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BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTION 15 This invention

rel ates generally to polyester processes and apparatuses, wherein the
esterification, polycondensation, or both esterification and

pol ycondensat i r i L I i 2aGt t i ness of
manuf act uri ng %Pﬂs¢@%?8@6ﬂ@§%ﬁ?§%§?§ﬁ$@@§lf@ﬁﬁ?@e}@%r cost
manuf act uri ng processes have becone hi %’ﬂ desirable. A 20 variety of
processes have been devel opedFIEAD EétE\T\iEBHFIQhTCti ve distillation
(U.S. Patent No. 2,905,707) with ethylene glycol C'E& ) vapor as reactants

(U.S. Patent No. 2,@?3 @%FM!TEH@E i t ﬁ%ﬁ isclosed to
gain additional contro %? the react %‘%%L‘%qﬂ%g%t .@9?&%,316 and WO
98/ 10007). U.S. Patent ...3,084,776. discloses.the use of |ower pressure
drops between-r eac@ﬁ?%??@q%Pn@éWéﬁﬁ%@m”ﬁ“@f éB@}“S%‘in %NB@@?

mul ti pl e reactgy:s310a0,98dMdcBinBerON) Q06 ¥hicApSitatidn is IBRELILEShARS byWRke

i nproved to solve problenms with entrainnent” or plugging, heat i ntyegratl on,
heat trans¥ ercferagemiigsntittte, the nunber of reactors, etc., as described in
U S. Patent Nos. 3,118, 843; 3,582, 244; 3,600, 137; 3,644,096; 3,689, 461,
3,819, 585; 4, 235,844; 4,230,818; and 4, 289,895. Unfortunately, the reactors

and plants are extrenel y BACKGROUNDOETHEINYRYEDGMeNnsati on reactors
~have conpl ex designs, which require detailed calculations and

. craft smanshi p. ey mammwﬁr ate under a vacuum and, whether heated
or cooled, maintain its shape so the agitator does not scrape the walls,

and a cl osé t ol er anbes ingenhon relwgsrasderely ormolirser retdestss pyvdanparbses, whetsy |

These conpl ex ﬁlF és Qﬁ%&gﬁg é?ly HQET%;%DA}]G 8166501:}]13 Q&H%%nd‘%g?élytgnnﬂﬁﬁh S cannot be

built or insta guic ey al sO require exper o mal ntain and
oper at e. process is performed in a pipe reactor.

As the husiness of manufacturing polyesters becomes more compstitive,
alternative lower cost manufactring processes have become highly desimble. A
20 varviety of processes have been developed. Early efforts nsed reactive distiflation (U.E.
Patent No. 2,905,707) with ethylsne glycol ("EG”) vapor as reactants (1.8, Patent No.
2,829,153}, Multiple stimed pots have beaen disclosed to gain addifional confrel of the
reaction (1.8, Patent No. 4,110,316 and WO 98/10007}). U.S. Patent No. 3,054,776

discloses the use of lower pressure drops between reactors, while U.S. Patent No.

13
1M

3,385,881 discloses mmltipls reactor stages within one reactor sheil. These designs
were improved to solve problems with entraimment or pingging, heat integration, heat
transfer, reaction time, the number ﬁ' rcactors, ete,, as described n U.S, Patert Nos.
3,118,843; 3,582,244; 3,600,137; 3,644,096; 3,689,451; 3.819,585; 4,235,844,
4,230,818; and 4,289,895, Unfortunately, the reactors and plants are extremely

30 complex. The stirred polyeondensation reactors have complex designs, which require
defailed caleulations and craﬂsrﬁﬁnship. The reactor must operate under a vaguum and,
whather heated or cocled, maintain its shape so the agitator does not scrape the walls,

and a close tolerance is maintained to provide effective mass immsfer. These complex



Conventional cylindrical esterification or ester exchange reactors, such as

a continuous stirred tank reactor ["CSTR') have manyl,l nt er nal s, sucrﬂ 43@,1,
baffles,g\%@ - 5 coils for heating, |arge overflowvvewé tra pa ‘&@5
agi t at or W6%r aft tubes, etc. Esterification or ester B UG E“'greact ors
can al so be reactive disti | ation, stripper, or rectification colums wth
their associated internal trays, packing downconers, reboilers,

condensers, internal xchange r ef st errs, nps, etc,

Convent i onal dﬁ&&“ﬂ?é’&‘?’?@éﬁ‘ég‘f" té’ﬁ"?‘"‘@g%‘{ Ffickly- v(#ﬁﬁﬁ fis éi’*‘éﬂ”{‘?]b’l'“@glswo ®eigEfedo, pl ug
flow 10 devi gl opdpitgh tries to maintain an average residence tine with a
narrow tinme distribution, are typical l%{ CSTR, typically of the w pe
filmor thin fil nfregstions cyljgdecalgponim %%lc?ﬁ YRKCHFEE TFCHS, BKDARYI ce. Such

convent | onal «6A0HERNAH-ARGARIAY TITEOPRRRALYy NG IBADSaRls GRANCI N the

surface renewal , usual y making thin he pol yner. ch
convent i osal Gpﬁﬂ @ebw@ag,siangﬂ@nerﬂemm e padking #ﬂy@ma #8d dmftétbaaletcheat i ng

cOi |5, Wl 1 moELl Eh or RS b TPreal i ELOAL BOLIALOLRAD] e ge 0ROl L2l o o

with seals or Hagnet ese reactors nornae Vé scrapers or
ot her hi ghl yscttnﬁmﬁﬁumﬂmnhsdaﬂl fheis aa‘sm&aﬁh&‘pm&bﬁ&;ﬂepmhmgrdahmmeﬁ rom pl uggi ng.

Many polycon ation reactors ave ve ht tol erance requirenents
and nust %qgf FIF‘S ?h‘&&"ﬁég%ﬂ?m&tﬂ? x?'}’é f%'{nﬁﬁ’segc These

cylindri cal r@;@;@m{u&amﬂwoﬁ@m@aréamggwm@m taligngicnae] pitigtiowlr af ti ng, and
skilled craftsmanship to construct, The I i ngri cal react or al so has a

speci al | y'% adiviesWECh %R@(mﬁ&(ﬁﬂrﬂ? YEFReS TﬁT’l E”ﬁ'é?”ﬁ"ieé(‘f“ VHIRECW et s and wel d
l'i nes connectdifgnidig z&baeplda ?qut}s‘cm %,%anmﬁé witdido® 18 &k Qhictod NE

cylindrical reactor has ‘addi tional extérna onents such as gear boxes,
agitators, seupe o5{ArwaEve dtllshen dyyirg. bpd qﬂilwhm’mé“@ﬂ'%ﬂﬁm&@ﬁ%‘l‘%m ty,

meterial s, anduidd phAERLo! 1ARiEARSHENS kiR QY g RRC OF S | eads

to the hi gher cost.” A pipe been disclosed in prior aft patents that is
i ntegrat ed i nitlmstoiéhemodioess Su@rC@q@“mﬁéml}mq}d@ﬁ@m@mﬂw@ﬂﬂ@lTIEQ'E: 194, for

exanpl e, i 50%%%&2&%{&8?%% O@M% ﬁl%@ t\f\!féjr;ﬂmglnﬂﬁrﬁ%% fa{l. F‘ggg@ t::nrsand u.sS.

Patent No. 3 sc ‘oses’ t use" o i on.
ot her exanpl esith Rafsemtmsiyppid -:imles,@m \I&@ﬁ‘sﬁa@ﬂ&b&rmnﬁv Mngcrﬁianmtoﬂﬁf) No.

5,811, 496 di scl r rs. between .the _esterifi i.on and
pol yneri zati o gﬁ?’@ﬁ‘&%ﬁ?gﬂdo‘ﬁm °§E glh AR s g B H§I St1%ses a pipe
reactor bet wepdly@mdensatifi @2446 266 hiRE Wed)Sight t@&%&équﬁaﬂee\(ne&@ahﬁ musi
esterification reactor and a heater |eadin eactor. Fach of
these react or MaFfalR e SHAng Oy B L RES ‘:‘it%‘?%@“g@‘ag@&? ‘fffﬂg'g‘“tﬂ[m EAGPR IAED Ap | ex
reactors and R iRDE of MBink&idgl dAAKg RO BKilIBEALsheAsHiP &l coafthiciUIReest er
exchange or esterification would
cytmdrical reactor also has a specially fabricated jacket having mulitiple partial pipe
jackets and weld lines connecting the pipe jackets (o each other and the reactor. The
cylindrical reacior has sdditional external components such as gearboxes, agitalors, seal
systems, motors, and the Hle. The exira complexity, materials, and skill required to
25 constiuct the oylindrical reaciors leads to the higher cost.
A pipe has been disclosed in prior art patents that is integrated into the process
or equipment .S, Patent No. 3,192,184, for example, dizcloses an intemally baffled
pipe within the reactor, and U8, Patent Mo, 3,644,482 discloses the use of a pipe for
paste addition. As other examples, Patent Application WO 96/22318 and U.S. Patent
. 30 No. 5,811,496 disclose two pipe reactors between the estenfication and polymerization

reactoss, and U8, Patent No. 5,786,443 discloses a pipe reactor between an



occur in a continuum of continuous pressure reduction and conti nuous
tenperature 5 increase=Ysee Figure 1, Santosh X- Gipta and Anil Kumar,
Reaction Engi neering of7 Step G owmh Polynerization, The Pl enum EHanifcify
Engi ne®} W63y i es, Chapter 8, Plenum Press, 1987), th&CESSPUHPYHoing so
W th existing conventional equipnment is prohibitive, because it requires
numerous snmal | reactors, each with thetr own associated instrunents and
val ves for level, pressure, and tenperature control and punps. Thus, 10 in
convent i onaistepdiration reertop kudw hadtes legding torestagedieactonf Eqphed Sheserepgduct i on st ages
(cylindrical,: | &.M.0L.m I AL The: eof f is that
if the num?)ﬂéar&ﬁg‘fcﬂ%% i!(‘) gm\ﬁg%tg} iléﬁgt%‘ %gtgggn%%nﬂ%gg%%% ?ﬁnedn Wé{e%?essur e drop
woul d be m ni m Z&hile iThresrtecn Gearizd ddt eptinivne esertexfongd mwerniegion vweithpl er
appar at uses, and pr.ocesses for. makin olyesters. 15 SUMVARY OF THE

| RVENTI O\ T8 8 iR S o O et SR st S P88 s for ¢ he

manuf act {ir einGfeaseptaRigire n sSanhdah &. supRiahd eall Bomat,Feagicegtipinebtivesit | on rel ates
to pipe reagtors a assocj at.ed ui nt, and processes for use in both new
and exi sti ngle? ﬁé‘f‘ﬂgg P%W&%ﬁ%@&@%@?ﬁ&%ﬁﬁ?&gﬁw@m F_ﬁﬁ?‘%ﬁ* erials, or
the react anPRsmrs fresh @987 AL Eost BBGinglo Wil dvikting eafSfimkBequinitgt Ny conponent s
for the polyester or nodifiers. The present pipe reactor invention has many
advant ages Brpbibitegfranse Bauirpomiresseus srmall sesore sachvdth thpparnesseeaed Thi s pi pe
reactor progessnQiis 38 B el j USrd RETHESHINGE . 25 decoupl e
from each ogﬁ.ﬁer t f}e reggrfg%r %ggl::’ﬂ%égsg%é’s er?&bo}‘%ﬁe ?tl_r&e]h (g’si Senrgﬂe?ﬁ’ti me) ,

agi tati df, Hedneénsionn) aglyrstrblantdesisng e nupbetpipespeetedugidnetiges r ansfer, the
pi pe react ofS4.0f - Wsle to i L& -] ting coils
6172 Conti nogumpl B s Rinih BAR LRGR I ThERkbR ) BharTnRR' 02, Ty

. means such abrcactive akrcaratsinigecased, theadkegiredure grqpewoudirbaigriwmigd] | m t ati ons of
CSTRs, the am)un,ti, of .Shea;ti nlgﬂroinl ngsve}i m'tt?d Idrua? tQ 39,; trgergneed 0 mai nt ai n
agitation of the Iﬁ“ﬁn‘ cfis].“‘e’%o Ry Y heEat ‘ﬁ°§ SO FEHRBFS AT &N E%Sﬁ%udh space
bet ween coi lnmkimgmpobegitirat i on. Because the heat transfer function and
agitation function are decoupled in a pipe reactor system this limtation

of CSTRsY? anong others, is not present in the pipe reactor systemof the
present invention. 2 4 mﬁ%@%%@mm 46992 Pi pe reactors
are not limted t he vol une of, .a vessel for. kinetic. conside .0 as is
the case with a P8 B “33%{'1% S'sm%fpln P @ﬂgrchsﬁﬁstcfﬁr of ?npafl%%c EErc'qf(i netics,

whi ch can belyesieseMoraspaci§eaiiy] the praae inverdiontradawn sspips @agbeendr agi tation,

pipe reacto rﬂ%ﬂﬂgi?ltﬂg %[t.ilﬁpm@llt and processes for use in both new and existing (retrofitted)

20 polyester plants. The starfing materials, or the reactants, can be liquid, gas, or solid
feedstucks using any components for the polyester or modifiers. The present pipe
reactor invention has many advantages over conventional polyester processes and
apparatuses.

This pipe reactor process of the present invention allows the designer to

25 decouple fiom each other the reastor heat transfer, volume {i.e. residence time),
agitatior, and disengagement functions, With respect to heat transfer, the pipe reactors
of the preseat invention do not require internal heating coils of a continuouns stirred tank
reactor, bul Instead can use various heating means such as a heat exchanger or jacketed
pipe. Among many limitations of CS1TRs, the arount of heating coils is limited due to

30 the geed to maintain agitation of the fluids. Too many heatmg coils do not allow

‘ enough space betwecn coils for agitation. Because the heat transfer function and

agitation function ate decoupled in a pipe eactor system, this limitation of CSTRs,

among others, is not present in the pipe reactor system of the present invention,



require a propeller or inpeller of a CSTR instead,~.a punp or gravity flow
can be used 5 to nove fluid around. Finally, withirespect to di qr}g@gﬁg?nt
whi ch i _ aration of the gas from the liquid inter %§T

pr ocess%‘éﬁ?ﬁ%ﬁg the liquid/gas interface by reactor vol f&é‘ﬁ?suag?ﬁ folling
the interface by controlling the reactive volune is a difficult way to
control the velocity of the fluids. If fhe CSTRis made tall and skinny,
the level control J10 becones di.fficuylt, agitator shaft .deflections and seal
probl ems i ncr ease,P}Rféﬁ%? Dr'\"’/%IFB‘E'lPT“@% fL'hl‘?é’rP &fwvfﬁa%ﬂ%%@nsé S ment
and reactor e Se kN6 EASECINE; bipeRerctoRCHtERs @ lertl dipgR faf iaeicOwiibie ot her
hand, if the CSTR is made, short and fat; not enough heating coils can be

i ntroduced i (FE bE NSl 2 B P mgieht SR Tpags FW@” &F $31Rn, PIORATERIOR P 194 ger

di amet er, anQeh8fe d RESReSGAMBeIR! 84 SSTRNLARIANIpiBEoVeSAR ARLEARIs@N | sSsue. «
Thus, there 15 are optinum di nensions for the ?ength, w dt h and height of a
CSTR, whi ¢h tthspessfudgamed. it difficult to rnodify the CSTR to control to the

vel ocity of the flgﬂ'ﬂ& et aid ! Q i 08 noval a
" Operations are. requl ’e"‘éﬁt%](:) %%nt_r%%eg%aﬁ’%%%or 9:?{/521}&05&%‘5%:3 HO\1I:\hI\§ er f&ﬂgﬁdi tional
svapor r enoval tho pguidtintenise) aGlTR protdve cqmtmob theriquad/gusantrlae by deabiogueldmsei ng
renoved by t a nd SS, 0 ield, Conversely,.in.a pipe 20 reactor
syst em of thgé ?#/0@21{ '%ﬁ e@ﬁ%’? H’,JOP %ﬂlg%ﬁlh%_ ﬂ”ﬁﬁeevq%f%élff a/@l b@‘éﬁ{; %asy ]i%r?togﬁﬁ?lace,
addi tional phpeslofip gahy fEdd of 8 OSTRAamald all asdukibe, hedied doatrslont rol t he
total fluid velocity. .and gas elocjty leaving t surface. Thus, with a

pi pe yeacf{br %E’E“E?r%( ""’“’?th 1%@@%@%{@&'1?%1351&@5@&9ppﬂ@nﬁilgcéﬁa%é'mﬁpmmﬁai ons
are sinpl er apgheRMCHACRAG R bRTaEDMM, Ahd idAR0r IhRtnDbasdwitk ORRMb&Dal CSTR
system Sinmlar disadvantages can be found in other conventional 25 reactor

systens for nif¥RgaEel Yrdwraer hadni te-3eisapade skreqnd dal. o8 goquel deating
di stillation, goifstchh BPSfirod:Red iefhb tdae@f, 120 RQ i DS i MFull MK thidrkerl Nt ernal s,
screw, or kneader reactors in conparison to the above stated advantages of
t he pi pe reactigmetagingfordfree sreleplateshipping ke Hessd recomigs pn jsayen dihys, ke pi pe
reactors t : -l | : t.ef: ocesses,
whi ch typ?%:al %Gﬁ%@@ rﬁloﬁla&:(@gFdégn%c%&t%’%ggﬁagg%ée@%#g@g?b‘gﬁ]lﬂég%{% s are used
f or pr ocessesmiabss indifdmmlite wedify $h eI Rrie sdmimh telhe idlesty ofitwdingds, Astsublas been
found 2 4 MNAY, ZogggRL% Ogl 46266 P(: TluS01146992 5 her(ﬁg}nmtrrggtihthe i pe

S e

T
reactors of tHRe SRt cr’?\?g’r?fcivc?ﬁgrcrﬁﬁmbﬂ ORYAPTF 8T TSIV SH RSP IHERRE 1 e
pol yest er pr odeletito rHproes ad&BsonaNaapor Bhudgll ypehiioms had enthe gicvkais,of t he

venti on 1 dh Sel i b S PLOSERS AT TBL N B Rl BRL s ALY TEL T O 2

20 reactor system of the invention herein, to conirol the lgnid/gas interface, additional
pipes (pipe reactors) in parallel can be added to control the total fluid velocity and gas
velocity leaving the surface. Thus, with a pips 1eactor system of the present invention,
the disengagement functions are simpler and much sasier to control than that of a
conventional CSTR system. Sinﬁlar.disadvantages can be found in other conventional

25 reactor systems for making polyesters found in the art, such as reactive distillation,
stripper, or rectification columns, or tank with internals, écrcw, or kneader reaclors il
comparison to the above stated advantages of the pipe reactor design of the present
invention. .

Surprisingly, the pipe reaciors of the present invention can be used for polyesicr
30 processes, which typically bave long residence times. Generally, pipe reactors are used

for processes having only very short residence fimes. However, it has beon found



5 . a. providing an estgrification pipe reactor having an inlet; an outlet,
and an interior surface, the esterification pipe feactor conprisidd MY 2003
subst antj al | enpty pipe; h. adding at |east one reactant_into the pipe
react or “r)?({}?('?‘/'fﬁﬁf the inlet so that the reactants flow t REUGHIHREpi pe
reactor and react with each other to to forma polyester nononer within the
pi pe reactor and the polyester nononer exits fromthe outlet thereof;

wherein the reactants and the ?ol yester nonomer_flow _ng through the
esteriticati GfeR s thepips Grotas of the Frpent mveRioacr Pe Yot &7 S IPREeRTSsHeNss: ovi di ng

a pol ycondensgalsipiyeRtPfodiRB6h flocdsmed separately of the 15 esterification
pi pe reactor, the ‘polycondensation pipe reactor in fluid comunication with

the esterificati oftcpipaglyemane embedimeiohy sriondudirasted i paroeeiadeor having a - -
first end, a : L.NSIder: fag8s, .condensati on pi pe
react or corrpr%giﬁﬂ%gggﬂgg&%@tagﬁ%?glublymsﬂé%%lt@légl pe; tsétr?gﬁlggg > directing the
- fluid pol yest er nanoneproviding anlsetefifivagion gipelreeftor meingpelyieh miesikgehdan pi pe- -
" reactor so that the moponer flo t hrawgh. the gl ycondensat i eactor, the
nononer reacting to foll’n%né’ﬁs aicé%hn;eﬂg{ﬁng% QP%?EI?D%#S?T%S%&?%%@&% to form -
t he polynmer within thesmp@lpiepondensati on-pi pe reactor, and the polynmer exits
fromthe second 25 end of the reactor, wherein the nononer, .the oligomner,
and the pol ymer gr oW ﬁ%{“ﬁﬁti‘ﬁ‘@tﬁ@ﬁ@“‘ﬁ‘&l@@&ﬁi@%‘ﬁﬁtﬁrﬁl@l Fhﬁgﬁ?té? ate each

a pol ycondensation fl e kidoRR@iBR thSHROME FBO foacioh Snd BMR Wit @i sihdi 1 ect ed
to a process for making a 30 polyester polynmer froma plurality of

react ant s'0 conpri si ng: eforpREvyerRIgammes ERP fiecied weeipn a9 TeawBiede™ havi ng an
intet. an outlet. and aRnoh R Sbmitd ddEhodof WierR0R: W RALHAGRO

/PCTIUSQJ/ 46992 s b, adding at |east one reactant 1nto the pipe reactor
proxi mal the inlet so polyeticrrimmomenidovang thrdighahe dsicoifigfionipepepkastervgiact or and
react with each ot her M ter nmononmer within the pipe reactor
and the pol yester nongércé%rafn%)%l lgga@?%ﬁﬁﬁhe outl et thereof, wherein the

reactants and the os polpyesdies a popamiensdticawipzgedeinr dugled térerdsly ef thki cat i on

pi pe reactor are esterification pipe reactor, the polycondensation pipe reactor m fluid

communication with the caterification plpe Teacto, the
polycondensation pipe reactor having a first end, a second end, and an
ingide surface, the polycondensation pipe reactor comprising a |
substantially empty pipe; and

20 d. directing the fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows through the
polycondensation 1eactor, fhe MonoMEr reacting o form an oligomer
and then the oligomer reacting to form the polymer within the
polycondensation pipe reactor, and the polymer exits from the second

25 end of the reactor, whafain thie monomer, the cligomer, and ihe polyimer
flowing through the polycondensation pipé reactor are cach a
polycondensation fivid.

In another entbodiment, the invention is directed to a process for making a
30 polyester polymer from a plurality of reactants, comprsing:
a. providing an esterification pipe reactor having an inlet, an ouvtlet, and an

inlerior sucface;



each an esterification fluid, wherein the reactants conprise terephthalic
acid or dinethylterephthal ate; c. providing a pol yegndensation pipe reactor
formed separately of the esterification pipe react.or, the pol yconaédﬁtﬂtmw
pi pe rewgtedods fluid to conmunication with the esterifpcaisomgipe
reactor, the polycondensation pipe reactor having a first end, a second end,
and an inside surface; and d. directing the fluid polyester nononer into
the first end of the polycondensation pipe reactor so that the nononer

fl ows through thep 15 aldﬂilngaﬂﬂﬂem&idﬂdmTrﬁﬁﬁ&@fpﬂféahﬁrﬁ@ﬂﬁﬂﬁﬁhﬁriﬁacéd ng to form
an oligonmer and then tF‘g oli%orrer reﬁgotig to formt f pol ymer within the
pol ycondensati on pi pe 'PEEFIEFEOEHPY Weough Mrmihe reaciqr and pegeh Witlesashetlife  end of
the reactor, wherein theN@KRECr fiBSuRk WaMBhe il thabRe ROy PBestd:| oW ng

t hrough the pol ycondensati on pi pe reactor are each_a 20 pol ycondensation
fluid. 1n another enbdBPIRBWE sxiEHwm W anlet Jirgod weraribe srachug apd Beess for

making a s pol yester polyiet: hiQMRAR nBkiahichdh B «GERRLAGH Sipe RAABI IS Ng; .
providing an esterification pipe reactdr having an inlet), an outlet, and an
25 interior surface; bachatuistgifigationdhed, whaeintbarnetmis pmeprisefgepilipdicr eact or -
proximal the inlet so t s flow through the pipe reactor and
react with each ot her acﬁ&;&fdéél%ﬁyal{ﬂ%% {3}%@ ér nononer within the pipe reactor
and the pol yest er ¢. nonaredingxipplycdurdematitrepipertehattr bherdesaparatshyerichen t he
reactants and the 30 polyester nonomer flow ng.trough,the esterification

pi pe reactor are eachm%%éﬁ“&pfpﬁr‘?gﬁr’otﬁe?wﬁ“ flenﬁatﬁ’%w *"E%%%‘m%dozl 46266 P
CTl i 1S0%b46992 7 c. @meMimthiafgn @i dle\peendensabipd feapioRehd eact or f or med
separately of the esterificalion pipe reactor, .the polycondensation pipe
reactor in fluid conmPBYCRLSIEHIOWPIS teagtor Seting ¢ fistend sroprded a%bdor, t he
pol ycondensati on pi pe gack@tchauing a first end, a second end, and an 5
inside surface; and d. directi n’gtthe fluid pol yester nononer into the first
end of the pol yc8ndendiciianthplpid nobigsictononisne i thedest sphehEe 1 ows t hr ough

the polycondensation pipe reactor so that the monomer flows through the
15 polycondensation reactor, the monomer reacting to form an uligmner
and then the oligomer reacting to form the polymer within the
polycondensation pipe reactor, and the polymer exits from the second
enud of the reactor, wherein the monomer, the oligomer, and the polymer
flowing through the polycondensation pipe reactor ate each 4

2 polycondensation fluid.

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

8. providing au esterification pipe reactor having an mlet, an cutlet, and an
25 mterior surface;
b. adding at 1east one reactant into the pips reactor proximal the inlet so

ihat the reactants flow through the pips reactor and react with each other
io form a polyester monomer within the pipe reactor and the polyester
monamer exits from the ouflet thereof, wherein the reactants and the

30 polyester menomer flowing through the esterification pipe reactor are

each an esterification fluid;



pol ycondensati on reactor,, the nononer reacting to faorman oli goner_ and
then the oligoner reactiing to formthe polymer withinithe to 2 4 My 2005
pol ycond i.Qn pi pe reactor, and the polynmer exits fromthe second end of
t he reacgﬁfgﬁgﬁg%ein the mononer, the oligoner, and the pSYHEPT#%dwi ng

t hrough t he pol ycondeusati on pi pe reactor are each a polycondensation
fluid. 15 In another enbodinent, the invéntion is directed to a process for

making a polyester polyner froma plurality of reactants; conprising: a.
provi ding a conbi fed e$tE ‘Fﬂ%ﬁ‘m’f@ﬂg@ﬁﬂmﬁﬁ’ _ GFW%}:&H@?E@%@HE&EBOQ pi pe
reactor having an inl etestedicaQb gt readtbd fiRHolybRlnition il dsRior b f1@ddi ng at

| east one reactant into the pipe reactor proximal the inlet so 20 that the
reactants flow t hr ough cpmBpicpionvaicheestaiigeiadgepe wpetpt 8%ch other to forma
pol yester oligoner. withj HREHh ERGL 1A Al 418 enBOL a0ddagqmer exits
fromthe outlet thereo ?ﬂg\%ﬁnﬁ &Fﬁg rﬁea{:g{ an{}%aﬁa}ndmtehe%god%’ 4

, _wherein yester ol igoner
f1 owi ng through the estiesidefsucfade; il pi pe reactor are each an esterification

fluid; 25 c. provjding 0, [Wo] i L separately of
the conbined estg'ri fi c@?%%%%%@péﬁ%h%%g&ggg%ﬁgé %Stt%gdr pol'ycondensati on
pi pe reactor in fluid golpumniceativopipetcd:ttor Sachashembhdmatiioans ipmeghahymer  pi pe -
reactor, the polycondeusatio i,pe reactor havin first end.. a second
end, and an inside surfngg' ?“%H‘%‘hgﬁ)m&&mdfl}ﬂé%‘{nioﬂﬁr ﬁ%’”ﬂtﬂ'ml@gﬁ“‘@r ol i goner
into the first end of tdethenhe/dlipbReNsaliing b REAEhd RAEhAwilen fhbat t he

ol i gonmer flows through the ol ycondensati on_reactor, the oligoner reacting

to formtHe pol ymer 2 APOAES™ ﬂﬁ@FW@E@ﬂﬁF@%m%S@?f%@@?SBW“WtN n the
pol ycondensati on pi pe r&agk M e WikfiPHk WRbmEX ieSiihRM aidi8e 36GaARA end of

the reactor, wherein the qlla_orrer and the polyner flow ng through the

pol ycondensati on pi pe ri&geny thegwhycandspsalien pve mepstoreis cBthd d. - - 5 In
anot her enbodi nent, thepdlﬁb\éﬁéﬁn%&i&niﬂﬁ‘ directed to a process for nmaking a

pol yester polyner froma plurality of reactants, conprising: a providing an
esterification pipe reactor having an inlet, an outlet and an

13 In another embodiment, the inveniion is directed fo a process for making a
polyester polymet from a plurality of reactanis; compsising: -
2, providing a conmbined esterification and prepolymer polycondensation
pipe reactor having an inlei, an outiet, and an intetior sﬁrfaca;
b. adding at ledst one reactant into the pipe reactor proximal the inlst so
20 that the reactants flow thwough the pipe reacior and react wilh each
other to form a polyester oligomer within the pipe reactor and the
polyester oligomer exits from the nutlet thereof, wherein the reactants
and the polyester oligomer flowing through the esterification pipe
raactor are sach an esh_ariﬁcaticn fluid;
a5 £. providing a polycondensation pipe reactor formed separately of the
combined esterification prepolymer pipe faactor, the polycondensation
pipe teactor in fluid communication with the esterification/prepolymer
pipe reactor, the polycondensation pipe reactor having a first end, a
second end, and an inside surface: and
30 d. directing the fluid polyester olipomer into.fhe frst end of the
polycondensafion pipe reactor so that the oligomer flows through the

polycondensation reactor, the oligomer reacting to form the polymer



interior surface; 10 b_adding at Iéast one reactant,_into the pipe reactor
proxi mal the inlet so:that the reactants flow through the pipe rzqaﬂﬁpg @nd
react \MVE‘E ﬁ?@h other to forma pol yester nononmer withi né}ﬁ(@ 'UOiJ.ﬁS‘\;zr ea ﬂtu r
and the g yé %8 er nmononer exits fromthe outl et t her eof ,F PE i Phe
reactants and the polyester nononmer flow ng through the esterifiaation pipe
15 reactor are each an esterification flfuid; c providing a pol ycondensati on
pi pe reactor integrally.conbined with the, esterificatiqQn pipe reactor, the
pol ycondensati on pi pe %@@&%F@h@ﬂwﬂm@%ﬁw%&ﬂdéﬁw i'TngteﬁEE from _
estetification pipe reagkeiondehEof thOINGON) d@BSaL thOBlifnie ahiEaE hamftavi ng a
first end, a second end, and an _ 20 inside surface; and d directing the

fluid pol yester nonomeflovieshioneh fip pelycasdensaiion e IepRPRABe MFdAsat i on--pi pe’
reactor so that the mopquedmgbhaue: flpgough the polycondensation reactor, the_
nmononmer reacting to fornian oligoner and then the oligoner reacting to form
the polyner within the 25 pol ycondensati on pi pe reactor, and the pol yner
exits fromthe se o L eactar [ & DBLa. 4 he --
ol i gomer, and_theﬁlpo t&/%é%@ﬁ%%\rnn’% lﬁﬁr ouéﬁs‘yﬁg&gﬁiﬁﬁnﬁm&. or‘%%oi pe reactor
are each a ppiysenpénsat fien afgluiidy oBRadtminroetipdsingnbodi ment, the invention
of Feherants, Coonbr ot i idhe AP RinRRIIERIS ot SO08K, SIGEALRL" i
02/ 46266 PCTI US0114699nt&iorautdidyi di ng an esterification pipe reactor having

an inlet, an outlet, and.,an .interior surface;.b adding at .| easf one
reactant ¥nto the’pi pea&@ﬁ%?ﬁ?%?‘ﬁﬁﬁe?ﬁm%&PH}T@F‘*@E‘IP?%%‘Mt%DLE%t ant s
fl ow through the pipe Hea@lGEackiih ARpftoush R actor@hi edact Wit Qe a _
pol yester nmononer within the_ pipe reactor and the pal yester nononmer exits

fromthe outlet thereofthehifeiPana polyesteraamonyst ¥itkiydle piReraersa€ttsd nononer

flowing through the, eghiiibi 84d: oRifom HRIAIHALS, FRGHN IR LGRS 1 cation

and the polyester monomer flowing through the esierification pips
15 reactor are each sn esterification fuid;
¢ providing a polycondensation pipe reactor infeezally combined with the
esterification pipe reactor, the polycondensation pipe reactor in fluid
cominunication with the estetification pipe reactor, the
polycondensation pipe reactor having a first end, a second end, and an
20 ' " inside surface; and
d directing the fluid polyester monomer inio the first end of the
polycondensation pipe reactor so that the monomer flows through the
polycendensation reactor, the monomer reacting to form an oligomer
and then the oligemer reacting to form the polymer within the
25 polycondensation pipé 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 fuid.

al In another embodiment, the invention is directed to 2 process for making a

polyester oligomer from a plurality of reactants, comprising;



c providing a prepol yner pol ycondénsatisn pipe reactor formed 10 separately

of the esterification pipe reactor, the polycondensation pipe reactor in
fluid communi cation with the esterifioation pipe réaétor, the Zé'[ MAY 7805
and an

pol ycon j pi pe reactor having a first end, a seco

i nsi de gﬁ‘??’%%dez;%and d directing the fluid polyester mno%&?ﬁ%‘%ﬁ?ﬁe first
end of the 15 pol ycondensation pipe reactor so that the nononer flows

t hrough the pol ycondensation reactor, tshe nononmer reacting to formthe
oligonmer wthin the polycondensation pipe reactor, and the oligoner exits
from the second &nd obraviding Eerstepiicatih sireirsrcton baviphonialel aagulltiendlangomer

fl owi ng through the poliﬁﬁq&q%&gti on pipe reactor are each a 20

pol ycondensation fluid. Tn anot her enbodi nent the invention is directed to a
process for making a pdiipgsitlerst chs gruirat infortbarpipe pagion piokimead fheidsicpant s, o
conprising: a providin terifdcati iLpe reactor.having an inlet, an
outlet, and an 25 int g}ﬁ%(%h}c%g’ﬁr%f% [fwa%rﬁ@(‘j?lﬁglpgtwﬂcgoars?df)aﬁgﬁp éag?rhant into the

pi pe reactor proximal todertofosh apolyedtdiaionbiner withia tlentipe fchaw s teugh t he pi pe
reactor and react with efc

h other ta forma | yester monoper within the
pi pe reactor and the [F8IXyEISHBPROTEH SHIEMOm ng%r%kfﬁﬁf ng“?aﬁwiéof,
wherein the reactants 3@d@&eGohRfePabiest QowiRRRERh the ewrTiatid@agh the
esterification pipe reactor are each au esterjification fluid; 2 4 MAY MJS

WO 02145260 PCTI LLSO / 4698 atgprach appstsyitigitiog fatidsr epol yner pol ycondensat i on

pi pe reactor integrall y, a@&bL eSSkl HhGaticn s reactor, the
pol ycondensati on pi pe >iJF?aac'E{%r B&%’“ﬁ“&?‘é ?tc};gﬁ)mni colgtr}i!%ﬁ[ v{\"n th the
esteriftcHtion pipe readspapiclyofifie epigtiadmpips saetion i prévopedentatirn hipei ng a
first end, a second end__: .5 lnside. . : grﬁﬂ- L Ng.the fluid
:pol yester nonomer into ?%‘g&ﬁ T ?‘E&d%g%"gﬁggﬁ%nﬁgﬁ IEwtrt;t?jl?f‘;scon gﬁ%ﬁlpﬁﬁg%ﬁbg‘:r eact or

'so that the nononer fl ogwiycohdensgiontpiye reapot havionadfnsatd, osecombatiomd dhhe
nononer reacting to for.m.Ehe ‘Eltidgo%nsr wi thin the pol ycondensati on pipe
reactor, and the ol i gonr eX'¥&“om 10 the second end of the reactor,
wherein the nononel andditdatingiht oiMgiolyester monomer into the first end of the

15 peiveondensation pipe roactor so that the monomer flows through (e
polycondensation reactor, the monomer reacting to form the oligomer
within the polycondensation pipe reactor, and the olipomer exits from
the second end of the reactor, wherein the monomer and the oligomer
flowing throngh the polycondensation pipe reactor are each a |

20 pelycondensation fuid.

In another embodiment, the invention is directed to 2 process for makimg a

polyester oligomer from a plurality of reactants, comprising:

a providing an esterification pipe Teactor having an inlet, an cutlet, and an
25 interiar surface;
b adding at least one reactant into the pipe reactor proximal the inlet so

that the reactants fiow through the pipe reactor and react with sach

ether io form a polyester monomer within the pipe reactor and the

polyester monomer éxits from the outlat thereof, wherein the reactants
30 and the polyester monomer flowing through the esterification pipe

Teactor are each my csterification fimid;



fl owi ng through the pol ycondensation pipe reactor are each a

pol ycondensation fluid. tn another enbodi nent, theﬂiw}nventi on is dirp¢td 08
a process for making a 15 polyester nononer froma plurality of reactants,

conpri si R§ ""4%%%r ovi di ng an esterificalion pipe reactor h'éQ/Ti\ﬁé'”éffg%l et. an

outlet, an interior surface, and at |east one weir attached to the interior
surface thereof, and b. adding at | eastbne reactant into the pipe reactor

proximal the inlet so 20 that the reactants flow through the pipe reactor,

the reactants reacting ?Wtdﬁlge?aﬁ?ﬁﬂf%‘im?éPﬂlﬁ"éﬂ’%‘dﬁsﬁﬂ@h@ﬂ)@lﬂ?@%@@ﬂfﬂﬁﬁnorrer Wi t hin

the pipe reactor and tta@mmﬁéa/@ﬁmeeamaﬁénﬁﬁg@?t%%ﬁpﬁgﬁgﬁﬁehéa%nEgﬁreof,

wherein the reactants and the polyester nono ) hrough t
esterification pipe resascior ndhud emohnrigation weh iifs estetificatiof pigiedsacimotheher ei n
the 25 esterification flk fl [ y t her Loent, the ..
invention is directed t %Hfgg%}d%sgﬁ‘%nﬁ%m%g%ﬂﬁgmga ﬁ;%%fagaggtsg%ﬂ%%%%n%?ggr om a
plurality of reactants, isalhpoifsiengid a. providing an esterification pipe

react or having an iinlet,.an. outlet nd, an 30 i.nterior syrface; b. adding
" at |east one react?ant iﬁfrgc%ﬁghﬁpﬁb@ﬁ%cﬁﬁwnﬁ%ﬁ “%ﬁtemil‘iﬁ?ﬂl? so that the
reactants flow through wbBcfideesati@psipeacibd’e th aRtrddtosicf 88w hAg B te MAY 2005
WO 02116266 PCT/ U5011-t6992 11 wth each other to f,or%he pol yester

mononer within the pi pePPE&RIEsGNEaqY DR Slopaseidracipg Snionn &5 HEORRHm t he

outlet thereof, and whekfinh it BoiyEmaGERAN DR EackddCarRthd/Qfdofler SRRAHTRY T OW ng
through the esterification pipe reactor are each an esterification fluid;

and 5 0. r¥circul ating apsrendond of the rractpy. sdewin e miogemenfad dierdigringy t he
recircul ati on effl uent 4 @ E,% R gg(%b . ifj.gation reactor
proxi mate the inlet of ?ﬁg‘}ﬁle"sterg?ﬁ]}ég? on lr‘:lgsac oélplg?&g%f#e%dﬁﬁt%he inlet and

outl et of the esterircatichgerdamtior id0 | n anot her enbodi ment, the invention
is directed to a process for making a polyester nononer froma plurality of

reactants, conprising: a. providing an esterification pipe reactor having an
inlet, an outl et ahdaaithercnbedimerit, theinfaden is dirscted to a process for making a

15 polyester monomer fom a plurality of reactanis, comprising: .

a. providing an csterification pipe Teactor having an inlet, an gutlet, an
mterior surface, and at least one vweir aitached to the nterdor surface
thereof] and

b. adding at least one reactani into the pipe reactor proximal the milet so

20 that the reactants flow through the pipe reactor, the reactants reacting
with cach other to form the polyester monomer within the pipe reactor
and the polyester monomer exits from ihe outlet thereof, wherein the
reactants and the polyester monomer flowing through the esterification
pipse Teactor are cach an esterification fluid, and wherein the

ot asterification fluids flow over the weis,

In ancther embodiment, the jnvention is direcied to a process for making a

polyester monomer from a plurality of teactants, comprising:

a. providing an esterification pipe reactor having an intet, an outlet, and an
30 interior surface;
b. adding at Ieast one reactant into the pipe reactor proximal the inlet so

that the reactants flow thiough the pipe reacior, the reactanis reacting



b. adding at | east one reactant into the pipe reactor- proximal the inlet so
is that the reactants flow through the pipe reactors..the react antz (rﬁﬂc@hﬂg
wi th each other to- formtfhe pol yester nmononer wit hi n¥t he pi pe rea t";

the pol wespelgonomer exits fromthe outlet thereof, whepehfshigssebeactants
and the pol yester nmonomer flow ng through the esterl fication pipe reactor
are each an esterification fluid;, and 2(% renovi ng vapors fromthe pipe
reactor internmediate its inlet and its ‘butlet and/or proximate its outlet

T e e P corn Pt ko 3NALAE b IO IR RL: W I EWEEILOR, 15

directed to a process ng a po er ‘nonorer from

reactants, conprising: mﬂ&ha:ulmbnﬁ@wraﬂ@&mItlicfdudattthmoiphmmmeamt or having
an inlet, an outlet, dan n i or rface e .inle gp03|t|oned at
| east 20 vertical feet BﬁaBWts?rffth%ﬁ?lV‘?cr“l?mgia’iﬁlil‘ﬂ’ém%hl one react ant

into the pipe reactor @t@ficitvh pif2@edct e cch ad Hakificipnrfaagiaat s f1ow through
t he pi pe reactor the reactants reacting 30 wth each other to formthe

pol yest er *mononer ®wi t h¥W¢?§’“§FBWE&t&‘BP ‘gﬁ r‘ﬂem)nomer exits
fromthe outl et thereofscirgiMionbBhiehtbadc Mﬁm&%@ugh% E&t@l’lﬂfﬁ@g@ﬁi‘eaﬂm

PCT' 1 USO113(092 12 the reactants and the | yester nonomner. fl ow ng through
the esterification p| E@Klﬂ@&tﬁ%mlféﬂ%ﬂ’@aﬁ?ﬂ%ﬁh@kﬁé‘?mﬁ'?Iéi'a’é‘f'i’%ﬁ the ipetiand n

anot her enbodi nent, thgdd ﬂﬂéi:%m&# ILegled to a process for maki ng a 5
pol yest er nononer froma plurality of reactants, conprising: a, providing an
esterification pipe reactor having an inI et an outlet and. an interior

surface; addi n actant ctqr.proxi mal the
inlet so ll?3t hat thgnfﬂé%lc Fg{i}?}?o nlr"'ou Qﬁ“? éﬁ“%ﬁgg%g gag?: Sgﬁ‘:m’f%ﬁ? eactants
reacting to pmiytehnaemhnmﬁrlﬁ@.fnatpimﬁmymft&aemm,lqm@hahgrmnorrer wi thin the pipe
:reactor and the pol yester.jononer .exits romthg out | et ther E6]\(%!'{1er ei n- the
reactants and the %ol yEEY ﬁB%FGaF‘PBWPﬁEja&PW U atnﬁéieééjf‘éf" pi pe
reactor are each an esﬁxﬁéﬁcfrls@rﬁiceon fluid, and wherein the fluids present in
the pipe reactor are in_a bubbl € or froth flow regi ne. 15 I n anot her

enbodi ment, the irvent F%Wéﬂﬁ’ﬁ@é?@&tﬂ{ﬂdﬂ@‘b‘?%‘éé@ﬂwmw fitg et so

13 that the reactants flow through the pipe reactor, il reactarnts reacting

witl: each other io form ihe polyester monomer within the pipe Teactor
and the phlyester monemet exits from the outlet thereof, wherein the
reactants and the polycster monomer flowing through the esterification
pipe reactor are each an csterification fluid; and

20 c. removing vapors from the pipe reactor intermediats its inlet and its

outlet and/or proximats its euflet through a vent of empty pipe.

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

polyester monomer from a pluralify of reactants, comprising:

25 a. providing an esterification pipe teactor having an inlet, an outlet, and an
interior surface, the inlet being positioned a1 least 20 vertical feet below
the outlet;

b. acdding at least one reactant into the pipe reactor proximal the inlet so

{hat the reactanis How through the pipe reactor, the reactants reacting
30 with gach other to form the polyester monomer within the pipe reacior

and the polyesicr monomer exits from the outlet thereot, and whersin



pol yester mononer from.plurality of reactants, conptising: a. providing an
esterification pipe reactor having an inlet, an outliet, and an interj BBy 7005

surface, ,\gfb j.n the pipe reactor has alternating |inear ‘aﬂj[H n-..20 | inear
secti ons“ x'?’ré%é‘:ang inits |lengthw se direction between the"l @{4GJ§nd out | et

thereof; b. adding at |east one reactant into the pipe reactor proximl the
inlet so that the reactants flow through the pipe reactor, the reactants

15
reacting wth each other to for he .po] yest er noner within the pipe
reactor 25 and the pol E‘Esff’%?d“r‘w? F PGS \émPP‘i’i’f'ﬁr?}l% ”%ﬁfh“@ﬁ"ﬁpﬁer eof , wherein
the reactants and theeﬁt@ﬂiﬂ@ﬁb@?ipﬁ@éh@fﬁﬁmfeh@vﬂn&geﬁmugI['luidhe esterification

pi pe reactor are each an esterification fluid. In another enbodi nent, the
invention is directed to a process for making a 30 polyester nononer froma

plurality of reactaRh§nerCaBALnHNT e BverlbRilGHA6E B 12848 fok HERELLQN pi pe
reactor having an inlet, an outlet, and an interior surface; and 2 4 MAY
2045 WO 02) 4BEpEreproIsmiiions o puralgy obleaciiEds, Aupisiiieast one reactant into

the pipe reactor pJoxi g)ggﬁ&jﬂgaﬁ @fﬁ{%ﬁ&nl‘r{iﬁgcﬁqﬂgﬁg?ﬁﬁ&?%{én@yﬁgﬂ%%rgh t he

pi pe reactor, the reactants reactin W yester
nmononer w thin the pi peniedacigace; and t he ‘pol yester nononer exits fromthe

outl et heT el T o ke el e IS PR SRS

nononer flow ng through E e each™an
esterification fluid. libatanokhtmielibedirehtthd figs iemienthe efciaatsdédednged to a
process for nmaking a polyester polyner, c rising. to a. providing a

pol ycondertati on pi pe r”@é}{{faﬁ GW:?(&" %@FP@ER@%‘?M Eém&héo%‘ﬁ%fm?fﬁ an
inside surface, the firgh denshlReienfhodbaRQRRITME filel Bk therddfOWRer=iniBe Second
end, the polycondensation pipe reactor having alternatin | i near and

non-1inear sections ext&Hi RATCALs palyesEnFORNRYd cinbimgh theggeraesiont s fir st

end and its second end;p; 48 Ro e B GLkMbaflof Hbil brRHHARSE BE AARAOMEr i nto
the first end of the polycondensation pipe reactor so that the nononer

flows through the pol ywesbitdhs pipnaeetaearsin 2 bubblewd fiothelow wateding to form an
oligomer @nd then the oligonmer reacting to formthe polynmer wthin the

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

polyaster monomer froma plurality of reactants, comprising:

a. providing an esterification pipe reactor having an inlet, an outlet, and an
interior surface, wherein the pipe reactor has alternating lincar and non-

20 Imear sections exiending in its lengfiwise direction between the nlet
and outlet theyeof]

b. adding at least one reactant into the pipe reactor proximal the inlet so
thai the reactants flow through the pipe reactor, the reactants reacting
with each other to form the polyester monomer within the pipe reactor

25 and the polyester monemer exits from the onlet thereodf, wherein the
reactanis and the polyester monomer flowing through the esterification

pipe reactor are each an esterification fluid.

In another embodiment, the invention is directed to a process for making a
. 30 polyester monomer from a plurality of reactants, comprising;
. pm_viding an esterificafion pipe reactor having an inict, an outlet, and an

inferior surface; and



pol ycondensation pi pe reactor, and the polymer exits_fromthe second 20 end
of the reactor wherei n the nononer, the oligoner, an@ t he pol yner Eﬂl 0\%

t hrough t he condensati on pi pe reactor are each a pol ¥condensa?tﬁ AY 2005
fluid. | é embodi ment the invention is directed tofST{PBEEEE2f or
making a 25 polyester polyner, conprising: a. providing a polycondensation
pi pe reactor having a first end, a seconds end, an inside surface, and at

| east one weir attached to the inside surface thereof, wherein the pipe
reactor is made of ba sudvsitgrat lsabtiops reptptityint itieaqiparett@Qrixind] theatding a 1 uid

pol yester nononer into the first e f tl}y ol ycondensat . on pi Re_reactor
so that the nononer flo 1%%$%ﬁtaﬂm?ﬁg%5ﬁ eﬂé%ﬁﬁ%%&g%'?g g EG&EI@ ¥Re nononer
reacting to forman ol i@ﬁhﬁ&[ﬂh&ﬂﬁrWﬁﬂ&%ﬂl}@@&ﬁﬁﬂ%@lﬁﬁhtﬂ@&d&éﬁng 14
and then the oligoner re In formthe | ynmer within fh .

pol ycondensati on pi pe, r@éh‘?ﬁ 3’“&5@@?@%@%@% Sk “E‘Frﬁﬂﬁﬁ‘ﬁ‘ﬁm?et@%ﬂfd end
of the reagtor, wherei nlehﬁ%n@ﬁla@cﬁﬁrandﬁﬁ u%ét&%ﬁfnmaaﬂ&mgeh@@éwmr flow ng
t hrough the pol ycondensation pipe reactor are each_a ol ycondensati on

fluid, and wherein at | egificay EFﬂFﬂ@“f%‘b‘F%FE%E?éﬁﬁ?ﬁF'ﬁhﬂ‘%‘ ui ds flaws over
t he vvei r. I'n another enbodinent, the invention is directed to a process for
mating a pol yester polyner, conprising: 10 a, providing a polycondensation
pi pe reactor havi ngﬂalmffhﬂfSmhaitmﬂnbmsmmn%ﬂﬁ?ﬂb@é}ﬁ@lﬂamﬂﬁﬁfﬁma@wﬁ ace; and

b. dlrectlng e noner into the first end of the
pol ycondensat i rF'lpl p fué%t Gglr?ﬂns% hat the nmononer flows through the

pol ycandengati on react oprovidives amedamﬂmmlp&geﬂcmrhmingaﬁrsnbﬁcg@mndS and

then the oligoner reactin for th thin.the ondensatl on
pi pe react org and the pS'F‘gﬁ’é‘fﬂ%%‘Eg aB%?lﬁ%’gg%eé‘\é\%ﬁlﬂgg’é‘ ‘%f"Q‘%ﬁ% YAREYS or |
‘wherei n the nonomer, t heneaki@dwnd, thagslydohgenpaion e redetop Whvigy tknewigh t he

pol ycondensati on }ri pe eacto each a pol ycondensation fluid; and 20 G
renovi ng vapors from t he ' p¥ P@éﬁ?‘?ﬂﬁ"ﬂ?‘@ﬁ@éﬁ%ﬁE”Tsﬁ?gl{brﬂjéf{d'éﬁ‘fam?ts

between its first end and ifs second end; and

15 . directing 2 fluid polyesier monomer into the first ead of the
polycondensation pipe reactor so that the monomer flows through the
polycoidensation 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

i} end of ihe reactor, wherein the monomer, the oligomer, and the polymer
flowing through the polycondensation pipe reactor are cach a

polycondensation uid.

In another embodiment, the invention is directed fo a process for mgking a
25  polyester polymer, comprising: _

a. providing a polycondensation pipe reactor having a first end, a second
end, an inside surface, and at least one well aftached to the inside
surface fhersof, wherein the pipe reactor is made of a substantiafly
emply pips; and |

30 b, directing 2 fluid polyester monomer into the first end of the
polycondensation pipe reactor so that the monomer flows through the

polycondensation reacior, the monomer reacting to form an olipomer



outl et and/or proximate its inlet or outlet through a vent conprisin
substantially enpty pipe. In another enbodinment, the invention is Bﬁ%@ﬁﬂﬂﬁ
to a process, for making a 25 polyester polyner, conprising: a. gviding a
pol ycond®&H<4#%%% pi pe reactor having a first end, a secor f@ﬂﬁﬁgéﬁd an
inside surface; and b. directing a fluid polyester nononer into the first
end of the polycondensation pipe reactdos so that the nononmer flows through
the 30 polycondensatioti_ reactor, the nonomer reacting to forman oligoner
and then the ol i gomer pukiden the oligpiesrasrinedo famihepolwhetwitiin fis

pol ycondensati on pi pe ALy : I .tsS 1 nd 2 4 MAY
2005 WD 02146260 PCTI US{1(4r %@ﬂ’sﬁ‘ﬂgﬁ’g&’oﬁtEﬁi‘eﬁr&e‘%‘%t&%ﬁ‘fﬂ%{ﬁg%eﬁ%ﬁ&ﬁhe

monomer, the oligomer, eahef théweaghorl wherin tiid wowiomgrthr digginet, bed felppbomidensat i on
pi pe reactor are each ol nsation fluid. an rei.n the fluids .-
present in the pipe r gg rtgr%'?@dtlﬁ%p%}r%ﬂtnga S?‘#lqngjamfr?agw\yg%geﬁﬁ%{i 5 I'n anot her
enbodi nents, the i nvent pagoirtekbti@cliad ahd wheminat agsse bfathe maki ng a  pol yester

pol ymer, conprising: a. providin .pol ycondensatj on pi pe reactor having a -’
first and, a second eﬁalgﬂ%ﬂﬁam&%gqfﬁ&&hi VF%@%‘,‘“’&nd 10 b, directing a fluid
pol yester nmononer into the first end of the polycondensation pipe reactor

so that the nononer flows through the polycondensation reactqr, the nononer
reacts to form an BPEgbFrerbaginten fisduiepigongE Rigeimsio o greess fprgnalans? t he pol yner

within the YERREa0SA! LaR.Rifpe reactor, and the polynmer exits fromthe
second 15 englmo%l thg ?lzla(’:t{girﬂ? erein the nononer, the oligoner, and the

pol ymer % owi ng téhr ou@mrvidies pptlyeodersritaminemesto daviene fioF ek o sengoh a

B hocess Tor making a 20 ool Jeut SAAAUNET ,  comuri Si no: A prOVIding &

pol ycondensat i on pi.pe rdsacingra thawpogestr fionsherdmd theditgeodnfibcend, and an

Inside surface; and poiycondensation pipe veactor so that the monemer Nows through the

polycondensation reactor, the monomer reacting to form an oligomer

15 and then the oligomer reacting to form the polymer within the
polycondensation pipe reactor, and the polynier exits from the second
end of the reactor, wherein the monomer, the cligomer, and the polymer
Howing through the polycondensation pipe reactor are cach a
pelycondensation fluid; and '

0 c. removing vapors from the pipe reactor intermediate its inlet and its
outlet andfor prowximate il3 inlet or outlet through a vent comprising

substantially emptf pipe.

In ancther embodiment, the in.*_.renﬁun ig directed o a process for maldﬁg a
25 polyester polymer, compnsing: _ _ '
a. providing a polycondensation pipe reactor having a first end, a second
end, and #n inside surface; and
- h directing a fluid polyesist monomer into the first end of the
polycondensation pipé tezetor so that the monomer flows through the
kL polycondensation yeactor, the monomer reacting io form an oligomer
and then the oligomer reacting to form the pelymer within the
polycondensation pipe reactor, and the polymer exits from the second



b. directing a fluid pol'yester oligoner into the fisrgt end of the £ MAY 7005
pol ycondensati on pi pe reactor so that the oligonmer -f£¥ows through lzhe 2@

pol ycongengaki@n pi pe reactor, the oligoner reacting to formeéhngeppl yester
polymer within the polycondensation pipe reactor and the polyester polyner
exits fromthe second end thereof. |In another enbodinent, the invention is
directed to an apparatus for producing ¥ 30 pol yester polyner, conprising:

a, an esterification pi r ving.an inle t and_an
interior surface thr %ﬁ‘gﬁ“\{}ﬁg tgﬁé‘?%rrefr%tg?:g}%%]ﬁ&f EFgébr@%tAtngh%P%?%mpassed;
and 2 4 MAY 2005 WO OR¥ni266uECHE pdisGiddéta88n dife rebstomarpedop@ondensat i on pi pe

reactor formed separate f and Ln.flul cO nication.wth.the
esterification react orp,':’iy\}(ﬂ?@?’éﬁaﬂmf h'éid’ I‘%ﬁfﬂ%@iﬁgﬁs Dggﬁ%ﬁpﬁas an inlet,
an outlet, and an i nt edcRE gt b akAificl lbeuggimehi ch at | east one

pol ycondensation fluid reactant is passed, 5 wherein the esterification and
pol yconde%sati on reactors conprise substantially enpty pipe. In another

enbodi ment, the imuaBhkQmbodintint, @ iRebrkion AHIRABRIA Aiftoddds fREAWHENG a
pol yester polyner, conprising:; 10 a, an esterification pipe reactor having
an inlet, anPPYeFEPOYERH CHRPESA%ri or surface through which esterification

fluid reactants age passadg 8RhDonaihRBby GAMIEASALLER Ri-ASAE CALLAY, T O Med

separately of and in f onfruni cat1 on the terification reactor,
wherein the pol ycondemdanitoninseastmdzcehasl an inlet, an outlet, and an

interior 1§urface %S thc[h% a%i&%%lgédﬁt%&?%tomgﬂ&u%éﬁl%t:)@ﬂ%eﬂ%%ti on fluid

reactant 1 s passe | n another e e Invéention'is directed to an
estetification pipe regadtcondensgipanat usaciross fapileciongnma fhelsyesteh theononer ,

‘conprising; a. an esterification pipe reactor havi n_inlet, an qutlet,
and an interior 20 sLR‘#%E%%“%F%B“E’?ﬂglﬁr’?}gﬁ‘c’i‘if"&q}‘?eﬁﬁ%ﬁ% E’BEB aﬁ&ﬁ?%“&?ﬁgi nf | uent

and an effluent, the ethéddiedligdeird@eisid fdmthspdpimmbtahzon with the

esterification pipe reﬁgor. | n, anot her enbaqdi nent, the jnvention is

directed to an appar atRRYPEIENF98 FEEAR Pt g thiqohanss g¥t Heseeddi gomer, or

pol ymer, 16onpri sing; aenddfMHsReactRaFhdEin BRMbARBRR thdWiBbmeR BudkhBhmeand an
interior surface through ) L
owing through the polycondensation pipe reactor are each a

polycondensation fluid.

In another embodiment, the invention is directed to a process for making a
20 polyester polymer, comprising:
a. providing & polycondensalion pipe reacior having a first end, a second
end, and an inside surface; and
b. directing a fluid polyester oligomer info the first end of the-
polycondensation pipa'_reactor s0 that the pligomer flows through the
23 polycondensation pipe reactor, fhe oligomer reacting to form the
polyester polymer within the polycondensation pipé reactor and the
polyester polymer exits from the second end thereof.

I another embodiment, fhe invention is directed to an apparatus for producing a
30 polyesier polymer, comprising:
. an eslerification pipe reactor having an inlet, an outlet, and an intenor

surface ihrough which esterification fluid reactants are passed; and



which the fluid reactants are passed; and b a weir-.connected to a portion of
the interior surface of the pipe reactor and adjacent the outl et t?e%g%f
30 wher Qigyalfag;sr eact or conprises substantially enpty pipgcrash My, 20 @%ﬁ
02/ 46266 PCTI US011-11992 17 In another enbodinent, the invention iIs
directed to an apparatus for producing a, pol yester nononer, oligomer, or
pol ymer, conprising: a. a pipe reactor having an inlet, an outlet, and an
interior surface ¢hro i 1 he: e NN = [ e ;o and 5 b. a
vent in fluid con%s‘runi c%g{&}?gﬁﬁﬂﬁﬁ%ﬁgﬁﬁggkée%%{g@%ﬁéeﬁl\s;dee??t' %%@?ﬁg?ﬁ conpri sing
an upstandi ng degas stamdnpicpesncwilipfie dstefitaion wapfor, whingin $egas st and pi pe
having a receiving end in I N Is W - opposed
venting end -di sposed J’é’r}thl];l:daaH%a;ﬂlﬂlg E(%‘\"’/er#‘%gjhrl@gtéﬁ/%@gagg%%%{%% I\E'/J\hgltga%gi n the
degas stand pi pe i s nahechginehich exitancimnglydenddnsatib@ fluehgbdiat ssepadsedect | on

bet ween the receiving end and the venting.end. thereof, and rein the
degas stahd pi pe ‘i”bﬂg%ﬁ]?fe"ﬁ%ﬁlﬂmtﬂﬁpgﬁgﬁ?}ﬁ? TRyARe™ &R 8‘?{5'1:'%93(?%@%?41&'?{?% d
comuni cation W t Bngeeiheot her, a first section adjacent the receiving end
and extendi ng substantially vertically from- the vent, a second section
coupled to the first section and oriented at an 15 angle relative to the
first section in plaRad &éhoddRGht dhd Mbédios eELiRRA € RURpRA LGt HeaRaEONd
section and oriented at a conplinentary angle relative to the second
section in phkanlyeielpelsnetHRMPIRABEt hird section is oriented substantially

hori zontal,ly. 20 Ln an ; | i [alom Id£5 0 an
appar at ug‘l{:f o produci n%&%&l&%{@g?tﬂgﬁﬁﬂm%ﬂﬁ ng F‘lﬁ%’ Abahsi, fHd S

nononer ; omer, or polyner
conprising: a. a pipe swehctibroublawhiny canrifivdtion flugreotantselrs puerd: amd i nt eri or
surface through ich fluid.reactants are .nass n anot her

enbodi nent, the i%ent?‘ ér}g?uéldﬂjls‘%eu&pé% IF%Et%rntgglﬁeﬁlasr%gﬁrﬁgwfﬂgrén%/]’é’rﬁ“gg a process

of gas or vapor whil e ehfiecticaneh yidliilsengadgicapnlreagirgviareimiieche gas or vapor,

the 1liquid, gas, and vapor .being fluids, separati the l.iquid fromthe gas
or vapor, and returni ﬁ@g‘"ﬁ"l‘i‘g‘“’ls? 'raﬂ%g‘ﬁé ?Ibmfﬂﬁémﬁf‘lﬂ‘%e"é@,md%‘%%qringf%i"ge': a. a
vessel orsprocess pi peﬂﬁ'@@haﬁ'lﬁﬂhﬂ@lo(ah)nnbhﬂ@b&hd@:ﬁb@ﬁ&ﬂﬂﬁidgﬁﬁmﬁﬁsyﬂ@eﬂ.; and 30
b. a vent in fluid communication with the vessel or process pipe, the vent

In another embodiment, the invention is divected to an estevification pipe reactor

apparatus for producing a polyester monomer, comprising:

a. an esterification pipe reactor having an inlet, an outlet, and an interior
20 awtface: and
h. a recirculation loop baving an influent and an effluent, the efffusnt being

in fiuid communication with the esterification pipe reactor.

In another embodiment, the invention is directed to an apparatus for producing 2
25 polyester monomer, oligomer, or pnlﬁnar, COMpPHSing:
A a pipe reactor having an inlef, an ouflet, and an interior surface through
which the fluid reactants are passed; and
la. & weir commected to a portion of the interior surface of the pipe reactor
and adjacent the outlet thereof,

.30 wherein the reactor comprises substantially empiy pipe.



further conprising an upstandi ng degas stand pi pe coupled to the vent, the
degas stand pi pe having & eceiving end in fluid copaynication wth 2 4 NMAY
2005 WO 02/40266 PCT/1)5 % 1 /4 6 992 18 the vent and an opposefl s\t ifig
end di sp@Oa/46Mi6t i cal |y above the receiving end, and whei&irdsHedegas
stand pipe is non-linear extending in its |lengthw se direction between the
receiving end and the venting end theregf, and wherein the degas stand pipe
is formed of three contiguous 5 sections each in fluid conmunication with
each other, a fastinafshdr@hboditi-at aRtnkRfieERENGING a8 BfhaARek XM,
substantially vertically from the vent, a second section coupled to the
first secti onPURSEHFOBAPEOUSOMER OF BAYINEN PUIRISS e to the first section in

plan view, and a thirdsaeidbaMhr EHPLERIE, An bift SRR Inia G bieRe 306 A | ented
at an angle relative to the 10 second section in plan view so that"the third

section is oriented stHsthdhe fupgeolaapEanssdiapd | n anot her embodi ment, the
invention s diregfed £ LU Eﬂ Xin %p?] ' ' ' f¥sL.em adapted for
the m xture, stor%e, ;aﬁﬁﬁt(ﬁygﬁl u |o%gt(l) %ﬁhi&a&{g@%ﬁél tsepar(raate pl ant
process distribution sysmpryingamyriasdingdesas stand pipstovplednytbecmnte vertical |y
di sposed fluid storage vessel: b, .a.circul.atin in fluid commyni cation
with the Tirst vessel AREFerad Pl ayis ¢ keline S i eolravpwion g i ng
constructed and arr angedntshd apagsosed Fdntngedd dipoiddrerpblly tRveitstemivaid to
circulate the fluid from t%w%o fi rs%ﬁvessel .into the second vessel and from
t ;

the first vessel to thé"fi eRrUL e Poag stang pipris Agniner glepdreidisangd

di spensi ngavessel in fljdheoanmudtieabdvean W ftbitil@edd ot/ R888) ex@nd the
second vessel being di ?{gosed at a greater vertical_ elevation than the first
vessel ; and 25 d, a corft¥ept, sl whereinthe degag seadps isdarmespifiregcoptiguous

‘eirculating punp, the Ghicsko¥eSsAbiimhliLadEGRRIaRsRel o iRSRRGHI vel Y, the

control valve being constructe d arranged to selectively direct the
fluid flow fromthe fiadicendbreteiving endtané extondmpsupeigsiphly aedicfllydmmhe first

vessel into the first | 0 wherein rﬁg econd _vessel i.s. in fluid
communi cation with the ﬁé‘?g%ﬁ ‘F'Zpsrt’"g':'&‘ais'5 gﬁlmd F%'{P?E’i ﬁ? ]"agrﬁs SptoRad grrll%lt%aé f8in a
static pressure head f osmpgkdelbyive tehef firstisektive idplan view, and a third sechion

coupled to the second section and orienfed at a complimentary augle

relative to the second seciion in plan view so that the third section is

otienied substantialiy horizontally.

20 In another embodiment, the invention is directed to an apparatus for producing
a poiyester monomer, oligomer, or polymer comprising:
a. a pipe teactor having an iniet, an outlet, and an interior surface through

which the fluid reactants are passed.

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

a. a vessel or process pipe coniaining (1) iquid and (ii} gas or vapor; and

30 b. a vent in fluid communication with the veszel or process pipe, the vent

further contprising an upstanding degas stand pipe coupled to the vent,
* the degas stand pipe having & receiving end in fluid communication with



4 NAY 2005 WO 02146266, PCTI USOll 6992 19 w thin-the second vessel is used
to pass the fluid fromthe second vessel to the pl‘ant process di gtyiluiphpn
system .8 308k her enbodi ment, the invention is directed FenRolddsbgd mM xing
and 5 distri but?on system adapt ed for the m xture, stor aae d“}c?lbstrl buti on
of fluids to a separate plant process d| stribution system corrprl sing: a. a
first fluid storage vessel b. a second ¥1uid nmixing and storage vessel; c.
a circulating punp in mmnct theflrs and the 10
second vessel, the cir EI Igmﬁ e he] %@gcons Qoﬁc‘%vaahcl} g”?"r a{ﬁ ed to
circulate the fI uid thremjghg bﬁﬂemy@h@maﬁmﬁagﬁmﬂ pﬁaisﬂo&tlmva&a&indmgt o the
second vessel; d. the sec VeSS bei.n osed at ater.verti cal
el evation than bot h of “tgﬁ@gﬂji“?@tdeW@?§é’F§'§ ﬁ‘aé’amﬁfﬁﬁ&i)@&?n%g@ i but i on
system and 15 e. a cotfeef, aﬁtadee@emmefcﬂegusdtaﬁ@mumfﬁﬁddmﬁw&bnhg@m : :
circulating punp, the first ves%1 and the secgnd vessel, respectively, the
&

control valve being cEREIPEEadn laieommuRicatien vith @ah elber o dIsy seiPBct t he
fluid flow fromthe fig ﬁenﬁ&ﬁéﬁ%@g%dnﬁfegmﬁdlﬁgédbgﬁﬁnm?%ﬁham%ﬁrOmthe

first vessel into the Second ves : second Vvessel "being in fluid
commruni cation wth theﬂlsl"aﬂta%@P@@éﬁ@ﬂﬂ(ﬁwﬁ#ﬁ%WWSW@WGW@tﬁHa static
pressure head finned by, fheifil, ol thin.d, SEC gl is used to
pass the fluid fromth "Egecondﬁnsléﬂs@g Dtmmﬂg b ia%ﬁff prg@gcsigéglast ri bution
system 25 In anot her mlw@nwcm&@mmﬂﬂtﬁbﬂe&stadlanglcir&inhvbcbu thenet hod of

m xi ng an dlstrlbutlon | thlna tribution
system angpt ed for the™ %&{lﬁﬁoenm %F"zlizWeSDt ghgmg‘% |8ﬁeng%dgfl uids to a
separate pl ant proces_smchs&tmaﬂythbﬁmtallsystem conpri SI ng a. placing at |east
one fluid into a first elongate and vertically disposed 3d fluid storage
vessel; b. passing the fluid fromthe first vessel into a second el ongate"

and verticall y diispaaed «fbbdifieia the RE-cate i Hindoag @ ¥ B6i8ehixing Bed second fluid 2
4 MAY 2815 W.0 02146266 PCTI US011-6992
distribution system adapted for the niixturs, storage, and distribution of fluids to 2

15 separate plant process distribution sysiem, comprising:
a first elongate and vertically disposed fluid storage vessel;

b. a circulating pump in finid communication with the first vessel and the
second vessel, the circulaiing pump being constiucied and armnged to
pass & fiuid fow through the system and to civenlale the fluid from the

20 first vessel into the second vessel and from the first vessel to the first
vestal; _

c. 4 second fluid storage and dispensing vessel in fluid communication
with the first vessel and the sccond vessel being disposed at a greater
vertical elevation than the first vessel; and

25 d. a coniro] valve in ﬂui& communication with the circulating pump, the
firat wessel and the second vessel, respacti#ely, the control valve being
consirucied and mranged to selectively direct the fluid flow from the
first vessel into the second vessel and from the first vessel info 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 by the fluid held



20 vessel being disposed at a greater vertical elevation than both of the
first vessel and the plant process distribution system with a circulating
punp in fluid comunicatizon with the first vessel and the second 2vielge
the ci h:Lhg punp being constructed and arranged to P€§ﬁmﬁﬂﬁmgﬂu'q 5

t hrough the system c¢, using a control valve in fluid comiunication with the
circulating punp, the first vessel and the second vessel to selectively
direct the fluid from the first vessel to either of the first vessel and

t he second vessel ;. cti.vel .0 fluid fromthe second
vessel to the p|£ﬁﬁﬁggﬁgg§§ﬁb d&?@?%f%ﬁ%?%ﬁgg%% %%Pgﬁﬁﬁmégﬁﬁﬁ °$¥sse
creating a stati qiptessesseliddadionygedh.t o pass the fluid stored therein to
the plant process distribution system |n another enbodi nent, the invention
is directed to a heat transfer nedia control 1s systemfor use with a pipe
reactor system tihenghpenteathat, Hysieoha\dingedoSURpd mitieghnd transfer nedi a
| oop through whjch a first stream of, a heat transfer nedia i.s passed and a

return heat BFEHELFQLsYRER ot BT e BiEEHe- Wisraes 240 dslOHBOR P UM BE t he heat

transfer megindmtsnRAsaRts ddsniBIRaLAl Yhap@dind he first heat transfer nedia
stream being greater "than the tenperature of the second heat transfer nedia

stream said heatatrarfsfimerfiyidglotaee ¥gsdont rol system conprising: a. a first

heat transfer nedja heagdet. ity '%mlg L st heat transfer nedia

streamis passed; b. a secoﬁﬂﬁ%ggﬁﬂ¥$%%s é%qﬁ%§¥a header through which the

second heat transfer awidinhtisg pany irsthpdesedmmi@BoCwith thd first vesebindtthansf er

medi a sub-1oop, through i.ch e heat..transf.er nedi be passed, from
b5 % % ikl % cuc%tam%g RAL pyt%ﬂmg &?“%“%g?ﬁ%fm\?g‘f@

the first to the second headers, respec B in fluid

.comuni cation with a sdicabitedts goe thbntihbe headems fancht fest fredsdtinis de- | oop, e,
i the pressure of the first heat transfer nmedia streamwthin the first header

30 being greater than FAEHEEELure of the second heat transfer nmedia stream

wi thin the secondd.headm&gecan&v&ﬂea{bzﬁgaisFm& 626 Greifedil SN HMERADZR 1

wherein the control valve iis used to selective % direct at |east a portion
of the of the first vessel and the plant process distribution sysiem; and

15 . a control valve 1n fluid communication with the eirculating pump, the
first vessel and the second vessel, respectively, the control valve being
constructed and arranged to selectively direct the fluid flow from the
first vessel back ingo the fivst vessel and from the first vessel into the
second vessel;

20 f. the second vessel being in fiwid communication with the plant process
distribution system, whersin a stalic pressure head formed by the fluid
held within the second vessel s usad to pass the floid frem the second

vesse) to the plant process distribution system.

