WO 2009/ 009030PCT/ US2008/ 008336 MUILTI - LEVEL TUBULAR REACTOR W TH
VERTI CALLY SPACED SEGMVENTS 5 BACKGROUND OF THE | NVENTI ON 1. Fi el d of

t he | nvent w@ogvovezo This invention relates to react or spd952008/008336
processing |iquid-containing reaction nediuns. In another aspect, the
i nventi on concerns pol ycondensation reactors used for nelt-phase
production of polyesters. 102.Description of the Prior Art

Mel t - phase pol yneri zation can be used to produce a variety of

pol yesters, such as, for MULTpLEVELTYBULWARREAGTERIME at e ( PET) .
PET is widely used in bever ¥RTICALALY SRACHDNSEGMENASners, as wel |
as in synthetic fibers and resins. Advances in process technol ogy
coupled with increased 15 denmand have led to an increasingly

conpetitive nmarket for th t d sale of PET. Therefore, a
| ow- cost , hi @ﬁé\‘(ﬁ&‘ggﬂhﬁﬁmmvkwlﬁﬂoduci ng PET is desirable.
Ceneral ly, nelt-pRase pideFitRE IRVE&HER i on facilities, including
those used to make PET, enploy an esterification stage and a

pol ycondensat i on Zdisstiaygntionn relatese de efeaciarat fasnpEacegeing p bayidwontaiming
mterials (1 gaoioheab@Ral & e \FOWAINET Looga! Y4ib N JBARE" Soncens

and/ or ol i goners. pol yconde 'on s , polyester nonorers
exi ting the psiyepniensHiioanreattageusedforomelephast prodoctiorpol polwestersoduct

havi ng t desiredq fin aver.age ain.lepgth. I'n many -conventi onal
el t - phalié pol yester p 8&_&5‘??‘8% qf;lgfelilg'i'?reg',gl 25 esterification and

pol ycondensati on Meit-givddd esbhaHérizaliopNeaAr beDusedeeh prodiild \a agirieft asf
reactors, such as, for exanple, continuous stirred tank react

(CSTRs) . HowbobiestarsTrechas Bf irxAMR neely sty iepe dgrapiNieaiatecli Or sPRAVe
a nunber of QraNbAES ihNversdt, 884! %nd 'Btﬁé?ctfo‘?ﬁé“iﬁ?rls?%e'\kéﬂ as in synthetic

operating, and/of maintenance costs for the overa pol yester
product i on 30bérscand resinforAdyaneesan processetichnplogy cyipled with innwased

Lo P80 e Bk S5 BN R B et B Bldbucton ana
' sale of PET. Therefore, a low-cost, high-efficiency process for producing PET
is desirable.

Generally, melt-phase polyester production facilities, including those
used to make PET, employ an esterification stage and a polycondensation
20 stage. In the es?eriﬂcation stage, polymer raw materials -(i.e., reactants) are
converted to polyester monomers and/or oligomers. In the polycondensation
stage, polyester monomers exiting the esterification stage are converted into

a polymer pl:oduct having the desired final average chain length.
In many -conventional melt-phase polyester production facilities,
25 esterification and polycondensation are carried out in one or more
mechanically agitated reactors, such as, for example, continuous stirred tank
reactors (CSTRs). However, CSTRs and other mechanically agitated
reactors have a number of drawbacks that can result in increased capital,
operating, and/or maintenance costs for the overall polyester production
30 facility. For example, the mechanical agitators and various control equipment
typically associated with CSTRs are complex, expensive, and can require

extensive maintenance.



WD 2009/ 009030PCT/ US2008/ 008336 Thus, a need exists for a high
efficiency polyester process that mnimzes capital, operational, and

mai nt enanceocRsd@oshi | € mai ntai ni ng or enhanci ng pr oductcGuahisiidsszo
SUMVARY OF THE | NVENTI ON I n one enbodi nent of the present

i nvention, there is provided a process conprising subjecting a
reaction nediumto a chemcal reaction in a reactor conprising a
vertically elongated header and a plurality of vertically spaced
~horizontal |l y el ondded a ewerdoexstgfents highpéffidiehoy gralyestee mtoogssl @hat

outwardly fromthe header., The reaction nmediumiflows, through the .
hondor and { MNFBZeY SRPEAL abRraloRen wi riteRBhs SR ts Mhie Jaeiatining or
t hrough the ephahihg p‘FB@Jch@gm'ypn nmedi um enters and exits at | east

one of the reactor segnments through the header. |In another enbodi nent
of the present invention, there is provided a 15 process for mnaking

pol yet hyl gne §Lﬁﬁﬁl¥fﬁ‘h@lﬁﬁ'ﬁE(lﬂ@§NTl process conprising: (a)

i ntroduci ng a polycondensation feed into a pol ycondensation reactor,
wher ei n t he pol ycdmdenes @nkoedimeat] df othes presesdcinventiomedthere iia priogided a

enelon e R RS RS AThERh RERA 6 FRRuERhey i
subj ecting t heacteacomprisiag arweitically @lggjaled héadentndra plurklity ofeasicslly
AR RCEENCE LM Al M LN A 1 W
coupl ed 419 apRgnexUgNRbACtHRURSEIEH YT e8adilon Mearas fowsahfduhH R header
header provides fluid conmuni cati on between the reactor
and the reactor segments as the reaction medium travels through the reactor.
The reaction medium enters and exits at least one of the reactor segments
through the header.
In another embodiment of the present invention, there is provided a
15  process for making polyethylene terephthalate (PET), the process comprising:
(a) introducing a polycondensation feed into a polycondensation reactor,
wherein the polycondensation feed forms a reaction medium in the reactor,
wherein the polycondensation feed comprises PET having an average chain
length in the range of from about 5 to about 50; (b) subjecting the reaction
20 medium to polycondensation in the reactor, wherein the reactor comprises a
vertically elongated header and at least two horizontally elongated vertically
spaced reactor segments coupled to and extending outwardly from the
header, wherein the header provides fluid communication between the reactor
segments, wherein the reaction medium passes downwardly through the
25 header as the reaction medium travels from an upper one of the reactor
segments to a lower one of the reactor segments, wherein the upper and
lower reactor segments comprise respective upper and lower elongated pipes
and respective upper and lower internal trays, wherein the upper and lower
pipes and trays are substantially horizontally oriented, wherein the upper and
30 lower pipes each have a length-to-diameter (L:D) ratio in the range of from
about 2:1 to about 50:1, wherein the upper and lower trays each have a
length of at least about 0.75L relative to the upper and lower pipes
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segnents, wherein the reaction nmedi um passes downwardly through the
25 header as the reaction nmediumtravels from an upper one of the

react or segiboiod@ea | ower one of the reactor segnment spewWheiRlhbssbhe
upper and | ower reactor segnents conprise respective upper and | ower

el ongat ed pi pes and respective upper and |ower internal trays,
wherein the upper and | ower pipes and trays are substantially
hori zontal ly oriented, wherein the upper and 30 | ower pipes each have
a | engt h-t o- despestieely( WhB)eim #id reaction hediandibwef o tremupteErdandlotver drays

about 50: 1, wherein the er, apd | ower tr.ays each.have I t h of
at least aboSEngapaway IPM the Beaqer Whsieindh Teacis Bresiun Tigys of the
2009/ 009030PEbttbfrsXARE APpBEB and dSRsGibyE h¥neralig k®lardithe heaast, vierein the

medi um fl ows on the upper and | ower trays generally away fromthe

header, wher &3fctioReMagidn; ontere dndnekitod East weepst tben reACioR csagiments
and | ower g pi n |1 r e hea rekin LONgir i
medi um en?er?ﬁgHgﬁejﬁas g?é(?%@ssaﬁgﬁne( ft eOVF\éYg toérl s%’gﬁg'ﬁﬁa@ liquid
t hrough t he kreldendensationcprodachfrom e arepctodomihesgiol thel pglycandensation

ol yoondensaPlael eBaliTbet BT, haflub BRARaehsRaf Bodfnat inat 'rostahat
that is at | d@sjreateptiiarl thegaeatge chamnlehth alvibedBET di thenpbiyogideradation

the PET in t ec{)ol ycondensation feed. 10In still another enbodi nent
of the preseff®d-nvention, there is provided a reactor conprising a

vertical §y el ongajpskingdstrér emndodintni bhtid YreRbntiptehtic, tivers RepRSided a
hori zontal | y el ongated reactor segnents coupled to and extendi ng

outwardly fréeacterecormrtiasing awertically elangatad hradereand o Plusajit of yertioaly
a proxi mal - egf, CHRLAIoAEIN WorllzAdE red8r Reghiintd BUPIeTPRC EHd [ &REMdIRG

header .
outwardly from the header. At least two of the reactor segments have a

proximal end coupled to the header and a distal end spaced from the header.
15 Each of the reactor segments comprises an elongated tubular member and a
tray disposed substantially within the tubular member. The fray extends along
at least one-half of the length of the tubular member and divides the interior of
the tubular member into upper and lower chambers. The upper and lower
chambers are in fluid communication with the header at the proximal end.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Certain embodiments of the present invention are described in detail
below with reference to the enclosed figures, wherein:
FIG. 1 is a schematic depiction of a multi-level tubular reactor
25 configured in accordance with one embodiment of the present invention and
suitable for use as a polycondensation reactor in a melt-phase polyester
production facility; |
FIG. 1a is an enlarged side view depicting an alternative configuration
for introducing a feed stream into the reactor of FIG. 1;
30 FIG. 1b is a top view of the alternative feed introduction system
depicted in FIG. 1a;



15 Each of the reactor segnents conprises an el ongated tubul ar nmenber
and a tray disposed substantially within the tubular nenber. The tray
ext ends al ggoatoobdast one-half of the length of the tulégsoisRoEsE
and divides the interior of the tubular nenber into upper and | ower
chanbers. The upper and | ower chanbers are in fluid comrunication

wi th the header at the proximal end. 20 BRI EF DESCRI PTI ON OF THE
DRAW NGS Certain enbodi nents of the present invention are
descri bed i n det aiflGbelcois ai séctivabkeeadcdewooft the alletnatieel feed untsduction
wher ei n: " t Fl 1.is1a chsﬁg;tlcd iction of a multi-|evel
tubul ar reactyPtesd tRkeH ?ﬁ?ﬂ%’&ei r‘?‘i“c@ 1 Fal@e?Ud t h one enbodi ment of
the present inventAign 2ng &uistn@rhauéOdeplsmraSofaapmmww@ert&bniaenreactor
reactor in a nelt-phase pol ester@ﬁroductlon facilit FIG la

i s an enl ar g&@N8gerEd NP @r’i‘og}qre@rﬂg?‘i“wr%&%ﬁh%ﬂ%‘ﬁ%ﬂ“‘f%}t'on
i ntroduci gg aanfdeﬁ.ﬁta%H %‘rﬂsbrﬁéjayﬁﬁrcbﬁaéﬁﬁtloﬂfregbﬁr ita C{épl gﬁgaé :br?!y%ls(&;r

top view of the alternative troduction system

la; WO 2009/roodediopdarilityS2008/ 008336 FIG 1 c is a sectional
end view of the alternative feed introduction system taken al ong
line 1c-lc in FIG la; and FIG 2 is a schematic depiction of

a mul ti-I| evelDETAILED DESORIPTIONNf i gured in accordance w th another
O o e RS eT T i e b et S et
facility10 configured in accordance with two embodlments of the present invention. The
configuration and operation of the reactors depicted in FIGS. 1 and 2 are
described in detail below. Although certain portions of the following
description relate primarily to reactors employed in a melt-phase polyester
production process, reactors configured in accordance with embodiments of
15 the present invention may find application in a wide variety of chemical
processes. For example, reactors configured in accordance with certain
embodiments of the present invention may be advantageously employed in
any process where chemical reactions take place in the liquid phase of a
reaction medium and a vapor byproduct is produced as a result of the -
20 chemical reaction. Further, reactors configured in accordance with certain
embodiments of the present invention may be advantageously employed in
chemical processes where at least a portion of the reaction medium forms
foam during processing.
Referring now to FIG. 1, one embodiment of a multi-level tubular
25 reactor 10 is illustrated as generally comprising a vertically elongated header
12 and a group of horizontally efongated vertically spaced reactor segments
14 coupled to and extending outwardly from header 12.
Header 12 generally comprises an upright tubular shell 16, a pair of
end caps 17a,b coupled to opposite ends of shell 16, and a plurality of flow
30 diverters 18a,b,c disposed within the internal volume of header 12, A first
vapor gap 20a is defined between flow diverters 18a and 18b, while a second
vapor gap 20b is defined between flow diverters 18b and 18c. Header 12
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DETAI LED DESCRIPTION FIGS. 1 and 2 illustrate exenplary nmulti-|evel
tubul ar reactors 10 configured in accordance with two enbodi ments of

the presen{yd Avgmbdsen. The configuration and operation gdr/iid¥8es0s336
reactors depicted in FIGS. 1 and 2 are described in detail bel ow.

Al t hough certain portions of the follow ng description relate
primarily to reactors enployed in a nelt-phase pol yester production
process, reactors configured in accordance with enbodi nents of 15 the
present i nvemefinas a&;ap‘oir roditlaipp? iimalppememmcap Wi7deandoa ilquigd prodatteratied 24

Certain_ embodt HBHESS cehd /By QBRI GERERER agoleaviraLedsreally

enpl oyed in gaR¥ced OSAinghaRat @P@\ﬂﬂéaﬂwﬂeé&hhﬂhﬁzaﬁléhebm itie tikR:rnal
| i qui d phase of a reaction nedium and a vapor byproduct is produced

as a result dPUMR ofheadeniléaand e orep ofiRadier segreaiisots ceupled dortbe
i n accordgncg;dy dfhfiet 3bn enbodi nents of the present invention nmay
be advant ageousl y enployed in chem cal processes where at |east a
portion of the reéctheremiatiionent diusdrateshin dilGi g qmleﬂcﬁissnfr’@ader 12 is a

eactor 101 SobPehliiva verfed cRBATTRIY SuifrEibeer in AR ertve
el ongat ed heatiesodirdentndheall gasam bé ahmmwlytabhgateucmgmhedzemén lepling/ a

spaced reactor seg nts 14 coupl ed to nd extendi ng outwardly from
header 12, Variety}elproRs sectional sAGUERRRs | Bcb Bridhavighcati o oval).

shel | 1640a patthePisHRNtecARS ﬂa&ﬁhbv&@lﬂer@éﬂ? Qe&%PéhéﬁtaﬁBﬁ'S ber e&Bﬁiplle
16, and a plurality of flow 30 diverters a, ﬁose hin the

i nternal vol U?%C@thaié‘é&eq’f efongation ¢fs&hel}a1§d?arg@f§ea®wlt 0 @t@qutﬁ@dabout 15,
bet ween fl ow pls ':I&q?@é]d 18b, while a second vapor gap 20b is
defi ned between w drverters 18b and 18c. Header 12 WO
20091009030PCT/ USkD i8¢ @pdxgliiment illustratedvpbiG.odf head@r? 12 rhag pemagintm

cap 17a and a_li t out| e i lower end cap, 17h. e, side
of "header 12 g bRl iRt Rgeglerdfin e s huRbineAB R 400; HEbhe
provi de {% UI erbeaimentc abhosr bzhaeenhéubm t‘omllﬁfmﬁﬂi W)Oﬂalﬁﬂﬁn the ReR@esf flohn
and the group, of reactor segnments 14 coupled t si de of header

12. | nabadt dripiriiakeHt 2011, kUi 44 tPnaleP‘Gﬁﬂ §ﬁeﬁi tog1Qf. hbnaae
12 is a subskabokphént, FP%tthﬁé faﬁg’é’%f ﬁBFn' adut &£ éﬁl‘gjt'w feBt %ou{ 048

alternative enbodi ment, she can a vertically el ongat
tubul ar menbabowif fegton20 10e59 fe@t an@ygl%@cthedﬂame et)frpngalpmtlbwsabout

(e.q., rect aﬁ@‘r‘é&rab?&‘ﬂo abdUt 18 le? or%g gdef her. shell 16 need not
have a perfectly vertical orient a or exanple, the central axis
of elong2@ion of bhtdel emBodmerExIILsu@tad tnFIG.ahdbe g8dyp abozdctdiSsegomerts
degrees of ve&tigal. .
is directly coupled to and extends generally outwardly from a common side
of header 12. The group of reactor segments 14 includes a trayless reactor
segment 26, an uppermost trayed reactor segment 28a, an intermediate
trayed reactor segment 28b, and a lowermost trayed reactor segment 28c.
25 Each reactor segment 26 and 28a,b,c presents a proximal end coupled in fluid
communication with header 12 and a distal end spaced from header 12.
Trayless reactor segment 26 defines a feed inlet 30 near the distal end
thereof and an outlet 32 near the proximal end thereof. Trayless reactor
segment 26 generally comprises a horizontally elongated tubuiar member 34
30 and an end cap 36. Tubular member 34 is coupled to header 12 near the
proximal end of trayless reactor segment 26, while end cap 36 is coupled to

tubular member 34 near the distal end of trayless reactor segment 26. A weir
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In the enbodiment illustrated in FIG 1, header 12 has a maxi num
internal height (H) that is greater than its maxi numinternal w dth

(W. In ongolhypib@d ment, header 12 has a hei ght -t o-w gitPudhsydssss
ratio in the range of fromabout 2:1 to about 20:1, about 4:1 to

about 15:1, or 5:1 to 10:1. In one enbodinent, His in the range of
fromabout 8 to about 100 feet, about 10 to about 75 feet, or 20 to
50 feet, and Wis in the range of fromabout 1 to about 20 feet,

about 2 to atﬁ&ubaﬁpobhm’uallyorbe?»cbuplé foeahd ex@émd wipevaedip dfeomethe bottom of

coupt ed 1 o ariPURE SAGE0EE A BRAD BERRESE BTG S D salof mulipte

header 12. Thgage@uupafl werRaGher sﬁ@ﬂmeaaﬁ bwldca@did@ﬁgathbrléub@ﬁéf tubular
react or segnent 26, an uppernost trayed reactor segnent 28a, an

i nternmedi ate rﬂ?@?@ﬂ #eact or segrrent 28b, and a | owernost trayed

reactor sggment 2 géﬁ?ﬁéf*}eé n?e%ﬁ%b%‘Sd@ﬂ{éhzﬁarer%gﬁUee?@arﬂtén

a proxi mal end coup nlcatldn
di stal end spaedidmf mlﬁhtﬂﬂed:delannim respectlvél' resgdtteegnechamtmrtletégm hets

near 't he- pr Rl e s’ RIS r24% Eyie ducsiEd 0 B8 RBRImSG ofd e teeler
conpri ses a hegiramts aBb,‘b chnd gré el fluldbodbramumivation with e intsinaNvdtintle of

cap 36. Tubul ar 4 is coupled to header 2 near the proxi mal
end of trayl &&&d F’Engt ?F@M?gzr@acwﬁﬁeélr@?m ¢ %gﬁﬁer@&ﬁp‘FW"ﬁ?S a

t ubul ar ﬁb”bfﬁon%nt@ﬁgrelé t@H $hRblae RebrRbert ﬂ@dbﬁ:?sarf 8adtip QGS,E?d?tar%ﬁa
A weir WD 2009/ 0090 / US2008/ 008336 38 can, optionally,

coupl e to andra¥dmb.cuplibidar renebrrs Htadactasemasicht tﬁﬂtlarcqwle@eto Beader
tlet |
werrs (ot shadge 8 Bildl Sheor HadBftfimite Coife S RAGHT A p g are

34. 5Each tr apedleddadubulas eprebers28ta,b,cecnatafthaatistal erd péoegaocier segments

reaction medig# m.i nl et 40a,b,c and a respective reaction nedi um outl et
42a, b, c. Inl 4%a b,c and outlets 42a,b,c are | ocated near the

proxi mal 1gnd of r6’?@50485Bgf@%tcﬁsé’@s'ad)wﬂhmﬁésﬁécﬂwbrtubblur ¢hembers 44a,b,c
communi cati on vmth t(ﬂe I nternal vol unme of header 12. Each trayed

react or segm@ff XN a'@”g&%‘#%ﬁ"?@"ﬁ!(ﬁ?ﬂﬂmé’éé”bé"f’lrd“ﬁmbiefﬁ)ﬂﬂﬂlbw Each tray
el ongat ed t uQgh¥ c FRIERALS éiﬁo)ﬁrrfal ot - AP PR é"?@splécﬁveﬁ dcﬁ\ti ﬁyw

48a, b, c. Tubul ar "nenbers c are each directly coup
12 near the prexa mistabaad docatedcnenr thegdistal sreBaf beaptorEnegm@w 28a, b ,C.

e e e ]

respecti 2@ t ob0l%; whenderis thelmaxjnoum length of the reactor segment 28a,b,c and/or
tubular member 44a,b,¢c within which the respective tray 48a,b,c is received.

