i Bt oS BBy e

or i ertedléenthaigétantiotfettsbehat @id pip@teablod Neax@@RAINGHEatEA0 M
many 30 conditions, particularly the product bein

nmade aether pabpdigent the pipofaarter issybstanfivelyman- neanother

hor i Zone Ry G b8 itord B BRbRE Bbtpr Fr s&ions.

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 vertical orientation is preferred. For PETG
w@2oeniiieal orientation is preferred. |In vari OPGI/US2004/016468

enbodi ments, the esterification pipe reactor can have

a vertical configuration. In various enbodi nents for

such a vertical 5 configurationd’the inlet of the pipe

reactor can be positioned at |east 20, 50, 75, 80,

90, or .100.verti cal feet below the outlet. In other
enbodPHEHeton s araiaTed wharras Ha DY Rrogssa és ysebrn wtigab orientation

200, {40804 1 Po0rG! ofignth 9Py to 150,
or frosr‘g}lgo to ?L4O v%r{?éc?all ert1 ﬁéffls rt he outl et.

Anot her eqiravdrious embbdintats gw astecfinatlem @Epprepetor wdiawe a
that is .nan-1jnear r1113\Mz?etvveen elnet d out 1
One sUEHCY&onpYguraLory “PHS?*’!P igents for gue HVP‘Fﬁ‘éa p| pe

react 96nﬂg%r§t%?@1@t1ﬁ1@@0ﬂtﬂe f)l'b@%acﬂir%ﬁn bt Eé%ltl&xeh%f least 20, 50, 75,
profil es of the non-I|inear i pe reactor include, buf

are né86, 90 nt t@bvetrbcaltﬂmbglnwt tautledr @oﬂwmmb@hments the inlet can

cur vep pegifistioat 20 i AFE R0 ERRRPR TG fpfloo 0 150,

si nuogsfromndoas lh@bb‘x’hbﬁltfbetbéﬁmlfhe@ﬂﬂ&ﬂ"er design, the
pi pe reactor gﬁoceeds frominlet to outlet in a non-
| i near, hoAngdst equatlyyiabladpsigndpclpdescaupereaetor thakisingn-linear

tQqa %ng\ﬁe the i EAndWelefle égéjédéﬁrde& dJéth%%rm %%'2 )l%[%ﬁch the

run, S process can pDe repeare

(and wpdtrbdckcengtdnbexﬂlas firt front pldvi siewt Q}Ihﬁq)raﬁléaﬁkmd non -linear
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¢ hang%cfatted 80 g ’lr“heaﬂsl %Tth%fe];elnggv toV\fjltgq 6, the starting materials 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, alternating 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
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length or time would, in reality, occur in surges, not
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| i near pressure drop.in the reactor assum ng equal

f1 ui doel¥riseregsedydhe mCdlonalazfsssm drep alpng thed pretl OBthg.pgiee The
react %m}%lt &nﬁg@llc}n@ 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
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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
30  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 nmonomer and pol ycondensati on. Accordingly, another
optional feature of the present invention is to
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Tetrahydrate 140 35 Dinmethyl 1.4
Cycl ohexanedi car boxyl ate 265 Di nethyl |sophthal ate
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exchanger Wohdaeatchbdier c£okd @tisn afehcoint feod tinetd liealOr vaporize a
units. This heat exchanger internediate the E pe
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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
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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.
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hi gh, ara pes ar
25  This removal helps to dI‘lVC the reactlon 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. Degassing 20 Wile flowing fromthe inlet

to the outlet, the reactants, nononers, oligoners,
w@odoymreris4 and by-products may form vapor or BCSEESHS4/016468

result of chemical reactions, heating, or other

reasons. The present invention also optionally
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superi npos asS note or wav
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entrai ned as spray by pears_to

bao pr gded mixipg of the vnpwnslélqatﬁ foy fa@égatmgp%? ﬁ%ﬁ% Uiy the

of f th f t
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" The 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
1b/(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,"” Addison-Wsley Series in

Chem cal Engi neering, pp. 457-459, 1967. For the
we@sdoenifiocat i on processes of this invention, froL/SHN4/016468

bubble flowin the pipe reactor is generally the

optimumregion to operate in, as it provides 20 good
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enmbodixe a solid can be present, which can create

a three-p'ase fl ow. However, the optinumflow regines
descri bed dbdvefgerceds hig QOBhbr thel @tm@nstmqprocess,ﬁe move in the

liquid and the hes d not

| rmacte g AP e ey e iph ogn B pfasqgn an
not ed o,Baht dr RhtiFloRchieYe tHeffr(ﬁh 8Pbibld state! T5MMdve Upivab@yn the
not be a true two-phase flow 10 since a third isol i d)

phas e grap, deallsr dpmster pgméenﬁﬁt Tioenquelgfts 2dsitiong paths are used.
regi n'gg{ “15 pf)ﬁ/ rﬁ)ensatcf % oess T gk/Q&)rQ)gﬁ)?hy 1sCt%?% ééht Hhen

i ncre reC|rCU| ion'ra
r eci r gddidbnd paralielpipds cah be atidedntoidecrehse the vapes selocity, in order to

venting off vapar, changing the, pipe dianeter, using
achieve a stratified two- phase ow regime.
Figure 24 shows one possible set of two-phase regimes for one
25  embodiment of the inventioﬁ 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 example, 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
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nmeans such as tenperature, 15 pressure, conposition,
wa@anitngiied di | uent or an inert conponent, or byPOL/187004/016468

means. Wth reference to Fig. 20B, for the
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can control vapor flow 5 and the ratio of liquid over

vapor exdnaple, gae i ¢ Ayidriates/osmed hubblesTmicrohuiides, feans froth or the
process. down (less vapor flow) and to the right
(hi gher ratio of liquid to gas). The enbodi ments

bel ow showlseiepreghtl geefémat eriBodifentltedaps reRYeinkgMeans, or
%/ di rection on the graph to change fl ow regi nes
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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 (1a) the size of the gas bubbles likely
present and the viscosity of the fluid, or (1b) the physical properties of both the
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a punped fluid streamcan be separated fromthe
w@upadiibd qui d by incorporating a | ength of deR@EUS2004/016468

piping in the flow path of the fluid stream and
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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-7f.

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
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the linear velocity is slow enough that the vapo
bubbl gefefhlslydgmlsgs cbmpnises 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
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the second section and
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
weupgtianvd al |y horizontally. In one aspect, theCwEs1004/616468

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 e other than 10 0 or 90 degrees, preferably at a

45 degree angle. In various aspects, substantially
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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 oriented substantially horizontally.



at 45 degrees relative to the vertical plane, and the
third section is oriented at 0 5 degrees relative to

wo beshonozont al plane. Preferably, the first sSBCLUS2004/616468
oriented at about a 45 degree angle relative to the
second section, and the third section is oriented at
about a 45 degree angle relativeito the second
section. Preferably, the third section is co-current
to the process line that it is in fluid comunication
with, as shAmsmmoen featre idghatalse skandpipebie vettiowity orfientéeand the
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ed
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basi ¢ pl pe design of the vent, and the vent can be

mas el yheevapbyfirst p@ce@E tlilxsuglhtl\wvenwa]:segtlorvgf E\ugd7g;|tlgen through the

the preferred enh stan

f or medraEIRPRE D s dhe hetfrebRE Rtsiof AR tRe biet 35

comuni cat ifGg al@btd@sua%?&t'a iRE10&d a flawfcoh®b] @ ikeivdthin the degas

adj acent the receiving end and extendi ng substanti al I(}/
evice

verti @anam rommabibediond @@ﬂw;wam ‘breck: Ske S control
Shout s Rl Sl et AodAde2 o BB SN AR QN EHLA vBle:

deg Pee ang e re‘ ative
30Qosegéduesd pipe @bcaiamymﬁm peRshracérhiol thozelet aratforcdmibpleghirough
to the second section and oriented at about a
forty—hﬂll\ﬂef Hb‘@qdee angle relative to the second section

in plan vi |
subst ant i alll(fl)\e/fﬁ)glr%dz?%tr?% g%chtl;}EV%flaz Oil}idﬁsnl (Sﬁ oY fiflety percent

PCT/ USZ @dAaPdbgdiBrated/td this dmnamm irf thatpipegreacdort thpasst wiale the
stand %rggm}nsg t\e/ne {)ft:rlcgnatllsl Pé:ta%ede\{l]lth gleqlqulff hlehls 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
w0 boog/1adibows the gas to escape without the |i gedTUsi80016468
fl ow ng out of the standpipe. Wth reference to Fig.
79 or Fig. 8, which venting 5 nmechani sm arrangenent is
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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 communication with the distillation system
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it 1s 15 att t fn one aspect, e ve%tlng pI pe

i s at ldcetad respoaivstyaat diar firspsepeors amrbthe lseropd rsedtivarofitiee

pi pe bei ng vented, in another asp cg, i s,doubl e the

S10c BRYEASEnHHGR el g I @t AsBect ABE i and Agopg retians of the
opt i MR:tidaBoR bZ Foly@ndbRatibh RAcloR afd iRfintaf R 80 Bi fRe&HR bfessures
is normally the 1argest pipe size available, and

t her efromecach ofhsr.nlatanohenempediment theagsteridiceteant onplysiopdensation

e R B 5 AT RS A o B B,

al t er gahiofeheBedeGBetass IFIMRIMS ai Radtiodlsl entitfg: médhanism. In a
additional surface area is required or desired,

adidli t poHaNanisped, Hapolyeondensatign|reastetinglpdesgtap section, a middle
el evat ' ' Y i rL .| el
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( see, pdlgcomieasipbe reakiod, thd edudinp StepTofiprisig adfeafiah@t degassing
pi pes and venting nmechani sps provi de additional area

for tMechasssigeRiaatated e tharolyeandensabion seagionse thahthe

rmnong& c&la%n{a ibh hﬁﬁisitﬁvségfa Fithids kns?o%%ﬁs&&h& hb@t
no ga ?ennva I'S require £o hai ntaln the react] on
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the reaction rate by renovin limting species he. .
gas rt {r3feng e ersgﬁ%@e?ggﬁ glegpé’gy“\% st‘ﬁ“gbrtegﬁﬂrj ARk W;gﬁrem the
the fined ddgBasidnedhidiB afBLAIEY respRRivekidt tiRAop SectiBS, the
art will further appreciate that nultiple venting
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 Reactor




mechani snms can be used in the pipe reactor between its
inlet and outlet. For WD 2004/111104 PCT/ US2004/ 016468

wo I®4axaopl e, in one enbodi ment, the esterifi CBET/US2004/016468
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above, including a plurality of elbows in the pipe
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pi pe reactor can include a %}{gt el bow di sposed _
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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
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| React au WD 2004/ 111104 PCT/ US2004/ 016468 -74 The
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to adding fluid reactants into the pipe reactor using

a punp. The present section discusses alternative

nmet hods of adding the reactants75nto the pipe reactor,

including using a paste tank, a m xing tank, an

alternative feed system and a recirculation |oo 5
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di scussed nore thoroughly above, is easiest to add
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t oget njection o Materials Using a Paste

Tank 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.
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conpletely react or convert the acids in the reactor
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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
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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
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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
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and hethgdiigh 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
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by the control valve fromthe first vessel
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
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sec oncpst;gglgg}oqr@aqt%px&xgﬁ@ the H@eéég 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
estertfication 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 fluid communication with the reactor adjacent the inlet thereof, in
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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
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esteriflcation reactor between the inlet and outl et

t her eefhauster; aentutiewzzlspet and/ohimjectarfor géhet likepieasui tadgcing
conmurji cation with the esterification reactor
proxi REY'€the outlet thereof, in another aspect, the

influent i To'f@edfdr%hﬁipl?‘i’l‘i@'ﬁ‘éﬁétﬁﬁts {26 thi redirculati®adesys a feeding
reactor, wherein the Second reactor is downstream of

the esomhiitf96ciausasithatrhesetdéachargn cathox fhiud campr@icatippwith the
Lgmmuﬁc%:irgh% 1? &P? T ]%c{?éy h% Idl?aml STHerl‘egétéHtgtoll% fed are drawn into

Condensat I on react
anot hee R&PAtiontlHe fronf fHelﬂ%Bieaieﬁ ﬁrdﬂ;@ulfe&xf It}[ecmbmmlalmnl flids

in fluid communication with the condens

r @act dpvqi@mlbfﬁb% equstoro Jihe &edmgeqogé? alsq) l%lﬂﬁﬁﬁ apeceiving end,
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t.h t ., wherei
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influent "being in fluid communication with t i pe
r @act oeackt,seenast IBA j sol that ihdebs oot lustp infks estarifigation 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
w@bkiogoman4 and pol ynmer flowi ng through the recipPCchistonomn 6468

20 loop are referred to as the "recirculation fluids."
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my bE rease ssure o

reci r Githahd lidfrhetedhisg d@ﬁcd ¥R ahd hl@ﬂhﬁcﬁcﬁlﬂmhMcatmn with the recexvmg

| ocati on downstreamfromthe fecirculatio

adyaneadef be fesdbreeasivig ¢ ped intiresdigiedq @dsﬁ’g ?‘ﬁ%‘? tB? FF@FtantS

mat er aeI 24 ity B Fcci Qo rlo frqjﬁrtﬁ@gotlﬁr}%acmalﬁ @ﬁ)r&% RvR¥D7, to
nto fecT 8ti reulation e pressure I's

pr ef es@¥oyid @mrﬁ@&&dwagsn@tcathwoqs e ssighe fedder Wasndthen through

devi ce, such as an eductaor 95 thr.ough | east
por t i 8t fepdingeonduti96dn P drawn infq g §9°F‘i°%‘°’?h‘é’pea&{r‘6?’bt or

pul I's f OIMTheIHY-iR WERSHR RRUIECO PERSY B located at
at tgﬂ?ﬁ{ olg{btthne ski l Ie(ilel n tlhe art will also ocate

appr e thedodid tréwatant tteragd devioe 9D6r atanferdbtank €apt shown) located
T SASEERLP iy SRR A S e st
reduciop Qohdlélegﬁ‘éﬁl €&Bponents adjacent to a pressure decreasing device, such as
an eductor, enables addition of solid chemical components directly into any
reaction fluid found within avgiven 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 recircul ation

| oop, a feeding conduit 96 is used that has a
wolc@ehange end in fluid conmuni cation with thePCT/US2004/016468

recircul ation |line adjacent the eductor. The reactants

to be fed are drawn into the recirculation line from

t he decreased pressure of the rédi-rcul ation fluids 20
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the' | Howind RAALEL I Gen TG RT DR 192 Tt B broShs of
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commurii cation
25  in the 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.
It 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 fluids before reaching the effluent of the



with the solid netering device 98, and also in

comruni cation with the receiving 15 end of the feeding
w@onndaiti086 and internedi ate 96 and 98. Thus, PAEUS2004/016468

reactants are fed into the recirculation |oop from

the solid reactant storage device 97, to the solid
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2004/ 1d.§olﬁ4e£?§§ﬂt hiSﬂl@QédlfkilﬁtﬁiGﬁ systé, c’iﬁhgingﬂﬁz febdnoldratio, and/or
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ench PBfeRCeapRe Rk P8 vEHRler i b 2incBessr Sdfs ety gpurce of
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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 system can thus
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wolpw4tioigr avity flow. I n one aspect, the soli dp@¢BPES1084016468
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. fluid
r eact apins rrayihe peaniisg oble SHEEHCHHRMILTEHIN BF ﬁflﬂg’lr"d“"t from
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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
components and apparatuses discussed above and encompassing the same
features and embodiments. If 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
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the monomer in the recirculation loop, rather than using a conventlonal 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
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features di scussed above for the pipe reactor, such as

a heati ng mResgnapid] to Figapdhe reaptants and/aemesomerisshewn flowing
recircul ati.on, l.oop, whj,ch may be ne . component s
ind agar R CLEC R BOUE I P8 A TRC s ORGP Bier for he
sane réReanty H3/cxMtbroree s MaNths fluid mArAaNBEws Svdr e @dge of
from adj acent the outlet of 30 th.er({oi e reactor a

€p

sHéwn thawer.glihes, theaveir payrolsibe ligpid i threr{lnid viscosity,
d . i ti .
& hor B AoV RE il PIABASE Ot G kT (R iR over he

PCT/ USz) &eQhiid G8ws obi/ofithé ettt Of tHe@iyws ieactonatilll 3t Me weir, as

pressure js near atnospheric and the vapor is renoved
to t hdended pelgw; Bﬁygfﬁgthém opeAEs 41 110G at the bolpmto provide flow

r emoVi A AR AN SR AffifiMg. THis SRICTRAME TR wiftf tht B
reci rcl:]uﬁ-gti %ﬁ oop, ttlﬁgag]gﬁ gEHllss sf?n‘ﬁear let 0 tf‘}’va{?l tht
descr islvpdd,Abovehédin thoieels,mto el reeweit Grpreferablyolonateda distance

for e le, Figures 7a-g. Al'S al t hough not

Fequi B8R foh mRPERir et e iftet e BlRiTeg ore dnans et by
be | ogRripeLh tRE Bp dTRhe Weirlthe welrthh USMberhtettBEhigher and lower flows
recirculation loop so that the vapors are renoved

pri or apd vispesities.
In alternative embodiments, the level can be controlled 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 Ause 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
woe@une1idBb. 10 O note, although there are adreEmUs®es016468

with the recirculation loop that w |l be apparent to

one skilled in the art based on the discussion above,

it 1s not necessary to includegdhe recirculation |oop

for a pipe reactor to fall within the scope of the

present invention. Instead, the conponents originally

di scussed, Ansthethopi®nal gspend of the présent ihvérdioneauipasess: means for

a paste teact ant.s

5o, IR R BBRTIENE ONRE i TP EUTG i S Cgfnet and

howevgiiet. ShdHOMRIIthRE aftQREGTHRE abdvd A1l iAcIadé, bt e sbelimit¥d to
tank, punp, instrunmentation, agitator, etc. wWith a

punp emeda rmres>§ @ rcetab@t;l gelorayt, dendr cigmenis Barhen hlack, glass fiber,

i ke P SoruaE ah b ehoibler 10 SRR e

I nj echdeR@dshglié ﬁbdﬁe@gfcambsurmwdxygenlsea&ngdlgaeh@gamwv
when 20 only fluid reactants are added@%l dﬂ' f orm_ ng
s