25 Tn another embodiment, the invention is directed to 2 method of mi}ﬁng and
distribution a fluid within a fluid mixing and distribution system adapted for the
mixtore, storage, and distribuiion of fluids to a separate plant process distribwrtion
systern, COMpPLiging: _

a. placing at least one fluid into s first elongate and vertically dizposed
30 fiuid storage vessel;
b. passing the fluid from the first vessel info & second clongate and

vefﬁnnﬂy disposed fivid mixing and storage vessel, the second flnid



first heat transfer nedia streaminto the first sub-loop using the pressure
of the first heat transfer nedia streamto pass the heat transfer gﬁ%ﬂ@
and to g}slﬁ Iﬁgr?ntrol the tenperature and pressure of the (E.‘e,?{gu% g @ia
stream B& §*8%passed through the first sub-loop. In anof UHS ment t he
invention is directed to a heat transfer medi a control systemfor use vvrth
a pipe reactor system the pipe reactor?system having a supply beat

transfer nmedia loop thro first stre of .a sfer media is
passed and a 10 retur Hcsl%ag?m\égﬁﬂ%?‘zfﬂan%ﬁ't@‘ic%ﬂ "tl?ﬁ‘lﬂ%ﬁ’ th"i“%ﬁ? e dzongd
stream of the heat traastrermtﬁﬁedﬂnapmses@aﬁsiedmt@aaﬁreﬂnﬁﬁa&aﬂm@ putdpe first
heat transfer nedia stream being Beater than the tenperature of the second

heat transfer nedia s W“@@F@“%ﬁﬁ"ﬁhﬁ%@feﬁsﬁwdaﬁﬂ EGARE Fssdythg em
conprising: a. a first;hg g(ﬁ 0{5@%& HeRALY, howighithe first
heat transfer 15 rnedrfar s%hg plaése be a se(i,jlg'{r’rtdq'ﬁgatS transfer nedia
header th¥rough which ﬁlneu@efb@mteﬁﬂeat transfer nmedia streamis passed; C a

mmy be passed 11 o ¢ ha PEr St ik 8 PRy Kbl S ah Wi b ARty T ©
control valve in flui ollm:ﬁmtrmsﬂab:aidrﬂmmmrtdh'esdaﬁnfsaiesﬁvene:hnbetﬂtaﬂnidtﬂtm first
sub-| oop; and e. a se cont val fI ui atr 0 th the fast
sub-1oop and the secgﬁ%‘q‘ﬁ‘e&aﬁé t':'etﬂl “’\nl@“d?% ga"g Ftrﬁg vrais?pﬁ‘\égt t ransf er
medi a stream wi t hi.n t heleftiveBtpahandis fuid Frobeihs geodhEadsey] 14 Maplahi@ofsessur e of

t he second heat transfer nedia stream w thin the second header; wherein one
or both &f the control® W%@%ﬁ@%%ﬂt%@@tﬁ@ﬁt%ﬂ%ﬁreetw%r-t cplast a
portion of the first hgaiwihantd flid FBAkanedih &AM bRRObRSs dibiFiBhtdHub- | oop,
using the pressure of the'first heat transfer nmedia stream to pass the
heat transfer nedia 3G¥&#rough the first sub-loop, and to also control the
tenperature and pressure of the heat transfer nedia stream bei ng passed

t hrough the first sub-loop. 2 4 MAY 2005 WD 02146266 PCTI US01146992 22 In
anot her enbodi menln,antther ¢rahvedimant the igvatiie stdedctedioen hvat rsgfeofmedgiaseitrny a heat

t;:gtst;er s@gggﬁ%ﬁw Oldgc %h hﬁ%act %trgrr]%'f Stem CIIIL }\}ﬂrrrst‘}é%g?g]&gp ‘le?t% %%H}ans ialroemedi a

| oop through tmﬂitifﬂhneahﬁ ht‘:rgsthmugh which a first stream of & heat transfer media is passed and a

return heat transfer media loop throngh which 2 second stream of the heat transfer
media is passed, the temperamure of the first heat ttansfor media siteam being greater
than the temperature of the scoond heat transfer media siream, said heat transfor media
0 control sysiem comprising:
a. a first heat transfer media header through which the {irst heat transfer

media stream is passed:

b. a second heat transfer media header through which the sccond heat
transfer media stream is passed;
25 c. a firs{ heat transfer meﬂiu sub-loop, through which the heat fransfer
media may be passed, from the first {o the second headers, respectively;
d, a contro! valve in flnid communication with a selected one of the
headers and the first sub-loop;,
2. the pressure of the first heat transfer media stream within the first header
0 being greater than the pressure of the second heat fransfer media stream

wi_thin the second header:



5 é.tream of a heat transfer nedia is passed and a return heat transfer nedia
| oop through which a second stream of the heat transfer nedia is paddbd)s

the te and the "pressure of the first heat transf ig _stream
e Hod RG4S

bei ng gre an the tenperature and the pressure of heat
transfer nmedia stream said heat transfer nedia control system conprising:
to a. passing the first heat transfer nedia streamthrough a first heat

transfer nedia header; h. passing. The second heat transfer nedia stream
t hrough a second R e‘“*ﬂ“?&?\“@'@i?’“ﬁ%ﬁi“ﬁ‘a‘iﬁga gvelp Rt SLIERY 2 PATORES DS 1 ansf er

medi a fromthe firGdhbeadadethvddigiiad ifth BRI JoohTsing Snsefkuiading
sub-loop, in the absence of a hegeat transfer nedia circulating punp, with a

g
first control val JEstibgatfsensier mehsnsteemde pass thabest rapsfer mediaend &pgla? and t he

- first sub-1oop; angyigh! tRASShIStNRADEATd SBRSAAE cARE: SelifaQPeddSeinbl ST
sub-loop into the second header, ifn the absence of a heat transfér nedia

circul ati ng punp, Nafsehthaonghchefisionli-lent rol valve in fluid comunication
"with the first sub-loop and the second header. In another enbodi nent, the
invention is directed to a fluid delivery systemfor the delivery of a
process wor ki ng f [Inidotbergpibpditvent tifel innedtigyie desdedob alkqt tehsfepmedie sentpllant 25

havi ng a pi pe_systemfor..handlin distributin and. pr.ocessing the fluid,
Cho. "Syat o TOREPEIR g Hibe 1Rk YRl ePios B R Bl P LTy died at 2
punp st ati on; @it hedl Whpaiiongehiel Afirst Brdablidic RO Catdio ik pibdel she at

| east out deliver container; 30 c said at |east one deljvery container
bei ng, in'fl uﬁﬂl%gmﬁl?ﬁ%%f“?eéﬁ 1ipn WI%‘EQW%@@‘ SP‘?“&? AreAPhef WehepEensiitn peing in

fluid comuni gadis @padetithé BehpcRERS 85%: Atk RiRer iddh eRan? bdndPa 2005 WO
:02146266 PCTI US01146992 23 wherein the fluid is selectively punped directly

“fromthe at | Bas8hedprararpiews fp seqond heat iapsirmpegipgiretBaaifdieoerans T meditd i nto
the process pLafiy R:R& Ligid N the absence of a fluid delivery feed and
storage tank for otherw sé re€eiving and storing the fluid fromthe at

| east one del i ver ya.contadimsidreat themsigr medigheader through which the first heat transfer

15 media siream 18 passed;
b a second heat iransfer media header through which the second heat
mranster media stream is passed; '
c. a first heat transfer media sub-loop through which the heat ransfer
media may be passed from the first header to the second header;
20 d. a fitst control valve in finid communication with the first header and the
firat 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 transfar media stream within the first header
25 being greater thazt the i:nressum of the second heat transfer media stream
within the second header; .
wherein one or both of the control valves is used to selectively direct at least a
porition of the first heat iransfer media straaﬁ into the first sub-loop, using the
pressure of the first heat transfer medja stream, ta pass the heat transfer media
an through ihe firsi sub-loop, and to also control the temperature and pressure of
the heat transfer media siream being passed through the first aub-loop.



I n anot her enbodi ment, the invention is directed tg a fluid d
for the delivery of a process working fluid supply to a fluid praotéssy 2005
pl ant, t ss plant having a pipe system for handlin i stributing,
and progggggﬁéﬁﬁhe fluid, the systemconprising: 10 a a‘#??EQHE%FFvery
container positioned at a punp station; b a first punp in fluid

comuni cation with the first delivery céfhtainer, c¢ a second delivery
cont ai ner positioned at the punp station; and d a second punp in fluid
comuni cation with the second delivery container; 15 e each of the delivery
contai ners and puligoteeRBsthMe) iie inb@inag id dirckleditsla neOBIWRpaERE ORaM th a

val ve train, the valyve-trajn_being conptised of a pluraglity of selectively

oper abl e contie@erapdrhrongh a heqt Hgrster madiy SYSCEGHTARY Y E RS P FAUOT WHEMpr ocess

pl ant pi pe sy&d 258 WS RiBmibAAnE b whfbl) Rab@iBek e@iodpmRAgh HhiRaiay fromthe.
first and second 20 delivery containers, respectively, through the valve

train and 5 nttseahal phastieensier plediads prisisa a8 8 redvmibatiiresiaysedie bop threumhl ui d
delivery fee : £ i t J ion is
directed to %@%%E‘g{edlas?{g%&r@?ﬁ%# h"%g éo%r%%iéaglg?% el vﬁlpﬁghlg%g%l y of a
process wor kiymgsirk of the figst hedt anderpradpegsanp bamg greptee (136 therieoessuplaadt havi ng
a pipe system.for hanaglin Lstribuytin nd_proc¢essing.the.fluid t he
syst em conpr i & K 95 Sg?‘gﬂlhﬁagt ﬁgn#pgg%ﬁ_acl%wesragffﬁ%ﬁ#gﬁ%eérme%a gt
station, the sitagtcomgtidigry container being in fluid communication with a
first punp; b positioning. a second delivery . contaiper at .th unp _station,
the second’ 30 del? ver?asg%‘ﬁtﬂéﬁiﬁéﬁwbtéiaﬁﬁfeﬁiﬁg‘?‘PﬂFeﬁ“b %F@&‘Eﬁbﬁﬁgﬁﬁ a second
punp; c selectively pupjatgadehe fluid fromeach of the respective delivery
containers directly into a valve train, the valve train being conprised of 2

4 MAY 2003 WO 02346268aEiiussqavdograpsfer gedit ghear fupugh & sgpihsaye| y

operabl e control val ves,jdflddg85muni cation wth. the process plant pipe
system and through the valve train into the process plant pipe systemin

the absence of a fd ui d pessinser lieat wwefeamedia frooy thy St headet throveh marhhesd
recei ving,and storing tﬁl@lﬁ&fglj'i“n%fﬂﬂ{Uﬁg%iﬁ%gghén&%ﬁgm&%{l%%ﬁlé{ﬁi{y cont ai ner

therein. I'n another enbodi ne rnventron is direc to an integrated
pl ant water cirenlating pump, with a first control valve in fluid cormumunication with

the first header and the first sub-loop; and
d. passing the heat transfer media fiom the first sub-loop into the second
header, in the absence of & heat transier media circvlating purnp, with a
20 second control valve in fivid communication with the first sub-loop and

the second header,

Int another embodiment, the invention is directed 1o a fluid delivery system for
the delivery of a process working fiuid supply fo & fluid process plant, the process plant
23 having a pipc system for handling, disiributing, and processing the fluid, the system

comprizing:
:1 at least one delivery conlainer positioned af a pump station; and
b at least one pump in fluid communication with the af irast one delivery
containet: -
30 G said at least one delivery container beimg in flnid cormmunication with a

valve train, the valve {rain being in fluid communication with the

process plant pipe systern;



di stribution system the water distribution system being separately supplied
with clean, fresh water;froma water supply sourGé if ar Use wit hi@ yPIjgcess
plant, the system 10 conprising: a a safety shower \i/ater storage tank I n

f1 uid cb"rﬂTWf?gE‘éf‘ti on with, and supplied by water from thECHEERY*¥Hurce; b a
first water distribution loop in fluid conmunication with the safety shower
wat er storage tank and being supplied w2th water therefrom is ¢ a second
wat er distribution loop in fluid comunication with the first_ _water

di stribution | oopWheria the Trad pecleslivebepwmed dipsily doaiihg gt Gest ape deliem't he fir st
wat er distributio ; SHPR ; is I bution

| oop. 20 I n anot hgﬂt%%§g§%élnt, tiﬁeeﬂeiﬁ%%dnl??}gﬁéﬁgéﬁ? ectﬂg%tsﬁgmg n?rg'{ahod of
distributing wat ebsendeody finidaslivery dipdandsiopiatank oo oervdbsrersibng moh syst em

-the water distri b%ﬁ&&%ﬂﬁ%?&ﬁ%ﬁl@ﬂ?%ﬁiﬁ?ﬁ&ﬂﬁw %a&%ﬂ?ﬂt}{:ﬁip‘.’“ th clean, fresh

water from a wafer source ruse w process p t he net hod
conprising: a supplying water to a safety shower water storage tank; 25 b
passing the. water frogmthe safety shower .wate t of,a Lank into.a first
wat er di stributio ‘f“(?ﬁﬁ‘ &1 'ﬁ“ﬂ?@ %%Wﬁﬁgé%{ﬂ{;\nil %h?‘ﬁgamwstﬁ“oﬁ"ége t ank;
c sel ecti vel Yh$i$em@f Wpdoesss Faiin iRid dupsly toe el pedcsisrldmtihdfcdaop to a
second water distribution loop in fluid coonunication with the, fast 3D
wat er | oop. &t having aniposyssm fyhandling disghuters. erg proesssiog thediuid, fheanot her
enbodi nent, 1 hg.hBYERGdQR is directed to an integrated vacuum system for

use with a fihal polycondensation reactor having separate high pressure,
medi um priéssure, &nd | adirgirdebeuly eorpuhgroositienedat 4 o selingn zones,

—

respectively, the, syst onmr:i st na. - £d_spray
'condenser being ir,?fl uiaﬁ@#r ﬁ%lgg{&gﬁéﬂu\?l\ic?ﬂ eac%thgg?ﬁﬁgﬁ%bd{foé%ﬁ%ﬁd | ow
‘pressure vacuum zenes; arsesmdcaeiiveey yontaind pbigopd bitbengdepstatiompand eact or, b an

i nterstage condenser in flui.d co nication.w.th the spray. .condenser, and
10 ¢ a vacuum pun%’ in f4 Sﬁ?“&'@fﬁ%%&’ﬁﬁ“ﬁ‘ﬁmwcfl m]t‘Wi:h &‘ﬁf’%ﬁ%%ﬁ%’ondenser :
container; .
15 e gach of the delivery comtainers and pomps, respeciively, being in fluid
communication with a valve fram, the valve-train being comprised of a
pluraltity of selectively operable control valves and being in fluid
communication with the proccss plant pipe systeny;
wherein the fluid is selectively pumped directlly from the first and second
20 delivery containers, respectively, through the valve train and inte the process

plant pipe systcm in the absence of a Puid delivery feed and storage tank.

T another embodiment, the invention is directed to & fluid delivery method for
use in delivering a supply of a process working ftuid to a fhrid process plant, the
25  process plant having a pipe system for handling, distributing, and processing the flaid,

the sysiem comnprising:
a positfioning a first delivery container at a pump station, the first delivery
container being in fluid communication with 2 frst pump;
b positioning a second delivery container st the pump station, the second
20 delivery container being in fluid communication with a second pump;
¢ selectively pumping the fluid from each of the respeetive delivery

gorttainers directly into a valve irain, the valve train being comprised of



I n anot her enbodi nent, the invention is directed to an integrated vacuum
system for use with a fi.pal pol ycondensati on reactor having at Ieasz ﬁm,r
medi um pressure pol ycondensati on vacuum zone and a separate | ow prés’s emﬂﬁ
pol ycondeosatisma vacuum 15 zone, the system conprisi ng: BCEUSKF @YY
condenser, said spray condenser being in fluid communication wth each of
the nmedi um and | ow pressure vacuum zonesga respectively, of the

pol ycondensation reactor; b a first EGjet in fluid comrunication with the
spray condenser; 20 c arbmligskaativee osteasetonno] fdlibsth Seirumktaickism W t h
the first EGjet; a vacuympunp in fluyid conmunjcation with the interstage

condenser: and e a seCHHUIDERIOPEE Pl PPLITECE, ough {2‘8 e TR AR how

pressure vacuum zone %&a&bﬁﬁ@iﬁh%ﬂ%ﬂ@ﬁﬁsend&%s@m{djdé@iwrg,v_fé’e‘é andl N anot her
enbodi nent, the invention is directed to a, nmethod of collecting fluid from

a final pol ycondensat i ciPragsariolor plomisg recehingrmd soeaa fhe ue iombowe, a

medi um ‘pressure vacuu B&s daB0 Bodi QirRERSgUr € pol'ycondensati on vacuum
zone, the nethod 'conp?}%s?ng: 30 %assi ng the fluid fromat |east the

medi um pressure pol ycondensati on vacuum zone and the | ow pressure

pol ycondensati on z Of e t-0r: | I SPr ondenser

o Sealed Tiud oot SERG P g TubBRS it dn Hl B BB 6005 o5
wi th each of diltdbwizdisyrremntc ot fiswibstitmeysien beine zeaessly ngpliettitveleyy, and h
drawi ng t he %ubdﬁ%ﬂhnou h an inter sta%e cond.(anser in f UE% comuni cati on
with the spray=@sHaICaH WFPREPY SEHEROp BT FIE f PUFYS PEIG S at i on with
the interst agemgeimenser.. | n another enbodinent, the invention is directed
to a process for nmaking a, poll yest er nononer,,gﬁémﬁri sing: al providing a

pi pe reactor havirg an § P ShoyFer Sigter eptassigal By pepgTicatiog vath fadce t he

inlet disposed ol evati onajlisd ekaw fdhede WatBtourand b. adding at |east one .
reactant into the pipe reactor proxinmal the inlet so that the reactants

fl ow t hrough the pipe re&etwieter fheibeiion leondntidqompupication with the sajety

shower water storage tank and being supplied with water therefrom,
15 G a second water distribution loop in fluid communication with the first
water distribution loopy; and
d means for selectively drawing water from the first water distribution

Toop to supply water io the second water disiribution loop.

20 In another embediment, the invenfon is directed to a method of distributing
water through an integrated plant water distribution system, the water distribution
systern being separately supplied with clean, fresh water from a water sorce for use

within a proccss plant, the method comprising:

a supplying water {o a safety shower water siorage tank;
25 b passing the water from the safety shower water storage fank into a first
waler distribution loop in flnid communication with the waicr storage
tank; .
c selectively passing water from the st water distribution loop to a

second watzr distribution foop in fluid communication with the first

Ll water loop.



react with each other to formthe polyester nononmer within the phpﬂ,lmrmﬁ:t or
and the pol yester nonafgr exits fromthe outlet théteof. 15 In artother
enbodi nent, the invention is directed to a process for naki ng a EOl yest er
pol ymerWOd®ipiofsi ng: a. provi ding a pol ycondensati on red&tI6Y5Wa¥"Ag a first
end, a second end, and an inside surface, the first end di sposed ,
el evationally above the 20 second end, #he pol ycondensati on reactor being
non-|inear between the fjirst end and the second end; and b. directing a
fluid pol yester ApABHes: smhedmeyele Pveptcaidiprid fRan et EeHERL i on react or

so that the T8¢ udk b2 A1 DndcRE. R MLUGPRARIINRE:08 i3RLAe, Wher el n the
po o) e

nononmer reacfs to formthe 2 | ymer within the pol ycondensati on reactor

and the pol yredivmprassins potdowt Hessws polydondarsatidrevaswfm pepearromhdivebabedi nent
the inventi éeﬁcﬁkﬁuﬁgﬁlgd to a process for naking a polyester polyner,
conpri si ng: 5R. provi di ng a pol ycondensati on reactor having a first end, a
.second end, and zan i nsfpey Suddnas ssaid dpeyfeondiisee beinglirsfhod edmmhsvadtononal [y - .0
above the 2 4 MAY 2005 .9 3 02/ 46266 ,PCT/ US| 11146992 27 secopd_ and,
wher ein t he pol yconden¥i} F85H OF s BRI 45 I8 RIFSHGTPEI gpnesy respoctively,
vertically-oriented plahks pdifendingiienbeicdg greater than zero degrees; and b.
directing a fluid nononer 1nto the fast_epnd of the polycondensation reactor
so that the nonon®r f 1 HWELETHRER GRATCRTT BT THYETHSHIPE P BB, s wherein
the nononer reacts to fpumsthendol yester polyner within the pol ycondensation
reactor and the pol yester polyner exits fromthe second end thereof. In
anot her é¥bodi nent, t ha vachwapemg i laid gpreyrisgionavit the steyarecondesd®i ng a 10
pol yester, conprising. a. providing a pipe reactor having an inlet, an
-outlet, and an interior surface, the inlet disposed elevationally below the
-outlet; and b addimgottr duafadimah dherivetionts divetied ple igigpeied emotor pr oxi mal

the il et so.{ Nak\ 08 hSRELATb Solh MBI OHA thISe BR: L FRELAprectler e 1 the

polycondensation vacunm zone sud a separate low pressure polycondensation vaguum
i5  =zone, the system comprising:

a a spray condenser, said spray condenser being in fluld commumnicaron
with each of the medium and low pressure vacuum zones, respectively.
of the polycondensation reacior;

B a first BE(3 jet in fluid communication with the spray condenser;

20 c an interstage condenser in fluid communication with the fitst EG jet;
a vacuum pump in {lnid communication with the interstage condenser;
o .
a8 a second EG jet in fluid comtmunication with the low pressure vacuum

zone and the spray condenser, espectively.

25
Tn another embodiment, the invention is directed m a methﬁd of ¢collecting fluid
from a final polveondensation reactor having a high pressure vacuum zone, a medium
pressure vacunm zone, and & low pressure polycondensation vacuum gone, the method
comprising: '
30 ' a passing the fluid from at least the medium pressurs polycondensation

vaguu zone and the low pressure polycondensation vacuum zone of

the reactor into a single spray condenser in sealed finid commumication



15 react with each other to formthe polyester within the pipe reactor -and-
t he polyester exits from.the outlet thereof. In anot.her enbodi nent, the
invention is directed to an apparatus for reacting rieactants int ol 4 MAY 2005
pol yest esydHQARs, conprising: 20 a. a pipe reactor havi n%[ﬁﬂ]éﬂ@*-ﬁ%&?} an
outlet, and an interior surface, the inlet disposed elevationally below the
outlet; and b. a weir connected to a portion of the interior surface of the
pi pe reactor adjacent the outlet thereof.?®25 In another enbodi ment, the
invention is directed to aﬁ @Bﬁ’a{tﬁt us .for riacti n% reactants into.a,

pol yest er nonomer, conpri‘&riy: iy Mg And IO BReSHIR YR AR5 'SP ut | et |
and an interior surface, assfte inlet disposed elevationally below the outlet;
and b. a venting nmechani smi ncqrpor. &led into the pi reactor. so that a
fluid 30 traversing wt ﬁ“@ggleiﬂ%‘ﬂfg F%‘Ehéﬁi#%@%g%ﬂg‘gmﬁ?fdﬂélu%r ough t he
venting nechani smwhen fdoiinitalifORth MR shidl 8bndeRsch Weh @ WhéBim Sfmp hempi pe

reactor, the venting nmechanism _conprising an eccentric flat-on-bottom

reducer. 2 £ MAY 7055 WEoRMmpagteswilcihsUdesteseudsseng. |1 another-

enbodi ment, the invention is directed to an apparatus for reacting

reactants into a polyester nononer, conprising: a. a pipe reactor having an
inket, an outlet, arfdagnthirpmbedimens thefiacation i ditteld a phodisiboneking a R
el evational ly beIl t he out | elinand. b. a recirculation |oop having an

i nfl uent and anpnefe)flg\ﬁau ﬁ?‘?m‘ntrh% " ent in fluid communication with the pipe
reactor proximal toats  eiividihg apige idactor Bividowanticd an bdtlst, dnd enimrigat i on with

the pi pe reactor adjacent its jnlet 10 In anoth enbodi nent , the invention
is directed!{ o an appar atfdpdpe ¥ ﬁﬂsp?ﬁdﬁévﬁﬁﬁ’%bbl?aﬁvﬁ&'ﬁ Dagfjtof ster
pol yner, .conprising:p a. ad@aky¥aesdensaid-enineas bipe fiadk phxandliishiend, . a

second end, and an inside surface, the first end disposed clevationally
above the second end, t ieatgwrprchwindirsabyegh theqiacgracks; Whereisthgasianty

plurality of contiguous Jrémicﬂitﬁ%&%@ﬁ%ﬁ;%ﬁﬂﬂﬁ%tﬂo%ﬁcﬂrﬂoﬂ&&i&%&ﬁﬁhgﬁ{eﬁ@mr

flows along the inside surface of each section traversing from first
end to the second end of reacke apdhgpehdusrsentionT sk duor the pmrdstdisrecaddj acent
sections formnon-linear angles wth each other; and

In another embodiment, the invention is direcled to a process for maldng a
polyester polymer, compnsing:
a. providing a polycondensation reacior having a first end, a second end,
and an inside surface, the first end disposed elevationally above the
20 second end, the polycondensation reactor being nion-lingar betwesn the
first end and the sscond end; and
b. dizecting a fluid j:alyestar monomer into the fivst end of the
polycondensation reactor so that the monomer flows through the
polycondensalion reactor, wherein the monomer reacts 1o form the
25 polymer within the polycondensation reactor and the polymer exits from
the second end thereof.

In anothier emboditnent, the invention is directed to a process for making a
polyester polymer, comiprising: |
30 a, providing a pblycnndetmaﬁon reactor having a first end, a second end,
and an inside surface, the first end disposed elevationally above the



b. at |least one weir attached to the inside surace of the pol ycondensation
20 reactor, wherein one_weir is |located adjacent a juncture of egﬂ] if
i nterconnected sections The present invention provfées for appar

each and 2ry _process ‘enbodi nent, and conconitan rocess related to
oG 5

each an apparatus of the 25 invention. Addi t| ondl “HHYYA8es of the
invention will be set forth in part in the description which follows, and
in part will be obvious fromthe descript ion, or may he | earned by

practice of the invention. a of thelnv ntion will be realized
and attained by nmeans®5f™ ?ﬁ‘éﬂe& H’E“%g@ﬁ'ff’“é‘?iﬁﬁtf%&?"rc fonpsanEpgle FAR o nt ed

out in the appended 30v61&ﬁhmssand1ﬁcdlpﬁanb0ﬂnbﬁnglmw mmﬂﬁer@dﬁg&e&fﬁd

foregoi ng general description and the follow n %&u | ed description are
exenpl ary and expl'anat 8F§ciamaiudmonpaerige ﬂlﬂrfgitﬁlii& G golyrondpesaligyent i on, as

cl ai red. " 24NAY2FBS W Q021460 RETiohiSacAdANRR.a% ¢ BRAERDRRCRETLON CF | RE

DRAW NGS The acconpanying draw ngs, which are incorporated in and constitute
a part of Jthis speci f|‘f"é¥§tﬂﬂéﬂlﬂqumwmﬁapﬂbﬁ%mﬂmwtﬁmhﬁt he;

i nvention and toget her %&@ 'ﬂ"né _
principles of the i nven tlblgtr}\nd g, ﬂlﬁ%l ﬁﬂl#’ﬁme e?tcglr&?eactl on

t enper ature and pressurecquiehd thereoki g. 2 shows one enbodl rrent of the
esterification or the polycondensation pipe reactor. In a polycondensation
pi pe reactor node, the influent and effluent are reversed (influent at 11
and effluent at 12])n an&ﬁeﬁrg}ndﬁnﬁﬁmmbmﬁhﬁﬂd(ﬁﬂctﬁ@ﬁiaﬁprﬂ&sa fio fakily api pe

di anet er (| nchels for ical pipe reactor installed cost of this

i nventi on.'®pi §oI¥ h‘iﬁ\ﬁ?nﬁ * enbodi ment of the invention wherein the top of
‘the ester 15 exch@nge ;ﬁswaﬁlgaweu@@tdrqawﬁgﬁpm REHR, draviehute@it rol Cccurs
‘via a weir into the poal ycondensatl on reactaor. 5 shows one embodi nent
of the invention where BFaestnitimopsielrationsliy B%H‘é’ﬁ’i“dﬁ‘ﬂﬁhéﬂq ity is

modi fied with one gr nojg@ R RaliSRE bt atahheF Bor UG ORe iR Q4 ment of

the invention where a Iarmgr ¥ where1 ﬂl&ma ﬂéral I eIal esteriftication

and pol ycondensati on pltbet themﬂmtsﬂa‘«ﬁfcﬂmmﬂlﬁhtme Iea@ﬂwehldmm the reactants -
15 react with each other to form the polycster within the pipe reactor and

the polyester exits from the outlet thereof.

In another embodiment, the invention is directed to an apparatus for reacting
ieaciants inio a polyesier monomer, comprising:
20 a. a pipe reaclor having an inlet, an outlet, aud an interior surface, the inlet

disposed elevationally below the outlet; and

b. a welr connceled to a portion of the interior surface of the pipe reacior
adjacent the outlet theraof,
25 In another embodiment, the fnvention is directed to an apparatus for reacting

Teactanis into 4 polyester monomer, comprising:
8. a pipe Teactor having an jnlet, an ouilet, and an interior surface, the nlet
disposed elevationally below the outlet; and
b. a venting mechanism incorporated into the pipe reactor so that a fluid
30 fraversing within its interior surface also fows through the venting
mechanism when flowing from the inlet to the outlet of the pipe reactor,

the veniing mechanism comprising an ecceniric flat-on-bottom reducer.



as the production of nultiple products within one system 25 Figs. 7 a-g
show various enbodi nents. of the vapor di sengagenent-for both the
esterification and pol ycondensati on process. Fig. 8 shows an enbo iﬁr}ﬁ@t l]?i‘

t he pol ygensemrsat i on vapor di sengagenent. 30 Fig. 9 showsgaps®mRed n% of
| am nar m xing in a polycondensation zone wutilizing a weir and a reduced

di ameter pipe flow inverter system downstrgamof the weir. Fig. 10 slows
vari ous enbodi ments of altering the esteritication or ester 35 exchange
reactor pressure profile using different non-linear configurations. This
figure 1is presented in side view, showi ng the vertical displacenent between
each turn of the e¥&tswilker gpbddbnen theaitrationsclimnige to maphonts fonesctidg g. 11 is

a plot of the Ereia%%r.et prolfi l.es _corres ondsi.n to those configurations of 40
Figure 10. Fi gaY8EMEIN0aR8Y 88 RWSHEUPYPRIEHy aspects of the additive

l ocations within the prog@assactdbhavingun @sdlet] drealad addih afidv dodicedithigeent
enbodi nents wherein the &aste | ank iﬁ IL-»%” 'nateq g% using a recirculation
|l oop. 2 4 MAY 2005 WO 0%8passbaesaceply beleyv thegulst a Fig. 14 shows an

embodi ment wherei n ghe hegakibians i Hawdh 8n BHREQAQRA PYERRen AhSnahdmtidat ed. 5 :
Fi g.15a shows a typical prior art mx and feed system Fig 5b shows an

embodi ment of the i nvent & cpmrmnineioniwihdheipipe racsyppEmal toriordstond fet es

vari ous tanks and ot her ﬁfﬂ%ﬂt(?:llﬂ B Yl ni@ﬁ%n%ﬂiﬁth?ﬁ@é%%&t&%aln&rgitﬂ ¢ 16

shows an enbodi nent of the 1 nvention erern an alternating T ow an hi gh
pressure configuration. is used for the ester exchange or pol ycondensafion

pi pe reactgr, Figs..3 7. a_and,b show twy. enbadi nents of tre invention for a
| ow cost 15&'pol yest é'ﬁ d%clﬂéarllfmg‘édsnlnalﬁt’ ﬁfﬂg\é\@ﬁjﬁﬂi%%w {%iq%%n HEAE "(%FMFW ¥hHd
esterificati on ratdbnger it e polesstir @olymkn tothiwésige| ycondensati on system Fig. 18
shows one enbodi nent for t H]g’ | ycondensati on pi_pe reactor process. Fig, 8
i s an expl oded vi ew®f efé ﬁg%i%gﬁ‘ﬁﬁaa ré‘?“ggﬁﬁ%\ﬁ“ ?ﬁ?"(‘?ﬂ%&dﬂ%ﬁﬁ%f el enent
28 142 .Fig.- 19 is an enbo@ideRiacengs Siherdi SdpbiddaldvafionBy £10Rt de ko bR, - -
adsor pti on.
P the polycondensation reactor being formed as a plurality of configrous
15 interconmected sections in which the rmonomer flows along the mside
surface of each section fraversing from the fitst end to the second end of
the polycondensation reactor, wherein adiacent sections form non—lir_]ear
angles with each other; and
b. at least one weir atfached to the inside surface of the polycondensation
20 reactor, wherein one weir is located adjacent a juncture of each of the

mferconnected sections -

The present imvention provides for appamatuses for each and every process

embodiment, and concomitantly a ﬁrocess elated to each and every apparatus of the
25 invention, '

Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the desctiption, or may be learned by
practice of the invention. The advantages of the invention will be reslized and attained
by means of the elements and combinations particularly pointed out in the appended

30 claims. It is 1o be undersicod that both the foregoing general description and the
following detailed description are exemplary and explanatory enly and ars not

resirictive of the invention, as claimed.



Fig. 20a shows the diffegrent flow regi mes of two-phase flow in horizontal
pipes. 25 Fig. 20b show$ the vapor mass flow vs. ratio of liquid oRerMmapey
mass fl d..the relationship to each flow regi ne of twn-phase flow in
hori zont a 3%#'5@% fromfig. 20a; Fig. 20b also identifi e?efrﬁ'gﬁ}f?@%rred.
flowregines for esterifiication and polycondensalion processes of the
present invention. 30 Fig. 21 shows an ¥nbodi nent of the invention for

unl oadi ng trucks without the use of tanks to mnim ze capital costs and

unit operations, al oBREGE PESCRIFHION QEIEIE BBAWINGS®at er treat ment. 35

Fig. 22 shows an.enbodinent. of the invention for. conbining.safety shower,
cool i ng tower, Cl}t% 5?00&?@&“1%%3“'%%%ﬂﬁbﬂ%%f’@i}%&mﬁéﬂ ?‘r‘?dqn‘ﬂfﬂﬁg'itg%taﬁ’é ter
systens in ihiepdciiidatiod, Mustrity sovdd] shbudiman(d) 6f Rgnatadbn\uas tismhsysitem f or

reducing EG jets and 40 elimnating.a chilled water system as one

enmbodi ment o&‘efjﬁgéﬂ??f\?e‘??ﬂﬁ&ﬂ.E’CEIP’&.thezlg’né‘Wfﬁ/?fﬁﬁ@“FWﬂ”phase regi nes for
esterification ands ohY¥&oORERSEEIARE RhctienRPReed hi®pleshils gofleocess of the
present invention wherein a pipe reactor is used to produce PET
OO o AU Yo 008 o Oh DR A2 B MR IR s A L0
DESCRI PTI ON (et b VDI ACAad 6008 2B bl B GhefiBnd B cBfucHfiE TR b0 mor e
readily by r [eﬁ{‘ﬁqita 1 L &Gent &P )OW ng etarle escription ‘'of preferred
enbodi menf s of the invention an the Exanples included therein and to the

i d theirg. i |_owi d i pti-on. f .
™o IOV B LA MNP el Ui 2o
| |

: ’&Sb ta-'alf nyent . . . . g
and descri bea‘sf:l S o o) nders'%nSB‘d that this inventionis not limted to

specific syntheti hods, specifi )rocesses, .or .t articul ar
appar at uses, a sﬁé*rr?e w‘%‘?‘a&ﬁ‘ﬂ l‘%‘@,“%‘ﬁi‘vﬂmf "léﬁmél?.g'ﬁg?%‘)fjﬁ%ﬁ erstood t hat
the ternihol 8 &4 efierieation waqiar whese kel CpRiFY geasore YEEE By parti cul ar
enbodi ment s SRPEPRAFRFAIQ IERCT nt ended to be limiting. . In this

specification and_jn_the clains, which follow, reference will be nmade to a
Fig. 5 shows one crnbodiment of the invention where an existing polyestsr

production facility i1s modified with one or more pipe reactors.

20
Fig. 6 shows an embodiment of the invention whera a larger plant where
multiple parallel esterification and polycondensation pipe reactors arc niilized, as well
as the produciion of multiple products within one system.

25 Figs. 7 a-g show varions embodiments of the vapor disengagement for both the
eaterification and polycondensation procsss.

Fig. 8 shows an embodiment of the polycondensation vapor disengagernent,

30 ' Fig. ¥ shows an embodiment of laminar mixing in a polycondensation zone
utilizing a weir and a reduced diameter pipe flow inverter system downsirearn of the
weir.

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

~ Fig. 11 is a plot of the pressure profiles conrssponding to thoss configurations of
43  Figare 10, :

Figures 12a and 12b show different aspects of the additive locations within the
PI‘G{:BSS.

45 Figures 132 and 13b show two differsnt embodiments wherein the paste fank is
eliminated by using a recirculation loop.



nunber of terns which shaII be defined to have the follow ng neanings: As
used in the speci fication:and the appended cl ai ns, the singul ar forn&fr MY 2005
15 "an" g "the" include plural referents unless the contg)g]]tj g ?%§

di ctates ‘6 M&Hha8e. Thus, for exanple, reference to a pipge react8f 4 ncl udes
one or nore pipe reactors. Ranges may be expressed herein as from "about"
one particular value, and/or to "about" *8nother particular value. Wen such
a range i s expressed; another enbodi nent includes fromthe one particular
val ue and/or to the_other particu]ar v Iue Simlarly, 20 when values are
expressed as appr oXigdf FigHs an gpberimegi FFFéngﬁthé‘%téHE Br megipgblooppumps i | | pe
under st ood tha*fe'itw&ﬂ‘ﬁa@tl cul ar value forns another enbodinent. It will be
further understood that the endpoints of each of the ranges are significant
both in relSation t &g He shovsavrieddpor st miaend fedroplemdent | y of the ot her
endpoi nt. "Optional " or "optionally" means that the subsequently described
event or 25 ci rcurrﬁaﬂébsllmamﬁmhmnmttﬂfﬁmcuraﬂnamﬁrﬂtwamxtahéfeﬁésxﬁtﬂnpt| on

i ncl udes i nst dhatebmivaes garisa takkeandrithe condial denietsand eribemmtisnand i nst ances
where it does not. For exanple, the phrase "optionally heated" neans that
the materiml may oOfFighyshoat mbentmﬁhad ofithel itvleation whrbin phelseatingtdwiedes bot h
heat ed and unhggii gesspfeaRebgiedionRewed it teadses sxdhandehte poBteidynshfi@i pips t he
resul ti ng prodyghe0f the chem cal species 30 in a particular reaction
scheme or subsequent formulation or chem cal product, regardless of whether

the noiety is actudlity jPRLA N@MHw e Arbbeinehe BF ARlineRES RS2 lobuegs an

et hyl ene 9{ ¢ ) Al 85 b Bipe T&I G Sorlth QRLIFRAIITARE 2 plfeidielie O
repeat 1 4 5y lﬁugﬁﬁtde ﬁ@%ﬁ %% r{ Iijl86|:1*1r1:146992Uﬁ(§2tL unl?s in the

pol yester, regar ss whet r ethylene glycol is used to prepare t he

pol yester. Similarly, @&88baghe sat gteartu%g?e tla_ﬁ? Feali5 Eécsto one or
CH2 , h
o dus ¥ )B%eggg%%lrg%ggﬁ&ng se gg?%t%@l \gﬁ'@er he?eoﬁ{ef]%) gbt ain

residue is,
t he polyesfer As used herein, a prepolyner reactor is the first

Cha n Tengin 17 om dFeuds Pesap e ety %‘rrpi‘ter%ﬂé“ﬁs 5" 40" e

prepol yner reactor a arre function  for ol ters, but
some pol yesters hav]re‘ﬁai L‘ﬁ‘étﬂf&% %f%“’f“ﬁaf’t i rlisg flow IEB‘gW é@fplpf"%m 10
to 30. For “these short target chain Iehtg) pr odu ,..no finisher reactor (as
10 -defi ned bel ow) - Kigr dhgnoverthe ¥300E @ags "f)‘i’%ﬁﬂ“;ﬂ%\tgﬁmiiéa‘irﬂ'él’mmﬂsf flowasdi de

the end producfhe afiqushisesech Sawreming of Froplge 0w horaaele lf"g ensati on
reactor, typi ca&P¥ Fiardbelyilenifss enegredhSov reipe @hﬁwr@ﬁaﬁﬁ the desired

pr oduct polycondensation processes of the present invention.
30
Fig. 21 shows an embodiment of the invention for unloading tracks without the
use of tanks to minimize capital costs and unit operations, along with eliminating water
to waste water ireatient.

33 Tig, 22 shows an embodiment of the inveation for cnn:tbiﬂing safety shower,
cooling tower, cutter water and HTM pump cooclers to minimize the water s:,rstems in
the facility.

Fig. 23 shows an integraicd vacuum system for reducing BG jeis and
40 eliminating a chilled waler system as one embodiment of the Invention,

Tig. 24 shows the two-phase Tegimes for esterification and polycondensation for
one embodiment of & process of the present invention wherein a pipe reactor is vsed lo
produce PET homopolymer.

" 45



chain length. As used herein “conventional " procesg or apparatusdrﬁ q
respect to polyester 15:processing Infers to a nondprpe react or & %3@@3
i ncl udi Qgy pRRbsnot 1im ted to, a continuous stirre tanlf,crrﬁ_%%hgqugéc STR)
process or apparatus, or a reactive distillation, stripper,

rectification columm process or apparatus or tank with |nternals, screw, or
kneader process or apparatus. A typical 1CSTR reactor used in a conventional

o be made i n_det bl FALHEL HECRIEINE Ok CHIERSMAmIRONG * The”

i nventi on, exaﬁplﬁelﬁésamheﬁn@rmﬁﬂé Mﬁaters&roa%dr@réahﬁy RECRIDREYS A dr awi ngs.

Wher ever possrble he sanme reference nunbers arc- Useéd throughout the
drawi ngs to fqﬁeﬁ’etrgdﬂtitﬂﬂthéesmn@fPﬂeﬁI@ﬂp@bp@mﬂM@fﬁﬁmﬁmEmﬂdhm| on

enconpasses ARRRLELHAGRAMIEIIAR: FRLCOVRLE PR iR BRGLARLS 1710 @

pol yester. pecr |ca I none Inaftirs ep, the
pr esent imveﬂtacnphnneacts starting materl aI s (al so referred to as raw
material s or ia |nt m)no orefe 1o as

nonomers) and the IO PIeEE C(S’Hﬁmg? p°° é" F'%§EH’ es’l VSRE ABY ’@étg? t he

MONOMEr S i Nt GreQlidcBRERIr doakBa), 1t BIHsafidiSioodthPOlsiemhesn RirbgBERESCOr
prepol yners) and_then into the final pol yester (also referred 3a to as

pol ymer or p&PsFus pthel Hetands, sppqilipitossssen or ireRicales aprawdises 8uPshare fed to
the first Shﬁy&aﬁﬁdﬁz@e%ﬁt%@MQ&Méﬁd@z@iagdﬁ{mﬂqﬁ@é}ﬁh!n?ogﬁr%éhh&é]ﬁ%f%ﬂe first

step is referréd to as an esterification reaction or reactor

starting Yfat ds piteosh aldeseribinpartenr gmbeimentg oaly wa is2008tend@l ©1:46266
PCT1U8011469%[%‘ §]§> such as dinmethyl terephthalate or dinmethyl isothalatc,
then the firs %p or first reactor 1is an ester exchange step or reactor.
For sinplicity, -tbxbisghoufcitiwearsige cicfdicms, vaiclafullowolefaess veldbemadd ©at i on and

ester exchan sed i, 01 n and ar icall referred to as
esterificati ?519% %Bﬂf s g ﬁ}ﬁ{fg& %gige‘{%é velpde q“%@%’f"?%wy%‘r ester exchange s
depends upon. the Astuaédih i@ spedifsiioh snd thé affteddatlams ohdendgingdansisogd that the

out put from e g rtetif ation process can also contajn oligonmer in
addi tion ¥o t'A& h % . g‘h@“‘“b@ E’Hﬁﬂ@?%élﬁquﬁir@%@éi‘%ﬁs CIgHE- i nt egr al

process or carnmb%lsardaﬁh?w AetknbOi LipOrea SHPRALIS ond oPHER Y BEct OCESS and a
finishing process pi epol yner process, the output conprises nononer,

ol i gomer, and pol yi#Bges TWYthﬁ ERigethbegrcig ef ﬁgnt“yﬂe% frrrcw&mu{ﬁbvrlﬁﬁe BHPORI ty. In
the finishi ng.pLeCERer mf%ﬁdu%%lﬁetﬂ%eﬂkﬁo%tmﬁ gL LR FRL=RES

ol i goner and polynmer, e majority of the output elng po ynmer. In the
esterificati anslprlasdnegsthe poe pagliqpbis salbe emihf-u th Shearipraircdurysiue iSaviloly. pol yer

exit the B OCERar vatues ars expressed as approximations, by vsc of the antecedent “abont,” it will
be understood that the particular value forms another embodiment. It will be further
understood that the endpoints of each of the ranges are significant both in relation to the
other endpoint, and mdependently of the other endpoint.
“Optional” or “optionally” means that the subsequently described event or
25 circumstance may or may not oceur, and that the deseription includes instances where
gaid event or clicumstanes ccours and instances where it does nn‘r. For example, the
plirase “optionally heated” means that the material may or may not be heated and that
such plrass includes both heated and nnheated processes.
Residue refers to the mﬂiaty.that is the resulting product of the chemical spacies
30 ina parlicular reaction scheme or subsequent formulation or chemical product,
regardless of whether the moiety is actnally obtained from the chemical species. Thus,
an ethylens gljrcol residue in 2 polysster rafers to one or miore -OCHaCHO- repeat



Li kewi se, in the f|n|sh|ng process, |t i's p055|ble to have small quantities
of nonomer exiting the process. 15 The second step™s referred toZasMih&l]
pol ycondensati on process or pol ycondensation reactor. In this enbodi ment,
the i nl ¥OPPd&Shri zed side of the first step or esterifiREHVHR468Rct or
exits at about atnospheric pressure or above, and the output fromthat
first step, which is fed into the secondzstep, is substantially nmononer. 1In
t he second step, the nononmer is converted to oligoner, which can, if
desired, be 2fitdisdheapodyesr, bprdles afiphaher athfylens glypmiéssamdea mepat &k on devi ce
such as a seal in- e tor the oligomer is
further conv r?%% HPH%Q%gféﬁggﬂmd“?ﬁme b%ﬂ&%%g ms“}Tﬁigﬁl ternative
enmbodi ment , d]CQCHa)EE:U PSR i the golgisee rajtmﬂhse of ivhstheiShefesgigd sbtabizader

vacuum (in opne enhodi prent essential |y putting the ol ymer reactor on the ..
top 25 of t%@r{’é’ﬁ‘%rr FEH AT ETWES'@EF'@’FE#'P@%P%’% E‘"g% and ol i goner is
the substanti al pé&‘iﬁﬂ&ih&‘x&ﬂrﬁﬁr&%}fzﬁd&%ﬂtﬁiﬁ@n@ﬁlﬁtﬁ@y{ﬁh&éﬁ@inoh%bﬁied as a

final product or feeds across to the second step which the oligonmer is
reacted to f drisliyamiey ramm, anthgopa dhepplvsrT elin @n@l&%a #ﬂaﬁagﬁnaﬁlﬁaférent
arrangement s sfygty, bt lheiantsp, F[ﬁé‘ﬁﬁegﬁ%m dé rEadid} amd Rction
esterification reactor I's a separate stinc reactor 30 romthe

pol ycondensatfpigil podigsteoy. buivoro melﬁ'ﬂa’tﬂss mvo d drget chain ddngthabatas ﬂh'ﬂp@mh en- react or
and is then e 0, n or r e ner In

anot her errbo%&IEl Et‘? % I%?éﬁég ﬁgﬁ g %%gglgtpﬁnudtu&%ﬁput%%éﬁ% rE’F‘hﬂ

esterificati @iﬂﬁnﬁﬁmﬂm} 1{3 ﬁqmrﬂg Slﬁceﬂth&/ﬁfﬁ.‘pﬂ%hﬁ‘eadtﬁf@nﬁ@iﬁiﬁrﬁﬁﬁa 8diirtds01.146992 34

either a sep e _or i.nt e her roduci ng ol igoiner fromthe
conbi ned es?‘%ﬁ]@[ﬁriﬁ“ %8 ‘?‘}g&a%@ﬁw E“é?ﬁ%eﬁfﬁcﬁ)‘then fed to the

pol ycondensatﬂrﬁaalrﬁae&wacum anagﬁﬁbshmﬂﬁmemmiﬁgmb dwdideh pfch@r ence to the
conbi nation of actors is intended to nean conbining two reactors together

such t hat thé@a’&ﬁ%“"ﬁﬂh direct fluid communication with 5 each other and the

reactors are esseniyd:ab HerbM0tSir<Adbiab3kes: §apPA:8RE Wit tdipler aNhIfbRM One
overal | reactor system |n another enbodi ment, the pol ycondensati on reactor

forms an int cEPeESIEISfeTaia AnanHpeEaEeTof Brvationcidinat i Nolsried ames are
inputted int [ mer
p 4y tlmﬁg gﬁlrécl]eﬁ% fﬁ?@%{ @??ﬁ?ﬁm@ﬂg Jﬁgﬁ%'cﬁ 33 aﬂ?{iﬂi‘i@é&@tﬁl&ﬁg hY

product is produce er enbodi ne
prepol yner r exGpist. qrseqnﬁedimwobromrm@msam apjardfusa ar mak Ugh anighilgaticemor eact or

ei ther a5 ¢ WOLAERALALE. AL Sl 38 1Al AEBOLALGSLISY ALuBidpg The Ol T gomer

product fro eoyrre FERECoP PR 150 as a product .
Addi ti onal | y, pdlivendmsetihi yoceps B ivdgsoradltin &b esacfoacat i on pi pe reactor utilized
to make 20 Reference will now be made in detail to the present preferred embodiment(s) of
the invention, examples of which are illustraied in the accompanying drawings.
Wheraver possible, the same reference nnmbers are nsed throughout the dawings to
refer to the same or ke parts,
The present invention encompasses apparmatuses and methods for converting
25  reaciants jnto a polyester. More specifically, in one embodiment, in a first step, the
present invertion reacts starting materials {also refemred to as vaw materials or
reactants) into monomers (also reforred to as polyester monomers) and then, ina
gecond slep, the present invention reacts the onomers into oligomers (also referred to
ag polyester oligomers or prepuij.mérs} and then into the final polyester (also referred
30 io as polymer or polyester polymer). If materials with acid end growps are fed to the
first step, such as terephihalic acid or isothalic acid, then the first step is referred to as

an esterification reaction or reactor. If the starting materials have methyl end groups,



mononer. | n another aspect, the invention provides,aEponcondensatlon pi pe
reactor apparatus and process. \Wen the esterifiegatfon and prepol yrigat 2005
react or feQfred as 15 an-integral unit, typically the t line
betmeeﬁ“?ﬁ@ reactors to vent off the mater by- pr oduct ; ?ﬁgﬁﬁﬂpﬁ%%gent fine
serves as the crossover point fromthe esterification to the prepolyrner
reactor. The process i's applicable for ﬁhy pol yester. Such pol yesters

conprise at |east e di c ci,d residye one gl yco
resi due. Mor¥© B%@i“ Eiﬁfeﬁ’ﬁ@%fﬁié flg“a%%’s #@EF% qﬁrﬂéf‘?&s"f}%’ 9ar omatic
di car boxyl i ds afiedlsr pekings abp o Bavdn FoosinQlidd, tamigha ﬂﬁtsgaﬁﬁmabnah@t IC

di carboxylic aC|ds eferably having 4 to 12 ca bon , cycl oal i phatic
di car boxy| i CCIHTEgES %@%@P&Bﬂ%ﬁtWﬁP ERaTe Ysefiinte “’ESP Fes of

di car boxyl i eepgiedso ﬁp&&hﬁﬁﬁmhcm Bhs M'eisﬁmﬁ%z&i estetﬁclaﬁéﬂ & eA%l SrochhgePpht hal i c
acid, naphthal ene-2; dlcarboxyllc aci d, cycl ohexanedi carboxylic acid,

cycl obexanedieReads wopiesartne maiadn it S}@“EL@D&@WBWP?@J&@@IUMPM from
di pheny- 3, 4' g dle0f; eeax{] oo bt a1éo Sntl QB bncadinidn f BPBALAL: flecar bOxYI 1 ©

acid, succinic acl taric acid, adipio acl azel ai c acl sebaci ¢
acid, m xt urmd}ﬂtdmdﬁmﬁqn aockst dae hblok@nfﬂﬁtﬁépmeas ncanﬁmmehdlwdeminbetﬂml filled by

the ester thereof, suc as with di I8 tere balq ‘Suj ta e diois
oo et oy cPORER, e PRl apLd SRR brop ek B M PR eSS e o
g! i Iohati c di ﬁlktgutpdﬁ:e‘lfmﬁabﬂlqtmhﬁilsﬂuﬁgor@aﬂ a}dﬁﬁlﬁ@t,@@m SliponB: bﬁ@?ﬁlﬁﬂ%’ oof S:JCh 5
iols co e e i et ene triet ene glyco
0O oIl LR iy B oG Rine bRk, S e Bt piooas gpapames

pent ane-1, 5 dii maﬁeaﬁmgmywtﬁélﬁaa B el ﬁbd?ﬁ{mhmfI 46892 3% 1,6-diol,
neopentylglyco nathylpentanedlol 2,4), nethy pentanedlol (1,4,

2,2,4- trimet W‘%@Hﬁ&ﬁ@ﬁﬁﬁ:@twwas@ﬂe tﬁilﬁ‘éﬁtmq}f@‘x%?}“@aiﬂ&’ alymperpyxit the process.

- di et hyl pr Opﬁﬂﬁmqkeoin iflé-ﬁéﬁhnég process, 11, is possible to have small quantities of monomer
hexanediol - (1, 3), 1, 4-di f oxyet hoxy) - benzene,

g i 3Iﬁ (4- h?@fﬂﬁﬁwyeﬁ@ﬁ9xyl) propane,
i hydt oxy 0

tetranethylcyclobgﬁaneé t&ﬁ@&%ﬂ%F ?%8%§®35§H%%ﬁ§§§ ﬁgﬁi?S-propane,
(222 gl s( ( 4I f Ipyua:cgax@cpsampmmﬁﬂbeﬁyltbls pinlbphmet, ﬁhsué&tlp’msdeifﬁdgidﬁ cdb;:u ﬁmtlef BDcSi .

.- sul fo [ 0X ur es ereof an e
| Fice. pol yes PEPS” TG at BRI SRRE Fbb g At b atap T B e Y pe i ol s,
Preferred commqmr&ﬁm thﬂrﬁimls&p wigstep itdhiatol the st st ﬁ&hllihyduhhhjf mpﬂﬁﬂaa{ ate, 10
|sophtbaI|c ?ﬁld di rnet h

i sopht_hal at e
di net hyl - s ferendsiope FE‘E’PB‘EWF 5‘?‘@""”@21';8 OHEomH WhCL AR SIS0 i ¢ aci d,
et hyl ene E' Y Gallated b€ tdd ik £¥)0e, Al it 6 Obressiredesiralonlisvadark 81 Nicat RaNAkud CHDV) ,

1, 4- but anedi ol , pol tetranethyleneglyocl t rans- DMCD,
reactor, 1 not isolated, the ofi gﬂmer 1s further converied to the polymmer in the pipe
reactor.
In an gliernative ermbodiment, the inlet pressurized side of the first step exdls
nnder vacuum {in ene embodiment Eseanﬁally putting the prepolymer reactor on the top
25 of tha ester exchanpe or esterification reactor), and oligomer is the substantial product
from the first step and is either izolated as a final pmduct.ur feeds across to the second
step in which the oligomer is reacted to form the polymer.
The invention contemplates many different arrengements for the different
reactors, In one embodiment, the esterification reactor is a separate and distinct reactor
. 30 drom the polycondensation reactor, Monomer is produced in the esterification reactor
| and is then fed to the polycondensation reactor to produce polymer. In another

embodimerit, a prepolymer reactor 1s pit on top of the esferification reacior forming



trrnellrtre anhydri de, .di ni ethyl cycl ohexane-1, 4 dicarboxyl ate, d’?ﬁ?%ﬁﬁ
decalin-2,6 dicarboxyl ate, decalin dinmethanol, decahydronaphth 12
2,6-dicenp@%mb@;e, 2,6 15 diIrydroxynethyl-decahydronaph HeG 002
hydr oqui none, hydroxybenzoic acid, m xtures thereof. “the like
Bi functional (A-B type where the ends are not the sane) conDnoners, such as
hydr oxybenzoi ¢ acid nay al so be included A co-nononmer, as in a conventional

process, can_he added anymh n Q% [OCESS fro g of the
D A B e SRl K BLOREDHLOBLIE, bl

reference tosﬁbhﬁmﬁmﬁe;ﬁnlmemcm,mh@ & @hamfdiehe prﬂfnnlneeraai@lﬁﬁeaitma Asl ocation
i ncl udi ng, but Lmt oxr etheJnI t to the esterification
react or, prB%f‘r Fﬁlaeg'rﬁl]'f’h‘éﬁfa %ﬂf‘@r"imlhr{’ f é%’?feﬁﬁade & B nt

bet ween the brrrhrﬁhmgmﬁoiéamu@gaﬁter smlﬂrdmaﬁefeqﬁuﬁmmwmﬁaeammymﬂe
along the recirculation |loop, proximate the inlet to the prepol

reactor, proRihdiler apbthe grepets apgeseeitially wdistipemishall @é@@cﬁaﬂ 8 s pet ween
the inl et angnd %M&Isgémﬁrhﬁl 8%%%5@11‘11&?%5 lyco?aﬁ nﬁ%aclt he inlet to

the polycondensation rea at a point vveen t e I t and the
outl et of thénmpenym@grdemgaﬁhdhﬁ mdicmonrﬁactfshammgenmeume‘mestood t hat

as used her el rfuﬂ ol ?aa&hlp%ﬂﬁfrﬁ:ﬁi ﬁ{}i?&ﬁﬁﬁ:gl%%g Es'},‘} d€a lcﬁéer?re

derivatives, 1nC rng, eres ers, pon er 30
am des and pmhgrefrrmméaetmhcdnn@ireapr&’dr@mfrwaemrisorsedsmmphjucmdwmﬂtﬁrr oughout the

I de. and® pOPSRHEPBLPRPRRIITE TRy Rue HaBts o BF ey cmry oty e~ -

typical l'y refbipsme ireluasiMOiidt4oRher rd26iht 1d. 1@&5&&91%31%}5&2&05 36
pol yester, but_ it is understood that the artrcul ar Eﬂgl ester s ecies is

dependant on 444@‘““%1113&@%? RFUHeER EPYidpsan gsicgl “‘“‘h;S’B [Redeas ‘?' eact ant s
and/ or conpongfoser. TRAnPREMEHIE iR hOMIBA pﬁhdﬁ@@}::ﬂ&&ﬁﬁéﬁaﬂn ﬁiﬁt,ere@'t&s ent

invention are polyester hornopol yners and copol yners that ‘are suitable for
use in a WI d@pwntiue%ryi TBPoess. awﬁ baestgHsaisand rraglpme kagiongre feamedhasf i ber

sheet, cog hﬁr?r' {rﬁﬁﬁﬂuse s?av&&hh&l&&éam Bmgrsltélﬁﬁ}t oA Rackagi ng

is a partr cuI ar?y pre certain ol yesters of the present

i nvention. | revepredwhitioni e ment imheﬂrmlayéwtceﬁ&“@%@omﬁm the egiegfedtioxyd i ¢ aci d
conponent conPri si thalic acid or isophthalic acid, preferably at
| east about ?rgi“ﬂ%n?g{c%&%t halic acid, and in sone enbodi nents, to
preferably at | eaﬁha@ﬁmais ﬂﬁzplmdbe%otem}qm%jehm i Slwhpn]g'emdcanﬂmmlat Eastponent

ST )= CACTOR T E LIS X REGRE R
The pol yest erdcdfBykylit bilSinclGa abhme: m@@mﬁ@ﬂawdmereﬁee&mmgmwmmbu@ to
about 50 nole percent of one qQr nore differe
atoms, aliphatic dmarbux},rhc acads prefershly hmrmg 4 10 12 carbon atoms, or
cycloaliphatic dicarboxylic acids prefarabl}r having & io 12 carbon atoms. Examples of
dicarboxylic acids comprise terephthalic acid, phthalic acid, isophthalic actd,
naphthalens-2,6-dicarboxylic acid, cyelﬂhaxanadicarbnxylic acid, cyclohexanediacetic
25 acid, diphenyl-4,4"-dicarboxylic acid, dipheny-3,4’-dicarboxylic acid, 2,2,-dimethyl-
I,3-propandiol, dicarboxylic acid, suceinic acid, glutaric acid, adipic acid, azelaic acid,
sebacic acid, mixtures thereof, and the like. The acid component can be fulfilled by the
ester thereof, such as with dimethyl terephihalate.
Suitable diols comprise c}rclo-aliphatic diols preferably having 6 to 20 carbon
30 atoms or aliphatic diols preferably having 3 to 20 carbon afoms. Examples of such
diols comprise ethylene glycol (B(), diethylene glyeol, triethylene ghycol, 1,4 -
cyclohexane-dimethanol, propans-1,3-diol, butane-1,4-diol, pentane-1,5-diol, hexage-



d| carboxylic acids and e+. up to about 50 nole percenf of one or nore diols
on a 100 15 nole % di carboxylic acid and a 100 nole % diol basizs, MAmpgertain
enbodi meghszue@pononer nodification of the di carboxylic gghgusampepent, the
gl ycol component or each individually of up to about 25 nole%or up to

about 15 nol e% maybe preferred. | n one gnbodinent, dicarboxylic acid
conmpnamers conprise aromatic dicarboxyli@ aci ds, esters of dicarboxylic

aci ds, anhydry i I, X S one

201 05y or 6, LG BRAN Pk Bk AT MG BB AGRi g g ore

anot her enbodnmﬁwbpemthwﬂlela(dt?&rﬁ sthwmmanttbd-@iEhét*h@nbihrlerc@pmﬂul—alt,b} and

?é?gl)ﬁ?ﬁa?:g R b gﬁyfeneﬂgﬁy%%%%dl ﬁg’ntt&ﬁf‘f?/?eziéﬁgq%aerre pow st ers

i ncl ude, but mn@nﬂ,@tﬁﬁﬁg@zﬁmﬂl,ﬂ@ h&m@mymbmbm 2e@8ppl yners of poI yet hyl ene

b onat o e R D eeT SR Aoy G YeSenr s suh
as those Comﬁ}ldajx@ﬁ-gpw}@}ﬂﬁg ahgrmbﬂjnﬁl hﬁ:@ﬁmdn@,.mbsag i c acid residues,

pol y(cycl ohexane- di net Iane tere ht hal at e) homopol ymer, and co onrrers 30
honopol ymer  ahaEmg ﬁﬁ‘}l%ﬂyéﬁ“‘?w@i%! éfﬁ!‘:% it lis. iFolwees or

di met hyl cyclﬂgma%%&p%mwg@grﬁmw%@ﬂm %sdl&lpereof I n one enbodi nent
I's

the polyester e by reacting PTA and EG | n another enbodi nent,
the polyester 2 4 Bwvrabasonngeg2ongdggeRimhilicsdd, dinetybtegphtinkicPETG made by

reactin TA n ,
conpri sg En anﬁﬁghﬁ gm I non ﬂs ﬂgﬁ.@éoﬁ% hté 6p&§Pﬁt‘e@§%ﬁﬂ?s %‘t’)l?%b%fpycar bonat e
or PBT ( pohqihﬂmbehmﬂ:lﬂﬂybqaztmd;att@imﬂ Elyorl, giathyiest @y®l, rwbeydolormampht hal i c

be used i estBrrEPEAEROR. | A aee pRERERe R R bR, MR B aess whor oin

E er epht hal }c &ﬁﬁdhﬂ&nﬁﬁdrﬁi&jd ﬂ(tjmlggﬁyl cﬁﬂyﬁéﬁgﬂaﬂt@ﬂrbo&ﬂgmpﬁimﬂﬁ’n ﬂaclennu_m f orm PET
or PETGif CHDMis also e suc as disclosed in i cation
60/ 228, 695, fﬁ}ﬂé@%&ﬁﬂjﬁé‘@ﬂﬂ%@ dimgshinol, é‘ﬁﬂlhﬂk‘%fb ?]é%*ft%@ﬁ‘mg@ﬁ%li 1581, filed

March 20, 1300&11%&&435;5&%@3&@1&&%&& q{aﬂt%%ﬁﬂaq{iiﬁﬁ Hycm(a:,ib@;fm%'icem@mﬂ&%he

pol yesters™ of 't resent invention may also confain snall anounts of a
trifunctional ﬁlﬁfﬂﬂftﬂé@ Fh&fh@-fﬁcﬁf@mé}m%iéﬁt%mmg@@ﬁ eggs %Tﬁi'lﬁ‘éh‘f:‘ fameg anhydri de,

trimethyl ol pr 99&%}1&?%’5%‘3!5 h{r,&rb}g%gil%c}{% [ eals qh&g&emt hritol, or other

pol yester form ng polyacids” or rally known in the art.
Crossl i nki ng or br Arofmongmer, as in a conventional process, can be added aiywhere along the

process from the beginning of the esterification to the polycondensation piocess.

20 Specifically, with reference o the instant invention, a co-monomer can be added at a
location including, but not limited to, proximate the imlet to the esterification reactor,
proximate the outlet of the esterification reactor, a point beiween the inlei and the outlet
of the esterification reacior, anywhere along the recirenlation loop, proximate the inlet
to the prepolymer reactor, proximate the outlet to the prepolymer reactor, a point

25 between the inlet and the outlet of thé prepolymer reactor, proximate the inlet to the
polycondensation reactor, and at a point between fhe inlet and the outlet of the
polycondensation reactor.