Each tray 48a,b,c divides the internal volume of the respective reactor

segment 28a,b,c into an upper chamber 50a,b,c and a lower chamber

52a,b,c. Inthe embodiment illustrated in FIG. 1, each tray 48a,b,c presents a

25 substantially horizontal, substantially planar, upwardly facing flow surfaée

across which liquids can flow. In order to provide sufficiently large upper and

lower chambers 50a,b,c and 52a,b,c, the upwardly facing flow surface of each

tray 48a,b,c can be spaced from the top and/or bottom of tubular members

44a.b,c by a vertical distance in the range of from about 0.1D to about 0.8D,

30 about 0.2D to about 0.8D, or 0.4D to 0.6D, where D is the maximum vertical

dimension of the tubular member 44a,b,c within which the respective tray

48,a,b,c is received.



and extend al ong a substantial |ength of tubular nenbers 44a,b,c.
Each tray 48a,b,c presents a proxinmal end coupled to a respective

flow di ver{gyedfmeddpC and a distal end |ocated near thepdlsdadsBiids Of
react or segnents 28a,b,c. Each tray 48a,b,c can have a length that is

at | east about 0.5L, about 0.75L, 20 or 0.9L, where L is the maxi num
| ength of the reactor segnent 28a,b,c and/or tubular nenber 44a,b,c

within which the respective tray 48a,b,c is received. Each tray
48a, b, ¢ divi des t Mbeidistal erad of ehchirap i 8hlbec iscgEeet iftten eAACHPE 45adi1ERb

28a, b, ¢ int hanb b.c h 52a,b,c. |
Che. enbod molioh 3 e maseaaevry Prans fo andt bilieds Betwenrc e itah end
25 substant i Qﬂf'ééchofr%%a%,c ﬁ\&o%han&a;f& |4$aFU @n&rhe \GRRtar Ehy Jfaéédlﬂtray

fl ow surface across ui ds can I'n order to provid
suffici ent|y48amye ca@.p@rtlomﬂy |Qﬁ/\equ'@ng¢rﬁ@ﬁhsarsgawgrd¢y exignding, Vﬂelb563,lbe0

upwar dl aci f r f
the top’ andl orepaaERtef Belinhf e bid kot VhiBnbl( 88 CpRAT R 'S AB
di st ance | n e, bnanepeipiEd ftooandbaxdending Dupwaediy tor. 818, bdGoab it tubukiD
to about 0.8D re D is the maxi num verti cal

Q
di nensi on of W%B?rﬁlﬁaﬁcﬁgﬁﬁgw% 25' bccw thin which the respective
tray 48,a,b,c is lrEQﬁeV@ﬂbodle@nZGﬂt%tﬁﬁla@%Pg@UﬂQOBﬂIQﬂ&ﬁ@rﬁbers 34 and

The distal e of egch tray 48a,b,c is spaced from end caps

so that a fl @@ﬁbyeaetar segmest a@fa%afiw q fEe gatpsfamuaéwrtm@tai
distal eqg of; Af%@Chaﬁd ayayBaudy 15 c2ark eg@b&@m@ggﬂgp §utﬁls¥5ﬁlé1%5%% dl"@'“g'

of each tray c can, optlonally be equi an u
ext endi ng westHbsieatiallyc rectamudar pladgedigidinanst sealipghntcorpledbia tlmnnsrde

opti onal 1y, Weedyl HOSHol! (s 20 WiEnaRR: Brbodiefl i i entd B

upwardly fromt of "tub e C near O
42a, b, c. 44a,clnof hacteréamﬂmnmgmerhtlz&andmdbmcéh(ﬁavé atmlﬁntyauf Cross-
menbers 34 and_44a, c,b of ctor segment 26 and

subst ant i al | JFEN %o‘(l?ﬂa&ﬁeslggﬁl pé% tanghdat. guaigg O Qval, eaFurther tlbular

subst ant1&l | ynerhigdrs S#bshdRi4z0¢ byahertrawtzﬁdab§UHéécﬁertahé\Ve a perfectly
rectangul ar RI ates rigi dI%/Rand 'seal | rg’?%ﬁhcou pled to the inside walls

of the pipe. Pﬂzcamal&wﬁ n.v EOE @KaE e qanffal axis ai mhenrantion %fri@bular
44a,c, b of eﬁ@ans 2al04 éaag%rﬂ cgﬁeiféfﬁld%ﬁmmh a%oﬁﬁﬁohé’ﬁ(&tal%’%ﬁ"éﬁérl%(q{g{as

cross-sectional apes .g., rectangul ar square, or oval
tubul ar 15 rrefrb@m@m eln@ddzt@nctr‘ayaﬁﬁattraycsnzt@@@upp@rtnéenl tuitlaheeenters

perfectly ho tral_axis of

el ongati on o?h%ubuﬁé{?e ?ﬁoggu%;gog{ wfﬁ%ﬂ%ﬁg %‘1&2&5 r'v:\ﬁrﬂp &i%q.l[t’g
30, abou20 15to Mthﬁldm@;illsaﬁ tobulapienairgrald4albic,asighipbitdags bmyialn@&&)rh t6e
can be suppo Iar nbers 44a, b, c u5|n a_variety of

cabport - mecnaridmst bl e a6, Ot SHERRIE o e ot HoR i duabieg
of tubul ar npiEbeseys 443,b6.c. support |egs extending fromthe bottom of
t ubul ar nenbers 44a, b,c, or suspension fromthe top of tubular

menbers 44a. b, c. In the’embogiment Musiratashin FIG uthPaﬁhe@aptWﬁeGmePt 28aand
reactor segng %.g.q r HE@H
44a, b, ¢ has aggrrg%iﬁ arrru?dr?ngf %fgég}ﬁj feﬂ‘fbe‘? r§dJ{i’ﬁJ%l “Is gr 2{611 ﬁﬁ'ﬁeﬂaé
maxi mum 25t elength {i)athat ds gre:)terlthaimnts mﬂxcrdumnemiternehdiarm@act(h) In one
segnent 26 a /o ach t ubu 4 and, 44a S
S Pongt n-to. aaaimen’ cBR RachRCebmiBtt 2o T80 2658 ARfiit: Sach Yupiee
alrorguél 50: 1, mbmlier5841ah@ 4aam)t I'f%@fé lenigﬂg&o H:érgetéB(llg))lratlgglg trf1e range of
t, t 10 ¢ t t
:boﬁt ! rzrgnt 0 H‘om abouttz 1etc; gggut gﬂ 1, Lg(r)r&tas ?uto about 80a1 %lrJB 1 to 15(?1e in one
embodiment, L is in the range of from about 10 to about 200 feet, about 20 to
30 about 100 feet, or 30 to 50 feet, and D is in the range of from about 1 to about
20 feet, about 2 to about 10 feet, or 3 to 5 feet. In one embodiment, the ratio

of the diameter (D) of one or more of reactor segments 26 and 28a,b,c to the
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30 about 100 feet, or 30 to 50 feet, and Dis in the range of from
about 1 to about 20 feet, about 2 to about 10 feet, or 3 to 5 feet.

I n one enbgé ABfueasbhe ratio of the dianeter (D) of onep@nydmisRoeks
react or segnents 26 and 28a,b,c to the WO

20091009030PCT/ US2008/ 008336 maxi mum i nternal w dth of header (W is
in the range of fromabout 0.1:1 to about 2:1, about 0.25:1 to about
1:1, or 0.4:1t0 0.9:1. In the enbodinent illustrated in FIG 1, each
trayed react onaxmgneittedahwidth dietmmlesnﬂw)tiam tted tangei ofeindmcabout 0.1:1 to

280, boo. can RO & s Pl B A0 ¢ TePLn - TG Ear S ER frgposiment

di fferent oriiRRtratdddmsFIG. 1, eachrtréﬁa@i Rk i sEgRient 12841, ¢ Ahed sibdtaslially -
1, reactor 10Q,conprises one nontrayed reactor segnment 26 and three

trayed react dferdicgheontgygtion. ¢ In m&matw@ §H81ﬂd<br“9@t EEEtPr ¢ prAMENis
number ang coRpbisr add Ravef dj ﬁPrIenﬂégh§leWé?éﬁt f(}@ptahmo%ee.ﬁe%nt

mat ch the application for V\/m reac 'S errp For exarrp
reactor 10 cededtadiopsoy only trayed reactor segnents (i.e.,

t d t
P ayed Y eact ooct olin HE08fBbmerlhiasale AR, nfi{e%‘#sf’ﬁotch&%a%%%@’rfw
anot her %arm’ag?dt i'?ctc&asmnneo?tﬂai Mpﬂmeon?yewnehﬁmyesbgmMOQBa b,c.
segnent an WO ra actor s n an er .exa
o cour HonalRs, el Ba; bl FRL IR aurtohy B SonAS SN Lt rdgtor
react or $g@gneBgmenty EAP WaNoptindized tb! rhaghrifbasp éfll@@ﬁbd ﬂirewh.&ﬂ ra&ctBei100is

| ocated in end cap 36, in an alternative enbodi nent feed inlet
can be defi n@mnlwqche 5Pt ee>x@mplabdeagtorebegoulh emalpy gnlw Ypwed dreactor

from the di f i
il lustrate a%ég'lnt er n t% [ vdgpﬁ%iga yﬁgrr%%g@t %&lﬁ%gf crfﬁg? ﬁ{lr'g??r"ﬂtcl)&u tg"se
t he react or uUppéermdstdiayedtraecki degoient mutcbdeﬁmgaréeed et mearpbe Hmpder

b il f dth f
P!t ool SbBebRETbP A BeRl bR HRGE St S B it e
defined {H/ thada@os trdgedfrencloc tsaignsrgsienin 26othan exahpldlaihel esttor could

di stri butor tending into reactor se ment 2f6 and a di schar
openi ng 96 d@f’l Op§ sHayed reagior geam nt and four trayed reactor segments

Although FIG. 1 illustrates feed inlet 30 as being located in end cap 36, in an

alternative embodiment, the feed inlet can be defined in the side of tubular

member 34 near, but spaced from, the distal end of non-trayed reactor
20 segment 26.

FIGS. 1a-c illustrate an alternative feed infroduction system 90 that
introduces the reactor feed through the side of reactor segment 26. As
perhaps best illustrated in the top view of FIG. 1b and the end view of FIG. 1c,
side feed introduction system 90 includes an inlet opening 92 defined in the

25 side of reactor segment 26, an internal feed distributor 94 extending into
reactor segment 26, and a discharge opening 96 defined by feed distributor
94. In the embodiment illustrated in FIGS. 1a-c, feed distributor 94 is a
substantially cylindrical conduit that is fixed to the sidewall of reactor segment
26 at inlet opening 92. The distal end of feed distributor 94 defines discharge
30 opening 96 at a location spaced from the side walls and the end of reactor
segment 26. As shown in FIGS. 1b and 1¢, discharge opening 96 can be
formed by cutting the distal end of feed distributor 94 at a skewed angle so

8



94. In the enbodinent illustrated in FIGS. la-c, feed distributor 94
Is a substantially cylindrical conduit that is fixed to the sidewall

of react orwgeginbezdd at inlet opening 92. The distal ene@holstesss
di stributor 94 defines discharge 30 opening 96 at a |ocation spaced

fromthe side walls and the end of reactor segment 26. As shown in
FIGS. Ib and I c, discharge opening 96 can be fornmed by cutting the
distal end of feed distributor 94 at a skewed angle so WO

2009/ 009030 Pmatwﬁmgémamg Batfacbss ah bragt papiaty ngwaeist mees[oséd lead sdf

partially towar s the cl react r_segnent .2 | ocati o
PRd ori ent ot FEAFISF SETERGZGe DRS(frryioBosis priftEh . Trefiatde cPening 8o
circul ati on aaf iReleBse GRURE ciptulSlidrimandt ifels tra@ie bor lRfsatB eRagrdt RMds
of reactor segnent 26. 5Referring ?al ntoFIG 1, in operatlon a

feed, which @&are end af rﬁﬂé%ﬁ?ﬁﬁle@ ¢6{iquid form is introduced into
reactor 19 via fegpdsdh t %% ﬁl@ ﬁrnggeFa‘?i%ﬁt%rfé:é%g'Wﬁ‘iEhz&n bgoln a

non-trayed reactor seg e fee rms a reaction nedi um
that flows ger@icuhlhyta%wmqwdnﬁoarhlysmtrqdwedantooman:rcort 1® viiaa feerk irbelr 38 4f

fromthe dis of n r t 0. 10

or okt . onangh-tfdeaDh <hmERE 265 3f] Bon-HEH5E Radtd Pedint 26 the fes0

flows thr ough’brmsna regotion meammsosmmmts Qﬁaerau)chem'mﬁélly emdtid bottom of

ot Byedr b e 44 5B W S\ Ronior S8 s podm 4

the chemgal tHeeprdxiral &/d of ﬂen%yeurrebe@@ts@gn@mEsntA@‘ée@di%%eamm 60

vol atil e corrgonent of the feed to 15 reactor segnent 26. At |east a
\Y;

portion of 9‘0(5 trpunh nensterupayeactar segment 26 oashgeiesl seactioptakes place

reaction medju G%aﬁgsﬁ RGN %ﬁ L:Q%eti%ﬁﬂﬁggra F\%htié)%}ﬁer%ﬁgtor

react or segnen dep icted i N , Inone e
present i nveaegment 28e Vamm Galcancaurhpose @abypreductuef the clesmical reltion
causes foam ngrned otﬁe}ﬁtrég&or segment 26 and/or a volatile component of the feed to
15  reactor segment 26. At least a portion of vapor 62 is disengaged from and
flows generally over reaction medium 60 as reaction medium 860 flows through

non-trayed reactor segment 26.

As depicted in FIG. 1, in one embodiment of the present invention, the
chemical reaction carried out in reactor 10 causes foaming of reaction
20 medium 60, thereby producing a foam portion 64 and a predominately liquid
portion 66 of reaction medium 60. The chemical reaction can take place in
the liquid of both foam portion 64 and predominately liquid portion 66. In fact,
the presence of foam can actually enhance certain chemical reactions,
especially those reactions that are facilitated by increased liquid surface area
25 and reduced pressure. Thus, in one embodiment of the present invention, the
internal volume and open flow area of the reactor segments are sufficiently
large so that the maximum amount of foam formation is permitted. In
applications where large amounts of foaming occur throughout a substantial
portion of the reactor, it may be desired to have two or more initial non-trayed
30 reactor segments and fewer trayed reactor segments in order to provide
sufficient space within the reactor segments for maximum foam formation.

Alternatively, larger trayed reactor segments can be employed to provide the

9



20 nedi um 60, thereby producing a foam portion 64 and a predom nately
liquid portion 66 of reaction nedium 60. The chem cal reaction can

t ake pl acewignobdagedsbqui d of both foam portion 64 and pr@eeQisoaieetde
liquid portion 66. In fact, the presence of foam can actually enhance

certain chem cal reactions, especially those reactions that are

facilitated by increased quuid surface area 25 and reduced pressure.
Thus, in one enbodi nent of the present invention, the internal vol une
and open fl owmemessanyf volhoe aadt opes eflpve rareaatoe psarhbtec ifearn| forinatige. sés

t hat the maxi. un formation i rmtted ,
applications '%Z}FZ&?Q} g@nﬁgﬁ& ﬁp?@gﬂp%ﬁ%g%@tﬁrogﬂ?%%&ﬁ reéactlon may
substanti al piEcresye aé tﬁé]mamaﬁtmégrebgemob@m thes réarort. OTHE@, @hé \Weadtion
nore initial non- tra ed 30, reactor %mants and fewer trayed react or

segnents in dwe@mé ih &R it d???tefé gmephR@y\Gamprise mere it ef. 75, or
segnents &or giRxbHRFB fp@?é@r&cgd@twm@ tHd P@Jdﬁ%h'ﬁﬁébwm g%y fethd FiR¥E feactor

react or segnents can be enployed to provid
20091009030PGELSUSTY 03n00BBREBse less than 20, 10, or 5 volume percent gas.

Referring again to FIG. 1, after flowing through non-trayed reactor
segment 26, reaction medium 60 passes out of non-trayed reactor segment
26 via outlet 32. If weir 38 is employed, reaction medium 60 flows over the

10  top of, around the edges of, through openings in, and/or under weir 38 as it
exits non-trayed reactor segment 26 and enters the internal volume of header
12. As reaction medium 60 passes out of non-trayed reactor segment 26 and
flows downwardly into header 12, vapor 62 flows upwardly into header 12. In
header 12, vapor 62 from non-trayed reactor segment 26 can be combined

156  with the vapor produced in trayed reactor segments 28a,b,c. The resulting
combined vapor can exit header 12 via vapor outlet 22. Upon exiting non-
trayed reactor segment 26, reaction medium 60 flows downwardly in header
12 and is directed by flow diverter 18a to inlet 40a of uppermost trayed reactor
segment 28a.

20 In uppermost trayed reactor segment 28a, reaction medium 60 flows
generally horizontally across the upwardly facing surface of tray 48a and
towards the distal end of reactor segment 28a. As discussed above, reaction
medium 60 is subjected to chemical reaction in reactor segment 28a, and the
chemical reaction can cause the formation of a vapor byproduct and/or foam

25 as reaction medium 80 flows across tray 48a. When a vapor is produced by
reaction medium 60 flowing on tray 48a, the vapor can flow in upper chamber
50a countercurrent to the direction of flow of reaction medium 60 in upper
chamber 50a. The vapor can exit upper chamber 50a out through inlet 40a as
reaction medium 60 enters upper chamber 50a through inlet 40a.