PET nehserhsng ¢qropruppibasrier improving aditive, s Malet WICIGS
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e 0 solid

cause soli1ds In e system r exanp
PTA Caﬁolhﬁ liduisisot yed Thy addlheesrmn(bmreheatetl Ibefore entry to the

recircul ati.on | oop, .rather than u ent i onal
pa&t eSYSE%Rnclvﬁlin&a@Bh%?éﬁ?ﬁl&?n slfc ﬁéi‘ﬁ%t%tg%‘ﬁq 6’38&6 vapor state
sol i d; PTAvias hEfdof @etRidpr 0Cess and 25 remai ns an

abrasi ve conponent I n the undissolved state. In fact,
pi pe react brthe ptdfatrederoeiments Islyovm m Eig$ ddetndthi b, nlm/

not benefit. fromthe added c inclu

he r BEOCRTINaIGH TBBet paGUT SRt Bureplebrue] by of the
| oop gREwEMNEBEa2akhe 11215%%0 Lsiheipiie defctbh@lowing fluid
esterificati on process. irs A neans may be

i AE| uderdmuoice@ert besiveerhiss ¢>@¢re:1r Saltfaqel‘?éldtltﬁpméﬂot vaface and an

ﬁ:tagtr 5%%3 VggT Plj«%:glggtﬂ{r e?ﬁéglre 1nto o@%ﬁ%ﬂi@%@g%uhlﬁ he pipe

PCT/ U ({bL,6AS ReactaB ahfver dhemenr Thulifjeceér @h ihdlede a pump or
esterification pipe reactor and wherein the

est er pthiceaearssueh as H@ FESWithdesley#wngle PF gragidy driven injection that
I A us@r\é@cttseqlf élﬁdu"l:.lklg 1nto the 1H§ngle§f thé gmecrg (grolwh ggmfﬁ? s

wel'r 1's prefer pose
pI2®XI p”edfom@d at h@rasurk gteatd tianahqtiof ﬂlermamana)ls withinTthe pipe reactor

wei r a baqdy C|rcu cribed by an edge. A
portléhtﬁﬁx?ﬂ%nog@ﬁéa1 ?EW%W f'ed to as the connecting

edge and aThepRinMsBHathethdnABI qf meh 6 €8&nipass 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
wewotacaoof the pipe reactor and attached theretDUS2004/016468

Thus, since the interior surface is circular in

cross-section in the preferred 10 enbodi nent, the

connecting edge is also circul adot-o conpl enentarily

contact and engage the interior surface. Referring

still to Fig. 4, the reactants and/or nonomer is shown

f | ovvi pipe readdom, thwi tap, sidel onbeitony ef a tespeanee elbatv, pud atseal leg, and

as_ a, barrier _for
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dr ai nidighargs o oysiiof thedpiectae Tlks nezzig Ctan dinget fleyp watbin the pipe
s oDe% 'L?h&h@&’a iofl otf'ﬂ{% BBLEIE ’CPS{nCel ﬂ-cg}eex%ye bR nozzle can
prefera ocated a di stance Ive pe

di anetigest the additiviecooatrteat, coﬁnt’ehmrmnpeer pe@en«hculaﬂ to thergeactants
aspect, ng slopin to E he weir can

c dﬁpeﬁ’g 05 MOgpPmEY @%E?re Y% pmft %Rg)e r%ﬂq&)r at that location.

vi scosi ti eSRetﬁan%' th %e”cﬁ:‘si%\'l%f QTR A 6 pi p EE‘ Feak®Y &he ﬁﬁ@

be controlled by "any |level 25 controller known I’'n the

art, slavhtiers] hpught, pote didméterstbtaldength obpipe.gind\pagsyere at the inlet
seal ose th

I h
o T orfBhust By S del KBl ol e PldyR fndt plant capacity,

capacizhdBpératifg cridtitns 9I0ne 9 Srdifdr killSR @ drt @m@d(aermﬂﬁs
of level devices can be found in Perry's Chem ca

Engi nelsterminadhess pelemererk uging basic erggiuggringdpsign pgnciples together
her eb r this reference. 30 Additives WO
2004/ )1(’“1%3 d%%%%8%§%16468 -89 Anot her opti onal

aspect of the present invention conprises a neans for

i ntroduci ng one or nDre.addltlves i nto the pipe
reactor between itsTHEBY ONDENSATIONSIERdi t i ves

are descri m@ﬂh?&g?& tG i Hep)% H‘lgguss BH YR85 Sh A% conMFigR
to one or nore cat al yst,

pi2gme QL YEGODIENS ATION @ﬂ“ﬁé’s nildze sgercgfrl]ctfailllyls;:c% tonjaaintrary, the
modi fier, anti X|dant b|J|zer (ﬁ&%qungh%rgag A below are
r eheatPTofegses an apparatuses o 1S invention S s sect1o
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 oligomers 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, WV absorbing conpound, barrier inproving
w@onittiimes such as platelet particles, black PE€DOS2004/016468

oxi de, conononers, mxtures thereof, and the |ike.

Additives can be a solid, liquid, or gas. The

addi tives can be preheated beforg -entry to the 10

system including a phase change, such as heating EG

liquid to the vapor state to provide heat for the

reactor. | ﬂnalsaeqmﬁeérabocﬁmeen’m&bﬂh ﬂi’Er’ft;mlysrhavm formeHj ths PET

12a and 12b, in roduci n ans.
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per f orme ressure <greater

mat er ichhis 1egtis. mtlhﬁerpfopexirﬁﬂelm TAEG-Ta-EGekdsi aarmmf length of
t he seaI%bIe channel. The term "seal abl e channel " i s
ment 2BISHEBIFHASEd a9 0 BN Hif c‘tOﬁansa%w iRg reactor of the present

commu '?h\%hbl? Barf faREUfR lﬁeg)g bbfi& at t y&@@féta&BT bsn\;vﬂ{aﬁ 2 Pplsher

interior. is preferr seal ab nne
be ablreactw abehash tsed aoa‘ fised an thiegtrionamt and hedtﬂ‘ﬁleddhdreinabeve

IS not bei ect into t e reactor,

eactant s JREARONESHLHEPR 5 UrotioF teakiSh e coting fgergy e, for
react Qével déifirod %Haﬁt'th@F&%@Jdeﬁ@MoP feacto? 69!h%@ecot?ﬁi step of the
plug or the like, as we as the injector not allow ng

| dakageesouttinpdntionh éxlm 1géerringito Iogs. 4Tind adu¢ skillesinghaatyavill

i nt roduced. r injected n on

Cort | SPEFaf mheHrEEh R o B a R ot ARl B g g a valve,
and 12BificExanid Bitc) ObtweeHithadsteifRatbd brogtdp @kdEHaﬁgé feattdeteand the
the seal abl e channel traver5|g% t hrough a portlon of

t he t dplycendrasation mgenters sppbe u h%aliezl@hfeamrw ori ent ed

sections off, BH? F]Mp?ﬁgl%ﬁt, llgg‘aill%g Sh oécﬁoﬁr%n\go t?lg' gé@éﬁcatu%g/ester '

pl pe r eact or respec
el2oow,extlinge eeas@aknd &@ po@mdnddmezﬁtﬁfneeﬂctdne &ﬂeaEl)egd‘lémgﬂs’o be used

As sh In into the el bow is
advant SB’EGBé"‘E?g 856§8f ‘I‘ttqnnséag?&xf\ﬁﬁ‘i‘?ﬁ fisgnsegd above
and qWiffrespect to the estenﬁcatlon 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 in a ‘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 thout high 5 concentration eddi es
woemuniiing i nsi de of the pipe reactor. Anot herP@EPSDN4/016468

of the injecting nmeans is including a nozzle at the

di scharge or outlet of the injector. The nozzle can

direct floww thin the pipe regrtor at the |ocation

of the seal abl e channel. For exanple, the nozzle can

inject the additive co-current, counter current, or

per peaginashakqtitibtiire pmsam’caﬂihs chO requireche h@@h.tmf the seal leg to be

are flow ng th|n t he e reactor that |0

Ret ur Yﬁri’iéarg% e H‘P 1iht }I‘lgreésé‘lr%p'?#efe@ﬁ? i B’n (ﬁmdn the side of
react @{ ’sezglhﬁg O BR 10% IpRAsairk QR Iwill Qlegéthily Bé B6ilifll amhta e¢duced
total |engt pipe, and pressure at the inlet and

out | epressune, \hange the thov presupeside’s genpoyrvillhe redusgd b dhe void

made, _plant capacity, and operating conditions. One
of 5 org?ﬁngﬁ§@$Y%an the art could readily 15

det ermi ne khReRtdR REBaElcg 1818 dGanbia BaonestGé deded inghat the fluid
desi gn principles together with the dlsclosures

her ei s flowiEg HopygtokpErs iep Rusiwg Agv hasassqsaated pr§supedrop
bel ow di scussi on g

poL Yo e T é?%ﬁfr"--em‘ e dihletll pechi g drbblof égé?gtpée”“re side.
the coytaddinga fldwe pathrettaiesswhds appsifiat, vabs, af smai dameter
i nvention discussed in this ecg%? ﬁglowarelr u&ﬂlg
apl i purng te the lawdressyre beg fd %lei cgy the PLSPYF ‘?ch‘{ §low
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secti ove e second step of the 25 process of
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pol yc bweehasss ?Qfﬂ?’ﬁ %ﬁ’éS“rYé)J e)sflmﬂ)e gﬁ?éer E%r%tgﬁsg érrlleth?ds to increase
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t hen o the polyester polyner. e nononers nmay be

pnGV|dbﬁ$ﬁ}bgnthe first step in an esterification
reactor, dlscussed bove, .or ri :
8[‘ IR PTESERIPY SR Zlog 1n\10flveslprcg\gﬁnnél g%\%ieﬂ{)n@erntsatlon reactor
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subst 3t inglal fitstf @iMBskcbAd and)fag®ah itixRIe stitfacd dedin@ry, an ihhen
ol igoners are react ed dlrectly to fornlthe po

O
2004/ Hiandar. lﬂtbwfwmd@ﬁ@hedesosedgiemhor& ly3here ﬁ¥le second end so
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Pipe react oAr;s éh%vjnonrl rlplé hethg%-gly%lohge%rsraet{onargactor 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
materials 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, is directed into

the first end of the polycondensation reactor so that the monomer flows



then are further reacted preferably within the sane

pol ycondensation pipe 5 reactor to formthe PET
w@odoymerio4 As used herein with respect to PET, PODUSI0BE/G16468

have | ess than 3 chain | engths, oligoners have from

about 7 to about 50 chain |engths (conponents with a

chain length of 4 to 6 units cagg be considered

nononer or oligoner), and polymers have greater than.

about 50 chain lengths. A diner, for exanple,
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the p conde sation Orrzon The sta
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di f f epgIyEshdeRsatiBh @@a%tﬂ'r@véﬁ@'iﬂﬁ@ Ph?s\&&l ponaetdd of the polymer
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pi pe. alftws.di fferential in pressure will be equival ent

to the pro t '| lrgg [ .

on the Iowqgr S ﬁo%ﬁﬁsa 8%&%@02%%%@2 ﬁ ul %ﬁé?gﬁ%ﬁg%kwmguous

t bores irdtéreottRotet syctions tih evhidtothe poe sigr, e)hgbﬁher ar@mr polymer flows’
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di f f eflepughethe msidprriripge ofgackypechion SR¥eIGRHS ﬁtq%the first end to the
di f f ecenbi @{;d QﬁﬁééUgﬁo cﬁ:ﬁgé’éﬁgq Jcifkﬁ W:?c%nﬁ’\éekiloxﬁl{ﬁrﬁhé R8ctor
out of the seal ? %

fluid eg an
2004/ pieTéaradlyPeihi hiS200er Qaglé6®ith<ach ethsmrre an

te ﬂgl lsleg{ ! Uéﬁag E)glsyggr{deensa-{lro]{lsrea%taor} p?eefgrab yefotrmhse arp gng('i’e wﬂgfa
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.
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2004/ 11abbon6PeEL. JEpo ceac1shEs@n 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
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compensate for these factors. It is also contemplated including at least one
opening though the body poftion 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
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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
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the flow and reduce stagnant flow zones. till *
anot htor ex#nplai @esmical Engineers’ Handbook, Perry and Chllton 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 exémple, 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.
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detachably renovable to allow a fluid to pass through
wo bat/1siaed i on of the weir instead of over the REI/US200:0016468

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-%he center of the pipe
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n 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 controlled with a control valve. Without a spray

condenser between the reactor and the control valve, this valve will plug. When
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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
ejector. 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.
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r eact epresditube eﬁthép@Wé&&i&hsﬂtMﬁ@Mdem T)rplcmﬂig, aspefthe zones P1,
elim nat es the need for additional

zbhesP2.and P3|is @toeh%llf eﬁﬁapﬁﬁéwmm?’ﬂmtl%t 35&]%?511\@'5 ?r{] the polyester
poI ycgﬁ&ﬁﬁ&%@ﬁ NG, %9 NES 28estcBE bE GO m Ilrlo 92) rﬁﬁ’@eﬁ)tr example

y gravity From one section to the n
pr essy® 4 esirmart izogesdeth 8 epiclly bemset fod PlEé‘mderT G h@ductlon

reactqQrs. Seal e are prefer bI ed nt a a

pr ess?ﬂ’é’xﬂpplfeefljgﬁgﬁﬁtl tot ff%@é’ﬁ &‘i?% %CLthe Bullech 148
di scugaegolyedridthsalish ?lﬁfdsriﬁmn@l% tEé e ré'aZﬁ)r@éh@tlﬁg Bom the
t he pol ycondensati on reactor preferab i ncl udes a

t op seﬂ@tut@ﬂnez&@et @lomg,dtdmee @‘emdlmnntm(showmd @& lipest mp¢rnon-linear

sectioQ | east gee S h

ncor RaPan bk viRE S VPR GRGERERR S ARG PREA i similer

a degppidgr dﬁg&héﬁlté e é%teiillﬁ@wibd Pro6dRe aB BB as shdwﬁnglg g and

and in Fig as system 133. Only one vacuum syste

isr eqmpe@@cgl,lwshown for one embodiment of polycondensation’in Flg 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
pol ycondensati on process. 25 However, with only one

wo amyamisystem the vapor velocities can be exp@EBDB1094/016468
high and will detrinmentally put liquid with the vapor
into the vacuum system At |east two, and nore
preferably three | evels of vaculfthcan be used to
mnimze this entrai nment. One vacuum system can

ultimately supply the one or re vacuum pressure

r equi P?ge.l}/eg(?nlgpes %‘?ﬂ ‘Ee S s¥ﬁ?’3fr}g§f‘s%oe g %Ledt,%ﬁ?}‘ﬂ"i by two 45
requi B8sred Aitllest 0 sHOAGH UDTHEPaldM cafiaBB$lus@i essure zone

be controlled with a control valve. Wthout a spray

condenser Bbe virpon o Bes indbepelycanddnsation guodesoshoukd preferably be

this yalve w |l ug. . WD 2004/ 111104 .. ..

o) Bt kmaht Rywd"R3: nieitn o8¢ ofledimentitds preferred to
used, ditié theEGTBYprodut EOnBHS pIYchiient RGN BE 45\ apor,

| ower pressure vacuum systens and anot her spray system

for tAEengagntr andyiemoye itdramathnmstsys T degteeof disengagement can
contrgl flf‘f@été’cﬁp}, ?%rg!{xgg'nlrpb% Iﬂ‘ﬁé]yglglg A i rrjc\x?%%%élslelsﬁ{}%s,e%ich

This valve w acuu

suf f i oicemabes disehgigsmenpray 5 systens are typically
required. Wth reference to Figures 17a and 17b, the
ef f1 uent VIR Tefracncedy Ekest § aal 9ok e o acdy levation Ré the

Ped ycC ?&9@&%@5&9% F&Rr 958 ahe ?@gd oSk stlver tfhh e 1 2&%938’? bf a tee

fromthé pol ycondensation process exits the systema
239. THewithaileks143 disacting thediquid toward the growsidde etbomf Bddeand then

of th ol yeon i on reacto | so flow 10 .

sequ eﬁ?‘f')zéﬂnﬁly 0 ?z?ﬁ 2*%& WP Z%rt&‘% ﬁlé%(vd??é? Si% aﬁdi@pﬁ%%sm i the

but  agsliytdraemdatige dess inftintaliB @AM A RvEE ﬂ?&t%p?d?{‘?myt@ﬁﬂ{alf full
velocity, hence reducing liquid entrainnent into the

vapor in the gipeng | Tds oegiaizgesthe suréiraareamQuve the flodiimthe reactor is
from .fifst to .second.e of. t he, pol ycondensati o )
LBt i Bicio i b BT SRR i el B R AR e pive

nMechandl$ Bl dvee nbaatiftzd wsReSirey 6 haditrdn8fr kA8, The second leg
section, the mddle 15 section, and the bottom secti on

of t h&3%ef the tnsdenisthe dispctionzd tlesy flowrh Ehe Byird legil #ipEthe dged's
bott om: ol ; mai-nt aj. n t..different

boL CBRAH HScRe RS ALY B ST LA 1
seal omegspede)thé eapivlajd ehwaindHIquie isodiseeighgsd, byt fidving through a
pressur?. in the top section ranges from40Q to 120

P | i AR PR RAnG 3SRag the Rasdieas HiRe iSR@IRA wgh hat the angle
B Py Dia s T E RSBy il pah. Such
to 5 #i dglaergesan myriganyent Glate orthedintremed dfjuidhdhiseal
| egs %pqnge%:e%ygfa%oc%{lgees ti)éc’ erﬂira?rg:eldcilsq%gd tiondisengage from the vapor and
return back to the liquid systém. With reference to Figures 7, 8, and 18, various
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, apreferred 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

i ncorporated herein in their entirety. It is also
weeeherned that the three degassi ng nechani sSEPEI/ES1004/016468

fluid conmuni cation with one venting system Wen the

pol ycondensation 25 pipe reactor is at a

sub- at nospheric pressure, the-goprce of such vacuum

can be any vacuum generating source such as, but not

limted to, a vacuum punp or ejector. A preferred

degasgbide tecnargysnydiid fosthsthoginviscosiy pijuided dvdimbadknnto the

Figure 8. In one aspect, lanmn m xi ng.syst .142 can

b siaeiamuith STSHONes e BBIco dbe o um i ORS (G ldi1g, Sasses

The el!lﬁa"i‘{i R0 aho18 hip8! §RGhokiZoktiEnift | 3 B{s8Rén doRtiBed3Rith the

of the po ycondgensa ion reactor allows for the

el i mi othtr vapoolinealok isddirgotedita theraeatienseon taguum system. The vapor

pol ycondensati on.re of. t.rai.n., The conden [
Ppe s g ey R i 258 1o W BT EERIEHh Mo steep
despi §16nEik ki ifinddehehhBlateSer B cRtHRGd 1iY¥dd2A844iglilRAvs over
PCT/ US2004/ 01646 100 Alternatively, the various

st agethe ofeipand dronsiribanexrorantwthep pelyepndgpsation maygte

the eff] : i . ]
R e T e T RS
hei ghdlesatbd filtetibmiliay (fows tpedssiire, die) metiuctethylineaiat partsather than

stage is snmaller_in _height than the overall gravity
f 8 sy weshor cpmipdicaied onfligiraidSent vacuum secti ons do

not need tg,el léch’MngQ oPEReriRLA% Vilor Phthe lela{‘/‘ing Q&?:l%g pan be

aspect, the differenceé in pressure that is controllec
i n t hihesaat as thg pohysohdensatdacpipiog nfiestbe Ohtelhewt]l 34 daectong the

of the pol ycondensation react apove the [ f . the
P ghoversy EEEEHD Bent S i ke dos eI 45 e Midighids
pol ycgudpasal Ag{amst MR GHEIRY BIRSOWIR _Bé’dkeiﬁtostﬁe'li?gfdl;%bl. As shown

zones can Start at the same el evation. This owers
t he t otEp. Wuthedingtedipipeyhat Hasma stasp slopk ya proguiedhe ensngy required

facil i ty. With reference to .Figyre, 1 a single zone

ot hior i e HisE g o Baih pBY o B sfhetorirur v LR

W th rgfien@nase.t Phdvaper efithbhathaniduid! Passkd @pwad 1o angled pipe.
represents one of the zones Pl, P2, or P3

