POLYESTER PRODUCTI ON SYSTEM EMPLOYI NG AN UNAGQ TATED ESTERI FI CATI ON REACTOR
BACKGROUND OF THE | NVENTION 51. Field of the Invention This i nvention
relates to a systemfor producing nelt-phase polyesters. In another aspect,
the invention concerns an esterification systemutilizing a vertically

el ongated esterification reactor requiring little or no nmechani cal agitation.
102. Description of the Prior Art Mel t - phase pol yneri zati on can be used

B M ¢ e et e e

t echnol ogy coupled 15 wth increased demand have |l ead to an increasingly

conpetitive nmarket gorkGrROUNDODETHENNIENTI@Ne of PET. Therefore, a | ow cost,
hi gh-effici ency process for produci ngI PET.i s desirable. General ly,

nel t - phase pol y&ster prdduct FigH PEREINYSRION | he) uding those used to make PET,

enpl oy an esterificati onrhgegiveftiorinbiates &9 Peysemndanpaidutingseettiphasel n the
esterification section, polyner raw nmaterij al

_sééi . €., reactant s% @{é‘? converted
to pol yester nonomsclesiass-orln @nPlsrasrect) ey iREEHen OfREERA PYRTEEEPT on,

pol yester nmononers LXiehd DEiziac f&tisillyfdSRjatatNeqeficaton AdtdaBy@nitEetient o a

pol ynmer product having the desired final chain I ength. 251 n nost conventi onal
mel t - phase pol yest &f ngroerienicohagitadPri ti es, esterification i.s carried out in

one or rnore mecfgani cal |y agi basefptidnst Beprigith as, for exanple, continuous
stirred tank reactors (CSTRs). However, CSTRs and ot her nechanically agitated

reactors have a nunber &felichhamBaRUYNEIFIOR £3rkes Yped % Prosice A dareu@ft al, 30
operating, and/or nﬁﬂg&ﬁé“@&tﬁ%? Sorf %&ar}n?%. PeRJetthyierROkereshtaslaly QHETS.i on

facility. For exa “the nechanical agitators and various control equi pnent
typi cal |y associ at dtEistwidelgTRed iy bevergs. &0d. arp SHEr gantaigiges, as well as in

synthetic fibers and resins. Advances in process technology coupled

15  with increased demand have lead to an increasingly competitive market
for the production and 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 section and a

20 pelycondensation section. In the esterification section, polymer raw
materials (i.e., reactants) are converted to polyester monomers and/or
oligomers. In the polycondensation section, polyester monomers exiting
the esterification section are converted into a polymer product having the
desired final chain length.

25 In most conventional meit-phase polyester production facilities,
esterification is 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,

30 operating, and/or maintenance costs for the overall polyester production
facility. For example, the mechanical agitators and various control
equipment typically associated with CSTRs are complex, expensive, and
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1 can require extensive maintenance. Further, conventional CSTRs frequently
enpl oy internal heat exchange tubes that occupy a portion of the reactor's
internal volume. In order to conpensate for the loss in effective reactor
vol une, CSTRs with internal heat exchange tubes 5 require a |arger overall
vol une, which increases capital costs. Further, internal heat exchange coils
typically associated with CSTRs can undesirably interfere with the flow
patterns of the reaction nedi

iumw thin the vess t hereby resultj in aloss
of conversion. To i%¥r é%%”é’ep%t&ﬂﬁ'f’ec@ﬁ%?@i%ﬁ, ?ﬁ'm?erco Q)'B’:épf' I&Eg&s/ester
production' facili tiiepehfly bapryanpeey adatnadchanietGed Reat apeumt & portion ofer i es,
whi ch further increases hoth. capital, and erating costs. Thus, a need
exi sts for a high dneieRanEs Mgk LolMen: BEEEET tfdrrienrate fas e an,
operational, and neiffecenanegctieosbiamahi CESTREXWIMN Titagapheduekclepyeetubeen. 15
SUMVARY OF THE | NVENTI ON | n. one enbodinent of the present_invention,
there i's providéd dSpYIBLRLaoEbARTPLIRGME, MG BFeasrhGRnta) 8at; GHTAEG: um t o
esterification in anteaid i ket ¥xcanggatald gpicany fassatied WAACOITRsAREN( D)
optionally, agitating 20 the react |_tgn rTﬁdl um.i n toge esterifi Caftl on_reactor,
wherein | ess than GBI PetRER I HNE Hew RgHeREi b MG 3T BVINadd Y B chani cal