30 When reaction medium 60 reaches the terminal end of tray 48a, it falls
downwardly through flow passageway 54a and onto the bottom of tubular
member 44a. When the terminal end of tray 48a is equipped with weir 56a,

10



necessary vol unme and open flow area to pronote foam formation. As
illustrated in FIGS. 1 and 2, the anmount of foam produced by the
reaction nay) AeLEe@se as the reaction progresses throughr#i©osaReher -
Thus, the reaction nedium60 in the initial reactor segnment nay
conprise nore than 50, 75, or 5 90 volune percent gas, while the
reaction nmedium60 in the final reactor segnment may conprise |ess
than 20, 10, or 5 vol une percent gas. Referring again to FIG

1, after fl oweagidnhmadiimned-flowsy eder deetiop cfegneurid Ate edgest oforthrough
medi um 60 passes out. of a&g trc%%ed r Ect or segnent. 2? via outl et 34
It weir 38 i SPERIRNGSyBd PR Fh PP HAEBUQ Flow, Rassraeyigy op4a-

around the eqgeitioh médiualeb tREETol@Somn the BRHLHAY ot idhRIarYAEMb3B 438 ﬂrcsm
exits non-trayed reactor segnment 26 and enters the internal volune of

header 12. Ad eé&éqh%i ‘Pfer@ﬁQW@GQH@@§3§adetth%PrQi@ﬁal eng of reasien srgment
segment 2§ anpg Vg T‘%’mwfﬂég'&gféq iém%rthé@o%ﬁﬁ%né%f M6 b segment

upwar dl y |nt vapor romnon-tray
react or segm?ﬁa Q@Xﬁamearéocsemnmwaasvm cntmett H@a\aa]doentprsolmm 12n When

exi1 hender SovaRd S RBAGER M foud) CufBReL beBP i Teh ok iRt over
segnent 26, rrmtonoﬂemﬁm 60nahd é)dzte\&@wdmmmd 524 alohgad rehatiomehddium

directed by flow di ato 1 et 40a of uppernpst trayed ,
react or segn@ﬁt‘”@@éﬂy we¥ o83 isyiavided & outistedea mt 1ogst a portion

react i onigediopned&iohl ﬁu\é@wﬁw by dVeF iR RbRldk Y aruhaShie! dydap¥R toYigh
facing surface of tray 48a and towards the di stal end of reactor

segment 28a. ORENADS i AskoralBsles weik8a.i on nedi um 60 is subjected to
chenical reactiony, CEQI phSe et
A 955850 s GBIl e

can cause the for lon'o
reacti on nedmaimtéh ihemlr@uadrm bf egacti8a matfien 60 ma‘pactarsegnmm%i ahg
reaction ned

ooy 500 BAtber 0 A emBAaiedY of Rk pletEnt AREHGH Tné rivipht BESh of

medi um 695 i nreduion mbdmrsﬁﬂﬂeaih&ea@ibﬁrsegmrﬁﬂﬁ anlP28a,BlaEbREs Hhan
out through I@B' et 40a as reaction nedium 60 enters upper chanber 50a

t hrough i nl eBP2d 0-EHwess Rl GegHE Bt uifr cless dhaReld 20Re whetd khlis dha
of tray 48a, rdatxn'f'u@ﬂn' vetiedN ¥R Eisior f&'fQHSh‘eEbé’d’ﬁvBal%%ﬁﬂﬁV@ébn?éﬂ 28 GrANse

the bottom of tubular nenber 44a. When the term nal end of tray 48a
i s equi pped @ik® weir 56a, WD 2009/ 009030PCT/ US2008/ 008336 reacti on

medi um 60 flows oxgr J ‘ﬁoﬁoﬂme% é@”ﬁ e{&o o‘ﬁgg&Su g mtoﬂggsagewgtm

openi ngs in, and/or under wel ente ow pa
54a. Rea2di oaegmdnUﬁBéOammészl dmnwardlynen timad@m'tﬁf mebué;wr pmdheed |n

44a fromthe,di s nd of 0, ment . 28 r

react or segr‘rgﬂycsj ’Wé‘ﬁe? %{ ﬂB‘Hﬁ[ﬂW 5‘8051839,?1" EQ ed’@@)‘?f ﬁﬁ'F'”g
end of react pwesetaRiber 32a, of réadtsi §6grheACASY catpaRthraSeh ¥ivapBt§arboa
42a and ent ers header 12. Wen a vapor is produced in | ower chanber

52a, the vap@efinad Ry %@ﬁé?"é?ﬁ%f b8k rory keteranflon AliverRes ?ﬁﬁjaé‘!@l 8b. As
| ower chanbemehggndd CAKbWY, tﬂner %86 él‘ ?ﬁo&(‘lﬁ‘é@d*% 6 aticr Qéﬂrhgﬁt ?%% cYhepe

weir 58a is provided at out | et a, at a portion 1 eaction
medi um 6P f | owmbipedr in theadep 2 , wilh oihad vaper gueguced jn tmomtrgyed reactor

openings in, s@d}qérw Zgngr?cf tryéﬁbﬁ l%%%tor segments 28b,c. The resulting combined

vapor exits header 12 via vapor outlet 22. Upon exiting trayed reactor
segment 28a, reaction medium 60 flows downwardly in header 12 and is
directed by flow diverter 18b to inlet 40b of intermediate trayed reactor

30 segment 28b.
The flow of reaction medium 60 through the intermediate and
lowermost trayed reactors segments 28b and 28c can proceed substantially

11



Weirs 38, 56a,b,c, and 58a,b,c can be enployed in reactor 10 to help
mai ntain the desired depth of reaction nmedium60 in reactor segnents
26 and 28awl, wuvdosone enbodi ment of the present inventp®ys2bddRiogsss
maxi nrum dept h of 15 reaction nedium 60 in each reactor segnment 26 and
28a,b,c is less than about 0.80, |ess than about 0.40, or |ess than
0.25D, where D is the maxi mumvertical dinmension of the respective
reactor segnent 26 and 28 a,b,c. As reaction nedium 60 passes out of
upper nost t r dhedameaas desc?tbes@gnmwitmafemmba‘ fodflas thmng@amb?rmmst trayed

upvaral y | ot QogaRaPosRt 2RE" U shhFD, ERE LR ERARRY, FeBebyf hrougn

react or segmirdyedSpeabisr sagmehhsr @8alb.a a@pf@no»g@p(a'éoaeM‘onnmédef BOWs
diverter 18b or bet]yveeg | o %I verters 18a and 18b. As nentioned

above, the va&WERiss oM TPdadfredsEsrianseamentsaAsae. oy dginiiverers
in header 512 Wiatfict i rléé@tﬂfn ﬁfé@ﬂ#ﬁ%b bAte?® ?é&%@é’ctb?@éér%nﬁsegﬁﬁtc 74

and trayed reacfor ségments 28b,c. The resul mbi ned vapor exits

header 12 vi dnletgpéfa.bis Kex re@ztlommedlém 60ﬁ@mrw@nalheawawrfr%gw@der 12
28a, react| o iRdiIIEaR & @) Seaath Rdum! BoEdowheAY dvird t&fiR

by flow dive mterm&waetra ed react or
segrment 28b. end of trape 48advc and eatct then botomuaod &(buldrrmeg'lbetr&heMa b.c; (e)

i nternedi ate and. | ower,nost_ t tor seqnents 28b and 28c

o ebad sabeanttion Al oo ioVS Reisopnal 345808, dacisis Rategygr fuar
descri be1aboveembér aeéebrcen@ae; :teachb@wnbbruﬁum umert@éa ntera@kﬁdsegments
reactor segnent 28a. reacti on nedi um Broceeds t hrou

trayed react @raaék@r\‘%%‘“;@a@?: Ca@ndoff) &%Ct'o(‘d)‘e?'é'ab pofﬁ"%@&“{ﬂ’ﬁa@égl g
directed frorﬁggggpﬁ t&&é&ﬁqébé@gf RJS:%EQEB segnents 28a,b,c by flow
1

diverters 5 reaction 0 enters trayed reactor
segments 28a, b, c The reattisrsmediun 66: e’(’@)g lowcmshirayati wacBD segovent 28c

90 arl s dowttusdifp BEAIT 7 Eril RIS R Pofign e cHiBdngh festie
bott om ofi5t ulmécﬁmmremlsamm#éaanlimn hée)jer deztatsla)preﬂamma’teﬁﬂlqhid)pmdu&tk:a-

t owar d header ‘r'r‘% h[e lﬂf mof tubul ar 10 nenbers 44a,b,c; (e)
reacti on medid %%3 Ft4Yed reactor segnents 28a,b,c via outlets

42a,b,c; and (f) peastyiPRoMBAstHEN-80n Fat! $, irpimyeh ?Ié@s%ﬁ%eﬁqﬁldy@d

t he next |evel of processing. The reactl on nedi um 60 exiting
| ower nost t r dyBeRderald maranoz%@f Pamutﬁi 82 atiayad regedor segment

collects in bhﬁ 085t 9y 4hg)eR0feack olfiAS 4Ry £ BREH YA érﬁen
o3 el Uity JHgeeng

wi t hdr awn from ea S a pre om I qui roduct
product 3@t | etatesl can be locatedhivuthie mporlﬂld\mmlfmtwmat Ijjuid emtrained ln the

mLnasrent B iR i, SPRAEcSh. SRR St FrBLoR Y 8 TRy len
reactor segnphiteuThigth|pi2endure thaiusily vaporegdtswapor outlet 22 of header 12.

Referring now to FIG. 2, a second embodiment of a multi-level tubular

reactor 100 is illustrated as generally comprising a header 102, a first set of

25 trayed reactor segments 104a,b,c.d, and a second set of trayed reactor

segments 106ab,c,d. In the configuration illustrated in FIG. 2, first and

second sets of reactor segments 104a,b,c,d and 106a,b,c,d extend outwardly

from generally opposite sides of header 102, However, in an alternative

embodiment, the sets of reactor segments can extend from different sides of

30 header 102 that are not necessarily opposite. For example, the two sets of

reactor segments could extend outwardly from the header at a 45°, 60°, 75°,

90°, 105°, 130° 145° or 160° angle relative to one another. In another
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20 plates can be located in the vapor flow paths so that |iquid
entrained in the flow ng vapor hits, collects on, and falls

downwar dl ywef hpsafpedziie 1 npi ngenment plates. This hel ps engdi@hdabssan! Y
vapor exits vapor outlet 22 of header 12. Referring now to FIG
2, a second enbodinent of a nulti-level tubular reactor 100 is
illustrated as generally conprising a header 102, a first set of 25
trayed reactor segnents 104a,b,c,d, and a second set of trayed
reafctor segdnmtampléC}Gaeéntor d100 ncéuid temﬁld:ggut‘rﬁééoaeisl Ioiztreaacgeld sayndrits
2, first and seco set actor se 104 ,d. an .

Tooa, bec, d efTBTRaTGRlb TR RCyBHRaHTe) T8t 120" GGl Riatieatgpre
102. However gnbthegn al ternative enbodi nent, the sets of reactor
segnents can extend fromdifferent sides of 30 header 102 that are

not necessarily offS$&TinG. again taxklfp| 2, header B2 afigesra feedtiget 108 for
segments goul &&%hqggee&tmﬁﬂ' fﬂé)még?e&%ﬂﬁfelyﬂféqlﬁd foﬁmagag?rﬁérﬁct @@et

105, 130, 14 e relative to0 one anot
20091009030PCTD @2@!98%&108@38 peedampihately kguid prodv@t, arelid gairgdlvapot buws

sets of reac e ts, circunferenti p around header

2t 120 angh od PR ASEhae Hnien | et r T afRl etpnies, 2 fow
header 102 depiittearsi, fc-ﬁﬁdstlsdteif ¥ divesiterS 1r1éad, o, g a $ahd ¥éti ehflow
can be in a predom UI d form a product outlet 110 for

di schar gi ng Q'Vﬁf@ﬁ%ﬁé%t’@r yll-' ISt @A PesPBd Sets ofirgotor sgamegts Vqrb.c.d and
outlets {32a1bsh®c Q'éé?r’ﬂq{e@bnguﬁstéﬁ@é]fy e asifhe 107 grstioAl bY the trayed
conprises a flow splitter 114, a first set of flow diverters

116a, b, c, anfPactercseamments describesiy aove r with Jelergacey to. FiG.r 4t diws, the

second sets ?f’a‘fﬁ@% FigaReBR L5 1%04@3 ol?aldd@tg c;]fotrg@@@ rga&b éie?;rfhents

have subst an e sane con uration as trayed reac
segnent's desdﬂdbbd: dbodd O@aithc,defik nehbe r¢-destribedl. Thus, the specific

fi t d t | det f t d t
T0da, bec.d and- 10ba Pt [0 W00 AEcte o o0, | NhsBorari bR, i @

reactor 190 pegRInvested ﬁcfﬁaifonwlwéwf@aﬂmm 108. aFloﬁ.Bsmittédqrm Ill%'the feed
liquid form _via feed | t 108. Flow splitter 114 splits. t f eed

into two sub¥t@ive sHPsiaptRIy el PosiRns. Hrigw %D&rtﬁfﬂé‘itﬁqudwéﬁoaprcééh%
one of the pppiinR8o ttfe Hi@rn'amrﬁ Ritlup Péﬁ%oé’tff rﬁpfé%rcg?%telghﬂerrﬁhoﬁgaﬁﬁarthe

segnment 104a, and the other P |on o the intern upper nost
second r eact 8thes agrtian torhednteamidrashef eppermase seconst t&am@' sagneentt Hiba.

trayed react gy, céqgg?%nﬁegpl @Jﬁu{%ﬁé QUE 1R o Jlr dtlregées @?gﬁ‘%h% fﬁﬁgﬂ:ﬁgij

can proceed I'n Su e Sale mann above W
respect 2@r fAeGrayed miat:tmrsbgnﬁe&tampramédmﬁ%tbnmllygha shhm/\nmhbr as

t hat i ncl ude an tward rtion wa fromth er.on
the inter naI WH ag%dgv\ﬁ&bﬁ?pﬁﬁéh S-'AG( il WV%"%F % Cﬁ'PBrﬂ‘? Pﬂ?wt"@ a
the bottom oﬂowfp@tﬁ tHat lidludey @ bltwartd portion (142 iow? alydronk Ith@hea&épah
back toward the header 25 on the bottom of the tubular nmenber). After

f1 owi ng t hr ot§nintesedl trayca dovwanmng portiqmd.er.diav frem thedramta @ettmmm of
di rected thrgualibhie niGAROES, &H%@éﬁg&%&!ﬁ&h&rﬁo%%a&h?o\ﬂ%tthla

reactor segnent. Referring again to he reaction ne |u
exits | ddfer nostthe dwdtoor of shagrdulvigdan ourmber). 1iter, flowiagt thooygir eadmgesattor

L et TR ol 4 5500 s b
110. diverters to the next lower reactor segment. Referring again to FIG. 2, when
the reaction medium exits lowermost reactor segments 104d and 106d, the
two portions of the reaction medium combine to form the predominately liquid

30  product, which is withdrawn from header 102 via liquid product outlet 110.
Multi-level tubular reactors configured in accordance with certain
embodiments of the present invention require little or no mechanical agitation
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Mul ti-Ievel tubular reactors configured in accordance with certain
enbodi ments of the present invention require little or no nechani cal
agi tati on WwRo2Ad:009030PCT/ US2008/ 008336 of t he react p@nydtesblodssss
processed therein. Al though the reaction medi um processed in the

mul ti-Ilevel tubular reactor may be sonmewhat agitated by virtue of
foam ng, flow ng through the reactor segnents, and falling from one
reactor segnent to another, this foam ng agitation, flow agitation,
and 5 gravit afitheakaetiprt atediumi prone‘ssermtl’ﬁmelncalmtaguglattherread:t'mmnmdium

enbodi ment of_ the prese I n Iess t han ab ut 50 ent S
Chan about 2@ToRsBH: T {MesTUlEEYCC BT st day be somebtay it BY
percent, or Ghrn%r@ﬁfaanﬂﬁgtﬂltﬂmhgttnﬂougﬁIthétré@étopéegrhénfse@ﬁalf@lnngrm&hvﬁhe
processed in the nmulti-level tubular reactor is prOV|d ed by

nechani cal adPRYel GegmMeNisto ranadhery stht%rfpar@mgecﬁgﬂﬁtl%célPWa@séatm wand
certain e?‘ooﬁ rARtSn Al aénfé%oﬁﬁ@%%ﬂnéc‘ﬁ‘éﬁl?:%l 8@&%. OpesRe BmbobihRatt. G

mechani cal ni™xi ng devi ces Is in direct conirast to conventiona
conti nuous stresend invarkionedessothan( @STRs)0 \pieresnt elesk dhanatiowhi2bapercent,

Faactor s confrSurah Ao 18 REesl JREE kAR agioadl of Bpeficdt gl et
i nventi on r eagitatien chthelreatiimdmedium pasdesbyd 0f tmmticlabelrtubales gefetorig

one enbodi nent | ti-1evel tuhular r actor confi u ed in
accor dance \/\Pf?f”&‘?fg%ﬁr'@%?ﬂ“'?ﬂv@ﬁaﬁ@ﬂ huysySRBSISES £ N} ioyred in @ggerdance

pol yest ef g pr QmCédredin fertbddifentABAME pf’éseWt @sleriiBe G oBéra?e mbai ¥ny
of polyesters froma variety of starting materials. Exanples of

nel t - phase 2016;525!39@@! elwlrtgwaievms beThisodfudeddirertasenirasinée ahnvantional

pol yet hyl ene Pay Ly SRR tarRHERLory (R PRRE it SnBlcy AREh ol B et
copol yner s oflnmgtextlusivglyar omat i ¢

As indicated above, muiti-level tubular reactors configured in

16  accordance with embodiments of the present invention reactors can be used

in a variety of chemical processes. In one embodiment, a multi-level tubular

reactor configured in accordance with the present invention is employed in a

melt-phase polyester production facility capable of producing any of a variety

of polyesters from a variety of starting materials. Examples of melt-phase

20 polyesters that can be produced in accordance with embodiments of the

present invention include, but are not limited to, polyethylene terephthalate

(PET), which includes homopolymers and copolymers of PET,; fully aromatic

or liquid crystalline polyesters; biodegradable polyesters, such as those

comprising butanediol, terephthalic acid and adipic acid residues;

25 poly(cyclohexane-dimethylene terephthalate) homopolymer and copolymers;

and homopolymers and copolymers of 1,4-cyclohexane-dimethanol (CHDM)

and cyclohexane dicarboxylic acid or dimethyl cyclochexanedicarboxylate.

When a PET copolymer is produced, such copolymer can comprise at least

80, at least 91, at least 92, at least 93, at least 94, at least 95, at least 96, at

30 least 97, at least 98 mole percent of ethylene terephthalate repeat units and

upto 10, upto S, upto8,upto7, upto6,upto 5 uptod, upto 3, orupto2

mole percent of added comonomer repeat units. Generally, the comonomer

14



or liquid crystalline polyesters; biodegradabl e polyesters, such as

t hose conprising butanediol, terephthalic acid and adipic acid

resi dues; wo ooy cl ohexane-di met hyl ene terepht hal at egchedmmRabhssaer
and copol yners; and honopol ynmers and copol yners of

1, 4- cycl ohexane-di net hanol (CHDM and cycl ohexane di carboxylic acid
or di nmet hyl cycl ohexanedi car boxyl ate. When a PET copol ynmer is
produced, such copol yner can conprise at |east 90, at |east 91, at

| east 92, at répzaitunits,caatbd dagted#pmadne eamr@ﬁonmhohmsse%techtror&(lhe

| east 97, at | east 98 .nol n e tere te r

Uit and up SIS borsisTaL S BSRRle §hiacs Bt REHRHBE i afiE obm
to 4, up to &nd(u‘eth ehe g?ydaj)l e percent of added com)norrer r epeat
units. Generally, e conmpnoner WO 2009/ 009030PCT/ 1JS2008/ 008336

repeat units can B'é gRieTakb g POIVESIRE BFodustan cBiAsABFreRSCUEINGC e dcertaim
the groupscoRinEntf of ﬁ%OBFé%@ht %\I%?nhgn can com?rls? two main s ges — an

2, 6- napht hal i ne-di carboxylic acid, ene glyco
general , a pésigsifcatiomstagecnidon PQW@OE@%H%IQO rstigey troth@eestallfﬂca&on stage,

enmbodi rre_nt_s g{ gQﬁe o SEIH; Weﬁgflélgbw I et Q{Tgn#né sé% éplq%%{ pﬂgta%%%l and

an esterific age an a po
esterificati ahlesishgae atcite a:elspebﬁoﬂaed & asterificptiont terthatehy pvoddabe palyester
conprise at |east one a and agnl east one .ac ect d to

cotori i cati BRI BIRRIIES: pin JEE mapEonadnsation”sagS! The Poyests?