Al t er fibe Basdirgeeeds wuihe il andup dhe Yappr prosesIngleauipAIent- o
| d i P .
00 SO B 36535 LR RSB ORI i

maxi Nigged dmixidgd. CTieneyssure lethddwinionesbeaveepreactoct dlrhas high
More or |ess zones can be used from1l to a plurality,
for eRuxpgand arg acegssiple in thigreagigf-e zones with 3

typicall y_l_ﬁgtrﬁﬁ dr {ord gasoé'an%%_-[)@r%?%gf&g bPhto {h@trliq%idcfi?of one

exanpl e. et tot zone in Figure 18 is a _
and t bemotet podycoaterbdiion redtter spotignso iemsddntiohadvaniags of this

flow %)H)rcg(yugg isttﬂee lopvxi/e%%gro? Cetp%ia{l %?ecsts&rg of {}{eocfl%lt, El%reby 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 linear and non-linear path. The vapor is
wale@engaged from the pol ycondensati on react or RET/LUSH04/016468

simlar piping arrangenent to the esterification

process at 133, as shown in Fig. 7 and as

specifically shown for one enbadsrent of

pol ycondensation in Fig. 8 (which were also

ref erenced above in the discussion of the

est eroffthepliuradity pf flew cendtishileAwing frog) thidirst ead ke Giggprond

f ti 33 of ,Fig. 1 | i i ..
io nt 2 echc}le %gq singwagzbti l?]aijg ggnles?Sfetﬁ? ﬁé\%ico%t??fggggrsqﬁgaasrﬁg;%slgwcnon
up of i Redsl i Muidtorhunichtets Be@wahlinFi el theliffjectiorglinelfapted

shows five vapor disengagenent section 133. However
any norddan efditiap by the imenemey Sawing herethropehy Fhecoptepwlated

used for.a anticul 1, 2, 3, to as many
as’ ar%‘%hté"@aggaytbg aél?'fozcg:l}oléggﬁied%oﬁjta this 30 system Fig.
18 al so shons rad@triagl®Higre)the pbigt @idensdten lrearkaraif thd peesegt
using a flow inverter system 142 is used, [

which is .
bl owninypntion oan ge used taptutsHiE MpItRADPIRSYEYS ffPPI?Lél‘E split line. The
PCT/ 4 - .
Ué%&& éagléb%gsgﬁt at njrge%' lg%fg{ogg ;%ﬁﬂmh@ shcbRlordtid@ of@itferent

system o degr owed by two 45
degr esdditivgs preactasts shpraduct@ithibutes(sgtless imhereat wocdsdy (IV)). For
used. The vapar aor gas in the Eol%condeaﬁsat ion %r o‘cge?s i
shbul %}"aﬁ}l}é?,élp Ewg- 9, e m%%‘ﬁé’é@ ao FIIRMadE 1 Flalﬁﬁg esiefification
exan‘pée%hioh ﬁé%@géﬁo@mﬁi R Paraliel rdaStoRy RI5ednd€®6), dnd Fed to two

€ y

drive t product from the pol ycondensation,
r eact differapt polysoralensation reagiose hofhaul 161, alleiing dyre deffgrent melt

fromthe system The degree qf di,sengagenent c

~ af f ecPR&§® B&’,du{aﬁ 10 BS F'effﬁ? P\@V%oélglelﬁsﬁgf’% éeggﬁ(?%sec;%ﬂ 5 e same or
par al Ll dERES coniiey, rdabiafieamiaivdh, seegagesabindidoof these
reference to Figs. 8 and 9, at the end of each

el ®vafdabmesodr othes faaguiss| He vpted gexe bne F@histapraddisign lingand the
Viauid fl . o D
W: ?ﬁ' g]opggl\éﬁﬁ%gg\{/n tap Eelﬁg E;%lﬁéa%? Ia}d Bifczjg?naqfreagt:{nﬁ%ucl}%gl)%&

Irectl owar e groun

to el h@wded D6 Rfchilohesne fdydondaisatidryreattod thlmakenedifferent product,
(or the fluid viscosity and&ipelength)#n_th.e .
pol yceies edghss DEShEOdneh iy Ki2n SThepembet el splifs§ @pt limited to

at ap R{'g)%ln?ﬁhﬁllb& ?tgsk) itsfééh Ibe ng?g.te gt iFPz.erj, e qpl_a—rnic%uld be operated

maxi m z€s e sur e area. e fTurd 1n the

r eact eithissmkzoaeempiiakartdnat operagng, allewingtthe plaoi toagperate at
mai ntain |evel, then maintaining the pipe half full
does HBUUELIAYESsurface area or nass transfer rates.

The second Iﬂeﬁﬁ’niné%@m@fdegigﬁ ot 88 pofycbidenBfidH gipEtdabidr, Phe pipe
the flow. The third leg I44 of the tee is pointed in
t he helevatoomiahheightapipe idrameites, @ial dangthoof pip@pnd peassurpat the inlet

Hqui (ejmé lOl(l)tY\f,ft CLI{] 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 control of individual



one aspect, the vapor and entrained liquid is

di sengaged by flowi ng through a 20 nonlinear pipe. In
wonmsaspect, the nonlinear pipe is a pipe sucheehas200fie16468

angle fromthird |leg 144 to the vapor exit does not

proceed along a |linear path. Such an angle creates an

i npi ngenent plate for the entraigged Iiquid. This

i mpi ngenent plate causes the entrained liquid to

di sengage fromthe vapor and return back to the

| qui hopy tHaeiglloWit thart thkenzem eptheadsr gempsratire. &ovmmhglﬂe; HTM

various 25 enbodi nents of this entrained % uj d/va

separ emperaiyrg rehiggithe Xy ldpmperapiggs, Imprgyes; ﬁgﬁ Wﬂﬁ dr, lowers
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fromthe grmnhaq}resa’rlrtenmnou,mhbaAmgkhnéleacﬂ&rmerwelr@tw tohe

o Senggeo st by fheo e i e Reinind ge s fr Wiyt gnes can
S h 0 r t eerﬁ{ntaleCtﬁEserﬁﬂlﬁlp%‘wf hfa 5QBhd R6ttARBSHe 1§ hbavd gpthkmMi‘bxumg

preferred 45 el bow 135 (common pi pe conponent with a
maxi ntim firsti eagbylestwaen the tvorynassa ¢antoh valyd alipwhilewiéo the

\l,/]gPIO; B:q{ugxpe Hg{M Egaf{eer acgthélﬁgléeécg)ng cgntr(ﬁaglvae S %h ffo%v f?&g Itll;]e
t 0 VOS¢ HlIivk hedd e CThid%?&QéésQﬁ@é@.ﬁvalcrﬂt@&nﬁé’r@mtdj@nhbmhat can

ener g % required for the high viscosity liquid to drain
bagk npbtatmé witheSubienp RS- Bwupﬁﬁﬁlrééwéﬁééewwure

The v agrﬁrdlleWnSrE]%L& tetﬁ?an!nlaxq UA o ﬁ?ss% Zﬁ}:de?gggr;lg bbHule the énpe

anglea WSH Z0Rt al pI pe en conbl ne

with H&@tor QAIBE ofVAakettd PiBS s@theipsesdicapbe(hR)@f tHeeH TM across
condenser or vacuum system_ The vapor 5 |eaves via

line UBmeagter i ls b | Pauhetotgerdiand ofor peopvsptionad pegceps 2 GHIR relies
141. The._ st. t
ent r aiuﬂcg%lgcfll qu hd: re%ﬂgr 4n%l dQ@( # eQ&SFWE'iclﬂ?ﬁée% lerge Alﬁ’gof the

oWs over

driops HTM tab@si@treatiie. Further pol ycondensatr on may
be conducted in the next Iine 141. The p [

|
| ayout of ReErHnpE Kigekt dre How ratgirsihe mpin Hﬁi\{l %giﬁjﬁf Fanbe
(f1ow, @h Er%tﬂe r&hﬁ‘l t%emﬁ%rranj%ls tﬁQHTMt\ﬁfl%llo@ar th&h the Subloop

(ot her co | cated configurations.
The e&bﬁrollz:)dcshaexge Haat Tainefer fediatis suppliap or hqaideri 17§ and returned
| eaving tee 36 S

pol ycé?lglérfgg@fs%%a%aworﬁl@cedgth&?ye l@i 96 cEffBrng_.E?&essure is applied

d' beCtbke{%&eh g héé@&@ fm/ qhd 1 T840l ;)foﬁasl dfiSing 16168 fdrith&ENGid flow.
As shown in Fig. 79, the liquid is disengaged

ag a| nsthetshpplphgided 193 p@ssfulr@mustgalmﬂmectdqtﬂng addigve prgesuge drop of
000! AR e A R AR P BB
hi gh \Hes&9B14. YRdtiiedddrd 7d hlishploaiie adedquatd Net Rk Suction
wh \heerag fcl)rot\lllve 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.
If 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 tinme. The vapor, w thout the Iiquid, passes

upward into angl ed pipe. The gas proceeds up the pipe
wa@na4tioiivhe vapor processing equi prment. The prBSEUSB®04/016468

drop zone precedi ng the pol ycondensati on zone has a

high 20 degree of m xing. The pressure | et down zones

bet ween reactors al so has hi gh10htxi ng and are

accessible in this reactor. N trogen or vapor or gas

can begfurged across or into the liquid of one or

nor e pedig sGeRTR HaMssedina pecand Beat depsipomediabsedep Hirapgh which a

advan

par 1 o et lcter R RE B pBeeltty LAV BineRe hBGg sub-loop.
t he paloughmvdecisat iheat trantfer middfaemay lﬁtgpa’s@aﬂ fronfithg ﬁrsﬁi to the

whi ch |s%%§t anot her enbodlnent o{ t he %entlon t.he
est ererondhisagersyissracrely:sandiginntral YAl inglui¢ pemapunication with a

plur r f t
2 SRR R TR o, R it e
t he paamafdr eledestteninfis gedaten rchameh@pmssslré othe seconth beat transfer

pol ycondensati on .react or The 30, pol ycon sat.i
P (PR ST iR R G NS § e PSS grect af feast a
subst gaibbf the fP@hdht tRinsfet WdRREAtisto 18O irsl fib-1o FP @smg the
162 between the first and second ends thereof.
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t ﬁ;lgl Irpl;{qo%lo%ét]éljj% i&g)uIaQ(oﬁéo&%érgg@m4§em?er%°§% R

f | f st pI%Qﬁird f thOBel ©@HSTEr medid stréiin BéiayPassad tﬁeﬁ&bugﬂl €An
of the flow conduits further conprises an injectign
| i ne adsi#tiqnal pspastepf dhmavsienciaciudes 2 sreprdiheat trangfergredip sub-loop

the i M?t{i %é\b'a#éélyﬁf ?n% Etes‘Jb 16&Tﬁ'fglqn%1cﬁg&1ﬁlh}ﬁ atg&l til@t%wnh

nononer eret hrough cont enpl a
addi t andessegaryd dmtr@hyaloé irt fuid eomirsmédtiab ontd. thStdcbhd sub-loop.

referrlng to t he pol ycondensation react f
the pfasefiend ?ﬁ@hwlaﬁseﬁ%lvsﬁf dieesis o lposteroriien o e first heat
mul ti ﬁ"lirf‘sf QLR abrl 19f8 thBSecdRY sib- ldogeusﬂ?ﬁle SF&Q&E @F the first

can be split at many l[ocations to p
i ncor ot rhisder oédid sthdagr, émtontad thettemperature arst thapsessure of the

produgct  attri but such as_.inherent viscosity (1V)).

For tg é%ﬁ'?‘ﬁg?réne‘f?ﬂb%flépaséeg hli‘FBHah'er or oligoner is

made in a ﬁﬂaf‘&'c@nc?éiﬁl%dlﬁﬂeﬁtaiﬂe%at etk ﬁfédﬂa%n(rﬁh@é&m includes
with two gara l el reactors 165 and 166), and fe

t ¥  alfifst beadtangfor lyledm hewdsa throvgh which dresﬁ%lnﬁaah@lﬁmnedla
?aldgwét mt 1%%1%03 reg heak Erans?er%edlf fnea%gr tttl)ﬂf’migﬁ \xg}gch the second

ensa Ion reactions can
or  npaat cfaxﬁs‘f@fmwia eredueh isipasked; 4 BAChad hansfaddedih ‘sﬁﬁloop

stze, ocgug% V\(l:holgl? {hr;?lteiltotpangtter Entze(eilséemay 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, |ine

163 is an addition line and the nononmer is shown as
wheiongigpd it and an additional reactant, such BST/DEB)4/016468

added at 163 to all ow one pol ycondensati on reactor to

make a different product, such as a higher DEG

product, in 162. The nunber of-gpl-its is not limted

to two; any nunber of splits can be nade. Simlarly,

the plant could be operated 20 with sonme zone enpti ed

and naid wpivoatontrg) thaltdnopdratgret dnd ppésamte of thedpat Gamsfatmedia
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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 1s
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.
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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
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to deﬁfo%@s%%ontrol 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 is parked at a pump
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Wi t h r espedte ffiost tdader 265asl reamamied 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
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be el i,cBat@Htrol computer being operably coupled to the first and the second

pumps, 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
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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
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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
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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.
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30 processTREMasOWatePFRAmBAt fhbility\eanfHeretiiniAdied, aB Giscussed above,
second punps, respectively, and to at |east one of

t Be ctmough the integsation afitheplente This isdarticaiasly ragde nessiplg by

fl ) . in fluid. ' i '
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by t hgn)f, behst ar@zﬂ;%f?ﬁé:ﬁggt 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
furnace. 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
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therein due to the loss of water that evaporates, and a blowdown (purge) 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

additive system. The HTM pumps have coolers that have a high-pressure drop.
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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 all 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
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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/pelletizer station 300, the function

of which is described below.
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concentrating or pr ecl pitating. The cool'ing tower
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required since the water evaporates when contacting

t he hetppploppenclyde anyodesirathiumbsy of dawagesgm 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
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f 30 t horageNppuansheingowpalied with metes tereigoman esgbnd water
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t hree uses.
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
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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
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wat er 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.
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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
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condenser 335 for re-use, or passed 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
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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
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is also mnimzed. WO 2004/ 11 104 PCT éJSZ 04/ Ql%46d8

- 122 Agp pertigaof hesrayipopreser; ihesegong HGget being in
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st ages vacuum Here the uni que design of th
i nventthespray oerelgnstesdtaseslevesses in fluid csnmgescaobn w\adluhmpray

t he nedi sure and the | ow essure vacuu

st age<cOndHisth fil BrerEs AT sHe A YA PRI B sResvely, the
becausgaiy ke bBhs eShificled ahdi hﬁar%%@@@célﬁecf R&uibiagd ligwd

woul d not otherwse allow the vapor jet to have

t he pr@p@nsmeﬂmgﬁlenﬂ\ﬂtme aﬁpﬁ@§sm1@def ppuppét Hridememmunication with

S :Jltéu ﬁ% aegx &eﬁsgl fﬂ{)]ir)]ur"g}gllﬁgl o %)Ililgct @fﬂ?lﬂﬁhérgﬁiortnoa Bitglqglfnlgd

Never tdalBsfcationvit @e 9ﬁm9f a Mﬂﬂbﬁmfﬁﬁdlc&ﬂmﬁﬁfc@t@dn with he filter
coupl ed. Referring now to a suitable an

ot her vﬁnééemweﬁm%ﬁiaqnd\ﬂﬁr@ngﬁﬁ to Pbllbﬁhﬁﬂ)lqglgia)agﬁbmtgerathrough the
compordiin Hinefh FR A ERCHRRNA, AEh of BRIk GARIBEAA the

EG vapa@terst&de cddderiser, réspadti@clypahdehsvermthaligpidaijiilled by the chiller
condenser 324 and the [ terstgg .condenser, and which

vafdor 1 8essqf (9 the seray egn draees 23 feestagegoniepsprp rgspectively; a
bet veeny,fiof Qal@e in H1fd c&&ﬂf&hféa&érﬁ&hﬂ Iﬂgaech‘i’lflertalﬂg being co%sérélcted and

i nterstage condenser goes to a |iquid seal vessél
al so %ngédatorsetéctlmlapasr¢h1l}mféuqslddn ovlmzuectrs thiekeof, as desired; a
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ONn t 0 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 fromthe imrersion vessel is then
we@upadiivhr ough a filter 326, a cool er 328, aneCBUS1v84/016468

(a) returned to interstage condensor 321 or spray

condensor 324, or (b) is 20 discharged fromthis

systemat line 331 to, for exangbe, the water colum

(not shown). Dependi ng on the product being

processed, the tenperature of the %ysten1sho | d be.
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Vibors. §r ol HreS B S oEe e L FREB P! Efrepiys g aenser and
condenser gg4n@tstadecRBhddnserPlt&md 4R &ﬂlihg el litd €bliected in the
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pot tom of  HHbTEintERAEE R s GBI REH Y R dfeasta
ot herwi se p#midh of i@ chilledilifuid thidugl at lastwae oirslfvatviegn fluid
top of the polycondensation reactor. Still referring.
t80Fi g. 23commanicaiaymgiendthfarvsgplsepderenpodesirpd and passing the
i nvention ' . t

ravi ng a i B HEEBresqtfe VREERSAIRE (G ARERRR, Proy Yondenser
pressur e Vaciedled ShuddjeomhuzioatéonRvith thel vaguurhgumacuum 15
punp 320. Accordingly, the high pressure vacuum zone
IS piped into a



condenser 335 through a vacuum line 243. The vapors

fromthe high pressure stage are cooled in the
w@oodanges 335, in known fashion. The |iquid/|PqriUs2004/016468

condensate collected within the condenser is passed

into a second seal vessel 336 in fluid conmunication

with the condenser. 20 This secti’d seal vessel is in

fluid conmuni cation with a punp 337 which draws the

l'iquid/liquid condensate therefrom and gasses it
through a downstream fi ter, the
liquidis ‘flhéclrﬁ@g'ﬂmﬁmeff‘?ts% ﬁﬁ&lble% 51%11’)93 or}a%lgéé"t'hg dlstld]ation

conmuni cat i on 1ter; I'd passe
back iolumnt nath adsortberss dihe aaﬁnlbm careuseshet, inart gesserdesbmption.