agi tation. Ithe aRREEEth&BBP desBifiig Oh 4 NEssPBEEBATersiBN ENtToOTMcrddlere i s
provi ded a process conprising: (a) subjecting a first reaction nmediumto

esterification in #PIyECREYEEI BN GATLANENR oPRlFRY LY PELRIL Sditiesr st 25
product having 1@ Cayer shiphyell AultipRASISEHRY Wperdlinge it Rties, anhidhbfuridy] ecting

at least a portion of the first product to further esterification in a second
esterification zond"@gBpsafeRpth prital 3B¢ GRErAHRY 69§ cati on reactor to thereby

produce a second productrhlavi Heed SQRY @drSh %g;hoéfﬁé\ibné@FéWeﬁbpg_iocggs Restcent
wherein said second esterification reactor defines a tluid 30inlet for

recei ving the firstmigiygescariisd peratignakl aptimaitiepdicesiasthabip mgximiaing
product conversion.
15
SUMMARY OF THE INVENTION
In one embodiment of the present invention, there is provided a
process comprising: (a) subjecting a reaction medium to esterification in
a vertically elongated esterification reactor; and (b) optionally, agitating
20 the reaction medium in the esterification reactor, wherein less than about
50 percent of the agitation is provided by mechanical agitation.
In another embodiment of the present invention, there is provided
a process comprising: (@) subjecting a first reaction medium to
esterification in a first esterification zone to thereby produce a first
25 product having a conversion of at least about 70 percent; and (b)
subjecting at least a portion of the first product to further esterification in
a second esterification zone defined by a second esterification reactor to
thereby produce a second product Having a conversion of at least about
80 percent, wherein said second esterification reactor defines a fluid
30 inlet for receiving the first product and a liquid outlet for discharging the



second product, wherein the liquid outlet is |ocated at a higher elevation
than the fluid inlet. In yet anot her enbodi nent of the present
invention, there is provided an apparatus conprising a reaction vessel and a
plurality of 5 vertically spaced heat exchange tubes |ocated in the reaction
vessel . The reaction vessel is elongated along an upright central axis of

el ongation. The reaction vessel defines a fluid inlet, a plurality of

vertically spaced I a.va fluid.inlet is

| ocated at a | ower 8 ‘gf’f%’ﬁl' fﬁ%\?“ﬁ'ﬂ ?/'éﬂ% OHEFE '%locaﬁﬁﬁeaqlq Rehe eNatighs are

10l ocated at an el qnaﬁ tefabpwe. the fluid inlet and bel ow t he vapor outlet.

BRI EF DESCRI PTI ON OF THE DRAW N . Certain enbodi ments of the present

i nvention are descri bedll:_“ r’f’eéleat”é’%ﬁ%erb%’mw*ﬂ?% OFéF%rFEﬂ%?é‘t ‘B"et'}i'B” mﬁrﬁsgd figure,

wherein: 15FIG 1 igoddséendigeatdeRofiprisingd réadtibh Slessdlagr e esiithiggat i on
system configured in accor dance with one enbodi nent of the present ipvention

and sui tabl e forP userigalty spargd Bﬁﬁ%%"%l”?%ék’%?s [peatedcn; BR eaeian ¥§sseEI G 2 i s

a schematic depictiffe tadiofCGoREl 3¢ agenfErdibrig 3l QPrighl £@afd odxie aFf | gur ed
i n accordance with one enbodi nent of the present invention and suitable for

use in a nelt-phaselpraaligat ed hprEaaian dﬁS%(ﬂqﬁT?§ a fjuidh nleth@ Rwdinedting the

second stage ester '\fér&%‘l[y %Pa&&ﬁ%@ﬂ Aftietd, Gnd2a Wabbr Tohﬂ’etf | Thé il et is
esterification system of FI G is a sectional view of

the second stage edeeated AEalewsT Sexaliae than e vaper ogtlety alaer!f%fpdwetsu HB 3-3 in
FIG 2. DETAI LEQ DESCRPE &Melevation above the fluid inlet and below the vapor outlet.