10  monomers andlor oligomers from the esterification stage are reacted into the
final polyester product. As used herein with respect to PET, monomers have
less than 3 chain lengths, oligomers have from about 7 to about 50 chain
lengths (components with a chain length of 4 to 6 units can be considered
monomer or oligomer), and polymers have greater than about 50 chain

15 Iengths. A dimer, for example, EG-TA-EG-TA-EG, has a chain length of 2,
and a trimer 3, and soon.

The acid starting material employed in the esterification stage can be a
dicarboxylic acid such that the final polyester product comprises at least one
dicarboxylic acid residue having in the range of from about 4 to about 15 or

20 from 8 to 12 carbon atoms. Examples of dicarboxylic acids suitable for use in
the present invention can include, but are not limited to, terephthalic acid,
phthalic  acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid,
cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2,-dimethyl-1,3-propandiol,

25 dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic
acid, and mixtures thereof. In one embodiment, the acid starting material can
be a corresponding ester, such as dimethyl terephthalate instead of
terephthalic acid,

The alcoho! starting material employed in the esterification stage can

30 be a diol such that the final polyester product can comprise at least one diol
residue, such as, for example, those originating from cycloaliphatic diols
having in the range of from about 3 to about 25 carbon atoms or 6 to 20

15



nononers and/or oligoners. In the polycondensation stage, the
pol yester 10 nmononers and/or oligoners fromthe esterification stage

are react eghg Rbswobdye final pol yester product. As used hgrgisoddodsses
respect to PET, nononers have | ess than 3 chain | engths, oligoners

have from about 7 to about 50 chain | engths (conponents with a chain
|l ength of 4 to 6 units can be consi dered nononer or oligoner), and
pol yners have greater than about 50 chain 15 Il engths. A diner, for
exanpl e, EG TarlkEk Bords, Huaitable chals ncdre impduden fbu@  areamibtairhitednbo, Sthylene

) Th | d,. ti t eri.al ' .
coter i cat i SWRF 4E6) CbtrBlene v Giste B BRI d kP dtimxapresimethanol
pol yester pr qubtsdneo/Bpdibkes Blitaheasd-divle dipeataaexybidiolaci thekasd-diBdiol,
having in the range of frgmabout 4 to about 15 or 20 from8 to 12
car bon at oms NeeRgRlalcl Sanelyiperianedidd2ds Sunelanpentasediobél Al 2R

present i BVeRg 1 Uty LB t9o_di |_Gio)-
aci d, pht Eal Fﬂﬂngf:hl , &%%HW}QP? gc?@?[hﬁg%ﬂ%dﬁgq Qﬁ‘gi 2?'%—%[@@2%%xy%§m

aci d, cycl ohdt@hedi dexBoasyipl-¢l, i d,d1 Sydit(breroayeibpdeienzenei d, 2,2-bis-(4-
di phenya 4. 4. i ) . . e . .
2 b G met hy 10gSBHR Gp BB te, DI RGP ARt B hytane.

gl ut ar :c c aci (2,2,4dit@t'ra(ijmatt'iydcydﬁmhtahec(jjiabiZiz-mﬁ{iﬂbwma?étfioxmgﬂ)ﬁrdpm,
thereof. In gne enpodi pent, the acid starting.material can be a

cor r espond ng-EL R MER-RoRinBlei b BPapR; isteattids dadiadgene, BDS-
t er epht habi c (2oL@ulfdhebis)4; eippkn§leAtbky)bis@tRinod! asdm YRt herddie
esterification stage can 30 be a diol such that the final polyester
product can conpr igeagditipRadheostarting] mateiidee caB usAMRESef GNeeRIMpIAe
those ori gi Nabhihohiehd) GAM bBfBhbMe @uR IRAAL dol Bxbipid, Ahformers

fromabout 3 to about 25 carbon atons or
2009/ 009030 PCoMpEz G303 Bi3aliccanithadimetyridereghihaiie asophthslic acid, dimethyl

| ncl ude, but ;argnglel 1 m Gigc 22,6~ l 2 ’ difépr%lpﬁﬂ'lealene-

glycol, triet ﬁénae Sryco, , zc N 1,

pr Opanf- |15|3 dlicialrbcg@ut areid], ﬁtl@l@d&g lg%ﬁ&bﬁlzeﬁéth)‘ﬂedé olglychkx ané-clclohdkane-
.. 3- ntanedi ol - ( 2,

D et hyl pant SiaeanOL (CHPRAD 54 Fitaiedidle phiytssemetidensavorl trans-DMCD,

2- et hyl hexaneghelitié 1 aphydrdel- difiefi) Preyernexahat 4 (dicthoxylate, dimethyl
hexanedi ol - (1, 3), 1,4-di-(hydroxyet’hoxy)-benzene, 2, 2-bis-(4-
hydr oxycycl oHESFIN-2,§r dinaileoxyiata, Heealin dimethanol, decahydronaphthalane 2,6-

r20)2(y414'3e§r 2%@%@@%’ logﬁ-glrll'@g!'l%ﬁﬁ?ethyl-decahydronaphthalene, * hydroquinone,
2, 2- bi s-28- hrgdroxyketeiy ptidnghd mixtapzthereof. _ _
2 2 bivs- (4-hydr oxi it fROZHBIRCHEN REGPRRG thé BBRRORASIRator L5k oS Mart-
phase polyester production process can include multiple steps. For example,
the esterification stage can include an initial esterification step for producing a
partially esterified product that is then further esterified in a secondary
25 esterification step. Also, the polycondensation stage can include a
prepolymerization step for producing a partially condensed product that is
then subjected to a finishing step to thereby produce the final polymer
product.
Reactors configured in accordance with certain embodiments of the
30 present invention can be employed in a melt-phase polyester production
system as a secondary esterification reactor for carrying out a secondary

esterification step, as a prepolymer reactor for carrying out a
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10( 2, 2- (sul fonyl bi s) 4, 1- phenyl eneoxy) ) bi s(et hanol ), and m xtures
t her eof In addition, the starting materials can conprise one or

nor e conongiEsoodisht abl e conmononers can include, for ep@r)pgzg(,smosg,m
cormononers conprising terephthalic acid, dinethyl terephthalate,

i sophthalic acid, dinethyl isophthalate,

di met hy1- 2, 6- napht hal enedi car boxyl ate, 2, 6-napht hal ene- 15

di carboxylic acid, ethylene glycol, diethylene glycol,

1, 4- cycl ohex amepdleerizaatidn ﬁtepmdfo&aadﬁnim&rdéad:tor for carrylng out a fi nlshmg
pol yt et r anet hyl ene ans IPIVCD itic a di net h
cycl ohexane- f¥§P di %a?f%g%&?fjafjgscrm et R{/Ithaee'acﬁﬁs f%‘dm/ %H meat%esg"t
decal i n di netifvanion ahaplohyd beapbitedfieatnliedotod, afpae;sckwmlék #éddtor, and/or
2, 6-di hydroxynF @/I - deca ?/ﬁdrona ht hal ene, hydroqw none,

hydr oxybenzoifc YRS, rearar ifi Aven glovy,with seference togdn 1 Hb's understood that

ester | fi cgli oagtbAOBoiYlrdd 1 ARIorGANGE ﬁﬁlfeh%oﬁrf]éﬂé &'the nggérént%\ﬁ-ﬁﬁon

pol yester production process can incl u e mul t1ple steps. exanpl e
the esterifi €ani genesa @ecaﬁmplqyeﬂua% @terlfnatld:ralre@@o@r ifrepelyimen reaectors,

for produci n%nﬁld?q’frﬁél‘?r r¥a I’seé er | %, t@ggg;ﬂﬁégﬁsgaéon@gc}ggen %lr%% fited to

esterified in a secon ary
pol ycondensalthe)anﬂabdgeemmscnbédld'eFI@ pir, epol erEI’I zation step for

producing a part,i condense odu t t hat then ubjected to
fini shing step to?'{er%’lrﬂgfgﬁ' Eﬂ’ﬂFlg’r tha nﬁgpcpb Qi(i‘i’c‘?saﬁ@%'f' ¥
configured i RsRAFIOAREHGEadbE th GERiciphaebpslyasat qar@auétiaﬁ PRcBESTBRY, a

I nvention can be enpl oyed in_a nel tdﬁhase pol yester production system

as a secondaPyPeEssdpi Makiagi RIRT) aerednan onechemjea deattioncandee aaaiep out

terificat
5000/ i)olgggolp /u% 08/ 0083‘2%%99@%‘%3" %B{r‘?ﬂg?&%,r”r S’r%ughséé”mw

fini sher reachemidabr reantioni marded auti im steaciprstH]. aA dmtai'nl egnount  of

description of ' itions.for p ent I on

enpl oyed as gﬁ'@gﬁ%ﬁ%@ﬁﬁ%ﬁg@ga‘)&ﬁﬁ In %aﬁfpég& ﬁé?n f%aol aﬂBPlS’#'eQ
f i ni sher15 eaatar sécorgiane astedfication fféﬂlcf(ﬁfﬂhbefﬁéﬂ inteoddced uito febdiiﬁlet 30 of
understood that |5 reactori%cégggi?gured in accordance with enmbodi nents

of the preseftaqioReFaMent PR CONBISRRINIPedange & fym abelt 8o

reactors, pr QB@WQ@Fch%ﬁFta‘%Et 79'@6’la%utf QG‘Fé*&%ht R RSB ﬁ&@ehf‘%hllet e
t hese process conditions are not limted embodi ment descri b

in FIG 1, 'Prdcmipaiely kgisd aradyckmithdrawiiiem Im@d:pmdupooutéete%pofdwﬂer
as a secondaw can have a conversion of at least about 80 percent, at least about 80
20 percent, at least about 95 percent, or at least 98 percent. When reactor 10 is
employed as a secondary esterification reactor, the chemical reaction(s)
carried out in reactor 10 can increase the conversion of reaction medium 60
by at least about 2 percentage points, at least about 5 percentage points, or at
least 10 percentage points between feed inlet 30 and liquid product outlet 24.
25  Further, the average chain length of the feed introduced into feed inlet 30 can
be less than about 5, less than about 2 or less than 1, while the predominately
liquid product withdrawn from liquid product outlet 24 can have an average
chain length in the range of from about 1 to about 20, about 2 to about 12, or
5 to 12. Generally, when reactor 10 is employed as a secondary esterification
30  reactor, the average chain length of reaction medium 60 can increase in the
range of from about 1 to about 20, about 2 to about 15, or § to 12 between
feed inlet 30 and liquid product outlet 24.
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10 esterification reactor in a nelt-phase pol yester production
process (e.g., a process for making PET), nore than one chem cal
reaction ca ey@ansti ed out in reactor 10. For exanpl e, pdiHovkassse
esterification may be the primary chem cal reaction carried out in
reactor 10, a certain anmount of pol ycondensation nmay al so occur in
reactor 10. When reactor 10 is enployed 15 as a secondary
esterification reactor, the feed introduced into feed inlet 30 of
react or segnent 268Nbem réaoier 80 coemployiedrasi an sétundaay gsteoifi catlmmmbmnt the
70 to about rcen out 75 b 9 ercent,. oOr

per cent whi o8 b ettar (i efer IfaslIRR 30 A alEmier e e rbes Pt
product Outl%tb0214180 theddat 358°C aibdiA \v8 530EHE BE6RD, 6f 2680 td 2861C. The
about 80 percent, at |east about 90 20 percent, at | east about 95

percent, or &redpiatey It?é#'d:d?f?“%@ﬁ"“%a'&%bﬁ’ produet eetogddcas have a
secondar ysestterhtftetaqa.té Rihihedue50°E o5 edr fRc {;ﬁﬁq@temye?atu?@ef {I‘Fedmzeed

out in reactor can |1 ncrease the converS| on o reaction
by at |east &enin® ferd duek dge poionesembodimantt theh dempsratenecehthey diquid

oints, or a t [, it n 0 an
Fi quid pr odui)tré)ou |eé‘i‘9‘§91ﬁr“§°§8f9&a‘?’t%ﬁ§ﬁ{,'&t%%Q%w? @é‘f“%ﬁ%@ {JF&%[% 1@8
fﬁed i Bt rod;(t@chl?outo%@"@j im%zw t{bﬁabbet 13958C {@am&b(wmﬁo a. eam tc:ne
t han about or S ile the ae uc
w tharaun 1 sbediRat 360 avbth e e suR 51 warsthip Bagar o s
l'ength ingthen tr@eﬂmgéf of fFéMabRRL Y 88 th %@b@%o 29 ab@&@ghsaotdboabees"d?or
or 5to 12. General2§§ G\Alnen reactor 10 is enpl @?lgft as a secondary
C

esterificati RO3tP or ,Thenaveraseatrmeeratuie| action megdium o0 'is the
di 60 t
medi um 60 cagybRAfLasS (bastitRfd R eruré E’%@g@xp&ﬁ ntjsééﬁe%ﬁgf’%%%l%&)acmgs

about 2 to about 15, or 5 to 12 ween
product outl ator@clthe PRDNAGYOBIvW0 pattBoPERLtD? 08RliCoEEBHrough reaNh@mO where

reactor 10 ig e S ter ation_reactor

feed to reac?rber r@%'%ég%u%nt@?g@g%ﬁgﬁ{ﬁygfg cha'tt e{’eﬂﬁg?g Qrdoss, s[eﬁgonal
range of 1§r oneaimdtofb%@ddmmamhqﬁﬁ(lﬁm@beﬁbf rdztibA naddiuin SRS, opHosed
260 to 290C. ,The edorq[] %lgalg ui d oduct exiting Il(i,]]w d product
outlet 24 caff Hﬁ@ a Qﬂiﬂﬁ ! ﬁ 2BREr sWiEaceaidhepredpminately
the tenper at ig&dPortibh). fWﬁ’er?PééthP@Of@%ﬂanBy@d a3la ée@oﬁ@ﬁw esterification
enbodi nent, the tenperature of the |iquid product exiting urd

product out | E2achar, & vaRor &Pﬂcﬁ@fﬁﬁﬁgé Ipfreagton] dweasured ato'aabbgutlet 22)
350C, about 215 bte%aﬂ?élnec?%fess%agnggﬁﬁgg, in fneorgﬂ T@H‘LS 4 to
t he average tenperature of reaction nediu ' Feaceor IS in
t he range0 of abomrﬁ(abalgtoma(lheoaragmotfr@ﬁmo apsigt 215 to about 305C,

or 260 to 290C T rage era ure of reacti,on mewl m60 is Ehe.
average of at |ea Eeeaé3 L@gsrb vl %’er?e%%ar gy, spigRnction (eaetor, it

spaci ngs al ongyt ﬁ‘edémrarmé Yo hbavthpdesd ptior RaRtro80ciFdintoT&HEtdhmasdyor it
reactor 10, where the tenperature measurerrenba are each taken near
I

the cross sef@obfdesiakle e hsafi reactionsmsriummpRiap itiflgwsdhpmah wacks

reaction ”EdTHé‘h@@ntlﬁQ%f Qf&)fé%%cbrid? tawod&%onnhb reactbhqorc%%%@&a%d out
near the upper surface of predom nately liquid portion

reactor 49 |@eﬁpnwwreéheats@@@ﬁdeeys@t as,i for exampre, eeshsd ndtubeheat
vapor space 3%% a

be mai nt ai ne% lt‘%gs an a@gu?flgggg@?ﬁﬁgoﬁn f?Eiw\ﬁr r;e%rcéoqg‘;d fe‘ %%%@a%ac}ﬂgd
-4 to 20 aboowt tisOequrrgal heating deliees dinatecontadt reactar 10, ﬁJtpiz:i got éMenid into

reactor 10 ig enployed as a co r rlflcat on reactor,. it
be desirable 'nﬁ%ﬁ%f Ciqr{sa?té’éﬁ% gB?a’h %ﬁrﬂ?r'&ﬂ]&’ﬁcbﬁng% VP&ﬁdE“EJPdQOOT
?Ed/ or hI t ﬁB?’xdlﬁglgﬁfadkébhg? ahdldii&ﬁatati‘tr%%ﬁfgl oGehedbllyMHeOc@fulativé lagvsunt of
rou r eact or
g 30  heat added to the feed immediately upstream of reactor 10 plus the heat
added to reaction medium 60 in reactor 10 can be in the range of from about

100 to about 5,000 BTU per pound of reaction medium (BTU/ib), in the range
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The heating of the feed prior to introduction into reactor 10 can be
carried out 25 in a conventional heat exchanger such as, for exanple,

a shel | - angdrotdbobhaat exchanger. The heating of reacti arem@didgmndes | N
reactor 10 can be carried out by external heating devices that
contact reactor 10, but do not extend into the interior of reactor
10. Such external heat exchange devices include, for exanple,

j acketing and/or heat-tracing. Generally, the cunul ative anmpbunt of 30
heat added t of fioe akeut 40thiodabuut RyOAHBT Hdanoonin the sange of ol 830 toh$, 500
heat added t&}!@ ction nedium 60 in reactor 10 can be in the range of
from about 1 "about 51000 BTU per pound of reaction nedium

(BTU I b), in the Rafigen V\@gaﬁO% O0PE)3 APCIvhEl2 AHEd0 883 6s odmploget akeuh

400 to about ZOOBTU/I , or in the range of from to 1,500
BTU | b. HPES rﬁ@a?}@éu"ﬂm 3 el %.haﬁe t?reaﬁng#’:?% qrgc%|(%§eda

as a prepgl yr;s%cersgas.t Rlaki ﬁE‘ﬂP'n‘iorBhﬁéﬁoPu@'dh%ﬁﬂ@él r@é&ﬁiﬁcédrplﬁb BAREASSU
(e.g., ab process for making PET), nore than one chem cal reaction

can be carri & 'gaetarn 1PeacFer @@mﬂiﬁr Eémﬂshepoh{p@mﬁ@atlon may be the
pol ycondensa FHbIRYS ebEhérnE:aPFefa%ﬂgh E‘r‘?ed: GlinCRlactdi o, ﬁogeﬁﬁ}ﬁrdn?&rﬂ%

in reactor , a cer al n anoun erification may'al SO occur 1n
react or 10. ‘éhmmf catiort may Elsa scaumi ogamomso aV\ﬂ'leeaptebytmn Orleammmyed drea

average chain Ie th of the, feed introduc nto ed 1 et, .30 ca
be 1 n-the T RGP Bacto e Piasd sarronaliginegoes mshisy o ped
to 12, whdl enﬁlétescauem a:@ﬁncth@mhdeaﬂgﬁrdsmcabdma tbraﬂmmzoabsdamz tcﬂub@ht 15,
product vmthdrawn fromlllgwd product. qutlet 24 can be in the rang

of from aboufl§ ool Zaiile 158 averraa chaip dength af the prefomipately W'd\ﬂﬁ%‘i‘\‘“’t
reactor 10 i §;itRARIVAY REnARAd Pl‘cﬁﬂf%('t)l‘;gg%ﬂ ZAELRBe iR A Ringd HerGRBotRb to

reaction carried out in reactor

about 50, about 8 to about 40, or 10 to 30. When reactor 10 is employed as a
prepolymerization reactor, the chemical reaction carried out in reactor 10 can
16  cause the average chain length of reaction medium 60 to increase by at least
about 2, in the range of from about 5 to about 30, or in the range of from 8 to

20 between feed inlet 30 and liquid product outlet 24.
When reactor 10 is employed as a prepolymer reactor, the feed can
- enter feed inlet 30 at a temperature in the range of from about 220 to about
20 350°C, about 265 to about 305°C, or 270 to 290°C. The predominately liquid
product exiting liquid product outlet 24 can have a temperature within about
50°C, 25°C, or 10°C of the temperature of the feed entering feed inlet 30. In
one embodiment, the temperature of the liquid product exiting liquid product
outlet 24 is in the range of from about 220 to about 350°C, about 265 to about
25 305°C, or 270 to 290°C. In one embodiment, the average temperature of
reaction medium 60 in reactor 10 is in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 280°C. When reactor 10 is
employed as a prepolymer reactor, the vapor space pressure in reactor 10
(measured at vapor outlet 22) can be maintained in the range of from about 0
30 to about 300 torr, in the range of from about 1 to about 50 torr, or in the range

of from 20 to 30 torr.
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15 cause the average chain length of reaction nmedium 60 to increase
by at |east about 2, in the range of fromabout 5 to about 30, or in

the range @f fiamBot o 20 between feed inlet 30 and | i gy RLRDUEES
outl et 24. When reactor 10 is enployed as a prepol yner reactor,

the feed can enter feed inlet 30 at a tenperature in the range of
from about 220 to about 20 350C, about 265 to about 305C, or 270 to
290C. The predom nately liquid product exiting liquid product outlet
24 can have a tenp¥hen ueactor t10 s amplbyed Gs a50kepolymifiCrezictdrhét may be

tenperature of the feed teri feed.inl et . 30. .In one odi nment ,

L hereaner ot desiapielthdeas B teelihrisr s nstadkionsh oo diton 18 Baglondumay be
24 is in the deang8leOto fhedn aadiibn2A&fbdivmabouhs 3R Oflows bRughb eh@or 10.
about 25 305C, or 270 to 290C. In one enbodi nent, the avera

tenperat ure &fenesabt b rwarlaiveeMaURteat heat added tonthenie r?fg@egf'ately
from aboug 220.}8,3bQeadtit G0 @BQ"ﬂﬁe 82t L8q RWea%ﬂémeéHim%7ﬁ) frPreactor
is enpl re t he vapor