ot her users within t | ant, as desired. 25 acuum.
e BEH SR GUHIE, B RS T At B et guer 5 gonditions
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320 through a control valve 343. Thi§ design therefore

el i m nencestratimms BGWjatsr, whiah will enprogptheyesteo nxidrasgs or @tﬂmﬁcation

punpi ng_s ste and on as two t ets ra
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ld | | !
mﬁ | dS O:‘/Iﬁlti e éach&gl rfx% S‘iggﬁlge\g}']%?gﬁéu& _SI_ |h Pg e system

constructi o shhwﬁ irefigurenaf ks fM(ﬂsZﬁQﬂﬂiElp’k&&%s are fed to the first
PCT/ US2004/ 016468 -124 unnecessary equi
i nst r afORR 184ndh %pgoeessefbu%%enbmrl@%}'r%aﬁ@m%tlﬁ%.twwally

ther\e%ﬁgngkeﬁgse i lep 2hSxtfrel (REESF MRS &sémt@ﬁem@ﬁ

descri refore, e I ntegrated vac n1system
t he i nv@pd from a vapor sicbem aff sﬁﬁlayestenﬁd;ﬂrmqnoceﬂs fahditiek liquids
connunicabgon Wi t &é dium 5 an

s PBe Bl ip BisEatens Bl ol Sireds SHig as Pimp purges, pump

pol ycoafe Q§&Iuh9€urﬁ§@%@§iforatona§hrg&t altetSURnERONIRN Sﬁfe ﬂr@cess
fluid conmunication with the spray condenser; and

vacuu rﬁhupimamrpomluuas te thrermeedrsladisonrervnth atchmppmré rthat aaeg@sued

condenser . C f the. system.i ncl

o e R Tesqvel ety g el Y ¥ gy RroE Ry A i gSheaving
Spray tieodidemeeire séhi@o HRAIET S bR CcE WrdriIs@htioravid 1ihBe84. At this
vacuum 10 respectively; and a |iquid

ﬂ@trPBG&ﬂg%b%§§ﬁ@ﬁﬁ@%hstructed and arranged to
coll ect, 1141 ke ofbbuoANAALSLALAN Sl A LEONINS:

spr ay condenser an nterstage ¢o
r espepumpsleys. ahdrepdachs thent inens pﬁfwdmmndeviﬂex feangimipheclarge
t d t I O h
: Ecﬁzgtéggghég]r(]§ ggﬁ)gﬁ)aqsgqerfgﬁﬁ»\}o\é"fpayexchangeerrs ?«\do or%tlon 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 col |l ect
l[iquid fromthe vacuum punp; 15 the liquid

waole@inifid i on system bei ng conpri sed of a si ngb@r/E8BN4/016468
vessel constructed and arranged to collect liquid
fromeach of the spray condenser and the interstage
condenser, respectively; and al@8ntrol valve in fluid
comuni cation with the liquid distribution system and
bei ng constructed and arranged to sel ectively pass
the cHiqurienTrangformy lnfzarsd Renlysish but 3 pisglegraveleashepyld ge
20 StLdo@e i AIREIhoOlant M SYRAHD Joif slforklin! 4 thflr after
fromthe Tow presstire Vacuum zone enhtering a bottom
por t i expepiendd)end poaiforogchareaccompiihtd evithlruarhal grabsamples)

the nmedi um pressure vacuum zope entering a spaced f. )
por 1 Rt BRBifS Wy TRGHEL A BY SvE0 Sueifies G Pag Untif§ desired
copde Bafiporient Eitdl ghy Gﬁ%&‘l‘gﬁﬁ%htﬁ RreMehtvih REearRil 90 to stream 184.

pressure vacuum zone of the po_ycondensatlon reactor,
t he s8teanl 184 gass B3 thonmabdestuctadrsde vivesi sugh anthe [Heati Transfer

communi gation with the vacuum , a.control . valv .
i s podiet e adenit of Rt R AT BB tAR: OnfF piT 181 s
W th epehd hiltta 88608 dompHicRY isCRRHRNERAMANY, th §roceSsUfNTYs are
punp; and a second liquid distribution system

‘const sattnid tmxaabsaf@ébed-o collect, filter, chill,
33& ddl Stri ?Ig(tt)rgife} {oql%le qleoﬁ%ﬁ’-%ecﬁlawifnrg, éitfkel ig ES\QQHO\;R 5?%18 partially

enser east the second spray condenser.

Yet andbebedhpeis bedk lodied ivid tgamt 89 fad theresysdseBedfl 82 is the
the invention includes. a spray condenser in fluid

comuilbalopdsd bigddsscsibe intheprecedipaiparassar- 1F5H 157 dsa (il
vacuu r i: viel:

react gﬂF §) a dZ?%glq ‘ﬁ iélllgéﬂ%l(?%ﬁs%gd&g Oafgzlgg%%lﬂzag&aph' Bed
first 1EGhaet hotstredmiofl ireargassuciabs mitrogerd, leartbloe dspudey argon, etc.
condenser, an._intersta condenser in fluid L )

C AP GhihF i o SU RO dieat SKeDRESCAS stiheating
F1ui d o LHREMNILGRLdoAReEdt Rob2E of AL il BB RisELARE RS Sfeam,

and a second EG7jet in fluid communication with the

| ow pekssicity, v gasion vapne hahliquitesush raheat tradefps eredig etc. Heat

respectively. Additi | aspect of this ' t, of
e’ s ARANAIeF iisad DR Brtentty sifirts, B S0l-deas LD and
Vacuugiré A eoe Nt eiventomal AR BFFhRATKLIRIMgErs ab W15 BE #lid bed
condenser, and the fluid fromthe nedium pressure

vaeuumkgengere magbiennged Thyraetkvr fosgs feptheilagit gfs strgam comes from
2D (SORASURSE G 10 s S 800 ML PRI e
bei ng mdkefip stre@dmil D7 CTHAprEss Bitel mrthevirtlét of kembonenpl 86 Bunaintained
vacuum zone_and the bottom portion of the spray
condeh¥dhe additipneofdagt I9eadarciqulationistreg@reni cat i on
Wi th the SEi@Yot inert gas coming into bed 182 desorbs the components from the
25  bed. Alternately, 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
wana4armenged to collect liquid and |iquid conPEnsst0e4/016468

therein. Mdre aspects include a punp in fluid

comuni cation with 15 the seal vessel for punping the
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the ¢ tddfed %}%‘d%ef [185‘ éﬂ&l‘ ﬁo@e@m B & 'l@éﬁfdf"'tﬁéi‘mﬁp&hd&fon
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g f1yggl COEH 185 baNbdEdoled Wigh &) dek erélétﬂwbl%t ﬁ@frlgerated gas,
constructed and arranged to sel ective %h pass chil led
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I'i qui gomané Sticaat @szfﬁ@mit fMBe Heuid)n @t@é’iﬂ&ﬂ&kfs dufehted to the
I nterstage 25 condenser, and the vacuump

r espeeRIroRIifE starage contpingr ©f thappraduet Onaeishean 192 CoRfpigs a non-

to. th

8 poBeT A RmBRRTE ABRY, AP Gptb iy B ShRARASAURRREI 192 goes
fi nal tgohk yigspmdiendddtionnlevieacThis swhtehlegq)r@ess betwemhedesired and
passing the fluid fromat. | east. . th r.es

pol ycBeREFEISH COMPOBRLFANLBHE ‘H‘ﬁ‘&i[’?‘ﬁ]&ﬁ tghg St?ee Bed 182
pol ycapdersalyl #ih éﬁ;g vacuum zone of the reactor into a

singl e spray con ser in sealed fluid conmunication
with each @as fioe comdenser B3fdinlstearprl@s sl sontainutberdesired

(¥ or bomERIRD R ety BRbD B bl R e

condegsientd? 1f85USQ SRAFUNB GAEdnP b thi L1y Mo B¥d 183. Bed 183
condenser with a vacuum punp in fluid comunication

Wit h adserbsthe dsm@g@omonmdeamngeﬁrﬁam Bl Steeamel®3 exits bed 183
LPE Sgg% (r)%ml %AO ;%geﬁlgg RAN glrgcqu Bac'ﬁl tg bidvwl ot Qc?rg%r%%‘éor 186 as

vacuum zone 1 nto

porti gieddh 1951StoeanP I $yadue RitkBGLInertasasl tcpmsmltam atbstant inlet
fluid of the nedium pressure polycondensation vacuum

zhe mﬁswrat%mm@a%pbb Gortion of the spray
condenser | REBEN s RSabbard R (8%l BBrREYbTy Bsorbed,

t he spray conaenser I nt er stage condenser
passi mg bddefufidtiond cfolanBede8 I mgestbe plaoe obbed 2 inghw eyele. Bed
ggnmdrﬁﬁggg%léegih%ngq%{géé %3 Eﬁed %3 tlafgesftLel:J ngtce 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
w@odgaonadensati on vacuum zone through a secondpERBUSBIN4/016468
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The process

adsorber until a ROhEOONDENSATEON #¢BE RIEACTOR

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
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20 point, the bed is saturated. The use of adsorption
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par agr aph. Beg 1 iis.a fully desorhed bqu Be 81 is
b} ng"1YHBNFAGES dixeds B¥H°S Ieehan pridge St TVggiace, an
182 NaRiRrdAG oS4 IRANAUxiding! Pré3dse dRRGEMBP bEIWEERERN,
carbon dioxi de, argon, etc. 15 supplied to it via
st r easstarificaombevgons aaones(E 1¢k2)rad petycoa®nsationtsettsons or zones
heati &gl/PZ/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 convenient source of heat may be used
such as steam electricity, hot gas or vapor, hot

wo pguitdgosuch as heat transfer, nmedia, etc. HePCT/URBIY4/016468
al so be exchanged between condenser streans 187, 191,
192, 193 and stream 199. Conventional air to air heat
exchangers as wells as solid bdd220 exchangers nay be
used. The notive force for the inert gas stream cones

from conpressor or _ bl ower. 186 thou
devi c@ GapPeRRCERY N hoscHeR pf mHsté% CoPeiA £S5 yhg plent that

pr esSSr dsg 593%h1'11 18k ¢ Q}%acﬁgmﬂgféﬁﬁﬁ ﬂng&e'ai SRR 41 Gteglation,

y the a I on o i ner 7 and reC|rcuIat|on st ream
195 pélgcdndendatien, tor@a&h wperieagior appardiesies) dpcanstustpd andaranged
conmponent s from.t 25 bed. Alternate
ot hor [HRRPlRsSH B AL ogllv‘é‘ﬂ‘éag‘oﬁa;}hb%c%véﬁ%‘}?gfea?ﬁ%’ f {6r making a
de§ r a?&lgesfté'r%r{o'ﬁ?er RHpblihel FéMampid, Fg S Shewapdsitie

al so urres additionadl separation eq U|5nent for the
str eamnf@uuﬁ@nsk'ihbﬂeéble sagondhesterticalipn reagion e} dHogswt have enough

gleg\(/)vr go %g_rgef 31@ (ﬁg qqﬁléﬁs{aﬁgmeégég ?g3e§tqgsgﬁln§%§%%%t¥ In this

into GingoRW pipy reaGﬂoS el £hRy Py ladésl befhesahplits asd se’cond
stream 30 192 are nonitored by a simlar dEVICE us

in st esermiicegon rapstons @ 14 8Rd a@%FqSE%FUVE](XPrpgﬁQ itional resi ence time is
r %‘m Vreiqél regm RE %ré’t %%lé}cgltl(%l‘éét{ ﬁqg%clﬁ%nathg Weé&%ﬁ/ﬁ 5Q%an be

s are swt and s rean11 i's
sent \tsallsd E{@@m tli<98)ptdf thdrst pliycrmld eniBicd) Gedttbt. 1 S@mlarly, jacketed
,PCT/USZOO4/016468 - 129 gxldatlon degjce vi% sareqm 4
184. Ripesan e afded te ipcEeass dyonsagEmantsyHace P ipgkcysce au

non-cg {Ptlraﬁgmgﬂn ﬁ%ﬁ%?fcni‘cﬁéd #dch EQCEEH id QitBdra®aRia Bdesf296 and

t her oxi dat When a desired conponent is
r enov edl7.f Additibeal plj2cduiit oe added aonnzgazse thh deat\ieangdss arga.e These

swi t ched and ream 19 stream.19

e o Dleemeaiich s bs RHGIEEing8e BahCRENDELIRIhs s even
air, pekslieeloahntshtd@d Qhl td l‘ﬂfv%leﬁ%ghtrﬁam%ﬁthe ifXtallation) except for
expan3|ve cooling, or other a progglate means. The

cool edleswmmtmggs wihen durisig|a shert shntdeundhe tieans @i be made,

h d d
f r om te 8‘%{@ %}Yg%‘ “tg?sc%gacﬁ }’Igfepgrf%%ﬁp%;g% g’b#%ntg ﬁ?lgaﬂﬁiﬁggeactor

is di rr&?dfﬂﬁcirﬂ)élh%eﬂ&mrﬁﬁ)bmaﬂel tS&IﬁH@gﬁnngHﬂyr@TR or other type
that product. Once stream 192 contajns a_non-

d@8i r eanyepiHpBH EPRCtoxtFRi Whenihe Rine veagton Ferofiy i 1n péwllﬁkﬁ?éae
so that B{lgmr&% g&%ﬁ of i rE%%%%ﬁg@}ea%f g éd?ﬂentlonal

devi ce. |s SW ing proces en desired and _
non- de&dct@das berpﬂer&wbsl o;xerumch wash thaﬂdlﬂhelb@dy QBQOf the reactors is
total ly desorbed. . Bed 8% t hen goes tg H¥
operating at one time, or both of the reactors can be operate imultaneously.
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 bel ow
WO b@4aatiod ati on tenperature of condenser 185. PSDUS2004/016468

stream 193 is sent to the fully desorbed bed 183. Bed

183 adsorbs the desired conponents cleaning stream

193. Stream 193 exits bed 183 . g3 stream 194. Stream

194 is directed back to bl ower or conpressor 186 as
stream 195. Stream 197 adds makeup inert gas to

Mai Nt @ishisad e aishblingl veith RBpdet asthe kenientiondiprassarfers to
186. Once bed 181 is saturated and bed 182 has Egtn
previ @E@Ieg}tl%@ém from¢fjowipg tp thg ﬁ@?Ye@Hgn%Pé?C@SS ¥gior gyample,

takes o} dlﬂka%‘il\@ pgt?%milééthb glel%tha%g%% eaﬁ?ﬁfthé%aﬂet to the

t akes e pFace of 3 takes t pl ace o
Bed 18&nvdmtibnalgedchr and eelongg tbh ae;rB/eBeohal Bﬂocmﬂ;sl dff QIedisconnecting
desorbed, ,Bed 182 wi_ Il catch nt S

B GBmiA G O4ss Of s FOBHRD BT S O EHY
reactor  Vap@cSroldiss hg Qpﬂﬂ%-tuée% dé%r%@ BEref) "E‘hé?@ Banl§3greater

is saturated, the next phase wl begi n. Furt her _
enhan cthmmrtesestmﬁctteonrseagess aone amiéq;cgrcmersthm @ mlmdensatlon
and Rl oduct s bellfh(g? ‘5@ &Jcedct? tgogl B2 soﬁebg rmparallel
may b&38EJLFPE HEW'C B PITAY PR 48 Wi 58

mul tiple coebBbus LOMIHsRAISERTbSd tHigak Shete@Tr R Ring the pipe reactor
exchangers. The stream 189 fromthe reactors may be

cdél edygemns pbthepresentigvantign1 Bar kagge nlapts.dmay pet be possible to

pcr/ URboh BE7ehteh Mbs AORERR scfsRPdf o Brd e e

Most  patanesérer Fol aioh planay & plurgigof pipepedeairsveanbd dperated in
pr epol ymsr reactor and the finisher react The pupp

over cotedlel PYufiipderasiite] arsgeaiaTiedhde Wétaﬁe@f sl Gomabinest &t
since a{'g : %ﬂ%geﬁﬁ)lﬁg i JI {ﬂecye?\p the zoWks. F68RhiRROYSR thinitial

provi require e punp is also used as a
neter istagtigesdctien dHthp rencton eambumdecolrhcrfor& Isplitting. This will eliminate

finisher al]ow t. abl peratio Sone._.proces

have HRGRUTCRESAE PR e RVa Aas pf by BIREAPCS BRI tgfhe same
a hi ghgtwkh ?r‘éf?‘lt TR JoRBnddi8atidnteadiers cﬁﬁ) shaé ¥is@@ietvB&um and
necessary pressure difference. These plants forego the

uni f o rcnndetnsw sy&temst dhugehef oniy sddtionarequipingat, pedieespncurred, is

syste uire a punp in the
pol yc ‘ﬁﬁté?'}a R‘p rtegw{gir nce the design of the piping
i ger ent |y IRRAdtheesnBdd@ment, 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 parallel 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
wham4noiibevel or pressure control systens to pPOWUS®OL616468

upsets to the systemthat woul d be danpened by the

gear punp. The pipe reactor danpens inlet

perturbations. Since the pipe sh4t-em provides a

uniform flow wi thout additional danpeni ng and

provi des the head pressure necessar provi de the

f1 ow breanqthas apregh taglrea%*étf? iSeR7gate ieftera%@émﬁé’epeﬁééfdmé agfpfpvided,

EsTerr R AR e e ot b apg e

REACT (bR fhlié pblydsi;tmi Idmadmer@o;ttirxgrthe respéctied eab:mﬁcmtlon pipe reactors is
regar dij ocess rat uses. for

est er Fiff?%%f{ erStrf:Bgfg %ﬁcp@.lpggg? IRACPHRPE FGCtORN I agther
bﬁ% us S ek at ledst tivh geﬁ%@b&%élﬁ@nﬁﬁgn bfJerrddtdrs 'élre plrg\gded each

nts recited below "As shown in Figs.
and 168whtdhq>rodmemuersarpa pea ddfarens rpomestgesolwmer @hé wherein each

present ention can be,.conbined ji.nto

i+ Dicghteesier Aok s SORe BBt i iR ipE asiors s

I nvenyi:efted e &gt @hd bi Makds0bnd ABE GEspBve polycondensation pipe
pol ycondensati on reactor are both pipe reactors.