It should aiso be undersiood that as used herein, the term polyester is intended
to include polyester derivatives, including, but not limited to, polyetheresters, polyester
A0 amides and polyetherester amides, Therefore, for simplicity, throughout the
specification and claims, the terms polyesier, polyether ester, polyester amide and
polyetheresteramide may be used interchangeably and are typically referied 1o as



agents may al so be used. In addition, although not_required, an édditive(s)

normal |y 15 used in polyesters nmay be used if desirgd. Such an additive

i ncl udegy,Rueks not linmited to one or nore of a catal yﬁ,}g{t&%l o'%%\ﬁﬂ”}ﬂ'l't?ﬂ[lﬁer,
rery

pi gment, carbon bl ack, glass fiber, filler, inpact nodi YAt dxi dant

stabilizer, flanme retardant, reheat aid, acetal dehyde reducing conmpound,
oxygen scavengi ng conpound, UV absor bi ng® conpound, barrier inproving

additive, such as platelet particles, black iron oxide, and the |like. 20
Wien t er epht Relbseeragiait & 1§ ndgistagd st g @agpulpRelyssigr sheries 1= depprietiopyhepur i f i ed

t er epht hal i 0s@gind (BT, 18, Hi8RGeASeLARr eAGHIB/EAARRddan unpurifi ed
t er epht hal i csacing 3'(TPAsj or cruﬁ?‘%ﬁA %CTA , alt houghm‘?'PA and/ or CTA can be

used in this invehts pryesterebpraidesherroess eiibs preesié HIVeliipnan joliesigr e direct ed
to melt poly i i oS f- invention is in:
the nelt pha@aﬁ%{r&]g@ﬁn&t ﬁ@hpgdg%tﬂé%\t?%Sg%%qfﬁ;%u%gntaa%fi‘g?%ﬁg{%te. This shoul d
be cont r ast edpplicktioms dhdwlimppaylcginge filg tfibemn siest, nseiczs, ndosiveaimldedl yest er
processes of the pri rt . The pipe .react.or. process . of the present

i nvention is art{cﬁeasaugg%er@ﬁ ?3?%?8@59%??3?%%&%@@%?%5 bFEL: er

pol ycondensatpolysstirs 0f 8 $regént idventidal &6 6 enibddiiint, @i Sdtpidieth catnghsdae

di stingui shed.from ot her pol yner processes, such, as, or_.eXanpl e, emul sion
basedpol yrreric‘jjf‘éfq“ﬁﬁ,m W‘?{WPF%':E‘é{ﬁﬂ’rﬁl%é‘éfﬁplft@“”éc@é’ébﬁ?ﬂﬁ%?h“é\%gn 30 further

sol vent, wWhereFsBQlayRed kot S ARNRSAklPRIARERIA M indBfhsbramBbaEl i N
pol yneri zation, which is not _necessarily a t\/\o-steP_qﬂreactl on as |s the case
1

in pol ycBnd@rdaipblyml lepst abunds pofefstereppthaiconlaed CPRPYSTAGORNESHE 35 The
processes of & RGtRLEFRNLeId-REHMl ARIGRLIAGNE &&g{mlﬁ%ﬁ% aitreﬁzgnétant' al

conpl etion of the esterification reeaction at the outlet _
esteri fi cati aiyeot. bupotdid enderrdunci harept ddepslyesitrs smagdedther soaprsy, t he process

of the prese r i I L ) chi X I 80%

conpl eti on, %Eo Hﬂ“ﬁ%@%@%%%%ﬁ%#%#&ﬁ% %ﬁfg&aé leégﬁﬁﬁz)ngggn%ﬁe‘ﬁl%ﬁ,&%a tl east 95%
conpl eti on, aticarlleaglic Sids58al onmptoetingi( natle peecmnt o08%or omepdiels boa 10@t | east
99.5% co etiagn, at least 99. 9% l.et,) an,. wherein conpl etio is aterm
comonl ynﬁseo‘"‘%1 A @%5”&?’?%5“%@5# i@gﬁ%%&%n{lﬁ%hh& %G%E}%Et??ﬁmbafi{;l eft over acid
end groups dissh@admbymbitifiction df fe dicgbegps acil Reagei-as shagdydohenpoast bt
invention, the first step_preferahly urs in a pipe.to reactor. It is also
preferred thaet"‘“ll’r’l’éwé@éthﬁaf t@ﬁgﬂ‘ﬁ,ﬁ?&??‘?%ED’@)‘&*FGPWEESEWMFW e piefegiedst ep,
occur in the BaQE=Rbodmdh diefBRlic 388 ORfolRiRE: JoeRekOirombN\EYfFoxyRS ONE
skilled in the art wll reciate, the esterification step_can occur using

conventional 3fdsofsteas ¢f %?‘%%E‘E‘épe%cidsam}"i%ﬁ of fieaTpie sFeFerSBMEEAES t ep can
occur in a,pipgegheactor of the present invention.

In ons erabodiment, the reactanis comprise terephthalic acid and ethylene
olycol. In another embodiment, the Teactants compiise dimethyl terephihalaie and
ethylene glycel. In yet another embodiment, the reactants comprise terephthalic acid,
cthiylene glycol, and CHDM.

25 Preferred polyesters include, but are not limited to homopolymers and
copolymers of polyethylenes terephthalale (PET), PETG (PET modified with CHDM
comonomer), PBT, fully aromatic or lauid crystalling polyestors, biodegradable
polyesters, such as those comprising butanediol, terephithalic acid aud adipic acid
Tesidnes, pnly(cyclahame-dimathﬂane terephthalate} homopolymer and copolymers,

30 homopotymer and cﬂpuij,mers of CHDM and cyclohexane dicarboxylic acid or
dimethyl cyclohexanedicarhoxylate, and mixtures thereof. In one embodiment the
polyester is PET made by reacting PTA and BG. In another embodiment, the polyester



Simlarly, the esterifreation step can occur usi ng..8 pi pe reactor of the

present invention 15 and:the pol ycondensati on step can occur usi ng au ﬂgg
art prq&g%mz%gcordl ng to the present invention, at | eagtr R;t) _the frrst
or second steps occurs in a pipe reactor. Basic pipe react or apparat uses as

used herein are known in the art and arg typically standard pipes used in
pl ace of conventional reactors Mor e géﬁerally pipe reactors herein are
typically an 0 t ed, %S I d sha d 20
appar at us. 41 Eriaare RabRetkdha B REER b GEBNER W B 77 o
detrinentalrmomﬁhﬂmeuﬂmﬁgﬂn@&Ithmamnhﬂmtmﬂﬁmepm@&mnﬁaumpa@@ﬂmkﬁmh&re|n pi pe

reactors ca hol | [ € or sub tant | | ol.lQqw or enpty
pi pe or tubngsIll—gB‘i’%W@Pn @%1?}5’) g‘pe‘t‘:‘xi’ﬁé I?@-‘rﬂé‘?ééﬁt 6‘ﬂ3ﬁ@f pi pe or
t ube havi ng meipdftisiiianal devices or inter nal corrponent s, particularly no
i nt er nal corrpone s for mxing, transportin or_.heating 25 the reactor or

vent flui*ds, suc 15§%‘§FP@FW§*“E‘P&?3FE%&!?S & @5HR ATIIRCAEGR:  uber ences f or
control | i ng dofgchdenbdtioh) S oll] ﬂrhg&c% trﬂereumempaeﬁﬁd A4H s SGEARRI S, rotating

di scs, such as, for exanple se used in.a wpe filmor thrnfrlm

react or, bafh}*rl@féﬂﬂﬁtﬁt%w payvarized eeforn PES dpreRIETG ¢ CHIRMtis #lgp asldedostobng coi | s,

which are. f r Hol | ow
or enpty as agslﬂeg Dhéehrﬁei?{ty‘g ic%%l édéggf ﬁlﬂ%g&%@%’n OTaBB%% fflgL W%%r@%]gurl ng
devi ces, sudi¥/&ig, ﬁrlrﬁlrsrﬂ:ehrchm& Iﬂﬂcly\whtomhmdinﬂﬁamrpmstcd hmrhbaeefemntaf ol val ves

or meirs in the I.n o t of.the i vent he e.or tubes
have a shbot h Ff[hgﬂang St%fﬁP regﬁ‘ﬁé“ﬁ%%”?@' “?ﬂu il “gggr(ﬁf i nvention
does not reqmﬁﬁrm&wﬂﬁﬁt@-ﬁafaﬁmnﬂ cémbviivnet QGh aﬂfﬁﬁeﬂnﬁ&&:ﬂ@ﬁﬁ& PCI | US01146992 39

 enhancenent co nts in the jnteri.or f t he e. nor doe require a
“filmforn ng™ n@ﬁw&ﬁwpﬂn&mﬁe@ﬂi% Gumgrid peria L98 TFLRO tr-'@tsrgns of the

prior art. FRgmifSoBRiafifs 686 EnsERFkhRn ehd ddf. EroARAVRS 0SIRERAheSt eps Of

the present invention, the criteria for choosing the attributes are usually
known and aregesismayalsothy ussl. dmaddition alioachaotaraie]. mefdiivrFee™aldn bui | di ng
a prior art, BARLOIEq thD S HlRsd, 8 nsi der
the criteri au%gqht(ﬁ{g%fesi r%}é capaci teé;]%qﬁgﬁw o ag ?tcat ?oneﬁ%tg'gtm%ﬁrf%gsf er
area, and di wemgaywweni athalydeseignek @Hﬁﬂpi&ttasb G@bwsiﬂ@féfs glaparfiber.fdler.on

deter i ned f rgult NEARCLALLONANG RSS! A ALLEARYEAL Qe GRALAL S, Such as

t he working v e Teactor er af ea surface area
of the | H:]ur thdutmgt:dimpana@mxygnnpnmngmg omnpqp;ndtﬂﬁ‘é abﬂmlnng)'rnwrmpmi baaie]?cr ty, dt he
rocess ow,rate. into. t transfer medi a
tP low rate na?n%'f’glelgﬁ%ﬂ'& §‘t{’§é’? B‘at °1“%§§’8191“°8 ﬂ?/ am?ﬁig‘i%%si gners mnay

det er mi negt he reaglen tetqihuﬁﬁc fdiORRA] £0ns bl g réR Al O picdlly pugifisd or desi gn
nodel , engi neeri,ng. cal, %Pla |ons or ot her saqur es of n%egmgephﬁlalterr a. The

terephifialic aci ) i5 used as the reactant rathar an unpu c acid
(TPA) ar orude TPA (CTA), although TPA and/or CTA can be used in this invention.

‘The processes of the present invenficn are directed {o melt polymerization, that

is, the process of the present invention is in the melt phass, wherein the reactants are in
75 & fivid state, This should be contrasted with solid polycondensation as used in certain
polyester processes of the pror mit. The pipe reactor pmn.ess of the present invention is
thus appropriate for a fluid process. The polyester polycondensation process of the
present invention should also be distinguished from other polymer processes, such as,
for example, enmlsion basadpul}m&ﬁzﬂﬁun, which typically requires a second or even
.30 further solvent, whereas polyester condensation does not, and from clefin
polymerization, which is not necessatily a two-step reaction as is the case in

polycondensation.



| ength, 1, of each pipe-dianeter required for each-ane of the reactor maybe
cal cul ated 15 using the reactor volume, VT and the fiorrmul a bel ow | Z4 MAY 2005

Vr/(2), wharfckssi S the pipe radius. The surface area, A pepukhegod0r each
zone may be calculated as follows: A - 2*1*SQRT(r2-(r-h)2), where his the

hei ght of the liquid in the pipe and V\,h%ei nr is greater than h. 20 These

cal cul ations can be reiterated for each reaction zone, taking into

consi deration hea P . : EE - £ ' st

standard reactor sﬁ?]gsﬁl%v%frs%ﬂca ce%%sgﬂthg%ﬂée{ﬁ%oa?%gﬂlﬁé%?@%ﬁkIoﬁgﬁb%/%ﬁlﬁI ly be

hori zontal ), camgloipmekibs eftbrifivatiat maction at hhowlahakthe edteifiatign ér f or each pi pe

di aneter can be determned It oul d .he reci ate t hat not .all. pipe

i anet or 5. v 10FRReRERER Plhati BREheeigrei B PReat teaRirriohiT i §. T3 25

contains an exdop ®paets, thechibkeatlali 506 confNeion@lidascB 3% pRnslig, AAY:sCr eat e

f oam ng problg;rs t hat foam may not break whereas tQo big a pipe size may
o)

cause too gr et %P“Il "r}‘@gsscfrl‘é“ﬂﬁ?ﬁgbc%ﬂﬁﬁf% ‘Etﬂ%“tfq?cﬁ%;ﬁiﬂwl%% et P8act or i s not §

constrai ned tQueiee ARSI 556 EdrkREiR, ATad 981 EARNISHGH, TRYeln@BfplcloR
non-opti mal cost design, such ,as material availability or sub optim zation

of an area oflsfHamCABEIHEY Usph indlae evh fonepa 80 manusithrampleFarcst of jeflaveracidy om 2

inches to 24 éﬁ%@%dﬂg{ﬁﬁ%gg}l_xﬁﬁejﬂ%agﬁto 16 inches, nore preferably 12
to 16 inches, 274 NAY 2005 WO 02/46266 PCT1US01146992 40 Reaction

condi tions (tenpernnddressingdhepreagnicioyventibmuhe Bstemisp reticmplyqsdunitagipal s
charged to,th act.or, (r cor r dditives,
cat al yst s?ﬂ et%.a%tgr' gélg a%épﬁgegéeg%@’ﬁﬂﬂégﬁﬁg%ﬁ%ﬂ}1%18%%%%%? FOF tgﬂrﬁrsﬁ‘ﬁor ’t he

commensur at e pelyeshiemmteas diffnnt, sbernd piye rqpene eHswoler,tahose thillednd (hwartal | ows

even w der operating. conditiops.than used in 5 the art. That .is, the use of
2 i pe roact oF | PRI, B ERRCARY SR PEPor SaiR CEBR L ) PSR e t he

reacti on condidd thasthapslyrakieisk@nSstaphan gas int fifereb @acdithe preRWENBItion.€eact i on
conditions can he different and, in fact, ‘igqyr_oved WII;_[}{ t he pipe reactor
syst em of t he®iNBlaEEdg ﬂﬁt‘fﬂr}t&ﬂ?%‘%ﬁ@ %R OeIY BT BRDEE R the PFEEayEliet or

condi ti ongs ar gnd APHAYEMINEEHon stehaR bhQF udhd 2 HRA GH Yo SN H:bhiARS 1o fe! OW Ng
enhanced performance, such, as hi gher purity 10 product (e.g., |ower DEG
i npurity) or PREpIGTRENtOS) Pieusme of islfire ¢ $ondRiens PECIERIN JGBEPEFIi¢e such
paraneters based Oﬂasﬁ{]ﬁgére%ﬂ:r jﬂﬁ%agﬂé&d%@ﬁd‘ﬂeﬁﬁévﬁ?ﬁ%ﬁéétﬁﬁﬁe starting
point. In one aspect t operattng conditrons in the prior art are-a
react or tenpet@icalestoddafDpipesaped @ plye of emabitpnabyeacsrs. Ndorpetepdraly, pioent  of

the bul k of t Qe%c%k%a%ﬁ?&m%caﬂ% Ve ngl%'r e%ngia{a:d} sﬁgstgn%%ﬁ_‘]f' Q}r'li]fd{‘ig:hﬂ’sha%raﬁ ssure from

full vacuumto
20  apparaius, although shapes may vary, such as square or rectangular, if not detrimental

to the purpose of the inveniion. In certain aspects herein, pipe reactors can simply be
holtow or empty or substantislty hollow or empty pipe or tube. Hollow or empty, as
defined herein, refers to the pipe or tubo having no additional devices or intornal
components, particularly no internal ci_:-mpnnants for nlixing, transporting, or heating

25  the reactar or vent fluids, such as agitgtots, static mixer elements, protrubersnces fox
controlling the flwid flow profile or mixing, packing, s-::raﬁers, ratﬁﬁng discs, such as,
for example, those used in a wipe {ilm or thin film reactor, baffles, trays, down comers,
scTeWS, or heating or cooling coils, which are found in conventional reaciors and n
some pipe reactors. Hollow or emptjf 23 used herein does allow for the placemernt of

. 30 flow measuving devices, such as orifices, or flow control devices, such as coniro] valves

ot weirs, in the Iinle. In one aspect of the invention, the pipe or tubzs have a smooth

interior surface. The pipe reactor of the present invention does not require surfuce area



is 500 psig, a residence tine up to about 8 hours, and a nole ratio of from

s i s pref er abifhergpigieansiiiongey

1.005:1 to 6.00:1 on a-basis of the nole ratio of the glycol residue to

di carboxylic acid residue; where the acid residue cah be based on #He¥Aisiigy
and t he wyhyeoklseesi due can be based on a diol. These comditwiuwngsme ot her
prior art operating conditions can be nodified and optimzed for the pipe
reactor desi.gn of this invention with nmefe routine skill. 20 In addition to
this general overview, considerations and attributes of the specific

esterificati eth:afandpobuaRneas sotht Dbl @Ehd FIPEher dhePh GLQAHS 8 Sl RGmARPAr at uses
are di scusseﬁ in nore detail belqw as we|l. as certain other inventions that

are either r B 75 PRPagD saueof M RIPS TRRRfRTRILR YAhS R ARy systems of the

present inventi ongagfe FigErdasthERsE AT d s0d B s id it R DP B tprdstnt he bel ows
di scussi on ender this section ' THE ESTERI FI CATI ON _STEP, " "i ncl udi ng all

subsect i ons (PeBkay ithe aRfeskifprehopsing thijtribaice ap usualiykegwn apbar fipdlar foy st at ed
to the conptr . LSl i di scussed
inthis sgct %%%ﬁ%@%@fé%ﬁ%?@@q’appi I E%gtdjfzg%acﬁ?%g%&g}e%%‘}é%rn, 30 the
pol ycondens atkamnplpy bt desimmersamng capsiir Gt ndegs ot detied calcie quilify,one '
enbodi nent the, fi [ Sfe §t§_p i nvol vgﬁguse of ﬁ'ﬂl&pﬁ reactor o 1o raact t he
starting mat é’g'iwaug’]f‘(g‘ g ﬁf?fgmﬁﬁﬁ P44 Ehe B0 AT TrRNEY RO Fi 9. 2, 2 4
MAY 2005 WOikiddnskad@6teRaihtd) o HhodpoQaorddhd dobign pf gavartinailosacits, bah an i nl et

12, an outlet, 11, an exterior surface, and an interior. surface, l.n one
aspect, the itfftBPGE ‘?W%@é{‘wa“ﬁﬂe&b ﬁéﬁ?“?%éiﬂ ] "E\P‘TIE"EE]EI‘EFEP%‘F Lipids angul ar

i n cross gecthdpoPhipigraltity, Bhdiatl@apos Pl thelpdbdtMwt RGSHIcAL@ORE er . For
both the esterifcation and I?Ol écendens_ati on pipe reactors, the pipe reactor
wiEfenmedin Jpvirete sy oo ke coviicrd Mdhe material s

flowing throyghsidng éhehss{i]@@{snﬁ deRfRine hﬁﬁé&éﬂir@glumé ﬂ‘éﬁi’axpéxia@iﬁﬁﬂﬁl‘kigf,%t eel.,

iron, alloys, titanium astal I'oy, stainless, carbon steel, nic ,

al um num coppetor dekign medeh engidebtng calewlationss ¢1i affiar sejueatah leRtgn taRgadasge,

cobalt, zinc c i i &n L eFial 4 i on
i ncl ude, ZIbut lgé%ﬂ%b%%}@b%%a?%@le{ﬁ@g%g %rggéha@%?ﬂh?neﬁt ﬂg{l’pg?é]gatrl\%ﬁ%%dasti cs 10
such as aty ylwsiigtthe jcesthitdaneng: 5 YieamendASRw: pol ybutyl ene (PB),

pol yet hyl ene (PE), poly vinyl chlaride (PVC), chlgrinated PVC (CPVC),
pol ypropyl ene (PP), fi bergl ads: Y@enoiersdiythg Pisitafist ced epoxy resin.

St D152 St oSSt Bb) 0 At RPN eSSt pgacuc to thel
pol ycondensation, a catal ytic nat;e&izaj*s_qay'(xél@slo)z)b_e used for the pipe. Hln
noor ! he reaclants il ¥R RSk o il 89S pipeteda WhSraRl P et tuan  Pr OX1 mal . or
0 These caleulations can be reiterated for each reacfion zone, taking into
consideration heat transfer area, vapor velocily (vapor flow in most standard reactors is
vertical and in the pipe reactor will typically he hotizontal), and process fiow rate, In
this way, the length for each pipe diameter can be determined. It should be appreciated
that not all pipe diameters will mect tﬁa requirements of all reactor conditions. Fig. 3
25  contains an example of the calculations. Too small a pipe size may create foaming
problems in that foam may not break whercas too big a pipe size may cause 100 great a
presgure drop across the fuid height. The reactor is not consirained to these design
criteria as other factors may lead to a non-optimal cost design, such as material
availability or sub opiimization of El;.'l atea of the reactor. In certain aspects, the pipe
30 size is from 2 inches to 24 inches, preferably 6 inches to 16 inches, more preferably 12

to 16 inches.



the inlet (i. e., closer to the inlet than the outlet) or adj acent to t he

i nl et (rlght next to or: at the inlet). As the reactants flow thr iﬁﬁ5
pi pe re%%;t . t he reactants react with each other to form} no

wi t hin zﬁ p¥ reactor so that the formed nonomer exit SCTEMAHE out | et
However, not all of the reactants nust react into the nononer 20 while
traversing fromthe inlet to the outleti(t. e, some of the reactants may
exit the outlet wthout aV| reacted into nomer nd still fall within
the scope of the %@P‘é@eﬁ% PBW“%HF?%“H’&Q%W*%TI%%@@H@G%?IOrrer may

react to foréﬁafﬁeﬁg@fﬁﬁ"rea@ﬁg(re&hhld cor@ctani¥ ddMhddomb, RARREs, Ahtalyhe S psent
invention. The Teactants added or inject ed proxi nal or ‘adj acent to the

inlet of t hetapihgahase fipicsHy Fapd Bethe prigrie fﬂbﬂlﬁP@ﬂmﬁﬁsmﬂmﬂﬂﬂY@S@a@ﬂm@5 solid, or

slurry, t t%ﬂq . allqwd-.
(e.qg., EG a(r)li.}d‘n Wﬁ%%g{ﬂgﬁéﬁ%@hmﬁégﬁgﬁ??ﬁn%yo Iggl epen ent ésﬁg?rﬂpe

directly i ntﬂuetatte’[hathetthcojset:fmpipw mectneadul@pmmntmmmmndnbmmthmmanbn upstream
or dovvnstrea he | Iet I ar react ant _nmay be
added vi a th% % L'e‘:'npl rg%gg% (W'E: ch 5&%%%’5@59&%1 Ao fige 30

upst r eam of t:dﬂﬂlﬂdﬁh&inhd&ﬂff&ﬁﬂthﬁd anﬁhh&ﬁprﬁwdtwﬂuﬂhampemem Rk ofdhe or nore
reactants may be. added through thg i nl et, and anot react ant nay be added

at one or a BICHLEVEIHOD AN pegfeln sriioSimeris BiDe Fractp ’ﬁm&ﬁﬂr‘? FEMRYSSe R act or
bet ween the yplior %@%aélH%éo%&ﬁn%]@%ﬁé@ﬂﬁﬁcéﬁ%ﬁ%&é%%a R D 42

When the reactants are fluids punp can be used that di scharges the
react ant 40 aﬁfoéu‘ﬁdégswaﬁﬁv&l)w%@lﬁﬂ@@’édEIPIéTssure typically proximl to

the inlet-of the phpGunddRHalcal EnARCGI bRAbLY IR RUIRGRT dhchor 0o the

reactants at a pressure sufticient e‘materials to traverse through
t he pi pe reaefuwakiapgolgxdtars Mst@ﬁnﬁmnioﬁm bIEtaSPWhIﬁGﬂ‘DPSr&IIIWWI\ﬂG@H@VHhﬁom ng

fricti I I

nead). and ofbfor et 5 2aBSRf B RlRIERE Q0BP L PLERPR IR LEVEYEREERE, |

gi ge lrggcg ?r them(;ﬂq@ﬁ,umﬂmﬂmtmcf:?rpp}nmthmmrmm Ipeasgﬂ&ﬁnmdhllwaﬂuuﬁugg orti cal
X [ | udi i v [

cen'[nr) i fudal gﬁhﬁs‘gﬁ’o‘??’l %?E‘Félbfﬂa@gﬁﬁg}?“m%ﬁ%ﬁ fgﬁ)&gﬂgﬁlé trew

(doubl e-end, §00a0b:ea BRE, of HisiBSle muatarm@)ymne&:aﬁem (iﬂ:@@bxylibfhciﬂ%éﬁﬂ@ e-rotary
screw, cwcum‘erentlal pj st on, Iore rotary | ve, aor f|exible nepber); jet

(educt or si n@TE’%‘@%ﬁ‘F%‘%ﬂ“ﬁ%hﬁﬁlﬁ‘F A% @5‘“3 the elye%h TRANG SATRebIESER ant s can

be punped sepgatgky cgﬁdlﬁaﬁ%gu@@mro%aﬁagcrﬁm JRHAREH hRoekhefed Fhai d
reactants are easily punped, either alone or mxed together, but solid

reactants ar episneedgpioht pianrheior desicn Pt dirdgetipn with meredertng skifle| ow, the solid
reactants,, t5 cany m x and
20 rﬁ%%ﬁ:gﬁaon S ERGraRoRARLE, I{HH? atfont W%Ehtﬂﬁﬂf AN

feed system a reci oop I ntegra e pas e tank, or
a conbi nat i oresfifititepaend polycondensation pipe raactc-rs processes and apparatuses ave

discussed in more detail below as well as certain other inventions that are either related

to or separate from the pipe reactor systems of the present invention.

25 THE ESTERIFICATION STEP
With respect to the below discussion under this section ‘THE
ESTERIFICATION STEP,” inclﬁding all subsections (Pressure Profile, Heating, efc.),
unless specifically stated to the contrary, the processes and apparatuses of this

jnvention discussed in this section below are equally applicable to, and can be nsed in,
. 30 the polycondensation processes and apparatuses.
As noted above, in one embodiment the first step involves vse of a pipe reactor

to react the starting materials to form a monomer. In one embadiment shown in Fig. 2,



appar atuses and net hods._ Adequate m xing i s needed to dissolve any solids
present in the liquid, gnd to provide gas | quuiﬂn’xi ng to dri % %UE
esteri fhﬁ@@ I;I‘IeaCtI on Preferably, the gas/liquid'm xture |s in-a

or frot %1% n the esterification 23 reactor. PressufEI®PBI9°& | n the
preferred enbodi nent, the pressure of the reactants at the interior surface
of the pipe reactor adjacent the inlet #s higher, or greater, than the
pressure of the 25 nononers and/or reactants at the interjor surface

adj acent t hethgiipr égaciord0 hasmndpiet %%ﬁ%ﬂu%F@s%%ﬂr&rﬂ“@?‘@nﬁ%ﬂﬂmﬁ?‘ﬁ@ inlet of

the pipe reagk@fe isok &P&E% MieRbPRPRGDLrehDNR ik enaldry squil RWdtdmeneut | et (as

shown in Fig. 2) so th the pressure differential arises, in Iarge part,
from t he hydingstsascsiopmefeably cirowla. 54 asde formanfunst dsmetsnt a| ned within the

-interior S“rfaC%a?%uﬁ%%&?cﬁ&%h@gwﬂﬁ%}sl onéms/o t Pi%?ei?ﬁ%r e exists

bet ween t he downstream tre posi uid fl ows
upwar dl y § hr swgifernbly fmmméafaaamml tlﬂthenunm@mwﬁhdmnmﬂsﬂaﬁhg hydrostatic

Dot fract | ol RET BE sy pETREY R LSRR iy S HikaEs O
PC1l US0114 @ gahllvA a0, caﬂﬁnlz}eephmdﬂcﬁmnﬁmﬁpdo@ﬁer, platntinh, ];ﬁﬂatm&&, removed from

t he reactor) t he hei ght or el evational, difference hetwe two points in
the pipe rea B, SR, mangausgs. SORRly %n‘:d'?fé":tDB’ fanWBWmvfh@ﬂlﬁVﬁﬁtc’(‘Wow rate,

viscosity, phP&nSndHBh flchde m@aﬁ%ﬂiﬂxﬁdd(i@ ) a@&dﬂa: LiearEipE, ;6@ Plaalca0 tako
di fferent shapes. For exanple one desi g (not shown), the pi pe

reactor |8 sﬁ%ta&ﬁ%fﬁliimt@ﬁbﬂﬁé@%@m%S)h@h’h‘l‘ﬂéﬁﬂﬂéﬁﬂ} wbE Eﬂ%ﬂjiiﬂhat t he

P eubstant | PRPy RPNV REnab TP OCIPO0. PERPRITRA: CaiBRe " Rae

“al ternating rtﬁﬂmearndandmfmedlepwamesme&minb:ﬁsstccTﬂlastﬁiilcwemde@mmmm agan be

essentially SEhlalused 8L A Ao il 00509180 L0, DRLUBAN o 401 THE P P

reactor orien ¢an Tofma Re*Ve [Fhfe om O
(vertical, i .aedpngmqmémmml acamignﬁhetegilmgdlsobeﬁmdrfdﬁﬂmpm)a to 90 (horizontal

or parallel to t eh0|zo Invrlou t he e ctor can be O,
20, 720 48 60, 74 vgghe feggfanis ivbigy W‘Fﬁéc}egé%%@} F?Q?‘F'ﬁ“égf\}’g?’i Bahe. The
pi pe reactor f@i’;h.ﬁ:ﬂ{:.&t m@arwﬂieenm&l&hﬁm@ﬂem@r adjmht mlmmmtumn many
conditions, particu arlﬁmt he product being pade and 15 the F%“e e profile

desired. For %5 WHBFJH’E'FCW“BEP thF PIPE PERRE PRI used, a

hori zont al ordaamtﬁéﬂtemﬂn%h%sﬁ&ﬁér%ﬂmﬂm@gg@&m&s?g@Lﬂﬁr@ PEAEERSndrserused, a
verti cal orientation is pre erred For TG, a vertical orientation is

preferred. | iximfppike aisodiartes rotallef dpreclapi srist BactirpdbaBeREBE can have
a verticaly yhie traversmg from the inlet o the cutlet (7.2, some of the reactants may exit the

cutlet without having reacted into monemer) and still fall within the scope of the
present invention. Additionally some of the monomer may react to form oligomer and
still fall within the scope of the present invention. The reactants added or injeaféd
proximal or adjacent to the inlet of t_hé pipe reactor may be in the form of a lignid, gas,
25 solid, or shury, or otber phase mixture. |
Tt is easiest to add reactants as a liquid {e.g., EG aﬁd DM'Ij because the
reactanis may be independently pumped directly into the inlet of the pips reactor or at
another location upstrearn or downstream of the inlet. In one particular design, one
reactant may be added via the inlet of the pipe reactor and another reactant added
33 upsireatn of the inlet. In still apother particular embodiment, one or more reactants
may be added through the inlet and another reactant may be added at one or & pluality
of locations élﬁng the length of fhe pipe reactor between the iniet and cutlet,



configuration. In various enbodinents for such a vertical confi gur ati on, the
inlet of the 20 pipe reactor can be positioned at ° east 20, 50, B{0 ?
or 100 wgffigals feet bel ow the outlet. In other enbodine mr;&e;mb@;efﬂ 8
posrtroned trom20to 200, from50 to 200, from50tol from to 150,
or from100 to 140 vertical feet below the outlet Another equally viable
design includes a pipe reactor that is Hon-1i near between the |nI et and

outl et. One such SI own i Fi n t he or is 25
serpentine in fro tﬁ Bﬁcm” Ia&uﬁ@r ﬁ'%efafjlbe u\g@tﬁ%gxs%ﬁqu erg? &ﬁae react or
i ncl ude, butata@faem@hbdwnmtcem,pm@ma ayscdlip ploand 6 Weshietng thewifdi ng;. tw ne;

coil; contort wreat he e convol uted; distorted;

meander i ng: “%gﬁléﬂPaﬂ‘BFﬁrémﬁ}&Wﬁ?Wﬁmﬁ%‘P &@&sws@gﬁgn t he

pi pe react orfopﬂt%ea@étﬁtsfm Qdrty ﬁtougrprh@yrpb edacion afd Sk bIBRbutlet, 3udor i zontal

run, and then proceeds verti cal gty a further level with another non-linear
OFAh

hori zont &l rigveivesnYercRning sty md@ﬂ% Ghansayinpetentn} ﬁﬁ@mgtﬁﬂvewl

wi dt h/ | engt ?%E\‘{ :
non- | i near, eggf%gdn tﬁ%fﬁ%ﬁgsﬁa%q%ﬁ?MG%%l%% ?Pg%h%@%mb 50 44 In an
al t er nat i ve Erdjogimentbe atljh:emwm‘infﬁlwtﬁrbnat(lmuhwﬁyumhdeﬁwhmh owlude eact or

can be a serjie down_vertical. rises.,

esterificati orttl%rﬁez% E =(“6”r‘” p%ﬂrc%hn nrshg 1“8%37% lﬁupﬂgﬂsé%vr%dmrpgﬂglﬂge%to Fig. 2
but rotated @fup;Bowts @tstonw stltw (ﬂaiba#aﬂcanﬁt& ,ginid, urthl_md}atrﬁta@r(@@r material s
are purrped in at 12 and proceed_verticall en ve jcally
downwar d ¥ n ’&HP eERHATA BT AT rghtial prtan, |I§'1£2Fy vgv\gr E#‘%‘B‘E’ﬁ‘ *to come in
under press ureeredtx&t@m@l@e h2zle QAR ESIEElc); ANEIhER QBmPATKe fofothtitddln LB essur e,

al ternating subsequent back and forth. The vapor could be renoved at the

| ow pr essur ePSERRE. SSRECEOF D cfyahpad oy prapet ipgefiese non- | i near desi gns,

the pipe reactor ﬂhﬁiftﬁﬁtﬁﬁtsyarb%lyﬂﬁﬁpeeﬂecﬂtﬁf Abhd ¥ ﬂﬂced ég tﬁérblﬂl‘t‘@otiﬂ sposed

between the inlet and the outl et bows commonly form angles of
forty-five (#Bytaws awimet yrbbo)atideds diemnssddan morhéaiaibvdive sheeaolid saglents

cont enpl gt edeeriaclia, CLAQY GANAED, 16 A SGLIADAEL O MELR D he bl P

reactor as the reac NONEr trav fses he el bow. The
direction of rdchenlbioioomiptegtrlydemica athithepastedark, st atomimnygn bittheszont al  pl ane,

ch as the floor. of the i\l dj tel.at ta onar ertical
rs):Jane, ssuch 5%9‘15“9\‘?5?1"“‘:{31?1 @ﬁ%‘ bﬁltfﬁﬁ't‘ﬁmrfaﬂ‘ I@r“‘?éﬁ%ﬁ%“f’%‘} 3 lg?%‘ﬁ%‘hv !
hori zont al amg: iitRId, kebio HRb ﬁ@ﬁ@sﬂﬂi{ﬁ@mﬁ:ﬁ@g toahive dit tcafichiion faomirs | ow through

the el bows, _nore m |ng a nt agepusl cur of the materjal.s conpared to
a straight $&eRBH rﬂtaﬁl@u&a BRE Rdh B PO O %r@%%ﬁﬁﬁﬂﬁﬁ%@a to design

t he pipe peagiRfyt 0 obtain a desired pressure

Pregsure Profile

n ﬂ'.tr:I preferred embodiment, the pressure of the reactanis at the inferior surface

of the pipe reactor adjacent the inlet iz higher, or greatet, than the pressure of the

25 monomers and/or reactants at the intetior surface adjacent the outlet. To achieve this
pressure differential, the inlet of the pipe reactor is preferably disposed elevationaily
below the ouflet (as shown in Fig. 2} so that the pressure differential arises, in large
pazt, from the hydiostatic pressure resulting from fluids confained within the intetior
surface of the pipe reactor. That is, hydrostatic pressure exists betwesn the downsiream

30 and upstream positions so that as the flnid flows upwardly fhrough the pips 1eactor, the
pressure decreases. The hydrostatic pressure is a function of liquid density
(fempecatere and composition), void fraction (reactants added, temperature, reaction



20 profile As one skilked in the art will appreciate, when the reactants
and/ or nononer are in afliquid form the pressure of liquid I's

subst angpabliyaggonst ant when flowing along a portion of ghe.@i, gzéMciﬂﬂﬁ
that is horizontally oriented. That is, there is no hydrostatlc pressure
differential along a horizontal section_of the pipe reactor, but frictional
| osses occur as the liquids flow downst’F eam t hat may vary the pressure al ong
25 that hor n 0, essure of
the. f1ui d agtpeudes SRRt bs RuRfel B85 R pdh AN AT ot RS

reactor is dtﬁ‘ﬂamcedammmuqmmm MbyméMWn@meWMp Bed @ritawniy now to- -
Figs. 10 an engi neeri.n r |ples may be enployed in

enbodi nents%barpl?% Gb”é‘?eﬁ’g qs}f,‘,\’,g,lﬁgﬂhﬁ'ﬂ F8)-create desired pressure profiles 30
for the reactant SheagicatiREperzaéiboodh BGo tikb Gifiiert iRpdl Rr eagiqin Profiles
21-25 of Figure 11 correspond to views 21-25 of Fig, 10. Changing the

confi gur dt i OF° 8FslEHachgwn), gﬁ@?""s”?"ﬁ@ ‘i)‘f”@%t%‘?-ﬂag}’ SF‘B"F #F'@fﬂﬂf}:ﬁh@@lﬂtf@ and 11 are

correct in REHAGHRAR theife fabi@G H:aﬂljle\xangh@@ In atothe¥inbodtit, 21-16266
PCTJt 1S01146992 45ugr essure drop along the horizontal pipes w only
decrease by redgtorfiy ubstpefivgly nondEwar Jﬂﬂ%ﬂ%pmab@h@ﬂﬁh‘éewwftﬂh%hﬂﬂt he pipe. Only

the vertical, gllngﬁltl],s]?{%gl deﬁoﬂ%@@fs&g&%ﬂﬁ al pipe wll. lead to noticeable

| ower pressure In the pipe reactor so that the primary pressure drop occurs
i n the upstandi n@rholplpmeacturahrilpe mmmammmhmnmmhmcmmgmyﬁhﬁbg. 11 5
charting th ressur ¢ ers gl tine reabl occur in

sur ges, Hot 2 nﬁg&ﬁg '?33 H%?Fydlg%lleé‘tq @’ﬂ\‘fg Pl er st andi ng of
the sinpli fl(eelmdalagar pﬁpanduﬁmlao ﬁﬁrgim]gﬂbﬁﬁaumnm)ltb S he R sk bﬁﬁhrallélﬁw 21 of

‘Fig. 10 is ri.es, of ual |y, aced, whjch results in | | near
“pressure dr cﬂie ET) Ir“épéﬁg %WFHB’“@%&'@?F ez i U mde?@l ‘ﬁtlﬂ %@ndp"rﬁo

fraction. Vigw gdis n%@es@amcp&e FBARAIPanM THR pSiFabd el oRERRRI 8 Fpﬂﬂlsmat to the
begi nni ng and Iar er essure drops in the upper four, w.dely spaced,

reactor sectd@isp ﬁ%&PﬁWﬁéﬁ’%ﬁ@ﬂbP“@é}?ﬂ%Fé‘@mﬂlﬁﬂl\?ﬂ‘éﬂf@BﬂtéFmﬁl%ﬂ despd has | arge
initial pyesgy &s&&ﬂé Bije rﬁ@i}{eﬁ.eq?opé{xah & hPSEP Qgct%ﬁ,;ﬁ" b:?%hﬂﬁﬂé:ﬁdu?ﬁs and

snmal | er pressure s 1n the | ast our sec ons 0 reactor. View 24
shows a pi peuxdachorotalirizgiafiouis preferesl, whatkrsahalPMT pressianesdde vpriegich and

W LN 3 T ar O RLESAN LK an: DREYRA0, S360 A WBunilh Sl eRades] 9N 15 al | ove the

reactor to dr essure 1n ste the pressure
profiles for vi elmsrdﬁ&ustdmtmdgﬁm%ﬂmmmﬂmmmgpamhmtoﬁdahy;avma ﬁr@cal 1I as

I T T TR e A T
based on 2t hepipé kdaeiopt@soetiosiGitiisiod 14aete] 36, 74,1802900 bhE00 \&fﬁl@ﬂfemlnw ik is
contenpl ated e Bt embatisens the aist OX'bg%B%'maE o 20 0 200, from 50 to
200, from 50 to 175, from 90 to 150, or from 100 to 140 vertical fect balow fhe outlet,
Amnother equally viable design includes a pipe reactor that is non-linear betwecen
the inlel and outlet. One such design is shown in Fig. 2, in which the pipe reactor is
25  setpentine in front plan view. Otler profiles of the non-linear pipe reactor include, but
are not limited to, designs that are twigting; winding; twine; coil; contort; wreathe
(move in a curve); conveluted; distorted; meandering; tortuons; sinuous; and/or
labyrinth. ,
In another design, the pipe Teacior proceeds from inlet to outlet in a non-linesr,
. 30 horizontal mn, and then proceeds vertically to a further level with-another non-linear

horizontal tun, and tiis process can be repeated to any height {(and widih/length)

desired. This creates a packed design with layered non-linear, horizontal runs.



20 sane el evational height as the outlet (i.e, the _pipe reactor oriented
substantially horizontally) so that the pressure at the inlet wll be

greater“@ ME{}‘at of the outlet based on frictional losses@gg@%%%?yf[msmﬁ

the material's ow along the interior surface of the pi pEu

pressure differential between the inlet and the outlet will not be as great
as the enbodi nent having the inlet elesationally higher than the outlet,

Al t hough the 25 | east desirable design, it is also within the scope of the
present inventi oA Epalpasne emhedimerde exteridicpiondgr pHivgondensation) scks di sposed

el evational | 3, 8bQ\esel Iaflépgﬁdldﬁ]%«g %ﬁ%@g REE %Eiﬁca@hﬁl@ t%ﬁg@%a%n Ld&or i ng

esterification reactor r vacuum w urd trav
upwar d wi t h tafseoudensation) would he caspebic ic Fed. 8bet ktnted MU Thatdwetithon, a vent

can be used tp r bulk of the water. In i odi,ment .., the first
o e R TR A B e el KR Bhroed Bt 1 BRSO FRRE S T 1S
esteri ;i csﬁt imﬂ@mﬂéthﬁnveﬂdailﬁdmwmm/ Ttkdnetiny Imﬂhmphﬂmﬁehﬁgﬁmwdrﬁh;a - W t_hOI
part (0] t he ol ycon ensat.l on Process/ a paratus on e este A I catli on side. .-
I n anot her e %H?PWEWWW%W%WWd%E 5%5‘6%

PCT/ 1 1501/ 46882uftbacphatifl RkQqubh®; bR SRStoriB CRhe vap8r ohid MEemafdd dt e

Addi tional ly, in another aspect, a heat exchanger can be used in the
react or | i neloarpassureyans ke eiflgsat 99iget . Heati ng the reactants increases the

reaction rate tO il ihftal BLlE%hd S OGBS QAR BE | 0D

Accordi ngly, another optiona e prese Inventron is to
i ncl ude at nesthews disposebatmeentiheinkeaditbnowleh ritheaibawssomsioalyt ey engéng

t hrough t he ea r. .Mr r. heati th terial oi | ong t he
i nt erigor su%@%@ﬁ% f‘if*ﬁgf %Pw%é??ﬁ}égﬁ%?ﬁf“&né’ﬁ'ga@é o eea%r?icﬂl %ﬁi%ga)tf%( ac}gr ea? ing a
buoyancy di f tibterhimgks ihe dbetive ehfléw eitiashaaporeadior saekk dyctinteandirl i Nng and t he
surrounding liquid (or solid fl ow ong. t i pe reactor and (2)
breaki ng up MREMBESH gﬁ?dﬁgﬁathﬁfst’a?egﬂ%gﬂwpg? E{]tg"éﬁa'lrr?aérrc 58t Een t he
interior surtacfathabRripdnag pl-aaGhel asaididod of i bendiad, $r tdktive @ act with the
interior surface. In various aspects, at |least sone of the fluids in the
esterifi dati SAiFeptwacal pliee. peahys 8 mall 1S e atiing o8 wdative & bofb Fiptiansly

esterificati gpiandi h3 RAACARIENSAIH OR BIAGEIAE 108bBerd Sdkatoligh #8i | i ng to
provide efficient mxing. I'n other aspects, at |east sonme of the fluids can

be brought t &ltewsmerp mozing pdvaptapnsly gedvrend the mpterids epvpaeed thy sirogllr | ng t he
system press _ i onponent havi ng a hi gher vapor pressure than
the fluids ngéecgif}ﬁéf@ggﬁggﬁg’fo ‘ed As one skilled in the art will appreciate,
t he hi ghest heat ltriagdsf entamlmsdiodesisn the pipa vskeatvectivan & Hemred presoirs

_gg? Flr ﬁ;i ;ﬁlrﬂ eogt@gL%%gzﬁa%l 58 érgilllzg gl"t%%ll arprpre%'ijal%ctz lw%m(l: 8‘!3%&@0&1& a%h’,l or %wc?écrt ypes of
are in a hiquid form, the pressure of liquid is substantally consiant when flowing along
a portion of the pipe reactor that is horizontally oriented, That ig, thera is no
hydrostatic pressure differential along a horizontal saction of the pipe reactor, but
frictional losses ocecnr as the liguids ﬂ@w downstream that may vary the pressure along
25 thathorizontal section of flie pipe reactor. I contrast, the pressure of the faid
decreases at an increasing rate, as that imrtiun of the pipe reactor is orientad more
veriically flowing downstream.
Referring now o Figs. 10 and 11, these enginecring principles may be
employed in embodiments of the présemt invention to create desired pressuoe profiles
- 30 for the reactants and/or menomer flowing through the pipe teactor. Profiles 21-25 of
Fipure 11 correspond o views 21-25 ﬁf Fig. 10. Changing the configuration of the pipe

alters the pressure profile. Fips. 10 and 11 are correct in principle, but in actuality, the



The follow ng chart provides the boiling point of exenplary conponents that
the.present invention nmay process. O her conponent s,“ghan those Ilsted bel ow
may, of course, be used:¥ Conponent Soiling Point Tegp. fOC ﬂ’l‘? @gl d
118.5 A% %\jﬁgéd 330 Decorrp05| ng Isophthalic Acid (IPA )P iﬂgj frT(E; Ar'?
Phosphori ¢ Aci'd 213 Terephthalic Acid 301.4 30 Methanol & 1°Btit anol
117.8 1sopropanol 82.5 TitaniumI|sopropoxide 82.5 Titanium D oxide 73000
35 Trinmellitic Anhydride 390 Zinc Acetat’e 100 Loses water then sublines 2 4

MAY 2005 WD 02146266 PCT USQOL / 46992 47. ide. 1 Cobal t ous

Acet ate Tet r BFF YR EPRT D ‘G%qﬁ?fmgqu "ﬂH@AB’IdSFPF%%/?&P(]E %ﬁ?%ﬁ%ﬁf‘? 265

Di net hyl | sofbp Arha &1&1&:8@211 S thi cﬂﬁ horly Fervepiabl dinkahd EdDor28al anedi ol
230 Cycl ohexane D net_hanol 284-288 Diethylene dycol G 245

Et hyl ene G y¥8 ﬂ%@@)ﬂﬂwﬂb@dﬂwmw Bk KPS Feattonigghat e RTERATY RESSH%ANS for t he
pi pe reactor {FRAR ol b8et e ag k- QhdinBy! ated by a
variety of n%%?gcélﬁiﬁ%ugh vgaglmgﬁépiﬁur a];({,:es4L3 chdﬁrge%erabl Y, %Fﬂlg pr esent

i nvent i ons i netagiiesthi prgesure wersys bnethotiige WFWMH)Tﬁiﬂl’ﬁfatﬂﬂW@l supgasivent frethe 15

communi cati o f e reactor

al ong at Ieaﬁi }ll\gla&’11‘?u|f)ugfrﬂﬁ'?[E %&mﬁhgﬁ%ﬁggﬁ(@m@%dﬁ E"ﬁl%%m?;htﬁteﬁﬁm% and out | et .

The heat traasheonfeditoneal be discdheds ¥idvb2l of g cifitis aearmmt:fempﬂlaqnmyer of the

exterior surf aacgd %%jch%guftg 91 asllfln?sgrt per‘é]stmlrrg ls:'lr'n% in the reactor assuming equal fluid

density and void fraction. View 22 shows a pipe reactor with smaller pressure drops at
10 the beginning and larger pressure drops in the upper four, widely spaced, reaclor
sections. The pipe reaclor depicted in view 23 of Fig. 10 has large initial pressure
drops, caused by the increased vertical sections and smaller pressure drops in the last
four sections of the teactor. View 24 shows a pipe reacior having four zones with small
pressure drop each and with a large pressure drop between each zone, View 25 design
15 allows the reactor to drop the pressure in steps. As already noted, the pressure profiles
for views 21 through 25 are shown graphically in Fig. 11 as profiles 21-25. It should
be appreciated (hat the confipurations described hercin are illusfrative only. Many
other configurations can be designed based on the principles disenssed herein.
In another embodiment, it is contemplated having the inlst at approximately the
20 same elevational height as the outlet {7 &, the pipe reactor oriented substantially
horizontally} so that the pressure at the inlet will be preater than that of the outlet based
on frictional losses that occur as the materials flow along the interior surface of the pipe
reacior. The pressure differential between the inlef and the outlet will nof be as great as
the embodiment maving fhe inlet elevationally higher then the outlet, Although the
25 least desirable design, it is also within the scope of the present inventicn te orient the
Teacior pipe so that the inlet is disposed elevationally ahn.va the outlet.
The pressure in the top of the esterification reacior could be under vacuum with
the flnid traveling upward with the vacuum. In one aspect, before the vacuum section,
a vent can be used to remove the bulk of the water. In this embodiment, the first part of
30 the polycondensation reactor could be placed on the top of the esterification reactor,
This would make the plant process smaller, with part of the polyuundensatmn

pmcﬂssfapparatus on the esterification side. In another embodiment, it would also



the fall length of theﬂ_gi pe reactor. Heat can al so._be added by inserting
heat exchangers or by &dding reactants hot. or in the vapor stat empmyomg,ﬁ
aspect, i(r; a PET or PETG 20 process, the ethylene glycol and/or CHDM can be
added hS¥YO8#¥2° t he vapor state. Alternatively, inductidrr ReRtf*AYor

m crowave heating naybe used. A heat exchanger can be used in a reactant

feed line to heat or vaporize a reactad. A heat exchanger can al so be used
intermedi ate the pipe reactor, wherein the pipe reactor is in different

secti ons andcl@siente Serlpraspsedliemindbrtiielitt ifskitioaalive i arptheifcd DiFaheat

exchanger t o Reatsof 08 teGa%! i Mo RS 196 SRR C Units. This heat exchanger
internmedi ate the pipe reactor systemis especially applicable if unjacketed
pipe for the pipe reactor is utilized. Beater exchangers can be the | ow

cost conmponepb..ff,the reactor train depending upon the installed cost of

j acket ed pi pE“V’STgthe installed cast of the heat exchangers. Typically, in

t he ester$ficati oHeaing tleardcpnpchyreonctn satiionat: thfcilitatd forpéngabair e of the
fluid controls the residence ti.nme,,so heat input can.pbe the.limting design’
factor rat he?lﬂ{l?fﬁﬁﬁ“ﬁgﬂgg%@ﬂmf}hmki%%ﬁﬂfdg@ﬁy’fﬂgtﬁ‘g%ﬁ%@ F’%t”fﬁ %'Jr"ﬁﬁrgs%l une and
costs; rapi difvestidnigicCipthi@thasge e QBefkctonts MAAk nbxoMaRAQV&sBAN be

inserted at gny _location alqng the length of such as internediate the inlet
and outlet o PR IegIor. g\ﬁ]"&ﬁ‘@ﬁth@%‘éﬁ tgﬁF’_éF“ﬂF%"lﬁllaé?ngttBe’c“F?@m
esterificati Qel8dEHRHiR keactd ficRALMGRNEBASAN (@j%r%n%@%ﬁ&ﬁh&?&iﬁefmﬁﬁe
recircul ation | oop or between any of the reactors (between the_

est eri fi dati bpvicer e drsvappoiopaehelctis feilion mrdihe susioyndipng Lgrd (Rrsplidsh
esterificati wﬂﬁqﬂ 9%%@%&‘ Gl 194.::45

pol ycondensa?ll[aon re%&%r%li,ﬂgegf{grc%n\r@?;zor pr |pn£teu¥§‘gy|§a§r?§t or %yutlet of any
of the est effiiftingalfosns wtwpolticokdensaton thepipt BrResr ad troaknds & adj acent,
or wi thin any 368!l &% LelSEAD! iy vaBoReRleoiX GRANGRE | S ol G gBl L he
start of each reactor secti o, ere Pheé Pressure changes, since the
vapori zat i on sgtenfisativh erobist) tHe polpemabiontnn fasceste syuitlbihd eficrifedadvg aridnser t i on of
a heat exchanger into,. proxinmate, or adjacent the seal. |eg can be

advant agelor‘us:p%ﬁrf:mffgﬁsajha‘gﬂlgfﬁﬁest%féeafﬁdﬁ‘éi"?l ng OFLovidp %ﬁ?‘:‘é‘}t'_ &t ofben hen a

| ow cost opt isgfkets, 8 18Rt 4658 oF (REMHdL46 BaB@AFNIAS bdile, ARG RN Qudfas! fae
esterification process, and also utilize additional heat, exchangers al ong
the | ength ofexeeler Rplewering e BrieRpPrRARI%EAPERR? repagarlibaving a JEhepor

by- product vapa&id @S thdMARENRSRE & be bdid.N8RlonE HEIANE MeSrvRI MpR6iafd 0se 10
together at the beginning of the esterification process and further apart
later on, as ‘ahbigherrbenhtransfer pyjc peeytiuer nuglepsrioling (o sgrealiwyolirdivifealbegi nni ng
of the esterifj ' 8 ASAk, 183 conprises a

pl urali ty£of % g%%?f%gFQ%ﬁleatlgghﬁnggﬁ%o e%?s méﬁ%‘p‘ﬂﬂga ohﬂtgﬁt e exterior
surface of the pi péerelwtiog chakitpréddee boboiling point of exemplary components that

the present invention may process. Other componenis than those listed below may, of

course, be used:

Component _ Boiling Point Temp. (O0)
25 Acetic Acid 118.5
Adipie Acid 330 Decomposing
Isophthalic Acid (IPA) Sublimes
Phosphotc Acld ' 213
_ Terephthalic Acid 301.4
30 Methanot . ' 64.5
1-Butanol 117.8
Isopropanol 82.5
Titanium Isopropoxide 82.5
Titaninm Dioxide 73000
35 Trimellitic Anhydride : 390

Zing Acetafe - 108 Lﬁses water then sublimnes



contenpl ated using a j api§et pi pe circunscribing th%xt erior surface, in
which the 15 jacket pipe:has an inner surface largérithan the egtr;dﬂﬁ?omﬂﬁ
surface pi pe reactor to forman annul ar space th en The heat
transfe}‘mm&iﬂgﬁﬁ i ncluding by way of exanple a |iquid, 2‘5@8&% Ge’é?‘n
superheated water, conpressed gases, condensing vapor gas, conveyed solids,
el ectrical traci ng el ectrical heating “onponents, or a conbination

t hereof, are the ocat %d ithin the annul ar ﬂ;:e For use of a fluid heat

20 transfer nedi or or st , the annul ar space should
be | eak-tight in &ﬂﬁ?é’ Ton so thit’ the fluid flows

longitudinally b IWE perredirathoilttet . “YNore specifically, it is
desired in this fl UId heat t%ﬁi sfer nedia that the fluid
floww thin the H’tﬁﬂ%(”@ﬁ%@lﬁﬁ & directi®h counter to the direction of
the material fltﬁlﬁtﬁgﬂhrough theé) e reactot>Yi.e., the heat transfer

nedi a fl ow from deielabexaps Digeihmoed{CEPMEe t he 2&afBant s and nonomer flow from
inlet to outlet) Rirthwsoghhwol @BGlent HTM fl o¥tPpat hs can al so be used. Based
on the heat trandibrlemelivecliEGW rate, the desi%hers nust ensure that the

vel oci tylbf the Hgmthvlenaidf@ml Media in the an®¥l ar space between the process
pi pe and the jacket pipe is of the appropriate velocity for good piping
design. For the pledesinp3fcapBriteatpcancta capatenabhearbiofmmappTiexigat el y four
to about ei ght een feet n i.nea el.o er al on red

appr opri at e. TRFCRRY e%é ‘fi?ya‘?“?%ﬁf‘m%%ﬂﬂq%éh%% %@1%&%@5«9 et er
roust be i ncieaspeht ikreftidiXcid@R et Woh IR/ WAGROGTIRG UR04k46832n49 It is also

contenpl ated that the heat transfer nedia may al so fl ow or be | ocated

~within tHe i ﬁ%mma?aﬁ@ﬂém %ﬂ%ﬁ%qfél@se@teﬁ%ﬁuafﬂwo@é%mw FrastRealanmitieet space
“between the gﬁﬁ%ﬁ bk ﬁfp@?&cﬁ"& ttged ﬂr‘lﬁ& £t %ﬁﬂ@cn &hi R 'h:Qﬁs g t he

exterior pip dési gn reduces e surface area of the process pipe and
requires a I aﬂwﬁ%bﬂf@f-' priite pitpediater ofthe dterist hofes %Tﬂnﬁéﬁbssi@hﬁhheat

Lo TR N S NS TR

HTM bot h on t e an e outsi
process fl ui drbynaddin mactohiachod ol tisr vapprastas. Ihfom:rmpecth'maﬂ’ﬁ"l?arﬂiﬂé} is desired

in a sectjon of th tor e rogess vol une ratio
must be ifcr EHEEH: ﬁﬁ’ﬁﬁaﬁ g%"é@&ﬂ%ﬂéﬁ%@%ﬁ d%d%*gtrr%”fl ”fﬁmcﬁaé‘?ret er process
pi pe. The snailicantplpdehistip Rati bﬂmmwﬁwmnﬁ@mapb@ums |l inear velocity,
but as long as the flow rate is_not ,so hi it causes pi.pe erosion and
is not in a di se%d’&@ﬁ% 1578 e Byed fthre ?g“ﬂ% E'FG‘?ﬁaaFH‘i’éaPB’é&a?ccept abl e.
These hi gher i@ CR hedbRMaA QR8s Wolte uddd iRCimidife 8RPipeQtactdiowRi-Big Heeact or .

If the process flowrate is too hig
pipe reactor is in different sections and each effluent from one section is fed through a

35 heat exchanger to heat the reactants and/or monomeric units. This heat exchanger
infermediate the pipe reactor system is especiaily applicable if unjacketed pipe for the
pipe reactor is utilized. Heater exchangers can be the low cost conponent of the
reactor train depending upon the instilled cost of jacketed pipe vs. the installed cost of
the heat exchangers. Typically, in the eslerification and early polveandensation, the

30 temperaure of the Aluid controls the residsnce time, 50 heat iput can be the limifing
design factor rather than the reaction kinetics. Therefore, to minimize volume and
costs; rapid hesting can enhance the process.” Heaf exchangeis can be inseried at any
location along the length of such a5 intermediate the inlet and outlet or proximate or

adjacent the inlet or uutl.at to the esterification reactor(s), the polycondensation

35 reacior(s) or the recirculation loop or between any of the reactors (between the

esterification reacfors, polvcordensation reactors, or belween an esterification and




then multiple parallel pipes are used. 15 Degassin VWiile flowng fromthe
inlet to the outlet, theireactants, nononers, oligorders, polyners,? akdy 2005

by-produ&;éfﬂlgi?%ﬁéformvap‘br or gases as result of chem cal %ﬁ@ﬁ'{}r&:&ﬁ%l udes a

heat i ng, r reasons. The present invention also opt?
means for 20 renoving vapors fromthe pi pe reactor intermediate to its inlet
and outlet and/or at, proximate or adjdCent to the outlet. This renoval

hel ps to drive the reaction to f avorabl e equi.librium and/qr to control
t he phase fIcF\Rh‘FBf“{eﬁ%mﬂ’égqa?t@’é= “!’:@éP‘?Fé}F pfﬁhﬁ’éate&“gﬁﬂ%.’f' ‘:"Ftr?éﬁg’i‘%’rfg Be&n be, in
certain aspeGh@sifigdtichRep&ichn@nsARe @t bEp@kindkd, aHNRAS of FithinZ@PQeall ef erring

to the esterification zone and each pol ycondeusation zone) and/or at 25 one
or nore | ocat¥®riFeirrably, A bea exrhpwse isdpoaiidinb thewpriol paoh asagine sectipn.pvipze 20A,

ei ght di f1er gl pkL OV e TR0 thetiBBAASEdolsQMt f1ld, 'ﬁ%{t\éf%ﬁ?&@dcsﬁii%ﬁs are

shown. Dark areas represents liquid and light areas the gas. In bubble
fl ow, bubbil eselstv,gesrivnwéa hiad sephetast Wiy sroxpaate, cofidisdsat thé pal lag capbe oxi mat el y

e gne e ove AFhleeRi i PSR I RS 8Ly B bl 1

i quid flows iatomg atset dackizhgianihe bhgminper thaetbifasichlpowess malaso wilbe

That  the gas HENEBIERLP Ergirat Ao DE Pt it Biotbe Brpestge bk 2005
WO 02/ 46266 Ripl£3d byl 0t $PhoritksS iH bREskpEY, thiRaV\@éREnsEE a)ald REidR the
direction of the flow _In slug e roll wave is picked up by the nore

flow, _the up hy
rapi dly nifvi ngeyhe o heppripriae of thy rstepiicaprpgewesandipdpppart e fr-pathsr a
velocity gre _ 4 LR : I 3 the liquid
S N el TR
a high 5 vel oci ty @ss sxagpktol §ie isgrensFhmedy rdmprey spiwalivivd elesiyigiet ri cal nor'

th, but ' |m | ( lLLs,
noted Tor vaviibspiiorti el ol BT TURST HEBRRGEAPR BB, 2
entrai ned as sprayplivyd tdver gacket Fpe cispmayrkipp éarstetior shefzcepinoehidedicby t he
hi gh-vel ocjty. i ppi ng. |iqui.d off t t f .the.roll . Froth
flow |5 sihi | PR ab e GHR FSGR B T G BUBET CSMEPIGSRHoB cent age.
See 10 gener akdry; anRehelkitspies tHireidkedtn. ThOBzPhaRerenRadis Ohclididi gy Mat icons, "

Addi son-V‘ésleﬁx Sﬁri s .in Chem cal Engi neering, pp. 357-459, 1967. For the
esterificati ofdSFRIG & Lguidsvapen deany suprriicgicd WapGmBEesE SRS PGSR t he pi pe

reactor is theafRlhdlumvee LRdd, MleReN hink, RlecBial HeatpQ¥ing8Sen®08th M Xi ng of
the vapor and combination thereof, are then located within the annular space. For use of 2 flind heat
20 transfer media (f.e, liquid, vapor, or steam), the annular space shonld be leak-tighi in
the lateral direction so that the fluid flows longitudinally between the inlet and cutlet.
More specifically, it is desired in this embodiment using fluid heat transfor media that
the fluid flow within the annular space be in a direction counter to the direction of the
material flowing through the pipe rea,c'_lcrr (i.e., the heat transfer media flow from outlet
25 to inlet since the reactants and monomer flow from inlet to ontlet) although co-current
HTM flow paths can also be used. |
Based on the heat traunsfer media flow rate, the designers must epsure that the
velocity of the heat transfer media in the asmular space between the process pipe and
the jacket pipe is of the appropriate ﬁclocity for good piping design. For the present
. 30 appHcation, a speed of from approximately four to about eightesn feet/second linear
velocity is generally considered appropriate, If the velocity is too high, then the jacket

pipe diameter must be increased,



liquid for facilitating the reaction. For the polycondensation step of this
invention, 15 stratified flowin the pipe reactor |s the opti rrumf vm
reginme, as it provides gobd disengagenent of the va@or by- product r Ztﬂpﬁe
liquid Stratified flowis also the optimumflo yent off
of the S’f'ggﬂf"légfbt or of this invention in either esteri f%lg%ﬂ%ﬂ (fegg

pol ycondensation. As seen in Fig. 20B, which is a Baker Plot of the vapor
mass flow (By) versus the ratio of |iqui¥d over vapor nass flow (Ex), the

various 20 fl ow regl mes of two-phase flow in haorizontal pipes are shown. See

general |y, Baker I ﬁlaﬁf'@‘?t@ﬁplﬁ%t@h%éﬁﬂﬁF%Wfﬁré“fémmiﬁ’rﬁhl? fgrw prliedAtated 111, 064,
As stated abgwgy nld:Qhd %Ean@iﬁ@%u{'&a s%umhbmmrmﬁ.ﬁﬁr $adlebdenahd On process,
whereas stratified is P e or prepol ymer "and finishing steps of
t he pol ycondersratitare Oﬁﬂmmsplpsm@ﬂlamﬂﬂrptuétheﬁtmwm@k Thirsdssigh sedogesi prent
darmge,  Annuk 8l 00,k SPHE BRGRTN S B8l MR BRLEBRAME AL P, and vavy
fl ow entrai nS process- 't qu as Gt am ‘tause fouling in
the gas handbdmficielfur preritat Hansihmedia rhah qaé;ngh—méssmsmdlaf iMat aea cad be certai n

enbodi nent s, ol.} ese can, creat e.a t hree-phase fl ow
Fovever .t et BRI B Ralheia e bt hited St R B e

rel ati onshl Pptess faidih cheimiddio dwidle sgas. - The sol i d does not, in fact, .30

i npact the gas/ll UId Iowr it should be nqte for clarity,
if asolidis F?I}%Egm:%ﬁ“ﬂé‘éﬂaﬂwléﬂ %fﬁ&ﬁ'ﬁ% EP%W"?F%%% third
(solid) phasg, g}gﬁ%sP%lﬁﬁéﬁﬁmnust e inér¥ased, ATV adQaR1sNO LY 2412 6faller

PCTI t f SOLI - 69 51 Movenent between the fluid regines’is accorrpl i shed by
changi ng 'pl afipmegapeess pipei Rae dealienproptse pipe Gl @uﬁ%ﬁwfﬂﬁséh“%dl fying the
{ ol Ul ALl OB YA st ARAL AT oul At iRl BERTR 1 UARL Hfk Ablio BRE noChaN0] N0
‘the pi pe dianeter, using paral angi ng e ysica par aneters
by nmeans suchs aémﬁenpeg m‘fmmf t‘po;ﬂss m&@ur, &omasmphbln Thesaﬂmhﬁ@mm | uent or
an inert conp Q t an f for the
caterticatl O grisallafies btk PREMe reflly R ARER Ak Pt ko SR Lo
t he recircul akdnotmidpla pivelld ppeeasased n an armunt or ratio to achieve the
froth or hubble state. To nove upward on the graph, snaller dianeter pipe
is used. To nove left, additional pat hs are used. For the pol ycondensati on
process, if Ifkghengvapor velocity is too high, then.additional parallel

pi pes can be added to decrease the vapor velocit in order .o achieve a

stratified two-phdSalerfeging Eem the inkef igiherwial, Qﬁéﬁéﬂﬁe‘nﬁ%“blﬂ SURRTE o f

t wo- phase r eq&mﬂ Qhd BREroBEROAL R vahor of Bch AV P Bhdubal ReRRGzESS for
maki ng PET honopol yner,” 1 n this ‘enbodi nent, the
heatmg, or other reasons. The present invention also optionally includes a means for

20  removing vapors from the pipe reactor infermediate io its inist and outlet and/or at,
proximate or adjacent to the outlet. This removal helps to drive the reactionto a
favorable equilibrium and/or to control the phase flow o the desired regime, The
removal locations can be, in certain aspects, at the end of onc er more or all zone€s (a
“zone” referming to the esterification zone and each polycondensation zene) andfor at

25 one or more locations within each reantﬁr ZOTHS.

With reference io Fig. 204, sight different flow ragimﬁ of two-phass flow in
horizantel pipes are showtl. Dark areas represents liguid and light areas fthe gas, In
butble flow, bubhles of gas move along the upper part of the pipe at approximately the
sams velocity as the liquid. Inplug flow, altemate plugs of liquid and gas move along

30 the upper part of the pipe. In stratified flow, liquid flows along the bottom of the pipe

and gas flows above, over & smooth liquid/gas interface. Wavy flow is similar to

stratified flow except that the pas moves at a higher velocity and the interface is



esterifieation reactor..starts at point 400 in the froth or bubble regi mre and
sl oWy noves 15 towards :point 401 as the process proceeds through 2t hgay 7005
react or wdbg4oeed ocity is lowered for disengagenent of therhwipbases at
point 402 in the stratified zone and then proceeds through the first
pressure zone separator, for exanple, a,seal leg, into the first stage of
pol ycondensati on at poi nt 403. The process proceeds along the path to point

404 until t hesecPndmnp HaSelZQRES AR HRN QI He S he fl ow
regime to poi nt§20 405%?'8% p? ogess proceeds gl %%E@ggﬁtﬁggﬂ poi nt 406

to the | ast ‘wemﬂ@d@pﬂwthasre@rarmdﬁ moving gegtptions b jeamddrispasicotimugie i s not

shown as it Et a%l&uﬂgéfje%@l Bl 354?{1% 1@‘1&9{@%%@?@# ﬁl%thﬁe*ée pattern

as the first Zzones ona ases Trom system can
control vapdtuwfslmwﬂamﬂhn hmunctﬂtbnrmdeﬁvalhmﬁma@mnmﬂ th@gwﬂoﬁfbawhxmentl ng renoves

(h gher Tt PBRSE o U= aL Sorie IR SO BLPS PSP HEFTt hods

that nmay be sieiid th eolPMes hibeBRYosdl b Sdul4) a8 Aotbd for GFadP AodrO In Slkmnaa ok | ow
regi nes. Entrained gases. can be vented froma punped _|iquid by controlled

reductii on ofspr%’ﬁ@“fsm#éhﬂaue@wamwé ap Fpag by ﬂﬂﬁeﬁﬁs&@fﬂﬂ@%@ 8d6r e

coupl ed W”’pr@cﬁﬁ&&@;f qﬁ ﬁdc&g &fgm,faidﬁ%@@:@ﬁ%ﬁh@%ﬂm@mdﬁgﬁﬁs' ng
encl osure, Mdbre_ preferab een ound th gases entrained in a

purped fl ui dflesy lﬁém%h‘ﬁgﬂ%@p‘aw wifh largam bhlle argegigice Jry

i ncor poragi i t t uid stream
and rel egﬁsl % %ﬂkﬁ\r}%gﬁ %V%%g%%zG% l%%ﬁ%hf é%?%ﬁ%%@g[ ]%g ‘thﬁ%ms‘gg%%}lat ed gases
through suchS@EastlchhmipﬂEngimcﬂinﬁJm\ﬁ!ﬂeﬂFﬁQr ébéed vent. As used herein, the
term "entrained" .and |ike.t r ef ndi \ sent_in a
Frud: o for exampith e st ARk RoTproghE oFfiR e, F3f o R AR PR R bl os,
foam froth @hactfdhietilel dp&muhnegmxem peatdntds)it poeierdoed nixing of e ripor hed Vﬁpor
renovi ng nme egassi ng neaps, es a vent or yentj ng nechani sm
i ncor por at e?i{]‘i"ﬁ‘i g’rtf‘??éltbtg't%ﬁa?e topofor %BW\‘?%‘H'%F%@“‘WE% R RE 985 t i oned so
that either athired ﬂ@wﬁ@th%lpq:{aﬁd&ﬂ%ﬂé}ﬂﬁﬁhﬁﬂbﬁf@%ﬂﬁ@ﬁﬁﬁﬁld&sr@a@r sing within

the interior surface of the pipe reactor also Wthrotét%h the venting
mechani sm whfPTIERERmRSEG0% he MenoRby-preiwt Tpw the Sagd pradpct. REp Wk t o Fi gs.