290C. When reactor 1 oyed as a prepol yner reactor,
space pressurt® é¢an bedircther range(ofdesumbdutit OW &paboutf, 000 BIRYibe intheerange

mai nt ai ned | e f [,om to. about 300.10rr,.l

range of fro%fﬁéﬁh%gq&t%dﬁa 0 °”§??‘m PQL@B ?h'ntatﬁs r?%%gfﬁ?nwwozﬁygﬁg
30 torr. WVOBRINO®.009030PCT/ US2008/ 008336 When reactor 10 is
enpl oyed as a prepol yner reactor, it may be desiyable to heat the

feed prior to int apO APaIM e FIGady dhenoreaetarolo |5 emplpyse areaifinishes

to heat pgacta el i Uy ' PEEdRr (9. I
the cunul ati ve&g?munt Of@ﬁggﬁséatggyde%ﬁ %%Sggﬁe%hd p?n’medi Sﬁlgl' 553??@&&13 tor

upstream of Ml PET), Bleugvearage isdain lnguot ther iegdtintad te B:d inlet
t 10 in. t
BTU L b 0 R0 PO b e aAG0%s fonl SR RLCSY! BrgRatly MdR30, or 10

t he range of té r3dnveak tle hvetyeBThhinblengef ef thegpradaminately Riqdid roduct
when react or is enpl oyed , as f.ini r 10 reactor _in a | t - pha

ol yestar or igtFh TRD S0y Tl b Bh R de B hitaanis e 2B So
average ¢hai o | ghglith 20, tdimutead tatamsiiiced, i ot &of aed7on! eGerBraigh the
in the range of fr%ab_out 5 to about 50, abqut 8 to about 40, or 10
to 30, whil ePPlyoRdRRsien ralriRd| eulgim reActen d Opean Fausst ey averggedchain

product with b G ; { nt
of from abou?ﬂ'r 0 %Fﬁengggﬂ? g%?@iﬁ&?éi%@%%ﬁé%a}? agg?f g(r)' %{ge?o O.Ut

General |y, t B8, podtyeastdheiwesn feed inleiBband liguid psedunt outletc2th cause

t he average chai nyl cli j U i e

| east about 10, awrfée?gfse{écg%oﬁf%Z%ﬂnB%yggg 9 %ﬁg% hégréoéeﬁ%gﬁeefée%dg%nnﬁg e
30 and |2@Qui tequ it GO ate terhperaturilie the esnglecsf fidmiaboatrp20yedbest 360°C,
tenper at ur o PROVIZEY Br e Uy G B tufe 298 o ThB GLRIOTEGRISIM Y Pt
to about 305@xiting 1QGRI pPodiRRGutidhe4psatieavead ednipbiatitiedwithindasdut 50°C,
exiting liqui dggr oduct outlet 24 can have a tenperature w thin about

50C, 25C, or230c & 19e of épéampenaiursrofithe feed enésring fasd inlas B0, nlnepne
30. I'n one eghpduFFEdt; tHé’fén’ipf‘éFQﬁﬁéhng‘er Fgcj]ui& 'ib??d c@\ékﬁﬁnggiﬁtdwczérgepgttéd}%t

liquid product outlet 25 241s iInt ge of froma
about 358, ahdatin2bs repgahafutroBoaiguto?2Q 19 abou2 36Q°CJ aboute265 to about

Srbodi ent SRS 296 (LIMES! ¥ 2o o RBHAH. JRVSUTER g FAE
about 305C, pracAdh nedid®OED iVheactorealtioin fHe rangengf feyradabatit @201 toi sbvet
reactor, the ¥ Ror SRR Sed tS Shout d03-C83¢ o 0 200°C. When reactor 10 is
employed as a finisher reactor, the vapor space pressure in reactor 10
30 (measured at vapor outlet 22) can be maintained in the range of from about 0
to about 30 torr, in the range of from about 1 to about 20 torr, or in the range

of from 2 to 10 torr.
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30 (nmeasured at vapor outlet 22) can be nmaintained in the range of
fromabout 0 to about 30 torr, in the range of fromabout 1 to about

20 torr, owgModdasustange of from2 to 10 torr. WO PCT/US2008/008336
2009/ 009030PCT/ US2008/ 008336 React ors configured in accordance

wi th enbodi nents of the present invention can provide numerous

advant ages when enpl oyed as reactors in the esterification and/or

pol ycondensati on stages of a pol yester production process. Such
reactors can be pdiaactars ardnfigacbdhin agewdancd evitheembogtieterds o the present

rocess Tor  atgh B Py BRmelis, ausiiRaes Whed "Sioplcvaf f teqct® in
use i n conmerk¢ alsteifehtoRhdisrogolgtdierisaton istadss 68BAPbIgester production

producing PET at a rate of at |east about 10,000 pounds per hours, at
| east about PHPCRSGO %&%%C}% RPhe paticylagy dyaaiagesss Wieh ¢iBRIRYed as

per hour, sor séboh&&?tesmrctgﬁgn,pﬂégg%n@f rgtgHF finisAer tdackis if BRELER for

of the present invention, ere | rovi a process conprising

subj ecti ng amakded iFdT . mdwirihert such ceantorsadrer walt tsuitad i far ase daccasnmercial
conprising a t heql . j f

verti cal 1y oSsed BT Ardu SRR ales £8P ale PRI BRIS sats ot e
and ext endi n@bout 48j00Dypdunals pérehdieadal leadheabowtatd0, 000 pedhdenpkl tbmgr, at
t hrough the header 15 e reactor segments t reaction nedi um
travels thr od@?gf’hgu*r%@g&%(ﬁ _BOHHZ@S P%’é*&?‘froﬁr ﬂ@ﬁ?%ﬁ%&@ RO RS RQUray

| east ongpof the peaseOlensfiiiMeht dfhfhaughedene iheadRh, thBrentpielided a
exanpl e, the reaction nediumenters and exits at | east one, at |east

two, at | easPredRsELOMIISNG pubisEting afrepefion madium te agrhemisaligagtion in a
through the header cor%gﬂi_gﬁﬁgrﬁ%ﬁktf&rallﬁ%ﬁbnqa‘?éd %?H&l 8nd P PREARS d?tvelrﬁ't[aa%
t ast at t e a

two, at least three, our; east flrve, a ast” sl X,
| east seven, spacerbherigentally aldygaiedoedcthosegomends lopupledntmated exendiog

SO go SOl APeNe RTINS cEBoB BN Rkl R, Bt
ext end olf wardtthé remotoli dgments =& theeadtidnmetirme erhvelgﬁhrdaglh tBe aazd16r.
the reactor n conprise at least three, at |east four, at |east

five, at |cadledFROtan Medp Sdotnand exin A lfasidans: ob i imetor segments
ext endi ng outwBLgh ¥hé THeAder.C aRNBMuthbt 8x&hhpldi@hdaadetion MbdiAt &fters and
exanple, the reactor can conprise a first set of at |east two reactor

segnent s and®¥its at deastene, At lgest byat at [Rgst daeeoor fbdaasit 4 ofviher isagtor
the first an 30 segnments extend outwardly
from gener al 3@%@%&@?@?@%@E'@?ﬁ%%eerheader. I n one exanpl e,
the head2® extendsheueattancan) foy example addmprise at leashbva aattleast threes at

of el ongatiop f h r is essentially vertical). Aternativel
V0 2009/ 0090 BPL L BERO B BRS e ddrietian: BrinciP el sacte
30, about 15hodeorfialileglopgatenf rafutdt e@ymehts. ol ek g reactbheef®eptsdtan
segnents extend ss&&telif@llly hori zont al | the central axis of

el ongati on ofX€AE ¢ feapy A ApRman %é@((a‘il’ﬁ ﬁ?’gl hSaqRs 9r-3hiegst two of the

/ﬂst egpag | vel bedcist $QREME SROBRRINY 6@haPdy SRS Wiitibicht AR oPthe RBAYET.
’ 25 For example, the reactor can comprise at least three, at least four, at least

five, at least six, at least seven, or more reactor segments extending
outwardly from a common side of the header. In another example, the reactor
can comprise a first set of at least two reactor segments and a second set of
at least two reactor segments, wherein the first and second sets of reactor

30 segments extend outwardly from generally opposite sides of the header.
In one example, the header extends substantially vertically (i.e., the
central axis of elongation for the header is essentially vertical). Alternatively,
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5 degrees of horizontal. In another exanple, the reactor conprises no
mechani cal m xi ng devi ce. In one exanpl e of the present

i nventi on, widmow@aghi on medi um fl ows through at | east omeryedodshesse
reactor segnents along a flow path that includes an outward portion
where the reaction nmediumflows generally away fromthe 10 header and
an inward portion where the reaction nmediumflows generally towards
the header. The outward and i nward portions of the flow path can each
extend at | edke heademearf extend avitHie about &@eabaqxhéﬁt er § degrees of eerdical. In

'n'"anot her - etAgsEtRlE. fie loeudt. seitBhis°Paall o GuliR b einod il Ues e
15 substanti abh;rahams Zﬁrélamgaﬂqrre:aﬁﬂ'!h edadt@aségroaetstis %sdhﬁél@’sﬁﬁhmmal)
t he pi pe, rein at ast &oEortlon of the reaction nediumflows

the tray a5 BiiEnatiien: G7 ratel somets va GYigRA Wit AbPuR3Y. heut 46, PR
reactor sggnmgehfees! Bf aREHAMtaleX amp ot ERAPPIOBeOeddiSr | fes no
segnents conprises a horizontally elongated tubul ar nmenber and a tray
di sposed sub&teghenigal (nixind deyvieen t he t ubul ar nenber, wherein the tray
extends al ong at é%?:ﬁ'n I t q

ni ne-tenths the Iila'ﬁgtﬁ E 0 tﬁg EJH?EI r£%§\nﬁi\{é59%’eﬁ‘%;ge%C%8ﬁ%rr%@LHlmﬁga’g
fl ows on t hethroagh ahdeast caectdfi thg relotoy aelgmezma akng zptﬂom ;mathdhat imeludes
fl ow path an 0 bot.t om,of .the tu en _travel

o ong the | ndB e PEToG e PR shreitrmel L bwPerneidli sviay Horp e
25 | east 1@nehehdémand eat irwargle gBRIDNS whe ke ithe Feddtidon’ Breliurd Mdwd igeRerally
onto the tray from %ﬁgﬁggader and di scharges the reaction nediuminto

the header fFW¥R" R Bf-ofTheneuwasd) inuiapd portiansaelotheetiove papcan

the at |east eQBI?eQﬁ‘ethﬁ |ERAShBLHAC BFBP IcasPinte:-HL5A8QT 8PSt %aglﬁrﬁlﬂé—tenths
byproduct of the chenical reaction into the header. The disc

vapor bypr odth& lengthvef the mélesst pne phdhealraactar segmenés.header while the

d h d t

V0 20001 009030pCT 13 U8 PhyBtG s o o \REMEE! Lebifehtedtfflicts =
medi um f1Bws shibstamtiallyr bafizaitale pipeofandhat tieast dre arali slisposeddinofhet ipipe,
tray Wnentra eI|n t he,. out d flow path.and fl ows er the

di stal end of %Fjlﬁgg p(?ﬁ't'?{‘ ﬂ\ﬁg{’%d??‘c‘)tfﬂ"gfnep%“t |5 9P tﬁéﬁﬁ%’r as |the

one exanpl e, rédwodIrﬁéﬁhnﬁﬂ@n@fthrbhghtthé)btqudrﬁeéfﬂié RVBIrHeyrfents. In
extending weir over, around, through, and/or under which at l[east a

portion of tABROPERCEXBRPIReFtuAeaTtoRBehSf ot psRaEPHFSagNeMs BOMPHREDfa
the tubul ar H@%m%@w@%&é&&us Pf%embfepea@t d g3t dgpsFé?& %fb%liar}tﬁlly

reactor segnents conprises an end cap coupled to a di
t ubul ar 2Renbeithinthe tetvulart membiest wheesiol thsf tra)hexuemy alanghatrleastrane-haff, at

df th
which the rclsar: SEe-aRreR, b FhstHind Hifd e BHoRREPARYBISH Hedbe:
bott om of t hEhé ubattion mediem. flbws core tBe(aqu Whehhlea\tellhgl albngetﬁbebut&mld
Che Lo Aok P 60 e T e LB S T
wi thi n about tr@slingpetig #He |nWar@%lﬂﬁor50ﬂ%rfﬁﬁ§ p8ﬂ1 *I‘r‘?"ahéﬂ’fé?%&an‘lpib QH@ at

15 examp] e, the t ubul ar nenber is pi p I n one exanpl e

| east orf® of leaponegtthsr re@éwegmermg racer\@ﬁg&hﬁ-reaaﬁlmﬂumpr@ theatrab
in the rangergh the (Pl%‘aaQPé'ﬁd di %hé%é&bﬁﬂgtré&w}n aRRM 'rrrf %tlé Heé&%ﬂq‘f%m the

20:1, or 81 to I n anot her “exa tlona
range of frobﬂtm!fbtﬂfﬂl@ tulbulaboemben ireenpthwammb ttheaeiidaastlﬂlﬁ)e fofdhe

or 30 to 50 rfe%‘éfor segments also discharges a vapor byproduct of the chemical reaction

into the header. The discharged vapor byproduct flows generally upwardly in
30 the header while the discharged reaction medium flows generally downwardly
in the header.
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20 and Dis in the range of fromabout 1 to about 20 feet, about 2 to
about 10 feet, or 3 to 5 feet. In one exanple, as the reaction nedium
travel s t hwouwgwdobgor eactor, the reaction medi um fl ows mommsarsabysse

t hrough the header as the reaction nediumtravels froman upper one
to a lower one of the reactor segnents. In 25 one exanple, the upper
and | ower reactor segnents conprise respective upper and | ower

el ongated tubul ar nenbers and upper and | ower internal trays di sposed
in the upper and llvo®ee exanplerthagadetion medpee flpwe fom whrrosimel and efdbe

t f I
on the uppor g0t BRg TR iRk vl B A PHRY ol hOG ST RES
30 bottom of fiolva up@ethanﬂ«ktélom dfuthel ga?/rmd:)enm tlhﬂ.bmm:rhejf taleamlbhtar
th >t f t ower, w di verters coupl e
Lo the upper MHTIBFDG Ohp SxemAK e G ord it dhe v, GRrmoltss 26, pwardly
| ower fl ow dle\tﬁddﬂi@we\ﬁ@v%@%b@ﬁ’@Qﬁ&R@V Hﬁ&ﬁﬁ%@@ﬁ@%hea@tléé@l 4 pb@iohhs

header and the lower flow diverter directs the reacti on nedi um
exi ting the B treactn tmediuphdewsubgfose Passing tedhewbptey ofitbeglibuies

header and 0% boe | V‘Eﬁoth%e)eé?c?@%?étfh%r@ llé/asta%ﬁ@l%?rthgal%agﬁ‘ﬁ?oﬁrments

defi ned by th ower etween the upper
f1 ow di vert ecemprises @nrend cap coupled to a distal end of the tubular member, wherein

the distal end of the tray is horizontally spaced from the end cap to thereby
10 form a fiow passageway .through which the reaction medium flows as it

passes from the tray to the bottom of the tubular member. In one example,

the tubular member and the tray are substantially horizontally oriented. In

another example, the central axis of elongation for the tubular member can

extend within about 30, about 15, or about 5 degrees of horizontal. In one
15 example, the tubular member is a pipe.

In one example, at least one of the reactor segments has a length-to-
diameter (L:D) ratio in the range of from about 2:1 to about 50:1, about 5:1 to
about 20:1, or 8:1 to 15:1. In another example, additionally L is in the range
of from about 10 to about 200 feet, about 20 to about 100 feet or 30 to 50 feet

20 and D is in the range of from about 1 to about 20 feet, ahout 2 to about 10
feet, or 3 to 5 feet.

In one example, as the reaction medium travels through the reactor,
the reaction medium flows downwardly through the header as the reaction
medium travels from an upper one to a lower one of the reactor segments. In

25 one example, the upper and lower reactor segments comprise respective
upper and lower elongated tubular members and upper and lower internal
trays disposed in the upper and lower tubular members respectively, wherein
at least a portion of the reaction medium flows generally away from the
header on the upper and lower trays and generally towards the header on the

30 bottom of the upper and lower tubular members. In another example, the
reactor further comprises upper and lower flow diverters coupled to the upper

and lower trays respectively, wherein the upper and lower flow diverters
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5 the vapor gap permts the flow of a vapor byproduct of the chem cal
reaction out of the |ower reactor segnent and generally upwardly

t hr ough t hgoheadaseswhi | e the reaction nmedi um exiting theTBReIs008336
reactor segnent is directed generally downwardly through the header.

In one exanpl e, a vapor 'byproduct of the chemi cal reaction from at
10 least two of the reactor segnents is conbined in the header and
exits the reactor via a vapor outlet |ocated near the top of the
header. In armrtemtinwﬂnqﬂ&adeaapdétl@iﬁwmtfwwdiveqaﬁ dirqntmme:teanﬁom reedium

chem cal reaction the ct or Vi ui | et ated ne

She bort om o XtRE it bRronY of 3AE" Hpa Rliar Béirbef o gR7 Hioult the

hei ght - t 0- Wi heladéHail ohéd the Idwdrhtayl5AddilﬂB§ﬂly0fa Japamgaposin Be Hefifed by
or 5:1 to 10:1 and at | east one

b 20: 1, b 1t bout 15:1,
gf O? Le r eact 3‘?5 %émowggggw 'Eetweﬁatth% upret ard fowgydlay dwegaisamderein
2:1 to abgut 180vaporP§ay bernits i AGRWF aZQaﬁor r@du]ct \?Mtr]% mical BeaclttBn

one exanple, the react | on medi um conpri ses | qui d
cheni cal rea®ut ohtheslowarrreaeton segment aﬁdtge@eraibyamafdtyh@rm@ttheolneader

medi um 20 co S r I Y,

port i on.  cachientie; feadRf BN LA e RERY AAGErIsediCe grevrd
reaction rredgenetadigaib&@wandlqnhnqugbrtheataadeie of the reactorfsegments
conprises at least 50 volu per cent , n parti.on o

Fomet | o madi um | B 2PECOrAmBlel By RGOt fe Heis: Fachie fam at
conpri sesol essast W8 GO0theOldaror RRIgRRSYits IS ROMbIFE] Th SE hexasPhRd &8 the
chem cal reaction conprises pol ycondensation, wherein the average

chai n | engt heActemiar aa\aRos routistilesates deaidtbs tap of theehgademoln a[lgther
at |east abowiaple, 0&((: dérﬁﬁ%{elgq}qhﬂi Jc?%?ttﬁé ch'e%@élere%ﬁt%)l g tth@

reacti on medi um can rise a pol'yester polymer or copolyne
at | east par réacteroviaadigwd obitet petajed ndanthat hasiom EFﬁthemﬂa}bster poI yrrer

Sh Sobe Y™ oS R8P B BN e LRI IS (B e d o

feed i nt $5t hearfgeeof fravhedbontt 2t hto aleaatt20:], sbmitel: h ié Abopiol ¢ oodsIsdt 1mN

feed forns t hed ra?ﬂaas onemlg?he reactor segments has an L:D ratio in the range of from
about 2:1 to about 50:1, about 5:1 to about 20:1, or 8:1 to 15:1.

In one example, the reaction medium comprises a liquid within which

the chemical reaction is carried out. In another example the reaction medium

20 comprises a foam portion and a predominately liquid portion, each comprising
the liquid. In one example, a portion of the reaction medium located in an
uppermost one of the reactor segments comprises at least 50 volume percent
vapor and a portion of the reaction medium located in a lowermost one of the
reactor segments comprises less than 20 volume percent vapor.