BRIEF DESCRIPTION OF THE DRAWINGS
Certain embodiments of the present invention are described in
detail below with reference to the enclosed figure, wherein:

15 FIG. 1 is a schematic depiction of a first stage esterification
system configured in accordance with one embodiment of the present
invention and suitable for use in a melt-phase polyester production
facility;

FIG. 2 is a schematic depiction of a second stage esterification

20 reactor configured in accordance with one embodiment of the present
invention and suitable for use in a melt-phase polyester production
facility, with line A connecting the second stage esterification reactor of
FIG. 2 with the first stage esterification system of FIG. 1; and

FIG. 3 is a sectional view of the second stage esterification

25 reactor of FIG. 2, taken along line 3-3 in FIG. 2.

DETAILED DESCRIPTION
The present invention can be empioyed in melt-phase polyester
production facilities capable of producing a variety of polyesters from a
30 variety of starting materials. As used herein, the term "polyester” also
includes polyester derivatives, such as, for example, polyetheresters,
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The present invention can be enployed in nelt-phase pol yester production
facilities capable of producing a variety of polyesters froma 30variety of
starting materials. As used herein, the term"polyester"” also includes

pol yester derivatives, such as, for exanple, polyetheresters, polyester

am des, and pol yet herester am des. Exanpl es of nelt-phase polyesters that can
be produced in accordance with the present i nvention include, but are not

limted to, honopol and copol yl ene ter t (PET)
PETG (PET nodi fi ed RAMEiTer nides, c%‘ﬁ&‘ Stgf)ﬁéﬁ?@ o?na(”@rﬁ/?m‘ r@rﬁ‘% fully
aromatic or liquid mgesta}sl fhae ¢el jaesbe;_rdsugedbl mdegu:cadaztdeewptbl ﬁ&stmeaantsuch as

t hose conprising butan d| ol , terephthalic. gl ’rr@ %ﬂlgﬁl c ac SI dues

pol y(cycl ohexane- di Wfﬁ O dprdudes b ﬂ?en'é‘?tal'f'@% Pop 3 c‘f‘ﬁ? and
horopol ymers and cagopoiy@hyesd téidbMnange YPETY CPEMEX ¢RET dmafémwﬂm d4aC| d or

di mret hyl cycl ohexaned| car boxyl at e. pr.esent

i nvention, " pol y&st &¥CONgFd imetiase] é(I:@DyBrﬁ?rm‘moﬁ'bengtfdhyeééqm%ﬁe F‘& fol and at

| east one acid are ydthlesd edolystert elbid‘dleg@dlaam i polpsktdrs] téh s&ct ioseof the
process. The acid startjng material can be a di Cal‘ngéHC acldg h t hat the

final polyester 15 ‘iS’PBHﬁEIQ bylaseriohs terephialis askk aifc 2FBEAC ’5@ % esi due
having in the ran9%tﬂ{f(cyfdi&@xéﬁélﬁﬁnélh%@néibOtgre[ilﬁhﬂéteﬁrOlﬁib&obﬁlyﬂ:%rca@hﬂn at ons.