Re act reagtomnit kerangther spsetothe@sigrficBPIRiRE TReAT ¢QipNise g plurality

ef er T

ait? ecBF e gl RS SR Mtonel i Bos3in Gl i it common
mat er llrﬂlet Ih @g6ReiSashect Sk polyosridensatign gépd resctor2enrisesna plurality
tank 221, which is on weigh cells 223, The solid PTA
ent er §f PPyCOgepEtian Tec0uPestgnod YpparAtialda gae anotheyvith a
recir %Hllnﬁ{&nofﬂs én'ae Igaﬂs %\ﬂﬁ&ﬁmeﬁt h%o %%%t Wit b 4dRd to at least
reactive nmononer fromt esterification reactor 227,
mhlchohasfﬁeqmnnmwyﬁmeummhkmmghmhemmnﬂB@Uxﬁh@aunf&ture
enters Ihe eat . exchanger 22% e it ? ade

s uPBInd IO G 1 ey Sl atlsdst s Aireggmt pfester
reactlgﬁhg%xture is recycled back to line 230 5 to the
influ punp 225. Additional |iquid additives,
such as reactants, can be fed through Iine 240 into

o Al S QAR e RIS inilpion

UII A Hl Cooul

to facilitahR Beh@ﬁtsd}"théjpre.@e@i@ﬁiv@ﬁtl&f 1stt]litﬂ tiTdes Qllllbtvamﬂfe reactor
221. The esterification reactor can be vente

| i2fes t0Bg comitrupd in Jrges thalprontain interfrencss | ’yh%@ﬁ@ C{nbbe fabricated
refini 7B di
t hat é‘n&élg f%f}]saﬁe veh?Ihfme }%é %ggfef Pé&tr'éésg gﬁtﬁ“g‘\}é‘ cdl nns, etc.

229 in Also, many embodiments of the present invention do not requlre

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. Butitis

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,

wo esmauerioat er fromthe process. The ot her portPONUSI004/016468
the reactive mxture flows through the additiona
pi pe reactor esterification process . 228. The
effluent fromthe esterificati oh3brocess is then
optionally m xed with 15 additional |iquid additives
at 234, is fed through heat ,exchangers 233, .and is
Chen et g fRatepb B FRBEAFH oA e sPe: Apdaimplcreactor
and 23giatdRercatibl 488Ws, all assoeRRIQEAdyREMY 8t #imifited. Except for
polymer, is fed through gear punp 23§ and exits the
syst ermpumpR ¥one Py wsed fora resipedlptiorcgiony, thepipamgactas speams of the
and PETG pr.ocesses can...be controlled I ng. vent or
vacuumiRERdEYanSg daveiigle & cietbudmoying ey Phe et and
VagUUREwd oF thesdSompdneaRfrdde tHeqlarit @reafly dedudeZ @i anusitof
as an HTM furnace, an incinerator, or a therm
oxi di Zemputer aadeanirod PQFIRMER: Eediradetaniiahcasisemaintenance costs and

esterifi: ' i . .

ol ycOERRaBaG PRHBE rAOE Sar bt aifd Byt saskcets, uhich
cont r akdirds eraissignaoyrof sisdueactd drideielealiaak itte vhaeactsy thereby

as a seal . leg 247, and the pressure between each of

the pdMpEHREedyGt aﬁalgyagfés S%@nnz%rgflueé@naﬁuewe% 4Rd control
be,co [ f iof enti al device,

oo R8s S0 BRI e o 2. 11

al t er nat i ve&heplyrdieadors of ithespresedt miventinm qae by cbestructed and

i nfl uent m fromthe esterification. process, the

" ecyc e e tmsThanieactor esiitt Lo, BPyBSAR R shen ghfield
Pr 0CeSstefabidatddX ?D“Hé:r;ﬁ‘pe R8ctr §ikdsieaf bk aadiyddfto Aflowfthé rattbr
239 (not shown in figure). This can_ increase the

| i qui deglising tebe shpredrtyi standagiingis, shkipinggdnianarydomies, etc.

will al.so reciate,that .the reactors of.the .present .
iencr o EEReBE 80 15 BN PR Rl Seiat? SrBREERE e
as t o Eipaefasrictioh AN6WY hodaMt flahdesighaMhsredhe biping can be

i ncrease capacity. The pipe reactors can be used to

r epl acensypcgorresspia atepamdusadaad withe stp, refgoing fiekhn
be ins W 1Ry j r multiple sections of

an exf%b%ﬁ%nﬁ$gﬁk%Pﬁgfgﬁﬁgggg%Sing a technical or

capaci ty | iThetlafuidvoluhe rauered Sgolyesenpps treactdridesigh ofithe
polycqndensati%g, or foth gipe react or qggaratus(es)

| 20corBYSNiiER &FuRHaAn YA ARt dBAn 1 eoyantnabRelyPFrMrescEs
COMTUNA § i b2y YhE BmBu ST RRILRR @kg‘i’&ﬁﬂs%roétﬁ:@d ERKb& Gredtly

5 pol yester nbnoner or pol yner. r exanple, Fig. 5

shows rpdisd by etiliziogfipgpe edtondesignaf ¢he instastgpvention. In one aspect
esterification .reactor 212 dges. not, ha enough. :

vol e R RETER! yRSRdrEn e S SPoETEmyentiopgan
full cRRRGE hYevel 6¥ DRGSmpSiityiathOfinal prddub@of Rt 1 2hdeight

may be added between the first and second. '
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 tine is 10 required in the first
w@odgaonoensati on reactor 213, the pipe react oPCRUS2008016468

be installed above the top of the first

pol ycondensation reactor. Simlarly, jacketed pipe

can be added to increase di $éR agenent surface area to

reduce liquid entrainnent. Vapor renoved fromthe

Sy ' Lthdrawn via lines 216 and 217. Additiona

pi;%ggbzégﬁge added to increase the heat transfer

area. TheEgSfolidwRigtixagipeatd put FértiPgSasadprdedé tvkabf @dinary

with the plant running (the pipe can even be routed

t o il ouihe pdavithed sompletsalisslasnsagl dessaiptipp of how the
installation XG r..the. ke~ 0s: .
AR BB ot gL TR are
#f fiaedd sl evamd@dd Nghdcap attrided o bppurtBrexampiary of the invention
enhancenent.. These pL?e reactor retrofits can be in

s erqndsargpotiiptepdgdatorlpit thy seere efwvhat FegnyAers Fegprasrheio,
ot e j i

oy iERC EFLRNER AR 1 PR PACchlary RIElk et & Rffbers
r eaetgramamachtenfpetdtere @shduot supe pirgrs ané detiatiorsrstiould be

conventi onal actor can pe selectivel er at ed,
su c";'/i’c?‘!‘ii‘}?&&rt Hrélfesﬁ mc&;ca{;ﬁleotgqmthqepql‘g%? B%/résc}?yswelgﬁt’
1P pe{eg{pglglg,lr@ﬁs iARE Jrii B anMieRUrip@htufd) nd FREGDE & £8Pnd8

oper st mul taneously. Alternatively, the pipe
r easttmosphegitr of it can replace the existing reactor(s).

25 In on odi pent, there.i g provided ol

product i g?ﬁ@%ﬁl ng é”é‘ﬁb‘fefdsqoﬁ ‘3‘1"?3l tﬁﬁ??)"?é ﬁ’é_%&? %sigﬁrt he
Pr eg,6841idgnY RFteRtd"iR ihabdpRd, & & ASLENMO E&VRE patch 1, with
pol yester process conprising a conventional polyester

r eaBolymersities, einch ASREN’s BEV drethnphedy, except ax indigated below. The

di sabl .romthe. producti on syst anot her
1Rl Barr PR T B E SRR odek followed
Pi PBy § BRG!IRIwW fedd. conventional 30 pol yester process
conprising (a) retrofitting the pipe reactor of the

present invention in a conventional polyester process
conBXiAMIRLEal conventi onal pol yester reactor; and (b)

di sabl i conventional reactor,fromthe process.

w0 OB PSP E GO Rt ego ey s hs B S BREE s,
2611 SABleABultfeli or £5PE edactoP sydiein Esrvdenbi PPRan®PBTESEhe results
refers to preventing the fluid fromflowng to the
consteshownil Tglodbslow.by for exanple, providing a

val ve upstream of the inlet and downstream of the

outlet to the conventional reactor and valving the
conventional process off or disconnecting 5 the inlet
and outlet of the conventignpal reactor fromthe

process system In the pro@%§%%§1and appar at uses

fescribed herern, TNg R Famde] of eater Polycondensation

Pipe Diameter in 14 12 - 14 16
PET Plant Pipe ft 733 1775 1905
Length Stage 1 Stage 2
PET Plant Heat ft* 2200 2000

Exchanger Area

PETG Plant Pipe ft 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
t han one pol ycondensati on stage or zone. These
waondoiiiplies r eact ors can be placed in series or PET/US2004/016468
paral l el . Previous sections described the paraneters
for designing the pipe reactor 10 systens of the
present invention. For |arge préﬁls, it may not be
possible to acquire |arge enough pipe dianeter to
construct the reactor and neet the paraneters. For
such plants, a plurality of pipe reactors can be
oper atpxiamMpLIparal lel . Multiple parallel pipe reactors
can be installed and conbined at various |ocations
within or déelsanl rheme saeged fas afohyastes pinggsactoridgaign is

initial - ' ect i.an: t

o B O DB 3SR A%l ARG, Bl AseN
pus chag®ietihg ade i toramphead aSPs tneifiton pduady pgcicat PEE Bottle plant.
can all go to the sanme _vacuumtrain. The '
pol ycohgarailts pisrset oabin ladble£Peddir e the sane vacuum

and condenser systens. Thus,rghgipﬂly addi ti ona

equi pnent, and cost incurred, Is the additiona

pi pi ng required. 20 {l n anot IEteréfidavidnrent , one single

pi pe reactor producesstiddardPhyiest er 1pol wer |[from

initial pre-mononer |rgacRadict | n thiggpigfe rieactor
reactants to neke tihepmpnqar are fed,in at jone end

and pol yester polymar product is output at tihe other
end. This is especi aH i
processes that do net—have-_<epatate .
and pol ycondensat i o nsged Plepf ¢ i s %%6eﬁﬁodinent, t he
above aspects with rd3peReactas t he sz?%?aﬂé
esterification and |polRedestiensati ond®eactorg and

processes are appligable to this single pipe| reactor
process, such as the use of JotdiPMantvapor rernoval and

l'iquid disengagenmenisia@@eetrical o3 gni@ 1 qn of the
pi pe reactor, etc. Aggplifegdy. in opeggasppect|, the

pi pe reactor dividego) ﬁu&kﬁluralitg”gf 30
substanti al | y paral I'"et—Ft+ow—condutrts—extendtng bet ween
the inlet and the outlet thereof, and wherein the
react HFXAMBIESG -7Thr ough t he pi pe reactor passes

t hrough one, of t rali.ty of flow conduits ile ...
1Bt ng ¢ nrtighe REENRIIRE Wi sy B moperstig ondicions
PCT/ U228 @é8/fehEhbSresultslff vhribiR ol yRetersasRRE invetton| €@8tmodeling
two separate esterification pipe reactors are

provi deag basedauprn @n appareis pf Ga dirvestiomef eithe fignrea 7a or 17b as

di ff erneR iR ﬂley'fea%ﬁe%rbew Oﬁ?{ Wh&ggt \V}Q%r it QVt) Ekemgzlsﬁ}eq by

pol yester nononer exiting the respec€|%

est er idissolirigaf O pgof dygmer ia Si0InL Gk theGbR@ni, Whichtdo@sists of 60%

first end _of .the pol ycondensation pipe reactor. In
anét h@?xenol and 40% 1?1 ,2}&-tetrac oforetilane bpy VF\J/eight. The measurement is made

nal o

H-cablefor—polyester
olygong eSOy or L £ilcati on

Tot

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.



5 aspect, at |east two separate pol ycondensati on pipe

reactors are provided, each of which produces the
weaom/1onoa di fferent pol yester polyner, and whee€BUS2004/016468

each fluid polyester nononmer exiting the respective

esterification pipe reactors is _directed to the first

end of at |east one of the respk¥ive pol ycondensation

pi pe reactors. In another aspect, the esterification

pi pe reactor conprises a plurality 10 of

esterification reactors pgygipned in parallel to one

another with a conmmpn inlet. In another aspect, the

pol ycondensati on pi pe reactor conprises a plurality
of pol ycondensation reactors positioned in parallel to
e another with a comon first end ln.this

enbodi ment . a co-reachiAMe PEX y BottleRolymer; o at | east
one of the}jplurality of poly¢ondensation reactors but
not, . rl | | 9ftsicheer®®b pol ycondensation reactors to

t her eby pr pdiCEAeM east two |di fferent pol yester
loroducts. SOVE EXPECTED ADVANTAGES OF THE PRESENT

| VARG FaB OrF@Or;yy'éhef it of the present invention is
eI FST g artows the re¢actor 20 to be
constaiductedl i n*Areas that comtain interferences. The

o _fabricated arocund _co Lons eans theor
lp‘i’ev%é@?ﬁg-dt’h br reactwfegon di sti l|TATTBR Cal UM, BHCT s

Rirpaue@BNY | enDodi N2 S O the present [I nvestl on do 290t
i(pg Ll essur o10dgnt | cantrol—THe pressur
reyft }ahL £ + o + PP : 61.. 4+ ..1 0.5
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Pl rthe reactor 1 Prescli oed pressure

rofilTe, the p®aetol piping ils configured to produce
Bt | 0.7}t im-nates the need for pressure

; B LU R s g g sossiHl e to control
The arstrriattomn or vapor exnaust pressure and add
this delta 30 pressure to the entire esterification or
ester exchange reactor. Nearly every aspect of the
conventional polynerization train is greatly
sinplified by the pipe reactor of the present
invention. The instrunentation, WO 2004/111104

- PCT7TUS2004/ 016468 - 135 valves and control T oops
required are greatly reduced, and punps, reactor
agitators, reactor screws, and associ ated seal systens
are elimnated. Except for a punp, if one is used for
a recirculation group, the pipe reactor systens of the



present invention have little or even no noving parts.
The reduction and 5 renoval of these conponents from
wo be4plamt greatly reduces the anmobunt of conpetEBUSBENG016468
control equi pnent required, capital costs, maintenance
costs and wutility consunption. The pipe reactor can
be wel ded without gaskets, whi-dB9-reduces enissions
out of the reactor and air | eakage into the reactor,
thereby inproving product quality. The substantia
reductions in equipnment and control 10 systens al so
provi de decreased operatiTWBCLBL S. The pi pe reactors
of the present invention can be constructed and
installed in less tinme than reactor vessels. The

pi ping 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

affi—STOW OVETST 7€ PETRGI payedier (265 WP ermts. 1he

p Fef-edor-recat-yomr—attomns ..UUUW%W
plpi ng can e constrlucted, prlessure tested, and
|msukabadm|r1 AR reducing field construct|ion

tifme and at j3™1'0 dost. The|liquid volunme reqdired

f pr—pelyestgr %&ﬁf rgactor degign of the 20 invent+on
i $ SoddnSng | I&Mm&gss than a donventi onal pol yester
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this reduced anount of DEG
V'l:‘u OU
simul taneously with a drastic I|qU|d volune reduction
achievable with the polyester pipe reactor design of
the instant invention. WO 2004/111104

PCT/ US2004/ 016468 - 136 EXAMPLES The foll ow ng
exanples are put forth so as to provide those of

ordi nary




skill in the art with a conpl ete disclosure and
description of how the conpounds, conpositions,

wa@edodaiass devi ces and/ or net hods cl ai ned her ePeT/EHS®0H016468

made and eval uated, and are intended to be purely
exenplary of the invention and are not intended to
limt the scope of what the i nvEftors regard as their
invention. Efforts have been nade to ensure accuracy
with respect to nunbers (e.g., anounts, tenperature
etc.), but some errors and deviations should be
accounted for. Unl ess indi catBABbEHer wi se, parts are
parts by weight, 10 tenperature is in Cor is at

anbi ent tenperature, and pressure is at or near

at nospheri c. ASPEN nodel i ng was used for the data
bel ow| Where ASPEN nodeling is referenced in the
exanplles, it is ASPEN 10.2, service patch 1, with

Pol ymer W-y—e*ee-p-t—a-s—
I ndi cat The 15 £ | gactor is

nodel ¢d as a ser|es of 5|CSTR refctor nodels foll owed
by a pljug_fl ow nmpg@dreaEXAMPLE 1 Usi ng ASPEN nodel i ng,
exenpl arpr | ptfAvegtnd heat exchange areas 20

wer ecallcul ated fpr a pipe reactor systemfor each of
PET an PI:IG;Fe rapmiai S| are shown in Table 1 bel ow.
TABLE | 1| ESIPTF | | atcintver P | ycondensati on Pipe Di aneter
in 14| 1ZCwAARgde BET P ant Pipe ft 733 1775 1905

Lengt h [Stad@4-—Stage—2—PET Pl ant Heat f12 2200 2000

Exchanger—AreaPET S PHant— Pre Ml Sl i o] Fyanbtoms
Lengt hy S?ﬁ'@mimé age 258F#me 3 PETG1Plant Heat flt 2260
1900 HEx|oineeneet® A ea WO 28304/ 111104 P&ET/ US20028 01646826
-137- |B g 2 10cbanto2 ]

Pressure torr ) I 11 10 05

Liqidvdure(ng) 84 17 27 a8

El B2 P1 PR P

Rinpipe(f) 318 127

Hinpipe(f) 60 1056

Bingipe ) 1875

meted'a?'(ﬂ@ 2000 200

Frisred Rod ot

v 060dig

0G QAW %

AGdEnds Brdeaqivdert pr 1 nilingars

\inyl Bk 15mdeeqivaert per 1 rmilingas




The liquid volune required for a polyester pipe

react or desi
w@ orwnantonal

gn is substanti al
pol yester process.

y less than a
For exanpl e, ASRPEN0B4/016468

nodeling was run to conpare to a 300 mllion pounds
per year PET bottle plant. The‘4esults are set forth
in Table 2 bel ow. TABLE 2 Estel4lfication Standard
Plant 100 m Pipe Reactor 8.4 nB % Reduction 92%

Pol ycondensation Standard Plant 35.6 M3 Pipe Reactor
14.2 nm8 % Reduction 60% Total Plant Standard 135.6 m
Pi pe Reactor 22.6 nB % té n 83% EXAMPLES 3 - 7
10 Vari ous ASPEN nodeling was run to determ ne

operating conditions and performance results for
j j i was

Li_ng
ety

based upon an apparatus of the invention of either
figure 17a or 17b as noted in the Tabl es bel ow. The
i nherent viscosity (I.V.) is neasured by dissolving
of 025§ O pol Yl HOMOPETLFibe? Polyfnep O VENT, Wi ci |
C 0 0
1 1,2,2-tet]g&@g&g&gthane by i ght. The neasur enent
i b fEU®™*at |26trdege| usi ng ei ther a Viscotek
Differentialf or Mbdified Differential Visconeter
ubi AguASEM p 5228 " &t andard Test Method for Making
ShiauFo s B —of Pol ynets with a Different
Viscomméer. 'l Thé®resililts for Exanples 3 -7 are set
'fM44;4m#4wu+n-IabLes-3--lrLe§@%%§L¥eﬂv ')
2Py ST 104 | PCT/ US2eee016468] =138 -~ TABL £ BoRD e e =
B L 26 2906 256 2%
Pressure (psig) 10downio2