25 In one example, the chemical reaction comprises polycondensation,
wherein the average chain length of the reaction medium increases by at least
about 10, at least about 25, or at least 50 in the reactor. In one example, the
reaction medium can comprise a polyester polymer or copolymer that is at
least partly formed by the polycondensation. The polyester polymer or

30 copolymer can comprise polyethylene terephthalate (PET). Additionally, the
process can comprise introducing a polycondensation feed into the feed inlet
of the reactor, wherein the polycondensation feed forms the reaction medium
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WO 2009/ 009030PCT/ US2008/ 008336 in the reactor. The pol ycondensati on
feed can have an average chain length in the range of fromabout 5 to

about 50, efgowby@ede about 40, or 10 to 30. I N ongC 190083396
the present invention, there is provided a process conprising

subjecting a reaction nmediumto an esterification and/or 5

pol ycondensation reaction in a reactor conprising a vertically

el ongated header and a plurality of vertically spaced horizontally

el ongat ed r edottie reaiorentise polypbedbrtaatiandeed(t:anndhiang aoudweragk ghaindength

roactor seqmintté B oeid T BbBR 5 IedberBEr 2ol o 5RO, AE o 0o

The reaction medi wmeset @xampladofemet[&eééntli&vém@tﬁi thae R@f lbbﬂeﬁeélgr@éess
segnents through the he Lg)der The detail ed description of Fl G
reactor 10 e SHG, sSUPIE N P steRFtoRs RdiEMc 4P| @, estenfcat;on and/or

prepol ynmesi Z%dlﬂﬂndéﬁ%t%rn rédbtioRen 'LFAQbr Q:' s?r&o‘% v%ftﬂ:'ad?selbﬂgated

this exanple the present invention. Speci f|
characteri st |f@§d€é and, acplwalityi afnvertioalr spaegd Hcengma)ly elengatedt teastor

ressure, iLn
Br oduct char %%?e“ gféﬁégﬁgsgﬂ%&ﬁéwq ééﬁ'{g@g}l gﬁg hgg&%rh?‘zh%gz%%lpg
of the presemediowmeiidwsthrough the hbadenanéxmé@cﬁoﬁsegménﬁ as ﬂ:jé esation
e reaction nedi

froma produ utlet of .the reactor ei n

forms the pré'a%f@?  FavalRtradigh fe reﬂ&tﬂfvw]@ﬁ %OW'QW@W@?\%@X“S at
reacti on1oorrwas¢e§n@cﬁfymd@a@ta£ 's%@méﬁﬂ@ tﬂﬂ)t@f@%thé"a@ér be Fhe detailed
pol ycondensat i on  product. V. of the product or :

pol ycondensatdesfrigiondelt ]Q’,aﬂ] TSQCtPh 10nemplogd as arsesandisdage esterifigation,
about 1.2, alb?éﬁolﬂnéézéﬂbnaléﬂhﬂorQn@he?l‘ea@é @9?19 aﬁo&iéJg Bllic% IB”cﬂls _example

exanpl e, I t f"the product or polycon I on
range of fro®f ﬁlﬁ)msenﬂlnvenmm@p@clﬁqallabb@feem dharactebehns (@ gl comvdbsﬁbﬁ

00 The’r aad; gnBi hait AERuR), BrldSSe fRablid, USRI, ifese8Es fkrBhe

is in the5rangemd"engmam:maeel pfddlct charboutrisficsh anabanit héatlinpat &bapply to
0.4, or 0.15,t0 0.35 dLg The Ir%trln i C viscosity (It.V.) values are
set forth in 'HEJGX%IWP{ESO Be pLesant VENtiPRom t he i nherent viscosity

measured at 25C i fh A% okanPk, %naromcfl%/qémévé?d Zfrdnl?tar %?&HM Qﬁki&%? thY¥

wei ght. Pol yner sanpl es_can be di ssolved i n the sol vent at
concent r at i offastorn wherginsdhed reactien ingdiss tformas thee pEasiughndn “the reactor.

Additionally, when the chemical reaction comprises polycondensation, the

20 product can be a polycondensation product. The It.V. of the product or

polycondensation product can be in the range of from about 0.3 to about 1.2,

about 0.35 to about 0.6, or 0.4 to 0.5 dl/g. In one example, It.V. of the

product or polycondensation product is in the range of from about 0.1 to about

0.5, about 0.1 to about 0.4, or 0.15 to 0.35 dL/g. In one example, a feed is

25 introduced to a feed inlet of the reactor to form the reaction medium and the

It.V. of the feed is in the range of from about 0.1 to about 0.5, about 0.1 to
about 0.4, or 0.15 to 0.35 dL/g.

The Intrinsic viscosity (It.V.) values are set forth in dlL/g units as

calculated from the inherent viscosity measured at 25°C in 60% phenol and

30 40% 1,1,2,2-tetrachloroethane by weight. Polymer samples can be dissolved

in the solvent at a concentration of 0.25 g/50 mL. The viscosity of the polymer

solutions can be determined, for example, using a Rheotek Glass Capillary
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sol utions can be determ ned, for exanple, using a Rheotek 4 ass
Capillary WD 2009/ 009030PCT/ US2008/ 008336 vi sconeter. A description
of the opewatiomgoopwsbnci ple of this visconeter can be f opgwlus2008A88% D
4603. The inherent viscosity is calculated fromthe neasured sol ution
viscosity. The foll ow ng equations describe such solution viscosity
measur enents and subsequent calculations to Ih.V. and fromlh.V. 5to
lt.V: ninn = [In (tn/t0)]/C 10 15 where Tlinn_=_|Inherent viscositY at
25C at a pol Mfsomelat: eheeseringian of the opgratingoprincinle of dis pirnemetenean bes
1,1,2,2- tetn o] b [ = : | S ¢z
Sampl e flow tﬂ?‘&rrlltizHI 9 hrg\%'? ;‘.DC)a‘.%I L glrﬂ;% ml%e: g%ﬁ@%‘a‘tt?%?%ér&maegwﬁtomrethe
t hrough a capnéasurgd soliot visaBsity e Atheafollowingf equatipme rdesoriipe aosh selution
0,
100 ni of SO'VYS%%EI& %e%%@ements and subsequent calculations to |h.V. and from lh.V,

5 tolV:
Tinh = [IN (t/t)V/C

where Ninh = Inherent viscosityF at 25°C at a polymer concentration
10 of 0.5 g/ 100 mL of 60% phenol and 40% 1,1,2,2-
tetrachioroethane by weight
In = Natural logarithm
t: = Sample flow time through a capillary tube
ts = Solvent-blank flow time through a capillary tube
15 C = Concentration of polymer in grams per 100 mL of
solvent (0.50%)

The intrinsic viscosity is the limiting value at infinite dilution of the
specific viscosity of a polymer. It is defined by the following equation:

20
Nint=lim  (Msp/C) = lim  (Inm,)/C
C-0 C-0
where nint = Intrinsic viscosity
25 1 = Relative viscosity = t4/t,
Nsp = Specific viscosity = 1, - 1
The intrinsic viscosity (It.V. or niny) may be estimated using the Billmeyer
equation as follows:
30

it = 0.5 [e “**™V _ 1] + (0.75 x Ih.V.)
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The intrinsic viscosity is the limting value at infinite dilution of
the specific viscosity of a polyner. It is defined by the foll ow ng

equation: @@ dodgeedsom (nsp/ C) = lim (In Th)/C C>0C >0 wheoShssniossse
Intrinsic viscosity 25Tir = Relative viscosity =tit flsp = Specific
viscosity =- 1 The intrinsic viscosity (It.V. or lint) may be

estimated using the Bill nmeyer equation as follows: 30 runt= 0.5 [e
0.5x1h.V. _1] + (0.75 x Ih.V.) WD 2009/ 009030PCT/ US2008/ 008336 The
reference for estimating intrinsic viscosity (Billnmeyer relationship)

L5 o1 ook ot B0t fhei DEGHSCRSNAE HARNAE
Di fferenti al PylysmorSeied, pm 8888 (1949)on of the operating principle of
SCA N e TR C R RO R W M
embodi menk ofvishReR! RBAMEd! DWRIEA) . VIBBARIdrS (9 'duskHBGoR d¥' e Spefdling
maki ng pol yet hyl ene terephthal ate (PET), the process contprl sing.
principle of the differential pressure viscometers can be found in ASTM D
5225) or other methods known to one skilled in the art.
in another embodiment of the present invention, there is provided a
process for making polyethylene terephthalate (PET), the process comprising:
10 (a) introducing a polycondensation feed into a polycondensation reactor,
wherein the polycondensation feed forms a reaction medium in the reactor,
wherein the polycondensation feed comprises PET having an average chain
length in the range of from about 5 to about 50, about 8 to about 40, or 10 to
30; (b) subjecting the reaction medium to polycondensation in the reactor,
15  wherein the reactor comprises a vertically elongated header and at least two
horizontally elongated vertically spaced reactor segments coupled to and
extending outwardly from the header, wherein the header provides fluid
communication between the reactor segments, wherein the reaction medium
passes downwardly through the header as the reaction medium travels from
20 an upper one of the reactor segments to a lower one of the reactor segments,
wherein the upper and lower reactor segments comprise respective upper and
lower elongated pipes and respective upper and lower internal trays, wherein
the upper and lower pipes and trays are substantially horizontally oriented,
wherein the upper and lower pipes each have a length-to-diameter (L:D) ratio
25 inthe range of from about 2:1 to about 50:1, about 5:1 to about 20:1, or 8:1 to
15:1, wherein the upper and lower trays each have a length of at least about
0.5L, at least about 0.75L, or at least 0.9L relative to the upper and lower
pipes respectively, wherein the reaction medium flows on the upper and lower
trays generally away from the header, wherein the reaction medium flows on
30 the bottom of the upper and lower pipes generally toward the header, wherein
the reaction medium enters and exits at least one of the reactor segments
through the header;, and (c) recovering a predominately liquid
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10 (a) introducing a pol ycondensation feed into a pol ycondensati on
reactor, wherein the polycondensation feed fornms a reaction nediumin
t he react owo astmeoveisn t he pol ycondensati on feed conpri sescrEszoisaNslg
an average chain length in the range of fromabout 5 to about 50,
about 8 to about 40, or 10 to 30; (b) subjecting the reaction nmedi um
to pol ycondensation in the reactor, 15 wherein the reactor conprises
a vertically el ongated header and at | east two horlzonta;@é,elongated

vertical ly spebEgngenszation peylushticoraolligl eactes, avhereint thedinslycondersation
fromthe hea I

bet ween t he ﬁg%%%%@r%%[%ﬁmﬁ (Ee‘ a Qﬁé'gs%a%]thlmo%nﬁredl u%@gﬁ;:g& about
downwardl y t HlooagleaShebbeaﬂé,rmaat Iebet Blégoeatenthmdhem\xeragﬁeblaalhrlengtﬁ(bf

an upper one ments . .to.a | ower one of the reactor
segnents, éﬁéfﬁeﬂéﬁ% ﬁa('j'\%rfe?%act or segnents conprise

respective upper aﬂdné@mmpwé thaﬁ‘edofﬂbrﬂﬁﬂycﬁjMehgéﬁlﬁﬁée\dﬂsWﬂﬁi reige of
| ower intern % V)‘here n the ugper and | ower pes and trays are
subst anti al | $r BhP4l 19/aBeiteibe @DoUh R leicnabpi Qlﬂp@f agadt Powelo about

pi pes each haves gLigengt &é Qxﬂhﬁ@ttﬁé It(\lvL cl)?)orr O%&n?%nbé‘trérhﬁrcfo?&?% Afthe

fromabout 2:1 to about 50:1, about 5:1 a

15: 1, wher ei riangeeolifrper abeowt ®6vil@rabm&y152,ea|@¢utﬁa3§ ta dbeulyOts, ofr 2ié to 0.5
| east about gl‘% at | east about 0.75L, or at least 0.9L relative to
t he upper an wer pi pes respectively, wherein the reaction nmedi um
fl ows on1dhe uppein aoree Iexaa'lpler dys gactrabeymanzy ektemd tcuwtwheiddrom a
wherein the reacti on bottom of .t he er and

| ower pi pes GERASA 1§ {’ %\gﬂeadg(r)a’t"\%ﬁ@? EAMPIR ?@aepfﬁ"me@ﬁn

enters and e&auaeaathé Qﬁﬁiatl@ﬁEbeé viaper b@pﬁmbt wgérem ﬁ'let bapstabydrB8uct is
header; and (,c) recoveri ng@g predom natel y

2009/ oogosopéﬁpbﬁw@sﬁgm r%ﬂﬂt%wﬁd@mm dhﬂﬁtr &ﬁ?{’fﬁd nesmtiieidop of the
reactor, h@!ia&ert hehdely Shs A fmrﬂeés rgﬁTfrBﬁv'ilnﬁqlﬁH
average chain length that is at east a Feast “about. 55

at | east1%0 guﬁ@tlmatedmarﬁ@ iamttma@éthﬂlheaddrength of the PET in the
pol ycondensati on fegd. I t he of

pol ycondensat i on ;n g] ?@étﬁ%'p%}ﬁggéﬁ‘ﬁ?)né%ah% pr&%egblgv?ntﬁ:rhtlg%'edﬁgqu?dsa
about I 0.1 th oreaiutart ccﬂ?énsmg aabedically bli)rtgratétbhagdé} 3id GhUpLurérl]Iﬂy Qalﬁerertlca]yy
exarrpeteItVoor condensati.on produ in the range 0
from about 0SRAGES QB%‘?"@RVZ eYch(g‘?gd‘:“%@Of aesB@u“fs @ogpleartq)az;dt ending
dUg. 101 n ongyuwerdly! Romt e heagsor A&qaaanfv@o @rttﬁ@%aeio%sré&ﬁeﬁté HAv8 a
common side of the header. In another exanple, the polycondensation

causes t#& fBromalRNhEoupled tothehprdriand a wisalend spaseddpm the header.
byproduct i SEg}f;ﬁt%Eg{%ea (fft t& SRfjdtsey o &oNdhgh t%laﬁhén%%teﬁ% a

near the top o erern e polycon saton produc
recover ed frtsay dispoged dutmantnliye\vltrhlndhe tubuiwaneﬂber biﬁhedmycﬂxt&:m along

header . n pr es ntio

Thade s s pr ofh BRa dd-haf i IO SRR, ot i Pl e Rins SR8 aln of

and a plural weytubmavmémbeﬂ aid amtmhtam;oﬂrhe'nﬁimmh gmberriﬁ@ltwper
rom t he eaaer t east

segnent ou d to and extendi ng outwardl

two of tq"ﬂi g‘a‘it Weéeﬁﬂﬁmbysnave 2BPRATO Al IOWRY champerg @e t e fluid
header and accsihﬁmicaﬁaﬁvﬁms%efaagﬁhm@ma%% engach of the reactor
segnents conprises an el ongated tubul ar nmenber and a tray di sposed

subst anti al | y wi t/Riene A¥ambleutthe tuhiierementies is diugctiykeaumied 4 dreyheader.
the | ength o il BaMpIE, HEROHEL pberYonice 8ol O of the
t ubul ar nenber i Nhongerample, each of the at least two reactor segments defines an
30 internal flow passageway proximate the distal end, wherein the internal flow
passageway is configured to permit fluid communication between the upper
and [ower chambers. Additionally, the at least two reactor segments can each
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25 and | ower chanbers. The upper and | ower chanbers are in fluid
comuni cation with the header at the proxi mal end. I n one
exanpl e, th® wubwb@e nmenber is directly coupled to the Hedseoes/008836
anot her exanpl e, the tubular menber conprises a pipe. In one exanple,
each of the at |east two reactor segnents defines an 30 internal flow
passageway proximate the distal end, wherein the internal flow
passageway is configured to permt fluid comunication between the
upper and | oeeMRIsgAsEeRd cap gpupled 40 the tubhiar memberat theglistakend wherein

t 2009 / 0 '
e 8y ReUELAG SRR By TR T gy
does not ext gragsagswarhds wisfined bhethengapapetseenhtie tiay andethealentil cap.

passageway i of | \Y e etween the tr and the.end cap.
Add ¢ Ponal 1 y RddiiarBTE, ReaSot R i Mo’ Samell Berrabiag podMypray
upwar dl'y 5 exxendimgwealeicoupledib ek tray phexitnaey ther intdrmaltlow pesdageaanal
fl ow passageway. I n on% f)ig%rpl e, the reactor segnents extend

e

outwardly froma &bnPRfh SRARPIS reacitfe segmentss grtansh quiweidly from a

hori zontal ngBRfHon side of thé'hEAGeaN AFURtarithfly hHRHHAI rﬁ‘sﬁh@ﬁ of each
of the at |least two reactor segnents has a |length-to-dianeter (L:D)

ratio in the 'randfeoBf expbwea o tulaular member obeach 9 the atlsest tvé teactor

about 20: 1, ; ; ddi t.] ly. L. i .
substanti al | 3’ éang]teﬁ'ltstnRae%%hlé{l%@(t}ﬂa&rlé%%e(zl'@ggaﬂé 'ﬁérﬁ%tr%‘@%s 8g{ro[nege?ut 2.1
about 0. 50, # abeatt0dbabbud57btg abouta201eas B: Di®HS5vheAdiditionblly thayray
resents an uypwardly facing.flow surface that is spaced at |east

Pbout 010, SPHRagu bRty sy Bach Fliaf meriest Riva Fooith 5F 2t deast
bot t om of t habbubosa areabeabout. 251, &t hedst OGN Rhereith fige Hﬁwgiréiééhts an
facing surface is spaced _about 5 to about 50 inches, about 10 to

about 40 i nchewardly fasing 8°‘§§qﬁﬁ@ﬁé§atf'ﬁt§ﬁ’?ﬁ%af 53shiaters0. bt ableast akeid
tubul ar menberap |4 4NEa&@AD! Front fife (¥aMAIBH g&% ucf?gpé m"ﬁ%‘? r. In

medi um on_each tray and/or the bottom of each t I's less
than abol® 0asother examplrarthatupwardly faringrsuriass is Ispaced about Jite about 50

inches, about 10 to about 40 inches, or 15 to 30 inches from the top and/or
bottom of the tubular member. In one example, the maximum depth of the
reaction medium on each tray and/or the bottom of each tubular member is
less than about 0.8D, less than about 0.4D, or less than 0.25D. The
20 maximum depth of the reaction medium on each tray and/or the bottom of
each tubular member can be about 1 to about 40 inches, about 1 to about 32
inches, or 1 to 24 inches. Additionally, the header can have a height-to-width
(H:W) ratio in the range of from about 2:1 to about 20:1. Additionally, the
diameter-to-width (D:W) ratio of the reactor is in the range of from about 0.1:1
25 toabout 2:1, about 0.25:1 to about 1:1, or 0.4:1 tc 0.9:1.
in one example, the header has a heighi-to-width (H:W) ratio in the
range of from about 2:1 to about 20:1 and the L:D ratio of the tubular member
is in the range of from about 5:1 to about 20:1, wherein L is in the range of
from about 10 to about 200 feet and D is in the range of from about 1 to about
30 20 feet, wherein H is in the range of from about 8 to about 100 feet, and W is
in the range of from about 1 to about 20 feet.
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20 maxi mum depth of the reaction nmediumon each tray and/or the
bott om of each tubul ar nenber can be about 1 to about 40 inches,
about 1 towaARRM00IBOI nches, or 1 to 24 inches. Additi on&ll/ys20us0e8336
header can have a height-to-width (HW ratio in the range of from
about 2:1 to about 20:1. Additionally, the dianeter-to-width (D W)
ratio of the reactor is in the range of fromabout 0.1:1 25to about
2:1, about 0.25:1.to ahout 1:1, or 0.4:1 to 0.9:1. | n. one
exanpl e, the headd® aneiher example. e ai (east E‘@LP\W&CtP'éF?QJ“PﬂtSt eludgng dirst
of from abOUtreﬁétér E@gr‘ﬂ@ﬁ?hn@@ éecﬁibh@ ﬁe'é%tld#éagh%rﬂb OwREreih thd SEdHrY reactor
S

menber is in the range of fromabout 5:1 to about 20:1, wherein I

in the range SggnEansia lapaled betow thaabist feantyr sagmerduh@einsthereabior furthegs
f f b t ' P8 )
Fr om anout 8 PIPRe8 s artlsebric it AR Bddrding Bud B pESAS, ncreig

to about 20 fleetirst v 20681009 @BOPET thiBRODEY AB83dated with thé firstnieiabiyr
exanpl e, the at |east twoy Leactor mept s i ncl ude first, reactor
segnent and &eg@ggﬁdwlp%rg& §%@qpéi§ﬁa" N HStCﬁHP?gC n e_rté%)&f“‘ﬁoc'ated
segment is | ogitae seebaivrédutor ségiﬁelﬁt.eaﬂ&‘d@ﬁormg,@%poﬁ’@ €Mbé Wefined by
reactor further cgﬂqgl ses first and second flow diverters extendin

into the hgaH@? Sex How CB‘{Q'"F% ariRafween dhe drstandeseqonddinypdivgrtess ehan
tray associ defatibh AbbUE tld EisUaticict e SRBRENactiGgthdhy! he second
ted wtIT the

flow diverter I1s coupled to the tray assocl a " second
reactor $@gment. Additionally, a vapor gap can be defined by the
second fl ow gj . ween the first and second flow diverters
at an el evat ?ug\rfﬁé%gé}el%'?iees}el evation of the second reactor segnment. 10

Nureri cal Ranges The pres&ht desedptitin deesrnyhéedeal useges Uge quaatify r 6185
to quantify certain parapeters, relati to,the inyentiqgn. It should

be understooﬂaf%?teﬁqéﬁlaﬁﬁﬁrép!% 'W"EH.%@' a'rteSIMi\&?eHEﬁ%rﬁmq' $hjewhen
are to be congirievies] RAHgRS avé Bralded duchahnges BRPRY be EORstAlcd B providing
limtations that only recite the | ower value of the range, as well as

cl ai m |i b9t atitesRISupPRatt fortiaim ixitaions.haf pplyrrecite the lower Malugf de ramge,
exanpl e, a di dped I t i i I

supggrt for g§§* aim ?%Wﬁﬂ%ﬁbgé gtg%tlg?rﬁ{ B%%ef@g%e?%ngdﬁggérréﬁ%%ngg
and a cl ai m ex@npleng disdesed humetical'range toff 18do| 1@Beprobideaditgral QAfpport for

i;ingi E)ingnz " é%lél&er%cﬂﬁbejgpeatépﬁ]a%e{ &B(v\.'r'it?i’ rlllo ngér" bc';&nrtljes) 'éngnadcllélsr% Irgéiting
“less than 100" (with no lower bounds).
20
Definitions

As used herein, the terms “a,” “an,” “the,” and “said” means one or
more.