7a - 7f, theth\é%ﬂﬁinﬂﬁﬂﬁcﬁ%meiﬁﬁtfﬂ’kﬁ%e%ﬁefe‘&c@hﬁ%ﬁ Beentcd ﬁ{@iﬂﬁ?' ty of the
r eact ants and/ or nmonomer in the pipe reactor to an extent sufficient to

permt entr ap¥isticgtien Qromh@p@dema@um r dhiceh i FigulW, rdipdtian Bakea Kot of thrononer .
e vent 15 S JA0 AL B0SHAIA Ko PRARE G AT wS B b,
in the venti lﬂgwmhﬁmnﬁwmrﬁlaﬂrfhm idéotifvetad pipies e shown. Sec generally, Baker
Plots for two phase flow, e.g., in U.S. Patent 6,111,064, As stated above, froth or
bubble is optimum for the esterification process, whereas stratified is the optimum for
the prepolymer and finishing steps of the polycondensation process. Slug and plug
fiow risk possible equipment damage, annular and disbursed provide too low a
25 residence time, and wavy flow entrains process liquid info the gas stream, which causes
fouling in the gas handling equipment.
In the early part of esterification, in certain embodiments, a solid can be present,
which can create a three-plase flow. However, the optimmum fiow regimes described
above pertain to the relationship of the liquid and the gas. The solid does not, in fact,
30 Impact the gasfliquid flow regime, but it shonld be noted that for clarity, if a solid is

prasent, it may not be a true two-phase flow since & third (solid) phase may be present.



two- phase (gas/liquid) flow can be determ ned by one of skill in the art
using (la) the is size of the gas bubbles |ikely pre’§‘Qnt and the vi qu\ﬁxtm&
of The f| yi or. (I b) the physical properties of both the ligquid a €
gas, and%@ﬁﬁﬁ{? anticipated flow rate through the pipe Pga"{:‘{q‘ﬂ?‘rf@?ﬁe

i nternal dinmensions of the venting nmechanismare selected to provide a

| arger cross-sectional area open to fluid transport than the cross-sectional

area of the pipe reactor adjacent the venting mechanism Based on mass flow
rate principles, fitiemenigopren ienuid geimmeicicopnelistekscheprBEPEMbCity fora
constant fl 0‘%1‘5&%?:?, HGELRR ES roeiuldhioh Ble, nRIMYRE NELGRiNion HieGRRESd S€ and
come out of solutfon unti’l the pressure of the released gases prevents

addi ti onal gds#s rreeys, sening gioaporothasgingthe pipe dammterf isna tcaliel plpemsed gases

all ows additi ﬂm!': [ f ' e il Lpbri
 originally exi st %ﬁggﬁ%@@%@%ﬂ@%@ﬁ@ Ausﬁ %gﬁé%n%’ %'%%“%‘JT‘ ICQ%F%E[}D% i's
“shifted.. 25 Rddingepbineadtioom mfrt etk tyaslss nisang he r eact ants -and/ or

nononer di scl osed i he prese i.sCcl osure, for exanple, it Jis.desirable
that the venting rﬁ@ﬁéﬁ%ﬁ%ﬁ%‘%ﬁ’&g}éﬂg ﬁfr%ée E&%WWWE%@WW&E ’?E&'g'wi ng

t he ][ et h[) ;)ug h lﬁ@d giredtioh hﬂﬁha@rﬁph%_hg@irmbuidﬁl nanbﬁ\lﬁmrahﬁaﬁgn a h]?muﬁtglg-tdﬁ&.t& S-
preferably achjeved in the esterification process and preferably a,
stratified tvi ﬁﬁ%g@ Frplel BBl e UMP@QE@%H#%@H%HPP% digpter pipe .

pol ycondensat j; Qfd3 Aol 988 addiiéal Fﬁh%@%it o Ohorl bl skiich Wobdil e t he
venting nechanismis also ‘controlled by approprjiate selection of the |ength
of the vehti n¥e e apliosif 8 dpodiighpthen sddifgre] parelle) pipps epp brpddgdegdedersgel ocity
within the vegLi E AfeFYaL8 Hetitwoe WD 02146266

PCTI uso/4699@55§tg’f§§%§%2tf%¥r§‘?“ent o ned%gas Pﬁgﬁn%'yﬁ%g%ﬁlqaui d. The

appropri ate resi ddfgere2# leovsgme gossibly sef efitivarphideuegdmts Bwonagmbeliented ni ned by
one of ordin Skill in art ej ' tald: L.y keal ly. For
best resul ts?ﬁ%ﬁg‘}é\%‘%ﬁ#ﬂﬁ%b %g%sﬁgnﬁingﬁﬁlg?’ﬂ il%éﬁ:?éhﬁ%? %rquéﬁﬁie%&g}éh@hgnti ally 5
hori zont al | y ssteriffvatiorn desstivapmis st yaid 402 &ehe froilitd bhobilhesineeatdadivey asdesrononmer
flow ng therethrough flow substantially.horizontall nd collect at the top
area of the v?ﬁﬁf%ﬁ‘%hﬁgﬁﬁiﬁﬂh%wﬁﬁﬁhﬁ@ih"c"&?ﬂcéﬂ%é@f" VEiBrY \?gcﬁaftirf‘fb
mechani sm al | gstisthe gase Sf 80 M-Oghas@uk poit A0 teeRafifisdeont sapped by any.
desi gn capable of allowing the liquid to pass on the bottombut restricting
the flow of tRECHS Tsprahile Fphrestr® SeRaseBige SPigampliet sceblie paloWedt o

di sengage t hes@asoff foRHohdd@sdiibAl b hidi 865t BRLHoceANorRRACABE, the gkMdepaibut are
not limted to, those in Figs. 7a-7f. Each enbodinment in_Figs. 7a-7f has an
inlet 31 to r&Rbnyd tevscond pressiin Eong ASParaprar Taphed mayitiehe flpw dCHMEtEPOiBD, o

20 405, The process procesds slong tho path past point 406 to the last pressurs zone

separaior. The last palycondensation 2one is not shown as it is not on the scale for this
diagram but has the same pattem as the first two zomes.
Additionally, venting the gases from the system can control vaper flow and the
ratic of liquid over vapor flow, Venting removes vapor, This moves the process down.
25 (less vapor flow} and to the right (higher ratio of Liquid o gas). The embodiments
below show some methods that may be used to move In aﬁ}r direction on the graph to
change flow regimes.
. Enitained gases can be vented from a pumped liquid by controlled reduction of
the flow velocity of the flnidina deéassing enclosure coupled with contrelled venting
- 30 of collected gas from the degassing enclosure. Meore preferably, it has been found that
gases entrained in 2 pumped fiuld stream can be separated from the pumped iquid by
incorpotating a length of degas piping in the flow path of the fluid stream and teleasing



tee 36, and a gas/vapor_outlet 33. The vent |n_g mechani éfﬁ-can conprise an
eccentric flat-on bottomreducer(s) 37 to slow the:velocity of t _,;Mwicgﬂqs
[ d

into the“%&%ﬁ&gﬁi ed reginme 15 and to nmininize the entrai ,np@.p;”q&fmg
into the vapor. The reducer allows fora certain anbunt of Surface area so

that the vapor velocity on the liquid surface is sufficiently slow so that
t he vapor does not drag liquid along wi*h it when it rel eases and

sufficient liguid path cross-section area so _that t | i near velocity is
sl ow enough tHEtPERE @ﬁﬁ%&“‘ﬂ*&ﬁﬁ?' "ﬁ?‘@@ﬁ&e&ﬁé ?“’GWFE'%&I"?&HM}EF‘WEZO buoyancy
differential yehid, oS Sntdifed Wad Ditd 588s, eS eGPk fvedR06 PeRER 124 Buidk ef erred
where there is no limtatign on pipe dianeter or in reactor capacity. If

© pi pe di anet erf8r SxgRpla gvite adviia he Tame ocubbiss.pyictolutile, fopm freth or i like.
alternative to a qggﬁ@ﬁgsgﬁ%g¥@ﬁlﬁggﬂbgdfﬂgnt 2k PEr O#E%rtggal%g_lﬂ to provide a.

| ower |inear velocity“an re surface area in-a shorter ath length. 25
The venti g rdsgteaing swerpy, efroprispt 3 vérd oF vmhed fediehiva ivrporaied mtedepitor great er
flow area) | i j : i r t or elocity can
al so be r edﬁr(r:eg rb;ﬂﬂ gg?ﬂ&%&g#uafﬁ |?]§psl‘_"{eji5%§r§{i Iécﬁ{eggé %%g%%lg%agp%ﬁg’%ﬁ“ D|nn“ﬁf|5h|\ég. 7f. In

one aspect, trhaimysisdmonofneFirgersify widas the diterire aoriae vt oips tertcy kiBoi nl et . The

configuration,in.Fiqures 7e and.7f. can be further enhanced with a weir. at
38 that is inﬂ‘ﬁ%gﬂ?‘%g tWaﬁepgﬁm?%nﬁnp‘%laﬁﬁﬁvgﬁ%@é’@"&%ﬁ?ﬁm é'ﬁn%tee'n t he TEEs
36 and the. el bow tRefitias adwwhiFigd. 76 haf TbentidbmiddenighsostisndosRROKS cone out

of solution w thin tﬂg venting nmechanism  they nust be renoved. To this
end, the Vent THRFGROE HEATSHISARYET BENSME i TR 8IPe IRBCED IO S N FEIIESH 146992

(24ANRY 2005 SAr&@RhkSeiSsad b #pShR T fhe ARG cEhRANGBE R8nGaiP TedvifRmEhe
venting nechanism The 'degas stand pipe has a receivi ngvgnd influrd

comuni cat i on@FheRismpecioEhly iptrirprs aHamiB s dcR Mo e epitdsh grsd nyid :
posi tioned el ti I : = t.r4ai ght
enbodi ment i sﬁ%:/\g‘nftrggnp tée{%{ggm%?wltrés]ﬁglﬁ % @ﬁﬂfa(eaﬁgt a?eﬁhﬁ%fﬂégﬁg%g?‘ én‘?ligss']&jardpi pe be
non- 1 i near betaepnst esligddi fovnepndedermintdiey went Fial irethd art isinp e} 8wbodi ment ,
the vent furth [ ndi ; o)l u t,o the
vent, “whers noph TR A AR R A R0 B (o B od

comuni cat i onpwiptdicd dbottatht liqndaahithe gpo sreld 2y thn tutivipaerd dlos mpabedgtvést i cal |y
above the inlet end; .and wherein the as _stand, pi.pe_is non:|inear

extendi ng in F¥§ r‘cf‘aﬁw&tﬁ\]ﬁl E"TE)‘%H}&P%ETETG ﬁ&?ﬂ%&ﬂﬂ@ﬁ@&? &‘i?é?\‘?i"-ﬁ%{“éﬁ‘a‘”ﬁ%d t he
venting end thergaforosabedtinii® iRl Bpdhe MieGasspost tRCthPLPS-ebtdmr aRdafahe t hree
contiguous sections each in fluid co nicatiopn with _each other, a first
section adj acEWE TFRWT pdacsnt s yerking naqarisRy gshep s feaeie pringples, smoe

20 the inner diameter increases, the velocity for a constant flow rate decreases. With the
slower velocity, the gases nse and come out of solution uniil the pressure of the
released pases prevents addifianal gases from coming out of solution. Venting the
released gases allows additional gases to come oul of solution as the equilibrium
originally existing between the gases in solution and out of solution is shified,

23 For separation of entrained gases in the reactants and/or monomer disclosed in
the present disclosure, for example, it 18 desirable that the venting mechanism reduces
the flow rate of the fluids flowing therethrough fo such that a froth or bubble two-phase
flow regime is preforably achieved in the esterification process and preferably a

stratified two-phasc flow regime is a&hieved in the venting and polycondsnsation
- 3% process. The residence time of the fluid within the venting mechanism is also
controlled by appropriate selection of the length of the venting mechamisn: to allow

sufficient time at the reduced velocity within the venting mechantsm for adequats



vertically fromthe vent. a second section coupled to the first section and
oriented at an angle rel:ative to the first section fn plan vi ewgarn.mvag[][]ﬁ

third s\qg,tlhaﬁ{%oupl ed to the second is section and ori enﬁfﬁﬂgﬁdl sec ngl e

relative to e second section in plan view so that the ion is
oriented substantially horizontally. In one aspect, the vent is a fast
section vertical pipe coupled to a thi P8l section horizontal pipe with a

second section onnect i h rtical and hori,zont.a e at any
ool ot hor SPnPE e SGRT s B MR ighe ars Byt thei Rt iRe g o n
vari ous as ppmﬁulmsﬂntiﬁmaﬂ{m@l beydeweaidned by onavifdedings gall in @0 akt eitidie fir st

section, incl ud_es,@&ihe first section being oriented at an angle of from
about 0 t oXESEHEIBYY QEGPEESAe| at i ve to the vertical plane, fromabout O to

about 50 degr eesfodRdsAlekie, ﬂl@véﬂmgﬂﬁﬁﬂahﬁﬁﬂm Hisﬁéh@dmfcﬁr&ﬁhﬁl@ﬁ’dﬁanﬂal%‘) about 45
degrees relative to the vertical _plane, fromabout O to about 30 degrees

rel ati ve 5t o hprieoniadiyispdhat the vapess and ERssaWBhin Gy mertniiymd mopsmenieveag rel ati ve
to the vertigeal Ot‘m&'u Row ShbsRRAME lﬁ)ng@fﬂilgﬁﬁd(ﬁﬁé& htctﬂ% ﬂ)pta&atoﬁﬁc TR rt| cal

pl ane; the sec ection berng orient at .an an e vert cal pl ane
of from abeehSign. meﬁsdégdﬂe@le Tonding abghmusmﬁalbws Hisqutes FEntegr ees,

from about 30 t bhout ees Qr.. ab degr ee nd subs ant i aIIy
hori zontal , 9 ﬂlrugiglﬁgoc &a h‘jiwf1 |('5ﬁrt‘:_mm'r1 %8%%1”@ g orfhent ed at

an angl e relmnom&utm&mﬁnmﬂzwnfﬁiegmmaGfp plus or mnus fromabout 45 to
about 0O degrees, Iu r.mnus fro out 30 t ut 0 .degrees, plus or
m nus from about f%et?sl&%ﬁlﬁ%@‘ﬁ%aaéﬁ?%gg’él E%ﬁ#{?é“'?‘?ﬁﬁ*}@[}%ﬂffm‘% to about
0 degrees, ahdakpdineOindREE, SRGare RhBniRH IS inFikd) 75-98 PRh efnBodilenttili r d
isection is Jntended to_nean that the first and second sections are

‘typically plfgedadt amdgl @ Girtarivithecidissens/ maepr sfiaress0us ool Sty 2005

55 respect tyge 1416nY § kbdfdbr iR M vEifig WRROAnIGH cqaéo;ﬁﬁruegnééc%ag
t her et hrough proceeds in an upwardly direction (witht liquidinitially

proceedi ng Uk@ndioftomgeduceés) ?aft@ épwmsrl velociy g%ﬁgﬂg@ﬁ@tﬁﬁherﬁﬁw PRI _
downwar dlliy delnggﬂﬂtﬁﬂn&atﬁé‘e %ﬁ%%tgﬂgg mta/\@go s-the . . third section

can be orien Inan upwar r|zont ward orientation. In 5
anot her aspect, tT’t@rﬁducstalkaet@ﬁmmenml@mpemuédlr&meﬁmmm’@hﬁdhﬁva@ﬂo to about a

60 degree angle. relatjve ﬁi%}h rii b n CLion s
oriented at rl%cﬁgyé’g'c}@%f'%?%g 0 l=ét%ou En }@ﬂg&? gﬂl(rgte%g %’"ﬁggﬂr%e %1 ﬁ'/fé Lﬁ% t he
vertical pl asleng whﬂittxﬂgnnmmahasmﬁlauﬂmmshmdpmheﬂbsmecﬁmmta mmmﬁhea Oto
about a 45 d ee an l.e relati tg the t al not her aspect,
fhe First selteEiranys atsmmaliion heshruns e Gifout B e Gulca o ane.
the second segiyansy diffelchiti sl i tvd DhaRg feRfariie) Rbdutershe Iiréfemterti cal

pl ane, and the third section is oriented at. 0O degrees rflatlvetothe

hori zontal pIVapRe thess s ipiajon oy aips F?FEE%PTWWERPB?WeH B SeelsBout a 45

degree angl egf@irdtdi\taa Egni QPa@EGORA LRAEY, a0 RlterdMEl et € rddbid: darPRGIrb ik S
oriented at about a 45 degree’angle relative to the second section.

Preferably, phesamd Rﬂmlgeb@tgr@mdq sslower hnear velocity and more surface atea in a sharter
path length.

25 The venting mechanism, p‘raferaﬁl}r has an effective inner diameter {or greater
flow area} larger than the inner diameter of the pipe reac‘lﬁr. Velmﬁty can also be
reduced by using multiple parallel pipes as shown in Fig. 7T In one aspect, the system
of Fig. 7f does not need a reducer on the inlet. The configuration in Figures 7e and 71
can be further enbanced with a weir at 38 that is in the top half of the pipe (inverted

.30 weir) between the TEEs 36 and the slbow to the right of the TEEs.
As the gases and vapors come out of solution within the venting mechanism,

they must be removed. To this end, the venting thechanism preferably further



co-current to the process line that it is in fluid.communication with, as
shown in Fig, 15 7g, as would be shown if the device of Fig. 7g were to be

pl aced onyghanspesed directly over Figs. 7a-7f where out L@Im.%gug@gflects to
inlet 34, or as shown in Fig. 8 (assuming that the elenent 137 is ?HI]S

sane plan view plane as TEE 36 or 139). wever, the third sectio can
countercurrent, or even a point between being co-current and

count er ou” 1 ¢Yoinp OUNY PO Eec RAMRLANI A%, LAY dBYRi &l fhalh, digengagenent

but 20 presents equi p vant ges egas st andpi pe
creates a nondeghd Mrplgma‘mhdchﬁimingla‘edfriﬂtsdcmrmmhemeeefuhdws'@atmg)n and then
anot her nonl i near path.from the sec d secte t.0 tB} th| ectl on, In
another aspec EG taﬁﬁierbnpgg%atdlvg gg‘cfl??lbﬂg ahé'P& Bf}fllmljl?,l garee angle -
with respect mmdugeah@ﬁgmmbedmeﬁmeednmgﬂﬂmﬂ@mfeﬁed Hawnihe dagsh stand t he -t hird

section, and f.or.thi s aspect efergbly the third section is oriented at a
25 90 degree HRGPeLnSiy eE’é‘E‘?Bﬁ%fIE‘@&‘EIP% ”%ﬁﬁ'tcﬁ'ap@’gﬁl‘léf erably oriented at a’

45 degree angl e tmeh@enwﬂﬁamhc%@nﬁmﬂmpvﬁ@tam st xXdep & RAM piRW cost

configuration to performa disengagement function, in that there are no

movi ng parts §¥PleHdo the 3ewt Whesen ede g sond ppr dasawecvingend Mdlibnt can be
nerely enpty RifiRuniéfion %Wihe'ﬂ%m':dng ﬂnzﬂ?‘ﬁgﬁiv@hﬂg et d]épﬁ&dme?cfcgﬂ}‘: aehvetRodi ment

of the degas stand 30 pipe is forned'1n three contiguous sections in fluid
comuni cat i oninlgt md gag Whatindle degas aiandsmpesenmn-hwaaﬁqt@dmgtm ithisngibwesevi ng end

and exten ng [ a second
section cg{)JpI e to ﬁﬂ{é}eﬁ&y{m@g‘%kl on” an‘%é‘géﬂjé%‘fqﬂdﬂ S@f’a%gl}% gg]lsr}lﬁ1 ? glaf 4 NMAY
2005 WO 0214&#6(sipPETorus0 bl B6233ntimoud wrfighs bachen ﬂegmemmn@hmmeiﬂatl ve to
the first secti n|n n view, and.a third sectjon .cou the second
section and OF? %ﬁﬁﬁ%ﬁf‘ adjageg ?‘%}%*\7&‘%&@?‘@&2‘*&&"@ E‘%ﬁ 1\;"e to the °
second sectio merﬁ@al@l fegin Whi: @it SOsethidtsebibg: cbﬁbléditn&l&cﬁrhnﬁcdu& a0l beatatht an
substantial ly e stan |pe|s

vertical |y or P Eg“t}é'ﬁg?tﬁlal l g@ﬁ?‘i”h‘&p %?e“d‘ﬁ’éﬂf"i‘?‘rﬁi‘é SFFCSSWIE‘E%‘%F%P}]’WF

whi ch creates sgtiffBnd @Rt at gmflﬁ@md 18 iRtseddRnd Qebh@in planeies h@&aﬁ{hEOWS the
gas to escape without the liqg also flowi ng out of the standpipe. Wth

reference to B seigpngs ogmried SB“‘%H#WW@HWF% TreansRrditharmifgeisht i s al so

appl i cabl e to cfhe,eskehi iﬁ&éﬁ;ﬂ&%@&ﬁ&?@&%m&l%@% ja@ﬂﬁ%mcﬁ@e@fﬂ% 145 are
adjusted until a 10 straight ‘path from conponent or inlet 34 in Fig.

7g) to conmpon@ine cogrecting thevertipnd gul }mr@ﬂnﬂﬂm}@? atpay ﬁ’lgiﬁaiﬂg?ﬁﬁhﬂﬁiém 98XegESR bet ween

et 84 and Sl TS Sobn LGRS SR AldniDLoltRE! ot doiles! 0V d

droplets int vapor to on sone s
20 tothe ﬁrsL section, mcludcs, the first section being oriented at an angle of from about 0

to about 60 degrees relative o the vertical plane, from about § o about 30 degrees
relative to the vertical plane, from gbout 0 fo about 45 degrees telative to the vertical
plane, from #bout ) to about 30 deprees relative fo the vertical plane, from about 0 to
about 15 degress relative to the vertical plane, or about 0 degrees {vertical) to the
25  veriical plane; the second section being oriented at an angle to the vertical plane of
from about 5 to about 85 degrees, from about 15 to about ;IS degrees, from about 30 to
about 6! depgrees, or abwout 45 degrees; and substuntially horizontal, with respect to the
third section, includes being oriented at an angle relative to the herizontal planc of plus
or minus from about 45 to about 0 degrees, plus or minus from about 30 to about 0
30 degrees, plus of minos from about 15 to gbout ¢ depress, plus or mims fiom about 5 to
about O degrees, or about 0 degrees. Plus or minms with respect to the third section is
imtended 1o mean that the first and second sections are fypically placed at an angle with



—_

vent piping. Thus, Figs. +a- 7f show si x different vapor di sengagenent
arrangenents, enbodl ments:of Figs. 7d, 7c, and if beinhg nost preferred as

t hey haveypQlipwsspots 15 that woul d be detrimental iR a P eF ap
In each enbodi nent of Figs. 7a-7f, the enbodi nent of Fig. C?Igﬁ%gﬂg% é\}gpor APT2005

|nIet 34 is placed in fluid cormunlcatlon with the outlet 33 of venting
"tee" 36 of Figs. 7a-7f, such that the vébor first proceeds t hrough the

vertical section of Fig. en throu cti,on then, t hrough
the hori zont &P %E&%%ﬁmﬁaﬂa‘%‘ﬂ‘@@ "iaﬂ‘ﬁ Slr}ﬁ\‘gh%‘g ‘?fﬁi%hm SLpeeEedel r abl e
to include a khopwaaRtdIRLLEE WS Sham M1ﬂnﬁll},eprd&gﬂl&g&f>ﬂﬂﬂ@ﬂmtﬁa@aﬂ-§ﬁfﬂﬂr ol the
flow of fluids, there through. The flow control device may _be, for exanple,

“an orifice; mss?&ﬂs@n%%mgé%mﬂ%ﬁw@w dectng hackya fiproceswiseas e sect i on;

out'l et press%ﬁ&amnr@hbaeﬁgﬁéﬁnaaﬂmmmﬁ ar%ﬁugmaldrﬂﬂmaﬁ% head. The
flow control device preferably all ows approxi nately ninety percent of the

25 vapor génerhetber aseeot, Miedirel ssetiondeoriented Refigrn pou & éﬂ!@wﬂt@)ﬁ degseasmiglee t he
remaining ten,, Ql%fCt@ﬁ{eﬂeﬁmﬁleﬁ]ﬁ{anﬁgséﬁb"o{l%attlﬂ:ﬁ%hﬁegﬁvﬁ h@ﬁt@@%'aﬁ@%ugh he

ninety/ten percentage ra ensur ass
gas |line and ribidegae mglt wetiapprthxievitabplyne, Bmﬁhp)ﬂﬁtdemtImﬁs drfmaiegasibmr m xi ng
in the pipe re ctor

nt of enpved .can roa h one hundred
bor cont " aba A e ABH DS tRef gl bR i hon R Blone P BB P! pe
along with t h&h@ﬂﬁess‘acnﬂe:nﬂﬁﬂ&d neg c‘egtéesﬁélaﬁﬁ&ﬂ dﬁg@ﬂlcsltlﬁﬂﬂ mepm@sdcﬁm cally
in fluid comuni cation th a distillati.o stem.to which the vapors flow
or are evaghaﬂﬁﬂnm¥¥hﬁé5a%gﬁﬁﬁﬁg@ﬁﬁFngBn £ %@Pghﬁyy%€ﬁ$EﬁWﬁ Nﬁvg§§05 57
to vent the vap@ipsesh R1aA¥EHERE holbia lﬁxﬁzsweﬁfer%ly!tﬁﬁﬁﬁé%&ﬁﬂgm%ﬂ%t&f ait he degas
istand pi pe can be controlled when the ventb.ig end is in conmunication with

the distill at i@t sdiddegres apgie redafiye ihidmsapemt septipry Hidhpihidsectiond rsaiedng end
will be at at MSRRLLS acELB Rlatid CUR sSlthbkioh nyﬁc&%%@ e/l sRBK RCT At €

that the efficiency o por rem)va can be inproved by increasing the
i nner di anet er coofurtehicio figreoqeenlinedhat dids mdki cosmabnination witlh, aslshewn/adiig.ng

Vel oai ty at®t nb ELPFRaLP R EBERLAEER L 1h Mo b LR SRRty R
pipe in the viekhig Waﬁfﬂh&m@a@mmﬂctm m:lmo34]|oghg sbivive opFiged (smamstter nmay be
cxpansi on-sect PANE: Braraat iy B0 Bn penadufets ¢ e BB e licer (o
keep pockets fihsédioAcathbe d@pﬁﬂﬂﬁ:uﬁﬁﬁ,&ﬁ@ﬁen ahas aemqaacmﬁcd afieaesndhe reaction
he process. | THETAGEY, LRL NGO TGN SR PO S0 g CHEVSHGE X ap.
20 presenfs cquipment layout disadvantages. Thns, ﬂm degas standpipe creates a non-
linear path from the first to the second section and then another non-linear path from
the second section to the third section. In another aspect, the third section is positioned
at 8 minns 43 degree angle with respect to the horizontal, cresting a downward flow
path in the third section, and for this aspect, preferably the third section is oriented at a
25 90 degree angle to the second section, which is preferably oriented at a 45 degree angle
ta the vertical plane. The vent is an extremely low cost conﬁgurﬁtiun to perfom a
disengagement function, in that thers are no moving parts in the basic pipe design of
the vent, and the vent can be mersly empty pipe.
As shown in Fig. 7g and Fi,.g‘ B, the preferred embodiment of the degas stand
33 pipe is formed in three contiguous sections in fuid communication with each other: a
first section adjacent the receiving end and extending substantially vertically from the

venting mechanism; a second section coupled fo the first section and oriented at about a



| iquid and all ows conpl ete draining on plant shutdowns. The venting
nmechani sm can 15 be the sane-size; smaller or larger in dianmeter thdn M
line it weomtizached to. In one aspect, the venting pipePCSianiheast one
standard pipe size larger than the pipe being vented, in another aspect, is
doubl e the size of the pipe being vented. Because the typical optinum pipe
size for the pipe reactor design hereinis nornmally the | argest pipe size
i’:lvai | abl ﬁ atglgy-ﬁﬁeﬁ@gr&rﬂgiaxahﬁvm@tmgﬁa@tacrmafpI@n Rigvearal MBI hmop: pe bei Eg
arger ‘than t he pi pe being vented, Itiple ventin i pes to.l ower the
vel ocity carfoBRIed i Eé@“‘é‘#“‘g‘?“@@ HHFI?JEVE‘]"JLG%E'F‘%“%&% GaBlergete Wr . 1 f
addi tional sy a6l @cfch nDldnSe foeBlaidic HRE kit isafEhibd AMdbn@itRes . may-. be
installed at the same el evation, in which the additional pipeS run parallel

to each ot héictzegt@lal | include a venting nechanism (see, for exanple, Fig.

70. This series ral 2 ot B8 SwAdSE s ' i de
addi ti onaf ar ea %F@‘?ﬁgﬁgﬁﬁg’éﬁgéﬁﬁgm of %%gEh?@gﬁﬁ%@?ﬁ?giﬁggand

monomer . Onemedbishiseds herizohielhapienis] Whigh preaies anei-litvar paolrgasnletgmovddt i s
required 0 IR ARy, WGl GARLEOR bR GRE R REEORLILS ol emoval of
gas enhances the réactiomrrate by renmoving a I mting speci es. e gas
renoval al soWithdefeesicd odFiy Grdr Fipak twlnch weadnnged@nith enbigealenriesled or vol unme

smaller. One skilled jn th rt will farther Ci t hat | ti.ple
venting mechimiehle © %Bsﬁﬁg&ﬁ% 3 P th ‘Eﬁ?ﬁjﬂq@ggE@Wﬁ@ﬁ%ﬁﬂﬁ% “i“hr‘?et and
outlet Fos exaigkfathiFdnOREWE:D 244626t RETH Els0Td) 46&8mipoderdyB7 600D ;'S

enbodi ment, the_esterification or polycondensation reactor has. at | east two

sections of Possipler Shhugaesirgghtpaty Sélpsé“é?@ﬁ’ﬁ&“ el 6RY exhp- YRR HEY pr essur e

is reduced i pkfi@il RWHCOMAERFA drBfhets ERHE Yapor kB RL UGG HirfiBe 6OMAPT | SiNg at
| east two degassing nechani sns. i ncorporated into the pol ycondensation

reactor so t Wat piping. sThye| Ngso fetésday sbriifentospardispegagtent RTUIEeWetEs i nsi de
surface al so -, i, &l £ EESREEL Bl chani sns
when fl ow ngm%dr]om ?ﬁggfﬁ%‘?d’eﬁd J %Eigg%%ﬁd 'an‘%%@_}gﬁ%ﬁ%owgﬁgensati on
react or, landthahepdihetdbeintwe! deglssip gpareiivaii sash embedinkwicdTag. Taedpect i vel y

at the first sectiqn and.t.he, second s i,on ,of .pol yconde, oy

reactor. In 6‘??&“@’8%8%?‘?“?%‘%% i FEPEh Bgé%bsrm%g‘%%]thﬁ%ﬁgﬂ%?“? a&%@%{ﬂ@ﬁ%i cation

or ﬁo Itoﬁl ycor)dmnsatoifﬁﬁnﬁmgaﬁé’gﬁ qa'rF{d:Bgsrrftir—]?ﬁ aic?ehh_tfli_evdwrﬁ:ﬂt@m@mﬁsemgées f{_om

each.other. I.n anotiher e iment , steriticatiopn or po ondensati on

pi pe reactor ﬂ?cnv(?ﬁt?&tiﬂcgmt 'g'gg\:l{l]‘?“oth‘f”ueh ﬁ?ﬁdiéﬁggméé B F‘nﬁﬁﬁl%b ttom

secti on, andheﬁgﬂﬁmiggdﬁhe, anhegeis gReuiians. | ncl udes at- | east one ve_nti ng

mechanism In a particulat llﬁs%e_c t he pol ycondensation reactor_ . includes
B,

t,
atop sectPon, a nitdaniec dwEaehis el iy ERusH @%’t"’?i“‘ﬂﬁm i despp BrAriPeiRe

pressure control the flow of fuids there threugh. The flow control device may be, for example,
am, orifice; throtfle valve; conirol valve; hand valve; reduced pipe section; ouflet
pressure control; nozzle; andfor bubble through liquid for head.
The fow coutrol device preferably allows approximately ninety percent of the
25 vapor generated fo this distance in the pipe reactor to pass whils the remaining ten
percent is reélained with the liquid. This approximately ninety/ien p'ercanmge ratio
ensures fhat 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 a3 2 maximum, since the liquid would flow into
.30 the standpipe along with the gases.
The venting end of the degas stand pipe is fypically in fluid communication

with a distillation system to which the vapors flow or are evacuated. It is also possible
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alternativel &@ﬂﬂh Bﬁ@&%ﬁﬂhﬁ’mﬂ&c‘&ﬁuﬁ?ﬁﬁ&ﬂ% RGP aheRLedy PRfeE e enterin

the reactor sot

15 is reduced in the polycondensation reactor, the reducing step conprising
at | east three degassinginechani sns incorporated intio the pol ycondensation

react or _ the polycondensation fluids traversing wther it 4N 185
surface“z{?g%@%ﬁow sequentially by the three respective ﬁ”&é@@é’i‘fﬁ frechani sns
when flowing fromthe first end to the second end of the pol ycondensatiion

reactor, and wherein the three degassi ng 20 nechani sns are | ocated
respectively at the top section, the mddle section, and the bottom section

of the pol ydBFeEapeR 19 eakies Thypespgmt herentiresad of heslsessremgstzom

sections of §h: PANELNFRASAEL WSS LG cSRBuRSHIR WAL EBkioHI f f erent
pressures from each other. Anotheér design consideration is, as noted above,
i ncl udi ng a PEamaFherpassthen dppipgde PRbkheths vpatingsat Wit be Aaraeipbert assist in
renovi ng thgprg%&%rs fromthe reactants 2s and nononer. More specifically,

t he pi pe reactor caninclude a first el bow di sposed upstream of the venting
mecbani sm and a YEeahiled ihthwvad wilpoged-idofinste efimendy ditveponremtvalgambe hani sm

Addi ti on of .Reacteﬁ%ts i nt.o_the Pi ﬁe R acfé)r 30 Thte a{ﬁdi tg‘%@ of é)e ctants was

addr essed abBRFEYEA oy droapeiie e ignes Hismiss” 71 G pive reasir &0igtem At s™PR 1BF po

LS A e e s e et S
t hods_of addin e.reactants into the

pi pe react or‘:’ﬁq"i'%%'laﬁ Fﬁ'@‘%&gﬁﬁg"g&ﬁﬁw tagior. e Y‘Ff%?%g‘ PRARE % al ternat i ve

feed system vi@iﬂﬁ? ot 818k &iteatl & b HigQ e ginetiskitkd o) tetxpiifledts shWinldlin,

appreciate that for each nethod the reactants may be, added as di scussed
bel ow, tA® rEasxaeRle Higydpl wmermbodimenalig SERaaHST Belws pierbydass an 5

[eX(e]

at a cold, poor g zone does hot occur. As one skille
in the art whbdketaksipee tp pracietioares, thegadiy mgluciol dapaeift euhmgawotbpratdilvns
upstream or g;@lg he, | J: it R4 S8CH gp* e
benefi ci al oﬁ%@g@g y. E%rglésé'oﬁ%é %Hﬁ@%aﬁa{rlr@ﬁg}ééﬂg%%%ny reafga':{}e]lln I nes for
addi ti on to {ihddphpdioveacmpleialaning@nplaef debdolvys. fBet: venidip mbdnatiop cdown i nt o
the reactor, . in which the entry |ocation can be.. any | ocati.on described
her ei n orlgch8§ B B Sg}ﬂﬁﬁfrluégweﬁlq %fgm%ﬁt%%‘?%h?%ggstagﬁ?%eﬁitﬁ “houl d be

j acketed at asgzenpenatiitzeiwis eredsn@nat stadard iipeRite e thaaflthd fFige bdagt or
contents at the_location and. the reactanf feed. point S a design keeps
the react ant YPR%L i postier pipagfyte dg® g’ﬁSFFSE\’hPEIPEP%%E‘E}’t%Fﬁg@?Cﬂ“t contr ol

val ve does nefpiseaptiaifl pipdbizk &Y tejpkeidor@bive hagiass MehateRiabedh :pirfﬁl ose,
both of which are conmmon in prior art polyester plants. Punping~ Fluid
React ant s size available, and therefore it is not practical to have a venting pipe being larger than
20 the pipe being ventad, multiple venting pipes fo lower the veloeity can be used as an
alternative design as shown in Figure 7f - '
If additional surface area is requited or desired, additional pipes may be
installed at the same elevation, in which the additional pipes run paralle! to each other
and all inc:ludle a venting mechanism {see, for sxample, Fig. 71). This series of parallel
25 pipes and venting mechanisms provide additional area for the disengegement of gas
from the reaciants and monomer. '
One sidlied in the att will appreciate that no gas removal is required fo maintain
the reaction within the pipe reactors, but removal of gag enhances ﬁle reaction tate by
removing a limiting species. The gaé removal also reduces the void fraction makme
.30 the final teactor volume smaller.
One skilled in the art will fivther appreciate that multiple venling mechanisms

catt be used in the pipe reactor between ils inlet and outlet. For example, in one



As di scussed nore thorqughly above, it is easiest to add reactants as a
liquid 20 (i,e., EG and: DMI) because the reactants.maybe punped directly
into thewmhgls2@f the pipe reactor or at another |ocati opcHpgsneasm OHAL MYy
inlet The punp(s) discharge the reactants above atnospheric pressure
proximal to the inlet of the pipe reactgg. The reactants can be either
punped separately or m xed beforehand and then punped together. 25

I'nj ection of .FablisheNptiRS dsitificddoh BEpdlyddasdnSatibaMachd Bad B ids19Q8 bechibnd f¥e
esterification reactor is to conpletely react or convert the acids.in the
reactor to mrfEReEegioangd alsrel peken. AR PRIPT G e ds 1gaeded i i d aci ds,
such as tere i | i Ll bt di ssol ves.
Past e tanks gjlr% gg%dﬂ r“g‘g’{}gﬁﬁf %%esﬁcﬁggﬁgaﬁg%%%%ﬁ?@ %r}sgﬁ‘ﬂi ng, and U.S.
Pat ent No. 3,m6echeuiges ingprperatsddyo thegolysendasaiorcivaciopashabtieddi tion. If a paste

50 ol 1 d cartone Rl ARt i AR ol Hop d0 e Baliehaly 0020 o

al ong t he patthe bfo telyective jeezeg aicchanidiss vhen flowinadiim hb dirst end o dhd std@n | oop,
whi ch is descri.b be|] ow.. M x. and Feed,Tank.System 5 Referrjng to Fig. 15A
Ehe it ank 574 5 Cegp|sREieR AR Frielor AP HEPTAFRRr I ST 3 o ds

Wi Il di ssol veloaiftedletpiebtively 1iihd Mgt 5108 Ghe theS8dond secBthh bl Bolldotiidgsidnnc! ude
EG nethanol, CHDM and the |ike. Ethylene C%I ycol w Il _be used as an exanple
in this sectP#He henewpeed e imbmdieeend aecopict Sieedterfoatis oappr opr i at e
tenperat uig, CRRLAGIBLIonactd reaflhthindPar Ak SrcErA G nt &RR oh&THART AL UT €,
which is a function of anbient 10 conditions and preconditioning. The heat
exchanger 46, angiher erabidijnamkide esigHichiinnayr palyconsigpyagon pipereaiar indedtsedotheat and

cool the mX a8abl 2bfedEERCRSEAE SUIA S5 bl PR A3 abDOkoihAitiaed vhen a
m x tank jacket or internal coi'lTs are used, but can be use 0 enhance heat
and mass t r angfleas) ongsicming eegheniat ule oo kipert, &b polfhmdbieationezstmnger i s
typically suppljed with steam and wat er .48, but. any.appropriate healing
and cool i ng " clydes %“BF“*"?PBW&H@ B‘%&Pr ﬂﬂgﬂﬁgg‘@? i A B i
agitator 44, pusPcdBinahe pdigididapsion rtadr,ib: SteRa el datpsicihi adeddtthide t hey are
di ssol ved intq the EG .The |evel in, . the tapk ﬁ% is nmonitored to control the
addi tion of EESERRUPEBeCIFRHEAPPHRES I KePelycantshprpbEatiiEo i theni v M x is
punped from t p§lyfankedsafidn Abdd LavbRBiehasth ankdSdiisd N9 At Ruddadey goi ng

through a 3-way valve 6Q or a pair of 2-way control valves (not 20 shown).
the three tespective degassing mechapisms when fiowing from the frst end to (he

second end of the polycondensation teacior, and wherein the three degassing

20 mechanisms are located respectively at the lop sectien, the middle section, and the
bottom section of the polycondensation reactor. The top, the middle, and the bottom
sections of the polycondensation reactor can be maimtained at different pressures from
each other. Another design cousideration is, a5 noted above, including a plurality of
elbows in the pipe reactor, which can assist in remnoving the vapors from the reactants

25 and monomer, Mors specifically, fhe pipe reactor can include a first elbow disposed
upsiream of the venting mechanism and a second elbow disposcd downstream of the

venling mecharmism.

Addition of Reactants info_the Pine: Reactor
30 The addition of reactants was addressed above in reference to adding flmd

reactants into the pipe reactor nsing a pump. The present section discusses alternative



"The feed tank 51 level 49 is controlled by adding mx fromm x tank 41. \Wen

mx tank 41 is enpty, thétnext mix is made while the**re3|dual vol urre in feed
tank 51 continues to feed the process. Punps 52 and ’53 suppl y o f eRy ygader
59 to supPMHeE% to the feed systens 57 and 58 that contplc‘db’li&ﬂheﬁ@ddl tive
flowinto the process. The feed z5 tank tenperature is controlled with
tenperature controller 54 using steam 55 and water 56 or any appropriate
tenperature control nedia or mechanism Agitator 50 is used to maintain a
uni form m X methbderfheday the Mactafl RE (dipeachs, MEMdBLutiNGA pdaednk @ directly
feed the pol wrer |ine -w thout _using a_header 59. At |east one punp is
required per Pﬁ“heta%ﬂaﬁa]ﬁ%ﬁbé"éfeﬁg5%%?&6#?5?“33“13@6' P al ternati ve system
works as fol | ows @ skiIRW ihB alT kGl aghébiarEBat r a8 Hoa tNleAGKRE Ry BLPE 72,
which acts as the tank in this system The pipe 72 is |ocated vertlcally in
the plant, i#dafhatidiemewdbpayethsreagioniy iy doebiths pawlardirasfapamditiopser.pi pe 72 2
4 NMAY 200 mﬁﬁ:[, r onents to
facili tatg |érl?§t él?la%ﬁplgrgybﬁsggﬁg%%e?%%sﬁ%yoht Eﬁ%&ﬁ Mﬁ%%tﬂgﬂgg%t allation
must not haveo mtapwlﬁ,onctrtrhmmg@bmmﬂdgenwgmdxrsé@lnueﬂcﬂladﬁuﬁm arirweill a8gopr opri at e
amount of EG. ' 7 N for by 1evel 75. the .cjirculating
punp 74 is attva éggdl?’g%&%‘l%%%%‘% eﬁ’?n"?lg!rlr%a ra lﬁéféoém %?EF_g%e lﬁdt’%h
tenperature Emcthﬂtplmlréﬁtﬂrﬁﬁy%ébﬁaﬁtﬁbﬂiﬂnﬁ&smﬁl water 76 or any appropriate
tenperature contr or nmechani sm an case uses a | acketed

this.
pi pe 73. The addlﬁﬁs\'}'ﬁ‘aa? 3@%@%5%%“@%“&?@56@?@% P AL 8 suspend

the solids | Prefirsy fod fibid ibk tdpRweGhicGRe RbRordinSeiRéiviad entrMbedtichken 501 i ds are
di ssol ved, valve 81 is switched to direct the flowto feed tank 82. Feed

tank 82 shouP® RaytondRwriaphiaiit prghesedn e stled it Thisrpgadingade and 10
~dunped and a;RefPAGANcd P REpERAR. bnEbaE;ﬂ&?thE Hﬁltﬁt%ﬁ&té@tﬁe tefiethfcdtdn®l - | 0 one

aspect, the 1inlet to tank 82 |s j ust above l'1ne of the bottom
head, The ovét i dngatm dnd def Teaciask fegd ppigt. rﬁﬂé\‘léﬂmﬂaﬁ‘hﬂtﬁﬁ%‘@@dﬁﬁw 95 % of

t he Iengt h o o y\ﬁﬁg om punp
74 is di rect&d}g?ﬁ]r“’tc;ﬁ{gaﬁ 1grltlve fﬁgﬁlgwkc H?%%ﬁ bgﬂsnbﬂs'%alv&é];&f%t&}sé%egiﬁk 82
back i nt dspi pelvé Bogsfuot frenpkitaly sipst, Gnilvifavhpihpes dHiamarhie pfiboat pdlydskee 15 mi x via
punp 74 throu%h both the m x system and the feed tank provides m xi ng and

terrperature i ol for both systens elimnating the need for tenperature
control, level <control, and mxing (agitation) in tank 82, Mx is added to

the plant through ﬁeader 59 and systens 57 and 58. In one aspect, no punps
are required sinc ) strategically | ocated at an el evation
that provi des headhsiiResed RokhdrBehROsHdkE s S3shaIRdd Ractdfs B Xiidy§d consuned
t hr ough statlons 57 and 58 (two station are shown, but | to a Iargf

(fe, B and DMT} becauso he reactants may be pumped directly info the inlet of

pipe raactor or at another location upsiream of the inlet. The punp(s) discharge fhe

reaciants above atmospherie pressure proximal to the inlet of the pipe reacior, The

reactants can be eilher pumped separately or mixed beforehand and then pumped

together.

Irjectior of Solid Matsviale Using a Paste Tank

‘The main goal of the esterification reactor is to completely react or convert the

acids in the reactor to monomers and o]igdmers. To maintain this goal, solid acids,

such as lerephthalic acid, must be kept in the reactor uniil it dissolves. Paste tanks ate
30 frequently used to aid the mixing and biending, and U.5. Patent No, 3,644,483

discloses the use of such a paste addition. If a paste tank is desired, the paste of any



nunber could be used),-the level in pipe 72 will drop. Wien the level in
pipe 72 is so lowthat punp 74 starts to cavitate, valve 60 is s@i:ﬂqmeghg;
di recti mgo flimnsd rom pi pe 73 back to pipe 72 w thout goi ng-itueghzt ank
During this time, the level in tank 82 wll start to decline. A new mx
will be made in the m x systemstarting Wi th adding 25 EG to pipe 72 as
descri bed above. The new m x is made ancP diverted through valve 60 into
tank 82 befo DUIMS f Qe

| ocat ed on agnﬁg\%eﬁ?& ]f%g{rtét %tﬁ%ﬂe&%ftlﬁmg&e TEﬁgéhrj’rfllggaﬁ&lilg1 glgtp?{sﬁkago& tioned .
on the out si®pe wabtbr ¢k mlWﬁlihicuﬁéfheﬁetsq@@lewﬂdb'bm%éychtlbdﬁhubﬂﬂrb@bﬁ' where the feed
tanks 82 are | ocated The pipe 73 leaving the circulating punp 74 30 naybe

j acketed for heating or cooling. The return pipe to pipe 72 may al so be
jacketed where n¥passiFaeddhnkifsiteabl e, The top of the mix tank pipe 73 has

a three-way valv 0 . | eadi tq the feed.t 82. .The ed t 82 has an
overflowfine 71 ng i ’ﬁgl%r‘f’i’ xé‘?‘%ﬁ@%@%@ﬂ%? ‘"ég'égﬁa%ﬁg‘ 2005 tit
tank 72. Theghie®tk Hqatk «82 dRagvenoush wigsthegnaeddone hatbramuidendpder f | ow
valve and the bottomof the feed tank to feed the plant, ile the next m X

batch is bei Ry Watraccl RPN and s ke Bifeylepmisheokwll heaked asancramale ettty made,
the three- Wayt:c’ﬁﬁi VG Es%i&ér"l’l&ﬁlﬁ@gfjcn%[%dtt@ﬁﬁa aﬁﬁ}@pﬂdﬁé’iﬁﬂlpgﬁﬁﬁe Mpenkila@W t hr ough
the feed tank 8 hIS configuration 5 el imhates all agitators and the

| evel controlﬂﬂﬂﬁﬂﬁﬁé‘-’#@@dhftﬁ kﬂd@@onmww@rme*é@b}tlanlﬁ@caweofmwed on the .
roof, theg,ad Ny t ference.
Flow is ?ont ?J)rﬁlﬁ/@ vliugﬂg ﬁﬁﬁﬁﬁ tﬁegﬁé&éﬁéggtz rdl 'r%f]ﬁéa%:ﬁ%’ Jgﬁgttaﬂ{oLs 57 and
58. This confilsgercat imd t:ahmm{b:tmtﬁs nmpauelst’nemglmmdulandhm& mepidlifhyt. For a
typi cal systemc sum ng. 100 1 hs/ hr. h each.of 2 feed statjons, the 10
pi pe 72 can D&Y FHW'%‘B%@%W@‘EEB”B % ﬁrell@‘ﬁcb%ﬂtcﬁf’bﬁs R ERDAPES " hunp can
be 50 gall omSatra@ﬂmmsﬁtah&‘e@mﬁngid@q;e?aau@mnheeraﬁomhéheat@hﬁﬁngaa idi amet er. Tank
82 in this case ul hoId 15 and have gpprOX|nate dbgen5|o f 3.5 feet

in di aneter MIS@ 1ed WHE sigae &7 2B HEET 28 AUATY PRRFORRTE BFiPE PILRYOBPE syst em

of the i ngenthn driShadinl 4688 naf qﬁﬁa&ﬁh@@@@ﬁ@a e ayiedibd Ladhfp 8 sposed
fluid storage vessel; a second fluid 15 storage and dlspenS|ng vessel in

fluid comunibetitqrsraing torpusivad thepekidsuumikibey are dissalundonly the/BSs dhe bsarldg di sposed
at a greater jephi ol ﬂnﬁkﬁ%ﬁhﬂ&n e bridd dr#ls eﬁﬁ%ﬁf‘éﬂuw}fi’c hd il %t' ng | punp

in fluid communication wt rst vessel second vessel

circul ating ﬂpmlﬁpfﬁbélﬂmgxmﬁsbﬁﬂmmwﬁuﬂn@ﬂhﬁmg@ﬂtﬂt@ oahe fead fankiSY u$lllg)w

t hrough t he te e i r el into
t he second vyﬁlglﬁaﬁgg‘?mgﬂuﬁ% L'uir%éfvg\}%s%ﬂe 4 qﬂé%%{pﬁy}? P{léslt‘%}t\yg%@ef; and a
control val vesiibwrf | ui d conmmuni cation with the circulating punp, the first

vessel and the seqond ues3el o LPRPRShMTRY by JRERN £0h il ol Swiggot vt e

mix tank 41 is emply, 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 mto the process. The feed
23 fank temperaturs is confrolled with terﬁperature cantroller 54 using steam 55 and water
36 or any appropriate lemperature control media or mechanism. Agitatnr 50 is used to
maintain a uniform mix in the feed tank,
Pumps 52 and 53 may be installed to directly foed the palymer line without
using  header 59. At least one pump is required per line with spares as appropriate.
a0 An alternative system works as follows as shown in [fig. 15B. EG is added to
unjacketed pipe 72, which scts as the tank in this systern. The pipe 72 is located
vertically in the plﬁntJ in an unused space or attached 10 an outside wall. The pipe 72



and arranged to seI ectively direct the fluid flow fromthe fast vessel into
the second vessel, and friomthe first vessel into the first vesseh dge?[
second VgSSBlgdes 1N fluid comunication with the pl ant tri ion
system A stf’##@ pressure head 25 forned by the fluid hel ﬁﬁﬁﬁ#gégt%he second
vessel is used to pass the fluid fromtlge second vessel to the plant
process distribution system Accordingly, an aspect of the invention is that
the first ve fuwﬁ evel fluid | evel
noni t or bei n%ﬁl (ll)jnsefﬁuc ’5%10 Hg?lrﬁzcﬁf% A[tgh%g: e AR !Rk{!#&%%lrrt val ve upon
detecting a pnlenhe;leﬂrﬂnme:dalialnum niuitmuétave\mpﬂ forﬂrheaiﬁd reddp dimslyel. . Aftdr e 30

addi 11 onal - adpeea e pf 0 s Bk BRI AtARRRTeT i ol st 1) i o

flow fromthemfnpr?s,txsmeﬁed 'H&lrﬂgm&dtmﬂp@rmﬂﬁsrdahmﬂmm&mﬁﬁﬁme of the
second vessel q 5 hperature contraqller further 2 4 MAY 2005 WD 02146266
PCTI US011469§9utellsr 7{yih seandd ancﬁ% His’0r 98 PO AprspRtiaRIE P HMaTe R g @edidand wat er

to the fluidoMrebiahishhudlih (] casMBESEY ﬁcﬁﬂ%‘fﬁt’*‘sﬁ e SHANERY is G LATHSHAT Ur €

t hereof, as desired. In another asgect the” second vessel further conprises
a fluid inlet4eroylptiensostmmesin warnd the gplids nipe 3 notilghe solids sre dissrdvedt hat t he

fluids are p%ﬁﬁa%waaygecagsiza;mﬁwﬁge it &Eslr%%g:%@@i. gag gpd a 5

fluid outlet spaced verti above t an omrunr cation
with the first v@se:bhnlsﬁlbthﬂuldawahyamweﬁefdlmmwaﬂerhrdmmmmmud vessel
essel Vet .anot her. aspect he fluid

overfl ow her 0 th S

fl ow t hrolg nggs%c?%%c?% Frt%lé?&'a cb'ﬁc"?sﬁedm ¢Bhtror }I\/eaﬁo&emfﬂrn asﬁeﬁte irst

vessel back nﬂlta‘otatﬁitﬂ* a‘mmmtabembwminbnsmmmmam Thh evirfioi df feedi t hi n t he

first vessel been m.xed t erm ed dar and ere the 1le

m xed fluid fr‘%ﬁ%‘él’écérf% ¥ Pl ?Wnggf 8 3K behF tsQ’nr’%‘&ﬁrnthe first

vessel into HheweRCARE ViesiRlfortund 1481@ ﬂaeaemmgh rmvé 8 Diintd! {841 BMSEEM

conprises a first fluid storage vessel second fluid m xi ng and storage
8

vessel; a ci r@él“ﬁ?ﬁﬂ?&swzrbﬁc ‘Ftﬂrpalﬂé’ar?ﬁﬁlﬁfé‘a‘tsﬁ'%ﬁ“%ﬁWﬁlhghF ¥ ofd$sel and
the second; Vessala pifh7# ik h bbb HTDRGIRG 069 EGhGM1ANAE o T anged to

circul ate the fluid through the systenmiand fromthe first vessel into the
second vessel iempprahseenidgl pebykysbalssimiiaips Sedeed foptegmenttes copapl lavel

el evation th . jot St gl . L gty qigﬁgﬁ i bution
system and g&cg}% ﬁvhaé%gﬁﬁﬁillﬂﬁi%cbhnrﬁrg%@gﬁ %nﬁﬂg Et“ﬁ Cl rch§at| ng
punp, the fi rstdsvasmeﬁ?amﬁﬁ& Heumpwtl mm@m@mmémmémme control
val ve being c tE nd ar o .Se Ve dir qurdeow
fromthe fir s‘%}& C%ﬁ}'?ﬂggeﬁaﬁaﬁteo RS w&ﬂéiga rl: lémfm ?naﬁ] %f §r Y& vessel
into the zsecaldnﬂmﬂrumeﬁm&mmamdnymlﬁﬂr(sm s‘naﬂdnumhheﬂmmm tailege W th
the plant pr Ofs l?ar cold be used), the level in pipe 72 will drop. When the level in pipe 72 is so

low that pump 74 starts fo cavitate, valve 60 is switched directing flow from pipe 73

back {o pipe 72 withowt going through tank 82. Ducdng flds time, the level in tank 82

will start to decline. A new mix will be made in the mix system starting with adding
25 EGio pipe 72 as described above. The new mix is made and diverted through valve 60
into lank 82 before tank 82 is emptied. |
The pumps 74 for the mix tanks ars located on a lower floor of the building,
The mix tank pipe is positoned on the ontside wall {or inside if space allows) o the
toof, where the feed tanks 82 are located. The pipe 73 leaving the circulating pump 74
. 30 1nay be jackeled for heating or cooling. The return pipe to pipe 72 may also be jacketed
where necessary or desirable, The top of the mix tank pipe 73 has a three-way valve 60
leading to the feeri tank 82. The feed tank 82 has an overflow line 71 back to the max



distribution system and a static pressure head fotned by the fluid held
within the second vessel is used to pass the fluid fromthe second v§f§el
to the phaRb.pgcess distribution system 25 The nethod P%ﬁgﬁmg,faﬁ b3
distribution a tluid within the fluid mxing and distribution system

i ncludes placing at least one fluid into a first elongate and vertically

di sposed fluid storage vessel; passing fhe fluid fromthe first vessel into

a second elp e..an ertically disposed fluid nmxjn d storage vessel,

t he second fTaﬁﬁzﬁvgﬁ%g#mﬁ}éﬁés&ﬁ%@%ﬁe&@ W%eg'ﬁ?e@r%?/&efaﬁ%ﬁﬁlﬁ? @t ion than
both of the fhebstiomesaRlfecanahliitd eep kiRiand Wik deasst "Wixthatch MBdiomskst em- with
a circulatin unp in fluid comunicatiqn Wth{h;[ggﬁgp%-fi rst vessel and the

second vessefcirhaely; s e BIRGeHt FRFIEE PHEE Wit W9 Enged to pass

the fluid thiousRakhtasys HERdoSIRBoR Rl oM @lave g3 NTIGE bl ERRPNNI cation
with 11 2 4 MAY 2005 WD 02/46266 PCTIUS01146,992 64 the circul ating punp,

t he. first$ vesiainatzadl! agintoseadin: ed sentil i Gefeed tank 82y Agihedead teds atd uid  from
the first ve [ & £ .0ng. | ; and

sol et vel y BaedblaRabithy Glabpio ko320 F Bm N BRAONBINERRE | Cocs

di stri but i onFhysisenptrilleé vi:adbendevesdel cotrd avlivaip satobadT addfite S3ir e head used

to pass the fluid stored therein to the l.ant process distribution
system Addi F?%%Fa%a?gﬁg%fegu%efs S?%E‘%%%@ﬂ?en%?iﬁ%e addi ng at | east one solid
or a second | i quFékdgpibdleyadm ba@asihingned idsh chrivighlthdh dfitefedd tgionvaksel and
m xi ng the conbipation therein. circulating tl | ui.d through the first
vessel unti | P{Pﬁggﬁﬁ?g? 145j0g f’cﬁﬁ‘ﬂg‘? ﬁéﬁlF‘éatar{F@H“%frﬁﬂohgﬂﬁw Ff’g‘rhnB assing the
fluid from t B&idos e mitRESAL pipp 72 chihie: SECORheY 85EShetd0 TRAE S IhBismdLri al s

t herein have been m xed, with one another, controlling the tenperature of

the fluid wi ek hnd7s firad hyesmproxiendimsnipripleRdet hbangtentnd tsighthe f1 ui d
within the first vesseb-hy ke A6ddosnbisaaillngsskrtiPmntdyWRbeint 0 rai se and

| ower the tenperature thereof, as desired, ne€asuring the fluid |level within
the first vessiidepptistglongdtzgnd vegirelly dispnsecbfiuid sthessé Fariad: 4 would fodi t or
activati th / t ' ] pd | evel
winin ong § ol Qo St bR sl Sebilfa B PURERRL MR sl ease
back i nto theefsclistinydsmedd at b gjeeet raticad tleRdan tian tls: fissiwegeReciredaidirat i on The

present L T SRR i B0 A BRSPSl 2,
not ed above, puidpéheiiqd ddu@sics ol srdnfdtito Qasstafnidrilo tianighcktrsybemraepltaced with a
recircul ati Oncir%ﬁlairﬁetﬁél ﬁl!llg from the fivst vessel into the second vessel and from the frst vessel to
20 the first vessel; and a control valve in fluid conmnunication with the circulating punp,
the first vessel and the second vessel, respectively. The control valve is constructed
and arrangred to selectively direct the fluid flow from the first vessel into the sccond
vessel, and from the fizst vﬁssal into the first vessel. The second vessel is in fluid
communication with the plant process disiribution system. A static pressure head
25 formed by the fluid held within the second vessel is used to pass the fluid fiom the
second vessel to the plant process disteibution system. _
Accaordingly, an aspect of the invention is that the first vessel fither comprises
a fluid level monitor, the fluid level monitor being constmcted and arranged to activate
the control valve upon detecting a prédstenniuﬂ finid level within the first vessel. Ina
.30 further aspect, both of or either one of the vessels is insulated. In an additiounsl aspect,
the firat vessel is temperature controlled, the fluid flow from the first vessel beinp used

to control the temperature of the second vessel. The temperature controller further




l oop on the ester exchange pipe reactor, In the presently preferred

enbodi nent, the recirculating neans conprises a reﬁT’g cul ation | 02& @ﬁvmﬂf
an influent and an effluent. The influent is in fluid 25 com‘rum c h
the pi pew?@'é’é‘fz&? at any point along the esterification of¢THsiNdeHdensati on
process, including, but not limted to, proximal the esterification reactor
i nlet, proxi mal the outlet of the esterfﬁfi cation reactor, a point between
the inlet and the outlet of the esterification reactor, proximl the inlet

to the pre- pBIRETESS 4 BEFF ST SGIEE)‘FVG%’ S Siam g rater oghe Awid SeWRGhy BeF react or

a poi nt bet wegg td&isk Bh€lovRPhc WigheRulrd Blreaf, :38:408 Rr-Avlel MpRE, aheact or,
proxinmal the inlet or outlet to the @P}ycondensatl on reactor, and at a

poi nt  bet weetecenseversel Burthanermmisesabidinled o fyé coramypioativangtithorpuehet or - and -

2t any poi ni 3 TG DOBe A0S Ske I TRDAF TS AR BGE T encter

esteri ficati Suidonllgepymsdnatiogbtabore thy vless] inifhuid edimmgidation wish theifirstt ed ¢ o,
proxi mal the esterlf [d t Q f .the
bstor tcat o gt b by BRAERRHRIE' s SiolvetreS RUMTH b s, e
esterificati st veadt ﬁ:ryataﬁ-ﬂkarrmiectt, the flnid fltw theough ke spsrem podiyered by @act or
proxi mal the outle the pre polyner rea nt. hetween 5 the inlet
and the out! & v;hﬁ%’g%?‘éhﬁigrﬁ\‘iﬁgﬁ?lbagg%?%ﬁe%ﬁﬁ’ﬁgrﬁﬂ?‘ﬁgt‘mﬁﬁ%&“gﬂﬂ%utIet to
the pol yconqenaahé fifks 1634 b beeR kel to ApRALBInIRAIWRAGHG 438 WHaleahe and out | et
of the polycondensatiou reactor. In one aspect; the effluent is in fluid

comuni cafi omisidhid fen tesplesiivaly discied Ay &Bp?@nﬁf‘@é’élvéﬁ%@%ﬁl?ﬁwﬂﬁﬁﬂ igelj acent its
inlet, proxiphl:.Qhqadisacent its outlet, or at a point between the inlet and

‘the outlet of the esterification reactor. In one to aspect, the effluent
‘from the recircul Aniabernpis etibpéimenidtths sytiem egmpuises » Gzat Floid steseps trorsel; proxi mat e

the i nl et of Lo BRlGLL L0 LANCL BA6H cncl AANAMIFE ARPSRImul AR (| vent 1

influid cofmuni calion react or he 1 n ereof, in
anot her aspedctith thifrst efsfd] aadibhe sondrvdsellitlol mmuhﬂng pabp bangvdnkintched anéact or

betweent e inlet ndo t her e i n._anot t,he effluent flora
the recir'cul ﬁfrf"i'ﬁ?d H]‘”ﬁ'&ﬁ cﬁlu{dgﬂ%ﬂﬁ’éh e Pl @gt%%%f%ﬁsﬁggsé?lﬂt Pst r eam of
the inlet of sthadesdsel ikbiserit @fsstldaipf; Bisposed at@tA@veftRpletdvatisithal Rithuent i s
in fluid co cati th t eesterlfl at.ion react bet n the.jnlet and
outlet ther ;‘}Effa}ﬁ“’g??& i the,planl process st Pﬁ@ﬁf”’?*gné)ﬁ“?lﬁﬁ’r%ﬁ'@dﬁ%d cation
with the estepihsahtifiwith ﬁ@t‘atrematﬁ{a%m[mh@ﬁmees@é;taﬁ@ﬂmts@ﬁmoéssell n anot her
aspect, the influent is in fluid conmmunication with a second reactor,

wher ei n t he SEMSHIeedecarttelysipiriag saimchid and erged & sslectiyalndireshtve eact or |
i n anot heg, asgg &Eﬂwtﬂﬁn fn fﬁlréﬂ ?Etgeltbgcﬁlﬂﬁ theEls felddePiddOihnh ﬁlﬂ'ﬂ?stfvlaééhlqnm

comruni cation W th the pol ycondensation reactor, 1n another aspect, the
i nfl uent to tthesecond vessel, The second vessel is I fluid communication with the plant process

distribution system, and a siatic pressure head formed by the fluid held within the

second vessel is used to pass the Ruid from the second vessel to the plant pracess
distribution system.

25 The method of mixing and dlsmbutmn a fluid within ibe fluid mixing and
distribution system includes placing ai least one fluid into s first all:-ngata and vertically
disposed fluid storage vessel; passing the fivid from the first vessel into & second
elongate and vertically disposed fluid mizing and slorage vessel, the second finid vessel
being disposed at a greater vertical elevation than both of the firat vessel and the plant

. 30 process distribution system, with a circulating pump in fluid communication with the
first vessel and the second vessel, the circulating pump being constiucted and arranged

1o pass the fluid through the system; using a control valve in fluid communication with



recirculation is in fluid comunication with the polycondensation reactor
proximate the outlet thereof, in another aspect, the reC|rcuIaI|£? steE
performed using a reC|rcuIat|on | oop havi ng an |nfluent and an ef ﬁ@hﬁﬂﬁthe
ef fl uent bein fluid 2s communication with the pipe reactor proximal the
inlet, mh@?@?%hfhe fluids flowing through the recircul at P6ATUSSHE4 e each
recirculation fluids, in another aspect, the influent being in fluid
comuni cation with the pi pe reactor between the inlet and outlet thereof or
proxi mal the outlet thereof. ILn this djscussion, the reactants and nononer
and any ot hertht Figaulnting gemp.die BIE; Yesek AN sqs6nd Yaseel 14 sslchvely direstitie fhhté
recirculati O”Erﬁﬂ ﬂ{e%n@ %‘Esel b tﬁ‘ér n?ﬁmttf?st%ssl-:ﬂb%d ﬂ%%%&:[nﬁ%%%f Qﬁh del aEth‘iy

stated i n another o} he nmononer can rovi

recircul ati orpsspoptiefiom ﬁdmﬂpctﬂpué mmﬂﬁaﬁlaqoﬂant BRGS0 dl,stnbhhmhsyﬁismd fscussed

bel ow. Thus, 2 4 .NAY 01146992.66 .i.n Lhis

enbodi nment ts'ﬁtcaﬂ'n':El 3[)‘&?%'“1%?‘115*&%8%@%“? Al ohe‘il 8%55 9@8? Sq?ﬁeﬁigmf%?%n%? solely
from thes esplemtipkdcaatdigtbipispeystee@ct or, to whi ch the effluent of the
recircul ation | oop sch n certajn enbod nts of the invention,

whi ch are shown |n‘f‘"‘g|1 %“tga‘f#dhel’?ﬁ%"@ ]élﬁ‘?" leapt B SPLEL5 299ca0dc | udes a
recircul ati omlmtﬁaaﬂl%mmunmmmﬂﬁﬁeﬁeﬁmanaumiu e Hor@haane ef fluent 94

for increasi n&lppressure of the recirculation fluids tlow ng therethrough.

The recircul atPEH: sifpatye theflwid troual e firghvesssl wotih theqatgnalsthegam aBunp that s
l'ocated el eval-QRalilnyoRehqUkd sdlé"{h'e'i'ﬁﬂit & ﬂﬁ%&'v@ssﬁr]ﬂﬂ% DOIndRRSLf 1 Ve

suction head This Is 0because }?ﬁe r eci rcu ation ds, as discussed in nore

detai| belldow orcgdh gilptals hersirdpoe b@egnwedfgﬂhg@mmﬂlgn eortrolling the ose to

at nospheric p sl 0 r
alternativel y{egrgj%use%%f'ﬁ’ pb%Mﬁ)n t?ll ?thQ S%U‘#ﬁlhgﬁgg ézg’lL %%‘B%se %
punpi ng char aumhmthi ﬁmsves@hbpseﬂdfm“ﬂg@ﬂdmgjttammrﬂx&dtﬁntdmlmé ldvhalrﬂrwgh the

i nfluent and |rcuI tion. pu to i t ..may be
desirable to Eﬂ'f f‘Fé’ g%ggﬁ&é’ln%f“{"ﬁé Bﬁ‘@@? U‘F‘ﬁl‘ﬁgﬁﬁ‘#ﬁ?ﬁé 4] east
tenporarily, amdaemﬁ@mmme@mmwe&zmﬁwmmﬁgﬁﬁc&mlﬁrﬁmammmﬂﬁpa The
advant age of decreasin ‘9 H(le pressureiJ S so that. other ter| als, such as
one or nor'é r&EdpiaATEsd fu lyel wihiprheiliityessple PEERE PRSI SHIVE S thee
pressure i s p&Rh&Labintaslea-aRsed: #sidld a pressure decreasing device, such
as an eductor 95 through which at |east a portion of the recircul ation
fluids flow The eductor pulls a slight. vacuum or sub-atnospheric

pressure, at its tb?%&fmmﬁa@ﬁ!ﬂ F@QS%E%‘Q&%J wi |l also 20 appreciate that
t he eductor 95 can use er changeabl'y W th a si phon; exhauster,

venturi nozzle; | efThe arefmdinvemijorelso wpamaly msiudes &memé@gwemlﬂewm ng

devi ces.