Pressure (torr abs) 1 10 05
Liquid volume (mB3) 8.4 19, 24 7.7

£1 £2 P1 P2 3

12 in pipe (ft} 313 125

14 in pipe (f) 704 81

16 in pipe (R) 1473
heatexdvar)ggr(fm 2000 2000

|_Einisher Prodict

4 0.55dL/g

DEG 094w %




Rec)cb Rate 5 parts rmmoner to 1 part PTA by wei ght
Production Rate 300 mllion ear EG to PTAfeedrr ole
wdeooraiiies Reacbt seeFg. 17q Esterifical on PCT/US2004/016468
1Pol ycar densaf ommme Pot ycader sal ommme
Pot ycnder saf onzone 1 2 3 Te rature296 296 296 296
Pressure 10 down to 2 Pressure {¥mabs 61 10 0.5
Liquid volune nti 16.2 3.7 3.3 9.9 E1 P1 P2 P3 12 in
pipe ft 632 253 14 in pipe (ft) 935 830 16in ft 1875
heatexcta ft2 2200 2200 Fi ni shed Product |1V 0.60 dU
DEG 0.78 wt % Acid Ends 33 Hal eTagiiyal ent per 1
pillion grans Vinyl Ends 1.5 rrde equivalent per 1
Tril|ion grarrs WD 2004/111104 PCT/ US2004/ 016468 -
139 | TABLE 4 PEf GCopol yester 20.5 wt % CHDR Pacydde
Rate| 10 parts rnonarer to 1 pert PrAbyvdgh Prodrdion
Rate| 95 rrillion pourdsNiaer EG to PrAfeed rrde 3.5

rati b PETG Copolyester (20.5 wt % CHDM)
10 parts monomer to
RecycleRate |t FTA by weight
. 95 million
Production Rate poundshear
EG to PTA feed mole
. 35
ratio
Polycandensation zone | Polycardensation zone | Polycodensation zone
Reador (See Fig. 179 Esterification Zome 1 Zone 2 Zoe 3
Temperature (C) 255 255 275 275
Pressure (psig) 47 down to 25
Pressure (torr abs) I 120 5 05
Liquid vollime {m3) 2.3 25 5.0 32
E1 P1 P2 P3
12 in pipe (ft) 106 43
14 in pipe (ft) 125 254
16 in pipe (ft) 680
heat exchanger (f2) 2000 2000
vV | 0.75dUg ]

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 5 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.



| eactor (SeeFig 17P Esterification Pbly-n onaon

Pbl ycont h ali onnone Pdycordetisalionntre 1 2 3 T ue
WQ@BH42560£75 275 Pressue 47 dawn to 25 PressuBCt/U$1004/016468

abs 120 5 0.5 Uid velure nii 4.6 4.0 5.0 3.2 El1 P1

P2 P3 12 in eft 213 85 14 in eft 201 254 16 in

pi pe(ft) 680 hatexchai ft2 200#32000 Frished Prodd N

0. 75dL/ WD 2004/ 111104 PCT/ US2004/ 016468 - 140 TABLE

5 H3VDFET- Bile Fdyna Reoydetle 5patsnuurab 1 pat

PrAtt R xLcdnRae 30Dm licn pant~Ew EUt orr Af eednde

1.6 rho (Additfondlly HotEPatAés 3 #nd SMHIW thaf?@EDEG by-product of 0.78
kiymrsafinmece Pdyxrd3infimmm 1 2 3 Tffrpffak 296

296 296ighgperceutmpak; 94100 etrnseceBbrssprstivdly1@e d®ver than that
?ggj ?_X){dpﬁc%lgg}%%l%llégé a2 gon% ntio%lal EgTElprcl?czesg,> ?\’vhi(::lhz 1jsnfr'0m%1§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  arectrculating 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.
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PCT/ US2004/ 016468 - 141 TABLE 6 HOMO PET - Fi ber
Pol ymer RX7+ 5 parts nononer to CIOf Z * 1 pad PTA
by wei ght Production fate 300- M41ion Dound& vear EG
to PTA feed nole 16 ratio Reactor (See Fig. 17B) Este

[flcatbn P condensati on ol ycondensat.wn, zone
Poyeondensgﬁi‘%ﬁ S?BWEeS Wers a%’a% rfF Bt 559 BYYRrOYYENMR

Pr essypaysiOto @it t%e %k@ﬁ@dﬁr r@aéti%ﬂ'tl%ﬂ%ok 1@ il e plge reactor.
Li quid volune m 8.4 1.9 2.4 7.7 E E2 Pl P2 P3

i n pi percknt @ngerss basledlqn Fritgre was dyte0ime@ DY Pi@gon NMIODsing a
(ft) 21 2000 2000 IV 0.55dU

DEG ojlg‘ “\S(anﬁfa* 5&%@88%% 04 PCT/ US2004/ 016468

5

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
1s 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 AreaF=8.6 ppmto 8.9 ppm
Area G =7.55 ppm to 7.8 ppm



- 142 TABLE 7 PETG Co | ester (20.5 wt % CHDM

Recycle Rate 10 parts mrmrer t 1 part PTA by wei ght
weeadactidon Rate 95 rrilion nds r EG to PTA feedusmhe016468

3.5 ratio Polycndensadon zone Pol ycoi densadm zone

Pol ycoi densati m zone Read (See_ Flg. 17~ Fsferdi cadm

Zone 1 Zane 2 Zane 3 Tenperatul® {C) 255 255 275 275

Pressure (psig) 47 down to 25 Pressure torrabs 120 5

0.5 j qui ol une P

oi pe ERIFMAGERETE 00 B GO s S Riles 1 )

(ft) 680 heat exchanger (ft2) 2000 2000 0. g ~-- -

------ -- - In conparing Table 3 to Table 5, the

followi ng c j

di sengagerre?lt% ?‘ﬁlpq%%?vrégﬁ ia%:{!al%l&gn@p ocess {tgr%g?hefosg percent DEG
data) bytnnass DEd?i:tbymn@thedaletof tte sider@aatiming ihe pieat efitesidence time
versus Table 5 .data, which does havg geg vapor.
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reaction and produces a DEG by- product of 0.94 wei ght

per ceffoo, HONEY, MR elgRNt i

est er{i#l clatl onq{ébfsr%i% uh{:&ml [ qwér(lj VO 2ngrrggl s reduced
friom16.2 n8 down to 8.4 nB 10 (conpare Table 5 with

Tabl e 3). Renoving water during the esterification
process, as shown in Table 5, drives the reaction to
produce nmononer but also drives the reaction to

preduce additional DEG However, the |iquid volunme of



the reactor is drastically reduced. In this case, for
PET, the volune reduction supercedes the increased

W0 a40a/10f10DEG pr oducti on and provides a final ppoOOUS1004/616468
with slightly higher DEG but with the liquid vol unme of
the reactor reduced by alnost 50% This would be
expected to result in a sldbstantial capital
i nvest ment savi ngs and operating expense savings for
PET production. WD 2004/111104 PCT/ US2004/ 016468 - 143

Addi tional | y—bot Sopshlfr-shgutbat the DEG
by- product qf D.Z lFﬁ PeLcaNt| &6 |Ga P4 wei ght
percent respgecti3 €| oner S g |that| typically
found using|a f& al | CBTR pracgss, |hich is from
1.2to 2.0 3 weid ent . | Addiltijonal|l y} as noted in
Tables 3-6, |the r are|run|hottler| than .
conventi onal| CSTH r s nlthe |enbgdi rent shown in
Tabl es 3-6, [thg3 VeS| R |&| obC, as
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approxi mately 96% conversion into the receiver (C01)
and filling the pipe 30 reactor with this oligoner in
wo emdncubat i ng node. After recirculating the ptT/USIU84/016468
at tenperature, a PTA/ EG paste feed was introduced
into the recirculating flow @fé%er the reactor
reached steady state, sanples” € taken fromthe
C-01 receiver at a rate equal to the product
gene;&} rate. WO 2004/ 111104 PCT/ US2004/ 016468 -
144 é?g er es were anal yzed for percent conver3| on

by proton NI\/R nal ysis to .determ ne the extent
r eact ABAIHEAY mo BIkW%ﬁ u5ed 4 e © e @)%p@a@%%prew%%lxé?ﬁmbed
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average of 64 signals collections. The NWR si gnal
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foll om ng chemcal shift points referenced to are

meas upresknt atttic pad ofthe labowrelermspaoradar asuhdhesd rusi rﬁ@)nwhemn is

f or mul A=7.92 ppmto 8.4
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= A valley between 4.28 ppmand 4.18 ppmto a valley

bet weeactar.10  and 4. 16 ppm Area E = A vall ey between

4,00 ppmand 4.16 ppmto a valley between 4.0 and



4.08 ppm 30 Area F=8.6ppmto 8.9 ppm Area G = 7.55
ppmto 7.8 ppm WO 2004/111104 PCT/ US2004/ 016468

wdaoogentioLonver si on =
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100*(B + (0.5*C) + D + PCT/US2004/016468
(0.5*E))/ (A + F + G The sanples were al so anal yzed by
gas chromatograph for percent DEG 5 by mass to

deternmine the rate of the side ¥8action. The effect of
residence time and recirculation ratio was seen by
varying the feed rate of the paste Results from

| aboratory runs can be seen in Table 8 below. 10 15

WO 2004/ 111104 PCT/ US2004/ 016468 -146 W"t O N MM
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NDh' 4 MNNOce a, a\ O.TRBLE®O '0 "0 Vv- N u O

O uUu \ 0 .2000000O00O00O0O0O0O0O0O0O0O0MWAQ~" a
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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 (% Conversion)

(EG/PTA) Conversion)

8 507 2632 | 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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Conpari son An ASPEN nodel was -U€@d to sinulate the |ab
apparatus previously described in this exanple. In
this case, ASPEN 11.1 with Polyners Plus, and ASPEN s

5 PET Technol ogy was used for the nodeling with a
nodel configuration simlar to the one described for
exanpl es 1-7. Neither nodel configuration nor

sof twar e e nlflcat di.f f.erent ,from

"8 bearmm) oghipugho iy faicho afiSiSRiniCHE bRARLYEEEL. The
di ssolijdtloStedf thdsd publieatioheirotht@ entretied ard htfeby ﬁﬂ:brporated by
conditions in the lab, it was sonetines necessary

add drefesengstintorihisiappliGagien immordgr torraoseduldy despebe tbegtate of the art
shovvs t‘gﬁgﬁﬂ%gmgﬁﬁ I% ng{ Iab_ runs with the nodel

Wit hout I ssol ution ics included; this nodel was
found to bk will beapparertb ehaae skillad yh the art that various modifications

10  and variations can be made in the present invention without departing from the
scope or spirit 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.



when the experinental conditions resulted in

conpletely dissolved PTA as in these runs. Table 9
wab®a/ishews two exanpl es of conparisons of | abP@Ts2004/016468

with the nodel including the dissolution kinetics;

this nodel including the 15 dissol ution kinetics

cl osely matches the neasured conveld$9-on when free PTA

is present at the end of the |ab scal e pipe reactor

as in these runs. Conversion is defined in this

cont ex¥Vhatds elagngddpcent age of reactive (acid if use PTA

as herye) J: 1 6t ‘i

N R S S

WD 2004/ 121104 ReférhisgDOdds0dGAB8d fronild BquidABLE 9

Nodel Padbl. NonatE " arai BEEOEw Regif ngh NBBfector with the liquid

Measur ed q,fi@6fl He'oa4o8t hiR7; tfd Mol e Unreacted

PredicteJI(@6 (g/mn) (g/mn) Ratio PTA (% Conver si on)

(EG PTA) (Epnver semamtinggatdeast 2@8rtonlofthe gagody flpktfrom the liquid

95,170 8 507 253.9 1.8 0.00 96,645 93.750 , 15 507, .
265, 5 1. B0 GEOTEIFed Biigow ﬁ‘fAﬁﬁo[g’q't’:gmdeg%ﬁeg}us fluids are in

Di ssol vedibiigasPhishi on Kinetics in Mddel W 2004/111104
PCT/ US2004/ 016468 - 149 5 Throughout this
application, various publications are referenced. The

di scl OSUrBR I%Ethgg g?&t@gg lgé)/ %ﬁﬁﬁﬂ”%h&%mt &Eﬁ% rgasteeﬁ}tlés Elgltdi geesﬁerated in

are heéreby i ncor a refierence

appl i cat isip (@) i9kalstantiall ke ofilyl ¢a¢-phase fAuldepiebent Sh ahe stratified
of the art to which this invention pertains. It wll

be appar itV {8Mfiose skilled in the art that various
nodi fications 10 and variations can be nmade in the
present invention w thout departing fromthe scope or
spi ri t3. of Thehmetihod exctording 6t dla@im énwbettimesuid swhtifiddeflow regime is
invention wil]. be  apparent to those skilled in the
art fromieBR B uPst l%lequﬁéorgﬁlé@mrb%é%Hlpgﬁaactor-
practice of the invention disclosed herein. It is
i ntended that the specification
4. The method according to claim 1 wherein step (a) includes reacting at least

a portion of the liquid fluid in the pipe reactor to thereby produce the

gaseous fluid.

5. The method according to claim 4 wherein said reacting includes

esterifying.

6. The method according to claim 4 wherein said reacting includes

polycondensing.

7. The method according to claim 4 wherein said reacting includes forming

the composition of matter in the liquid fluid.

8. The method according to claim 7 wherein said composition of matter has a

terephthalate moiety.



and exanpl es be considered as exenplary only, with a
true scope and spirit of 15 the invention being

wo nabitaatied by the followi ng clainms. WO 2004/ 118A10D¥S2004/016468

PCT/ US2004/ 016468 -150- What is clainmed is: 1. A

nmet hod of producing a conposition of matter, said

met hod conprising: (a) generatlfg a gaseous fluid

froma liquid fluid; (b) formng a stratified fl ow

reginme in a pipe reactor with the liquid fluid and X
the g&sedis methodjaccording &9 claup oy Wheraly satd pumRgsitipn of matter is a
portion luid fromthe liquid fluid
proxinatg£g§$§%g?§§ﬁﬂaﬂire the liquid and gaseous

fluids are in stratified flow 2. The nethod

according. to clajm1 erein.sa d gaseous fluid. .
gener aPed hednetied geqorging Lo §E‘H§t aml?%ﬁ‘lnl §piq pRImPRsitien of matter is a
gas-phas%okkggg present in the stratified flow

reginme. 3. 'The nmethod according to claim21 wherein

said stratified flowreginme is fornmed in a

L S G, PSPt e

i ncl udes pggacting at least a portion of the liquid
fluid in the pipe reactor to thereby produce the
gaseous fluid. 5. The nethod according to claim4

wher ei i.d t i ncl udes e i fyi -
ol oA LB g, (SFhBCL! Ty, B HRe hesing i
I ncl udes ligudd fraans tresbyyapdrizeldysortien theftoficcordi ng to
claim4 wherein said reacting includes formng the
conposition of matter in the liquid fluid. 8 The

nmet hod,acgar.di -a] rehn..sai il i.on: :
o opS SRS REUR 1 fabhS s i) COIRABR (O s

PCT/ US200é4504 fdifi8n of thikghsedds {Ikfromtthopipacotodi ng t o
claim7 wherein said conposition of natter is a
condensati on pol ymer.

14. The method according to claim 1 wherein step (c¢) includes reducing the
flow velocity of the liquid and gaseous fluids to thereby cause

disengagement of the liquid and gaseous fluids.

15. The method according to claim 1, further comprising:
(d) transporting the gaseous and liquid fluids upwardly in the pipe

reactor by creating a pressure differential in the pipe reactor.

16. The method according to claim 1 wherein said pipe reactor has a generally

serpentine configuration.

17. A method of producing a condensation polymer, said method comprising:
(a) condensing liquid monomers and/or liquid oligomers in a pipe
reactor to thereby produce a gaseous condensation by-product and a liquid
condensation mixture comprising the condensation polymer; and
(b) causing the liquid condensation mixture and the gaseous

condensation by-product to flow through at least a portion of the pipe



10. The nmethod according to claim7 wherein said
conposition of matter is a polyester. 11. The nethod

waemandiing to claim7 wherein said conpositi onpOf/US2004/016468

matter is PET. 12. The nmethod according to claim1l

wherein step (a) includes heating the liquid fluid to

t hereby vaporize a portion ther&d-: 13. The nethod
according to claim1 wherein step (c) includes venting

said at |east. a @grtion of the gaseous fluid fron1t€e .

pi pe readtdHOr P42 ToRerqene SIS dtog His gropp Fopsistiig, Py stratified
w her ei n fhvePwad) flow! Udesidw,earel Agw! BEbbIE! W, froth flow, and
velocity of the liquid and gaseous fluids to thereby

cause diconvheytfenstiereof. t he |i qui d and gaseous fl uids.

15. The method according to claim1, further

conprising: (d) transporting the gaseous and |iquid

f 1 ui dggupMRIEthod Acddi@inpitd&laimEEL WhkrelY sfid F%ijxﬂe is stratified
pressure differential in the pipe reactor. 16. e

met hod adl®¥¥-ding to claim 1 wherein said pipe reactor

has a generally serpentine configuration. 17. A

nmet hod of produci ng a condensati on pol ynmer, said

met hod 9¢c dtermahstaccofdi)g wate B, figtHer Gotnprisig et of:

and/or liquid oligoners in a pipe . reactor to thereby .
produce a(g)g aseo SRR aklert P BYLigR A UBe 2asreus cppdpnsaion by-

condensaty o cMr3hUh€1ig@EPr i si ng the condensati on
pol ymer; "and (b) causing the |iquid condensation

m xture and the gaseous condensation by-product to
flow through at | east a portion of the pipe WO
2004/ 111104 PCT/ US2004/ 016468 - 152 reactor in a flow

regi mposeteGhatod ﬁ&i@r&ihg tYCRUR 190PRrShi P Q) includes reducing the
stratified flow, wavy flow, slug flow, plug flow

bubbl e fIflow velosith off 8w, gasedus condinsatidnobs-produceoind the liquid

18. The_QBB$od accorging to claim17 wherein said flow

regime i SORTPRLITIBE ™M F I ow. 19. The nethod according

to claim17, further conprising the step of: (c)
disengaging at least a portion of the gaseous

condersatlihsmatiod gscering torclaim {9 &uthegeqraprising the step of:

(d) removing the disengaged gaseous condensation by-product from

the pipe reactor.