As used herein, the term “agitation” refers to work dissipated into a

25 reaction medium causing fluid flow and/or mixing.

As used herein, the term “and/or,” when used in a list of two or more
items, means that any one of the listed items can be employed by itself, or
any combination of two or more of the listed items can be employed. For
example, if a composition is described as containing components A, B, and/or

30 C, the composition can contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combination; or A, B, and C

in combination.
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nor e. As used herein, the term"agitation" refers to work
di ssipated into a 25reaction nedium causing fluid flow and/ or m xi ng.
As used hews mpo/dobesot erm "and/ or," when used in a |ist pfribswosansdor e
items, neans that any one of the listed itens can be enpl oyed by
itself, or any conbination of two or nore of the listed itens can be
enpl oyed. For exanple, if a conposition is described as containing
conponents A, B, and/or 30 C, the conposition can contain A alone; B
al one; C al one; AAmésel ihereibnihientarmoravesagmehani lengtiibnaans e aveage

C i n conbi natd, oy : S 4 ngconi [ .

20091 005030PCHTREoBk fRsayag Whits MrZBRARE, For 2 Blivester, averags, chiie

chai n | engt h'lemgthnseanethevramaler ofuspeating acid pedtalcshaluinits. | Avdrhge chain

pol ymer. For a | yest er, avera hain | ength neans the nunber of .

repeating aci[%lnéﬁdpéa%wrn%ﬁi Y"gﬁ e PUTREE PFPqeeﬁ'S&SF?el Q? §higation

with the suniipP)avitieagerags tREinAenddl darEhe datdrdihed bV ParioUdd@eaHe kABRN
rm ned by various neans known to those

chain | ength cag be sﬁ@tg .
skilled in tAe 1apse sKplpddRihg &t 1remmxareals. JE-UMRI cap e used|tp directly
determ ne t hg8diadiRe | B0 p a i ] Lght:
scattering cgjn be _Iﬂge@%t tgh?remgzﬁbé’*t Egsﬁal% tnog\?'gr ggéyﬁrm%é%ﬁ%r La\'?vgl rg'ﬁﬁt
Wi t h corr el atscattering edn be ureddormaasuredhe weightl avegage n@ledcular weight with

chr oot agr apig " CHSR S St AREEN R el Teiey el SRR < Oren

As used Hhér eicajculdted t Basei "uponproseRgolis "withydl spenmiedtion chmstageiphy
are open-end épﬁ*ansi tion terns,.used to transition froma subject

reci ted befo @?W%n%r@'%?rWﬁ?@'@l@?@'ﬂl’%m%tﬁ-ted after the
term where the 1AselSuteherdit, tH RrlsBRRIpFisigSt @bl "t &% “comprise”
transition termare not necessarily the only elenents that nake up

t he subj ect. @re open-gideds #@npiEipa| teTms Heseade tdrdransilionaframg, subject recited
"contains, " . talkh tah a - '
B@ﬁ)ggﬁtpﬂ@.t@hﬂ to S’Né; of Mok 8R e r@ﬂ%ﬁi‘éaﬁ%ﬁﬁgc\%@g Jyihere the

"conprising," " rises,” and "conprise,” provi
herein, 1he elsmentcommers elements listesdafter hestcansitonatepmoprer hgt redcesharily

i qui d phase t,hat h n_subjected to esterification,
wherein the E@%e@yﬁeﬁ%ﬁgéﬂs tpﬁtemggégeﬁﬁ? Sﬁgjﬂ;feam i ndi cates the

percent age of theAsrusgdnidreds ithe eating Faamtsiningat"chbataingdyeand cesnamt edve
(i.e., esterH led) to es%_?d? roups. Copversjon can be, guqnt ified as
t he nunber of"tBFIEQRGE- %‘?‘8@8@9("’?5‘. COMPFISINg, '« GREIPTISRE. FNuFRprise,
di vi ded by t ppviddebelsyirber of end groups (i.e., alcohol plus acid

end gr ougs), expressed as a percentage.
0 As used herein, the term “Conversion” is used to describe a property of

the liquid phase of a stream that has been subjected to esterification, wherein
the conversion of the esterified stream indicates the percentage of the original
acid end groups that have been converted (i.e., esterified) to ester groups.
Conversion can be quantified as the number of converted end groups (i.e.,

25 alcohol end groups) divided by the total number of end groups (i.e., alcohol
plus acid end groups), expressed as a percentage.

As used herein, the term “directly coupled” refers to a manner of
coupling two vessels in fluid flow communication with one another without the
use of an intermediate connector having a substantially narrower diameter

30 than the two vessels.

As used herein, the term “esterification” refers to both esterification and

ester exchange reactions.
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As used herein, the term"directly coupled” refers to a manner of
coupling two vessels in fluid fl ow communi cation with one anot her
w t hout thwamey@bosan internmedi ate connector having a spbstsés@iizy

narrower dianeter 30 than the two vessel s. As used herein, the
term"esterification" refers to both esterification and ester
exchange reactions. W) 2009/ 009030PCT/ US2008/ 008336 As used

herein, the terns "havin "has," and "havg: have t he sane

open- ended neani ng'r\salslsed:gh{ﬂim-sﬁhﬁgtﬁfmsé'bﬁﬁﬂgseb?s." and “hewephave the same

provi ded abo ) ; a b bk .ZIQII?H ; .
el ongat ed" ne r?ge% daetd Tﬁéﬁgﬂi@éﬂé&ﬁﬁﬂ%ng&&rﬁﬁ%ﬁmﬁq on i@%%r%rgy'dw
t han t he neaxiaiomeverti cal di nensi on. As used herein, the terns

"including,” "includes, ” and."include" ,nave sane n- ended

meani ng as " conprF$i #gd ﬁ%rgf%r? ST aﬁar'z_od'&%_@r P?Oé“,ga?%fom%?@a st e
10As useds5hemeaimuhhenbeidntal’ raeRasionalis agirget | Han Ré ensadi®um vertical
agitation of a reaction nedi um caused by physical novenent of arigid
or flexible SIMERHPYs) against or within the reacti on medi um

As used herein. th {&ddmheRfifNtie ' GciudiRh @ hRidsNCaRP S hoRldR? have
avai lable for flurd ow, ere the open area is neasured along a
pl ane t hat i $hel sppeppan-ended meaningeasii'casaprising, ofcommpisestiranyitonipeise,”

openi ng. erein, the term"pipe" refers to a
substanti al | f’%‘{?@%ﬁﬁ@’% ongat ed tubul ar nmenber having a generally

cylindrig¢al sidewaslused hereinAtheiterh, ieeehanicalhayitationsrefoel tyelditptionef a
terephthal ate” and "PEI" includ ET_honopol yners and_ PET copol yners.
2080 Useq hefeASon, FFEUP LRSS | By nGREIEH: EURMEAI St & cogi] Phedexile
and "PET copelemeit(s) @amsPbl withit thBasadiesimeBmin{.i ed by up to 10 nole
percent with one or nore added conononers. For exanple, the terns

"pol yet hyl ene t er 85htRd SEEeiR0fn Jorm "opeR flopEarags pefsrseto’ thenopaaearea
PET rodi fi edayhiidbid! RortfRid A \g%ﬁe%efh‘é%ﬁed £28NE bldstr@f bbng Blah8%hat is

nol e percent carboxylic ac?
15 perpendicular to the direction of flow through the opening.

As used herein, the term “pipe” refers to a substantially straight
elongated tubuiar member having a generally cylindrical sidewall.

As used herein, the terms “polyethylene terephthalate” and “PET"
include PET homopolymers and PET copolymers. -

20 As used herein, the terms “polyethylene terephthalate copolymer” and
“PET copolymer” mean PET that has been modified by up to 10 mole percent
with one or more added comonomers. For example, the terms “polyethylene
terephthalate copolymer” and “PET copolymer” include PET modified with up
to 10 mole percent isophthalic acid on a 100 mole percent carboxylic acid

25 basis. In another example, the terms “polyethylene terephthalate copolymer”
and “PET copolymer” include PET modified with up to 10 mole percent 1,4-
cyclohexane dimethanol (CHDM) on a 100 mole percent diol basis.

As used herein, the term “polyester” refers not only to traditional
polyesters, but also includes polyester derivatives, such as, for example,

30 polyetheresters, polyester amides, and polyetherester amides.

As used herein, “predominately liquid” means more than 50 volume
percent liquid.
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25 basis. In another exanple, the ternms "polyethyl ene terephthal ate
copol ymer" and "PET copol ynmer" include PET nodified with up to 10

nol e per cewo pywwesgcl ohexane di met hanol (CHDM on a 10fchosmogaescent
di ol basis. As used herein, the term "pol yester" refers not
only to traditional polyesters, but also includes polyester
derivatives, such as, for exanple, 30 pol yet heresters, polyester

am des, and pol yet herester am des. used here| n,

"predoni nately 1i dif @sesehersivdhe tevan” FQGCNRﬂ inastiyet defers [t qamd medion

2009/ 009030P ﬁ?@@ As used herein, the term
"reaction rregu retyers t%ggr?ac:trlr%%l um subj ect ed to chem cal

reaction. As used harein, rthettbent‘hzesrdtm”emfelmefo itied en6|ety0tl1dteis the
noi ety that i e res uct _of the chemi specigs in
particular r e%&“?% PSR cﬁ‘eoqugb':%?ﬂ'ﬂ%%qst?@ﬁ{esf ‘8rW§H” rﬁﬁcﬁ‘?ﬁbﬁ?'&%ﬂ‘e or
pr oduct , segamﬁb,eq@emffomﬂam of biterfiizaPpiodust, dedaralety of Wetmadnhé hiidty
t he chem cal ,spec used herein, the term "vapor

bypr oduct " i d%laﬁﬁl‘éﬁy PH@'W%%?deﬁéhQW'E?e%!eﬂem red chem cal
reaction (i.e., aAVsaFl%de‘PnBFé?HU%é £ aoaparapggrdage@rg%cﬁhéy thé h@ép&r

reactions (i.e., side reactlons) of the react
used herei n, generated ly" § «lesired| shemicangactor (lmaaﬁsvamatcopmﬂumb(aMIany

vert cal O gk orard@B05] 8" OB R ook TR oy

enbodi nends ofiedibm. i nventi on descri bed above are to be used as
mting sense

|l ustrat | d b d
nterprot he scofs GFelnDbin dhn forte e WRaR SRR, d e ahehe
to the abovensgemuhbederisgniidersonbasi g San! dnde mBaduly HEEney

t hose 20 skllled in the art without departing fromthe scope of the
i nvention as 94BEN§IBAL h in the fol | owi ng cl ai ms.

16 Claims Not Limited to Disclosed Embodiments
The exemplary embodiments of the invention described above are to
be used as illustration only, and should not be used in a limiting sense to
interpret the scope of the claimed invention. Various modifications to the
above-described exemplary embodiments could be readily made by those
20  skilled in the art without departing from the scope of the invention as set forth
in the following claims.
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What is clainmed is: 1. A process conprising: introducing a

pol ycondensation feed into a pol ycondensation reactor, wherein said
pol ycondensati on feed conprises PET and forns a reaction nmediumin
said reactor, subjecting said reaction nmediumto a pol ycondensati on
reaction in said reactor conprising a vertically elongated header and
a plurality of vertically spaced horizontally el ongated reactor
segnent s couphatlistcmimed ie€xt endi ng outwardly from said header, wherein
said reaction nediumflows through said header and said reactor
segnents as tah frocescdanpisingdinticducna\eepdlycbdemggiionsaedliniceact or

wher ei n sai chalwaadersatioredatton, ehbeirssaidh golgedntiensation feas tompesesiPETal d
react or segnamnitfernida craghiorsaediuhdaskd reactr, sibecitgomisreactfonchadium 1,

wher ei n sai doatpdiyeasdensatdnotactian dh sadodaotor segprsigsa eotiqally sleagated

subst ant i al | header arglonplatalityiop eertically apadeddwtizantdlytelargaebt sgproded i n sai d
pi pe, wher eisegatentsaaspled tpard éxtendofy edvatdiy éaot saihheseldr, wnefdirosead on

sai d tray asresetiod meastig flors tealigh saidl readenandsagireaddrdeginehtsastsaisine of
sai d react orresdipmemadium travelsTiheough seidgsaatdr, whereimsajd rahdiosinmedium d

reacti on nmedinters @nd exits aj kegsexiet &f said reacietsegmenis threugiusaicebeader.
segnents only through said header. 4. The process of claiml,
wherein all %fThgémeﬁ%af@daw 1sé@ﬁ@mQﬁ'%%t'%ﬁﬁéloﬂﬁlﬁmW?Ctﬂfrmn@ommn
si de of sai (PORWEgRS 2 substantiplly herigerdalirss and aljleastona ifayrdisnesedingaideact or
conpri ses atPipe yderaimatdeasha pegiog of é%@f%ﬁ“%'gq ipndlows gn sydrayie§cess of
claim 1, whed reagionreediym figws Broughisgidrat iesbenesd grigneactengeamants.
outvvardly fromdifferent sides of said header. 7. The process of
claim 6, whet &6 PRSEEF PIelain dr WherR| ﬁ%@aca“q”lW%Q'“@éﬂteb?a”&‘texltéégt t wo
of said readtdt MYt readFFeIMEBEMY BrLIpsadepdtst two of said
reactor seg h V\/nere alld first nd sec nd sets of s |d react or
segnents ext ;#l?ﬁ%ﬁ i o Fbaé éa' ir féﬁg@a"taeﬁt& 8. The
process of " Y ol FEPROE 8198 OF 2814 PP medi um f | ows through at

| east one of gﬁl d react.o

outvar & por o HEERE T d VB S RlPurrs RS chag ot il 6°

header and an i Avard port| on wherein said reactl on rredl um f I ows

towards sai qS E’E@ F(‘)rces (%cIaT q ﬁgr(éﬁ‘ms Ie%fst tﬁ)oadf ’re Gt\‘rsﬁgrﬂerﬁglegteﬂ twar d
and i nward Q)?I dr %gl |§é% eg\gfgg ast one-hal f
o) sal

the |l ength sal eas one 0 react or segrrents 10. The
process of ¢l g 26 65§ frefﬁt a%o%ééto%b?n Skt LQFLALast
Segnents comps LeBa AL N S Lo BPERGToalan a (1 ay
di sposed subgbaBhis; hoteiish ﬁﬂst%ﬁb eédﬁ (boflof BRHELotor u@ﬂ@ht@eﬁ%h&' tray

extends al O%t@rdl%%ﬁtoﬂﬁeﬁt ds drl&id h%QS!érh Of said
wherein said reaction mediumflows on said tray when traveling aI ong
sai d outwar & pRé bideBssodf cfafth @, WharainRald YeaddR Mddiurs fidws thRRGhIaPRasEdI UM
flows on t henbeftaaTedics ségménbHbAG 2 MBWHRALH thEaRcHidea\e® duiveara beran sai d
i nward por t ivherdwh s&adrshclibromesiainfiows blvay Hag fiosRmsr Aiid &1 iplvard10,
wher ei n sai goatonlv@edin 841€ relctiGrimddil@aRhetowR 8B4 hedRe el ves sai d
reaction nediumonto said tray from said header, wherein said at
| east one of9. $hé frocesCdf@lairt SORRETER saidsauiiidirg @dd frvatd peraeis sikaiedi um
i nto said hdadeatt sammextpad boktstronethatf ahedehgth ot gdid aEEdR bne oflskid The
process of ceattanskdmemtberein said at | east one of said reactor
segnents di scharges a vapor byproduct of said pol ycondensation
reaction i nt10. St grobesadé clainnwbevtedrein Saidcht tbiasiodrnerajeaid vegobor sbypedtduct
f | ows upwar ¢bmprisessahaizbetaltieslongaitddtubdacnembetmdgadcyrdsposedn medi um
fl ows downwasnbs$tgntiatly williiol shid didedar member, wherein said tray extends along at

least one-half the length of said tubular member, wherein said reaction medium

flows on said tray when traveling along said outward portion of said flow path,

wherein said reaction medium flows on the bottom of said tubular member

when traveling along said inward portion of said flow path.
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13. The process of claim 10, wherein said reaction nediumflows from
a proximal end of said tray to a distal end of said tray when
traveling along said outward flow path, wherein said reaction nmedi um
flows over said distal end of said tray and onto the bottom of said
tubul ar nenber. 14. The process of claim 13, wherein said distal end
of said tray conprises an upwardly extending weir over, around,

through, and{OfrERAREsVY &inab, b s@idpméés%hepégsaﬂlr di&aehinghts

medi um 1 ovseB&| & GidPRashdidnddiur BRtoRAId RIP Rim S HeddéP WidFeiNSSBSE -

15. The proqgss off ofdd Feadidr sohfdrd MsSardbsahid Baston AR inkA4h _
react or segngalsr PR SRS sSIRUIRAR ntwred to a distal end of said
tubul ar nenber, wherein said distal end of said tray is horizontally
spaced from gaiTHe BRBeSAF clain t1h ekediinfsaidnat feakl Sy 3598 sehREREN

whi ch said reambides anRgblivofddawsor 88idpalydordeasdtion RedBaeh 1hB fasses from
said tray thedabier, hebletiRanf diséiaegddupbetypreitibElows ubfardhhif sRiHRass of
clai m 10, whgHileisaidsddotatgel vdzrtiommebiam g dandatdhay saiddestdrst antial |y
horizontally oriented. 17. The process of claim 16, wherein said

t ubul ar nenbex The pcpsgs claim 80, Wineeiprsaidessction naldainiclys idaeaei n sai d
at | east onerofimakérd of eaid tray e dismhbisd bfasaidtrdyertginhravelingdi sfaregtsaid (L: D)
rati o i n theutearddoweipath; ehe@ivoisdd 2adtidnonadin flob ovder saitiWYistallead pf ocess
of cl ai m 18,sawhteayaind adn ithe bofom af sad tubuiannember.ange of from about 5:1
to about 20:1, L is in the range of fromabout 10 to about 200 feet,
and D is in théhe progessoff claino 8 aldwantin saidalisidl end oPsrid wayt comEBes Fhe
process of dipaiardiviextentiingiveir eveirdareeak throughpent/omindeowkicllaiieawad| y

t hr ough sai dohtisadé said seactivpnimedinot flows hefate passinodo dhesbdtioonefsaidupper one
of said readvifardegisaits to a | ower one of said reactor segnents.