20 poriion of the reactants and monomer flowing thouph the pipe reactor. As noted above,
the acid paste mix tank or the mix tark can be replaced with a recireulation or recycle
loop o the ester exchange pipe reactor,

In the presenily preferred embodiment, the recirculating means comprises a
recirculation loop having an influent and an effluent. The influent is in fluid

25 communication with the pipe reactor at any point 2long the esterification or
polycondensation process, including, ut not limited to, proximal fhe esterification
reactor inlet, proximal the outlet of the esterification reactor, a point between the inlet

and the outlet of the esterification reactor, proximal the inlet to the pre-polymer reactor,

proximal the outlei to the prepﬂlymaf reactor, a point between the inlet and the outiet of
- 30 the pre-polymer reacior, proximal the inlet or outlet to the polycondensation reactor,

and at a point between the fnlet and the outlat of the polycondensation reactor, and the

effluent is independently in fluid communication with the pipe reactor at any point



“To feed or supply the reactants into the recirculation |oop, a feeding
conduit 96 is used that, has a discharge end in fluid communication with the
recirculation line adjacent the eductor. The reactants to be fed4di& Hiawn
into thgor@gkigul ation line from25 the decreased pressugerp

recirculation fluids devel oped by the eductor. The, feed(?i;\gg%ltéjr%g”uzlt al so
includes a receiving end, which is opposed to the discharge end. The vacuum
on the eductor throat keeps vapor from®ofting up into the solids being
moved into the process line. The vapor wll condens n the solids and the
mxture Wil mggh G@%ﬁ%‘ﬁ”ﬁliﬁlptgﬁ‘d’“%?[@ﬁmﬁlﬁéﬂcg%f“@ﬂﬁmﬁﬁé&éﬁhﬁ“@ﬁ "xpansi on zone
has i nt ense pB&kiwibixhe@terificativa pedcdr eet] fiexifBGE antlet oS theRs@gfifiliAn derot hat i t
does not lunp in ,the est rif‘i ation piping._The solid reactant, ma¥ drag gas
into the reddto8ttbeires g micpand the putlet of e sEeREAHOR IPapi™. RFSEHE S Hfo o

di sengagenente s%hBMeAfah@br, bR Wt klet 1ok 19h¥r redetdr, Ydin2 dReenV'

02/ 46266 PCT( D T16505" 07 45 iquid feed tag{rﬁ%%%aptor g%flem can be fed

i nto t he Ssolthejinfes awd Bopislet of ek prorpoimay reacior, rrokiwpl thewlet peoylstoethel t hen t he

nerts il | BRlofillSkiol NASHUES Bepofhy bESHLIG, SHRLERLIE UPR] [0 meter and to

feed selectively the so reactants or ot her conponents, such as
modi fi ers, quimbpdnsfionteactor. dnone hperiche pfuksts orfllibopun@rneatbnerithodi nent  of
a feed syste&gi nd.131 first. co t of the

own i.n Figs. 13a - pon
f eedi ng systemﬂsﬁ%n%gatéoglpﬂ%? Ao PRPRIEL 8 PAACERL L Anfel rgormgl (RO |0 gust
col | ector, osilehagntheumebdtees theiniatad e guildief 8@ lebtdrifidéioh aatiot. dnla=fed i nto
the recirculation I qop. Liquid can be added.to the solid reactor and
st or age &Pevi@BE%L&%@ﬁ%@ékﬁﬁ%@ ﬁeﬁﬁrﬁgih@“fﬁrfgwaﬁgm@ﬁﬁlﬁ?f%é‘ﬂﬂwaﬁﬂoﬁ he solids. If
a dust col | eg@inateShdiimReor thd edlerdicabRANME, MinbitheN oA tRSefBiasht WinARIEr 10
solids by weight and the shipping_container acts as the inventory device.

Addi t i onal | yeomupguetipywith fiegeqotor adipprmt theiinpiithergad: wenalier pstthe er m

i nventory. | teggiitn flhAWARGS aAbn kifth ﬁ%‘f&éﬁbﬁ‘?%&é@ﬂh@ﬁ&%@nuﬁéﬁ%ﬂﬁ convey
systemis required. A solid mnetering device 98, such as a rotary air |ock,

a pi ston andinagpiper ssprsp Peroffluent ot tee rpeiFopdation fpudikceted e esteificabdow t ank, or
the like,.is t . . I i devi ce
07 for rSber rag RCelolERREb ATLA AN, LORGhANLpLS, BLBIRAS C°0r
The next conpdinédnil cofumrhwativmediinge syietfeativrsreactbidsdrden thuehiphand eddier (or

vol unetric eeder.) 99 that is in communjcation wth th ol Ld.netering
devi ce 98, agﬁregﬁé%aqn 16T ERRT F@“F%ﬁs %’rﬂuﬁ Tﬂlﬁlgmf%%ﬂeo{fiwﬁtg @?fﬁf%e gﬁ?g f eedi ng
conduit 96 argcionpreximaciid @itBbthent ibfhothbhatpect] theinflvawtiaintfiuidre fed into the
recirculation | oo from‘ﬁihe sol.id reactant 20 stgrrﬁraa e device 97, flo t he

solid meterifi gign gt o sppapd rrpctor.gticrgip hgspeng GEdogastreamPt fihen
through tihe basthRSoteRMt in s86hbOasp&t AhPiMudnd tlthé RRIEASIINGY efii@n | oop

adj acent or . ]

communication with the polycondsnsation reactor, in another aspect, the influent to the
recirculztion is in finid communication with the polycondensation reactor proximate the
ontlet thereof, in another aspect, the recirculating step is performed vsing a
reciroulation loop having an inflnent and an efilucnt, the effluent being in fluid

25 communication with the pipe reacter proximal the inlet, wherein the fluids flowing
throngh the recirculation loop are each recireulation fivids, in another aspect, the
influent baing in fluid commmmication with the pilﬁa reactor hetween the inlet and outlat
thereof or proximal the outlet thersof. In this discussion, the reactants and monomer
and any other fluid, such as olignmelr and polymer flowing through the recirculation

30 loop are referred fo as the “recirculation fluids.”

As stated in anciher embodiment, the monomer can be provided to the

reciroulation loop from the polycondensation reactor, which is discussed below. Thus,




directly into the eductor 95. The loss in weight feeder 99 can al Ef Ee,
| ocated at the solid-reactant storage device 97 -0 at a feed t ad Wbtfuﬂlj
shown) | ocated upstream of 97 and which feeds 97. It will also be

appr ecivePédémat the addition of solid chemical 25 conp®iBwisnadysdcent to a
pressure decreasi ng device, such as an eductor, enables addition of solid
chem cal conponents directly into any sseaction fluid found within a given
chem cal manufacturing process. For exanple, in dose enbodinments utilizing
an educt or iwmsghis kmbndarst, fennfdelds festamguiphien pop Sswt Gonf(of dve salagifroewl at i on

fluids, the,. vacuum.on the eductof. r ill, kee ors fromlolling up .
into the soff %?#%hﬂﬁpge%%%?un%l?%ﬁ? g%ﬁ@ﬁ%ﬁ:uﬁ?IS“’EWX&%FE)G@BQEC‘G‘%T%S: Prigorpt 0
theI idn;t ant i nvei]&tdeﬁﬁiE maﬁmnmmfdimamd‘ _ ,emsiﬁhm slhdmnjﬁﬂl’i'gsmaaagﬂ 13Be m xture
wou econe very racky, us, resulting.in the ogging of, the entire _
system Hoﬁ\?é?“}l)éllﬁ“%%wééw&%‘d%atfﬁmfﬂﬁg‘“a‘? BEBR P2 fﬂﬁ%tgﬁ%tqf"r‘gﬂ:*‘g'ﬁﬁémz 4 NAY 2005
WO 0246266 p@kEA/SAhhd CRMRBuOR foofltedRE pEXARY 6 MB 1RirodlhikRIBRRGRWARNE provi des
very intense m xing and maintains sufficient separation of the Solid E
conponent , Sgekrgesh: ctheperigalpiion pyepd2 isprefermbly 1 indips sontyifgal nump that t he

vari ous r eagliphydQiiorky bitbd RS il hBphakpcalivt budia b art wil|

appreciate that for best fesults, It Is pr . to fee e solid
conmponent di'B™NESH'Y. This ¢ IBcusethp rastsulationdbiodse esdisnyssgd i were delail el an

eductor, at_any.poin it in.th i yergen [..expansion zone pf the
pressure deéeiééglpgr%ghg@éﬁ%ré%@%ﬁefagééé n*‘gf’rs@g e Can gggmrr%lfeea@htﬁ% one solid
react antip Akslatiombgiling pdint Yok puthipsaciyndtcapttdnbe ard, lape caitdfinga) ppapal | el or
series. In ahr%p.ecd'cfic enpodi nent, the ., polymers can be made of nultiple

sol i ds and THESESLHARG MEQUPNEE TR Seach to its 10 own pressure

reduci ng devi ce DRcS@kir@Src@btidnTuRRpalsl Rlougiothe diueafant B @ic)BEn Sol i ds can
be netered into one feed hopper into one pressure reducing device. The
sol i d pol yn@rupipmegtash b PEssviret 818 4o degabii &t decseiie e 48P sol i d react or

to device 9irkafioP HSME R 1e8R RniphMsilie hi dTobiHuR dbRABsHEAGdPIe 2 CONPressor and
convey systemdue to gravity flow I'n one aspect, the solid reactant storage

devi ce cdn Becitswiatien ghmpef teqrdyantage of droransing themecspiraérsodint ofher msierigdes i n
i ght feedef.y. Al S0, i f .S i 406, H9S Sre i ght
wei ght feedepq, Al 5 mwggél%eﬂm&? ;ﬁ.%ragavp@h&%?ﬁuﬁxaﬁmc - v}/%?ragés?ﬁ.? Hei g

feeder, a belt feed, per wefl ght scale, umetric s A w
hopper, conirgtieblyfdeomasmd iang 2 ogpordeoradimpdtvizesuaeigpntedigasds throughe | i ke
can be used. e he. react d i At Lkcul atd lpop flow to
the effl uentw%wh %lﬁéeab&? Crred afﬁbg%u&og%ﬁul@ﬁ}el&r%‘eac gﬁnﬁbrﬁ%l%gﬁ’tgt her
recircul at i omchinicdsuls-eeapteric plesup, pais Aroste drkckillddin thelgrawdinglscor  pr oxi nmal

R N TN = AT TR R T
: ventun nozzle; jet; andfor injector or other like pressure reducing devices,

To feed or supgply the reactants into the recirculation loop, a feeding conduit 96
iz used that has a discharge end in flmd communication with the recirculation line
adjacent the eductor. The reactanis to be fed are drawn into the recirenlation line from

25 the decreased pressure of the recirculation fluids developed by the eductor. The
feeding conduit also inchudes a receiving end, which is opposed fo the discharge end.
The vacuum on the eductor throat keeps vapor from lofting up into the solids being
maoved into the process Yine, The vapor will condense on the solids and the mixture
will be very sticky and pleg the s:,rstém. The eductor expansion zong has intense
. 30 muxing and separates the reactant, such as PTA, so that it dées not lunap in the
esterification piping. The solid reactant may drayg gas into the reactor with it. This gas

can be removed by another vepor disengagement system after the eductor. Alternafely,



toward the outlet performthe function of adding at |east one type of
reactant into the, infet of the pipe reactor, Wm’"“h is one of gmﬁquﬂ[gl al
steps in the process of "the present invention. It Fs advantageous to a
sol i d F%Q&Eaﬁfﬁﬁl nto the recirculation | oop via the 25 fe‘:éfEiT’rHaﬂéS‘F%?-em o) that
the solid reactant is dissolved by the recirculation fluids, especially the
nmononmer or ol igonmer, before flowng tosthe effluent of the reci rcul ation
"loop. It is also contenplated adding additional fluid reactants into the
recircul ati @diquﬂdd@qmltoﬁheea‘ctmisghtmamlartbé intmipb eolddethuppea & diuitdhellsol i d
reactants in,. LLvi rcul fluids before reaching the
ef fl uent of r&ﬁgi %%gc Sr(}g’fi | 6[% eﬁ"gomlf gsigatg%:%ér%f\r/]tgﬁl ence so that the

addi ti onal react armedihnmsmtm maédo ﬁmtebmdatd(fﬁﬁm epivelytisd yolidtredetfs o nl et of

t he pipe reacgtor. 24NMAY20Q5 [ 462 PCTI, US01146992 .39, The fluid
reactants arf Bb?‘ﬁ’f‘@”ﬁ‘ﬁf ﬁ“&bﬁfé’\é'%% g"‘ ’efgrr“g% LYY %]ﬂﬁlbs@?%am of th
educt or (sbefepitBdtdeat Fadbdd Qe qd ﬂ{ma&fmi? . BRlahdl1 312 ATk dindt Shnpatlehh@rugh t he
fluid reactants _may |ikew se be added vvnstream of the eductor It is

cont enpl at edhea‘foﬁﬂ%sﬁsﬁﬁl if . golif repcsars Flare avier Yneich et s pilty FaPleCiasdl t hr ough -
t he recircul D%ﬁﬁqha A nl am of the
recircul ati g% E eﬁkﬁm When eﬁglgﬁ%%&ﬁli%%teant sﬁat?%egﬁ dde ﬁ?%#ou%hﬁﬁt he feed
system and tdge @hdﬁcdwtéa@qleﬂmtcamadatbme deiderdo Feaipgre arieliminageihe gad at i on | oop,

t hese proces d nto t he

pi pe react or&lﬁ%ﬁlﬂj‘*hﬁet{@h%n?{e cgm?%ﬂne ]tsug%ﬁ(l*)u ??}lﬁ %@%ﬁ?ﬁﬁt ‘%{%ﬁlﬂé &ci rcul ati on
| oop feeds. ﬂharldlss]shlbymelghtmfdthhdixp[ﬂhgcbntaimhﬂmﬂsﬁmhﬁmmydeame be enhanced

by increasing,the .iq tenperature and b rat pol yest er
nonomer to s‘gﬁ@”@%@fﬂaﬁ? CF“?\a‘itﬁ"qu‘e Wéa&gh;: ?"gﬁﬂ‘g'f/ Ve nghfégt he feed
nol e ratio, RRdhEnd baogiaed LR offsBS Shuhewebrih eysidhy Blrefitiredalkiselid @ specific
exanpl e, one type of reactant fed into fhe recirculatjon | oop B via the

feeding syst® angdeyiee B guchy aptar aig lagky 3 pstan andyahe (aampep<1oubls Valthe i s
recircul ati Oﬁhcﬂ@c%bﬂﬂyﬁﬁ/ BlodSattS 6r AL life RORERed AR RRGMITRRBNA RS2k ens

therewith. The fluid reactant can be, for exanple, ethylene gl ycol. Thus,
if 1~G and Pﬂfwaaﬁr%eﬂqqé*?@ﬂrwmaatb@m@@m@émtj@a derctm otags daicadHoner , t hen
the effluent Al 88 bk YeoloQu bl = 4 TS wff hm%a?l(moiﬁﬁ%@r as the
only source 0 actants ad to t e pipe reac &r ourse, variations

of this desi ﬁ:ﬂdﬁi} @ thaing Etmphm'-md:ﬁhsmwﬁh the Sphthmahgnmdﬂkuéﬁ, adalsB® 20 r eact ant
B
separate aud 8. Thus, the raactants are fed into the recircniation loep from the solid reactant
20 storage device 97, to the golid metering device 98, into the loss in weight feedes 99, and
then through the feeding conduit 96 to be drawn into the recireulation loop adjacent or
directly into the eductor 95. The loss in weight foeder 99 can also be located at the
solid reactant sforage device 97 or at 2 feed tank (not shown) located upsiream of 97
and which feeds 87. It will also be appreciated that the addition of solid chemical
25 components adjacent to a pressure decreasing device, such as an eductor, enables
addition of solid chemical components directly into any reaction ﬂuid found within a
given chemical manmfacturing process. For example, in those embodiments ntilizing
an educior as the means for decreasing the pressure of the recirculation fluids, the
vaciun on the eductor throat will kéep vapors from lofting up into the solids that are
30 being introduced into the process line, Prior to the instant invention, vapors would
condense on the solids and the mixfure would become very tacky, fhus Tesulting in the

clogging of the entire system. Flowever, in accordance with the present invention, the



aspect, the dial, such as EG can be fed through the recirculation |ine
before or after the regirculation |oop punp or béfpre or after tZheMETASeed
line to the recirculation line, or upstream of but’adjacent to the pressure
reduci nr@eddee® al ong with the PTA feed. 25 In Figure 13&(CTArr@liestiddi nent i s
shown where the effluent fromthe end of the esterifiication process is
teed off 106 and one portion of the effdsuent is sent to the recirculation

| oop. In a separate enbodi nent, as shown in Figure 13b, the tee 106 is

i nt er medi at edudter epamicte dbsi@nid loaapivae Ve BEGsPRend S@GhMNSind 01 and 102,
so that the fluent f.or circulation | oo not, . fromthe end of t he
esterifrcati B E’ﬁ’é‘%‘t‘mbﬁ{tg?%wl &PWB?WE Fr‘l‘!"g‘“ﬂed%ihgﬁhi’ AtidrSodRAt dehoi nt i n

the esteri f!mtm@nmﬁsmhﬁaﬁoﬂ& To s 84 ond Sbrd e skitnaketlf\ment from
the esteritication process is_at |line 103 %ﬂfter vapoir renoval in |line

104). 2 G MAYPIFOBE: FErUeRds IHerrfap sl Fag gy solrbeommengnsimely itbodi ment ,
the ef fl uentnebrodife SEhERYIML Mo RO difich 0 GRhEDoudMIAA! hea he inl et
of the pipe rigrgtor Thi's %nbogl mgnt i's pre‘f? ﬂjg when tthg %%g%mr t hat
enters the mfekmton@fchbféhfrm@smmwsmdam@ or the sl urry formed as a
result of the addption.at ' S si dence
time than woul d 11(5'=cf§5:)ur hgglgfeg#ﬁ'gﬁﬁhﬁég% Ffr“gc?"%mﬁ ﬁl IFH %’f of the
pi pe react orfeding matenesn epsdmehmmﬂslartqbt@asi Mhmﬂtﬁctcmbbhmehemer cul ation | oop
is fromeither the erjfica Locass or t he_ pol ensati on process.
Speci fical | y? I?Tﬁm\?ﬁ?lfegﬁﬂ ‘l&?é@%'ﬁ‘??a S"'E ﬁﬁ?ﬂﬁé?ﬂh‘i%&’}% Vet on | oop
can be f oM awppichiurd RULTHEIVRE &1 dches cﬂsﬁ ﬁirhﬂdl&@hll@ﬁthe@@ﬁ&la@éol@&aﬂﬁmm in
Figure 13b), the end of .the esterification reactqr (as_shown in 10 Figure

13a), the preGediFPoRe fhd herper W0 W PIREIpFapors Aeicer dae e pobeerpr oduct
fromthe ougdugd dlﬁ’ébéﬂ@tmfeﬂ%g%mé‘ff&@:ﬁ&iﬂ%&heﬂﬂ At A MbvicklooMrkR e hagi nni ng of
the esterification process to the final product fromthe outle%( of the

pol ycondensatindhmgligaass thepreklor & pampresser ang gpaicy o¥stem dvole esvifpdiose i n

vari ous aspects t La

ol i gonmer, and/or ?ﬁmﬂ% tégfeé?h&lla?ﬁr@%% géeg%“rll gggégﬁe\l%ﬂgra%q%ﬁgﬁ%i nf | uent
fromtheis ecﬂmfulmmngﬁﬂlhdmpmmgmfaﬁes Aiﬂﬂqmsteed phaingavigncaly st élmldss not

limted to the I |rcuI 0 b ater ri ses

two or nore ﬂgvér%lﬁftgfﬁ?égf |a%%1tﬂj p%ﬂpgﬁor%fa %’UF‘:@% 9?11“? ’iﬂégmwpar alf% ]nggé)

conbi nati on thelrdfow thited, Boiglesa fealtiiewpigzat log, fiode 11heecamehemmul ation | oop that :
it includes other eatures di sed, above. for th i ctor, such as a :
heating means and P@Fﬁo@ﬁ?@mﬂé@%ﬁ%ﬂ%#ﬂ%&@%‘g ¥zt PEHE | oop, |
whi ch may bEIéchEuliﬁtﬁlﬂﬂﬁlQliwﬁﬁxﬁs @ﬂ%@ﬁﬂﬁh@&@h&ﬂ@ﬁuﬂlﬁm&ﬁﬁir aheye and

encorrpa55| ng the sape features, and enbodi nents. |If nononer is
reactor 101 adjacent or proximal the iniet 100. Thus, this process of adding the

reactants in the recirculation loop so thal the reactants slart near the inlet and imaverse
toward the outlet perform the finction of adding at least one type of teactant into the
nlet of the pipe reactor, which is one of the initial steps in the process of the present
invention. It is advantageous to feed ﬁ_ solid reactant into the reoirculation lpop via the
23 feeding system so that the solid reactant is dissolved by the tecirculation fluids,
especially the monomer or oligotner, before flowing to the effinent of the reciroulation
loog.
It is also contemplated adding additional flnid reactants into the recirenlation
loop. The fluid reactants may be added to assist the solid reactants in dissolving m the
- 30 recivculation finids betbre reaching the effluent of the recirculation loop, orssa

convenience so that the additional reactant does not need to be added separately at the

inlet of the pipe reactor,



removed from adj acent the outlet of the pipe reactor a shown in Figure 13a,
then the vapor renovihg:neans does not have to be™4dded to the
recirculation ] oop. Otherwise, the liquid elevation is raised of 4 iAeilsy
until tWEBH&¥Eyre is near atnospheric and the 25 vapor"FEUFEAEIRd to the
distillation system Addressing the vapor renoving nmeans specifically, in
one enbodi nent of the recirculation | @ep, the design is simlar to that
descri bed above for the pipe reactor as shown in, for exanple, Figures
7a-g. Also, alt hTgfinidotncessefemederably aﬂ@adﬁnﬁﬂ’&rr&dﬁfmlaﬁhmlmpmhmmrﬁfi ng

mechani sm bg_| tQ t nf | u nt . of ul.ation | oop so
30 t hat the%lva%g&&re(gre rg%%étﬁmﬁlﬂng?f@ s?l LreactrRsio @ﬁ u(gﬁquanig FEetElt s, and
such a degl myu&ewsab?mudemdﬁmnieaﬁafmanmc}&bnaﬁmh%pmeﬂuﬂufgahelﬁadalrldh105hi n
Fi gure 13 - 24NAY |S 02/ 46266 USOI 146992 71 note, althoug
there are afamnLgRdhszes “i/ﬁ\%@“f W%%EW‘F‘EW“?H%‘P qu? Beactagihar ent t o

one skilked cmnalﬁmaeﬁﬁ&d&}ﬁ&@ﬁn81‘&115%n@uﬂﬂﬁﬁ%ﬁh&@zamﬁﬂm‘afuh&f-aaeﬁﬁts@?acessary to
include the recirculation |oop fora pipe reacCtor to fall wthin the scope of

t he present adgedbinug fbﬂiefq&ﬂﬁxmmiﬂi@ﬂevémﬁ@ﬁt@%ﬁqa@ﬂ%mqﬁhau scussed, such
as a punp f Qe Meud] b E@%%aﬂ%a "o b0 o &[oal&e ol i d
reactants can be used IS e I nent usli II’CU at-1 on oop,
however, al Iteveipe ivectoegixgmel itz iolet wpl wiveh tih @ffblasttoé thﬂw(mtﬂaiakhu loop fegds.

i nst rurrent ation, I h L&SS Ul r.educi ng, devi ce,
such as an educgggd& ‘%ﬂgl??hﬁeg\éu“ %ﬂ‘?’hﬁ%ﬁ?ﬁvﬁ hg &6 agb r'eer ?%q}-’%at t he
recirculati dﬂnj:ﬂmtplalaadb‘psﬁangmgﬁhe&dmaﬂithﬂpﬂ}ﬂteiﬂlbnmﬂ?r;re@tuliﬂg:ea&miﬂtﬂl theact ant s
and is |ess adv eous en. o reac ts are added form ng
PET nonomer IF‘P‘E? }'é??ﬁl g "}]F‘é‘tti ?"é&@ﬁ“ﬁ@ﬁi"?ﬁ“ﬁ’l&é& ve solid
reactants reggt@jﬁs t he abrasi on caused by the solids in the system For
exanpl e, solid PTA can be dissolved by the nononer in the recirculation

| oop, rather tharl2lieAgresificstomne Wﬁpﬂﬁﬁagm{ltafﬁ*mtq the EeEgHgARlPGhal paste

15 tank procgsge f\%ahgfiyé?é'ﬁcirﬁhéleﬂit\&léﬂ‘i@a%]ﬂpﬁm LG, Nfhean abrasive
conponent in the i Ssolved state. In fact, pipe r«gact ors that process

onl'y fluisd riseieulsiion demigp aveids niseniefroste fanks and mherem gebleseiresitey Tt i ncl udi ng
the reci rcul ffsh ckAQR: bR GLo! é}ﬁyleﬁe;gwo?%; OB LRePTAAN. 40 taasgce. the

heat transfer tot eestérlflcalon A nmeans maybe i ncl uded
to control thmﬁ&%lhaaﬂdfﬂh@fmgbmmmﬂmreﬂmﬁﬂbattrcanfepﬂ @mecﬂrye]aoﬁw. | nane
one weir,is attach |or surfa of the

nmbodi
et ot T og: i Blet pERE bR RE AP e SuiR koS SiedePnbsdfade ) Blewble RGP Pl ow over

t he weir. Ascourse, variations of this design are contemplated, such as pumpmg more of the EG
20 reactant into the inlet of the pipe reactor, in addition to the EG and PTA added

proximal to the inlet of the pipe reactor from the recirculation leop, In a separate
aspect, the diol, such ag EG, can be fed through the recirculation line before or after the
recirenlation loop pump or befare or after the PTA feed line to the recirculation Tine, or
upstream of but adjacent to the prassufa reducing device 2long with the PTA feed.

25 In Figare 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 13b, the tee 106 1s
intermediate the complete esterification process pipe reactors 101 and 102, so that the
influeni for the recirculation loop is ﬁnt from the end of the esterification proceass, but

- 30 rather comes from an intermediate point in the esterification process. In Figs. 13a and
13b, the fina! effluent from the esterification process is at line 103 (after vapor removal
in line 104). ' '




illustrated in gig. 4, the desired controlling nmeans is a weir | 10. The
weir is preferably 25 Wisposed proximl to the 0u;t|=§at of the pi gJei MERGHPT -
The weir_has a body portion circunscribed by an edge. A portion of the edge
is ref e 4Has the connecting edge and a remai ni ng pof§T/HRMIEI¥he edge
is the top edge. The connecting edge is of a size to be conplenentarily
received by a portion of the interior surface of the pipe reactor and
attached thereto. Thus, since the interior surface 30 is circular in
cross-section i n hhaocfcedeiodeaene ntodiinmnbf the eradaimdbipnigledged i s al so

2005 VD 02/ ATRCE BEHROEH £ A0 ro % e AP PGSR F PGB e

reactants aneioQémeitheERiers the Rlawn of 1he YoRGulk i TooPG the slidyl faeld @ver the weir
at point 112. Thefﬁl r.acts as_a_barrjer for the reactants nd/ or nononer

so that the Fistlaf e rddinion atfedfrding sation franpreiy daer sridenietpaihan werldk | the
wei 1 cont 50l bl thi Sfich SRiifRod) RRARMId of 88 plok Watkori SCosi ty, the flow

sate, and the 5 length of the pi'pe before the. "weir. After passing over the _:
weir, the fluid fowsiceusmlsdimenig thediefusnat tofthetoeirgyiation lasgds Bom aithet 8. The

weir, as des : " ni L r.at the bottomto
provi de flow%‘nﬁtnl opﬁ‘l]?{’@ AN cS%Iig?ng%}érﬁé@aﬁﬁ%&%g&ﬂ%%vgﬁ%'ur%calgﬁeggs’vvei rs
with the top tisd Dihesh touMbeetrhddicniodpven befrom 2 petit mifihedise the dserifiprtmher abl y

| ocated a distapce five ta.ten.pipe di ers framthe outlet of the pipe,
10 reactor. Irffcg’ﬁgasagb%‘&ﬁ 1%;@;?@;)&?‘511:? %ﬁf@?&%&%&%ﬂﬁw Beir can
conpensat® f digurdil Bhahe podudt @06rth bitleBofaRehreh AEASI rtdcls, tht Prodhd: Gt ve
enbodi ments, the Ifgi/?te! _gan be control] ed brylﬁany_ | evel cont r_gl l.er known in

the art, sucHvhE® I Refiilon, @y gotnhirerg he brpmppepf thesgtsrifigaign | eyel

devices suchyagsd B sSidalmb s Erofi th RN 1A pdd@8aMESion Akt TAGS, the
ul trasoni cs, capacitance, or sight t5 glasses.” O her_ specific exanples of
| evel devi cegeditsilapan fligdnerrmsispar vajioss shh thereactpnis, (htprlyesieHRABEeBL, 7th

ed., p. 8-49, ' I S1i065£ 0% A) 0P GRLHARE t . Shd LG mAddi ti ves
Anot her opti otﬁﬁﬁdlg%gégltléb?? ’tq%e pre e%tfa%rﬁ]\ggﬂﬁr’odr%b%lg rlﬁjggg&a nmeans for 20
i ntroduci g onduct romrik: mdilstive doopntiginethe The peircwsitmoysbe tiswe fimittd | nl et

and outlet. ,Such additiyv A sqrihed .abqve and ipcl ude.. but are not
limted to on%tdr('%:’ruSE E@w&?&%uﬁé‘g fa%? stu,L 5%813?3}‘#%%{3 ?Inlf%sﬁse%o ch|ori“é‘c'rrr'r:3nt, car bon
bl ack, gl ass fetibmiatioh ldobeconfipnied di senied pikidl, or aantbiniicabtizost abi | i zer, fl ane

elarian eheal g SeeL A OEYS |SiCl A COme R1LAS, GERLend O

pl atel et part gigduesed abbagls thé fine B4L1EE sudhQRBMEATRE: Sreatlt Xid golB@6ERE, and the

| Tke. 20 means for the reciroulation loop, which may be the same components and apparatnses
discussed abave and encompuassing the same features and embodiments. ¥ monomer is
removed from adjacent the ouflet of the pipe reactor a shown in Figure 13g, then the
vapor removing means does not have fo be added to the recirculation loop. Otherwise,
the liquid elevation is taised or luwereﬁ until the pressure is near atmosphetic and the

25  vapor i8 removed to the distillation system. _

Addressing the vapor removing means specifically, in one embodiment of the
recireniation loop, the design is similar to that desoribed above {or the pipe reactor as
shown in, for example, Figures 7a-g. Also, althongh not required, it is prafem‘ble that
the venting mechanism be located prhximal o the influent of the recioulation loop 5o

- 30 that the vapors are removed prior to the addition of the reactants, and such a design is
showi in Fig, 132 and 13b at 104 in Figure 13a and 105 in Figure 13b.



Addi tives can be a solid, liquid, or gas. The additives can be preheated
before entry to the sjs@en1 i ncl udi ng a phase charige, such as heatji wey HG
quuidnéﬁ égg vapor state to provide heat for the reactor. In the preferred
enbodi mht &¢88n in Figs, 12a and 12b, the introduci ng 36TAENAE ¥ Enpri ses a
seal abl e channel, as represented by any of the arrows in Figs. 12a and 12b,
t hrough the pipe reactor allow ng fluid’comruni cati on between its exterior
surface and its interior surface and an injector for injecting the additive
into the nateri al O9noe, gitoupbfisre ypadipatage et horeprddpndegodatygill e owi ng

wi thin the ph@%ﬁn@ﬁg%ﬁ’ Eklﬁ%d B the A Gasb PR hE B SusBBH iRfve PRI AdessdiG, | N €CT OF
can include punp or other nmeans such as pre-pressurized, e?evatlonal, or
gravity dri vawhde Heeetiiantiohlgep forjaedteseactns tafl ivithiethe sope ohitheprasenti or of t he

pi pe reactor; L hﬂgyﬁh [ e _qr han. 4+ hat of
the materi al %nvv\émﬂh%‘i n- e’tg?e%uéj%r%ggé@% ggﬁﬁﬁt@sgggsgilig@aﬁsg ﬁ?@f% 1 E%Egal abl e
channel . Therdaetants tekapate neixcirrthelht solil ramamnts cah be edohassbadimeapeni ng t hat

allows. comuni gcati on from outside the pi reactor jnto’its interjior.. It
is. pref erred“fuﬁ%ﬁ’ﬂtt‘?fém“mé%’gf}% BYETEL 81"%@33%?%%‘1 1Az @FB GF RS0 that
when the addiplingSnitSirRot:t6E affigiton, £ SEREOmin thdh PEsfrPRAtGacdice, {RR
reactants and/or pononer do not | eak out of the pipe 10 reactor. The

seal abl e chaﬁﬁ%‘Fe’qﬁ"_ﬁ@?’be "seal ed" by a plug or the like, as well as the
injector not all ownpeilGk RSOV o a?zgl‘ﬁci%%t%@%ﬁﬁlﬂﬁ&btﬁ:ﬁgﬂ%ﬂtves can be

introduced or injected at any point along any portion of pi pe reactor.
as shown ¥n Rivmiagsons fof migetinezphd Rreimps awl iplcssadvaribteoinwbien ginpdi nt s

i ncl ude the I I i %49?1)@1‘19 i A e top, side,
-or bottom of %?@E@Eg a@%@%’ﬁ@%?%%@%&ecu ons %{&IF%E I|S;S|fmpgte2br eactor, the
top, side, omsdictlatm lobp & disselspedid netaltdrodyess it ebmasisealustdig, thardidsef ore a
heat exchanger., As _sho in El Q... W lniection.into the elbowis
ndvant ageous TBHATE oS ariplsSod Py b Bt e ey i g B

i ncor por at i oneifculation Bdglivithyehinisthgtavent@dichal pissc @imd/ 10m JraroliBial phdrhout

hi gh- concentrati on edd) occurring inside of the pipe reactor. .20 Another
aspect of It héa‘%ﬁr@?ﬁs*f’ ﬁ@ﬁ%&? i?%mitﬂ%PIB‘Eﬁsf’]@“dJaWBl?EF’é%’%“ﬁfé’wgﬂﬁ} & or
outlet of theiRk@eddQtats. THPach PR BackRD el fr8&cks SllP Wittt hey Ritpe react or
at the location _of the seal able channel, For exanple, the nozzle can inject

the additive hebeftfromthe E‘ddeééﬁﬁﬂléﬁi%ﬁﬁf?@*ﬁﬁﬁg’@ﬁ_T%*@Fﬁéiﬁf@ilﬁ%ﬂ VYL react ant s
and/ or MoNOMEkk iR, Lotk th Al Burhe Rl DEBRE BFprdlest DAt | oCaL ] 0.

25 Returning to the deslgn of the esterification pi pe reactor, the pipe
el evati onal :

20 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 1o the interior surface of the
esterification pipe reactor and whergin the esterification fluids flow over the weir. As
illustrated in Fig. 4, the desixed controlling means is a weir 110. The weiv is preferably

25 disposed proxima! to ihe onilet of the i:ripa reaclor.

The weir has a body portion circumscribed by an edge. A'portion of the edgs is
referred o as the conmecting edge and a remaining pertion of the edge is the top edge.
The connecting edge is of a size to be complementarily received by a portion of the

mterior surface of the pipe reactor and attached thereto. Thus, since the intsrior surface
- 30 iscircular in cross-section in the prefemed embodiment, the connecting edge is also

circular fo complementarily contact and engage the mterior surface,



hei ght, pipe dianeter, total length of pipe, and pressure at the inlet and
outlet can vary w dely depending upon the products: made, plant ZaptiNgs,
and operating conditions. One of skill in the art could readily determ ne
t hese par%i '%é*r‘;%““usi ng basic engineering design principl eBCT/EH0 Hgps2
PCOLYCONDENSATI ON STEP W th respect to the bel ow di scussion under this
section, "THE POLYCONDENSATI ON STEP," urmtess specifically stated to the
contrary, the 2 4 MAY HE WO 02146266 PCTI 601/ 46992 74 processes and
appar at uses of t hi Befenvetilldn Fii 4,dssadaritnandfer siosemer ip shavel fhwriar fomqual |y

applicable to n sed. ip, . esterifl I.Qn_pr ses_and
appar at auses. ’P.D %}3\2 I lrﬁ%{aeug'%? %rillmt“%lex HPER}%L?@FE ¢ %%a%%cﬁ%éns "2 351@55?&?[ Bem%%%:noq‘?]d step of
t he process ofand/hemopsresantthai thedintd manenis ffove opo theaomeimpradtliconirs tiéps, which in

one enbodi nent, occurs i hg . | ycondensat.i an .pi reactor. T
pol ycondensat i"8h™&F %cﬁmip?ﬁ/th? Gﬁ'ggfl‘g’ﬁﬁ%llf’%wﬁ@ehuﬁ vﬁ%ﬁgﬁe%%ﬁix tetﬂIﬁgj']&Eher s and
- then into tshe l@@t‘rv@i&hﬁﬁip@@bﬁé_f&ha_w&iﬁ%ﬁ&'}:@ﬁﬁﬁ{g&wﬂﬁﬁ&e Reir, the auiddRels blosn t he

|

- first step in an esterification reactor, as discyssed above, or froma
“piior art prodesutlepekths aiepepatoyat 1ip. The weknep desgiabed bslowe mexelsald¥p f orned in
- a prepol ymer  dokfifks i@ i6h at RSB KR iR heh Wbk, fREN t he
pol ymer. 10 Inﬁfpa speci fi ca_ enbodi nent , 'ﬁ%@%ﬁ?ﬁ%@?@ﬂ%ﬁ‘g%orm \ the PET
nmononers are Wwadd meludhwepe ik GivdemsepeiloYrnpiched indhecwars, etThEhePRir & nononer s

tod | . . i
and thon are RS EAEILER B BB HERERR e ok B Ht et on
pi pe react o treadt@r fm oheaspest, ycloprgrthe 1A of ths edithibe eicm cawi ¢dapreespaot t o PET,

nononer s ‘have J.ess than 3.chain, l.engths, oligoners 15 have from about 7 to
HERT b B e g RE ol

about 50 chai n Féngt WEPMETh a chain length of 4 to 5 units can

be consi der ed nononeelighaidle cgtnBifents aAbdlcpsllcyiney @mhaNe graealec dobhasil@bout 56
chain lengths. A dieter, for exanple, EG TA-EG TA-EG S chai n | ength of
2 and a tri-nBPY3iaHgE ol St == L0 i tﬂoﬁa@}%ﬁl%ﬁiﬁ-? E@%ﬁ%ﬁ@@&%f the
present invent R as hokk hadiQe B RlAGRsfie, RAidHoA, NERRRLY, FBpacteRs okicas Wel |
as a finisher reactor as those 20 terns are used in the prior_art and as

defined herdi n&pwoe. Cthpigpediiis rewplas 98 cygldpricesspn bafoupd Bl ey Ghsmedl aver si ng

over a weir, fﬁﬁgih&%\”@"ﬂm@%ﬂﬁ' ad.,ﬂ:ﬂ%b,ﬂ;&kﬂcﬁi@ﬁar@%‘ iﬁ?&ﬁ&lﬁﬁ& nefefeaetor of
the second step of the present invention. Also refefring torigs, 4 and 6,

one skilled in the art will appreciate that pressure-restricting devices
(such as, but RQkikmted to a valve, orifice, or the like) '

Another optional aspect of the present invention comprises a means for
20 iniroducing one or more additives into the pipe reactor belween its iniet and outlet.
Such additives are descrived above and include, but are not limited to one or more ofa
catalyst, colorant, toner, pigmﬂnt,.carhnn black, giass fiber, filler, Impact modifier,
antioxidant, stabilizer, flame retardant, reheat aid, acetaldehvds reducing compound,
axygen scavenging compomnd, UV sbsorbing compound, banrier improving additive,
2% such as platelet patticles, black iron oxide, comonomers, mixiures thereof, and the like.
Additives can be a solid, liquid, or gas. The addifives can be praﬁeatad before entry to
the syslem, including a phase change, such as heating EG liquid fo the vapor state fo
provide heat for the reactor. .
In the preferred embodiments shown in Figs. 12a and 12b, the introducing
30 means comprises a sealabls channel, as represcnted by any of the arrows in ligs. 12a
and 12b, through the pipe reactor allowing flnid communication between ifs ex{erior

surface and its interior surface and an injector for injecting the additive into the material



25 between the esterifigation or ester exchange reactors and theZ)

pol ycondeusati an reactors can be used but are not{?;:,equi red. In E@M 2005
embodi ment: a seal leg i's used between the esterificationl ester exchange
react or WEHBHE& pol ycondensation reactor. Seal |egs can BFS&SBE+I8%d bet ween
sonme or all of the polycondensation stages. As was di scussed above with
respect to the 30 esterification process for the pol ycondensati on process, a
heat exchanger can be placed proxinate or adjacent to, or even within a
seal |eg, tHoreigwithiafeippoimipri{bat the macthets fidiprdnen®rep)/ 462 G§evgTAS0114699
MAY 2pp5 7 t sterif] i.Qn : sat | . hbet ween t he
pol ycondensg?ell?‘g&r? S g%gt%&g%nﬁgsa%ﬁgggﬁgﬁgpg%éélg?@(aaﬁe’h %'I%Htg%?ga leg is a
bar onet er. Tiectitinfihz irgertsethe addhihedainrle inkeibnefthe piporeacne svhidh hisebs eact or i s

mai ntained with a fluid in a 'U_shape i pe. . The... 5 diftferential in
pressure W Iﬁertgﬁneélc?ﬁ?WF%‘ﬁet Steger e %EW%L‘%I‘%‘?“JW@@’PSW}%W‘ a?fjﬁ"es t he
density. an tiketibewf Pk esmblechen@e mM nus the fluid -hei.ght times the density on
the high pressure side. ci: skilled in the art will recognize that if the
di fferential hei gie i@ Fetableshennel of SligH, © CRAOTHASSABY EPROIS B8 Er e "bet ween
_.the zones demﬂliﬁé&ﬁ&hﬁnﬁ'nﬁtsﬁa%%pﬁﬁém&ﬁ& m@%!ﬁm&ﬁ&.msi%@md%@% wi ||

assume an equilibrium pressure, I's can require the 10 height of the seal

| eg to be velsgalatds ganpsdi healip Bdaslosed e shibgtvigndbeadditivyiis nad beinge. | n
(o0 D€ VEry TS . . . y
addi tion, "t nﬁje%egﬂqﬂgha%g% ééa%?dr, ﬂn?&a&?xﬁﬁ QL%J"&Q#IBP%?&&%& 164G Hi‘.tlaéepxgé’”er ally

be boiling at” tt r pressure, hence the [ow pressure si density
will be reduessdobyltesslabs chanfel pey bolscofedt biea plapor the Rbe, pamaties g t he seal

Iegisadynam'ﬁn metri.c.devi in that the fluid is 15 fl ow ng through
|

bar e
“the seal |eg i 85 aHgT e acl)v\%%ﬁélg'}% &8O A0 pressure drop with it and can

" be used to enhancknetddéitipssaas be mbddapd of injdeedlzbmypobaalong asy petioByf thddi ng a
flow path restriction, such,as an,orifice, valve, . or small .diameter piping,
Lo the' | ow pRBSEtFEh o S Fitard daf selyh B e R G T ow
pressure si dpeRdt ihdRkdlabdd cighey abv@dingiroughe pbﬂﬁ:h%ﬂﬁﬂdﬂ:, Lifie tdr@ofidre Wi
restriction is_inserted before the heat is tranpsferr, into thé 20 seal |eg,

t hen thelf| uttg bprentallyorigaed §gs5tionsad e PRRFdeeats: e iy #ie. 8F o olfe greater.

Usi ng t heseyRBicRodShée, ihBQreass, htPhdait § TdiSxshafPe: Obis SR RWipnessure seal
leg will decrease the total height of the seal |eg. The present invention

i nvol ves pr oty it o rlpevritiedrsaioswns beaseof thaguiigsaaxinysg iikagand second
be.di aposed S oy apBaaP SLBE LAl R AT e i SRET0S the
nmononer  andcenpgnifioneddiey jegompg ingilk ob Bleyiperedctiom t he first end to the
second e %i ' Amnother aspect of the injecting meags is including a nozzle at the discharge or
outlet of the injector. The nozzle can, direct flow within the pipe reactor at the location
of the scalable channel, For example, the nozzle can inject the additive co-cirrent,
counter current, or perpendicular to the reaciants and/or monomer that ars flowing
within the pipe reactor at that location. _

25 Returning to the design of the esterification pipe reactor, the pipe elevational
height, pipe diameter, total length of pipe, and pressure at the inlet and ouflet can vary
widely depending upon the products made, plant capacity, and opcrating conditiens.
One of gkill in the art conld readily defermine these parameters using basie engineering
design principles, -

.30
THE POI VCONDENSATION STEP
With téspelct to the below diseussion under this section, “THE

POLYCONDENSATION STEP.” urnless specifically stated to the conitrary, the



As shown in Fig. 2, the pol ycondensation reactor can be serpentine in front
plan view (bat flowis in the opposed direction ag conpared to the
esterification pipe reactor - that is, the influent is at 11 angéﬂﬁ. 01
effluent is at 12 for the pol ycondensation process)! 30 Nonet hel ds’s" g Q/vith
the est¥9Y%4€4% on pipe reactor, other profiles, such asPERESIE4YRAS

her ei nbefere described with respect to the esterification pipe reactor, are
contenplated in addition to the serpenjine design. It is also preferred to
include a plurality of elbows, s 2 4 MAY 2005 WO 02146266 PCTIJI S O 1146992
76 each el poaestangliapparttasesdi thisdhveatiorodisdukaaddn fhinavctid:d Tl ow tlrequally

pol ycondensat i.on reactor. . The,materials used to formthe polycondensation
reactor may a@ﬁlggblﬁ D*taﬁ‘gc‘g’aws dslgfth%g%mﬁsﬂ%{al RBF P ﬁ?‘inﬁgj ué‘?%fi cation pipe
reactor. Thus, tRAenoRadNeE “OWlieR” biiiol &fovtabt ycbill fef dfthéploedsaprihe direct ed
into the first 5 end of the_ polycondensatiQn reactor so that the_ nononer
flows downwdFEry HEREeRH theindye @BH’H@F&&YW@W%E@WM“H‘Hﬁ%F reacts

to form the P@iyi:&ﬁéﬁﬁaﬁ%ﬂﬁip&?@a@to}.hﬁm E%@&lde%&iﬁﬂ&ﬁ WvhREseb ool ycondensat i on
reactor so that the polynmer exits fromthe second end theréof As one .-
‘skil'l'ed in mpsomess ol dligepps eed Giewintoibe palydstas polymer. nbifonercman®evbe ol i gomer -
nost react L1 hi : - [ ' - nononer ,
ol i gomer, aﬁgz/"@%%‘{‘gE@t%%}%%@ﬁ@%g‘?&hﬁ%%ﬁgé ”?%?’%8?@%@5 %)%%?/’6]-Eon ensati on
react or at e prief &t pegedso Adtstitrelyp ifl ofigamcte weat subsiatftially demetltin & prepdlsmepr ef er r ed
that the polycondensatj.on reactor. i s nqn:linear between the first end and

t he second b?eg’ &%%%%Dé“gﬁgeﬁ%%& @Feéﬁgpeﬁp%%ﬂ?%?'the nohoner and
formed ola goner & speific®ibodinenyg ehed BET polshmasisdimedsihe SETah@vmetahies | S '
pol ycondensat | on. mass .transfer .is accopplished by the mass transfer at the
surface of a}f"h?%?P%WE?SFBWW%Wra%EgFﬁmD“B PP RE: FF2RLMYe ¢ he foani ng

action of t "R @asdenSMRh\HiftGeddd® Wh RiePHINGigBRleY ST thendt: SurdiRSreaste@V Ol ved
fromthe heating at the |1 surface and_the reaction within the pol yner.

wa
The mass tr dHigfPePply witin thetfenme polienmdadation rigereeqiodafamythe PEI oobmespts onal
weirs in eacf.ga&tin siicP€o PRRCh HomedS Rk %?Qﬁ’fﬁﬁ 3 %ﬁzﬁn !ﬂa%gla)g, SRPskfuct ed

w t hout the polycondensation reactor weirs i ysi cal paraneters of

the pol yier vk &l 26pie? jpobgedll gbais knpbn{commonats willna paid Sra@f 43 a
01 i gomer andPhh cofs ifidpie B ERS BB S E e B mere B DB MR IRTE o
traversi ng f¥oshatthlengths. s damwrd, fooextinglesBGOAESST £443, dfs ¢ Hmipbhgtbefidensat i on
\rM_e?ﬁt g;& hAgJ:[ %@?ﬂ%%?gta;n? QosnanTl{[qu%hercea o rp%pfeen[-:é”}: lr¥af I[h%rprrrt]asen qg{feln. i0g o angl es
can take the place of both a prepolymer reactor as well as a finisher reactor as those
20 terms are used in the prior art and as defined herginabove.
Fig. 4 shows the output of the pipe Teactor traversing over a weir, for lovel
control, and into the pnl}rcondensaﬁon reactor of the second siep of the present
invention. Algo referring to Figs. 4 and 6, one skilled in the art will appreciate that
pressure-restricting devices (such as, but not limited to & vaive, orifice, or fhe like)
25 between the esterification or ester exchange reactors and the polycondensation reactors
can be used but ate not Tequired.
In one embodiment, a seal leg is used between the esterification/ester exchange
teactor and the polyocondensation reactor. Seal legs can also be used between some or
all of the polycondensation stages, ﬁs was discussed above with respect to the
-3¢ esterification process for the polyzondensation process, a heat exchanger can be placed

proximate or adjacent to, or cven within a seal leg, thereby transferring heat to the fluid



71 he pol ycondensation reactor preferably forms an angle with a vertically-
oriented plant, in which the angle is greater than Zeéro degrees. Stated
differently, each section is not parallel to the veftically-ori it 2005

ref er encBOP¥d@%and, thus, is not 30 vertically orient ed.PFF\%P%mé'ﬂ@Bi fically,
t he angle that each section forns with the vertically-oriented plane is

bet ween about | (al nost vertically oriemted) and 90 degrees (horizontally
oriented). The preferred angle progresses fromhorizontal (90 degrees) to 2
4 NAY 2005 \n@v@en theze6iRatoiusdroheoo@nTizion i hdveendhopriy@eddegimes of
vertical; hogﬁégﬁrm ne skilled in the art will appreciate that the
preferred ang S “based on viscosity and line rate (flow within the

pol ycondensat i on RFeagiizrequiRnlefiiso abial legtibe baembico rifhechiferbaedn tizhdfuer ent angl es
relative to ,each.other ferabl.y the.initial_sectigns,havin hori zont al
or near hori 2 Eﬁ?%é%@ngftﬁég%ﬁﬁ“gsgmg&%q ?%&E?@ﬂs}“@?\éﬁ nq';!i‘Fo'gresses
and the flsui diffineitabfgsesiuie Wilbbogntlent ahe #88IcCof the AEAIRERE SmEy@mYyi de an

i ncreased vertical sloping to facilitate transport of fluid through the

h
pol ycondens atFaaby it pw pEsse sife s ﬂé?s@i%‘éﬁ%@‘i’é“ﬁ@!%@éﬁ%’é?ﬁhﬁ ligh reaction
at the top englHas sie! OW Si10RGn tt(c'ﬁ?cﬁﬁl]ﬁ‘ﬁn%%i%‘ftﬁiil‘ﬂﬁ%&ﬁiaiﬁb‘% ihdld 1S of a

| ow viscosity, whereas the bottomend is a 10 high slope:-(nore vertical)
because the farent gnqugh,dhe Hffpieniin] presues batyserthezaropil pih tsdlujdeitef thdependi ng

L s I

used i n a horizontal
confi gur atti ortwefght of thi ecaplel ydemaenis aisihetwese atites with highqnessias getirgnct.hn
pol ycondendat iQn. react.qr s_a..general, horizontal orientation..15 rather
than a verti c%lﬁﬁgf‘lﬁg%%lg‘? ?{)lﬁe. S%lg%ﬂﬁﬁjreilg%ﬁlfegﬁm%sr‘ e‘ﬁ@;ﬁ"f‘% ﬁ}&ééér?hciﬂr‘f@ FEE some
“vertical heigiicel readukeherch éheflol pyeande fides Hanitf ivill Bisretieefl bowtebyidyravity in
a downwar d i ner hroughout the system In various aspect, for the
hori zontal co h&ﬁf’% FOHE the pipe reactor can have a | ength of at |east

10 feet, at |east @Rpuheay, thddeal 02El SdahRebrontird Rt ifa: hegtidiat | east 50
feet, at least 60 feet, at |east 100 feet, or at |least 200 feet. In other 2v

aspects the | Qugh -ol My 185 pEspeia roppith & 2280 f eet
W | donging threughisealdes. B0 Buid dow hap pespeiaipd propwray dromwith & apdo 1

60 10 100 T eClm beQliedi chitindlind Gitkurcl ity BPRE ol GHOGLA ddel"Hly dadin@Rliibd | M ted by
the practical anount _of\3 hori z qtsélr space avallable at the production
facility. |n percsistel. sechias 2mopiigrevelea ot onall dameter pipingtio digdew peBstieet is -
used because r i i is IS . et. Pipe
reactors here?ﬁ%ggﬁsgil/e %@%ﬁlﬁ%‘%ﬁﬁﬂﬁﬁ 1[eei)h?%lrr]gélgefpéﬁo%fué.gp@%}a]hgg%in‘g aspect,
the interior bumbmemdof theibowmklyictords mzattédrefpe ge heads transfinsd ige fheul ar,

squar e, oL 1 egt AIOULAl il B8 oS T YaccP bl BL ALY, &AL Hens OuiRg! © TO1 ™

thesc methods to increase the pressure drop of the Jow pressure seal leg will decrease
the fotal height of the seal leg. -
The present invention involves providing a polycondensation reactor having a
first end, a second end, and an inside surface defining an inner diameier. The first end
25 can be disposed elevationaliy above the second end so that gravity moves the monomer
and any formed oligamer and polymer from the first end fo the second end.
As shown in Fig. 2, the polycondensation reactor can be serpenting in front plan
view (but flow is in the opposed divection as compared to the esterification pipe reactor
— that is, the influent 1z at 11 and thé cffluent is at 12 for the polycondensation process).
. 3¢ Nonetheless, as with the esterification pipe reactor, other profiles, such as the designs
herainbefore described with respect to the esterification pips Teactor, are contemplated
in addition to the sorpentine design. It is also preferred to inclnde a plurality of elbows,



inner dianeter. To aid in the mass transfer/m xing, the present invention
further conprises a neans for heating the oligonmer and pol ynmer fi m 0

t hrough t he pol ycondensation 30 reactor. The preferréd heat i ng m,zaﬁs \ingﬂéhe
sane as #@btuseed for the esterification pipe reactor of PEKAAIFILKES2St ep,
nanely, heat transfer media in thermal comunication wth a portion of the
out si de surface of the pol ycondensation geactor along at |east a portion of
Y-,1; 2 4 MAY 2005 WD 02146266 PCTIUSO [|-1fi992 78 the pol ycondensati on
react or bet weanh tlyewfchimfingthe dgextiondf fhnd Sot-hetdothe polybedtnsadoccanger s in
series with jacketed or ynjacketed.pipe. In the preferred enbodi nent; the
heat transfer pigrigfs Eseﬁﬁé%ﬂ B@ﬁ&ﬁ@@ﬁ%@&&ﬂﬂ&ﬁgv&?’%@%ﬁs SHEH B heat
exchanges caikeRe #504he difgiiesaRlpipeheioween t he pol ycondensation zones. In a
particular 5 enbodi nent, heat exchangers are used in conjunction with seal

legs, such as by PrEPEFIEODAe"RERE XerbigRadupionn dadisctedayia diertret or
wi thin thes segly {9RSpdinddddnaticaGRRELAECIE{ 8 ABRGRer fﬁk&%(ﬂnﬁrhﬁkﬂdﬁ]tgﬁqgﬂ he

esterification pipe reactor discussed above, In one aspect, .
pol ycondensat thepolyeendeosation repper. pYheswampimernzasis fodivmh theolipepmeyrenptlisnds: at | east

ir 10 . i nNsi ' _ ;
i de 11 ow oyid epge Subfind RaLeRas b LAl ES e BB gBATRESL 07
mononer / ol i gosephpaidthercs cistanatiiiled ihilemt willappichate, b0 pll efithe meftotbe wei r

when flowng frgmthe first en o_the ,second d of the polycondensation.
reactor. The 9&%‘? ?rs“th@ﬁwﬁwuﬁtﬁ%ﬁcgfﬁh’ﬁW\)\%Ilrﬁslﬁg?ij%ﬂﬁﬁﬁw{fﬁn% B%?Ht‘%ﬂu i on
descri bed 1abovgnbmel Bipcdss) futleabblpites el enflovwiny ity ghahegilycodda@itoni S used

bet ween each 15 zoneé%{e %ge pal ycg'nde sat.ion reactors, and in another
aspect, a wei feAFEr GELECIHRIORE BiF PosERRlegRtipn Bullenes of the pol ycondensati on

reactors but not igidkiko geRasd kS PR EonReRLf@ Sadidl8s hdrlitied: bed¥&in th) each
pi pe level of the reactor. These weirs can be as sinple as. a half circle or

i ncl ude added f&bApd & the egond snddp enpiayscbe mapiragiepg afike Regmsr aphe weir,
the veir can ¢QiReukalfel .l pOlERE A0k WELs GitadEaBOgZA, Vi SCOST Lies. 1n

one aspect, the design of the’polycondensatiou pipe reactor allows the
i ntegrati of ofolryndieiafion sisfirnElT b ornpepEisied by ahe mise fensfetet Besurfice of s al so

L e
openi ng, as wekblvag fowewithinehd wyymedg&hisgbs iskeclvwsl fromiterheiting\st thg walier eby . -
TTee P 105, B 10 i A MISELA SRS L 25 o A cfelise, ot aonant
the liquid falls over opticnal weirs In each section of the reactor. The reactor can be
20 constructed without the polycondensation reactor weirs if the physical parameters of
the polymer allows, '
The polycondensation reactor can be formed as a plurality of confippous
interconnected sections, in which the monomer, oligomer and/or polymet flows
through {he inside surface of each secll_ion traversing from the first end to the second
25 end of the polycondensation reactor. Adjacent sections of the reactor preferably form
non-lingar angles with each other,
The polycondensation reactor preferably forms an angle with a verfically-
oriented plane, in which the angle is greater than zere degrees. Stated differently, each
section is not parailel to the verﬁcalli.rnurianted reference plane and, thus, is not
30 vertically oriented. Mors specifically, the angle that each section forms with the
vertically-oriented plane is between about 1 (almeost vertically oriented) and 90 degrees
[hnrfzanteill}r ariented). The preferred anple progresses from horizontal (90 degrees) to



body portion of the wei r,_[éraybe detachably renovable to allow a fluid to pass
t hrough that section of fhe weir instead of over thé weir. For éxahpf 5t he
section “Bﬁzﬁe"w notch or "V-slof' in the weir. The "V-slot" in the

mi ddl e of ‘€achi*Weir fromthe inside of the pipe to the cEnFEFME#¥he pipe
further allows the reactor to drain when shutdown. 30 These designs
increase the mxing of the fluids when t#aversing by the weir. The first

pi pe in each zone can be horizontal and can be functional without a weir,
but the weir igdn sinat odemmes gEvasticalihemerssi avg skibed infthe &1 willappsstiateibatsy st em by
both -~ 2 4 MAY. : : /9., .surface area and

resi dence Li %prﬁ%&?%&ﬁ%ﬁ@%ﬁ%ﬁ?ﬁé@%ﬁ% ﬁg‘%ﬁ%‘ﬁ}%@gﬁ%n be sl oped
downwar d, pargehcohdentajioh orcioh ebrefehablh\hefsedtions danhave diffpreobaigles raktve dug or

greater. Another aspec f. Lhe.pr. nt _Jnvention that is si.rrié r to the
esterification b?tg%lepr}p-é%l% in (:13‘3@885%8‘5‘ eatt\ogz?n&fgfx?eﬁé@%zﬂ‘ g 2nsati on
react or pref endlk jhegbBoondeadatitefeadtionpripans ahd the TRilLiataget ievistagdnl tgr essure
in the pol ycondensation reactor, such as,a degassing.nmechanismin fluid
conmuni cat i or?“ﬁ]eet‘ﬂcw o Lo A jpqregsed Wﬁgog%@ﬁ%m@ﬁ?&%ﬂﬂgﬁfﬁ@act or.
Simlarly, thgidegashihdpdPeiditanbnysRdedctet he pol ycondensation reactor nay

include a venting nmeans and/or stand pipe simlar to the design discussed
above in the 10 d8teepppetathp pelverdensain igictipoeidhe topend easaiing slopel of t he
degas stand pﬂnﬂ)‘?. e b Jinl | :11] I 1 1 vaguum sour ce
so that a sub-at rr%%’;fﬁéﬁ}?g%?l‘és%rﬂ g{deig%’gatlggﬁgds%ﬁg&se?%ﬁ p%%é‘ﬁgnegﬁat tahe

i nsi de suif ackighflophmqpo virtondenamt itefinidia of ohizh ThensipcTmslopaar be may be

mai nt ai ned by_yva unps,. eductors, .ejectors pmJdar.equi nt known
o The et TRe S RS SN Bl S B SRR aneo R R A SO RREY | §
“control 15 t hieppanssetiect dn idveher aspest, ad slopads wod tcoindronal doafiguredat for .
Referring now.to ri .. 9, which shows one enbodi nent of the weirl degassing
system speci ?’F@ﬁﬁg‘,‘d%f‘ﬂ‘bmﬁﬁ{"bpti onal flow inverter systemfor the

separated |iquid, fohfcafrbyoRPIEDSHh@RE RAGHHs BBYned] HBrikdMed] Udéhtaicheducer
123 located i nmmedi ately  downstream.of a weir 124 'inside_tee 128, In one
enbodi nent'? afthesden aghricalprsaipiet nbinLUEPER SFNREeT B Reltde seg ReHedl | ow
inverter, whepghfk b how fleQWiycontenla8bn 8ids RFERY BBk Sikn 8 AdwHRNA S A88M of the
weir. The reducer has a dianmeter smaller than the inner dianmeter of the
pol ycondensat ilgpnsheuichesystirnd nNarique depsel o dlerherizenid configpratines, tepingt ur e of
two interconn i i I Gh J n i e
formed by an o oGk Olktenldh fildt o 1AE L BLEECANDRILEEAPREL LADSLAY B
connect ed to Z&Ettahleasipsitvedaniesd ol ifen, ahledst @89 fagisr 4t kst 2 deadolumditer eam

section. The reducere 1088n & WS to 500 feet, 20 to 250 foot, 50 to 200 feet, 60 to 100 fost,
or 60 to 80 feet. The upper length limit is only limited by the practical amommt of

horizonlal space available at the production facility. In one embodiment, a pipe reactor
of at least about 60 feet is used because standard maxinnrm length commereial pipe is
about 50 fest. Pipe reactors herein can even be hundreds of feet long or mors.

25 In one aspect, the interior suﬁaﬂe of {he polycondensation pipe reacior is
circular, square, or rectangniar in cross section, preferahly circular, so as fo fomm an
inner diameter.

To &id in the mass transfer/mixing, the present invention further comprises a
means for heating the oligomer and'pcri}mer flowing through the polycondensation

30 reactor. The preferred heating means 15 the same as discussed for ihe esterification pipe
rgactor of the first step, namely, heat transfer media in thermal corumunication with a

portion of the outside surface of the polycondensation reactor elong at least 2 portion of



end 127 having an aperture through which the nononerl oiigomertpol ynmer fl ows
when traversing fromthe upstream section to the downstream sectign. The

| oner end of the reducey 127 is spaced apart from thhe inside sur f adedf he
downst r g on; which inproves nixing as the fluids ] . fromthe force
of gravi ?9‘ ?ﬁ{%%the i nsi de surface of the .30 downl strearh @%EW%WQMI n fact,
it is nore preferred that the | ower end of the reducer be spaced apart from
a top or upper surface of the nonomer / of§ gormer flow ng through the 2 4 MAY
NO WD 02/ 46 66 CTl. U501146 str ams at. the fluid
flowing thro ﬁ@@ﬁ%ﬁﬁ%@aéﬁ%ﬁ%@lgl %@W’Jﬁﬁﬁcﬂf‘ dﬁﬁm GEPea ir f ace of the
mononer/ ol i gmﬁg@&lmaﬁ{% wihdckeledlbf npicattd YipanEh (54 | fen&@faﬁbiﬁdlﬁ@ntto Fig. 9,
in one enbodinment, the inside and outside T|ow %g s can_be m xed by using

a flow i nver tgbeatipmefergpeiimege Gpanme prdistupsedgbave, I pre aopcd heatexdiages 123
before enter jRoehiagy, pRsirall B&we&%ﬁe P&mnheﬁaﬁ& zqular%éﬁhmgprrer/ pol ymer

will be nmixed frominside out and ce versa he Tiquid flows in the pipe
from t he fef embodimantghyshersbecems ere uspbingetjungiion witkscalHegsotnchesky the |iquid

depth. Th J21. Th
dggassed Iei \c/]gli%d df “gg%h%hgg%h cl‘jgncelrllhtg”:l‘ilP é%ﬁ@%ﬁ%%%%gcohcent ric ©

reducer 123 sapprapasesncs.hr ough a pi pe cap 126 of a larger dianeter pipe. The

reduced pi pe stop abov. pool next n. The
configuration wt P&Wé" rm TEF Eff?fﬁ% Fyrapre Sc?f’ssfﬁgb%% "BF%%EP ful
i ntroduces t pelybdrdegbatiot ﬁa&tﬁ&afmﬂsq:ﬁi&semqﬁvahlﬂen ﬁﬁﬂ&ér d&h‘@ﬁs@ﬁdlﬁﬁﬂhn@iwulzz Fig.