22. The method according to claim 17 wherein said condensation polymer is a

polyester.

23. The method according to claim 17 wherein said condensation polymer is

PET.

24. The method according to claim 17, further comprising the step of:
(e) forming the liquid monomers and/or the liquid oligomers in

another pipe reactor.

25. The method according to claim 24 wherein said forming includes

esterifying.



20. The nethod according to claim19 wherein step (c)

i ncl udes reducing the flow velocity of the gaseous
w@oovdenged | on by-product and the liquid condePSEUSDING016468

m xture. 21. The nethod according to claim19, further

conprising the step of: (d) rempving the di sengaged

gaseous condensati on by-product!¥rom the pipe

reactor. 22. The method according to claim 17 wherein

sai d condensation polyner is a polyester. 23. The

met hod according to claim 17 wherein said condensation

pol ymeg  isSmeffed of gfbduding a@%ﬁﬁ‘;@gtléﬁ G?ﬁq‘Q{tE}gsé@ H‘f‘eltlﬁ)!d'@oilngmsing:

further conprising the Step of ormn [ qui

nmononer s (@nd/ or esterefyirigrpiliqhid Ireagtan‘emsa pipe reantot tnethepbp produce a

reactor. 25. The EEtQOd qchrd' ﬁ to,clai.m 24 where

sai d for #EUS FACiRLEY PEaiiEr 7 pq e g5a5iem myitpgomprising an

PCT/ US20Q4k0%E46R prodRBoléid &sdmyhedanf produci ng a

conposi ti on of matter, said method conprising: (a)

esterifyilg a | Fapging theézetnalmeacttmnanmttpe ané gt gaseous reaction by-

t her eby S,i"164¢ tion

liquidr §¥°(€lg€ﬁ) rﬁno‘?(/?%f e%goartrplre"l1 Si n%mgﬂn Oé%%lplq' Iéeg{;]tOBFP a flow

product odgimaisdlcent &fdrh thé gioupnebntiiing aBSiratfiddhBow, wavy flow,
liquid reaction m xture and the gaseous reaction b -

pr oduct ?B‘gfﬂ%‘wpi%rﬂﬂ}’@wuhblel%tﬁ%h Bew ?W%lﬁbll‘lﬁ@nﬁ) thseeof.

reactor in a flow reginme selected fromthe group
consisting of stratified flow, wavy flow, slug flow,

pl ug 27 oW,he buodihdd addooding fto @tdimf 2@ wherird saidnftiw aédimpSs selected
t her eof The nmet hod according to claim 26 wherein

sai d floﬁppgﬁFﬁE“Ws selected fromthe group

consi st i BensatinBUsIPhbbId AW, fFdlh rHofvxl %W*atlﬁ&{ %‘vf da%q combinations

flow, and combrnations thereof
accordln@KI@ﬁblaln126 wher ei n sald fIOM/reglne IS
stratified flow 29. The nmethod according to claim
26, further conprising:

28. The method according to claim 26 wherein said flow reglme is stratified

flow.

29. The method according to claim 26, further comprising:
(c) disengaging at least a portion of the gaseous reaction by-product

from the liquid reaction mixture.

30. The method according to claim 29 wherein step (c) includes reducing the
flow velocity of the gaseous reaction by-product and the liquid reaction

mixture.

31. The method according to claim 29, further comprising:
(d) removing the disengaged gaseous reaction by-product from the

pipe reactor.

32. The method according to claim 26 wherein said ester reaction product

comprises a terephthalate moiety.



(c) disengaging at |least a portion of the gaseous

reacti on by-product fromthe [iquid reaction m xture.
w@o4/Thaosret hod according to claim29 wherei n BCEPS100)/016468

i ncludes reducing the flow velocity of the gaseous

reacti on by-product and the liquid reaction mxture.

31. The nethod according to claild#29, further

conprising: (d) renoving the di sengaged gaseous

reacti on by-product fromthe pipe reactor. 32. The

nmet hod according to claim 26 wherein said ester

[ eact 10 MAUEbd (SOMBNL B8 St D6/ ERALNBhAESinDI St Y. VIO

2004/ 111104 PCT/ US2004/016468 - 154 33. "The net hod

accor di ngle) o cl giolyc@6derfsingtthe esterarepetioni prgduct @) another pipe reactor

polycondensbng?tpe ester. reactiqn Eroduct i n anot her

pi pe reacPIrerELIorm oRdensaiion RO Dfiliensat i on pol ymer .

34. The nmethod according to claim33 wherein said

condensation polymer is PET. 35. A process for making _

an est¥r Thomethog|ageerdingytooflaime 3 srain saidprondensgtion pylymer is

providingP esterification pipe reactor having a

first inl'etand a first outlet; (b) adding the

reactants under esterification reaction conditions

into the esterification pipe reactor proximte to the

first 3ml eA pagedssifor makidgantew@r frpmassiufaliono Sreadtits comprising:

reactants forma |liquid phase and vapor phase through

the esterifyicati QBB i ' &mﬁg .

esterificé%?oﬁﬁgﬁgggfggg%ggg%g%lg ergggghln a%ﬁﬁggg?andafhﬁ

one fl ow reeglene sel ected fromthe group consisting of

bubble flow, plug flow, stratified flow, wavy fl ow,

slug flow i SR8M3eK: rehbails @RGkrfsREiRcl AWeANn\WORAIBbRS into the

at least a portion of the reactants forman ester

mononer . 3Gterifinatigrpperssctof pokanate 35thaHistanlet aitd fogning a two

a portion of the ester n r is,. reacted in the

oster | 11 cdtrsHgy 58 MRstTBR Rsmpdioi dRFsE Rad Vaiel ghg hroneh

37. The pripgeseériffatich pipdirdfetdriihérein 6o BREi Sdafidn plpe)reactor is

reacting the ester oligonmer under polycondensation o
reacti on operatedin at least one flow regime selected from the group consisting of

bubble flow, plug flow, stratified flow, wavy flow, slug flow, dispersed
flow and froth flow and wherein at least a portion of the reactants form an

ester monomer.

36. The process of claim 35 wherein at least a portion of the ester monomer is

reacted in the esterification pipe reactor to form an ester oligomer.
37. The process of claim 36 further comprising:

(c) reacting the ester oligomer under polycondensation reaction
conditions in a polycondensation pipe reactor wherein at least a portion of

the oligomer forms a polyester.
38. The process of claim 35 further comprising:

(c) reacting the ester monomer under polycondensation reaction
conditions in a polycondensation pipe reactor wherein at least a portion of

the ester monomer forms an ester oligomer.



conditions in a pol ycondensation pi pe reactor wherein
at least a portion of the oligoner forns a pol yester.
W@ 04/Thkaopr ocess of claim 35 further conprisi nECT/(83004/016468
reacting the ester nononer under pol ycondensati on
reaction conditions in a polycondensation pipe
reactor wherein at |east a portl®dn of the ester
nononer forns an ester oligomer. WO 2004/111104
PCT/ US2004/ 016468 - 155 39. The process of claim 38
furthdP cohpPIosesif clam 38JSUpPsregMpPRENgst er ol i gomer
under pol ycondensation reaction conditions in the
pol yconde(d;)at reaotiny the esteaolﬁgmmanﬁuedaiml;&bndmsﬁor&eaction

portion he ali r rne.a ester. The

process oPO ienH18 ev\‘g’z)‘ ae’?étil‘ﬂ‘ﬁ g o & h@EﬁH‘b?tl IE%“ g portion
di acid Oroﬁﬂ@Qﬂﬁbnﬁﬁﬁﬁ&ﬁh%Bh@HQra diol or dio

gener at or . The process of claim40 wherein said

di aci |ac i d S sel fromthe .
consi 907 nd PPl AA o EaR rAT S SRR G BB dincia
14 car bogera:traaﬁandadd@h@tdlsl gnefdoxyl i ¢ acids having
4 to 12 carbon atons, and cycloaliphatic dicarboxylic

aci ds }Pav 'Hd p18 kS o]f%la(frﬂ AE)C{ghe? 18q§1d21%|1d &S&lg& QlflerllltlaFiséeselected

di aci ds; and Wierel v sai ner at’or

sel ected fionniie ighipGoasi ptirgosts ardiniatig drcytﬂio@mut adidd having 8 to 14
di ol s haV|n 6 to 20.carbgon _atoms an allphatlc di ol s
havi ng 3 ¥ Q@afé’g}sb%)‘w tig fsarbgyylicryrad Mgk togh2 qarbgnatoms,

40 wher ei Qn@@yc‘i’oa‘iﬁ?ﬁ&icddlé’a{rbgiﬁfc'agldg%Qﬁhgts% 12RGrb3R1aBms and

diol or diol generator are selected fromthe group
consi st i ngstef of tlesefjiatllda,l and vderen spidivd lor dlodxgercb,rator 1s selected

Cycl ohexafiE EaPBURAOTY A ol s ehgh S5 B He by 20 cérbon

aci d, dlpﬁﬁﬂﬁhméeﬁ hﬂkﬁﬁé@ﬂ%ﬁhggt@9®6mbm1mOnm
dlpheny 3,4 dlcargoxyllc acid

me -1, 3- d|c r box
succ. %?c i@‘gamcﬁﬁsu‘ﬁ&?ao ¢ ‘ghéée‘“ei%‘ ;Siu‘a"‘ a%r ‘ﬁa“gz%%ﬁ’eéa%r and said
aci d, sebafl 6r @il Senceltomedrb yéledtied ﬁ&htth@g@hg,conmtmglcﬁne
egcoI di et hyl ene glycol, triethylene glycol, 1,4

~cycl ohex ienhtalisaeidaplihaligpcih ase thfhsa@ﬁdnaphthalene -2,6-
pencene: Lyt 3985 he 5l TESRREL NG
2,2,4-tri mﬁtih]/lbhx&m amedﬁtaibloxflig &)d, dipheny-3,4’-dicarboxylic acid,
2-ethyl hex%n ?ignlleotLyl 1,3 propa%dl%l dicarboxylic acid, succinic acid, glutaric
acid, adipic acid, azelaic acid, sebacic acid, dimethyl terephthalate,
ethylene glycol, diethylene glycol, triethylene glycol, 1,4 -cyclohexane-
dimethanol, propane-1,3-diol, pentane-1,5-diol, hexane-1,6-diol,
neopentylglycol, 3-methylpentanediol-(2,4), 2-methylpentanediol-(1,4),
'2,2,4-trimethylpentane-diol-(1,3), 2-ethylhexanediol-(1,3), 2,2-
diethylpropane-diol-(1,3), 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-

phenyleneoxy))bis(ethanol), and mixtures thereof.



di et hyl propane-diol -(1, 3), hexanediol -(1, 3),
1, 4-di - (hydr oxyet hoxy) - benzene,

wQ@2@4h19604 4- hydr oxycycl ohexyl ) - pr opane, PCT/US2004/016468
2, 4-di hydroxy-1, 1, 3, 3- tetranethyl -cycl obut ane,
2,2,4,4 tetranet hyl cycl obut anedi ol , 2, 2-bi s-(3-
hydr oxyet hoxyphenyl ) - pr opane, -156-
2, 2- bi s- (4- hydr oxypr opoxyphenyl ) - propane, isosorbide,
hydr oqui none, BDS-(2, 2-(sulfonyl bis)4,1- . . '
phenyH8nedky prasess( Rz ABe f claifts i teiddrvdierein spid gpter ipp
2004/ 1111 / 8 - 156 43. The process
of any ongé%{§%$§§%§Q§E8%§ﬁ:2 wherein said ester is
pol y(ethyl ene terephthal ate). 44. The pr.ocess of. cl ai m
40, 4f4or The Pméﬁéfﬁﬁ%ﬁi@’ g?%&f‘izd"’ I&F'Felaiséléidéacé‘iﬂreélé‘ilg generator
are sel ec r 1St | j
aci d and ARG TPEURRHE RRRRE b hyh e SR iRty
et hyl ene tdrypiohalatdmnd Fhid divlds ethylené ghwgl. one of cl ai ns
35 to 39 wherein at | east one of the pipe reactors
has ajgeange %%ceﬁsed-ﬂéﬁ& bRgoAcIRMst 1500 30fwHidpéin Rt REQDHe of the pipe
fluid, and the proceSs conprises recycling a portion
of the prowewss fidsu eans fotrecycdiag @mioftiansafitmpiocess fluid, and the
reactor. 46. The process of any one | ai 37 10 39
wher ei n aPT9%E¥s Onﬁ’ﬁl esorfec}lcﬁfél gﬁi pg mnroefgié S esrr;srgt%U§(;torrtglgns
for recyclkitbgficatio@pipeadadddr.t he process fluid, and the
process conprises recycling a portion of the process

fluid,to Ly.C FOn:. i r . 7 )
101 e ARLIEMSOREL O PR SAPLGE sy i e
one react agictors s rbasfecycyding procémsoffithepeestEluidhad the

process of any one of clainms 37, .38, or 39 rein_the
pol yconde RESEFSHOEIISES eayding2 H?é%or’aOfﬁﬁﬁ P%CF%I;A\}EB& o, Bhes
or stagespgpgmkﬁgﬁughggﬁgéa&gpprises operating at

t or

| east two O e zone stages at a pressure

differential. 49. The.prgcess of any.one,of ai s 35

to 39%ur t'lﬁil‘g PW?SME‘ g‘&ré‘ﬂi?fi Cr‘?énpépémﬁc?ﬁfiin&r?% LetaStth reactant
vapor fromgihd Resdedpt8ct flule pi pe reactors. 50. The
process of claim49 conprising operating the

esterification pi reactor, in g bhl r.f.

rogi s 51 B R ank ERERP LI 51, AR e

oper at i ng pbiiRoidhyRdndes@hdtonhaiaturality of zones or stages and the
process comprises operating at least two of the zones or stages at a

pressure differential.

49. The process of any one of claims 35 to 39 further comprising removing a

portion of the vapor from at least one of the pipe reactors.

50. The process of claim 49 comprising operating the esterification pipe

reactor in a bubble or froth regime.

51. The process of claim 48 comprising operating the polycondensation pipe

reactor in a stratified flow regime.

52. The process of claim 35 further including adding to the pipe reactor at
least one material selected from a catalytic material, colorant, toner,
pigment, carbon black, glass fiber, filler, impact modifier, antioxidant,

stabilizer, flame retardant, reheat aid, acetaldehyde reducing compound,



reactor in a stratified flow reginme. 52. The process
of claim35 further including adding to the pipe

wo emationoat | east one material sel ected fromBCT/US2004/016468
catalytic material, colorant, toner, pignent, carbon
bl ack, glass fiber, filler, |npact modi fi er,
antioxi dant, stabilizer, flanmel?2tardant, reheat aid,
acet al dehyde reduci ng conmpound, WD 2004/ 111104

PCT/ US2004/ 016468 157 ox g&wc vengi n n]%)qog \
UV absor bl"n’fég‘?f’oﬁ’?ﬁbfa’rg&l’g R H'E?QS ﬁnﬁg 5’@8}‘ grner
bl ack i ronu ?‘d“i’f?gsg %5‘}5' ¥lablk §8n bRBESRA mn'ét%resTlli@ecﬁf 0Cess

of cl alrrs 3 or 51 wherein the pipe reactor

ome ofSr napradss §f SRS, 106t sl Phelhe i pnsTondtits o

react or I%ugﬁﬁ{tfﬂ]?@m;fyt}tﬁpa pressure profil e between
the first inlet and flrst outl et and wherein the

S: esauts alihetpﬁh&e%: isf’tnyI nl fa%%%g? ?’hfd Wf‘er lélstée Esterification pipe

54 wher ei Feddi® ipopEHd enmraqirbésard ;ﬁoﬁrettﬁhw@hﬁelﬁ&y inaet and the
hydrostati c pressure inside the esterification pi
reactor. H@stoptet adorleseinde prgssupl thy fipst Hilgids e?atﬁbthagthe

further c ISP eGRM k{1 Ng  the pressure between
the esteri‘fication process and pol ycondensation

proces a sea Ieg n fluid comrunication w

and pov) ?116\‘? OCeh? \éfh%r&"e‘gfi PISEEP BIP ?ﬁe‘?smwled bya
reactor aﬁﬂxd?d&?an@ Bkééﬁﬁ@ %ﬁk&%é efle®iRion bRRGERKor, O7-

The process of claim56 further conprising heating the

fluid | e
whor o §9-t SR o rbboe 3L s mEg Pl RE Rnd ey e tontroting

boi I'i ng t eRPrcdurd Betwech thEia@teﬁﬁ@ﬁi%a%r&a‘esgﬁrﬁil pol ndensatlon
further conprising recovering reactants fromt

removed vapedcss v rsﬁaélqgea@pmom@awc@mr%@awqomampd
and a r eaj@?vp en tﬁé S RREOM ﬁr ?Qa‘é&é ané‘%e ;{orfcogﬁgn%gt%odl pipe

of claim urther conp rls
vapor i n raact@xi di zer seI ect ed froma heat transfer
medi a furnace, an incinerator or a thernmal oxidizer.

57. The process of claim 56 further comprising heating the fluid in said seal

leg.

58. The process of claim 57 wherein the fluid in the seal leg is heated to a

boiling temperature.

59. The process of claim 49 further comprising recovering reactants from the
removed vapor to form a reactant lean overhead product and a reactant

rich bottom product.

60. The process of claim 49 further comprising oxidizing the removed vapor
in an oxidizer selected from a heat transfer media furnace, an incinerator

or a thermal oxidizer.

61. The process of claim 59 further comprising oxidizing the reactant lean
overhead product in an oxidizer selected from a heat transfer media

furnace, an incinerator or a thermal oxidizer.