21. The process of claim 20, wherein said upper and |ower reactor
segment s corfSr T BRPOESH claiie 1dpparein faidiapiRapt eeeh gait eepctaiisagraents
menbers and %%ﬁé?e%ﬁeﬂ%@@@m?@%ﬂ'sﬂ%[V%Ofdiﬁ@’ﬁ \lay membayi Wheipiper and
| ower tubul SRidfisRland of saip ray iserigontallyspased fam paid end gamierthershy of

sai d reacti S APWRPIIREALALINERNSP MiRhsgidTepdion sredn Bewsessaiér and

| ower trays, CRVER BleHiuhpasseRieDisald iy de the Boftemel eajddiiider anbeheader
on the bottag f said upper d | ower tuhul ar nbers. 22. The
orocess of é%ﬁlﬁ%rﬁs:e P@@?@Mﬁr@%aa@ﬁt?b%m " Skt Kk etpper and
| over flow GMOERTIENE hUEIBRLEOTNhi § upper and | ower trays
respectively, erein said upper and |. r flow. diverters extend into
sai d header ,17 ‘?%ﬁo‘ﬁeséé%?agl%i@rw'ﬁr%wsﬂfﬁm%f“ea?breét?tasp’e%i d reaction
medi um exi f[i @gTﬁehSrogé)stst E:rllal?ﬁc 1Svﬁ%eq'ei RB& At euguén%r nggber tdovmvvartcsil Y
through sai d bEdok A AL Lﬁ'rgtdif R TR o So UK REGBAS S o
claim 22, whgrein-a vapor ga&) i's define y “sai ower Tl ow diverter
or between said upper and |lower flow diverters, wherein said vapor

gap permits 1bgzné,£%agfofaawww@wﬁ 0gH¢ D Ao -h%&@g &mfgm dron
reaction .OUIS: avBlied: PY&E inrtﬁé‘Fatn Eo?ﬁgrﬂ%r%utal@ o YBY&E" Yeett, nd4id sal d
header whil ¢, §gir d'ee(?% oU?ﬂ{ ng(%é fegg sal d upper reactor segnent
is directed downwardly through sai eader. 24. The process of claim
1, wherein 9oVAROSoBIRIPEEMT 1. Afhe?é@h daiB Pt XEOR ABRAT AR doRARRIAN from
at | east tWenrBligrsidindRREEOEaIS RAREIH PebiimARNES A8M dluppal Shdigadrs and
exits said rr@a%ifgr%égr‘ﬁéﬂs?o & RAVRF oﬁ’é‘éﬂs%ﬁd ﬂe@@t@ﬁ%n’(b‘?@i thg top of sal d
header. 25. The process of claim1, wherein a predomnately liquid
product of oai theostbyesa e BIBBRL0, WhefdRSdill APpdant SowerkrdhclRB6§MENYI a a
l'iqui d outl ebmbiseriesskdaesiipdeh and Rivep BlofdatstuBuBeddmbers and upper

and lower internal trays disposed in said upper and lower tubular members

respectively, wherein at least a portion of said reaction medium flows away

from said header on said upper and lower trays, wherein said reaction medium

flows towards said header on the bottom of said upper and lower tubular

members.
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26. The process of claim1l1l, wherein said header has a height-to-wi dth
(HHW ratio in the range of fromabout 2:1 to about 20:1, wherein
said at | east one of said reactor segnents has an L:D ratio in the
range of from about 2:1 to about 50:1. 27. The process of claim1,
wherein said header extends within 30 degrees of vertical. 28. The
process of claim1, wherein aII of said reactor segnents extend

within 30 de S of hor.i zon cess of calml \ghereln
d i %r fq hqrgl ala rﬁl c% Sh éran
ol ycondensapt m;:f °|We \ei%m ue? i peﬁf nd %@r&;}gefegy%siﬁé L m
) f
oredonnat o JUIDAER ;%oivaiéva:sa%aﬁugra Al o L e

29, wherein
process of c e av ain trayPET in

said reactiop ﬁ‘ﬁé’ r‘éﬁaés“&r;%zj%% Werdh '\)% qg’Héf‘njeQ Véa. FhbhrgBact or .

32. The pr OGRSt ) ation
;Erobﬂo a%sa.a B feon%iﬂl i ﬁg%{ﬁé

rme)g% ndensati on

f eed has ang
about 50. id | r@é&&e

feed i s mai nLalBR é?:lu ek e?réa@to? @grﬁ@]’ﬁgaedu% te TBh@ 220 to
about 350C. 4, %&‘h rvapor s ace pressure in sal reacto
mai ntai ned in t range of from about O to about 30 torr. 34 The

process of Czl4atrm Aroc¥dedr@afin @, WINdrbih@Nvapbr Bpkdliueed&hiqon nmedi um | ocat ed
in an upper PRikoitRsfonsahdioh G8ml fcal ORI 8id GOIBRIrIsS§Hemt id east 50

vol une per cepnpRBEM sadHedicPand bR sald readter Vi2avhpAdulRlbdatad eeat ed in
a | ower nost ReRPF s§aihdadepact or segnents conpri ses | ess than 20

vol une percent vapor. 35. The process of claim1l, wherein said PET is
a PET copol yaseThe priapédsSdf BRindY , Wigash aairedimiffteuib6id paduerds seihy| ene

t er epht hal atglycemn@atationi resctiandxitésaidreattotitia 2 liqiio loatiqéicatsdtneaf thadded
conononer répeaan ofisaitd deaded6. The process of claim 35, wherein said
added conononer repeat units are derived froman added cononomner

sel ect ed fr at Tiepgcesspf clains | skherginchidileapditiaalal height-tadwidth (H:W)

2, 6- napht halrativein thecmnporifiant abait &;1 td abeay20} 10 Mbrevesaild atd¢dshnod of

di et hyl ene ghigoehgtorsmegmeotsthian anildhgatiofin theoamge ofdoe aboet Zoto ab®B7. The
process of @&0dim 36, wherein said added conpbnomer conprises

i sophthalic acid. 38. The process of claim25, wherein said PET in
sai d pr edoniZiahig grobesguaf dlajsn doueareinaiddieddgraiandauithis 30idgareeeatt i on
exits said nvedigdlor at a rate of at |east about 10,000 pounds per
hour. 39. The_process of claim1, wherein the average chain |ength

of the PET i2§- 528 propesacf ploimn mevanein iah of enid eeacioy seamardstientwtin 2 i n
sai d react or30 degrees of horizontal.

29. The process of claim 1, wherein said reaction medium comprises a liquid
within which said polycondensation reaction is carried out.

30. The process of claim 29, wherein said reaction medium comprises a foam
portion and a predominately liquid portion, each comprising said liquid.

31. The process of claim 1, wherein the average chain length of the PET in said
reaction medium increases by at least about 10 in said reactor.

32. The process of claim 31, wherein the PET in said polycondensation feed
has an average chain length in the range of from about 5 to about 50.

33. The process of claim 32, wherein said polycondensation feed is maintained
at a temperature in the range of from about 220 to about 350°C., wherein the
vapor space pressure in said reactor is maintained in the range of from about 0
to about 30 torr.
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40. The process of claim 39, wherein the PET in said polycondensation
feed has an average chain length in the range of fromabout 1 to
about 20. 41. The process of claim40, wherein said feed is

mai ntai ned at a tenperature in the range of from about 220 to about
350C., wherein the vapor space pressure in said reactor is maintained
in the range of fron1about 0 to about 300 torr. 42. The process of

claim1, WnegfLrH sai d §:ﬁ Ertlflnap 10 mechanltlcal m Xl 19,4 Vi
LR B e e e e [
prlocessdcorrprlgent E)ch1 ;ﬁ tfndn% a

pol ycondensdli orms a
reaction ne U%’l{alr%] Sals§5 %ﬁ"lpﬁﬁeretﬁgsalga € con Q/a gtl on feed
compri ses PE&@% H*ﬁe{gfqbe fﬁg qgﬁhéaiamga[d SPh rb@r E%H#J&?é?%Sm fisitg QM
about 5 to 90 ér‘ﬁ H e%@t’eghtﬁﬁ o@bout

pol ycondensa{drgae Efb%ﬁi&f%dhéhéc% oA FdRGt u er e| n sal act or
conprises a verti ga 'y el ongat ed header an at | east tvvo hori zontal |y
el ongat ed veyd irf@hlokeSAFEREN BSAGKAEIN SEATAALS cSRSHRINRS ¢ aaﬁmts% endi ng
outvardly f rmmssh BR2EEED coMsHoR R siditd RsRdRrs gRLEY¥h

conmuni cat i QSoRaNe8Eld SB6-AapIRRAHEIdicRRBAPRRI, mﬂfyﬁlbﬁeﬁ%biﬂiurﬁ&ﬁéﬂdi on
nmedi um paSSQﬁetﬂy@éMB’@j}dHl )éan&b@.BBlEtuﬁﬁldﬂtvhﬁ&dﬁéreQﬁeréﬁl d reaction nedi um
travel s from an upper one of said reactor segnents to a | ower one of
sai d react or37sggdptsss oMRNR 3D, WiRirein RBRKdENEbrh WRier CEABLSYs Segment s
conpri se resggetiau€atipper and | ower el ongat ed pi pes and respective
upper and | ower internal trays, wherein said upper and | ower pipes
and trays ar3s. Shbploasds dlclaym Berwheneth abid PRI ih @A ededonieardliy igedi d upper
and | ower pipeticesicGhidmoheoaddrantdrivehdtiodicaitesaid reabtobat o ate of dt leakhe
range of fr avoatb@@00clndopathout. 50: 1, wherein said upper and | ower
trays each have a length of at |east about 0.75 L relative to said
upper and | GRefheppesssradsiaant!| wiedrgin thdavegage daindengdaof the iPEfenl saicth

fl ows on sairdadippercdandinbieaess by & yeashalopt B frosaide@adtoneader, wherein
said reaction nediumflows on the bottom of said upper and | ower

pi pes t owar diOs &helpieeeasenf claih 89 eiergathe Fiehintsaishpaiwsdndanseinneesd and
exits at | edes apruerefe shaidl langtidn die reegmeffos abvpublidhaut d0.header ; and
(c) recovering_a predomni natel | i qui d pol ycondensation product from
sai d react ord!- WrRePrEPeEsshiclEing B A3id feeshis jpgd AEnBMPg@&IrPET
havi ng an aV’éF’@dénQﬂﬁlffﬁm% 3Q igboyis359C W eieindRe AP BPieat er t han
the aver age PEFREFTR IN SAPFPRCAIT 1§ Mainkained; IR tednpoe,efi rsbafkpun 8 42 et P&k,

44. The prod®ss of clai m43 wherein said reactor segnents extend
outwardly froma common side of said header. 45. The process of

cl ai m 43, M8r£heapf§a‘?%§ 068'@%8n‘ﬁ'éer5§'8tsﬁ'8ﬁe?cé%fccpmﬁs%sa’i%'@ charigak or mat i on
of a vapor BYPPRLRETS: vvherel n sal d vapor byproduct |s di scharged from

sai d reactor 3v a a va tIe olcat ar t f sai d header,
wher ei n sai d1 'ingr?o dﬁ Riog e§3 ckw d
outl et | ocat8 |

and

a di st al en%loa1 8% |E& | Ieast
two reactor fi chsg %sma %ﬂﬁf gg i é‘ﬁ rn a% a tray
di sposed sulgg VAT e edi sal d tray

sai d reactor

3 t m{o polﬁzo

r%a 0 atho& d a|d
Ty gg:; L %ﬁ*ﬁg f%%roem %3?%%5 ;;Pr%;g: gaﬂsp%d o
and ext end &ﬁ E Letiol | Ef or

extends al o ard ﬁ'gal asts \glsthbtﬁll‘ Rlpggmoer,
wher ei n Sa' %g&'bfw Bq\é'cf'ig%é t$ R)t§l'blfv9|ro f%@fd ”«Efj efnnto
upper and | QuRIeH bwer rARGh & ddmealsd OHBH% re%B tive ﬁerca @ rS ar e

in fluid CO'ETBr'\Bat%@tplp‘éQ a0ty peaive BBEARIY IeherdRbtaP-A%! WidreRRdid
The reactor ghe oW DipedRf $als §r@'éﬁb§t§ﬁ!§ll?ho%ﬁ%ﬁ§ ofigntéH, W]@Fe'ld'

said upper and lower pipes each have a length-to-diameter (L:D) ratio in the
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52. The reactor of claim46, wherein said reactor segnents extend
outwardly froma common side of said header in a substantially

hori zontal manner. 53. The reactor of claim46, wherein said tubul ar
menber has a | ength-todiameter (L:D) ratio in the range of from about
2:1 to about 50:1. 54. The reactor of claimb53, wherein said tray
has a Il ength of at |east about 0.75 L, wherein said tray presents an

upwardly f acﬁ BﬂfFB% abt QGIetoTaBélEt 5081, %@f‘eﬁﬁsﬁ& upRA8hd RRRHErafd ehck from
the top and Taqg?hgﬂ ob&ichst HBW BI75TERREY to a3 uphBeakEBREbip&f claim
53, wherei n gapetitaRd@erdi Said rdRbS zbifmWots n (sBidWppEPEAPolvEr tH418
range of fr 0&&3? s #d hehder Adin 28id Feacti®® medivth ARRGNAhe Bbttdth 8f M 55,
wherein the fidVigmr bAd Blvep anlpéls foRafd &Hid hSadeR Wikl 8818 eesfior memumbout
0.1:1 to abodtterdahd exits/at |é6@60ﬁee@f%brarre@cftor®egmeh@5hrou@eéaﬁcﬂ Redddy;Ghnki: D
ratio of said) tedbudring arpeaderiinadtsly lifuid belyéanagesatbn broatttaRmitaid: 1 to
about 20: 1, rebeb€ivietein Said PolyddRdémiagen plodiidt @BmmphaistPENOhdvingadout 200
feet and D isverdyetdnainnenrgethaf isfat pastadbout 10lgreatepipanthe2lefag@tichainher ei n
His in the leagigef bk PETamsaibiQulycéhdeasatibatidedl 00 feet, and Wis in the
range of from about 1 to about 20 feet. 58. The reactor of claim 46,
wher ei n sai dddaTht pastsd ofwlaire A6 whersiagakintsctomsemeets@xfend sutwaedigt or
segnent and feorsecomctonaaiztadsaiddgedsrt, wherein said second reactor
segnent is |ocated below said first reactor segnent, wherein said
react or f urt4belhe propessdslaim Ast wizardinsaidgotcohdensationgeaatios casgeendi ng
i nto sai d hdahelfarmaidresi@ vapsahsbrdduct whetebveaitl vapot byproduct sudidcbarged sai d
tray associ dtamisaidl raackuivia o vapot ovtishloraied seaythatop oflkeid deadeaviiersiocond
fl ow di ver t eeid poleongrnsatiaropredicd istreegveasisons atiewd aiteh losaied neectbad
reactor segrietiem ofsaid Mepderr eact or of clai m 58, wherein a vapor gap is
defined by said second flow diverter or between said first and second
f1 ow di ver t étbs Adeacier cemplising-chvailinglleelongated beager and aplusakivifsecond
react or segrSHically gacedferizapigleslangetieartar Ieomants @upledieamET i n sai d
pol ycondens AN ouivasgly ram g2id Readp “thﬁ@'f}%trﬂ tyro qfrséﬁrﬁ%‘ﬂﬁ 0 1lto
about 0.5 dgggmeeti hayeap aé§§d6f>ur&¢da‘i°rﬁa@ hep téméﬂra @ n sﬁpﬁ
renovi ng a E%‘i’\ﬁ%?f’ﬁ& e'%ﬁ@?ﬂj%ftsa r% aﬁ“p‘io i’ﬁf‘?r sal d
whet P !

r eact or, PHS ‘?PO F a”f'
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0.3to about 63. The process of clalm43 wher ei n the It V.
of the PET i e of from
about 0.1 t(;@a @éu%a Egﬁﬁﬂﬂ%@h&%@h&%ggg%s@&gpmf é?’ 43 wherein the
I't. V. of thegPRle ie'act%ﬁbidcld@ AEHG&HQ:% % sl QduUSH t\bérela gd&ﬁege of
from about %‘eﬁnésoarﬁ Hal fo alewa & RUPGESPerRS whbR
wher ei n sai GhtRacidy &ggﬁwaﬁ%caﬁlgu@e% pEFHit ﬁuﬁa&hﬁﬁumaﬁe Lwekfier ei n
sai d upper masig Jp?@,cérmo@gmmbegorrprl ses a horizontally el ongated
pi pe and does not conprise a tray disposed in said pipe, and wherein
sai d upper nzat ThERBEBF ofSPIMEIAL whreMal ZQM=3t two reactor segments each

comprises an end cap coupled to said tubular member at said distal end,

wherein said tray does not extend all the way to said end cap so that said

internal flow passageway is defined by the gap between said tray and said end

cap.

51. The reactor of claim 50, wherein at least one of said at least two reactor

segments comprises an upwardly extending weir coupled to said tray proximate
said internal flow passageway.
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66. The process of claim 65, wherein said uppernost reactor segnent
defines a proximal end and a distal end, wherein said proximal end is
coupled to said vertically el ongated header, and wherein said

upper nost reactor segnment further defines a feed inlet near said
distal end. 67. The process of claim®66, wherein said

pol ycondensation feed is introduced into said reactor through said

feed inlet, gndnahelRRr §%W46,%%Féir?§bi@%¥'cwbéﬁrﬁc¥)ﬁs bR ahwariyd
upper nost 1 epsh AlcoRBbiNRIMe JrAuRIHEa8E if a\4akdthnall NorBbrBoak&brheader .
68. The process of claim43, wherein said reactor further conprises
an upper nDsts3. @8e rétctor @OEBIRT 46, WheF Sbi§ RibtiaH RRAIDEPSds 4 RAGthAs- segment
conprises a dankePtBY fablo Rl tAE ERge &f POAALBR: NG adoliestet.h- T o- di amet er
(L:D) ratio in the range of fromabout 2:1 to about 50:1 and does not
conprise a tgaYhereRaseflchimh SRWheRiPsaid aagdhad@eagh of ai idadippentnost
react or segn®m Lj whereihisaidntaglpreseh@. anlUpwvapiPREBS flol sGHaidth&bs wher ei n
sai d upper noplacédaidéat asegTend frdeftha e adibeacmionkat wibur=e w@mbshi ch
sai d pol ycondensation feed is introduced into said reactor, and

wher ei n sai b @ae tazgtor vbdhionsd, Woasein seidbgHies hadda bgiplertomsdth (le& ¢t or
segnent t owartb Baharange bf tah lapowt| 20hipedbedt 20etder .

56. The reactor of claim 55, wherein the D:W ratio of said reactor is in the range
of from about 0.1:1 to about 2:1.

57. The reactor of claim 55, wherein said L:D ratio of said tubular member is in
the range of from about 5:1 to about 20:1, wherein L is in the range of from
about 10 to about 200 feet and D is in the range of from about 1 to about 20
feet, wherein H is in the range of from about 8 to about 100 feet, and W is in the
range of from about 1 to about 20 feet.

68. The reactor of claim 46, wherein said at least two reactor segments include
a first reactor segment and a second reactor segment, wherein said second
reactor segment is located below said first reactor segment, wherein said
reactor further comprises first and second flow diverters extending into said
header, wherein said first flow diverter is coupled to said tray associated with
said first reactor segment, wherein said second flow diverter is coupled to said
tray associated with said second reactor segment.

59. The reactor of claim 58, wherein a vapor gap is defined by said second flow
diverter or between said first and second flow diverters at an elevation above
the elevation of said second reactor segment.

60. The process of claim 1, wherein the PET in said poilycondensation feed has
an It.V. in the range of from about 0.1 to about 0.5 dL/g.

61. The process of claim 1, further comprising removing a polycondensation
product from a product outlet of said reactor, wherein said reaction medium
forms said product in said reactor, wherein the It.V. of the PET in said
polycondensation product is in the range of from about 0.3 to about 1.2 dL/g.

62. The process of claim 32 further comprising removing a polycondensation
product from a product outlet of said reactor, wherein said reaction medium
forms said polycondensation product, wherein the It.V. of the PET in said
polycondensation preduct is in the range of from about 0.3 to about 1.2 dL/g.

63. The process of claim 43 wherein the It.V. of the PET in said
polycondensation feed is in the range of from about 0.1 to about 0.5 dL/g.
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64. The process of claim 43 wherein the I1.V. of the PET in said
polycondensation product is in the range of from about 0.3 to about 1.2 dlL/g.

65. The process of claim 1, wherein said reactor comprises an uppermost
reactor segment, wherein said uppermost reactor segment comprises a
horizontally elongated pipe and does not comprise a tray disposed in said pipe,
and wherein said uppermost reactor segment is horizontal.

66. The process of claim 65, wherein said uppermost reactor segment defines a
proximal end and a distal end, wherein said proximal end is coupled to said
vertically elongated header, and wherein said uppermost reactor segment
further defines a feed inlet near said distal end.

67. The process of claim 66, wherein said polycondensation feed is introduced
into said reactor through said feed inlet, and wherein said reaction medium
flows through said uppermost reactor segment toward said vertically elongated
header.

68. The process of claim 43, wherein said reactor further comprises an
uppermost reactor segment, wherein said uppermost reactor segment
comprises a horizontally elongated pipe having a length-to-diameter (L:D) ratio
in the range of from about 2:1 to about 50:1 and does not comprise a tray
disposed in said pipe, and wherein said uppermost reactor segment is
horizontal.

69. The process of claim 68, wherein said uppermost reactor segment defines a
feed inlet through which said polycondensation feed is introduced into said
reactor, and wherein said reaction medium flows through said uppermost
reactor segment toward said vertically elongated header.
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