9 is but one enbodi nent of a _flowi nverte %ﬁlsm 1% %ther flow jnverters
known i n £he 283cte & ngige parage Wgreoy k) "’*d]é’ yopRdspatian Spids flaw geedhs Wetthe art

can be fOundﬁéﬂe&aﬁs%a%ﬁﬁ%?ﬂm%ﬁ%%ﬁg@ﬂﬁ#ﬂ%&salﬂ?d“ﬁ%%ﬂva%éy and

Chilton, Ed., 6th Edition, p. 5-23. Flowlinverters are typically not needed

in the esterﬁ?ﬂ@&?ﬂﬁﬁmb‘fﬁg@@ﬁﬁ ﬂﬂméwem@ﬁ@tﬂg%@tb%mgndt@dmfﬂw he fl uid.
However, a flg 108583 Bdit fdsGRA0LLOBr o i f
needed. The g :ﬁi‘%ﬁﬁgﬁg@fe%eﬁ?ggﬁ% ?or eiaﬁ%&g |r gg%gﬁﬁ%e used
Wi thout a 2@csdribed abwemréwstanﬁmﬂwxsame@nna aspm@@medméqﬁtwem@ecmw of
Fig. 8 contai Fi cl an be just
strai ght %I pe;’%zﬂn sejg@?'o %ﬁﬂﬁéﬁ&g V@aﬁ{{]man?%gru Sp%v’ %\% i "r%gegrhfjaé'? f‘herei n.
Thus, in thatamsp’éﬂiamﬁﬂ@fﬂﬁ@n@d&d@ﬁsa&@aaﬁoﬁhﬂtﬂﬂi@lmﬂeﬁ. contain the flow

inverter system of_ Fi T q odi ment of the
pol ycondensat i on 5‘%5?““%5&%53 ?eﬁ'b]ﬂlﬁﬂcthz‘npetqﬁ'é{g g{f’gé f 8% F eact or
pi pe el evat i Qg beansiAplcee B kI RS byincledaaiEed Edn@fmﬁim Immbﬁtﬁe@fﬁhy Thi s

confi uratlon r wres xtrenme care in cal cul ati
g i of the weir, the weir can cumpensatetf r‘.hlgher andiowar flows and

20 viscosities. In ane aspect, the desipn of ihe polycondensation pips reactor allows the
integration of any weir design to compensate for these f_actc-rs. It is dlso contemplated
imcluding at least one opening though the body portion of the .mspact:ive weirs so that
the monomerfoligomer/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

25 flow and reduce stagnant flow zones. In still another smbodiment, a section of the
body portion of the weir may be detachably removable to allow & fuid to pass through
that section of the welr insiead of over the weir. For example, the section may be a “V”
noteh or “V-slof” in the welr. The “V-glot” in the middle of each weir from the inside
of the pipe fo the center of the pipe further allows the reaclor to drain when shutdowz,

. 30 These designs increase the mixing of the fluids when traversing by the weir.
The first pipe in each zone can be horizontal and can be functonal without a

weir, but the weir has the advantage of inereasing the efficiency of the system by both



angles to obtain the degired liquid level, since strictly the liqujid
viscosity and pipe lehgth (reaction along |ength)™Woul d control thé Mﬁﬂdﬂ@
for the;w_é%vfel .rBy adding weirs to each level of piping, the weirs can
correct™@’Fo¥" i n calculation. Even with weirs, the 30 ITqUISESH2 overfl ow
and continue around a sloped horizontal spiral of the polycondensation

pi pi ng. However, lam nar flow would nmarmtain the sane liquid on the outside
and the same liquid on the inside of the flow path, 2 4 MAY 2005 WO
{1214626( PeHaysSets asbesidgre ting. idditivod!iyctngelysatdeontiph pips codatdwsdof t he
present inv i 1al ired .he r..zones or
sections of ﬁ%@%g,l ﬂéﬁ%ﬁ%ggggt@%%t%({@g&rt%ea@%@#%%ﬁﬁ%&% Hgggé'fg%t%‘m i nvention
in one aspect el Anbdthataessct bishnpresknt owvemidd ithat Brahilpinths esbdfiwtenpipenes. The
ol i gonmer and_pol ynmer i.n.the polycondensati on zones e.reactor 5 in one
aspect flow“f?gmb%ﬁ?ﬂs &G AppEsiis %ﬁ@%@g vP[BﬁEQEB“?DrF&aW%@ E’%‘?S”ﬁtﬁ Sdre

restri ct sng med@MoeREudahehb 0gRE kbt MaRpdiRndeatioahSctododkh kegs ate
preferably used to maintain_a, pressure differentjal between the reactors as
di scussed b&PEFiNG@ediaRismgn Suid comnpngationwitn g insidesurtaoeotily ycondensat i on
reactor prefgrafldnsalifiClendes a top sectioon 235, a niddl e section 236, and a
bottom section 237, and at |east 10 one degassing nechani smincorporated
into the pol ycon8tmbalyi b dessssnomechguisnh usedds dhepsiisgndeasitivairenyior mashown in
one aspect 'hrfbllglegi've i adngaﬁ:df&sra]nﬁ g:%sﬁéfiﬁtr%rﬁléﬁgﬁ d%b'u%’ eﬁgﬁu%%'ﬂ}ém system
is required and only ohe vacuum preg ure 1's requl red N the

pol ycondéns asikoficatipnowetan. Obee;dhe vanfinderdniffhesiopas\stend pipedy pleismgbly ne  vapor

vel ocities n, be ext.r enel high and will .detri nt al | ut liquid with the
~vapor into %@”4 e n\}%ﬁ% g%ﬂsltae HURE 9‘1“5’33? ﬂ?\g%?ulbg%&%%%c gl?e@ﬁ’]éﬂr%ﬁfsfnt hr ee
" level s of vahsstmdphe abeat tsimeidé sarfice bhihe polidunderemidnataui@n (ThEORsruACUUM syst em

can ultimtely sup the.o or nore vacuum pressures required. if only
one spray s Q‘é’g‘@‘ﬁﬁag k’?\: %H“"‘“E‘%% YRR PEers ng‘f’t% RS Ut rﬁmﬁﬁt*’*ﬂ%‘?ﬁ‘?’&h est
pressure zongoeRke @B kitOThe thollih in ach QRHE Ghnot i@l Wik RVLe @8 B rgoNdenser
between 20 the reactor and the control valve, this valve wilt plug. Wen
three | elfel shepregsieain fiegoacs i & pojycondegsakign fo2¢lsk ay system for the conbi ned
two | over pressurg eyafdihity &Mﬁ% , mca@gu@mm%aﬁﬁ{aﬁe/uﬁyﬁem%gszﬁgﬁe hi gher
_ he control valve 1Is after the high
spray syst eniystei spegifipally, wiivg anrattiopd! dlgw inresfeysysiguniot thaseparaed limid. ithei ent , but
two spray sy -t vyl i " Figures 17a
and 170, "t neP R adfiop FEichP i b i roduer 10} Ick EATRERARALY, [
pol ycondens adivantreaeact oweial 248285 dmird 12 enfon alnbpihoehictt Idastomst he

20  polycondensation fluid flows through a fiow inverfer, wherein the flow inverter is

pressure vacuum system than I vacuum

proximate to and downsiream of the weir. The reducer has a diameter smaller than the
inner diamster of the polycondensafion reactor and the reducer forms a part of the
juncture of two imtercommected scctions, in which the interconnected sactions are
formed by an upstream scction and a downstream section. The reducer is connected to
25 the upstream section aod extends into fhe downstream section. The reducer has a lower
end 127 having an aperiurs throngh which the monomer! nﬁgnmcnflr;ol}qner flows when
traversing from the upstream section to the downstream section. The lower end of the
reducer 127 is spaced apart from the inside surface of the downstream section, which
improves mixing as the fluids fall from the foree of gravity into the inside surface of the
30 downstream section. In fact, it 15 mors prefened that the lower end of the reducer be

spaced apart from a top or upper surface of the monomer/oligonter flowing through the



pol ycondensation procegs exits the systemat 239..1he fluids traversing
within the inside surface of the polycondensation reactor also flpWMr 005
sequent‘i‘,alﬂlzﬁﬁﬁg the at |east one (one is the mninum byt gﬂjlif dopna
degassi ng nechani sns reduces the vapor velocity, 30 hence reducing |iquid
entrai nment into the vapor) respective_degassi ng mechani sm when fl ow ng
fromthe first to second end of the poIE?/condensati on reactor, in which the

as shown three degassi.n hani .ar ted.res tively.at the top
section, th%wj’/mgw%lWﬁgf}ggﬁ\s\%ﬂ%é%%%%ﬁﬁ}efgﬁf PR i A ”f%e{ mﬁi%fﬂe section,
and t he bot tygrr sietict ohthe ndntwecyidieymenednsat i on reactor. The top, mddle,
and bottom sectigns .ar refe mai nt al. ned. at di{ferent pressures from
each other pref g‘ﬂ?ﬂ%ﬁ%g’ﬂ?ﬁ@é %@L‘%ﬁm@ﬁ%ﬁ gg?_%F@LB‘SE‘SP%th%?E

product i on, chiBide PHRRALHs @arl Fe miBeh @nSLAW Mivertan gR&hppig SR fte weid
mllinmeters rrercur%iﬁ'the pressure in the m'ddl e 5 section_ranges from2 to

25 mi |1 fret &#5anERORplucah P heorp rigdgtee ne thewé(Bnideeti on  ranges from
0.1 to5m HdnHﬁEﬁéI?goﬁEEEM&ﬂ‘mr W) Be SRR MsidRont HR §8Aera95: Qg vacuum -
source is disclosedin U S Patent Nos. 5,466,765 and 5, 753, 190, which are

i ncor por at edlowe iwetlp ping foethe 1820 wed passdstovprihavels 13hefldel eatreladhe t he t hree
degassi ng hani Mgy, 2 in £l ui Ergi;rm t] i vanti ng system
When t he 10Eg%lra@g%%densgﬁﬂgﬁnﬂg%]%gg%ﬁg%c r S?%dgtﬁba%\%% -aa?l?r%ml@‘sp eric pressure,

t he sour ce degssdhiquidsiiarerinioaie deacaunic vaeuuRig dike catdenigic selucad23uch as, but

not limted to vacuum pu ejector. A.preferred degassi ng nmechani sm
195 | 5" SRowheri SR e RLTR s 1BeGShae i, cHE SRt PR R el v el g
system 142 aglidu pisedemhdi e n&h]??ﬁ i) THex:phdiesdionivemdiawsfiqgidrfeondiheThe

el evational difference.in the c& eﬁﬁe t zones of th 1%@)5}/00 densati on
reactor al | oV@lS Poite tRPiRT F1f TR duee ¢ ‘HﬂF’t?)ﬁWE%‘d‘inﬁP g apipapeapd cut at

pol ycondensabp ORigl @ &L bnd d:flhddimehiR B PR GRBASRSALN A2 RiTRe NeRastiersact ual | y
danpens inlet perturbations despite elimnating the, use

f .
Al t er nat i velkpowa irpthg artimayisetbg yies. Jvoise| Hpvoimyetisheses f@aﬁﬁﬁglp%r%;% up so

that the efif]yentqho (g B, PerPhIPErihg Hah g™ igafident (top)
of the next ‘Ié’tfgg%‘ 4 ’&‘I:ﬁi S8 _('5’\/\/5&?‘5%&?& _gﬁ!tpélg? the total s ste%HTe% be
reduced becdutk Bashmeariagerd typisatlyl doenceided inkbg epparitichiznm rrereso bernwgel thgr avi ty
fed system Th L he. di 1) I, . -.end up with
one bel ow t H&" F\%‘% ﬁuﬁq%%\%ﬁg'sgeg%@%&ﬂieﬂ%ﬁ? #ﬂﬁgﬁ%gﬁsﬁgéﬁgggﬁggﬂ? %‘g{] is
control | ed iprotdag ilSesdled. eg can be used to raise the next section of the

pol ycondensati on ..react o above the exit .of th i _Rressur.e section. A
punp can be added SRS Eﬁ%agﬁlgfr%%sﬁed%ﬂégFi%?‘F@S’%%‘%%P%E%r ¢'701ed so that
al | zonesy caflovs irftfteralln tHacaspeuiEn ofd @Wimidisami, ]S JfTNE Beofiths & efhlsutiui | di ng
hei ght for the_polyc _nd&nsati on 153‘“ I

jty. . .
as shown in Fig. Y, but section 143 can f)a j%st straight pipe and section 140 an elbow,
without a fiow inverter therein. Thus, 1n that aspect, secfion 142 of Fig. 8 and 18 do
not contain the flow inverter system of Fig. 8.

Refeming back to the exemplary embodirnent of the polycondensation reactor

i

shown in Fig. 2, the polycondensation reactor pipe elevations can be continuousty
gloped from top to bottom. This configuration requires extreme care in calculaling the
angles to obtain the desired liquid ievel, since stricily the liguid viscosity and pipe
length (reaction along length) would conirol the angle for the level. By adding weirs to
each leve] of piping, the weirs can comrect errots in calculation. Even with weirs, the
.30 liguid could overflow and contipue around a sloped horizondal spiral of the
pelycendensation piping. However, laminar flow would maintain the same liquid on

fhe outside and the same ligwid on the inside of the flow path,




Wth reference to Figure-18, a single zone of the pglycondensation reactor
is shown. That is, with r:eference to Figures 17a and;17b, Figure

i
represe%é{.%g(gzﬁgf the zones Pl, P2, or P3. Alternativel chﬁlﬁﬂ&’,&ﬁ;ﬁgm&gpﬂé

represent ‘the entire 30 pol ycondensati on process. Typically, "each 0f the
zones P1, P2, and P3 is at a different pressure to maxim ze the efficiency
in the polyester production. Mre or |eds zones can be used from1l to a

plurality, for ex le, 2,.3, 4, 5 or . nore. zones with, 3 typically be 2 4
NAY 2635 WD 0214B38e0 PP IRGElsF s pELEDRER Besntish. BESSESuct | on f or

exanpl e. Therdgalel betPedn fie: BN dobedtr@ebitidnl & thépfconddhéatRBghifechucprt | et at
148. The pol ycondensation fl uids flow thrqugh th%ﬁii pe.reactor reacting
from the inl dBus SemraeRs iR eEROLIGRS 2sner egﬁ%nagﬁ?ﬁﬂﬁﬂ frr additaebpnest he | i near

and  non- | i Ngakvebtdhes. iR gﬁgm&einap@iyﬁempta@?mwnﬁﬂeﬁsmn%he%@M%éﬁﬁi on -

reactor with a s simlar piping arrangement to the esterification process at
133, as showin ¢ #Epegt flpw by dravity ropessi Secdian ko/the hodyind oe ppwuelBddingent  of

pol ycondensat;j i i G XRS ﬁirf-'%ﬁ - .A t he

di scussi on o%igvﬁﬁees,a%elgagﬁt%%% on pi prg' §%g§e%%§r)§fp I g. §353§E§%§mﬁgh | owup of
section 133 ofesfirgdiffefntidl @ebvden theirckchmtasgisngsehbdownt o t he di sengagi ng
system 133. Fi gur shows a_bl ow u Zlb ction 142 of figure.8.and Figure
b Fg. to 18 shosbrriaen/Agd falad Segulenfagin FaS SRR any
nunber of vap@itudetlh SRREABATRAL A mREH seeibn 238, MAR bbeork S@tlod V3R apbdttidacl ar
zone, from1l, 2, 3, to as many as are needed to effectively vent this
system Flbg. ORgOegastnimeRRSUSR RAPRRFISHNC WHBIRIORICIBHHION A% a PR ng usi ng a

flow invert ergegasihe MedithhisinSis BaReh inWak dpediSn PigOWMMAIR F&g?lﬁhgsgste% 133,
iAdditionally, preferred angles for the vent system of the 90 degree angle

foll owed is Bynly aee vSuge s ieuaid andont elgvecirh pieserrgh esgqueghindieso be

used. The va ) nﬁgﬁp i referably be
di sengaged fﬁ%?ﬁcgﬁiﬁﬁﬁatﬁrg%&gogggégﬁb e,&lﬂ%bg%e‘agérﬂ;g%%%%% ?rpi s preferred
to drive theveEGtsyparogustreriely mghtead poll jetomdenidemit iguid eathtthorepof htoas a
vapor, disgen i 1. it he. f

di sengage%en%ﬁ%gaﬁ:h%%l Sg%fc?néc‘%‘g%g%% 5, 8?@@ %ggmn%ﬁﬁl%%gg%gfs?aﬁgﬁrﬁﬁ%ﬁ%nber of
paral | el pi peszd whinbniznthizeasestmdnt dngageamentysteidnh uteelengelytthe driegs. 8 and
9, at the end of each elevation aof the polycondensation reactor 138, the
liquid flows PVEHE FRREMRRGSSTSIMNSde of a tee 139 with a leg 143 directing
the I'iquid toward If by eficupes) dyeresibowd 1 reyusted dieyihe WRGEM ethahipyesit 141. The

weir (or the fluid viscosity and pi ge | engt h) _jn the 25 pol ycondensati on
zones mai nt ai FRESSHFEODS brLcarpapattth 4 congpl wgﬁw et RFRFA PRSI NS t he
'Plhlplc Egt h;?ﬂ} Z R ¥daBlof R thd ConPlel +A6E 118 Rlve MG Wehdnl theeldvBls bPRachBRGIOT 1S SO
used, with a main spray system for the combined two lower pressure vacuum systems
and another spray system for the highsr pressure vacuum system, then the control valve
is after the high vacuum spray system. This valve will not plug. Onc vacuum frain is
sufficient, but two spray systems are tjfpically required, _
25 With reference fo Figures 17a and 17h, the effluent from the esterification
reactor enters the polycondensation reactor at 235 and the final prﬁduct from the
polycondensalion process exils the system at 239, The finids traversing within the
nsmde surface of the polycondensation reacior also flow sequentially by the at least one
(one is the minimum, but addifional ﬁegassmg mechanisins reduces the vapor velocity,
. 30 hence reducing lquid enirainment info the vapor) espective depassing mechanism
when flowing from the first fo second end of the polycondensation reactor, i which the

as shown three degassing mechanisms ars locaied rospectively at the wop section, the



weir is not required to maintain |evel, then mai nt,aiﬁni ng the pipe half full
does not nmaxinize surface area or mass transfer fages.. The second 4 MY 163
of the tee is in the direction of the flow The third leg 144 of the tee is
poi nt ed YR %¢h&fori zontal plane in 30 the direction away FroHE™% qui d
flow. In one aspect, the vapor and entrained liquid is disengaged by

fl ow ng through a nonlinear pipe, In on& aspect, the nonlinear pipe is a

pi pe such that the angle fromthird leg 144 to the vapor exit does not
proceed al ongidslepsegtigpayndibe bottoprseghol Imbrrudensaiosgerpiog Thy iopear pat h.
Such an angl%fcﬁﬁé?%{?ﬁutﬁ;% SHRAAYRAER by defnchiBsd &ﬂaﬁf&sﬁtg% ﬁdn‘iﬂs'*}c%- Thi s

i npi hgenent ate causes the ent ned liquid to disengage fromthe vapor
and return tiekprefrabheby theuied! sspbleain Prvfetably 6f Sid nuedue ook tlggpreswz in 8, and

18, various di_nen ' i |1 qui d/ [m.ar e shown.
After a shor t&gtrefgpr %E;GI%% %Fge%&r?wdrﬂgt?nqgé fﬂﬁgﬁtg %fsrlggwerg’ q‘%ﬁ@%@%&%ﬁ%{r&dﬁ ne has an
el bow 13435 pscefien sdnkys for® Q6o 21 fodlmetelis mecturn gnd fie prasape in thevhytiohr getibdne

ground. The horizontal. zqne, 144 allows the v r toflowat a ,slowrate and’
She Tt o BoErEBon By vl pack: IE i Rimeet e et * L ehor

vertical runvdehor doffe idisclanoin 185 Hownl Bds. 569,765 e4d K534 0ekbignat35 (commmon
pi pe conponent with a maxi num di se\rllﬁagerrent vect oré iis iphstalled with the
vapor |ine athepmpopietireinm thamentirgly [t 19adso Rigfp e that the/ss 458155 B8Nt al at 137.

The angl ed pLpeLIRensBire BLREPcoHIRRRalif RIR YIRS RREAT O¥nétgsi re d for the
hi gh viscosity liquid to drain back into the reactor with very |ow

resi dencei®t i pelye pRPipe Weptaoa et 4 H-ahmepnheric ysesswesthe epvRerad sielt o angl ed
pi pe. This hgééx&lﬁ{‘éaﬁlhe%:ﬁgaoﬁéﬁ r@&ﬁdﬁg%&%&&&&ﬁ!@ﬁﬁm@d&& DeLenmp@pPor i nes

or is direct to the condenser or vdcuum system e vapor leaves via line
15 137 and t lyempiagajedioy ok grefared degasang mbehaslsmi 133 b4 shew scxpiided siewep sl ope i s
the inpingenent plate for e.entrained, | iouwd .The .l i qui Wws over the
wei r, and dr b%lm ?‘oﬁ}%ne“%%e)%t’ zonaé.lnlfﬁg?jﬁtee%l{ %%‘8‘% Eeﬂﬁsag@:fgosﬁﬂ&rr%% be conduct ed
in the next lekpledddhliew ThBipmply Jhe akvdtidydifiednct hethp itifRrat eai-esf thhe desi red
functionality (flow pressure, _ etc. L t.hout any interpal ,parts (other than
L e 1y b ¢ hbipenation s o tane A S8 bt ol bt
esterificati Qalnan®nsdioR rddgtot 84K TEe fRoR&nsARn PBelrBR0? afRallyaBmniphes
pol ycondonsati on piping after the 90 ﬁébow 134 directing the vapor
vertical ly —angtpestugiRGips dospiiseminalng Mg VEHWBN™PH Fig. 79, the liquid is
di sengaged agai nstmt-mtivap,%&@%rﬁhpﬁ;i ok QP dMEhoR@GKaticR lefn bérokdialy & tRROl . As

ed pi

shown in Fig. 18, the ang pe 6 has a steep slope to provide the

energy requi rtseietfentibeitamdnmessst ispumpediiodhs bilpet dopl of tyerert §128% t he
reactor whj h MEL digwhtnd ﬁé@ﬂ%’?&]@t&ﬁﬂgmj FocBRREd billabdl Al dsk{gg it éhr;?dﬂef’in passes
angl e to t

upward into pi pe. € gas proceeds up the pipe an e vapor
height than the overall gravity fed system: Thus, the different vacuum sections do not

need to end up with one below the next. In one aspect, the difference in pressure that is
controtled in the seal leg can be used 1o raise the next section of the polycondensation
reactor above tho exit of the higher pressure section, A pomp can be added between
25 polycondensation vacuum pressure zones so that all zones can start at the sﬁm
elevation, This lowers the total building height for the polycondensation facility.
With reference to Figure 18, a smple zone of the polycondensation reactor is
‘shown. That is, with reference to Figuras 17a and 17b, Figuro 18 represents one of the
zones P1, P2, or P3. Alternatively, Figum 18 could represent the endire
. 36 polycondensation process. Typically, each of the zones P, P2, and P3 is at a different
pressure to maximize the efficiency in the polyester production. More or less zones can

e used from 1 1o a plurality, for example, 2, 3, 4, 5, or tote zones with 3 typically be



zone has a high degree: of m xing. The pressure Iet'”‘?own zones bet

react or ( s high m xing and are 3a accessible in | t.Qor.
24|\/AY20§YS@L@\%18§/ 46266 PC. TI U561146992 55 Nitrogen or vté%lorrﬁlg(')}?&%aqg can be
purged across or into the liquid of one or nore polycondensation reactor
sections. The nitrogen or vapor or gas Fbwers the partial pressure of the

diol, thereby incr i e polycandensatign .rate.. Referrin wto Fig. 6
which is yet XS&H@ r@fﬁ %@%‘6@.] EFS‘&‘F‘%P ‘%fﬁéﬂrﬂlﬂ?reﬁi"ﬁ%‘“t%“ﬂ%%’é‘ggiﬂﬁgﬁ%% i on
reactor is shiiwmddhesdutizng 148t Thapgdohddosdtion dhide doal thelglping gipeeactr fl ow
conduits 165 and 166, with the inl eH bej ng at_164. The outl et, of the

paral | el  esteasiingfog fhginlptde thetletalong, inshe AEbHINGHE SH EhRTa e diicH @BEt or s. The

pol ycondensahdfinaaf FAE Ohe +:2poSi8 ARnhbdd i %&Eﬁtﬁoﬁeﬂaﬁﬁﬁiﬂaétﬂr Qftha _
substantially parallel flow conduits 160, 161,” and 162 between the first

and seconé efigulat piging grangemgitdotheotsiomdgortion pingpeseh B33 o horpioFigehsnt i on
t he

R b A sl S i s R T

fl ow
condui t s f ar tlhercfoomsd sbes imtheidifoussioned tHsicseril@gon pipé teattdr)c Figrtishaet | on

therewith. i i t he L.y ,' l.i ne.adapt.ed to ad n additive to the
nononer fl OWQHEJ%P%EF%{{H? (Il)él]jg%i&%‘ ﬁtgé “é}%)eﬁ(i é@fﬁ%&s G0 tnlﬂ?/gbe g gany of
t hose | i st edsginmy €33. gmbsk Blshowsed Blowiupef Sectibh §42 & Figlte 5 pad VigordenFat i on

reactor of t resent invention can be to manufacture nultiple
products Pr oﬁgt“‘%@v‘s%iai“l@% ,g&ﬁﬁ’é'@te%&?ﬂﬁﬂrlgigﬁ“‘ﬁ@’mm PTG © | ocations to
permt the i AGeKHEEBidBRSH [ Ednai-0REd RESbLHMRS 20hE BBIMANDSI, B 25 AAHOLLCT

processing equi pment. The pressure drop zone preceding the polycon @ﬁa?tfuﬁs”

;attributes (such as inherent viscosity ( IZgS}IFor exanple, in Fig..6, one
g

1
monomer or olffgREAd tp effrtivelyivanidhis iﬁﬁég% Bgt S50 sheys Hrredimuh whesin shown
with two 20 p@f @bl mli}ﬁﬁifﬁﬁ%gga ﬁgﬁ éﬁ?ﬂm‘%@ﬁ%ﬂn 1@;9% ufse?isiwhfgf]?%fﬂngﬁ b 6118

t
pol ycondensati on reactors 1 61, oW WO er ent mal? phase

a
products to He Afdiinalbh erqiertedcankie i she ont sysienef fodg degree mulabliowede or may
differ 'nlﬁcogb?"ﬁ%"?Q??*‘%‘E‘%?‘%%ﬁé%g?’ggbtgﬁ"%"e“?%‘mm s, combi nati on of these

features or at ur es. ove, ne 163 1s an addition |ine
and t he nononer i $hskmapmn cagasheibegolpbadenmbich arceddhdulbmaterabbdet ant, such as

DEG 25 added,.at 163-.to .al ].ow,ope pol vcaondensati,on reactor. tq.make a
Dt oo o eed b e DRG ARER S SRR S bR B P
splits is notihé EGtypadha fionothe polycaidaidation oictisp biftas a edpar ikseamae it. &Sidri | arl y,

t he plant coul d be qperated wth some zpne enpti ed nd._not. operati ng,
al | owi ng the rﬁi“ﬁ'ﬁet“%g B Fgtem- erﬁ%F‘FF Bﬂgsee aﬁﬁc@gﬁe QEW%EI’BY, for

30 example, increasing the number of patallel pipes, which increases disengagement

With reference to Figs. 8 and 9, at the cnd of each elevation of the
polycondensation reactor 138, the lHquid flows over the weir 124 inside of a tee 139
with a leg 143 directing the liguid toward the ground to elbow 140 and then
horizontally at 141. The weir (or the f_luid viscosity and pipe lengih) in the

25 polycondensation zones maintaing the liquid level, 1, at approximately half fﬁ]l in the
piping. This maximizes the surface area. Once the fluid in the reastor is so thick thet a
welr is not requited 1o maintain level, then maintaining the pipe haif full does not
maximize surface area or masg ransfer rates. The second leg 138 of the tee is in the
dircction of the flow, The third leg 144 of the tee is poitted in the horizontal plane in

. 30 the direction away from the liquid flow. In one aspeet, the vapor and enfrained liquid is -
disengaged by flowmg through a nonlinear pipe. In ons aspect, the nenlinear pipe is 2
pipe such that the angle from third leg 144 to the vapor exit does not proceed along a



“"Returning to the desi'gn of the pol ycondensation pipe reactor, the pipe 30
el evati onal hei ght, pi pe. di aneter, total length of,—.pi pe, and pressgrﬁqﬂﬂt Dﬂﬁ‘e
inlet and outlet can vary w dely depending upon the¢ products made, pl an%

capaci %o @EJgé&per ating conditions. One of skill in thesgi@ij{g‘gméeadi |y

determ ne € paraneters using basic 2 4 MAY 2005 WO CTI1 USO1
146992 8G engi neering design principles. The pipe elevational bright is
typically not critical and can be basd&#l upon the building di nensions. HTM
SUBLOOPS 5 Mbst pol yester plants have numerous HIM (Heat Transfer Media,
such as oi | Jineas ppfho Suctbtmsle oTeqés an pupastEmt pedanbe enfrainad lisoid 1S of

i ndi vi dual  LoRS.rhOR hlsteSoandeL WRlant AL ﬁq[hlﬁieﬂ%{éflé%@mmg%p&mﬁ%ure'

Lowering the H M tenperature reduces ] nperatures, 1nproves the
pol yner col dack pdhehanidizngicnd ditreforensd talicwms 7 Hrend bl tvedeustegrhpdmantsr e
control. 10 : | L.on, i rature to be:
controll ed g}bﬂ]tl%%%ﬂﬁ%? ?‘ g@@v@gﬁﬁé}%ﬂ%\a?@ﬁg%é% %%ﬂg%%]ﬂ\?‘gﬁggé@%&ﬁﬁ% ot her
zones can elfhenthirdtee leg) deevapaniins has shlvtbose s prefotiile s 00 zdlbew, drabibaiteel by t he

[ ITMpelting the first zone. bet ween .t he zones, a caqntrol valve
L1 one 1 | ow ebotamay SR R B PR HEr bl i 1 e e BE et B AT val ve
al | ows fl ow sfowornd &1 rRURfYotdIdvhfea dhet fiow Bidk tRkiRMhde Sirdabie SRR \BkeNt 15

tenperature control that can be obtained w th Subl gop punps.” Each successive
zone has t &BFERHNE 145 FemithoTapareiber {fe2 eaiEradainalbowAPP (rmen Bt s nade

possi bl e beﬁ@n&n&ﬂ%@nﬂ@dﬁiﬁﬁ%@ﬁgaﬁé‘&n@%cﬁﬂ R 1hAIEE Wl f REoSnd A€ pressure

drop (.AP) he HI M across the reactor is low. On the other hand, for a

convent | Bhalprfesblysky” ehowd iy wliiciels agaiohorizontel & 134. Theangedniprhagid a j acket ed
reactor, whi A . %ﬁﬁ’[‘ i d or.

Ref erring toﬁ%flg.%ﬁﬁfp@wg@?ﬁg%\}v at&éuééraﬁ?#%gm ?f'rl ﬁ%}ﬁﬁl&?ﬁggﬁ e reduced .
and the r etioioriht maper witurey ofv tehieddd Mnwi The bapor.ovithout fha HatilepaSiebl oop
control |l ed syste Heat, Transfer .nedi.a.i uppl i ed..n ;he [ 3 and

ot ur ned o TREty T e g ARt Hou i sk 27 4 SRR b T
pressure is apptlied obtdveasd folik: fadaeersr iddmand s Thd vienrhraoss Weligy | vi ng
force for the flyid flow The su heade 3 pressure nust al so exceed
the addi i velez‘grﬂlé‘-1 &ﬁ@“ﬂi&%‘ﬁs &mﬁFﬁﬁeﬁgﬂ‘zzLﬂeiﬁﬁiSBﬂgﬂﬂPﬂa g8 es and still
over cone t heidpiResidfeplhid frhig: d&ﬁhﬁbmlirhﬁﬂdﬁic]ﬂc{ﬁid el disvrr e adal anb/dopaist

provi de adequate Net Positive Suction Head for the header punps. Heat

Transfer Mediedhe payrrgne; dvghss pplveepdersagenfaan bocandueieiin the 3 lurdé€or f1 ow
control val VeysithBaiBtVbf the pipe creaies the desired functionality (flow, pressure, etc.)

without arty internal parts {other than a weir} or complicated configurations.

20 The ester exchange or esterification vapor piping leaving tee 36 can be the same
as the polycondensation piping after the 90° elbow 134 directing the vapor vertically
and is shown in Fig. 7g. As shown in Fig, 7g, the liquid is disengaged against the
angled pipe flowing back into the liquid pool, As shown in Fig. 18, the anpled pipe
136 has a stoep slope to provide the enérg}r required for the high viscosity liquid to

25 drain back into the reactor with very low residence thme. The vapor, without the ligmd,
passes upward nto angled pipe. The gas proceeds up the pipe and to the vapor
processing equipment. .

The pressure drop zone preceding the polycondensation zone has a high degree
of inixing. The pressure let down zoﬁes hetween reaciors also bas high mixing and are

- 30 apeedgible in this reactor.




‘directs at

30 leaving zone 172 prog€eds to zone 171. If the flyid is too hat _or the

flowis too high, then 11M M renpved to header 172}5 If the fl uid 4MAYt Hp

col d, fhfh gl dded from header 173. If the fluid'Tequijl. Laher

t enper ab‘ﬂ’_:péﬁf.%éhg{ﬁ can be obtained with the valve F' 2 4 NK%%Q@%%ZMGZGG
PCTItfS01/46992 87 sizing, then fluid can be renoved to header 174 and
replaced with fluid from header 173. I% a first enbodi nent, therefore, the
heat transfer nmedia control systemjncludes a first heat transfer nedia
header through WHYERESR o FRRA ChgadCa} Papiaeesacrrsyprinethclignd of wepaammse; a
second heat ﬁmﬁgﬁagﬁaﬂaﬁ%ﬁt&%ﬂ%. tmamgemﬁaﬂr;%ggﬂertshm arfif1ansf er nedia

streamis passed, first heat transfer fedia sub- gh which the
heat transf cpressyiEdii fiethigl, therchinerasing thonelytvadénsatimn a8 t he second headers,

respectively, an : : ' U | ' M el ect ed
one of the heati;%é&g%g@%‘glt?%g?d %ﬁﬁh E&%kﬁnﬁ*ﬁgﬁ%ﬁa&%%ﬁ%ﬁeﬁgﬂ%ﬂ%ﬂ heat

t ransf er Jredistersica@aedctor gy Shatve dividiapintdreplpmbysf peralidl pifeaesddordeesond heat
transfer nedja S'tlsrlﬁb‘% 4 ﬁéj t'{ﬂ c%%é al \ lLye ]Els se{&ﬂio ) ?ctively di rect
at least a POPE% g‘}l ? a fﬂéfi‘ éft'mﬁgﬁé‘frg ﬁ?’#@‘&ﬁ e[‘?aé%ﬁ into the first
sub- | oop usi agerifieetiorpessas flew of iht peiytindeisatie@deadidranElispoly®adensatoneam only,
to pass the heat .tr‘li nsfer. medi a Erfougpﬁhe first ?ﬁﬁg,;andnto al so
control the F2HBEES gidgeina e sty p WQQ’PME@“E Feronfu i 180t r eam

bei ng passed;{Nehretdyidnada i el LlAnMnRANALE PlidMRsy HeaiBnkR: | ncl udes a

second heat transfer media sub-loop formed separately of the ?i rst sub-Ioop
and in f i dreyearedemsation rariqrmascestrrygh arrofabelvehiyy of awcendyiswhalei n 1 ui d

communi cat | ORoNisMhidlfhe 159 Ofifho ek GRng TRE ARAFONAe SO RInthy © sel ecti vel y

st a portion of the at tfanstfer nedia streaminto the

“second sub- | oupluitsSirher coptpesgsae Sutntien bhe (Han fnidsomveaicativaisfesrithniedi a

stream to c 1 he.te rat, dthe. 2 ress fhe heat transfer
medi a bei ng %@%cilce}%mtuﬁgtrl&e 1%%&%1%&?rﬁlgé]%%ondrﬂgonﬁlgmﬂﬁlen?{t?%‘#g heat transfer
medi a cont r okthesatiatesh. i Tielcutiewpiaic hddtives g be bmaehes lisediBokeader through

which the first h r ansf er. la stream |.S passe a second heat
transfer fedia heggliptffrﬁi’%f?%g'ﬁﬁ@ﬁ“ﬁ’ﬁ@dﬁﬁg@h?fblgﬁ%“?ﬁem?mw& stream

i s passed; achi bSischeAhatifanst RltpRdiretustdFd=0mB sHif 1ies gThovehabr dab@sheat
transfer 25 medi a may. be passed fromthe fast header to the second header; a

y . I X 0,
fast control splifjaf mapilocgtiogs i ﬁ?&%ﬁﬁi‘%ﬂ%“ﬁﬁf ﬁ‘fff’ﬁ_ét Efdi‘iFtE"FS=H_%ﬁ§EF§F %nd the
first sub-| O%duMuﬁﬁf‘sﬁE]ﬁasQﬁMéh@{ﬁchérﬁ}l' €)Y, Fof bk RITHNGGARI ON Wi th the
e

first sub-1o6p and the sécond header. _pressure of the first heat
transfer nmedimpromeseraligionpg in madeing sieglc ¢sndiertiogepaiign dpe ebernafirtwot he

pressure ot (AESECARMs MR8 HEhd Bl Sk G0y MddBhd bR feaBGROE header,

and one
and 161, allowing two differant melt phase products to be made. The polycondensation

reactions can be the same or may ciiﬁer in conditions, reactants, additives, size, ora
combination of these features or other features. As noted above, line 163 is an addition
line and the monomer is shown as being split and an additional reactant, sun_h as DEG,
25 added at 163 to allow one polycondensation reactor to make a different product, such as
a higher DEG product, in 162, The number of splits is not lixrrited.tﬂ {Wa; 5y number
of splits can be made. Similarly, the plant could be operated with some zong emptiad
and not operating, allowing the plant to operate at muliiple capacities.
Returning to the design of thé poelycondensation pipe reactor, the pipe
30 olevational height, pipe diamelar, total length of pipe, and pressure at the inlet and
outlet can vary widely depending upuﬁ the products made, plant capacity, and operating

conditions. One of slall in the art could readily determine these paramsters using basic



30 or both of the control valves is used to selectjvely direct at | east a
portion of the fast headt transfer nmedia streamintd the first sub?lidddf, 205
using the pressure of thé first heat transfer nedia stream to pass the
heat traWofi@Hepedi a t hrough the first sub-l1oop, and to 2 REWRWINGEE WO
(12146 266 PCT/(JS{1114(092 88 also control the tenperature and pressure of
the heat transfer nedia stream being pagsed through the first sub-loop. Au
addi ti onal aspect of the second enbodi nent of the invention includes adding
a second heatnginsoniak desigestimigesb Uhe pipe Bleraredaldeiuht Rtwliole ot digicdlianst
sub-1 oop and i n‘?Sla{SI%i dr\%ﬁm%a.i on.therewith, with a second control valve
in fluid comfhPTHEFORPONET AN WBEGHE®sub- | oop wherein the second control
val ve selectively directs at least a portion of the first heat transfer
media strearh into the second sub-loop, using the pressure of the first ..
heat transfer nedia stream to conﬂMer ature and the pressure of
t he heat t:ransfer j J £hnk : : K0l to
L M”B?s@'%-ﬁy&?ér BnidEy c?ﬁﬁﬁg‘%&g ?Ht %i‘e’n&%r ﬁi%&xg,%gclf%gﬁﬁ

valve is used to decreaSe the tenperature pressure o e heat
transfer medistbloprapwens. tTheseghpselléw tapexstiss tubp! ofindividdd! dsapathiat aspect  of

the invention_ incl ud: . 1hi ! a I | 0 Lcation with
t he second sg %%g%‘gﬂﬁgﬁg}ne]?# ﬂﬁ&%ﬁﬁ%mr\ébw%%‘% \}Hgﬂ{s%]ng% ﬁl{"/eeﬁ%ucglsrect s at
| east a port ithewal tetriperabires tmineeds the @ohste color diveers fcoeslatior, atdxellivhe fsrecond
sub-1 oop. usibn t.he %ressure 1of the first heat transfer nedia stream to is
control the tgﬂ‘ﬂéf’%}" PP he pressure of the heat transfer media being

passed tfer et hr ougkhe prisehl inRmabd) llowing @ethefder tdhBehifnt (o Habst@led B the
control systemis that the pressure of the heat transfer nedia passed

through the SEEEHEWIH PoOGRGHAF vBleey foste plhsrropperan sHEdeiriasse puiEe heat
transfer medifeRasHA%oftit 2sHiis Eé&gedfblyrt_ﬁél-ﬁﬁ%&tﬁ@?%e #fidohd, Ofadkhaten fiRe 20

second control valve wll be used td increase: e tenperature and the

pressure of tiHe zohrsas corephsfles allpwsiDowda shedtrtun Hdhd headpeand dlcvrigean®s- | oop.
Thus, in anot o ' c - ' N seal ed
fluid comruni%gl%?%ﬁlﬂ%r%l%wtg gwfflﬁrﬁzﬁlgs@h%@f oopﬁetagcrf ﬁg.ﬂ; é%%%gtﬂg& @zﬂglg%t so t hat
t he heat t¥ ansfiperamediainpbbstodn bhobtgined With Silledp emips. Fash pudeessivagsed ' t hr ough
t he second sub- t he se ol valv i ng. i | ui. 5
comuni cat i oﬁl%vsvi SR Dg?mﬁﬁgq? ﬁ'rgrsgéiﬁ% gre'cg(;lrll ﬁgfr}%g g%cf SDFSIﬁgﬁ‘E%E 5 vel y, and
used for congklgeiragid ben besiebdict:d @ira RE fHepessie dropi AP haliMtemesf er

nmedi a passed fromthe first _sub-| ooaéi nto the second sub-|oop. The second
control val ve'bREACRE §doTe Hndbeotiey hapdhdpr 2 qopgeianah Drosess v ey iseessur e of

ts hg lhgglto tr angfiRlin R YR 35S £ fhekdiQMehddst, $/hibH baussthr adg@ AP dr fHeQTEM Berec ONd
up- .

20 the Teactor.
Refenring to Fig. 14, the flow raie In the main HTM header can be reduced and
the return temsperature of the HTM will be lower han the Subloop confrolled sysierm.
Heat Transfer media is supplied in header 173 and returned to the fumace or heat
source in header 174, A differential pregsura is applied between the headers 173 and
25 174 to provide driving force for the flnid flow. The suppiy header 173 pressure must
also exceed the additive pressure drop of all of the zones piped in series and still
overcome the pressure in the retum beader174. Remm header 174 must provide
adéquate Net Positive Suction Head for the header pumps. Heat Transfer Media
(HTM)} is supplied io Zone 172 throngh a temperature or flow control valve., The HTh
- 30 leaving zome 172 proceeds to zons 171, If fhe fluid is too hot or the flow is too high,
then HTM is removed io header 174, If the flnid is too cold, fluid is added from header
173. If the fluid requires a higher temPefamra fhian can be obtained with the valve
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30 Still another aspect of the systemincludes a series of heat transfer
medi a sub- | oops, therefgre, each subsequent sub-lg@p being in fluid
comuni cation with the® #mediately preceding sub-1obp for receivihéMihellh
heat treawsheg2dapedi a therefrom This 2 4 MAY 2005 WO 0214628&01/16092

PCTI 1] S01146992 89 features the aspect of the fluid pressure of the heat
transfer nedia passed through the ser%§s of heat transfer nedia sub-Iloops
bei ng sower in each subsequent sub-loop'with respect to the inmediately
precedi ng suyh-].0 2.5 t i gaﬁ&g' stemis
that the te#%glaﬁﬁ?gﬁ%?Q%Ee ei?f@}§%%¥i?4%§ I'a pgggg'l@%pgﬁg%a e series s
of heat trandster nedia sub-loops will be |lower in each subsequent sub-I|oop

with respect to i i. at el ecedi.ng .sub-1 0 n {tional aspect is
that each respec |€§r‘?&%§‘$l¥l% %?rggoraﬁggihg%stﬁﬂﬁﬂo %ﬂq%?éitﬁgg}gle% uejgl u!(iﬁs sub

| oops has a affirgtHeatciesateomediabhsaedst throfriuivdlich @ dinrhedt tatdfanmedid ftrebdads i r St
header and the sub-loap for increasjng the temperature. . and pressure of the
oat Lt anlst PSR S PaReE BT BET BOGH TaHG HHCha SHADE B CEBIF S 10 | n
fluid comunigah iiaseati dikieacidhsfcoRidia Beb-1066, (ReeANHIR &SieafiiRins@ecr easi ng
the tenperature and pressure of the heat transfer nedia passed

t her et hr ougFTeditiey b3 Parggdetmdhe Bk fiedecond dpadeesy reapsdiivelsomd 6Py st em i
that the heaﬂ riﬁ‘!ﬁﬁfd%mdgigﬁ:ihﬁ‘oﬂ ﬁiﬂpm&%af&nggmﬁﬁm%%d subJidop. and

through the first sub- n the absence a heat transfer nedia
ci rcul at i ng Prerpueasurs @f B Sost hiprd transils rastia stiepm asgreatenfhal the prssiE: ¢fdbsed from

the fi - i ) i } t f
g & ¢ 1ol DRl Bl e SEAAN1RACH I e E L BRITRGCAL Aueid (TaneT e
enbodi ment tlkast a pottien bEhe fitat hes trensformdidie streap age te ot gub-idoe vking die header

i nt d through the first sub-.| d d fromthe first sub-I
into the socarede s HeuttiteryaRYs it RV Eheb iRsr B heabl anr or

nedi a ci r cul fatduall tRUIRE suRBophemdite kise chrdd] e sdiveaiird endy@adsuty drgf et medi a

t hrough the heat transfer pedia systemincludes. passing the first heat
transfer medPseE g ﬁsfr?ﬁ“bhﬂﬂgﬁ"‘g?‘?%g‘im Eh-t"g%ﬂ%’f“é‘?”a i ﬁi‘@é&%‘?‘? passi ng

the second hgahdtd PREGIRMcIBEhSEShEEANLBAPReRcPocpReRTbiIRAlrs: dubapsf er nedia

header; passing the heat transfer nedia fromthe first header through a
first heat t#uhsfeidpagmaication hewpith; saderecosd serebvaye i hedt transfer nedia

circulating aﬁnﬂm&ﬁoﬁmﬂm@e éehaﬁ%&ﬁag%r Ghe ¥%Iaﬂt?cdl1ﬂfnf¢ﬂe%eﬁ9w&i9@&i on wth

the first header and the ast su p; and passing the heat ‘transfer nedia
fromthe firstleastibpdropof the Brst heat irenséo g dlastrehen inid e sévendyeltep vonza heat

transfer medj ' |.ag | Wp | ofo) ' | uid
comuni cat i o%h%ﬁ'%s%ﬁ# ﬁg&lk ?irgsép S uB-%&%dg&nsﬁg%ﬁgggecogg{eﬁémaﬁ%& #Eéﬁe
pol ycondens atieemrd biithdlbeatirensfop wedisfbemmphdsed fiecttomhd of the pipe reactor to
the In a second embodiment, the heat trapsfer media conirol system includes a first

‘beat transfer media header through which the first heat transfer media stream is passed,

a second heat transfar media header throngh which the second heat transfer media

stream is passcd; a first heat transfer lﬁaﬂ.ia sub-loop through which the heat fransfer

25 media may be passed from the first header to the second header; a first control valve in
fluid communication with the first header and the first suﬁ-lm}p; 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 mt‘mn the first header being preater than
the pressure of the second heat teansfer media strearn within the second header, and one

- 30 orboth of the control valves is used to selectively direct at least a portion of the first
heat fransfer media stream into the first sub-loop, using the pressura of the first heat
tramsfer mar]ia. stream, to pass the heat trinsfer media through the first sub-leop, and to



50 second end thereof in the absence of a punp. 2 A%NAY 2005 WD 02f 46n66
PCTI US01146992 90 M NI'M ZATI ON OF EQUI PMENT | f déskred, the use 208 Mt %%ﬂﬁd
raw nmaterjal feed tanks rraybe elimnated fromthe poI yester rocess
known, rat'#&t%8Pials are delivered to the process plant BY éﬂ‘f@' ¥hber of
known types of delivery vehicles, to include a pipeline, arail car, or a 5
tractor-trailer. This inventi on provi de® that the raw materials, as

del i vered, may now be purrped ect |y % the plant fromthe del i very

vehi cle. Thetlifgangolhe pamneraly ﬁsgmtﬂg' hegsSpnfenmatiofeeieePanp, As known,
and for exa%g&dwﬁ%gglfﬂlgmgm_hgﬁal ler delivers the fluid(s) used, the NPSH
is a function of the tluid level within the trailer and the ressure drop
of the fluid to tih!eatiﬂ:ﬂm;lﬂlW@tpf@sw@wwm@tafﬁammm1M1U£3hed¢1h.!;u dto
velocity, th I

conpari son, %%wgﬁlgdege&{l&%]rc‘sg%%@r&ea ron&gﬁgﬁﬁg ﬁa‘&t&%ﬁﬁgtﬁgﬁfﬁ#ﬂ&ﬂg I?u%% of I iquid

hei ght ans dﬁwnmnbmmuiﬁi:ehqni thesegith oxitifa aym‘rdtmﬁtmmﬁlve hﬁhﬁqysmtmmmdﬂmbe const ant

in both insta i d.densj i Sit ould be small.
with anbi ent %ﬁﬁép?ﬁ‘ﬁr‘;@t%ﬂ’ e %‘ﬁg m?‘{jﬂ‘% lcsi‘@%?lsta “f“rﬁ Ftéég@ § changes
are large thwus@ﬂfmhmth&t&bﬁmrmmfmmt@meméﬂah@smgsp,fuhﬁgvm% meter, in
known f ashi on. %trstefore if the nass flowrate |s knownfromtheflow

meter, then EepERwdhe Dot H@S%Pﬁ@@éFe“Fh& cqnfrpl i fempariure nddhe,

CONSt T UG i ONpfeafd ke hibh Bunfbl Sndabing pas%edmﬁéehw@nawa&@%au%@# i nput dat a
that may be reqU|red as di scussed above, and can calculate the fluid mass

within tH8 trare smsebiosigeesse thatemperpuresn fhe prigpuss ofithe heas reustzgiegisnp pressure
and f1ow ar?g%ﬁ%%f}l}:[@%l&ﬂ@}ﬂs@h\ﬂl{? RL SARAG LR OARSnOndoiSucilah ol 110 T

hai l er. Duri ona pressure an ow're |onsh|pto
the fluid | emﬁtclmltrhtnﬂxtlheommambﬂmnmsﬂlemﬂb:lanwh'e&bﬂu}mrmmdmtﬁmhy

defi ci enci es | ocess IS _now
descri bed belfdW {?lvcﬁg&&y%ﬁgge %at Wé Bflfcﬁifoa-l u?éh%nfﬂ'ﬁ%ﬂ%‘ng U5t r at ed
in Pig. 21. &ltf: ﬂ{e&t:cdaﬂambmﬁpzmg fRe fradek @ die mstmﬂmﬁﬁfatmﬂm stieasd, o The

trailer is connected and valvdtoa 3. by openi a series of valves
251, 252,15p550nER e igpperatyapn 7‘65’PW%?BB’EEP@WW%KW“%@EME%SF% a second

series of vahQEr0d®8, 259, 272, 274, and 275, respectively, are closed. The
punp 263 is started and primed by going back to the trailer 265. The system
i s now ready for |§F‘Hﬁ¥mﬂ&@ aBRrat ‘éftth%hﬁﬁb%@fefWédlaﬁ'?’ﬁ%ﬁﬂ@m/%[t%t@FEESW%‘%opened

A second 1t raidrgfe 1286rs feﬂn%@iu@ésr Wmu@ﬁ 11%:@&09&’% b0 Be 16308 feCONNECt €d
and valved to a secon openi ng
pressure of the haat ’ﬂ'ansfer mﬂdm passed mrough the first sub-loop, Additionally, the
2¢  second confrol valve will be used to increase the temperature and the pressure of the
heat transfer media passed throuph the second sub-loop. Thus, in another aspect, the
sysien includes a conduit extending in sealed fluid communication from the first sub-
loop to the second sub-loop so that the heat transfer media passed though the first sub-
loop is passed through the second auh;luup, the second confral valve being in fluid
25  communication with each of the first and second sub-loops, respectively, a:uld used for
controlling the temperature and pressure of the heat transfer media passed from the first
sub-loop inte the second sub-loop, The second conirol valve may also be used to lower
the temperafure and the pressurs of the heat ransfer media passed from the first sub-
loop into the second sub-loop. |
- 30 © Still another aspect of the system inclodes g series of heat fransfer media sub-

loops, therefore, each subsequent sub-loop being in fluid communication with the

immediately preceding sub-loop for receiving the heat transfer media therefrom. This



isuch as, for exa

| e 5
Within the trail efngls asmsciriiisdeeat wimnsior media poniiol sistemgs thatrthe heat pnsfer 266 | s

series of valves 254, 28§, 256, 260, 262 and 273, rgspectively.

Si mul taneously, the 2 4 NAY 205 WO 02/ 46266 PCTI US01146992 91 &AMAEdIsg,
259, 27/ dhdft-and 275 are closed. The punp 264 is starteg. bied by
going back to the trailer 266. The punp 264 systemis nol\gfjv(‘?]gg{gglﬁ?%? pl ant
operation but is left in a standby node. The valve 272 is opened and the
plant is started. When the level in thé&%trailer s 265 is determned to be at
a certain leyvel sych as, for_exanple, 10 %of its full level, the valve 272
is closed a attuﬁé%*\fr‘éﬁaf_atafﬂiﬂ Tyd prratEpidhniset EReBULr ﬂ%ﬁe_dptﬁw@agwg a
seam ess supgptiys dihedtliddhdet Bedid@bPbaRte; e Bl BibselentisBblddphadd r cul ation
back to the trailer 265 and the punp 264 is supplying the plant fromthe
trailer 2660456 tpeimmedigikly praredmEsu-Ioan c Ao am aserct piihia embedimepkel] er 266

until the I%@kﬁ&%%ﬂﬁesﬁm%@%@eﬁmﬁaﬁ;catesﬁgaixaugmﬂ@émﬁych as, for

exanple, 85 % of the full level. Once this occurs, conput er opens the
val ve 275 anef bettdmasien mediy sibdleomsaall bTfwer pLatpls subkrsiuer geli-lodp withfrespette 1 ui d

contents wi thi ' %Esﬁ!ﬁ ' t Q] T ﬁﬂﬁm‘ 3 stops
aut omat i cal |@%ﬂ%ﬁh\%\@?%& %uﬁ%@éﬁ%ggﬁﬁééﬁépﬁgﬁwe%&% e cﬁ%ses t he
val ve 275. Theat fransi niediaishietoop 65itic serics nbinbelodys hns 4 fist gutrpl wihatin finjd and
pUnp. St at | ont oo BeHIPBR b th S hendhE i G B B FeSa P PG 1 om ¢ he
trailer 265.anfjefsureBEhe hbf chhiftrdnddiv@bseditlichiiitofigh and o Rt dircoRB8 viaBremeasur ed
to be at a c]s_anrcfﬁa' n | evel ‘SUC""\}htﬁafs'i'Fé Egr esggggl e, %% % o%a E?ull val.ue, the
valve 271% s EYTRHHCHAR Wit ResubFenp SR ?EH%I FEE%E2FBELE i n the
trailer 265 {efpctfiféatdrbdont deinkhdtdah@yhediyaoRatetdonty. @ certain |evel

% of 20 full, whereupon the remainder of the fluid

then. renove i : . L e i s parked
in the posi tﬁlgﬁ{ag&ﬁé f%%?ﬁgﬁqh%@gﬁwg’%gd%&g?ﬁpﬁg%ﬁh il&soli)?}%g% gﬁg&g%ri med

from the newcfs beak brnss Bredamiicalhiingpuopesnd aboribst thedwaiitransthi medizishi on. A f ast
enbodi ment of,, LALHAGHE e tdo 'i%%‘s&é&%ﬁ%&?&?ﬁ%@ Jb?&{c?‘éﬂ fieal %Ex'.s ides at 25
pOSI at a punp station, and a

| east one defivery contal ner Itione | east one
punmp in fl ui chedzommuintiinggormpn Swtidlt _hés atadimiand agreet ddlis ssbodiman tlait ner, the

at | east one deliver cont ai_ner. . he LN fluid co ni i with a valve
train, the véliﬂﬁh?awa&%{ r%%ﬁ%bgwe??ﬁ'ngﬁ“%%%# Ié‘ﬁ??%&ﬁh}‘a%«gﬂﬁwﬁcess pl ant
pi pe system Ilddpeardd pabed Femshd Bt subdbyp iptothestcomdi leaddr yspbeibalyl ahat | east one
del i very contai ner ftgﬂéotﬁ%g %he ;al ve train and into.the 30 process plant

pi pe syst em iPHBreladeatitansigh meds pRTHMEPYYRr y feed and storage tank for

ot h ter W Seypr ecei Vi M. ABfad bDfdaity BHRSedt hihed iR thivegelc heAShndhensiel i very

cont ai ner

system includes passing the first heat transfer media stream through a first heat ransfer
media header; passing the second heat transfer media stream throitgh 2 second heat
transfer media header; passing the heat iransfer media from the first header through a
first heat fransier media sub-loop, in tli_c absence of a heat transfer media circulating

25  pump, with a first control valve in fluid communication with the first header and the
first sub-loop; and passing the heat transfer media fiom fhe first sub-loop inie the
second header, in the absence of a heat transfer media circulating pumip, with a second
contrel valve m fluid conimunication with the first sub-loop and the second header.
The polycondensation firids are moved from the first end of the pipe reactor to the

30 second end thereof in the absence of a prmp.



Shenin. Additionally, the systemincludes a second_delivery container
positioned at the 2 4 W 20u5 WD 02146266 PCTIUSOIf 6992 92 9p HR??[}[].?“ on
and a second punp in fluid communication with the second deli vgr

cont ai ne¥Y BHEHGof the delivery containers and punps, resPEEARYEISNI2 being in
fluid communication with the valve train. The valve train is conprised of a
plurality of selectively operable contfédl valves and being in fluid

~conmmuni cation with the process s plant pipe system such that the fluid is
sel ectively punped direct|y FHEMAIATION GF BONIPMEENNJ del i very contai ners,
respectively, thr ral 1 C | pe _
systemin the abs%gmtg%}ﬂ% ﬂ\lﬁﬁaﬁlge "?3‘3@9 a“ %Ié[gmg%gm%{%r%%eﬁn‘?%dn%,&%di tional
aspects of t helysyatpemesandsioewn rpw aebdsslseontslivered dofi bewessthdkat bpagcess

control conputer being opera .coupled to the.first.and the second punps,

10 respectiv& ,E'Bréﬁl&“g%nﬁ’imﬁ %gglfvagneahb Eﬁtﬁ’e’”@%‘?ﬁ%@?“@&%ﬁ“@ﬁ’?ﬁn the val ve
tL ain;, a gagalag&tbpmﬂamm _ithﬂuﬁdnqk@idb@ﬂiﬂlﬂie&l&'ﬁmmd's% s &Hﬁére@fmatglhmmerslt Snd
t he secon elivery cqntainers,. respectively, el ng.operably coupled to.
the process @BWP?‘{)%I‘@g EP&“&W%&E@IWB#%%‘*WH tgRerrUE iy and
arranged to nE@stERvANthd fifs Mdladwh! MG @8 spld Wivkn aiakerahilddignfdyi d punped
fromeither of the deli veré},cont ainers to the process control- i s conputer;

the process deiluidis) vt WPSH a9 actinetioned therfnid leyelovigis dio wetler #rddhs el ect ed
one of the i ' %gf]’]ﬂ;g ésE&H.zﬁrﬁq d a
measured inl g’tﬂ4 E%%grrg%p&?g{s%d?gﬁg I |'c;1t;1h|§ﬁ)lry, t he p?%gié%{g%c%%{’rﬁ%ﬁﬁconput er
uses the ¥l eeloptmphepiles siscasitpad thelpifin ¢dndigurborudeloln coopeostn; tha dikbad/
determne th SS Oof | i ELhin the sglected .o the delivery
cont ai ners. rg&ﬁ?noéc&t'ehg’giyc%"rlftsr%\*utn%%grbpoﬁl rufdghﬁgﬁ%a dqein%lg't Oﬁgﬁ?g}%i c control.
val ve and st aphfigurhtien oijier sttemmwibbe thsapriodedsinghmnt. ; Tieddual ads dne fir st

automatic control. val ve ce.the . fluid,.eyel within the fir. el ivery
cont ai ner is ‘G&PEPH g@sg@mﬁl E%c""’é@ nlbéﬁéﬁ%?pem%%ﬁﬁmng?s‘ {J%t D(S)ti:lﬁg?nsgyfi rst
predet er mi nedinfivikcebily@Yglges A8 lagahts @ @enafpdedineld Fronh@toridlis SREOME aut onat i ¢
control valve is simltaneously opened by the process control 25 conputer
such that !5 fiPees il %ecircul ates the fluid fromthe first delivery

container back i ntyprdpbie, if fe Masidv W8S ¥ kEGRH AbRGhe S theld AnSLLABELHUM
supplies the fluid fromthe second delivery container to the process plant.

The plant is eomaplkaprpater fosilugeiedlof Fpovmeongistessartply tis drgitmuhas second
del i very Contﬁfﬁ'%s(r) a#g%aahﬂmﬁgu dARLGY begg 180 sl BocHRLLLIVO G iy the

process contro uter to be at a seCond predetermned fluid level. .30
Thereafter, tédeuatodedidoms rokingbnipuicensing tnguletpuninpretureoite wletval ve and
cl oses they SGEANG SN 8okl el U lbukifihny ' dBRahIHAE o e W ik
contents Wthinyha 1175

the trailer. During functional checkout, the pressure and flow relationship to the fluid

level within the trailer is cstablished to correct any deficiencies in the computer

estimation.
The operating process is now described below with teference to the fluid
25  delivery system illustrated in Tig. 21. A first trajler 265 is‘_. parked ata pumﬁ station
“B”. The trailer is connected and valved to a pump 263 by opaning a series of valves
251, 252, 253, 257, 261, and 276, respectively. At the same time, a second serics of
valves 258, 259, 272, 274, and 275, tespectively, are closed. The puomp 263 is startcd
and primed by going back to the trailer 265. The systemn is now ready for plant
. 30 operafion once the automatic vaive 272 is opened. A second frailer 266 1s also parked
at the pump station, and is connected and valved to a second pump 264 by opening 2
series of valves 254, 255, 256, 260, 262 and 273, respactively, Simultaneously, the



delivery container are punped into the second delivery container. Once the
process 2 4 MAY 2005 WAO:02/46266 PCTIUS01146992 93™, contr ol coggq.q,gr%m oses
the first control valve, 'the first delivery container may be réplaced with
a freshW@el2i4za6y container in its place at the punp statRHUSMAH63I ti onal
aspect of the invention includes the process control conputer reopening the
second control valve and closing the fsirst control valve such that the
plant is provided with the s process fluid fromthe second delivery

cont ai ner. ThigeddS$cii%Datl. Aét froid 76fart Hosdi Memtipditdtihsretioned piimef bdes
positioning_a fir | js nt ai n at.a .pu stakl he first

del i very c'oﬁtg a Irl?%'?{ttgé]i% ﬁIgalﬂfgIﬁi% 3“?'8 Pﬁ@g%%?ﬁs%g’t]?%%}?ﬁafi ‘ﬁ%né%ﬁhF éqeraﬁll?%p,

posi ti oni ng bat is éfioind sthatibywecde. cont ai ner at the punp station, the secand

delivery contain bei ng..i.n fluid ni.cati gn_w t second, to punp, and
sel ectively pyrrp&h%"%ﬁ I%FW“?# ﬁ‘ﬁ:@ggﬁfltd? starf jr"@?ﬂg}ﬁ% L y _

cont ai nerss 26§ ks_febdryimef ttbd 4R @ caBlin Rvkllsadt sl edaftipl, 1008 FIRGESRvAl @Bt pi pe
system . This method. includes the aspects of operably coupling the process

control conpalver/% i olaied andtag valvrd®71tinepeged wmgliasannsy, fof BepdEBiael y, and to at
| east one ofyfiig GOMiY of AKAkY &S 8}%1{. I'N:ﬁv Eig ?ng ?@’E i R hlatRRGaMSh e, @ Mass

flow meter in fluid comunication wt the first 15.and the second
del i very corirdpiidSsnd teaymotZig & sppplying thrailag Tomdheimiler 26uplteland t he
process ContdoflinER AL ShnoubeTRAPHER 88 265 Wbl 1 1% RRRSPH il Lom by the
first and second punps; respectively. The process control conputer

cal cul at g5 tdeet & bariaih keed suchvast v exaanpde B2 88 widheoinB lavbl, tOree d4d dozersythcont ai ner s

~uses the 1 niBrp e BEAHE 22 8 afber FEFRYS Fohy Bty T O BRRRRH Cont | nua 1y

* det er mi ni ng thbgnidrsaient withia the kil B63 ftothe hals pide e gumpasdiiopd he delivery

contai ners. The P.ro ess, control. conput er oEens a first automati c control

val ve and st&i? Ipar dtattsn s Profrss prrgebewgies then pleses dislied 6o

determ ni ng the NBSrst@hild:N8s id idinbvid fdih Mhelhifip SRLGL bEHPOR: Bhild hes del i very
containers. Additional aspects of the nethod also include the process
control Eonpller thezssity pecag fuibisrrrksd ab B sttios o Atis procesliversie t he.
fluid level i Pidgy, E@?béiﬁ%p?ﬁnéﬁ%drﬂﬁ@&aﬂ&%@ﬁ [ odos t6LS6:R4 TR RIeGRY akhe

process control”conputer to be at a first pre et erm ne fluid | evel such

‘that the firsatlepafismeeswedipdeeka earainf vl snchas Koriepeoplend *oiof 11t wliei very

fhat the  somsy ot R R S R B ey ner
to the processdphidlths A8 lgeby inghsuged die cprie bssl spihans fonextainpld) 85 Pirafcess fluid
o e e B SRR e AR G S BT '
trailer 265, The trailer 266 is then removed from the pump stzfion, and another full
' trailer 266 is parked in the position of the original tralier. The pump 264 is fed and
primed From the new trailer 266, and the process continued in this fashion,
A first embodiment of the desci_‘ihed fluid delivery syster therefora includes at
25 least one delivery container positioned at a pump station, and at least one pump in fluid
communication with the at ieast one delivery container, the at least one delivery
container being in finid communication with & valve train, the valve {rain being in fluid
communication with the process plant pipe system. The fluid is selectively pumped
directly from fhe at least one deliverjr contginer through the valve train and inlo the
30  process plant pipe system in the absence of a fiud delivery feed and storage tank for
otherwise recelving and storing the fluid from the at least ope delivery container

therein, Additionally, the system includes a second delivery container positiened at the



second predetermned fluid | evel; the process cont+ol conputer opening the
first control 2 4 MAY 2005 WD 172146265 PCT1US01145992 94 val V4 i 7005

cl osi ng,,t _ nd control valve such that the renai nder f.Lyid
contentg&'\?\nz‘ffﬁg‘l%ﬁ the first delivery container are purrpedp(?{r“lfturghﬁﬁé}“;econd

delivery container, the process contr% conputer closing the first control
val ve and replacing the first delivery ™ container with .a. fresh delivery

container at_th np_st.ation. . . j..N e remai nder of the
fluid from \R'nu{"ﬁi%%agﬁén‘% S%Fs)'%rﬁg%\fnﬁ@gp %ﬁggn éﬁ%ﬁ'{rﬁ{%m} %8%38%%%”8%& ivery

cont ai ner, atttalbeeedfdf de debvery contavgerd andpopk despedtelyt bdesis fipldant with the
process fluid from.the. second deliyery.container while replacing the first
Fluid del | vEPYEBREGTER CRITRRBRA, hn avs Gr BArmpergel rahagbtbssi ng
facility threRctilislyf efible cBingdl vhived dna@Mmsing Ok £HHA SoR B RERHEAL thépadser col umm, -
a stripper colunmn, and anMGM col u and nononer_ col umm or

| um. (i xed. 10 gl ycol
et hyl ene Sgl et PP SYRE st e thradtpid isvelsgively mwmnch dirgdlyitrometae fishankact or i s

sent to theg _a@aﬁwﬁmﬁﬁﬁp%&ag, thidugieRe valedaih bfdintd e pebdY | ene
glycol. Low boilers (1ncluding water) are reioved at the top of the colum

and sent t o Plaépipe Eygmein thoshipace ofim g delivayy &wd axfl spetate taBld ot her hi gh
boilers are rerr%@ﬂ- . and, ‘'sent back to the
pastc tank, the rg’%@t@%ﬁ%%&ﬁ%“{cgﬁg?ﬁ%#g%scers,l%glﬁﬁﬁgré escri bed

her ei n, backprtmst dvatmbeyphier boupopsTity ®tplep peitc ok amtils soardtvagspar adi oxane
out at the top of the stri r c m. . which cannof be sent to the waster
oater tr Q5 el pdl ot RRTond bl Bon bk SRR Pe G st B0t r ope of
wat er whi ch méed il i bentmirtcatiewit eud @etherfirti@nd the sepohd i Berywohfainkhe ot her

| ow boiling point co ents. e fluids, fromthe bottom of 20 the stripper
col umm axe s‘g?ﬁm‘ﬁ‘ﬁ%bﬁgg%é%ﬁ‘E%R/&‘I’g’rc"PPlB%‘iﬂﬁ_EﬁP‘“F%s&F?‘}“P COMPT e BitSodi ment  of
the present fidy gidtcr 8Fing iR cRInd GRhMEN td BcdRithabaRehibyhsendés b he | ow
boilers to the furnace rather than to the stripper colum, and the stripper

col urm can b@teiths faid gymped, fFpry Hher piflg eivery comangRtR e g lvent ed to
the furnace Ecﬁ‘ﬁﬂﬁ?é’r; thDaRcSE Etﬂlﬁ&gcﬁiﬂﬁltdrgﬂcumgﬂsd tlﬁ:% Auil Qe Gieeth A LAPKLA GRI um. The

MGM columm is also vented to the furnace. I's al so known that in a
convent i onal oftbt Jaliyeercopiinewdging theffed inpgsyilowsrategnd e owasuesd iebprgrent facility
is required e L he. | i | I | ad (water
flow) resul t‘gr(r%%ﬂﬁr' gir%d%tﬂjg‘ﬂg’%% é%.ﬂ%%hgﬂgﬁgggtg%%&%@t Eélpg%l gggalrg\%drg?&nceenti on,
descri bed abflvd florheiediqganiconimsiiedatgmuethenatsef thedluid vatiac thewklested it i s
burned. In a Seﬁ%ﬁﬁa‘ia' as;k);ectingrf5 the invention, and as discussed in detail
herei n, by 30t na'tVFlﬁrgD%ny unit operations fromthe polyester formation
process aind i nt egTi&d progess ddd@odoatpiiter bius a dit ahtoigticcomolerabeapdsirtpl ant, a

roof can be Hllétﬂpgr\ill (I;D.{Ei grg}:ésg]?]agtg £l closes the first automatic control valve once the

finid level within the first delivery container is determined by the process conirol
computer to be at a first predetermined fluid level. An additional aspect is that a
second automatic conirol valve is simultansonsly opened by the process control

25 computer such that fhe first pump recirculates the fiuid from the first delivery container
baclk inio the first delivery coniainer, and the second pump supplies the fuid from the
second delivery container fo the process plant. The plant is thereafter provided with the
process finid from the second delivery container until the fluid level thersin is
determined by the process control computer to be al a second predetermined fiuid level.

30 Thereafier, the process control computer opens the first control valve and closes the
second control valve such that the remainder of the fluid contents within the first

delivery container are pumped into the second delivery container. Once the process




plant, thus elimnating the need to send the hydraulic |oad to a wastewater
treatment 4 MAY 2003 WO 02/46266 PCTfUS011-16992:9% facility pgqaysgy ain
water will no | onger be 'permtted to cone into contact with the process
equi pmeh® 0244360 or any spilled process fluids. In still ZROUEIIEEIBect of the
i nvention, therefore, the elimnation of the organic wastes by sending these
to the furnace, and the elimnation aofs hydraulic | oad or wastewater by
integrating the plant 5 through the reduction of the facility size coupled
wi th putti ngmaok@oipuey elbsds te: firgiciohirdl walve ahd ircndlieay themiteedaf By a wast ewat er

treatnment facjlity..need 0 ot herw se service the palyester.processing
plant. EnviT8 ?P&n‘%’/’gﬁ%ﬁ%glgﬁ cq‘q?%‘}ﬁrﬂfés ?“ﬁﬁfgﬁgﬂmBéﬁFg%ug’%aédﬁ“W nting all
of the prompas of the trventidibnslindds ifld jRbde 0RO LBMGutef 1R6p SRIAOSIcBad t he
adsorbers, the vacuum pﬁ}érrp 0 etc,) and t%i'r;lf vents, int Q@egl pressuri zed

vent header SOMREVARGHNA § i&éﬁ“ﬁ%‘%“%"ﬁlﬁ%sm theplotisgrevided wihthger ated. i f

al | suchs vephgesdNGAGRAESE taend SelivBiySohgRder . therefore, the unoxidized
em ssions fromthe igl ant w1l be réduced by nore than 99 % (typically
B

oxi di zed eni ssi oR¥ dgpaibedrsthad af bisilgernberdhovafore includgsdiositioniat Ryirstt hi s process
el i m nat es i rd I : NN r. feature of the
present i nvg‘%%%n%l S %ﬁﬁtﬁ%@{}piéﬁ@?gaﬂé%%%ﬁgﬁég?n%&%&gfﬁ%%gﬁgase portion of

t he respect consmagisttioh kaktiadivstquingnmsitoviey attrand Selbervaohtuine: ashelpimp

conventi onal, pro es. .t.anks for the ucts passed .to,and fromthe
distill ati ofEie iR 4 1“??5%“1“%%%@?‘%%{“%# SEPRITR FRE RS, of 11 ui d
cont ai nment pangandededivily poinpingeheaibgd tomtoadh of det wspattive deliyers yediaiater age
tanks. Increasing the hei ght or..di aneter 20 of. the base .can_i ncrease the
cdistill atioﬁlf@gﬁglﬁﬂ%oﬂaﬁﬁgﬁmﬁ&d i _ipé%affsP?%PlP%%‘Fﬁ% e feddeq on the
-columm I n Qindesiheaipedt of HRrdblva@nblthe ffsbam@oPloniditerefiefrehamm is  at
| east 401/a | arger. in dianmeter or height than a conventional water col um.

hi this as@EcecondpEmpsATRPIEVAY: YNt phidrbases Msporpd relvat Witiadke 300 1n

anot her aspegive rhiACiddSHigiaSnash NG GREEh Blid LSRRk SR%: WA ANBLRE R4 hei ght .