61. The process of claim59 further conprising
oxi di zing the reactant |ean overhead product in an
wozxioditzan4 sel ected from a heat transfer nedi a pPEDUSEO€016468

an incinerator or a thermal oxidizer. WO 2004/111104

PCT/ US2004/ 016468 - 158 62. The process of claimb59
further conprising recycling th&%eactant rich bottom
product to the esterification pipe reactor. 63. The

rocess of_any one of .clgaj 59- 62 wherein_at | east
oo ofo2sailie Pt ot O Bry@ompsherseyepg discagint rich

any one ofbo&bﬁiﬂf@%&é@;me 3Qedi B8 higedeRbS NY

retrofitting said pipe reactor to a conventiona
e. conti.nuou

pol yest,er .process vi ng_at. | eas S .
Seivra Ak Preaey g inyR8te BRelafitia bR Fuerelis IR of said

pol yester rédcemsisglyebnl i ty of reactants conprising:

(a) providing an esterification pipe reactor having a
first d4n| @Ithe rr1(§jce§ls %fl dn tone 8?&15%3 3§9)3@ﬂgthglgc El{;b“arisin retrofitting
react ants URder 8sterrilcatron reaction condith ons

into the sgidtpipd fehdtat fotincopiv@ttionalaedl astap peoce i irigut 1dast one
first inlet and formng a two phase flow so the

react ant s SPBfRHOYS pligerl @lpFeRseT-and vapor phase 1 ow
through the esterification pipe reactor, wherein the

est er i cat paegsifpemakiegetpolyestsr Hpmragilecilityofatadt@astomprising:
one flow regime selected fromthe group consisting of

bubbl e fl qyy @kd&ﬂdiﬁk@ﬂ’est&ﬁﬁﬂiioﬁifpﬂ% rEAQ¥Y hatdhbya fitsPMlet and a first
slug flow, dispersed flow and froth fl ow and wherein

at | east ®aufestion of the reactants forman ester
nmononer; (c) reacting the nonomer under

pol ycondenbpat ia@ding @@iich@ints 0AdHr tekteAficatioR réaction conditions into the
pol ycondensation pipe reactor wherein at least a .
portion ofesteREcaipngype feasionioxmeteto ha fisitigshand, forpige a two

d ti t ' '
Dot ron PR L ARl ABLIERRE P LB v

react or whigoeghthateslegifisition fipd tebctor, ®fhetdie thetdstegidioRtion pipe
forns a polyester. 66. An _ap aregqtlus for preparing at
| east one TeASHQUAS ARFARIAE N atdeqskpncollowy semme splectpd fipaithe group

CONpri si Qs in?;eofrb‘ﬁﬁﬁltecff W) Mxhg' YR Rerfii & 1 @,nwsw A&, sl
and an in?e#?o throughowh?c reactants of at. least o
one est er floopdmperseéfoerand froth flow and wherein at least a portion of the

reactants form an ester monomer;

(c) reacting the monomer under polycondensation reaction conditions
in a polycondensation pipe reactor wherein at least a portion of the ester

monomer forms an oligomer; and

(d) reacting the oligomer under polycondensation reaction conditions in
the polycondensation pipe reactor wherein at least a portion of the

oligomer forms a polyester.

66. An apparatus for preparing at least one ester monomer, ester oligomer or
polyester comprising a pipe reactor having an inlet, an outlet and an
interior through which reactants of at least one ester monomer, ester
oligomer or polyester are passed wherein said reactants are reacted in at

least one flow regime selected from the group consisting of bubble flow,



ol i gomer or polyester are passed wherein said

reactants are reacted in at |east one flow regi ne
weedogairads from the group consisting of bubbl e PADUS200D16468

2004/ 111104 PCT/ US2004/ 016468 -159 plug fl ow,

stratified flow, wavy flow, slug flow, dispersed flow

and froth flow 67. The apparali¥s of claim66 wherein

the pipe reactor is an esterification pipe reactor

having a first inlet, a first outlet, a first inner

surface anbbedlow.stratifigd Jew; wavyfiaw.shigfion 4@&&%652&0& and froth

through. @8, The apparatus of claim66 wherein the

pi pe reactor is a pol ycondensati on pipe reactor

havi ng_a sgcond inleéé a &cgnd.o tlet, a second  inper.
Surfald  JRESEPAEEULALERA B FRFreINe BRSPS AR i Acation
through. ?%e rd M ordRAR R 1St iAfet & AMBRL WREEhRerlsifface and a
pi pe reactor conprises: (a) an esterification pipe

react or hdivst myyemorffor passinglregcfants thiqugh. outl et, a first
inner surface and a first interior for passing

react agt s Thhapptehtus 8Nelaibd6 ¥heelny/®e pirIs:dds apbBRondensation
reactor having a second inlet, a second outlet, a

second i npine reaptdrdeEingriceeonddalehd seprnskquilet, fagecqnddnngy gurface
reactants hro . ! y one of

Clai mo 67 20 S nhr EFsRRERLE R Rl gR

restricting nmeans affixed to_at |east one of the inner

sur f aé8s. The appasgtua phelpigt 6 WHereH) thE RIPEI M OIMPrSFR

fluid restricting nmeans conprises a weir for

partial |y (&l oekiesterifiduioh pgw redcterimvingu fikst ink2, a fiseoutlet, a first

apparatus.of claim®6 erein the second inlet and th
PPt our it SirdicBad pitiRtameBom O RS RgRackapys Tt

apparatus of claim67 or 69 wherein the first outlet

i s el evat i(lpnakipplycandansatidnepipe reaetof hgvang a segondrindet, a second
apparatus of any one.of clainms 67 tao 69 further .

conpr ot ngoerbdseSREder SlsPler i 4pdefn® et pagsing reactans
portion ofthblgi.d materials in at |east one of the

pi pe reactors. 75. The apparatus of claim®67 or 69

furthey c Y : ' i s :
B e
recir cul atrésagetitl) n2€nd afika el atledkt bis?O0Ae Qe fififaces.

71. The apparatus of claim 70 wherein the fluid restricting means comprises a

weir for partially blocking the flow of the fluids.

72. The apparatus of claim 69 wherein the second inlet and the first outlet are

in fluid communication.

73. The apparatus of claim 67 or 69 wherein the first outlet is elevationally

above the first inlet.

74. The apparatus of any one of claims 67 to 69 further comprising a means
for recirculating at least a portion of fluid materials in at least one of the

pipe reactors.

75. The apparatus of claim 67 or 69 further comprising a means for

recirculating at least a portion of fluid materials, wherein the recirculating



-160 neans conprises an influent and an effluent, and
wherein the effluent is in fluid communication with

wo be4asties i ficati on pipe reactor. 76. The appar@t/us2004/016468
claim75 wherein the recirculating nmeans effluent is
| ocated proximate to the first inlet of the
esterification pipe reactor. 7760The apparatus of
claims 66 to 69 or 71 further conprising a neans for
venting, degassing or renmpving vapors from at | east
portion ofm¢ascompgisssiapnfluegt andan ifpentandavhyreip It%ﬁ ?ﬁﬂuent is.

77 wher el qntﬂlﬂg‘[ é’o%?ﬁglﬂgatﬁﬁin\glg?ﬁl%%%gﬁ%%ﬁ)l;{fﬁi&%[) .Ses

at | east one stan i near
haV|n ar at or

t and nt t
T . HERPHAG ag IS Aere) T AR ies spent is

pi pe di qu§ d5ibkintad {oyth@h%\fﬁumﬁtm &?erfﬂ%%ﬁ&?ﬁlpe?&@tor
formed of ree contiguous sections each in

connu on Wt h ..

Subst he;PP%fFF“iS ehpfif g gos@tc?r-sﬁnf‘urtﬁefﬁompalsmg ameans for
comuni Catueﬁﬂngwdegasellﬂg oP rdifo ViR el Jﬁfs frémSe LRt SREén Sfthe
coupled to the first "section and oriented at an angle

rel ative tiptetipe first section in plan view, and a
third section coupled to the second section and

ori ent&d atheappsratiilof RMh A7 ywlkRgh eherventihg veddgassintemeans
second section that the third section is oriented
subst ant i doMprisesatienst sk such that the non-linearity
causes all or nost of the liquid droplets in the
vapor to i(api rdmeanstambhmpsur face of the vent piping;
or (d) a pressure decreasing device selected froman

eductor, Qbﬁ_ PAQRear 3And BiHRHASING a i St diMrher) Q&7 Ror MLline
ajet. 79 he apparatus of claim®68, 69 or 71 wherein

t he pol yconittethsampenpatlsact or has a plurality of
zones, stages or sections wherein a zone is defined by

a relati V) PraésontiaflithdEpipptispbscaRdrtiiRy ebdveahSSipk reactor
leg is positioned between and in fluid communication

wi t h each anddermeskofdlrce corftgupppsections eash il Bridicammupication with

pressure Jhb 1Bakat CRALOT RBGhAAMS v ARE S i auia

PCT/ US200
communication with the pipe reactor, a second section coupled to the first

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 that the third section is
oriented substantially horizontally such that the non-linearity causes all or
most of the liquid droplets in the vapor to impinge on some surface of the

vent piping; or

(d) apressure decreasing device selected from an eductor, a siphon, an

exhauster, a venturi nozzle, or a jet.

79. The apparatus of claim 68, 69 or 71 wherein the polycondensation reactor
has a plurality of zones, stages or sections wherein a zone is defined by a
relative pressure differential and wherein a seal leg is positioned between
and in fluid communication with each zone, stage or section for

controlling the pressure between reactor sections.



80. The apparatus of claim71 wherein at | east one

pi pe reactor conprises a flowinverter. 81. The
wappanatios of 80 wherein the flow inverter i s pPCDKSI084/€16468

to and downstream of the weir. 82. The apparatus of

claim 66 wherein the pipe reactor relative to a length

has alternating |inear and nontdli-near sections

between the inlet and outlet thereof. 83. The

apparatus of any one of clains 66 to 68 having a nmeans

for h8at i Be apracatneeiotlzin 3l Whereinet fgagieoncaups actogepmprises a

The appargtus of claim83 wherein the heating neans

conpri ses Y PEA¥T one of (a) a jacket around an

exterior surface of the pipe reactaor which defines an

annul 8 sphe epnamtbm@ﬁﬁqlwﬁ%rﬁmah%@aw IRYEHISE FSTOREHTS I and

ci rcul at egé)WI(lsQI)ea dpqltgg@,%gr_ty of electrical heating

conmponent S Wwapped about the exterior surface of the

pi pe reactor; or (c)_.a he xchanger al ong at .l east. a
porti &4 of he RPasItHEOTdaist Wﬁﬁswetgg binereaci dEl ikt © Hipeth has

passed t Oall?érhﬁﬂlgs 1n%§$5 &m%ﬁ;naﬁﬁeaﬁs&asks bifdweSh thd ﬁql%)’a'nd outlet

product vapori z e apparatus of claims8

wherei n tHerdodat transfer nediumis selected from
oil, water, vapor, or mxtures thereof. 86. The

appar 88 Us TRE afphYatR16f Sy dnledf BRik$66 & @@hé’\‘i’l@% £mRatsBr heating
pipe reactor I's dividéd into a plurality o

subst ant i #ielrgaqtentain the pipegoactndui t s ext endi ng
between the inlet and the outlet thereof, and wherein

the r@gact ant sppdrovs 60claibh8 PugbreirBe PefithgRedk 06mPASS at least
through at | east one of the plurality of flow

conduits WA$PE flowing through the reactor. 87. The
apparatus of claim 84 wherein the heating neans
further c@yprajekeraroheiin éxtais serfacearditlze gipataaotor which defines

system havi ng a supply heat transfer dia .loap .

t hrough wAR @RMHaESPACS tﬁ&%gé‘mlﬁ*a e%é‘é{‘?f frfaﬁ‘é’f"é‘r‘gﬁléﬂ%l%{ed;
I's passed and a WO 2004/ 111104 PCT/ US2004/ 016468 -

162 r et ur b)heatplurakitysf elecimedi lzeating pormpensutyhvrappasiabaut the
second stream of %aggﬂgt at . transfer media is passed,

the t enpefSEUPESH PIRSTe#d OF r ansfer medi a

(c) aheat exchanger along at least a portion of the pipe reactor whereby
the reactants are passed to bring the temperature back up as the by-

product vaporizes.

85. The apparatus of claim 84 wherein the heat transfer medium is selected

from oil, water, vapor, or mixtures thereof.

86. The apparatus of any one of claims 66 to 68 wherein the pipe reactor is
divided into a plurality of substantially parallel flow conduits extending
between the inlet and the outlet thereof, and wherein the reactants flowing
through the pipe reactor pass through at least one of the plurality of flow

conduits while flowing through the reactor.

87. The apparatus of claim 84 wherein the heating means further comprises a
heat transfer media control system having a supply heat transfer media

loop through which a first stream of a heat transfer media is passed and a



stream bei ng greater than the tenperature of the

second heat transfer nedia stream the heat transfer
woreditaiaent rol systemincluding: (a) a first heet/UusS2004/016468

transfer nedi a header through which the first heat

transfer nedia streamis passed; (b) a second heat

transfer nmedi a header through wiP2h the second heat

transfer nmedia streamis passed; (c) a first heat

transfer nedi a sub-| oop,%éhrou h whj ch_ the heat
transfer TRER Beatdpnyier Hedia pp thioygh phichrg sespnd giraapeof the heat

second heaggtg, n{eeans}aﬁ?&el% \‘]eg@gl)ea(tjﬁe 6@%&9&@5@4 sk media

fluid comuni cation a se one of t

header s arstreathédelnigrgeateutban thepempdratued of théisecpné besat transfer
of the first heat transfer dia streamwithin th

Cirst hedelic Bary B Beat BRor e Gomob SATe Mepucipes
second heat transfer nedia streamw thin the second
header anda} he fsrheabiransédryeedisheadenthraighgdiidothefigstyheat
direct at tI eatst a portion of the first heat transfer
medi a stresm e”ﬂeg SR} RS p- | o0p using the
pressure of the first heat transfer nedia streamto

pass the HBht asceiskhenat Wansfen megiwheadenthaangh avitiehothe sepend heat
tenperaturt&nsép%eg%%ﬁ%qsﬁgsﬁdne heat transfer nedia

stream bei ng passe roug é first sub-1oop. 88.

The apparatus of claim87 further conprising: (a) a

second he £) t raat{‘fétf}é?at W%‘E?feér%‘i%a ?"(?dBOP’dFWPé‘Eﬁy@ﬂfé‘Y%FBF%F transfer

of the fingldia ﬁl‘ég'ble%gﬁe@,rfgod'l e t‘iﬂéh@tﬁ@f@&fﬁ'&ﬁ EMrespectively;
) I valve 1n flu of

therewith; and ( a second contro |
conmuni cat i,on W t

he secpnd sub- | oop; erein the
Second coitf o tohftob My BIRRTefParieE Rl istladied e of the
portion oOfheaddi€aid thetfirfigab-1ddpansfer nmedia streaminto
the second sub-loop to control the tenperature and

the press %}?ergfl tﬁegpergggl%t ofttfléjl H(Sﬁbﬁeréaé gr%qﬁrf%géfg gtrgaaﬁ %v?tﬂin the first

t hrough t he 'sécon ub-1"00p:

PCT/ US2004cRddp 46ihg grddiet tBsh thd eesarp of telScdld Heh@kdhsfer media
66- 69, 78, 82, 84 or 85 wherelin said pipe reactor is

a subst antSfraam Vit the sgeqnd header an thegoplrphyakee isfused @i m

72 furt hersel‘éemgl §ir 09 afled&t %lpol't?cgl dfrlhé h}'élt geat transfer media stream
into the first sub-loop using the pressure of the first heat transfer media
stream to pass the heat transfer media, and to also control the temperature
and pressure of the heat transfer media stream being passed through the

first sub-loop.
88. The apparatus of claim 87 further comprising:

(a) asecond heat transfer media sub-loop formed separately of the first

sub-loop and in fluid communication therewith; and

(b) asecond control valve in fluid communication with the second sub-

loop;

wherein the second control valve selectively directs at least a portion of
the first heat transfer media stream into the second sub-loop to control the
temperature and the pressure of the heat transfer media being passed

through the second sub-loop.



comuni cation with and positioned between the

esterification pipe reactor and the pol ycondensation
w@e@a/itaect or for controlling the pressure bep@EERDNEI6468

esterification process and pol ycondensati on process.

91. The apparatus of claim90 wherein the seal |eg

conprises a neans for heatinglbBuid in the seal |eg.

92. The apparatus of claim91 wherein said heating

nmeans i s a heat exchanger éfositioned adj acent to the
seal §%g.THEaPPIRLISHEEHITAOAL%TS.A2aBHPDES Wheicd) $pidpipg reactor

heati ng qgggﬁb+%ﬁﬁng§&b?ﬁﬁﬁaanger positioned in |line

with the sea e apparatus of claim 77
further conprising n3 for recovering reacnﬁﬂés

f rom Sthe TmpvREGAb6 bR somBEEng Atetdahin
over head coﬂ{rﬂM&attioﬁ%&fﬂal{d%%g%@%d bR A ORHRE AN Gipe

95. The apparatus of clal erein said recovery

means conpidteesidahe paasindenmatonpipa remtarfocaintnotingghe pressure
stripper colum or a.m xed glycol ,and nononer col um.

56, The. dipuranibe st GiaphPort i AR OB gP R o

means for oxidizing reactant |ean overhead product

wher e9ln tHe apprratusexf clasm 98| veeran therssal lag cormnrisas aanesng for

medi a furnace, ~an .incinerator or a thermal oxidizer.
97. The zﬂﬁ%g?%pﬂlgi 8¢ ecﬁegllrlﬁé'ﬁ further conprising neans

for oxidizing reactant = | ean overhead product wherein
t he o%a-di Bherapparatus|od ctaig K rwheran sridtheptingraeans is et gxchanger

fur nace, N aley rmal oxidizer. 98. The
apparatu ogk@F%PﬁF%%?ggﬁé§%?L%§, 80, 87, 90 or 94

wherein said pipe reactor is retrqfitted to a

convedit ofha angaiast €faim 00 HaEeiR S8/ NgAURE Mg ds a Bl exchanger

conti nuoys, 3 inkd GFlifARIEh (iRAGHIQEg. WO 2004/ 111104
PCT/ US2004/ 016468 - 164 99. e process of claim35

or clajm49 wherein i. d i fication pipe .reactar.
s oSk au L et RSO WP geRET- R s ™ e fratuetne
of cl ai m4fcohie fr8inihe drRbratvaparith Farin 9 ReabiaR€leh8¢diRgad
is operated in the stratified flow regine. 101. The

process afrodiciiand 4 8cagkat a¢mbettanprsdlstcondensat i on pi pe
reactor is operated in the plug flow regine.
95. The apparatus of claim 94 wherein said recovery means comprises at least

one of a water column, a stripper column or a mixed glycol and monomer

column.

96. The apparatus of claim 94 further comprising a means for oxidizing
reactant lean overhead product wherein the oxidizer is selected from a

heat transfer media furnace, an incinerator or a thermal oxidizer.

97. The apparatus of claim 77 further comprising means for oxidizing reactant
lean overhead product wherein the oxidizer is selected from a heat transfer

media furnace, an incinerator or a thermal oxidizer.

98. The apparatus of claim 66-69, 72, 78, 80, 87, 90 or 94 wherein said pipe
reactor is retrofitted to a conventional polyester process having at least

one continuous stirred tank reactor.
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99. The process of claim 35 or claim 49 wherein said esterification pipe

reactor is operated in the plug flow regime.

100. The process of claim 49 wherein said esterification pipe reactor is

operated in the stratified flow regime.

101. The process of claim 48 wherein said polycondensation pipe reactor is

operated in the plug flow regime.