25 The wastewater treatnment facility can be elimnated, as discussed above,

t hr ough Bhe apdtegeuand delivety conainstsarsspectivels sidbawg enetbluedupiefinidepossi bl e by
el imnating | JoRiRe A iafﬂg I ' 1 anks as
previously &’f@gﬁssed % etgl\?er,édtsﬁ[g%ﬁ an%ﬁlxgﬁ%égéas@%%?% v&ﬂtﬂﬂgaéﬂoof over

al | process sbunfl gimps respérdively aTheprocgssemmirahioomdicn gpladeted ba fiuidheaskTM f ur nace,
and/ or any Qt.her are of L ant that 30. cqul.d.have the potential of COD.
The vvastevvat(:q' 1%1 ?%rlﬁc?eﬁemﬁgf&gfi ?@"&Fy%ﬁ TFRe 80 ciiﬂudgm? l:'r1i""f';larri)ﬁeﬂngleapar ated from
all ot her wasdseoarsd indapemapttsgoe, bhod Alkeuspd Be il pivha phessudd hnd the fiuid flow

20  rate flow and continually detemmining the mass of the flunid within the selected one of
the delivery containers. The process control compuier opens a first automatic confrol

valve and starts the operation of the process planf in Tesponse to detertnining the mass
of the fluid within the selected one of the delivery containers. '
Additional aspects of the mathd_-:i also include the process control computer
25 closging the first automatic control valve once the fiwid level within the first delivery
container is determined by the process control computer to be at a first predetennined
fluid level such that the first punp recirculates the fluid back into the first delivery
container, and simulianeously opening a second automatic contzol valve such that the
second pumyp supplies the fluid from ﬂ:a second delivery container to the process plank
-3¢ providing the process plant with the process fluid from the second delivery comtainer
uniil the fluid level therein is determined by the process control computer to be at a

second predetermined fluid level; the process conirol computer opening the fitst control




rai nwater, including water fromall roof areas descyibed above, al so goes to
the plant 24MAY2005 WO 132! 46266 PCTI USO11146992 96 outfall. AZi Héﬁiﬂﬂﬁ
preferabl y double walled, is constructed between the process plant and the
HTM furﬁ%%@?“"'?ﬁ?s preferably is a covered ditch. Al rendidif1&6Mani nat ed
wast ewat er goes into the ditch. Al collected wastewater within the ditch is
punped fromthe ditch to the HTM furnde where the wastewater is burned.
The heat duty cost 5 s Offsﬁ@%\,@%‘fﬂ& heﬁ red ti8n in the cost for the capital
and oper at i 'gVe38t clgping thigetoanatitiot valyeSueh Rt thsramginder obihe favdron=8Bur ces of
vater are |iygiHiete id:Iliverd c&n'&%e?h@ﬁ]{n?@d/% e SedPhA MR RIORRAREEMR: ONl y One
P

convey systemis required " for the ets or chips for "a nelt phase
facility. ThHEodeEmRInTplegingicr Bosipgthe fisst ROujpl dpie et reglecinhte frfideivtY er can

make pel | et eZsERTV | fr iﬂﬁ}t%% | SRR | ocat ed
bel ow t he cﬁﬁnﬁl{eﬁggfg}fﬁlﬂgﬁg}% #gﬁegﬁgo | men%ﬁ::E t %ﬁngjﬁdgﬂa? it%g arege | m nat ed.
The pel | 6t s rameindemiddiinid Gomvaibimoghe dfst dtlorely @nthineytodhé srcoadhdblivery bot t om of

The bl endi n Ll o i | oned.above t ackagi ' The baftom

| ocation an ﬂgfﬂ \F&talngrq{% g%hgﬂhggﬁg%%tg | HQ&L%F{EP%F%SQHﬁlgw%ghoﬁﬁﬁ%?%%&#ow t he
contents of frdie threekagidehvdy oortzdner el yplacgrgaie fuyt fivid deibesy donitakorer. t rucks, or
rail road cars. Thg packagi ng .bi.n can al so be is..eljmnated .directly

f eedi ng the packd%l‘ﬁﬁ’“@qﬂ'iaﬁ%@ﬁ”t]FPWBﬁEWItPﬁ‘@EESﬂ%fMIFWéL%ﬁE&r%EM@QEkage bul k
bags, bores, ghiriare gﬁgeu&agkﬁt@mdnab@ﬁﬁﬁbey Belefnadd AR BEEMERRHE(iiRed he

packagi ng bin so that they can also be filled by gravity. The reduction in
convey 3Yst Bl ppdpeBenEFRIFReA ethylvhs glveq) condepSaiesipm, Mo Giuct

quality wit hedigc@ld ARG 28t Bfind Wac BARAN B WiieliD&pTRldding AR the
stringing of the pellets. 20 In still another aspect 01‘p the invention, the.

wat er syst engthiiang gacah| hew bedms Gecludimawvaipd evs tegpoedibibaforgedilecadunet y shower,
the cooling 5 ﬂﬂ. d _ _ r Typi cal |y,

t he pl ant sa%lge&tl%hs t(I):]v}[\b/:gr ys?%%éﬂgﬁggpgnégﬁg gﬁﬁ%ﬁgf@%ﬁﬁ@eﬁﬁ%as a |evel
control syst smdved achd bafort Msheidymmatdenn be ppit bacllio haipgoc fak. the

pressuri zation syste 5 and backu r. uri.zati.on.gas..| e of a power
failure. %$hem§%o %@E%}egﬁglg%ﬁra“ssg%’ ﬁ&éﬁ%ﬁﬁsgﬂ‘ﬁaashf u %éc"}ltg ﬂ%arlgc cz%’llﬁg ‘he wat er

| evel therein dueThosttifter badsisn odpantt @rratidaine cay aphy op ebihe amigpa doluawd own
(purge) to ke hi gh boilin oint ¢ onents, from concentrating or
precipitati nﬁ’ﬁ*ﬁﬁg‘éﬂég? f%‘%q%gwt%r eﬁﬁ?“ﬁ%‘h@’n@@aﬁ“@%ﬁ'&ve system t hat
kﬁeps t he Vﬁb@tﬁdﬁ]@kﬁn&hﬂﬂﬁ?ﬁz&ﬁﬁ&oﬁb Qfﬁlﬂéﬁﬂhiclﬂfsﬁmin&em&ﬂ&ezﬁmidaidf% ﬂlnl tar)get 33
The cutter water system supplies.water to the cutter, ing pellets), an
make-up wat EFIZET W@hﬂ}ﬂro&fr!ﬁ%@i@@%?@@@%&ﬁ%ﬁ@és Rt bt 65 ng the
hot pol ymBr $fd&mdRr column are sent to the wastewsator treaiment facility. In ons embodiment of

the present invention, the water colursn 18 mainteined by sending the low boilers to the
fumace rather than to the stripper columm, and the stripper column can be eliminated.
In this instance, the water colury is vented to the furnace tather than sending the low
boilers o the stripper column. The MGM coluniv ig alse vented to the furnace.

25 It is also known that in a conventional pelyester processing facility, a
wastewater treatment facility is regiired to treat the organic wasic as WEHIL&S the
hydraulic load {(water flow) resulting from the process. In one aspect of the present
invertion, described above, the organic wasts is vented to the firnace where it is
burned. T a separate aspect of the im‘.frmtiun, and as discussed in detail herein, by

.30 eliminating many unit operations from the polyester formation pracess and integrating
the plant, thus creating a more cotnpact plant, a roof can be put over the entire process

plant, thus c]hﬁinaﬂng the need to send the hydranlic ioad to a wastewater ireatment



This system does not naormally have a purge, and the inpurities generally

| eave on the 2 4 MAY 2005 WD 02J46266 PCTI US011469%2 97 pel | etzsypvadafhough
this can f%@ﬂfﬁ probl ens. The cutter system al so has a chem cal qdditive
syst em P& R purps have cool ers that have a hi gh- pr eSSBS UHEY? The
standard cool i ng tower header does not supply enough pressure to go through
the high- pressure drop coolers on the®HTM punps. 5 Four choices typically
exi st for deal] ng wi th these, problens: 1.‘%§Ef use supply water as once

t hrough coolacHiy bepayse ryp paies wilf prelopes b8 pernigyd to game Bu Fomdact Btk henat er header
payi ng the biteésagined bR bn RAIBUIRLAGERS k2l dholuePhlkd ofmepar at e hi gh
pressure cooling tower ‘header i ncurring the I ncreased 18 capital and

punpi ng cos tuvekihy, derfow fieheisiipdion efithp vemgigrasys bpsandoizdhese foghe t he punps
incurring t | il ' ] el . w« | ntegrating
those. syst e Bat] s EaBh LRy ERTk A KBGO/ IALH AR B

i nt egr at son tlabughltiee tddidtioy of turdaciity si-heouelad niithatittong aobofadvier Beafieiity punps,

only the 15.maip l.00 M punps .are | ef The cqol.ing water flow required
Porthose RS BerEe o o REBws B Ge i e wbord hgtelRer ontieetip. v er
required (togysliaiprvésals plént. acceptabl e).. The cutter water system has higher
wat er pressure tg go to the cutters, the pressure of which-is also high

enough for use WERRTPRSHRIFRISEAR %‘Hﬁﬂ@r@@t%ﬁﬁuﬁﬂdw yeyingakef g t hr ough
the HTM puw&g:,é}%@msﬁﬁ%ﬂh doliBhs, GRRBRBGK thCadshiBertUhi SAoudd pidpEem si nce

an 1BM | eak woul d contam nate the product. Therefore, this water from the

HTM punp¥ s sl aad dpak vents féo € prghsunged waldieadars Thiveent beklpmigpwsdntie BRéni cal s
vere added 40sdfa SRR RANSUGIRI ol cofiled 1 DRI Gl BGe b vat er
rsystemand el[imnate one of the chemcal additive systens and still supply
‘t he cheni caluwmotidizédhemisaaisifrign the whnt will = rtducsd umges. the Puiedapoalt he cutter
wat er systemwpul.d not be detrinental an oyl.d .25 _be, benefi ci.al.. Punping
wat er from t%évﬁ%e’&tﬂf"éﬁsmﬁﬁ% Fd@%frﬁgﬁd? Fﬁ%ﬁ%ﬁﬁ‘t Tlél‘g‘%pfﬁﬂuﬁu% PrESH ei'lpéﬂa d t hen
t hrough t he tBofdetBg atstripper wubaihel el i m nate the additional cooling system
needed for the HTI\4 pun‘gs,_ woulg elimnate a chemcal treatpent s s%em and
provi de the need&tf\iavthst Turs of thepresent ipvgruonjg fat DX BeeeF g i FOIRBBAT t 0 be

suppl i ed t o h8Base pbitibe bf B tRpechiVS BRI A0S cdibnsRe iyt SROVEIme 3@dHie safety
shower system needs to be purged vveekl‘%/ to keep the water, fraom
conventional processes, tanks for the produets passed to and from the distillation

columms can be eliminated. This reduces the amount of fluid containment area and all
of the agsociated costs with any such storage tanks. Increasing the height or diameter

20 of the base can increase the distillation column volume. No additional instrumenis ere
needed on the column. In one aspect of the invention, the base of the water coluzan is
at least 40% larger in diameter or height than a conventional water colummn. Tn this
agpect, the overall height increases by about at Jeast 3%. In another aspect, the base is
mereased at Jeast 50% In diameter or height. ,

25 The wastewater reatment f&cili;sy can be eliminated, as discussed ahove,
through the integration of the plant, Tids is particularly mﬁd& possible by eliminating
environmental emissions and by eliminating storage tanke as previously discussed.
Moreover, the plant Is constructed with a roof over all process buildings, the frailer
pumpAimloading station, the HTM furnace, and/or any other areas of the plant that

.30 could have the potential of COD}. The wastewater from the pelletizer and the cooling
tower are separaied from all other wasie streams and go to the plant outfall. All

rainwater, including water from all roof sieas describad above, also goes to the plant



bei ng stagnant. Purging nore often that this would be beneficial, and an
automatic purging woul d~reduce cost. If the safety ghower tank i,s ﬁh,!ez[ﬂé ed
then the pressurization '*2 4 MAY 205 W/O 0214626, 6 PCTI USO11- 1639% 9 and
backup pMe@gLi#als@ati on systemtherefor are not needed, |f waTdistemiseted t he
safety shower tank and overflowed out the top of the tank, then the tank.
woul d stay full and not need. a |level system If the |evel control valve
for the cutter water systemwas in the Iline supplying the safety shower

tank, and t he;u&aﬁ,ehydiﬁh,%ﬁémblglﬂlbulﬂy aafltd wadnitmtbRad bBeebn @b hidRkss Waheind ank,
then the safety_ shower would c;bgnti nuouslé&urﬁged wth water flow ng at
t he make-up rtag mWhr@FP{‘% : Y B ViREd dichy lﬁfﬂé‘n%@lﬂlﬂﬁ@lﬂa@ﬁer wat er
systems. Thi Sydeayide jaauhe t@l diffh DAl oRbdied ﬁé&%&%d&ﬂ:ﬁiﬁédﬁﬁ@éﬁﬂﬂaﬁm the

safety shower system A novel integrated plant water distribution systemof
the inventi orfiemitsvlited teida FEE Bunach avhere shaoweatmiatm écbupredb Foerbsat defy cosit i sfi es:

t he needs .of : ORek: M3ee I . ed, A El i ng now
to Fig. 225? aiggg?@ibg%g%om?lgﬂmg’tﬂeﬁé%%fg?g%g%élgaz<m29 ﬂh|Irfé‘g!js§ﬁpp Tgﬁtﬁi\{rh cl ean
fresh wat er firsmmentglant Hbll ethaotoerces ollwater dtdUimiteich as an off-site city

wat er supply (not jlluskira . The.safety shower tank supplies any needed
water to the pl an‘%‘ f%é? @?yfﬂgﬂMFg%We‘ﬁ%%ﬂhg ¥ A8t can?yu%%;gt@&ﬂﬁ%ﬁd al so
suppl i es wat efor tHereNgh o2éhig thi 4 BElt phaae fachigy. 28k fival @adtbrldi@é: ionidh wei@h St or age
tank assenbly 294 provided as a part of . eparate cutter/pelletizer water
tank 294. Onc¥® 'g?ﬁtﬁ%ﬁﬁ@é‘éﬁniti’ﬁiﬁ Wﬁ@ﬂ%ﬁ%"é‘r‘“ﬁi@lw BaYLgR ﬂi“‘cﬂﬁg’ﬂﬁh@sv\at er is
passed i Ny aRGatbdhOBe nd ek tf SbiRNSMRANLRE SEOIRBEIs bl keataidly 294
From here the filtered and cold water 1s passed through the pelletizer water

di stributi on Teeopplsis 2e couverss rethy thpe dglending slpand Yewdem of the difmdiee
d t hea., ; ki i d
ownstream hegj, € Q, ﬁ@f&taggﬁfcz g &%ﬁ.i%ﬁl@a}%ﬁ%ﬁ%gﬂﬁ%ﬁ&ﬂoﬁﬁé” passe

t hrough the punp. "A 1] ) ISP Int I'letizer water
di stribution Peépside sy kahewngh wealiourtbe captentseyftheepackpgingibin oderd/tor  snal |

particles tha . i ther.ein._ A . chenical additive
station 299 iém gﬁ%b@ggg{ﬁé@%&&%g?’tﬂ?g#ﬁﬁ%@“ﬁéﬁ%ﬁ%%@%? g{?" %}ms ribution |oop
in order tip kelipitated tyelirerily feediirahppickaeting smipneetiefroed itistsilo b The otz oop wi t hin
controlled 25 _organi rowt h ter hardness, water. sol.ubilit and
corrosivity gﬁ?ﬁgﬁnﬁ'ag,ga%\s%%&g@&m’ %ﬁ“ﬂqﬁ@“pﬁﬂ @’dﬁ%ﬁ“ﬂé‘ﬂﬁﬂgp?@ﬁ%&e as wel |
as being due paclkabiaglbhcal Bat@ng cueiies be BIAAGEAYS The fed@hioh hecondéer suppl i ed

to the system The | ast conponent _of the pelletizer V\]i/%i_er distribution |oop
is a cutter/ p&yirany edpees eopipt. 365 opfe i iRRET BRIt hA Y Miescri bed

g%O\tN- 30 Mol tRmirRabil BBihe fHeolReoPid Meliind st BRI:IREinkicfrRQLNAEr supply line
0 a

20 In stﬂl another aspect of the invention, the watsr systems in the plant can be
minimized by combining the safaty shower, the cooling tower, the cutter water, and the
HTM pump coolers, |

Typically, the plant safety shower system is a self confained system. Ithasa
level control system fed off of the city water supply. It also has a pressurization system

25  and a back up pressurization gas m cass of a power failure. The cooling tower has a
waiar supply used to maintain the water level therein due to the loss of water that
evaporates, and a blowdown (purge) io keap high boiling point components from

congenitating or precipiiating. The cooling tower sysiem has a chemical additive

system that keeps the waier pH, hardﬁess, biological growth, and the Iike on farget
30 The outter water system supplies water to the cutter {making pellets), and make-up

waier is requirad since the water evaporates when contacting the hot polymer strands.

This system does not notmally have apuige, and the impurities penerally leave on the



pol ymer extrusion die Rhead 317 at the cutter/pelletjzer station 300, the die
head extruding a plurality of nolten pol yner straﬂas 318 in k Wﬂ?qgﬂgl on.
The ol @MdsdeVAY 2005 WO 1} 21- 9266 PCTI USQ1146992 929 , héngr;ﬁ rands are
cooled Int e cutterlpelletlzer station 300 for peIIet|2| ng or cutting
the nolten polyner strands with the cold, filtered water supplied through
the pelletizer water distribution | oop? Thereafter, the now heat ed and
"dirty" water assed into the stora ank assenbly.

to. be cool gauatii\nﬂ]?lﬁ’“%i%és cﬁﬁcﬂ\‘lﬁ@’fﬂhgmfsoﬁh%'f Fﬁ%&l% Jé‘:BﬁP tion at the
cutter/ pell &ﬂﬂlﬁﬁsyﬁhﬁt Toa HTW pfps ke ol inibEiave Shlghllﬁﬂ;smafbpt amgurge to
punp 303, adde shower water storage tank. The water passed

into the fil &“éa {Lgnﬁg?agpéa) 5 PARTRURDS ERAYEk pressy tﬂ@ﬁﬂﬁa‘é@e@ Bighx t hr ough

the pell eti peks@dep ceilat bh BHTN pufPR, as described herei nabove, for
re-use. A separate water line 302 is fed fromthe pelletizer water

di st ri buffi on Ioogﬂufﬁh?}cesfﬂﬂi‘e%&?éﬁﬁkfﬂfSﬂﬂéﬂﬂmﬁlﬂﬁ%ﬁ I8®&p 303 used to pass the
water to a cooli wer is provided with a |evel
control 306, useg'g I?lﬁﬁgifgﬁﬂtﬁg Iﬂg\{?@é{hdagl water held in a water collection
basin 307 for rredzégmaﬂaﬁmth@Pmﬁmthmnlm@mmamé@rm&yingthiﬁﬁr&mﬂl contr ol
306 has a m u]n% gs%(%[gj ng that wll ensure that a sati'sfactory anount
of water i vvays ded for the m ni num required cooling flow fur the 15
punmp 303. The coél]bmyiimpantedﬂgimﬁshmcmdimpadﬁaﬁrim&ﬂﬁghhﬂu@haseﬁ he wat er
bei ng p@ssed frIorHﬁthe .wat er Ccfl | ection basin through a cooling tower water
supply | dop c3pgt andpaDink G087 A% ed uses of the water passed through the

cool i ng tower waufpustfiiglowQRsird etopdeolan YordRSpungsk iibfidef thodddawnst r eam

;i'cold wat er users 311, which users may return the now "waste" water to the
c¢ool i ng t owdF P‘éﬁ“‘%‘f?&i‘%%é’ﬁ‘“ﬁ ¥ water not 20 used downstreamis passed

back into and thm&%&.ﬂg}eesw@msmscmmr&ﬁmaeml ankiDRedBYElostsC ik @L val ve 306
drawi ng water from 13;1‘ etizer water distribution I'oop as needed to nake

up for |ost Waeakonplths HiMysiews petitr simipaserpind Sublpep pusps onlymee wast e wat er
passed back u'uz%?ooyiﬁmﬁ ﬁ%b%ﬁﬁ%ﬂ%&lﬁ; fégégo o rlatﬁﬂf%dff&qg%ta R downstream

users is passed b rou t ower 4, and 25
evapor at es tMll&ﬁllgﬁﬂwlﬂWhtpdﬁlaw@mg et hﬁkmwertrmm&d neenth awesissol i ds

and/ or cont am S [ a 0, cool i ng
tower water su%‘ﬁ?ﬂtﬁ F%%I’JHHWM%F% or e &!‘gng‘%tg ?E%S*%h%”lg Gtupgr otﬁgg)h a wat er
purge line SPﬁ:%ureaﬂwmmess:ﬁarlyxgh Emughfmmaemﬂoﬂnbi-ﬁm p(nnpt:ualduh thmrawteed) with a
controll er . The supply the force use ss the cool ed
wat er ther et 55’ %%%ﬁ%gi?%tﬂéw{}?éﬁ;@m‘g dt\%ﬂ?té’ fs“(?ﬁtﬁ‘i ied to the
safety s h@V\BEysﬁﬁi fice §h PITAM Rak dakid23amFiakahd $iodice dTiXefore, this water from

the HTM pumps should go to the cooling tower. If the cooling tower chemicals were

added to the cniter water system, it would protect the cutter water system and eliminate
one of the chemical additive systems and still supply the chemicals to the cooling tower
via this purge. A purge on the cutter water system would not be detrimental and could
25  be bepeficial. Pumping water fiom thé cuiter water system through the HTM pump

coolers and then throngh the cooling tower would eIiminatﬁ the additional canling
systemn needed for the HTM pumps, would eliminate a chemical treatment system, and
provide the needed water to all three uses. Water would stilt need to be supplied to the
cutier water syslem and the safety shower.

.30 The safety shower system needs to be purged weekly 1o keep the water from
being stagnant. Perging more often that this would be beneficial, and an automatic

purging would reduce cost, If the safety shower tank is elevated then the pressurization



a water |evel control 315, which device maintains_the water |evel within the
tank 290 at a sui tab_l"é*E wat er | evel. Excess Water;v?*fromthe saf eté s@ﬁ\&ﬁﬁ

wat er storage tank passes 2 4 MAY 2005 WO 47/ 46266 PCTI US011469 é 5

t her ef rEM®HEWAHgGh the water line 291 and into the filterP@HE>WatE?? st or age
tank assenbly 294 of the pelletizer water distribution | oop 292, where the
water is handled as described above. M1 water supplied to the pelletizer
wat er distribution |oop 292 and the cooling tower water |oop 303 is

suppl i ed f r &M keck ¥p pesfuezatien systey Bisrajanaranot Dogfied c Kivieset catserddbe ¢ i ncl udes

al | wat er a&’:ga‘%ﬁ-: h%%ﬁ&&a%ﬁkﬁ%ﬁtﬂ%@?ﬁ#&%&ﬁﬂ{cﬂ% mﬁhﬁgﬁpgtfﬁlﬁ%“ ream

users 311 and the evaporation o e cutter7p zer station
300, as wel hotamed alavbleydoal ke lewmberntB0 #alvafoe drediutted Watet dysteimnmrasgn dteed pl ant

wat er di stri.bution.syste his 4 nventi kncludes in.a fi.rst. enbodi ment. .
a safety shor\}\%gfupﬁg?ngt ﬁ%?aﬁg%hé&te ank i g euslgﬁtﬁ D‘é’%‘ﬁﬁ@ﬁ“ﬁ%%ﬂr‘\i ”\}\n%tfﬁc,”and

suppl i eds by cutet eratel =iy thérethy\@ifiay sleered e@ulddbelchntidnoway pirgediivith iabkt i on [ oop in
fluid conmunicati wi th the safety_shower water storage tank and being.
suppl i ed wi ﬁ“’%ﬁgﬁwtﬂi%%‘?ﬁf%ﬁfﬂf&“@é’é Fuligraierdrd e PoReVFoEYeT n 1 ui d
comuni cat i gystithd, MHid¥eydot w6k1d WhdhBiateditikbdr B inRurh@ePRom Mk AfePMKeE val ve .or
val ves for selectively drawing water fromthe first water distribution |oop
to supply wiY#™to the 15 second water distribution | oop, Aspects of thi S

system i ncl ude t ke, 3afifik¥.RE MR wHBL Slribiiiod bR 1RRhsh dallef | Ui d

r
comuni cation with a separate sa‘?,ety shower $%nd eye wash system a water
pi pel i netex adirdssngthe aloseadndend pribderan A seitsfios itrrepdori thiwlag gpetetor. ishower
wat er stora : t LSt e di-st 1 LRyt I erej e first
nator. ai ot shPechs Rl BFE 2t kO SR R B A0 e
wat er st or agesupatidd @gh @6ant fiveh watee fiomwenfthtdewrathenmedr T, and & an pfssed into’
the first water i

| oop. ,The f.irst er i stribution Jl.oop co 1ses. a
pel l etizer Wa¥&PHES l%giﬂts‘hﬁ% .eghv%cfa%%r %ﬁg@ﬁ%ﬂuﬂ Bl 355;“ Pva?%t%
pel | eti zi ng b ﬂhﬁt&ﬂ&@%ﬁw&r@a@ﬂiy’a‘ﬁtﬁi@gﬁﬂﬁgﬁtﬁﬂ aptl algqﬁ mgpRed wﬂ&ﬁhma:gﬁi I tfer and
wat er storage_tank;. a np constructed an rran u the water from
t he wat el sEt%‘F‘d@}%ﬂl{pﬁREP?’Wr@T’?@W‘{Wﬁf%@%“Tﬂﬁ?”é?*‘”ﬂﬁ%#‘ﬁb‘g?%“l ROy heat
exchanger; & dehhb®lcutdeiltizdSvA0HCRY, aRdi nhyucsl alth MR waldt@isheakiogxchanger
i s positioned downstream of the the filter is positjioned downstream

3 . unp,
of the beat SR tur: is paseeddne mlgﬁam%adhq filies a8d FelpbHorapslapatenbliied
downst r eam t [ - aZed ' j bikd downst r eam
of the chempi(:?gf_&g%rg?]%%c{?t{e %%%’tﬁiagﬁ{ﬂgﬁlﬂé% E%Jaf%ﬂ?{ﬂgrgﬁhgrfge alt%g%étg’?%?age tank is
downst r eam odistritiéondedy hets suiteide pirep 28h andthenpuised thrvaizh adpeetsanfictthe
I ntegrat %j péﬁﬂéng%ﬂ%rtc gﬂ:{ﬁ Ehﬂ:'\&lt’ér ALY l%}(fﬁ]tg%%ﬂ ﬁh%éeﬁ(iiﬁmﬁ‘gh the pump. A ﬁjterl

298 is positioned in the pelletizer water distribution loop downstream of the pumm to

remove any dirt andfor small particles that may be entrained therein. A downstream
chergical additive station 299 is provided as a pant of the pelletizer water distribution
loop in order fo keep the water in the pelletizer water distribution loop within controlled
25 organic growth, water bardness, water ;solu‘niﬁt_l,r, and corrosivity guide]ines,' as needed
for the process being performed, as well as being due to the locale and water
characteristics of the water supplied to the system. The last component of the pelletizer
water distribution loop is a culter/pelletizer station 308, the function of which is
described below. .
.30 Molten polymer from the plant is supplied via polymer snpply line 316 to a
polymer extmsion die head 317 at the cutter/pelietizer station 300, the die head
exirnding a piuralit_v of molten polymer sirands 318 in known fashion. The molten



water |evel control in fluid conmunication W|th the fllter and water storage
tank, and a control val vie intermediate and in flui/d;communi cat I()f‘{*% Eqieach
of the water |evel 2 4 MAY 2005 WD 02/46266 PC TIUSO /46992 1 rg

and t he ¥af¥#8266hower water storage tank. The water | evelMJREHaE2s
constructed and arranged to selectively add nake-up water to the filter and
wat er storage tank directly fromthe weter source. The water |evel control
is also constructed and arranged to selectively control the supply of water

to the saf etBrlukswErndrgtetookdan ﬁ@@umﬁmﬂﬁ%ﬂﬁ*%‘aﬂ ﬁ?'&ﬁ?ﬁ relirdicingredof evel

therein at %u&h@ﬁéﬁh Wer BhndsSUE ¢ Mﬁﬁiﬁﬁa& xeﬁ’rkﬁéll{;h%' on | oop

conprises a cooling to oop |ch inclu C00 tower, a punp
constructed mﬂ&wmﬁgéﬂmb@nqnuhpptmrmlethe‘mnmheﬂﬂﬁéanfb&bﬂwms\er t hr ough

the second wgte dlgﬂpﬁﬂrﬁlpf}r @ﬁ,ﬁée%g%” f aasgmﬂ{n,\g NI ‘fiwg}t‘!nﬂtg.keb,gjs yer_ wat er

user. The co |ng ower er ¢ es a r co ion ?or red 10
as a partst hie aﬁferfc@tfrmﬁle#qmtmg at the enviat/pillefizs smdoi, hﬂnm:hﬂ@mptwat&he punp of

the cooling ,tower water | oo ) stream of the

col I ection bHY¥e ﬂW%%@PgFP jlﬂéa@;a %h@“%&&%ﬁ'%gﬁb?“tﬁﬁt@? ks ﬁ?

posi tioned d@gw@spdseATHBi L ﬂm@ma@ﬁﬂuﬂg&&ﬂ@@mmm i én ﬁe@gadlba@c _ h, The
second water distrjbution_|laoop, further_ conprises purge |ine luid

conmuni cat i offePRdtEG waHer ‘%ﬁﬁb‘ﬁl@d%@ﬂdwb@‘éh?fﬁl“ﬁchﬂb@rﬁﬁm catl on with the
él gt P:J[Jgtel lo:’lnleol;og siﬁhﬁé%&?% m%%aweﬁélﬁm&%t&%%%u\ﬁﬁfﬁp

second water pipeline extends in sealed f
conmmuni cagi owﬂmm nﬁwamemmém nghdde mﬂ@ﬁlelwfl’i@@p%ﬂmgtlmr@%dﬁhb wat er

di stribution £ t ans for
setoctively SR AP RPYEEL At AR coh Bl ot B iRE e Rlct B8R IE D Y e
~second wat er heliisd # mhtmr ﬂuﬂhchan-dpasmcm@ formed asa paoaiib: @ulipg fower 20ehblyi d

comuni cati o ith the nd wat.er pi pel |ne dapted t ter fromthe
Firet water PEIFPISURRR S8y POUEE LBl o Hreer et T 60p

t her et hr ough améiint oXekelick iscmma&g,rswﬂadd fof thé ReniNBRRSqied c6Ring FokaB! ﬂ'ledl‘ awi ng
water is a water | evel control fluid communj cation wth the. cooling

t ower wat &r @BWP@E@lW%’&’EF%]WW%HD%S e eikppasges theethroyel hawtar WI%nd in f1uid
communi cat i ORaWhd Ro@aGhwabs tdPe-SRARGH t}EbeQB aa;‘ﬂghﬁgh@\i@ﬂ%tb Fg@ 15@%@ wat er

coll ection basin. The water | evel control for cooling tower basin is

constructed and arpapgEipaey vses ddhg WW%@WtWQW&W‘%WPﬁEWBH i ng
tower water E:ﬁ:lﬁﬁﬁﬁé éﬁﬁ?&d’?{uﬁfb A A nsREAMI RIS ushk Bﬂ 8o RBY s, 8l SO

constructed and arrang est ish a m ni nrum wat er ow settingthat
will ensure trhtatutacm wm’twtarﬂwmnhmwwm@wmspialmyMﬁ'@mrdeﬁ for the

L SRR P 6 R A i s o L
control valve 31'36 drawmg water from the pe]letmar water dlsiril:nutmn loop a5 necded to
make up for lost water within the collection basin/reservoir 307.

The wasle water passed back into the cooling tower water supply loop from the
downstream users is passed back inte and throngh the cooling tower 304, and
25  evaporates fherein. The evaporation of the water thus concentrates solids and/or

contaminates within the water stream passed through the eooling tower waler supply
loop, 50 water is purged out of the loop throngh a water purge linc 312, as necessary, to
a water outfall {not illnstrated) with 2 confroller 314. The pump(s) 310 supply the force
used to pass the cooled water therethrough to any and 2l water users.

. 30 The water supplied to the safety shower water storape tank 290 1s controlled by
a water level contral 315, which deviee maintains the water leval within the tank 290 at

a suitable water level. Bxcess water from the safiety shower water storage tank passes



an integrated plant water distribution system the aspects of the nethod
including supplying water to a safety shower water istorage tanK]é ?\iabﬁﬁe
the water fromthe MAY 2605 WO 02/46266 PCTIUS01144992 102 saf ﬁ@“ r
wat er stWPAYEank into the first water distribution | coFCTARMIGE%Ccti vel y
passing water fromthe first water distribution |loop to the second water
distribution |oop. The nethod featuresl®he additional aspects of
selectively adding water to the first water distribution |oop directly from
t he water so@he@érﬂﬁpmmélem@rhm 391mdmm@&ﬂﬁen%wmwmmtsnknsa@mbl@n | oop
throughthe Imﬁ ter in the
second wat er d| strl g'%ﬂt on%f%ggﬁﬁpéﬁgﬁ ﬁ he %gr@%*ﬂ%g towe&rgla sel ectively
passi ng wat ededcribed dboes. St watdr wapksd itstyellider eatet digigbatimdogh2hadwat er
purge line i led fluid.co ni cat cond .| and

Bol Sctively SieSRf Ruparini T S b et e ap b RIS P op it € he
cool i ng tewerdemhmm% |'Bifid inclnddzasl waidr@ddddtg cach shle@ dtallobaibtigstsecond wat er

di stribution | oo referred enmbodinent of an i.ntegrafed vacuyum system for, -
use with theﬁuﬁegtﬂ’?ﬁ Pt BTy #&E@g“'ﬁ?ﬁ’i‘ﬁ“"?lé’ PR %?‘E@%Pﬂepﬁ‘a 23. By

using the Intseﬂaﬁtmﬂasmpmm@wamergwbmrat ed, the number of >Gjets maybe
reduced. the chill wat er systemmay be nini mzed if not elimnated in

some i nstances; aﬁéﬂqfﬁ@glmﬁhb@mgﬁﬂdlﬂﬂﬁé?%ﬁ@ﬁﬁ@hﬁ’e%ﬁl‘e@fm@Fﬂ"ﬁbltll’ai ning two
st ages of vagh@@els 4 Bet D?D%HM%?‘ ygﬁgigg]%@érl gﬁ rtag;“ﬁﬁ @l so mnimzed. As
In Flgs pective

illustrated 17a an Y, p ycondensatl on normal |y
has thre@ staagmsmwﬁtlmﬂumd-mpphﬂdi& watkxcfioran thesragar sofres, hlfsstlwmml on

integrates th t. f,.vac. di_u gssy the | ow
pressure vacucﬁ%eblfngﬁimplﬁ/l\'ﬁ'eﬁfﬂlg um(% QU ﬂhﬁbg‘fﬂb’gﬂe not erafgmgde%]{r%{é
because the weegs;umﬂueﬂmmhrmrs}tcmj&im $shmdhlagdﬂdm&ﬂdtlmhhﬂunﬂmdot herW| se '

all ow t he EG vapor e the e ffer nt i essur
oper ati.on. PFW‘B“JQE @eﬁf f?ﬁ'é‘ﬂ&ﬁﬁ%ﬁ' Fl?#é’“ﬁélg F’@ﬂ“at{ﬁeeﬂl"’ﬁﬁrg‘f”ﬁvges 6obl ens
and is not %al&hisgbdr&vﬁ@w&ﬁﬂm thie viest thet msmuﬁmnu@ﬁmﬁﬁamiwmam.ﬁn can be

effectivel coupl Referring now to Fi a suit bIe and ot herw se
convent i ofal SFEEWUA ebuﬁ?:“ B PR q“?“ﬁg\}’a ﬁﬂ%’Bﬂu%?FﬁF@F§1ﬂ%WéFﬁdenser

321 used to %ﬁgﬁ&&%ﬁq%ﬁmt&mﬁ%mﬁwﬁ&wm@éﬁw apRdengalbemsh A first
EG vapor jet 3227is installed between a s condenser 324 and the

i nterstage coﬁ@ewsemteaﬁaelmcwﬂm@mwﬂeﬁ Ewdlcprmmwﬂfntyl gy degafeBonpr essi on
rati o of bet i - I denser
g'mg %Iﬂ%q?nléatggﬁ ﬁirlsso ? gﬁer ; e l&etﬂemhé}giﬁ 1R RGN

goes to a liqui ea ves as an i nmersion vessel.
The di schar gedig@ibfticmrivarhie suppbed mtipwaipr fram thsesalfﬂtashﬂttwtewh‘nﬂqmmgﬂiashhﬁar ge from

the spray 26° nl:dn% WA%E: o¥dHows therefrom and is passed into the first water loop. The first water
distribution loop comprises a pelletizer water Joopr constructed and arranged to supply

water to o pelleiizing station used in pelletize a melted plastic polymer; a filter and
wates storage tapk; a pump constructed and arranped to pump the water from the water
storage tank through the first water distribution loop; a heat exchanger; a filter; and a
25  chemiecal additive station. The heat exchanger is positioned downstream of the purp,

the filter iz positioned downsiream of the heat exnhangar,. the chemical additive stafion
is positioned downstream of the filter, the pelletizing station is positioned downstreain
of the chemical additive station, and the filter and water storage tank is downstream of
the pelletizing station. '

.30 Additional aspecis of the integrated plant water distribution system include a
water level control in fiwid communication with the filier and water storage tark, and a

conirol valve intermediate and in fluid coramunication with each of the water level



al so be passed on to this seal vessel, or to any other type of desired
vessel. The liquid frdﬁﬁthe i mrersion vessel is th€p punped tthqgﬁﬁp.ma

filter cool er 328, and either 2 4 MAY 2065 '"W? 0
PCTI USO%%S@@%‘% (a) returned to interstage condensor%’%ﬂ%%'ﬁ”éﬁ’rzay
condenser 324, or (b) is discharged fromthis systemat line 33 to, for

exanpl e, the water colum (not shown). Bdpending on the product being

processed, the t at re of the s stems d be j reased or decreased
to control tR&WP gg‘gﬁ ﬁ‘qweé?a'% E3RE FBBF ﬂ'h%wﬁiﬁf “H%ﬁ“’?ﬁ“ [ORAT S e

i nt er medi at e afDirkAnBE] LABRANSH A nAke -k Wk tolihe fitaCAHd W iR QL wdte | ntegrat ed
vacuum system of_  this invention pulls the - vacuumfromt heﬁfol ycondensati on

medi um pr ess Sieetly feam e Sialey sousse. %‘ﬁé‘*ﬂm 15l epngyol 15 also ponstpeiest and amgggsdn of t he
spray conde n%@gawcﬂmy b1 fuk BeppPAGEwAS 18 Eﬁ%&f&y &a{wwmtbﬂ étéﬁécrtﬁr‘ﬂ@ﬂ -Thi's :

medi um pressure vacuuni vapor streamfromthe top of the final
pol ycondeﬁsama@ﬁﬂmm&ﬁrW@IWW@MW&F@M@E’M&W@OMWSH beI ow t he

oenear®! a9 odhé beind L. dildiiaioh Mep Btk ob i 08 £A0RR] whide

condenser. As sh vacuum  conne t|o exten e'spra
condenser t o idheles habolEGijvedr, d mingl ostatctetdized homeed to ping &pmyer&omdhmser ,

whi ch al | t ol d t d d, bef ing t
the BG et - ThTCeHeiRE LR FEOML AP GEE oGk G AHRIGot HE R | |y of
the jet. 15 Tﬁxeern@tatm@adqnsaam@@tdx@%@mﬁmmumum ShilRgRmMasit BeR3 of the

final polyconzdensatign re[?ct or |s connec ﬁjﬁa I|ne 245 to a second EG
jet 330, WndasaprdHEEof foApiackrthe aler Baee ‘il?ﬁ‘ﬁ Ye8n 187 rrag Pl rolife spray

condenser. ThewaRRrSoop i gmﬂ&aﬂz@ ASBERBH 6 He Shatdr BScAR B4, R @PEAY
condenser 324 at a poi nt elow the bottom I|iquid cooling nozzles (not

i 1'lustrated) %ﬁﬁ@@@omlmwwt@%ert%ﬂsﬂm% éﬁmwu%wawnvap@mtﬁmm t he
second EG j et ryand.f; I @CEI?HHQE I’?H%F bott om
of the final ﬂrféact or c()n eﬁ%‘%ﬁ%ﬁ?ﬁ%%ﬁ%@ @E%ﬁggﬁlﬁlﬁ%al In |1§r#1&ﬁ| shi ng

t he vacuum ofmtﬂhéqunmmicatiheﬂlpl@whmd_emsmmlanlmaaﬂmdmmsmﬂcahmeﬁéxmﬁ ng to
Fig. 23, I m m [ clyudes the
necessary{icor%%%ﬁgiﬂ%for %'% aﬁ%l\{%&{%c%%%ﬁ %%d%’%%e B@@%&F\%’gnéﬁhtlon 25
hi gh pr essur ecradwarrsit@iie: oterdobimseikbd ﬂﬁ}dmgnmhmxmﬁmuﬁmpiwﬁusﬂi’;ﬂer

Accordingly, f.he hi ressure vacuu ne i ed i.nto a c nser 335

t hrough a vac‘i]%ﬁ?%“%‘gmg’ﬁ, @ 5 Wé%(?)?’ssé?q?l%ﬂ??q’?g %%ﬂ“ﬁ‘?’%é‘?ﬁf ﬁ’aée?%ge are

cool ed in the condmmsejccBfths inearlsmﬁvmlectﬁmﬁlﬁ:@mnglhﬁerlfrcﬂuﬂﬁﬁkstqutad condensat e

col l ected within, the condenser asse second seal vessel 336 in
fluid conmuni é‘T‘FWWWﬁ‘I‘FéeE‘Bﬂ q%’@”*ff P COWPHRY ASERNApWERE s in

fluid commini g@kcORaihichticd WiHRe %%gnd’\mt&hplﬂélﬁiéﬁsadapted to draw water from the

first water distribution loop to the second water distribution loop thercthrongh. An
additional dspect of the means for seleciively drawing water is a water level control in
fivid communication with the cooling fower water collection basin, and a control valve
intermediate and in flnid communication with each of the second pump and the cooling

25 tower water collection basin. The Watei"’ level control for the cocling tower basin is
consimicted and arranged to selectively add make-up water 1o the cooling tower water
collection basin from the second water pipeline, and is also constructed and armanged to
establish 3 minitwum water flow setting that will ensure that a satisfactory amount of
water 15 always provided for the minirmum required cooling flow of the second pump.

30 Another aspect of this invention is thus the method of distributing water through
an integrated plant water distribution system, the aspects of the method including
supplying water to a safety shower water storage tank, passing the waler from the



the liquid/liquid condensate therefromand passes Li through a downstream
filter 334. Thereafter;xthe liquid is chilled withiin a chiller 34@ 4y jppi d
conmuni cghi ggvvl th the 274 MAY 2005 WO 02/46266 PCTI 1}S01146992 104

filter, BR#?$%% i qui d passed bank into the condenser 333 6YSWde or
passed to other wusers within the plant, as desired. A vacuumline 334
extends fromthe top of the condenser 885, and is in fluid conunication
with the vacuum punp 320 through_a control valve 343. 5 This design
therefore el P?fF‘H&P%‘@ﬂ'd‘f?@rE@z}gé?a‘@(r‘%mﬁfa tiptavaiss fislribatprieAR.end splertvglinpi ng

system and @psiheRAgerivg: 0 e whier iREBuiRlbS o HRARIANB RBNTkRLN- BY

putting all of the seal legs for the medium and | ow pressure vacuum zones
to the same dwg Thoawled featuyes the pdrblionel aspestd of gedentiarply afding sato thibe firdut t o

|l ess th h | i : I ks, . . ..

whereno o gt ENARGE ftcods Ml B SREMARY MR Be i BEBGAQNC, .

const r uct ison vtahwslisefhrhivmbip shrouphdbemebenypobimer poitetiting sistion) pessing, the and al so
d ti t M d te. a,l . s

Cystom as. adtus i Wond ey REkithie P EGRsh Be SR Sl b Pintinc iRy ™

i nvention i nehtitigswate fopd &y seRAd SRsE Aishibutdnls o HONEY fhe Galkdr@irgeilinh ieach of

t he medi um and | Rressure 15 vacuum zones, respecgtively, of the
pol ycondensat“F%ﬁjoﬁ/’é‘gé?rB?]}‘mﬁ?P‘iﬂﬁ‘t"ﬁjr@f ggen S?Rié%@?ﬂcfl‘r@? Pisoing @ ft cati on

with the sprap: fRIEBSBEHARA 18P ARUE BP0l w o IEARHRLE @iy M th the
i nterstage condenser. Additional aspect of the systeminclude a seal vessel

in fluid ConpaHio e semiiaee giuben lope spray condenser, the interstage
condenser, and th ' A I 0l hiStf i bution
& gﬁ&%@kﬁmmﬁt?@g ﬁ%dgﬁ‘%‘éedé’w{a’ &?r??}%teh{ 1‘&}'1%% x?i'tﬁﬁzﬁ

system 20 construct and arranged ‘ ter, ch and distribute
| i qui d from tdsecrgd aypcessprdessgdmt wntustiied Imfip 28t Ryasiogitisantegniedr especti vel vy,
to each of t [a O r Nt er st n ectively.
Q her aspect %ﬁ%@?g%%@“ﬂﬁ%ﬁﬁ%?ﬂthfgﬂgﬁéﬁﬁ a f"%ﬁ%gg%dﬁg% 5?%1t%{ovﬁgegruct ed and
arranged to cktemaha equininited) ifrbhelimiael imsope ipstantdagankditieponantetr 6f r i but i on

system being conprised aof a singl.e seal vessel constructed 25 and. arranged
t col | eot® i G RE oS HAFIBe S SRESE B AEHGOR Hh e PRIBF SR e
condenser, respactikyed minid@dda control valve in fluid comunication with the
liquid distribution_system and hei ng. constrycted and arranged to

sel ectively pass t %ﬂlé%ﬁafaldéﬂhﬂsi ‘%ﬁiaa‘?i_g% WP@F‘“%@’PQ’C?W%@?“@%%’F? ed.
Still other agR@GtpeOff vhOSOHSH YD diiiie UekGed dThik Iivbilioh iRBEERE He@WBT €SSUT €

vacuum 30 zone entering a bottom portion of the spray condenser, and the
fluid from t hevo stge pxacunm, the medium pressure and the low pressure vacuum stages, The

20 third vacuum stage cannot be integrated because the pressure in this stage is too high
and would not otherwise allow the EG vapor jet to have the proper differential pressure
for operation. Pufting a valve in the vapor line has led to plugging problems and is not
a teliable solufion. Nevertheless, two stages of vacuum can be effectively coupled.

Refering now to Fig. 23, a suitable and otherwise conventional vacuum pump

25 320 pulls a vacuum on an intersiage condenser 321 used to condense cnmphnﬂrrts such
as BG and other condensables, A first EG vapor jet 322 s installed between a spray
condenser 324 and the inferstage condenser, and which vapor jet will usually bave a
compression ratio nf'between 6 to 8. The liquid discharpe of the interstage condenser

goes to & liquid seal vessel 325, also referred to as an joumersion vessel. The discharpe
. 30 from the vacuum pump, as well as the liquid discharge from the spray condenser can
also be passed on to this seal vessel, orto atty other type of desired vessel, The liquid

from the immersion vessel is then pumped throngh a filter 326, a cooler 328, and eifher



pressure vacuum zone em..,grl ng a spaced top portion of the spray condenser; a
second spray condensef i#n fluid conmmunication witfithe high pr&sﬁs[ﬂﬂ‘!’e?ﬂﬂhcuum
zone of the 2 4 MAY 2005 WD 02146266 P1: T1USOr 146992 105 )l ycondensat i on
react or WQ #%*<&tond spray condenser also being in fluid Eﬁmﬁf@%’ci on with
t he vacuum punp; a control valve disposed internediate of and in fluid
comuni cation with each the second spra$icondenser and the vacuum punp; and
a second liquid distribution system constructed and arranged to col |l ect

filter, chilis) rawaedioineistasp (eEensoyihlPr Soie Sopdenssriiher b Eotghygedy

condenser  t 0ga, diRaFkerh BAISLE0 drSRE etﬁ@ﬂ%ﬂ&ﬁmmmw h8&n Ct of the
i nt egrat ed vacuum system of the invention includes a spray conden in

fluid conmunisgrireedng beinsnretrssf. thnsmpaainemedhasysiow Bbmdébaﬂ:ereavd@mum zones,
respectively q,0f, LNe RALAGRNISASAL] Qi a{s‘%@ﬁ&ﬁfoiih@b offowadaet in fluid 10

t
communi cation w t%a]ﬁhe spray condenser, an 1 nt Ph%‘% condenser in fluid
comuni caf i omtemtemaieﬁmﬂingrtsmpﬁﬁnjsmshlmacuum purrp in fluid comunication

with the interstage. condenser cond EG n flu ni cation
W h (he | ow pr es s EERgn BT Cs bR AR R0 sitR b ot GERRET Ve |
Addi ti onal agperin SbHm ;mlﬁainmdsaﬁemmemﬁmtﬂmmwmhmmgn BELGME B2 ithe fl ui d
fromthe | ow pressure vacuum zone enter| a hottom portign of the spray

condenser, afP PHEST PLPHOR P %H?"é'tr?@ %W%a%f‘&ﬁ'?ﬁ“% Yentering a
spaced top pq&'iﬁsh@l%doﬁhfsB%dﬁrﬁfﬁﬁs&@%’&nﬂﬁﬁ‘aﬁnﬂﬁ%aﬁ'ﬁ%ﬁithg@pdfﬁieﬁ%ﬂe”d' ng from

the top portion of the spray condenser e second EGjet being in fluid
comuni cafi oiclceiengrdon Eﬁ#fﬂ¥%§@w¢@dﬂﬂﬁﬁfﬁbﬂﬁ’éd@ﬁﬁ belo holiquderingi on of

the spray c I t h the
pray %@?ﬁgﬁgﬂﬁé@%ﬁ?ﬁ?e‘?@?ﬁ éh\eé%@pzﬁnlge Pkl P”ﬂyéﬂn% 0Dty

spray condenser, t ndensor, t'he vaculim punp,
respect i vel y cotretigeetendigsinm the sprey ctmdmﬂ@dhﬁai&siaﬁﬁiﬁamrd@ogwwﬂ@ ol | ect

liquid and Ii n fluid
comuni et ottt CRESEESich MHTH e pdloRaBRRRR Boort Ritciifuchs it

t heref rom a doirg torthd BG jdt.uihls haiadestadild dfecnoltiborédsmg hongapatdlitg of fHegat. in fluid
comruni cation with the filter adbeln constr ted an%apf@? d to chill

the liquid 25 pas PFH'B?"@FWB WF’F‘T?%‘ ﬁ?‘i“f”é"rs B PP onmuni cat i on

with each of ddi@ofifdeMioncaRfe ReehincoRd by Beént M Bhbatsa@Rd BOIHEII M
respectively, and wherein the liquid chilled by the chiller is passed to

the spray C orfaEFIER FOBHEETE Fer PO ITIg &7 B disrspray Sapriertery B VaPEE cont r ol
valve i-n fl wﬁ'a:ﬁ@;rmmbﬁ@m?amme;m@sﬁﬁl édnaénsmfa% PEnCRRN the bhiein and

arranged to selectively paSs chil iquid to other users thereof, as

desired; a | |léﬂﬂlﬁic%@ﬂéépm{ﬂ%ﬂluawﬂﬁW@n@@?@%@ﬁﬂwwﬂand arr anged
to colleci, f*ﬁdptaﬁrﬁ'un‘fi‘ﬂg sEdbinli G _]Etgéﬂdqhe low polycondensation pressure vacuurm from

the bottorn of the final reactor o condense without otherwise impairing, or diminishing
the vacuum of the top of the polycondensation reactor.
Still referring to Fig. 23, the infegrated vacuum sysiem of the invention also
includes the necessary components for drawing a vacuum through the polycondensation
25  high pressure vacunm stige or Zone Pl nsing the vacuum pump 328, Accordingly, the
high pressure vacuum zone iz piped into a condenser 335 through a vacuum line 243,
Fhe vapors from the high pressure stage are cooled in the condenser 3335, in known
fushion. The liquid/liquid condensate collected within the condenser is passed into a
second seal vessel 336 in fluid communication with the condenser.
.3 This second seal vessel 15 in fluid commmmication with a pursp 337 which draws
the Hquidliqnid condensate therefrom and passes it through a downstream filter 335,
Thereafter, the liniuid iz chilled within a ¢chiller 340 in fluid communication with the



and Irqur d condensate fromthe spray condenser e@r nt er st age condenser,
and the 2 4 MAY 2005 VD 02/46266 PCTTUSOLI -6992 10 vacuum punp,
respectively, and to redistribute the chilled Ii quid to the spray conwen%gﬁr
and t heWMW%t3ttage condenser, respectively. The method ofFCIO¥YUdE69%ag. f1 uid
fromthe final pol ycondensatr on reactor therefore includes passing the
fluid fromat |east the nmedi um pressureipol ycondensati on vacuum 5 zone and
the | ow pressure pol ycondensati on. vacuum zone of the reactor into a single
spray condenséktr, :ia.rmlth@}idnédpeislsaﬂhhckhﬂmthﬂicmalﬁhsamw fohreewsenonfastcdec e um and

| ow pressure_vac Zones, [es dr fl u t hrough an

i nt er st age c%aﬁd‘éﬁ?é"}“em[’:“@rﬁa %gn#u \’%“%ﬁﬁ %\‘A‘A?‘%gﬁ%g‘?ﬁ‘a PCbiEenser with a
vacuum punp esudefidethzh, ﬁﬁrﬂuﬂﬂﬁlatcbﬁmmcaﬁhnt\hﬂ: m@%ﬂuﬁmqgmmdﬁn S6H a

Addi ti onal aspeciﬂéﬁ 41e met hod 10 i nclude passing the fluid fromthe | ow
pressure pol §eBR Jon vacuum zone into a bottom portion of the spray

condenser s and pamgaelg.nﬁerfam Qlﬂﬁﬂ&%ﬁ@ﬂj@%lﬂ%@%ﬁ%?coﬂﬂhéé?%&jensat' on

vacuum zone into a spaced top portion of the spray condenser; passing the .-

fluid from t Fempisp sycIied ooy henbvestpleb§G dontens ban thyeg pes tiaiw Frruiise
condenser; sgondenser
through a f Prggt%kqlg lllfgﬁgg Fﬂlﬂ%‘% (ﬁﬁ% aﬁ@f‘wl %ggrgﬁ%%ﬁ%% ?:{1}1&% ﬂ)ethé ray condenser
and the int ewsﬁselgﬁlamdunﬁewl veqseishmsr@gutuam tfdtmldssfthmrhalﬁ@oh'omnmiessure

pol ycondensat n acuun OI;@% " second E iD lal ui d 1c?lm‘runr cation
with the I ow MP&B g%ﬁd%?rm DR T Bﬁ‘n‘ﬁ PHEIEE I ndenser |
respecti vl y :th:eod;eraereﬂtsn g"hisr cotiitehcantithhd eimidzienndersaeeqfipmant ihtmaphay
condenser and é\pe i nt erstage condenser_ in, a Aa vessel n fluid 20

communi cat i ofMhAEKTedEEs SRt W%ﬁ?@%@ﬁ%@ﬁe CPPFWE*“'? TR 84898 condenser;
filtering andsighilling the Iiquid collected in the seal vessel, and passing

the chilled liquid back to  the S@;ay condenser and the i nterstagl
condenser, respectystyibeds degprey Vnﬁ?ﬁ@%ﬁ ‘ﬁ'@U‘H@ systeam gf thy iygREIGACIBYEst he
chi |1 ed | | quigd il anghedt hEAThn b tip bilaldntthft 1GQRBRMRLCAL  ON
therewith foradSp Gel sewherre gﬂgxrcr dypafss? ng tuhye & gmf’l’r cr)m t he

hi gh prestur eravmmmnemweerrmph, of tbendmﬂfpﬂrswncmu:emﬁerwpsemdedser frui d
comruni cat i o nbodi nents, it
maybe desir amdgﬁ %‘%ﬂ‘%{eﬁg a\ggg @F%gﬁgh%&?l% lj{\glatﬁ(w?ﬁ%ﬁadsor bers. The
adsor ber s carcousemation Wirtbﬂie @a&ta@ocmﬁieﬂor phddiinnal aspedt ofj e smammpludgas

whi ch does not rea react ants u condi ti ns t her, resent Hot
gas desor pt |aosr?alpv‘35ﬁb'51§§“%ﬁ}%wgcﬁﬁf’ @é?‘i’l Cft} EE@WC“@H ﬁ'ﬁ ﬁ%t er,
whi ch wil | i ngun@er, and the vacunm pump, respectively; and a Hquid distribution system

20 constraeted and amanged to collest, filter, chill, and distribute liqaid from the spray
condenser and the interstage condenser, respectively, to each of the spray condenser
and the inferslage condenser, respéc‘cively. Qther aspects includes the liguid
distribution system being construcied and arzanged to collect Tiquid from the vacuum
pump; the liquid distribution system being comprised of a single seal vessel constructed

25 and amranged to coliect liquid from each of the spray condenser and the interstage
condenser, respeciively; and a conirot ve.lvr: m finid Doﬂununicaﬁon with the Hguid
distibution system and being constructed and arranged $o selectively pass the chilled
liquid to other users thereof, 4s desired.

Still other aspects of the systom include the fluid from ihe low pressure vacoum
. 30 zone ettering a bottom portion of the spray condenser, and the fluid from the medivm
PIESSULE Vacunin zone enlening a spaced fop portion of the spray condenser; & second

spray condenser in fluid communication with the high pressure vacuum zons of the



2 4 MAY 2005 WO 02146266 PC f'1r]50]/46992 167 the ester exchange or
esterification conversion. In one aspect, at |east™gne reactant } & My Misol
conpound, and wherein at” | east a portion of the diol conpound is renpved
from tWeOBHeEEss as a vapor, a liquid, or as both a vagg‘rﬂgﬁ?f-"ﬁ”ﬂ quid, and
is subjected to an adsorption systemto selectively recover the dial
conpound. 5 As shown in figure 19, thel#luids fromthe process are fed to
the first adsorber 182. The process fluids sent tq the first adsorber 182
typical |y corpyFradentasignresotor g remd sery sondesterflee bHug 8dluid This process fluid
nor el |'y COoRBgmiu®iich YR8 vadhRAGS h cSirdl Dave 8@%&5& fkeAkbOR RLRERSS, and
the |iquids come fromthe polycoudensation and other streans, such as punp
purges, punpinsbegmsmunieaiin wiheagisthe epapipmynonfsysoad thevapmmepeopdedser s,

piisthe aop
~etc. The pr fb Ui dz. St I yntjd a
component "t Aaeyrd i biRbb R R L ER Ol RS PBEEBE LT 2 o
process . 5vapdstrifute ligdd hemad g theecmdd epiby pomeiesses brit Ing thdsodiplay nace for -
~incineration _via line 184. At this point, the bed is saturated, The use of
adsor ption réducee col urms, equi prent, tanks, agitators, punps, etc. 15 and

repl aces them i n YenghdiagicoRsTihe inicpiated vhaumsiyarhanflitay igeentop agli@es §anks, a
conpressor, and t heat _exchangers. Adsorbiion saves energy since no reflex
is requi re(fPFqFIFé'\{l\g““a‘?rsﬁl iﬂFiééf] “l?ﬁfl":ﬁ'r?ﬂa‘ %ﬁf‘&ﬁﬂ?’ﬁﬁd% "r‘{‘ﬁﬁ'gé’reésqr‘éfl ux rate
equal to theypiaHyshes, G§RWRIS of Bb BalyARetlRetionAdyAS AfR: BE ;a8 8GRt | on over
distillation is that the diol" will be nore pure, which | éads to | ess

by- produt i semmEtgtionyat: ey casdensfandate gprfiepsssi Bd col oration, Al so,
the by-pr Odu&hﬂn?njﬁa‘?ﬂf%‘?ﬂ iﬁ%r‘ét%@e?},%%mﬁ&?ﬁ% 1Bid %ﬁlhﬁihﬁ%ﬁ'ﬁﬂfh thé €actor,

_such as water in the esterificati react or. ter can have a significant
“inpact on tinerstagecoodensedidsepooni EGst i fivid @imapimretipe with dredow amesbaesmal | er .

P ooes I o8Bl ASSRLRSL, RAM RT3, 815 ADARRPA £XF S, L1 otr cam 190

Stream 190 has a2 éoniin orrng i nstrunmen as an FTIR, but a

single 23 wadgidimgitie! ieubvdnien ingpdohe Naiddrom tha lex perivencerumacid he

switching could.be done with g tiner affer experignce, and nitoring can be
acconpl i gﬁedewrﬂ'g' 5 POgRos ‘@éﬁﬁ?é@}&eﬁ%ﬁ“ﬁﬁ‘m @H’?g@m\?ﬂ%ﬁ‘gﬁu%monent to
be saved is prehdukdiehciiit zBRtntekng b bpded B8 $briRe of HEFREAE BindRNickShe Alst EGt her
conponents are se% %%a stream 190 to stream 184. = Stream 184 goes to a
Cthermal  dest KUEFPHHREEIN s taperiam of theshuyatongenses thesecppd B BHbeltg ace, a

thermal oxi dpgRMconfmGRafby itk 1% beSiurs RkGum et ek b ppriastesk and a
desired conmponent is exiting stream 190, the process fluids are sent into
t he next abS¥Epeendsmgs and a Scal vessel in flnid communication with the spray condenser, the

20  interstage condenser, and the vacuum punp, respectively, the seal vessel being
constructed and arranged to collect liquid and liquid condensate theremn. More aspects
include a pump in fluid communication with the seal vessel for pumﬁing the collected
liquid therefromn; a filter in fiuid communication with the pump; a chilfler in flnid
communication with fhe filier and being construcied and asranged to chill the Hqnid

25 passed therethrongh, the chiller being in fluid communication with sach of the SpIAY
condenser and the intersiage condenser, respectively, and wherein the liquid chilled by
the chiller is passed to the spray condenser and the interstage condenser, respectively; a

control valve in fluid communication with the chiller and being constructed and
arranged to selectively pass chilled liquid to other users thereof, as desired; & liquid
30 collection and chilling system constructed and arranged to collect, filtar, and chill liquid

and liquid condensate from the spray condenser, the inferstape condenser, and the



2 4 MAY 2005 WD 02146266 PCT/USO /46992 108 |In order to use the sane
drawi ng, bed 181 is now'shown as the partially |oaded bed that %34)\@@2@@

| oaded via stream 189 fromthe reactors. Bed 182 is the fully lo d
descri b&HCPH4428& precedi ng paragraph. Bed 183 is a ful | y P488E0bda%Bed. Bed
181 is being |loaded as described in the first paragraph. Bed 182 has a hot
stream of inert gas, 5 such as nitrogenjoscar bon di oxi de, argon, etc,
supplied to it via stream 191 com ng from heat exchanger 188 which is
heati ng t he seRearpeoRnEspwiveniaadtio sdaribetedlie dhdlad linpid tbéie sppedowdeokeras
steam electrjgj .. opot liquids such as beat transfer,
nmedi a, etc. .inglE#a“;‘Q'%ﬂS%ﬂ%g&é&X%g%ﬂé% ‘bet ween condenser streans 197,19 1 ,
192, 193 and st r edhe hiPfod Eenllectingdivéd fra: thet fmabpalydvedénseionranvge tlerafsranel | s as

solid bed 1Q exchanger e used. .The tive force for the inert gas
st ream cones I?DS%E%? p@%ﬁ%ﬁ?ﬁ%ﬁl EB'F‘ %Eﬂ%ﬁé‘?ﬁ %P‘Eeﬁfﬁﬁeg??q TEHGHOB U ce may
be used wist h dofkedrid thele@URessti pOBAbIREatid achire Son of 10 veldi® il la@lnghf

conponent 186 is maj ntained E%BI he addjtion kK of inert 197 and recirculation -
stream 195. THEYKeRGenssE i segsd TR soRmumivabonwidh eagh ofilbs sredEm #¢ 188 nponent s

fromthe bed.peshfe MhduBNBLE tespea el AR b Rkia9RDEaNsARlRwEaPOT MRY be

used, but thi's detracts from the plurity of the exiting streamand al so
requires addihdedr in Sed spmpugicatenivinian sprpprondenser With e sauumipsse i8ki | | ed in
the art wll T TR T m@gﬂ Qb AHHL, Shik§ toAgcurately
desorb bed lgﬂsepar%%%ﬁl{q}%%ﬁe esga%%%g Jéorrpoeﬁ'en s'"a‘%}nt %ﬁhgtg%mpﬂuﬁty,

di screte pul siesndeTasses e floEsiim thetlow presligPpoycendme tioo vedhubyzoas gitork | ar

devi ce used in,20 shieam a_non-desi red. ¢ is rempved from

190. W ]
bed 182 toto Sepmmtig Ty tGtk 0 s 0 d SRR S ok GlRY O
swi tched and gilyeamnididn ivsomaniony o 5 kpaeadiop Aot of thBeprihedndeisegXi dat i on

device via stream 184.. Alternately, stream 192 could pass through a

non- cool ed COWG%%‘F ﬁﬂ@%’%ﬂ*ﬁ?&&gﬂl?%II%W%’M&%’{&W‘%&WWW%‘T oxi dat i on.
When a desi r eghn@@RBOPRGHe % MEMRY QG 1P FR86s oL siel @udbiseAiohdRa Adte val ves
are 25 switched and stream 192 proceeds to stream 199 and into condenser

185. CondéhseEU b gnilgd gommuaisaiaigvifh the stny condenses j5d iha latpr<age 6pndepeTy i ger at ed

gas, by expangi¥its £0huld Wom t 10 AR RAL QAR R RARS zolBSubQRl£d stream
199 will fal Iﬁdbsel %w t he satur a?i ?E& teﬁtgfe(r ature élnd themdesi red conponent

wi | | condensesebpushid peé istiyid spmewnigatiangrithdhic pwepressingpolycondeshiennciBr i s
St oam 102" coft AL 18 sl CorRb Al A En LAk, Aotk i RO Ehaenclte Joain
swi t ched so t Faftn tht spegmohddhsgans thedniehmgt exlambr inei scdtviessal Wdlidce. Thi s
swi tching 2% 400%u1%9991%n with each of the spray condenser and the inferstage condenser; filtering
and chilling the liquid collected in the seal vessel, and passing the chilled lquid back to
fhe spray condenser and the infersiage condenser, respectively; selectively passing at
least a portion of the chilled louid through at least one control valve in finid
commanication therewith for use elaaﬁ:fhexe, ag desired; and passing the fhud from the

25 high pressure vacuum zons into a second spray condenser in sealed fuid

communication with the vacuum pump,

ADSORBER SYSTEM
In some embodiments, it majr be desirable to replace flie distillation columns
30 with adsorbers. The adsorbers can use hot, inert gas for desorption. Inert gas is any
gas, which does not react wilh reactants under the conditions there present, Hot gas

desorption: produces glycols with very low concentrations of water, which will improve



7al so used as a netering.device to provide a_ uniformflow to t
‘al | owi ng st abYaeor Pdy isfyiegthe aispbepars s insthe FEWVE fes T SIRUvrEeR ¥ WPt h t he

2005

WO 02/ L46266 PCTI US0145892 109 process between desjred and non-desired
conponents continues untifl bed 182 is totally desé*r”%)ed. Bed 182%t4 ﬂ%s
to stan from condenser 185 in stream 193 will co ' [
corrponeg’{?g{)g%%ﬁ recovered, but is below the saturation Pé%g?}éﬁ]ﬁd{r’ of
condenser 185, So, stream 193 is 5 sent to the fully desorbed bed 183. Bed
183 adsorbs the desired conponents cl ealfi’ng stream 193, Stream 193 exits bed
183 as stream 194. Stream 194.is.directed bﬁck to tbﬁhgmer Qr ctorrgiressor 186
as stream 195 €% SEUESPT SHHLCARIATBYIHET « M PRe 25R5°h FHLTAN BF FPR5 R DR &t ant

i nl et pressurlil ompemal 28 Serekh leatgeaiieth fikldibisospbunial fehoaptibad 182 has
been previous|y desorbed, the hed tg‘%ﬁnctions cycl,e. Eed 81 takes the
place of bed HEHFOPES tcvapghe b Hquifse 2y both p yRRnw apdia ayf sad s spbigRled @D, Bed 183

‘takes the pl aag, ﬁﬁﬁtﬂ%a&?ﬂ@;ﬂgﬂﬂemmeﬁme Bed 181 will be
s

desor bed, Bed 18 catch the desired conmponents from condenser 185. Bed

183 wi || .Be sat ur dsebowy infignealds Be Buids fios thonmeess ar fadte fefigedsrbed and bed
183 is saturm%,e@ha Besl Bifilis RAPRIhYiisd adB GO 82 Iohidat b 'S%Q'%ﬂﬂ%ﬁi fiks may be
e b€l ng” produced.

necessary bas on System sizes and products I ple
adsor ber bedorreyixives thergefi Tai praessadhudndrmally comesdemwetdpongreamlf afighe cool er,

conpressors, _heater, a eat, . hanger.s am 189 fromthe reactors

may be cool e(fS%EFBarﬁémg?l}}%%% %Egi ﬂ?g?ﬁu&%%n?%ﬁp%nphtﬁ%éée@&ﬂ%m%a ggra%@)%_ capacity of

the bed. 20 GhbihiAldhQNpahp GEAR, PP i), Matmpotipgetabrabirpatges,have a gear

punp between .t he prepol yner_reactor d the finisher reactor. The punp

over comes'™ héﬂ%ﬁé@@?ﬂg@&&%&’hﬁ&{‘\ﬁ%‘é lﬂ“{a#ge?%m?tﬁ’ﬁﬁst ‘8?‘5’ Egﬁqqaéamftﬁé“‘b?legs sure

di fference i scofffoni At isQBRME PortreeoRérQ biddRs kfigh @RWzd CAN bleRWus Eﬂe?s_aunphi s 25
e finisher

prepol ymer reg@at Qs 1Rk pdint, th:$BEL: sShRYAL | on than the finisher to provide the
necessary pressure di Fference._ These plants forego the uniformflow to the

finisher. The pi pellirate pindsypiaraaittorelmons, FREEMINS kD GEkioR, hws, etc.
pol ycondensat ji Yt ' 3 | OROhim .6} | ently
provi des ?ﬁe Aprfragg@g?% reéﬂ?@%ﬂﬁ%&&%\}gﬁﬁi%e mat 19?%&@%&@%5%“%2% section of
t he plant, | ncameEisbgd vodegicpehangas t'dsoihtion saged eawg) sings nopeBssiar e cont r ol

systems to pr r%\{lhiclj'gd Iﬂ@saetﬁs%ﬂlgt?nntcg i A %‘1%?@%@%&1}# sual rg:ﬂl?xera%%qngzﬁ I§ %e %¥0d%ct4 MAY
draw-off rale. Another advantage of absomption over distillation is that the diol will be
more pure, which leads to less Dy-product in the product, such as lowered DEG and less
20 coloration, Also, the by-product is reduced in the ester exchange or esterification
reactor, such as water in the esterification reactor. Waler can have a significant impact
on the reactor, and so, the esterificiation reactors can be smaller.
Process fluids enter adsorber bed 181 as stream 182 and exits in stream 190.
Stream 190 has & continuous monitoring instrument (such as an FTIR, but a single
25 wavelength would be appropriate w1th experience, and the switching could be done
with a timer after expeticnee, and monitering can be accdmplished with mannal grab
samples) that indicates when a component to be saved is exiting the bed. Until a
desired cotmponeni exits, all other components are sent via stream 190 1o sfream 184,
Stream 184 goes to a thermal destruction device such as the Heat Transfer media
. 30 Tumace, a thermal oxidizer, a catalytic oxidizer, ete. Oncs bed 18] is loaded and a
desired component fs exiting stream 190, the process fluids are sent into the next

absotber bad,



inlet perturbations. Sifige the pipe system provi c_[dé‘%g a uni form fl pw ppyt gut
addi ti ongly d}ag@gni ng and provi des the head pressure” NeC &S hifeRl OVi de
the fl ow bet'ween reactor sections, it does not need a gear punp In th

pol ycondensati on section. 5 COVBI NED ESTERI FI CATI ON Pl PE REACTOR AND
POLYCONDENSATI ON Pl PE REACTOR The i ndi viifual sections recited above

regarding the pro S d es _.fqr.esterification and
pol ycondensat i on g%%ﬁ%%gﬂ 51%@8@%%%@%%& %it:l A Selmg'gr%lghr? :ﬂaf%ﬂy Iqeded g
retrofit enbobbdiatshaiwecnided vibetremn 1 Pslveh dwredomodi Bl 198,is héAylldnai=d 7B, t he

two mai n pipe_reactor.stages of the e i.nv ion ca e.C jned into
an integral u]ﬁﬂcgsﬁ%ﬁﬁpeﬁgﬁcma gﬁ-e@?@@&i%ﬁﬂffﬁﬂﬁfﬁ@#e?ﬁm Hventi on.
The esterifi ciimpiad-dac fgserTaiddn fRlirEQRdeasat BaN 821288 heysaeim oDBkA g, pe

reactors. Reactjve nat eri;trg ll%% stored and fed frogmtank 221. Ina 15 :
preferred enmbY¥hARRIIoAqT, cargondipxide. prepn.misesinghedied] Vi sipamelil copmETIon | i ne

224. The reagisk ¥@nifk ﬂﬁbhi?;fﬁ%%ﬁﬂ%tﬁe%&éelﬁﬁ.i .ﬂnpgsa:ﬁaﬂ&&s&% 68hesfay h:om t ank -

!
221, which is an weigh coils 2 he solid PTA enters the recircul ation
line 224 wher Bseflsughss sepmedcloftuaty, hatgaarazaanaraitot Herdeasch ag et trinsfer,

esterificat oRelEaR Ofioat foly allBLE BABPEMLAENGIET sl HLHANGY 10>, 230 The

m xture enters t eat exchanger ere it is heated. The 20 i xture is
then fed to pilfeandsieinod 92 20cnvRdionalafr to hie beat exthrugeradsywtelis es sdidbetycl ed back

to line 230 t 1.nfluen p 25.. Addi.tional |1 qui ddi tives, such
as react aﬁ? S, E)gczlalﬁ’pg%ﬁsemﬁye %&‘?-?&‘&%ﬁjﬂmﬁi"?ﬁr %W@F%ﬁﬁg%%ﬁ at&;%gmi nfl uent of
punp 225. The cafifdetsonds dbwaudPaltiodfh irs:dhads ddvicough ba upsdessiuinedt fraklip ng
device 246 to faci|jtate the sol] dgéfee irrll%ﬁof tgﬁe, PTA f%ﬁ;n ank 221. The
esterificati oATFE8hETorlbE RFFSHUE SFLAE WE gt cquiipaent 330 (s gppjniamed BURpor i s
preferably sepfink® 1tvefddvefignldbbOstfgmldB differs from Figure 17A, in that an
additional vent line 229 is present. Vent line 229 in one aspect is |ocated

just prior to theThehqtineg ges romng & bed 134 gamerisihagaupopss frpg thehgdeer t ai n

aspects, reNOWEWALSY, sth W bile: hoPERRERSe T{or BRPEE uRA! Gut 8l SlralBomeact i ve
m xture flows through the additional pipe ‘reactor esterification process

228. The ef f| dlernurity efife erdiingstnesth anda werifss sddidenal wrapten Spimsal Bnal | y
xchangers 248 VST retfhikRe Tt oY B Shefif AhEal CEmp IR RERL 10 0,
and 237. The ef fidcussdly desort ted 1Pl spedtipphy dsbried compeoleyirsrte high phag, t hr ough
gear punp 238 ﬁs@%t&eﬁ(dlsteg. Kee %Xigés%ln%fl%ﬂﬁl I%Xtezl:gl)(:%?tnred by a similar device nsed in
20 stream 150. When a non-desired component is removed from bed 182 info stream 192,
a 3-way valve or multiple Z-way valves are switched and stream 192 is sent via stream
198 to the thermal oxidation device via siream 184. Aliornaiely, siream 192 could pass
through a non-cooled condenser 185 and proceed o stream 184 for thermal oxidation.
When a desired component is removed from bed 182 into stream 192, the valves are
25  switched and stream 192 proceeds fo stream 199 and into condenser 185.- Condenser
185 can be cooled with air, refrigerated water, refrigerated gas, by cxpansive cooling,
or other appropriate means. The cooled sircam 199 will fall below the saturation
temperature and the desired component will condense from the stream as a liquid. The
liguid in stream 187 is directed to the appropuiate storage container for that product.
30 Once siream 192 conlains a non-desired component again, the valves are again

switcbed so that stream 192 goes to the thenmal oxidation device. This switching



. . R3be
~(not shown in figure). This can 1 ncrease the

WO u2J46266 PCTNSO /4699# 113 at 239. Pressure, specifically vacuum in PET
and PETG processes can bef controlled using vent ori viacuum header?;r%‘fi,gung44,
and 245...Ihe, yeat or vacuum headers 243- 245 can be fed tpcﬁnﬁﬂzjﬁg%#er, such
as an H"iv' Mfurnace, an incinerator, or a thermal oxidizer. Pres e
differential between the esterification sections or zones (El/E2) and 5
pol ycondensati on sections or zones (P1/ P97 P3) can be controlled using a
pressure differential device, ,such as_a seal |eg 247, and the pressure
bet ween each HF‘“{S?\E“W’BWI desigitaad san-fienred pogeanenis sontwes wnth Bebls? 1S tolilne
control | ed usidigrhad. PBESEU RN pBkd f@t@Rty al device, 'such as a seal leg at each ..
of 241 and 242, In_an alternative enbodinent, instead of the recycle
i nfl uent comi ng f rethifcrecopienserskss i peecapbl Peowll epetinthe deshed eompoventdo b om t he
pol ycondensal jRi,cRiio6ReheidPlhs SAAARbE tenftBrafud bl st S38) 8Lfsulm bt kuient 239
iquid polymer’ uniformty. One
ski || ed -i nf t heentio th 1ty désothed bpd t85. e IBA adsartisdhey deamedeamufienthaepnns ent

i nvention can d S nt I S.. hance or
| mprove. 15 oxRErhySpPhfpEBA Y Bha NBNRLAN e, Meclfite: BtcBeABARNED °Can be
used to repl ablewer crcamprebser [ $thesrshesn WB5. hbtream Weatldomaianp inekitgaptee secti ons of

an existing plant .that js .causin t echni c or capacity limtation. In
one aspect, aff® ‘%?F'?HS%%W@H?“ g@?&%@‘iﬁ?ﬁf , or both pipe reactor .

apparatus(es) is CORG&HeHCEEH s@ifkicAlahd BEE U2 s BB ORI dbsdrbll, the bed
communi cation with a conventional reactor_ for making a ggﬁlﬂgest}%$ nonomer or

20 pol ymer? Fé&mclsnmspte, Beg I§1 tacs fsiacs o8 b3l e Bsirelar dke the
second est er L Latu.an85.08GE R t@ﬂaegﬂéqg&FB%M@ mﬂﬁgg&t sﬁ:%ﬂdrﬂﬁaéa%édeed t he

‘pol ycondensation reactor 213 at 1ts full capacity. IS situation, a

pi pe reactor 281 willbiyleserbieie Bed b& wikentahithe dasped compgnave o comiepsarflBTat i on
reactors (211 i , dey 1.1 los €8] S;It}.! LS
required in ”];%H? ?Brzs l%%ﬁ@%%%&éﬁ%ﬁd?%}n&rp g%‘c'?j 61%‘%2@,811%2&?%%%% Erﬁglglfq’:tor 215
can be i nst al leutesed thetnaxt phoge wifl befga. fi rst pol ycondensati on reactor.

Simlarly, .jackete i pe.can be added to increase disengagenent .surface area
to reduce “liquid g%‘@}‘ag?ﬂﬁ’é“r?ﬁm‘égb‘%fbﬂ?&% Ve E?SF%H‘? WE%@%@@E{&@'&W hdr awn
via |ines 216 taingd prafhded Midiigié adathepbai negwcdedéeditld eshht fondtdg eeask at he heat
transfer area. These pipin nodi,ficati ons can be ingstalle ith the plant
runni ng (the ﬁ?%féﬁﬁﬁwﬁﬁ 5?‘%&’9@%?’6‘? L S ¢ Eﬁﬁqafnd]tsym ®enough
room for the iragtad kat bOfbble@ bR edt@ingltRe 1 8 VR i@RFhvE HR-ddBsiptionldagakigeri Ng a
short shutdown, the tie-ins can be nmade, effectively adding capacity or

per f or mance eﬁh’é‘?ﬁi"errent. These pi-pe reactor retrofits can be in series or in
paral lel tg 2 4 MAY 2005

ELIMINATION OF GEAR PTUMP(S)
Most polyester plants have a gear pump between the prepolymer reactor and the

finisher reactor. The pump overcomes the pressure drop between the two reactors since
the pressure difference js not great encugh to provide the required flow, The pump is

25 also used as a metering device to provide a uniform flow fo the finisher allowing stable
operation. Some processes have been consiructed with the prepolymer reactor at a
Tgher elevation than the finisher to provide the necessary pressure difference, These
plants forego the wniform flow fo the finisher.

The pipe reactor sysicm does ot tequire 2 pump in the polycondensation

30 system since fhe design of the piping inhsrently provides the pressure required fo move
the material fo the next section of the plant, In addition, the pipe reactor has no kevel or
pressure control systems to provide upsets to the system that would be dampened by



WO (12/ 46266 PCTIUSQO /46992 112 the existing facildity CSTR or other type
conventional reactors). When the pipe reactor ret rofit is in parai M&l 7009

t he conv i | reactor, each of the respective pipe reacgtor. and
conventi%{u?{}’g‘gct or can be selectively operated, such thgh*réjlsf’”éﬁ”%nly one
of the reactors is operating at one tine, or both of the reactors can be
operated sinultaneously. 5 Alternativel yilithe pipe reactor retrofit can

repl ace the existing reactors). In one enbodinment, there is provided a

pol yest er pr odifcgdenpnsy sTiapipcsagien dinpersinlet noitpdationsa Sinoe thepincpstpnesent

i nvention retrofi QR i r Qﬁﬁg _ 1.SI.hg a
conventi onal 5%4"3}%%’? g’? reagtg‘%%&%fgggﬁlﬂkm?ﬁéﬁﬁ%h@eaﬁtﬁ#‘%na Fgglg%&%g% been
di sabl ed fr omuetmespy eductidethsdlpst Etveeh reaaoptdatons s desnot tded pgedrgupiponi ded a
met hod of tO rtﬁtrcifi tiﬁi n%?a Qitﬁ)e reactor to a conventional polyester process:.
conprising (a) FREYEPIELTHY P& pi pe reactor of the present invention in a
conventionagl polyester process conprising a conventional polyester reactor;
' As used

A
EWLLE oy LVN

herein, disabling wt QR AN

preventing the fluid from fﬁgmm@ JiT gocess, by, for
exanpl e, 1S providing a valve upstream of the inlef and downstream of the
outl et to the conveeimtiaiog sadipnyrogivd abesevrsiglingide puEcerr N8 Appargretess of f

or di sconnect | Afedifkth i ;8o AL A1 BeAA B0HEATAEABkAR [ Om the

process system | ) _ ratuses described herein, there can
be great er % haandgrieefitewbedinfeiisatdiiohbdewge or zone and/or greater than one

pol ycondensati on st%gs%{}%lg\lz“ﬁpg.ﬁi %9**%}11@?,?53@%@3%@155?%%% st%%z?. DP%EpI aced i:n

series or in parall Us™*Sec e paraneters for
desi gni ng t he pEpetmeadioocan Bysinthimddito biintgprd seniFignoy &M elerwsleoe | ar ge

plants, it may not. be sible to acquire | e enough pi di.,aneter to
construct the Y8 c@gza?ntgﬁ Bﬁée@?mt‘wg’mb‘g'r gﬁﬁ?@?‘gﬁf‘%ﬁﬂ} m@ﬁ%ﬁnﬁﬁggﬁ‘f@?m&n?ﬂ urality
of pi pe react ofeSetéRdte Bﬁh%ﬁ%&@deﬁﬂs.i Reaptfeahdt@ial isMibrdd pligedRéalid®i22pi pey 25
reactors can be installed and. con‘gligned at various locations within or

bet ween t hd® BRETred sbadimens i &5 sobid STA fadalineptlst o Zpoicplaiion i ZéciPon of the

reactor can be;kRdnAai0pRicedRld ddlitl Rterikh bSvidd 12 Rl AID2d € whikS iP4H chase of
addi tional feed systenms. The vggor lines can all go to the saxes vacuum

train. The pol yeghaeisiei ghe sdictbr enwaResirirelatondinaite whowdtio misadah
A e e R T o e
si ngl e pi pe retetugh lpe 83U cE: mhdurp olitgre $Edeatpathangar 226 wheeiiits héatdd. ghe- nononer
reactants. hn {RIQ:Nk Ben bEAS LR redoRB 38R Watt e he TR Bord Afurbrofs e 01 12A0R

line 230 to the influent of purnp 225. Additional liquid additives, such as rezctants, can

bz fed through line 240 inio preférabl}r the influent of pump 225. The effiuent of pamp

225 is fed through a pressure reducing device 246 to facilitate the solid feeding of the

PTA from tank 221. The esterification reactor can be venied at lines 23 1and 232, The

o
v

23 vapor is preferably sent to refining. Figure 17B differs from Figure 174, in that an
additional vent line 229 is present. Vent line 229 in one aspect is located just prior to
flie recirculation tee as shown in Fip. 178, to, in cartain aspects, temove water from the
process. The other portion of the reactive mixture flows through the additional pipe
reactor esterification process 228. ;[‘ha effluent from the esterification process is then

30 optionally mixed with additional liquid additives at 234; is fod through heat exchangers
233, and is then fed to the polycondensation reactors 233, 236, and 237, The effluent,
or completed polyester or poiymer, is fed through gear pump 238 and exits the sysiem



WD 02/ 46266 PCr'|U501146992 113 nononer are fed ig_at one end and pol yester
pol ymer product is outiput at the other end. This./i'§$ especiall y7? il izombl e

for po rocesses ‘that do not have separate @&sterjfi and
SERLRacd AR R ™ espect

pol ycondensation steps. In this enbodi nent, the above as

to the separate esterification and pol ycondensati on reactors and processes
are 5 applicable to this single pipe rédictor process, such as the use of a
wei r, vapor val and ljqujd disengﬁgﬁnent eonetrical orientation of

i
the pipe reé&g  Pregspre, spagifigaily; vagiupm, i ﬁi@if‘aﬁsiﬁgewﬂ%aﬁibﬁéﬂwtéﬁwor di vi des

into a.plurakinkYetorSHbRbi féddak bys 2k Al 8hs. [ iAW 0RAbhen BxheR94Rg bet ween
the inlet and the outlet thereof, and wherein the reactant flow ng through

the pi pe reddf@rn pakedds an prdiaghsush s af HTMdumacey pyinglneraorofr sfthesmat ondui t s
while flow ng;ihro a , a separate
esterificat?%ﬁ£%%p§g$%§£§§$§ﬁ§$g&ﬁfggﬁggﬁ%ﬂgg%ﬁﬁ%?ﬁﬁﬁ?%ﬁkggg%ﬁggk he sane
or a dif fier gulycpodapestioeseotonosrenopesdBHPAERY @i be comrdlled usnpopeester nonomer

~exiting the .respect.i stcrificati l.pe reactors is directed into the
first end oﬂhﬁ%E%H§F§§§%§%% SFﬁﬁﬁﬁﬁﬁggﬂgéﬁﬁﬁﬁFﬁFﬁﬁﬁ“ﬁﬂ%ﬁﬁhP?ﬁgpect, at | east
tvvodsepar a}]q:olﬁun@inymdd&gm : Eplﬁﬁphnﬁleﬁsrfﬁﬁﬁﬁ:@&a}t@ﬂed @ﬂiﬁg/%ﬂn&h@hureeach of h\/\?: C_hd
produces the, sanme qr, a different. polyester. po r, an erein eac ui
pol yest er r’m‘ﬁ%aﬁ@m"'gff”t“l’?’@““ﬁ‘ﬂéas?%é%?ﬁ“ﬁés%@taéfl%'cg’cEi“cﬂllteﬁ’iag‘éﬁ reactors is
directed to idindidédlin®esd @thedbeykRASMnON Ry £OR thd BRPEEI M Process, the

pol ycondensati on pi pe reactors. | n another aspect, the esterification pipe
react or tbnplergdasmiuent gappamefic theqrlyeerdesntivbpropsadoiorguplsias dived in

parallel to QREmAs SNt 23y (HS'E sﬁnwmr%.n%ﬁ cat} fﬁcéﬁ'&ttﬁ?fiﬁ}ﬂégﬁ em‘ the

. pol ycondensati on pipe reactor conprises luraltty of polye nsati on
‘reactors pos#tifosmés i n parallel to one another with a conmon first end. In

this enmbodi ment, g.¢ ‘lﬁa%qﬁ%gh wift sgggﬁgﬁﬁgﬁgfm?%eagﬁ%ﬁs%fftﬁﬁ ese{ the

plurality of polycondensation reactor
pol ycondensativemicnreabé vied td @nkinet eby plonsda eellat 1d ahstcetononméd er ent

| t ducts. 25 SOVE ADVANTAGES, OF PRESENT | NVENTI ON b fit of
Phe pr eodht. PRSI 10 PR RE“AYs TUTDEY FOVES R OF BRL FOPPRE: pes

construct ed baivasedsvitthad saot ed mulkiplt edctiehedTan Sxisthipeplitic e Gaaudiez 4 abri cat ed
around columms, heans, other pipes, other reactors, distillation colums,

etc. 30 Al sok® aF FEREY Grtee. [ esammect Al etRatEalice PtedEation ohr essur e
or level coBbQlipe rddtor PHREGHES isaéond btea%a £iAnghd &R Rk fiigat i on or

ester exchange reactor is controlle y the pressure’l osses due to
friction, théoBpRPlaticiesith ¥ ¢aMertioealtesstor Sir makygiadolyeate RNy o

20 polymer. For example, Fig. 5 shows possible configurations where the second
esterification reactor 212 does not have enough volume to feed the polycondensation
reactor 213 atits full capacity. In this sitnation, a pipe reactor 21 may be added
between the first and second esterification reactors (211 and 212 respectively). If
additional residence time is required in the first polycondensation reactor 213, the pipe

25  reactor 215 can be installed above the .mp of the first polycondensation reactor.
Similarly, jacketed pipe can be added to increase dismgagmnmt surface area to reduce
liquid entrainment, Vapor removed from the system is withdrawn via lines 216 and
217. Additional pipe could be added to incronse the heal transfer aves. Thess piping
modificetions can be installed with the plant running (the pipe can even be ronted o an

- 30 ontside wall to have enongh rooin for the installation} except for the two end te-ins.
Then during a short shutdown, the tie-ins can be made, effectively adding capacity or

performance enhancement. These pipe reactor retrofits can be in series or in parallel to



WO 02/ 46266 PCTI U801146992 114 contents, and the back pressure on the vapor
lines | eaving the reactor Since the goal is to reduce the pressxgjé? ﬂ;{g‘qﬁﬁhe

react or scri bed pressure profile, the reactor
to pr odu@@@ﬁgﬁgr ofile. This elimnates the need for pr egflsc&?'eadé W th

valves. But it is possible to control the distillation or vapor exhaust

pressure and add this delta pressure td'2he entire esterification or ester

exchange reactor Nearlly every aspect of the polynerization train is greatly
ity

sinplified byl edstmedecily GSTRAE ogF! BRecquvations! ittt | When tagipe reacior
| nst rument at | oo AR RN t&%hr&hmm%aof %&w dre e Qina %%au&%&c ed, and

punps, reactor agitators, reactor screws, assocl systens are
el i m nat ed. B@@emuﬁfdrreaatupgmﬁe splectbialy Qngatﬁdeﬁdmh ﬁlﬂtfaﬂlﬁmﬂym@ﬂ@ﬁhﬂ)n group, t he

10 _pi pe reactlggﬁ@g %ﬁo@%ﬁa&ﬁé attorﬁgti / &%Qﬁlu}f e}?r@%%tﬁp uau%)v élla{ﬂ l U?ttilng “"_

novi ng parts. B and t enov eseé co one romtHne pI ant
greatly retluces thﬁratemmimdy, rhoﬁipemptutmtuﬂndnmphteﬂiaemqmmmm(sjemmmaed

capital costs rr.?l‘ nce cos ut|I consu tion. tgff 'E pe reactor .’
can be wel ded® A RS %ﬁiﬂ? Wrﬁﬂﬂg fie reactor

and air Ieaka@&mﬁmhslh@senaaﬁanﬁbnre&bﬂﬁﬂbaalca@raﬁﬂmﬂgpme@ﬁuffm&@ quality. The
substanti al reductjons in equipnent and control systens rovi de

decr eased ope?fﬁﬁlﬂrﬁﬁlgéc?@f[‘éﬂ“u?%’e?‘ﬂb’?f@r Feasler. grhgreyy the F@Vﬁ?te’é'élﬁﬁﬂcfﬁ\?éﬁl”‘?@n can be
const 1 uct ed ARGt h Brbdobig el WFabiiBfg BACh 6 ESARLEy mdifEd Bl b N0 can

be shop or field prefabricate reactor sizes can be designed to
al | ow t he 1 eastrofitting e pipseacta tfb%ﬂf&lﬁﬂﬁlp@ﬂiPbﬁ’ﬂﬁtfmwﬂmﬂﬁlrlﬂﬁlk@eﬁﬂéﬁmml ng

containers, lgrri ;L n

over wei ght shﬁlp fpﬁézf"aﬁgﬂrff‘hfﬁ‘\é‘&#%m“ 940316?% C%@gﬁ@qu%%gﬁsﬁw&ﬁﬁa&fg desi gns
where the pi pnmgraMab@lmmsteaﬁamemﬂ{bpﬂMug &atcesteeﬂonahmdctmri‘mm deed in the
shop, reducing fiel C tru n ti ost . i quid

vol ume requi rg’t?c?sérg‘ﬁgfe@gffﬂérr’ gwé‘ge? q&%@‘iﬁéﬁmﬁr H G F%]F] is 25
subst anti al | yplee&sink Manthad ﬁem\f&ﬂhngaﬂaie PRt nEaHaR bropEse e sfor efghld,i onal 'y, the

anount of particyl ar - roduc duced can be reat | reduced by
utilizing'a pi’f?é“q‘ré’,c’afb‘t’”g%/ @B‘gmféﬁ@‘ é“f”é‘i‘ﬁml i one aspect of

the instant i gMRehh®R] reMﬁ*ﬁHﬂﬂBﬁEtﬁa%nn%ﬁMﬁﬁces& hﬁmﬂﬁ&{aﬁ&mg\ﬂ%@n can
achieve a level of DEGinpurity in the final “~produce of less than 1.2

wei ght per centnd prttehof e ponyepiiontl reasips fiophe proctgaEe™ o 1.0 30 wei ght
percent, in anothef, @s ﬁ:ﬁéss% afita épa?at &E&nﬂﬁ%&%g&_ M-Ewh"z]rjée e&t?rhﬂﬁnﬁfi’é"”a“ed

with a typical conven I ona ess for matin e typi cal
range for C&twmnbmylagaearebna agudfor gm@rmegiﬂ}rcpedewhm tlogcnr@owsi ght

percent | nzr}f ac[thESﬂtntr]ﬁlEplE %é:jlli‘l-lcﬂe can be pw IE 9&%%5 ar in parallel.

Previous sections described the parameters for designing the pipe reactor
systems of the present invertion. For large plants, it may not be possibles to acquire
larpge enpouph pipe diameter to construct the reactor and meet the parameters. For such
plants, a plurality of pipe reactors can._ba operated in paralicl. Multiple parailel pipe

25 reastors can be insialled and combined at various locations within ox between the
zanes. To mimmize cosl, the initisl staring s&cti{:-u of the mam? can be mixed before
splitting. This will eliminate the purchase of additional feed sysiems. The vapor lines
can all go o the same vacuum train. The polycondensation reactors can shars the same
vacuum and condenser systems., Thﬁs, the only additional equipment, and cost

30 imeurred, is the additional piping required.
In another embodiment, one single pipe reactor produces the polyester polymer
from mitial ﬁrenmonumer reaciants, In this pipe Teactor, reactants to make the



WO 02146266 1'C 1' f0501 6992 115 anmount of DEG inpurity in the final
product can be achieved siimul taneously with a drash‘ﬁ l'iquid vol pggysy 2005
reduction achi evable with'the pol yester pipe reactot -design of the I nsFant
i nvent i oY 82ERMPLES The fol | owi ng exanpl es are put fort BCTHS4E44982 provi de
those of ordinary skill in the art with a conplete disclosure and
description of how the conpounds, conpositions, articles, devices and/or
met hods cl ai ned herein are nade and eval uated, and are intended to be

purely exenpl amynddter bfeefed i ohd @ and folgsster polmeNrometed dugpk bitiid othe dhie scope

of what the inyentors rﬁ arq_a% %ﬁkg\ei i nventi on, forts have been nmde to
ensur e accuragiﬁﬂwsteﬁpeF@ gé@f icgtle FRY Rk peter pRrcgEses ARAGPOEhavE SARFE At ure, etc. ),

but sone err ofrERsicARKE ?als@cﬂﬂm%a@csﬂ stbphe IR AR UAoBRNINY the ARVESpedidimat ed
otherwi se, parts are parts by wei ght ten&grature_ isin Cor is at anbient
tenperature, affePepiiede serarnts ciferinationandrolycansisnytion wactyrs and prOREABAE | ng was

used for the d : : i i f i
e dapRicdhi! B\his %@ﬁ%&’aﬁ% P@ﬁ@s&,,sﬁ&l dsShe wRTEL r@%ﬁﬁ?agbf‘m%@nl

exanples, it is ASPEN 102, ce patch 1, wth Polyne S, and ASPEN s
PET Technol ogy#nd ligxishdRemsagepont, gsometighiEidniatoesf thepipescectpt.&tey pi pe | engt hs

apd neat xchance, ok SRll S oSALGAL e s AORE STFHBQIE o O oo
Est eri f | cat i onsiPelanitdiygenilel icwncdidpe dRicading beiwien thdinl addithteutldBEErddfant Pi pe
TR TN TN e e
Pl ant Heat 16 Ft pl2diby JS0Ay cdndcibagirfioivigithébugh the reactor, In another aspect, at least
two separate esterification pipe reactovs are provided, each of which produces the same
or a different polyester monomer, and wherein the fluid polyester monemer exiting the
respective esterification pipe reactors 18 directed into the first end of the
polycondensation pipe reactor. In another aspect, at least two separate
15 polycondensation pipe teactors are provided, each of which produces the same ora
different polyester polymer, and wherein each fluid polyester monomer exiting the
respeclive esterification pipe reaciors is directed to the first cnd of at lesst one of the
respeciive polycondensation pipe reactors. In another aspect, the esterification pipﬁ'..
_ reactor comprises & plurality of esterification reactors positioned in.parallel 1o one
;20 another with a common inlet. In another aspect, the polycondensation pipe reactor
comprises a plurality of polycondensation reactors positioned in parallel to one another
with a cothmon first end. In this embodiment, a eo-reactant can be added to at least one
of the plurality of polycondensation reactors but not to all of the polycondensation
reacions o thefeby produce at least ﬁvu different polyester products,
23
SOME, ADVANTAGES OF THE PRESENT INVENTION
One henefit of the present invention is that the design allows the reactor to be
constructed in areas that contain interferences. The pipe can be fabricated around
columns, beams, othst pipes, oﬂuar. reactors, distillation columns, ete.
30 ' Also, embodiments of the present invention do not require pressare or level
confrol. The pressuze at the bottom of the estetification or ester exchange reactor is
vonirolied by the pressurs losses due to friction, the static head from the reactor Hquid



2 4 MAY 21105 WD 02146266 P(T)i]S{11146992 t16 EXAMPLE 2 The liquid vol une
required for a polyester pipe reactor design is subs”t antially I®esppt Qﬁﬂg a
conventional polyester process. For exanple, ASPEN rfodel | ng was nho to
conpare Y& %8S nillion pounds per year PET bottle plantPChHely¥¥iits ate
set forth in Table 2 below TABLE Z Esterification Standard Plant 100 m
Pi pe Reactor 8.4 nB % Reduction 92% Yollléondensati on Standard Plant 35.6 |
Pi pe Reactor 141 nB8 % Reduction 50% Total Pl ant Standard 135.6 m _ Pipe
Reactor 22.6 pAmtenigRae e bek reosre EXERPRRSS lizes lpavine tharessies Asppke #ﬁdéﬁl ng was

nun to deter mdiesQRer rbé&ﬂre‘ﬁ? 'réa'cﬁf‘ﬁl AscriB&l ﬁersrsﬂE'}:‘fﬁfﬂE &fillchStol Ahingal | OUS

pol yesters of ‘the invention. e nodel ing was based  upon an ap ara us of
t he i nvent i onisgonBinrbdio tradyas élﬂ Pﬂ?&fﬂ@rT@WﬁlrmSaim)ﬁledmﬂrfﬂtmeSWabiﬂaEcl Wigh ow. The

h t t \A .
50 i L i 't o Rery itk fostfiedE AP o SRR, Kl oyt pigpdle Bha BREYTET 1T
1,1,2,2- teﬁratﬂmﬂacmqﬁdmanetoltﬁamﬁrmmgh’tcatﬁme}rmﬁaﬁﬁxnmmﬂahmr made at 25 deg C

using either a Visgotek Differe Madi fi.ed D f eret' Vi sconet er
LSl NG ASTM D 255 NesirYan oL g RS AP L GO 57 VeORF y of

Pol ymers wi t hracidr bf @k ?fbtsen\r’hﬁaemt he msBert ] ¥alves @hd cc@ﬁ@mbﬁﬁe%mgd are
set forth belowin Tables 3 -- 7,respectively. ----- ------ = 2 4 NAY 205
WO 02146266 PEHF qrfiglffgq_qgg@ ¢pd pupgps, reactor agitaiors, Teactor screws, and associated seal
gysterns are eliminated. Except for a pump, if one s used for a recirculation group, the
10 pipe reactor systerns of the present investion have little or even no moving parts. The
reduction and removal of these componsits from the plant greatly reduces the amount
of coniputer and control equipment required, capital costs, haintenance costs and
utility consumplion. The pipe reactor can be welded without gaskels, which reduces
emissions out of the reactor and air leakage inio the reactor, tharehy improving product
15 quality. The substantial reductions in equipment and contrel systems also provide
decreased operating costs.

The pipe reaciors of the present invention can be consirueted and mnstalled in
less time than reactor vessals. The piping can be shop or field prefabricated. The pipe
reactor 5izes can be designed to allow the reactor seciions to be shipped by standard

20 mcks, shipj:ing containers, lorries, efe. without obtaining cosily and slow cversize or
overweight shipping permits.  The prefabrication allt.::ws modular plant designs where
the piping can be constructed, pressurs tested, and insulated in the shop, reducing ficld
construction time and at a lower cost. )

The liquid volume required for polyester pipe reactor design of the invention is

25 substantially less than a conventional polyester process. Additionally, the amount of
particular by-prodncts produced can be greatly reduced by ufilizing a pipe reactor
design of the instant liveniion. In one aspect of the instant invention, wherein PET i
produced, the instant invention can achieve a level of DEG mmpurity in the final
produce of Iess than 1.2 weight perc;ant, in another aspect less than or equal to 1.0

30 welght percent, in another aspect 0.74-1.0 weight percent. This is to be confrasted wifh
a typical conventional process for making PET, wherein the fypical range for DEG
wnpurity le{rel is from 1.2 weizht percent to 2.0 weight percent. Tn fact, this reduced
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instant fmvention.

.5 EXAMPIES
The following examples are put forth so as to provide those of ordinary sldll in

the art with a complete disclosurs and description of how the compounds,
compositions, arficles, devices and/or methods claimed herein are made and evaluated,
and arc infended to be purely exemplary of the invention and are nof intended to limit

t0  ihe scope of what the ipventors regard as their invention, Efforfs have been made to
ensure accuracy with respect to nuntbers (e.g., amounts, temperature, ete.}, but some
ertors and deviations should be aceounted for. (Unless indicated otherwise, parts are
parts by weight, temperature is in °C or is at ambient temperature, and pressure is at or
near atinospheric.

15 ASPEN modeling was used for the data below. Where ASPEN modeling is

referenced in the examples, it s ASPEN 10.2, service patch 1, with Polymers Plus, and
ASPEN’s PET Technology,

EXAMPLE 1

20 Using ASPEN modeling, excmplary pipe lengths and heat exchange areas were
calculated for a pipe reactor system for each of PET and PETG. The results are shown

jm Table 1 below,
TABLE 1

Baterification Pnlycnndnnsamn
Pipa Diameter in 14 12 14 16
PET Plant Pipe f 733 1775 1905
Length Stage 1 Stage 2
PET Piant Heat £ 2200 2000
Exchanper Area
PETG Plant Pipe fi 79 TS5 255 680
Lenpth stage 1 Stage 2 Stage 3
PETG Plant Heat | £ 2200 1900
Exchanper Arca |
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EXAMPLE 2
The liguid volume required for a polyester pipe reactor design is subsfantially

less than a convenfional polyester process. For example, ASPEN modeling was rup to

5 compare to & 300 million pounds per yesr PET bottle plant. The results are set forth in

"Table 2 below, _
TABLE 2
Hsierification T
Standard Plant 100 m
Pipe Reactor 84 m’
%% Reduction o204
Polycondcensation
Standard Plant 356 m
Pipe Reactor 142 m
24 Reduction &0%
3 Total Plant
Staudard 1356 w
Pipe Reactor 326 o
% Redustion 8394
EXAMPLES 3 -7
10 Various ASPEN medeling was mmn to determine operating conditions and

performance results for various polyesters of the invention. The modeling was based
upon an apparatus of the invention of either figure 17a or 17b as noted in the Tables
below. The inherent viscosity (1.V.) is measured by dissolving of .25 g of polymer in
50 wiL in the solveni, which consists of 60% phenol and 40% 1,1,2,2-tetracholorethans

15 by weighi. The measurement is made at 25 deg C using either a Viscotsk Differential
or Modified Differential Viscometer using ASTM D 5225, “Standard Test Method for
Making Solntion Viscosity of Pelymers with a Different Viscometer.” The results for
Examples 3 —7 are set forth below in Tables 3 — 7 respeciively.
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Table 3 to Table 5, the foll ow ng can be wobserved. Wth no vapor 5

di sengagenent 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

di sengagenent in the verification sectpgfgefi the reacti on and produces a

DEG by- product of 0.94 weight percent. However, with the vapor

di sengagenment in esterification system the liquid volune is reduced from

16.2 nB down tp 8.4 nB (conpare Table 5 wth Tabl'e 3). 10 Renovi ng wat e

during the esterification process, as shown in Table 5, drives the

reaction. to ptroduce nononer but also drives the reaction to produce

addi ti onal DEG However, the |iquid volune of t he reactor is drastlcally

“reduced. In thys case, for PET, pg ' ¢ 8 ; ) €

- i ncreased rat e} of ‘ T ..ua. produgt—wrtT i%htly
hi gher DEG but mﬁth the Ii g Eg vol L @ reactor 15 reduged by aI*nst

50% This resultg ﬁmaﬁﬁﬂbs@ e ifnvest ment savi ngg and ' opérating

expense savi'ngs for PET prdduction.] 2 4 MAY m WO 02146266 PETI US01156992

122 Additionall yf,—both egrmanand 5 showjthat the DEG by- product 3. 78
wei ght  percent andfﬁfﬁﬁ%iw respectively, are | ower than fhdt
typically found u§PW&;§ﬂmﬁinveasion I rocess, which is from1.2ftq 2.0
wei ght percent |} - ' :
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Addi tionally,
conventi onal

as noted LH Tables 3-6, the reactors gre run hotter than

CSTR reactoris. In the enbodi nent shown in Tabl es 3- df#ﬁHéEwE
reactorﬁtjmﬁﬁgﬂfun at 296C, as contrasted to conventfonalC Rlneactors
which are typically run at about 262C. Surprisingly, thg altedtt ors abl e
to be run hotter than a CSTR w thout the negative side effects of increased
DEG production, as shown in the final Pkoduct data in Tables 3-6. It is
theorized that this is due to the smaller residence tine 10 in the pipe
reactor as conpared to a CSTR reactor. The hotter reaction tenperature also
enhances the process by allow ng the TABLE&sed vaporization of water off of
and out of the process. Throughout this application, various publications
are referenced._The disclosures of these publications in their entireties

are hereby incqrporated by reference t5 into this application injorder to
nore fully desqgribe the state of the art to which this invention|pertains.
It will be appdgrent to those skilled in the art that various nodifications
and .vari ationg eafr—be—trate—tn-—i e .vch$+fﬁr#w+heﬁ+—ﬁepa ting front
the scope 0Or P jeimisbemtitlio—i-ie SiniBat-Si—thad | Nventi on
will- be apparert|to those|20 skillled in the art from consideratioh of the
specification gnf j cEFrfy | nventfon  di scl osed herein- ftlis
i nt ended t hat tlhe specifif?ﬁ?ﬁﬁﬂ%nd exanpl es be considered as éxenplary .
only, with a trjue—scope ahd spirijt of the invention being indicated by the
fol | owi ng cIainF RadmbY Zggggéizz What {is claimed is: 1. A procgss for
maki ng an ester| tEEFREGRETTa of reacfants conprising: (a) proyidiiig an
esterification plpe meactpr Hlving a first inlet and a first out]l ¢t; (b)
adding the reacft aols under esterificatjon reaction conditions imt the
esterification | prpesmemcior presdsral o | PREHTEEH-RFEE TS mIng a two
phase fl ow so the ammysS ol g 1 T Ouia PErs e amtsy apor ggasq {hrough the
esterification pi ctor, whemeksi (1 he esienilcation prpe redcfor is
operated in at 11 ow rpg'r;p selecteft frbmitfie  grop egngi sting of
bubbl e flow, pl pd el ATV e dijsper sed
flow and froth fl 3 ; & ns form an
ester nonomer. P progess—ofttar mt—ywegermat—3East—a porti gn of the
ester nononer i§$ ﬁﬂ@ﬂﬁed N tThe gsterifiicati on_pi pe react Okget 0 |f gr m an
ester oligoner, | tchweet ocess ofane| gim 2 P hell conpri &l ng:
richerd Frerl ok
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(c) reacting the ester oligomer under polycondensation reaction conditions
in a polycondensation~pi pe reactor wherein at |east a portion of the
oligomer forms a polyester. 4. The process of claiml further c@nbMakiith:
(c) reacybngsdde ester nononer under pol ycondensation reagtiamgendi tions in
a polycondensation pipe reactor wherein at |east a portion of the ester
nononmer fornms an ester oligoner. 5. The process of claim4 further
conprising; (d) reacting the ester oIigoﬁ@r under pol ycondensation reaction
conditions in the polycondensation pipe reactor wherein at |east a portion
of the oligoner forns a polyester. 6. The process of claim1l wherein said
reactants conprise a diacid or diacid §aii®ior and a dial or dial
generator. 7. The process of claim6 wherein said diacid or diacid generator
is selected fromthe group_consisting of aromatic_dicarboxylig¢. acids_having
8 to 14 carbon atons, aliphatic dicarboxylic acids having 4 to 12 carpon
atons, and cy¢l oal i phatic dicarboxylic acids having 8 to 12 carbon atpns
and esters of [these diacids; and wherein said dial or dial generator s

- sel ected- from|t - TSt f: I T éE:;g;FO
-carbon atons ang—arTpratTE ororSavi g {0 20 tartom at onms. 8. Pr ocess
of claim®6 whgre¢in said dlaglfuafi{di acid gener at or and said dial or dipgl
generator are sele%?%ﬁ“?rjmmFMQNQMOup consiisting of terephthalic acif
pht halic acid, }iLsophthal napht hal ¢ne- 2, 6- di car boxylic acid,
cycl ohexanedi d |acet|c aci d,

di phenyl -4, 4" - 4'-dicarboxy|ic aci d,
2,2, -di net hyl - acid, succinic acid, glutar c
acid, la+ 2 4 ?ﬁﬂﬁﬁﬁﬁﬁﬁ?@ﬁﬁﬁﬁ:ﬁuhﬁhm&mn hy

t er epht hal at e, Gycol—i--othy-ene—ghiveo I, 4-.
cycl ohexane- di pen%ﬁuc-l,SFﬁiul, —
hexane- 1, 6-di g
met hyl pent anedi

A= 3 aamia®l O1 SIN
ycal . Bonet hyl pent anedilol - (2, 4) [ 2- o5

—all “249\ 7.7
1 A 34

I

[ foats
2- et hyl hcxanedi Qienbkes ), 12, 2@ et DY PEPpane-ur of - (i, o), nexanearor -1 1{ 3),
1, 4-di - (hydr oxyd : j - lzene, 2 P- bis-(4- hyfroxyoycl®hexyl ) - ?r gpahe
2, 4- di hydr oxy-|1, fas Bt ot tHytskycrobutanc mm2 24— T
t et ramet hyl cycll DI.S- ( 3- hydr oxyet hoxyphenyT ) - pr opane, | 2] 2-
bi s- (4- hydr oxyp fpane, isosdrbide, hydroquinone, BDS-(2]2-
(sul fonyl bi s) 4 T-ptrenyt eneoxy) ) orTstettanot )y —andm xtures tnereofr.. 91 The
process of anyj one of clains 3 to 8 wherein said ester is poly(ethyleng




terepht hal ate). 10. Thqurocess of claim6, 7 or Ssherein said diacid or
diagid generatorlare seléche? fronléhe ggoug ansisfiRg of terephmnlie ]
acid an i tereplithal ate, and sai iol is ethy . 11. The
processqg?b%ﬁ%a%ne of claims | to 5 wherein at |east one¥§?ﬁ§ﬂ%x%§%e
reactors has a neans for recycling a portion of the process fluid, and the
process conprises recycling a portion &L the process fluid to the
esterification pipe reactor. 12. The prﬁp Qf any one of claims 3 to 5
wherein at | east one of the pipe reactors as a neans for recycling a
portion of the prpcess fluid, and the process conprises recycling alportion
of the process fluid to the pol ycondensation pipe reactor. 13. The prijcess
of claiml1 | further conprising adding at | east one reactant into the

recycl ed process fluid. 14. The_ proceSe Cofolvesier (EdeviBiCHBMal ns 3, 4. pr| 5
wherei n the pol yconflensation]pi pe rjeactor hQas a plurality of zones|o

stages and the process=coapr | SEST rating 4t least two of the zongs| or
stages at- a pressuyre differeptial. 15. The pgrocess of any one of clhpips 1 to
5 further conprising ggamvkn gmort] on of {the vapor from at |east|ope of
the pipe reactors| IBmrr&mg X clai mi15 conpri sing operating!the
esterification pipej+reattor| ble or froth regine. 17. The ptofess of
claim 14 conpri si Ng{ORRLALLNY IOCHED TR ey oy o= pa s 1Y
stratified flow reglmemtas: . ; ForEferrmatdhg| addi ng
to the pipe react qr [Fepurdingg i d-from-the groun—
consisting of a cat i _Lener ElJTENT . ecar bpn| bl ack,
glass fiber, fill4r f—trpaet—tati-arr—aniioxk ; e e 2 |12
retardant, reheat |aipgheea@el alfdenyde Feduci g _COompound, HXYJden _scavehgl ng
conpound, WV absor|bipEi , ' i ovigie—dadi-tvel—biRek—ir on

oxi de and m xturgs'[thereor. } e process of clarns Tto 5,  1b, of L7 _
wherein the pipe rlegetor—is—g-sohsfantially enpty pipe. P25- 2 4 MY} 2005

20. The process off any one of claims | to 5 wherein the esterificatio
reactor is operatgd with a pressure profile between the first inlet afd the
first outlet and erein the pressure at the first inlet is greater fhan
the pressure at the first outlet. 21. The process of claim 20 whereinl|the
pressure profile i T T st
esterification pipe reactor.

* In comparing Table 3 to Table 5, the followmg can e observed. With no vapor

pi pe

5 disengagement in the verification process {Table 3 data), the DEG by-product is 0.7§
weight percent, versus Table 5 data, which does bave the vapor disengagement in the
esterification section of the reaction and prodnces a DEG by-product of 0.94 weight
percent. However, with the vapor disengagement in esterification system, the liguid
volume is reduced from 16,2 m® down to 8.4 m’ (compare Table 5 with Table 3).

16 Removing water during the esterification process, as shown in Table 5, drives the
reaction to produce monomer but also drives the resetion to produce additional DEG,
However, the iquid voiume 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 with slightly ligher DEG but with the liquid volume of the reactor

15 reduced by atmost 50%, This results in a substantial capital investment savings and

operating expense savings for PET production.




22. The process of any ope of claims 3 to 5 further_conprising controlling
the pressure between the esterification process and: pol ycondensatj o é 2005
process Wép%? seal leg in fluid conmunication with and '? (tll oned bet'Wween
the este $t%%n pi pe reactor and the pol ycondensati on g %’é Y&t or. 23.
The process of claim22 further conprising heating the fluid in said seal

|l eg. 24. The process of claim23 wherei t2the fluid in the seal leg is

heated to a boili n&@gtenperature 25. The process of claim 15 further

conpri si ng recover Figitioaalit H?WQHRWW}W@WW@WDD%]S'ETPTQ@GMMB&W@EM ant

| ean over head cess of
claim15 furt r?glﬁcg%%‘rﬁr% P ?gﬁﬁnﬁgg}% %?Fgﬁ%gu%lﬁéjy l}g&ﬁ%&g} ﬁélg%g%még’r fﬂﬁ(}%ﬁd&?

sel ect ed from@ohwwﬂﬂﬁmﬂmmlchm frawd, Ebzrriﬁrwmghmemﬁm or a ther rral

oxi di zer. 27. The praQages f. cl [ d|2| ng the -
reactant |ean over %‘edgi ““%‘Pga%%{f‘% Tzﬁﬂ%ggbrﬂgreﬂra&sel et eg‘%ffmﬁln "a heat transfer
medi a f ur nate,coaventingdl TSTR efcims. I thd disbodidenostioginde Tables3 -6 lhergaetomess of
claim25 further co recycl the.re rich tom duct to
the esterifi ca‘i’fif%ﬁm;ﬁ)%g"ﬁggﬁ“w% gﬁ‘ﬁ'ﬁn‘?ﬂ“ Bq"’mﬁ’f‘fng’ﬁé a’@f@?’ﬁf Yms 25 to
28 wherein at jqgasihopive2el, SabdstheRahaRipSrehdions GbEEPbs md Gottd ! QFEES of any
one of clainms 1 to 5 further _conprising retrofitting said pipe reactor to a

convent i onal pHitlAREHE P‘-’*%ﬁ*’b’ﬁé‘é%aﬁ%?ﬁﬂ@“ﬁﬁasqdéé@@PW@ﬂE@nﬁﬁhﬁﬁﬁgl@f’ﬁﬂ?’ed t ank
reactor. 31. A,pRREESSin PluldiBK. NYisdBAtoiailtatis /a0 tAthl khRk tdsieRle gactants
conprising: (‘a) providing an esterification pipe reactor having a first
inlet and & fi 1|-:1glne PR 1eegtor (Eipmparad i CHER reaetor. alediotisrdesction temappfeiwat | on
reaction condi f;i 0 i e o the
firat inl ot arid aomkas e riEsR S Al e i8essRl PolRERRE wREC I BB O, 0°
phase and vapomutpﬁam@rdobm/v t hr ough the esterification pipe reactor, wherein
the esterification e L& erated . in at ow regi me
selected fromthe @F alﬁlgFEIEIFﬁlémg?arﬁﬂ%ﬁl‘hém‘?tfowmd?lfjﬁn?q oxh stratified
}‘Iow wavy f|0ﬂ?ﬁcl$dubﬁﬁ urfﬂcwq;ubummgf ﬁenhufdnﬁwnamehmt;ﬁnﬁmwmﬂ@ymmmm ¢ at
east a porti on t he.reactants or n_es 4 NAY 2005
(c) reactiny qr?@ﬂlé‘iailﬂ'l’lﬁ’e?“gff%??’t?@r{ %@?@ﬁﬁﬁ@ﬁ@%ﬁﬁﬁ‘%% in a
pol ycondensatl Qﬁ}mﬁlcﬂ%gﬁﬁﬁgtor wherei n at Ieast a portion of the ester

nonomner f orms an oligoner; and
It will be apparent to those skilled in the art that various modifications and _

variations ¢an be made in the present invention without departing from the scope or .
spirit of the invention. Other emibodiments of the invention will be apparent to those
20 skilled in the art from considerstion of {he specification and practice of the invention
disclosed herein. It iz intended that the specification and examples be considerad as
exemplacy only, with a true ac:)pé and spirt of the invention being indicated by the

following claims.



(d) reacting the oligonmer under polycondensation reaction conditions in the

pol ycondensati on pipe reactor wherein at |east a portion of the oligoner
forms a polyester. 32. An apparatus for preparing at |east one eb# Ml 2005
nmononer, ester oligonmer or polyester rising a pipe reactor having an

inlet, an outlet and an interior through which reactants of at |east one
ester nononer, ester oligoner or polyester are passed wherein said

react ant s Vi daigicddstin at | east one flow regi me sel ected from the group
consi sting of bubble flow, plug flow, stratified flow, wavy flow, slug flow,
di sper sed 1. Alppoccantbr fuadiriy 4nl cster fi381 2 ilvelifp phrcattays ofmptizings 32 wherein the

pi pe reactor is an esterification pipe reactor having a first inlet, a

first outlgtprovidiiigragtesierifiedticapipaeectankhving 4 fisst inlditatd adirstfoutlepassi ng
reactants through 34 The apparatus of claim 32 wherein the pipe reactor is

a pol ycon ﬂlﬁ&é}teetremﬁéé’t{dﬂgre@ctﬁﬁ%ﬁﬂﬂnbﬁﬁ i§ito the cSE5RAMIAUL | et, a
second in mam Jator ateln'ai iREa RQ@%&%J&.@%&%&WWU%
35. The a ar d es. (a) an

est er cat| tp %tﬂ&dvﬁg% Lu"aa {Hg*ot lﬂaté”f?’?% ere first

i nner sur ﬁ %Hlp?gea Ctop s F@Fﬂdf‘Bra“ﬁﬁ §Pﬁ&%fa ¢ and (b) a

QZ_F.‘
L

pol ycondeﬁé‘%‘lifflf?@ﬁSl dlovh e, statiderilo wavy “@eﬂ'&ﬂ\ﬂmﬁut let, a
second i ﬂtﬁ@ﬁrﬂ%ﬁfﬂa@@d&wﬂ] dowapd mtheten @rk@tﬂﬂ@lﬁlﬂpa)f!&hﬂrigﬂméf%m@ t hr ough.
36, The apgarmabusngf any one of clains 33 to 35 further conprising a fluid
restricting neans affixed to at | east one of the inner surfaces. 37. The
appar at us 20The prak8s 36 clahig 11 eitierdih at fehdtiathoH@si &1l thé NG MiBRISer¢ORRERERE a Wei r
for part iyl dsverilcaGdd Mipe Fagtof tPRrRlanted@r bligltls; 38. The apparatus of claim
35 wherein the second inlet and the flrst outlet are in fluid

communi cagl ﬁ;ﬂ r%ge E?Slafcﬁ@%ﬁﬁéfscﬂﬂf " m 1 m 33 or 35 wherein the first outl et
above

Is el evatlon y rst et. 40. The apparat us of any one of
clainms 33 to 35 further risin nmegns for recirc tln at least a
o t 1 on_ofOpetaE e ST af SoRey Sder palgng et FAE ﬁ}e} %eibfs. 41, The
appar at us balycendsnration nige rgsstorwherain at leagha nartien of the ahgomesfomasd r cul ati ng at
| east a pd?ﬂl}’iﬂ%lﬁr of fluid materials, wherein the recircul ati ng neans

conprises an influent and an effluent, and wherein the effluent is in fluid
comuni cati The pdobdrsiofielaini 1 fdrtderMANipA@ing: esterification pipe reactor.

(c) reacting the ester monomer under pelycondensation reaction conditions in a
polycondensation pipe reactor wherein at least a portion of the ester monomer forms
an ester oligomer.

5. The process of claim 4 further comprising:

(d} reacting the ester cligomer under polycondensation reaction conditions in the
polycondensation pipe reactor wherein at least a portion of the oligomer forms a
polyester.

6. The process of claim 1 wherein said reactants comprise a diacid or diacid generator
and a diol or diol generator.

7. The process of claim & wherein said diacid or diacid generator is selected from the
group consisting of aromatic dicarboxylic acids having 8 to 14 carbon atoms, aliphatic
dicarboxylic acids having 4 to 12 carbon atoms, and cycloaliphatic dicarboxylic acids
having 8 to 12 carbon atoms and esters of these diacids; and wherein said dicl or dicl
generator is selected from the group consisting cycloaliphatic diols having 6 to 20
garbon atoms and aliphatic diols having 3 to 20 carbon atoms.

8. The process of claim 6 wherein said diacid or diacid generator and said diol or diol
generator are selected from the group consisting of terephthalic acid, phihalic acid,
isophthalic acid, naphthalene-2,6-dicarboxylic acid, cyclohexanedicarboxylic acid,
cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic acid, dipkeny-3,4'-dicarboxylic
acid, 2,2 ,-dimethyl-1,3-propandiol, dicarboxylic acid, succinic acid, glutaric acid,



42. The apparatus of claim41l wherein the recirculating neans effluent is

| ocated proximate to the first inlet of the esterifcation pipe éiﬁgqt:(oi 43.
The apparatus of clains 32 to 35 of2®B7 further conprising a mean 005
venting, degassing or renmpoving vapors fromat |east a portion of the
interior. 44. The apparatus of claim43 wherein the venting or degassing
nmeans conpdipireasidimzelpig geid, shacip peid( diyneghyl torephthadsighigdepegly¢d)) a [ near
stand pi pdidtigénsglyeol,itjethplenn glyasinh@ryclobpuneaidonethandli prapagiet hs-divé, vapor

pat h; (c) pantamni bididahexshen dh-diioh @ccpeapasigchlybnteilgdpdnyanatiol-(2.4he- pi pe reactor
and f or meghetiylpdnfin@diot-Ond), gi2oberisebilbanswadion( 1,3, fletiythoxenetiol (¢S5 on with

t he adj acemt dis@ipr&fne AiolFUBYURRAAAIIIY 1 B R 1{4-83{hyfioksétheoptbeamenn2 Bl Ui d
communi ¢ ai0R-WWdkdkyERGolRkDB-th&ARE O 4-dhydARGONH 3 B hARLFPURIGRldnE, the first

section a ' grﬂ . | @t Iy i in plan
o i R SN e
conpl i mentﬂ% gﬁ ragloa)ﬁ}f Ve ﬁﬁgﬂg 'S onfs |§_E the*Third section is
oriented EHOErRRSPAFIEPEY &VH@E@H WESHEPTHB- | i nearity causes all
or nost of the liquid droplets in the vapor to inpinge on sone surface of
the vent @i Phtprocess of ayy enepfedaine d ta Sovhesain sejd gsier @ém%éﬁé&l@w from an

educt or, &erephbedaicl.an exhauster, a venturi nozzle, or a jet. 45. The
apparatus of clainms 34, 35 or 37 wherein the pol ycondensati on reactor has a
pl ural ity 10f TwOf©6sss 8f flgis 60T os@ohteissamhéiacilvr dizhgnbataatd nodtdly a

rel ative Bfoased geoupdichbieienéf alepRMaliviied fhddieneBfd berk@ihdlste ARG skidoned bet ween

and in flydgic ggtdlon Wi th each zone, stage or section for controlling
the pressure between reactor sections. 46. The apparatus of claim 37

wher ei n at, .l .2ast | e ' flow . iayerter. The
appar at us ;éfwgggfw%{ee %%?E%Helr%%%ﬁl%s e ?g%?(gﬁl%nr a?g%%st ream of
the ve: . bite DAl el bies o) o wﬂ?ﬁﬂﬂﬁ?ﬁﬂgw@@w fel ative to
a | engt h Kefgeling 2 potHap pf the nrogess widdo Hisesierfisafionges f%8HE bet ween the i nl et
and outlet thereof. 49. The apparatus of any one of clains 32 to 34 having
a neans fde. Hmmcgﬁspﬁ@nymwacnftcgnmﬂimﬁﬁﬁ@mpfelemau@ of the Bine Fmdotappar at us of
cl ai m 49 hhea aicang foe rdepelitigraportam ef the ppocesefuidtankdabs proogss cofprissa) a j acket
around an réxtkig ®porsion batte pehcekdiuiditp eherpbabotdenshiethpipefdani®s an annul ar
space through which a heat transfer nediumis circulated; izg 2 4 MAY 2DD5
13, The process of claim 11 further comprising adding at least one reactant into the
recycled process fluid.

14, The process of any one of claims 3, 4, or 5 wherein the polycondensation pipe
reactor has a plurality of zones or stages and the process comprises operating at least
two of the zones or stages at a pressure differential.

15. The process of any one of claims 1 to 5 further comprising removing a portion of
the vapor from at least one of the pipe reactors.

16. The process of claim 15 comprising operating the eslerification pipe reactor ina
bubble or froth reginie.

17. The process of claim 14 comprising operating the polycondensation pipe reactor
in a stratified flow regime.

18, The process of claim 1 further including adding to the pipe reactor at least one
material selected from the groun consisting of & catalytic material, colorant, foner,
pigment, carbon black, glass fiber, filler, impact modifier, antioxidant, stabilizer,
flame retardant, reheat aid, acetaldehyde reducing compound, oxygen scavenging
compound, UV abserbing compound, barrier improving additive, black iron oxide and
mixtures thereof.

19. The process of claims 1 to 5, 16, or 17 wherein the pipe reactor is a substantially
empty pipe.



(b) a plurality of electrical heating conponents w apped about the exterior
surface of the pipe reactor; or (c) a heat exchanger along at |east a
portion of the pipe reactor whereby the reactants are passed to grwgi
tenperature back up as the by-prodi#€t vaporizes. 51. The apparat%r g aim
50 wherein the heat transfer nmediumis selected fromoil, water, vapor, or
m xtures thereof. 52. The apparatus of any one of clainms 32 to 34 wherein
the pipe reactor is divided into a plurality of substantially parallel flow
condui t s 8Q{Emfﬁ$5béf Yo slaing Lo arrdwr%éw@ﬁw BeaHandpippeacighty wher ei n
the react aneretefl Vgt mpresswroprgfile Yrawesinghe fiesh inletrand sbasfirst putlat ghd shereémst one of
t he pl ur athetpyressfirefat dw finsnidlet fssgrodten tharf thewiresguuee it hedhsttdwglet.r eact or. 53. The
apparatus of claim50 wherein the heating nmeans further conprises a heat
transfer medite wofdsk of clais 2@ whba hg peessutp profilb eadsiablisaslitsra medi a | oop

t hrough V\Aﬂ‘ty&jﬁs‘raﬁc ﬂeEs’iﬁeﬁ%fc@%ﬁE&t&rﬁicﬁﬁﬁi% e ansfopr nedia is passed and a
return heat transfer nedia | oop throu whi ch a second stream of the heat

transfer gg @e ARBPEH ol o HDSS mlesef H&I%csar transfer media

stream be| n fer medi a
stream tR a\f"’reﬁlﬁ Wr"'teﬁgig? '%Hf’elﬁ%imcg @é’%% P ‘;ﬁﬂ ﬁgﬁ's “5 g&‘%&flrst heat
transfer ﬁigdp ositfme P'é’feeﬂel?ft 5T st ream i s
passed; (BM ﬁlﬂéﬁbﬁﬁﬂd%tm‘tﬂl%@fl@ﬂ medi a header through which the second
heat transfer nmedia streamis passed, (c? a first heat transfer nedia

sub- | oop, 2BhIsughcashptélainh @2 hather corapisieg hentid g sharbhyid esaipasddag, from t he
first to the second headers, respectively; (d) a control valve in fluid

comuni camonhe/prhbesausahmwddﬁm OF fluiinhBesel fgdfdedtétbto  boikidg sub- | oop;
wherein t hgnprgagure of the first heat transfer nmedia streamw thin the fast

header belng greater t han t he pressure of the second heat transfer nedia
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transfer media streamto the heat _transfer medi a, and to al so control
the tenpePallfyEos#Hobs u? r pofEpTiEng oXidizing 10 remeNes VapRIdaftbei ng passed

t hrough t ﬁ'éldlﬁei‘ pelected, mcﬁoipﬁaf wapsfermesdigphiuiage. st Beinetamt o 8 tharmat her
conpri si ngxidi=). a second heat transfer nedia sub-1oop fornmed separately of
the first sub-loop and in fluid communication therewth; and

27. The process of claim 25 further comprising oxidizing the reactant lean overhead

product in an oxidizer selected from a heat transfer media furnace, an incinerator or a

thermal oxidizer.

28, The process of claim 25 further comprising recycling the reactant rich botiom
product to the esterification pipe reactor,

29. The process of any one of claims 25 to 28 wherein at least one of said reactants is
glycol,

30. The process of any one of claims 1 to 5 further comprising retrofitting said pipe
reactor to a conventional polyester process having at least one continnous stirred tank
reactor.

31. A process for making a polyester from a plurality of reactanis comprising:
{a)} providing an esterification pips reactor having a first inlet and a first outlet;

(b) adding the reactants under esterification reaction conditions into the esterification
pipe reactor proximal to the first inlet and forming a two phase flow so the reactants
form a ligquid phase and vapor phase flow throngh the esterification pipe reactor,
wherein the esterification pipe reactor is operaied in 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 monoemer;



(b) a second control valve in fluid conmunication wth the second sub-1 oop;
wherein the second control valve selectively directs at | east a portion of
the first heat | xP~ 2 It MAY 2005:2éransfer nmedia streaminto thd Mechid
sub-loop to control the tenperature and the pressure of the heat transfer
medi a bei ng passed through the second sub-loop. 55. The apparatus of any one
of clains 32 to 35, 44, 48, 50 or 51 wherein said pipe reactor is a

subst ant i dt) rpactimgttie miopemesédepayeqndensatios reaftiod ainditB®s firuat her conprising a
seal | eg ipalfchhdchsednipip gasthowheraint 41 lanics potibh bbihe dseeinvaemet faems
esterificahioligo@eR@ndeactor and the pol ycondensation pipe reactor for
controlling the pressure between the esterification process and

pol yconder;{a)a,teha 98 Shider [y ARBH: A St ngqllcghggugg whgeein the seal |eg
compr i ses 1§ tﬂagrﬁl%ﬂerhﬁgfi\{l&@h tidist oo bt Qg i, go0ar at us of

claim 57 ositioned adj acent
to the sed®™F tﬁ 59 The apparatus of claim 57 V\/nerer n said heating neans is
a heat exchanger positioned, in L}I ne with the seal le 60. Thei par at us of
cl ai m 43 Pdr CAEPPEBWE FOIRRATAL Rb AT oG FSIPBNRRTIESFTAiZOENE & PALYSSHt he
renoved v&ROIPTiSHERAGIPE wastenkaving an iakh sovaitlped asringtier thagnghaviielact ant ri ch
bot t om pr odastints @lat lEkeramstr atonemef, cetbdligo@®r whpolgtstersed dassebovery neans
conpri ses wiierdinasitl reapentf are seavtatldu atcledsn v flow staimppelected fiwmmthe rrapn xed

gl ycol andonEngigif bubbldfow, @lug Idve, shiafibédfion, wivycll@iehaofldw) difeisedonpr i si ng
a nmeans f Qg hIThw. eactant lean overhead product wherein the oxidizer
Is sel ect ed from a heat transfer medi a furnace an incinerator or a thernal

oxi di zer . %Q Qﬁﬂhe et ﬁ-&%&ﬁéﬂﬁhﬁ g@@?&cfu?r
oxi di zi ng eac lfﬁ»@ QVer ﬁ S rf‘é'ﬁ n%_t L | S Sel ected
froma heal PEAiUPPlhafit iFha m%rr 2055 B frBRMIAS oxi i zer
64, The adﬁ%ﬁ%’r‘%@f%ﬁhany one of clains 32 to 35, 38, 44, 46, 53, 56 or 60
wherein said pipe reactor is retrofitted to a_conventional polyester
process hadh Bbe anparatessef oddgim 32cwhereinibeipips reactasds a pelkcondsrdation 78%. The
process oftestaihavibgwrecmidinksiaceesdantlet, oatiood ipigpeurfareandm sesondper at ed i n
t he pl ug iftedur foe gesying rBactantdwhrq@rohcess of claim 15 wherein said
esterification pipe reactor is operated in the stratified flow regine.

35. The apparatus of claim 32 wherein the pipe reactor comprizes:

(a) an esterification pipe reactor having a first inlet, a first outlet, a first inner surface
and a first interior for passing reactants through; and

(b} 2 polycondensation pipe reactor having a second inlet, a second outlet, a second
inner surface and a second inlerior for passing reactants through.

30. The apparatus of any one of ¢laims 33 te 35 further comprising a fluid restricting
means affixed to at least one of the inner surfaces.

37. The apparatus of claim 36 wherein the fluid restricting means comprises a weir for
partially blocking the flow of the fluids.

38. The apparatus of claim 35 wherein the second inlet and the first outlet are in fluid
communication.

39. The apparatus of claim 33 or 35 wherein the first outlet is elevationally above the
first infet.

40. The apparatus of any one of claims 33 to 35 further comprising a means for
recirculating at least a portion of fluid materials in at least one of the pipe reactors.

41. The apparatus of claim 33 or 35 farther comprising a means for recirculating at
least a portion of fluid materials, wherein the recirculating means comprises an
influent and an effivent, and wherein the effluent is in fluid communication with the



67. The process of claim 14 wherein said pol ycondensation pipe reactor is
operated in the plug flow regi ne...
! 2 4 MAT 2003

caterification pipe reactor.

42. The apparatus of claim 41 wherein the recirculating means effluent is located
proximate to the first inlet of the esterification pipe reactor.

43. The apparatus of claims 32 to 35 or 37 further comprising a means for venting,
degassing or removing vapors from at least a portion of the interior.

44. The apparatus of claim 43 wherein fhe venting or degassing means comprises at
least one of:

(a) a linear stand pipe;

(b} a linear stand pipe having a liquid entrainment separator in-line with the vapor
path;

{c) a non-linear stand pipe disposed vertically above the pipe reactor and formed of
three contiguous sections each in fluid communication with the adjacent section, a
substantially vertical first section in fluid 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 fo the second section and oriented at
a complimentary angle relative to the second section fhat the third section is criented
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) a pressure decreasing device selected from an educter, 2 siphon, an exhauster, a
venturi nozzle, or a jet.

45. The apparatus of claims 34, 35 or 37 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 conirolling the pressure between reactor sections.

46. The apparatus of claim 37 wherein at least one pipe reactor comprises a flow
mverter,

47. The apparatus of 46 wherein the flow inverter is proximate to and downstream of
the weir.

48. The apparatus of c¢laim 32 wherein the pipe reactor relative to a length has
alternating linear and non-linear sections between the inlet and outlet thereof.

49, The apparatus of any one of claims 32 to 34 having a means for heating the
reactants in the pipe reactor.

50. The apparatus of claim 49 wherein the heating means comprises at least one of;

{a) a jacket around an exterior surface of the pipe reactor which defines an annular
space through which a heat transfer medium is circulated,
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{b) a plurality of electrical heating components wrapped about the exterior surface of
the pipe reactor; or

{(c) a heat exchanger along at least a portion of the pipe reactor whereby the reactants
are passed fo bring the temperature back up as the by-product vaporizes.

51, The apparatus of ¢claim 50 wherein the heat transfer medinm is selected from oil,
water, vapor, or mixtures thereof.

52. The apparatus of any one of claims 32 to 34 whertein 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.

53, The apparatus of claim 50 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 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, the heat transfer media control system including:

{a) a first heat transfer media header through which the first heat transfer media
sfream 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 snb-loop, through which the heat transfer media may be
passed, from the first to the second headers, respectively;

{(d} a control valve in flnid commumication with a selected one of the headers and the
first sub-loop;

wherein 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 the conirol valve is used to selectively direct at least a portion of
the first heat 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.

54. The apparatus of claim 53 further comprising;

{a) a second heat transfer media sub-loop formed separately of the firgt sub-loop and
in fluid commmunication therewith; and

(b} a second control valve in fluid communication with the second sub-loop;

wherein the second control valve selectively directs at least a porlion of the first heat
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transfer media stream into the second sub-loop to control the temperature and the
pressure of the heal transfer media being passed throngh the second sub-loop.

55. The apparatus of any cne of claims 32 to 35, 44, 48, 50 or 51 wherein said pipe
reactor is a substantially emmpty pipe.

56. The apparatus of claim 38 further comprising a seal leg in fluid communication
with and positioned between the esterification pipe reactor and the polycondensation
pipe reactor for controlling the pressure between the esterification process and
polycondensation process.

57. The apparatus of claim 56 wherein the seal leg comprises a means for heating
fluid in the seal leg,

58. The apparatus of claim 37 wherein said heating means ig a hgat exchanger
positioned adjacent to the seal leg.

59. The apparatus of claim 57 wherein said heating means is a heat exchanger
positioned in line with the seal leg.

60, The apparatus of claim 43 further comprising a means for recevering reactants
from the removed vapor to form a reactant lean overhead product and a reactant tich
bottom product,

61. The apparatus of claim 60 wherein said recovery means comprigses at least one of
4 water column, a stripper column or a mixed glycel and monomer column.

62, The apparatus of claim 60 further comprising a means for oxidizing reactant lean
overhead preduct wherein the oxidizer is selected from a heat transfer media furnace,
an inginerator or a thermal oxidizer.

63. The apparatus of claim 43 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.

64, The apparatus of any one of claims 32 to 35, 38, 44, 46, 53, 56 or 60 wherein said
pipe reactor is retrofitted to a conventional polyester process having at least one
continuous stirred tank reactor.

65. The process of claim 1 wherein said esterification pipe reactor is operated in the
plug flow regime.

66. The process of claim 15 wherein said esterification pipe reactor is operated in the
stratified flow regime.

67. The process of claim 14 wherein sald polycondensation pipe reactor is operated in
the plug flow regime,