Exanpl es of dicarboxylic acids suitable for use in theﬁpr eseg&_‘wvenml on can
i nclude, but are ndiePPivMared and, hoBIBERTIRERCcaBEi BOPPHPREI % P8Bpht hal i ¢
aci d, napht hal efe- ?oy@bﬂeféﬂebc%é/rbbﬁyh@‘ébﬁ ormnémgi@hmamdmfmwhec aci d,
cyclohexanedlacetlc aC|d di phenyl-4 - di carboxylic ac

di pheny- 3, 4' - di car boxy| iR, oe; @“b@'@enﬂpf’rﬁ%ﬁ@sf@ m"’ﬁPB?JhrRﬂiYﬂs"erd?tE'gﬂf‘Boxyl ic

aci d, succinic aci %aﬁh&l&aédrﬁp&mgdat aHsPidheasiceholadiRl at teREidhe 8€BaGEC acid,
and m xtures thereof. In one di ment, the acid startlng material can be a

correspondi ng est ersubiagias @seﬂﬁfﬂf@?m i8R &) IFEREITRPEIEEPERRS- ofhe 8Fipht hal i ¢
aci d. The algafinl n3didfidiidag H@é %Fc‘a?éox?lﬁi‘a@@ s@cﬁ“tlﬁ%it tﬁé‘ﬁhaitﬂlﬁvesié?e final

pol yester product can conprise at |east one diol resid such_as,
exanmpl e, those 16 i giradudt myninriens @péqa@hpner%ar%ome@eldh@ﬂdﬁg hayingnig tlhﬁnge of

{jr om about 3 to abqgh?@%f%rﬁ%o% A Hbobit 49 t?rofréﬁar bqe 412 caarﬁborsa%ﬂhé abl e
iols can include are not limted to, ethylene ¥

Examples of dicarboxylic acids smtable for use In the present invention

can include, but are not limited to, terephthalic acid, phthalic acid,

isophthalic acid, naphthalene-2,6-dicarboxylic acid,

20 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyi-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2,-dimethyl-1,3-
propandiol, 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

25 terephthalate instead of terephthalic acid.

The alcohol starting material can 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 carbon atoms.

30 Suitable diols can include, but are not limited to, ethylene glycol (EG),
diethylene glycol, triethylene glycol, 1,4-cyclohexane-dimethanol,

4



di et hyl ene glycol, triethylene glycol, 1,4-cyclohexane-di nethanol,
propane-13-di ol , butane-1,4-diol, pentane-1,5-diol, hexane-1 6-did, neopentylg
lycol, 3-nethylpentanediol-(2,4), 2-nethyl penta ned iol-(1,4),

2,2,4-trinmethyl pentane-diol-(1,3), 2-ethyl hexanediol-(1,3),2,2- d

i et hyl propane-d iol-(1,3), hexanediol-(1, 3),1,4-d i-(hydroxyethoxy)- 5
benzene,h2|2 bif é4 hyd roxycyclohexyl)-propane, 2,4-d ihyd roxy-1,1, 3, 3-
tetranet hyl -cycl o utan 4t et r yl - 3-

hydr oxyet hoxypheny 1§ Q)epi'ﬁ d'°'2 %Utﬁngq?‘agﬁild%gka&%g{ gx%%xaﬁe% éjh%# E)pane

i sosor bi de, hydr oqmmeatylgﬂ%& ( 2 Bethgipehtangdibl-@)4), 12- methyipentanedlol -(1 4)

phenyl eneoxy) ) bi s( ol ur t her epf 0ln a

enbodi nent, the st a#?aﬁﬂ”@rf 39%“5?'? @3] ﬁ?énpri g’e@ﬁéeé@%‘f@cﬂé égm)no s

tSU| tagltﬁ ;:ormnomér Sﬂgtagitplr‘]mn?dﬁo! -(1 @y, enmmhed:o!e(ﬁmanlomﬁ&ilqmmoxmmw-
erepht hal i c aci i me er t

i sopht hal at e, dlf’rrettPﬁPfeQe% ﬁ%ﬁ&‘i’@ﬁ‘é‘%{fﬂf’a W@fl"ﬁ?’é‘a 23Cd|hydroxynftl,%¥§

2, 6- napht hal ene- di cafhexiH @yc%buﬂaneﬁtmzhmi@trarﬁéthglembutaﬂnedbhyt erigds- g!—ycol

1, 4- cycl ohexane- di net hanol CH 4- but an tetrane | enegl yocI
trans-DVCD, trinel | Ifdrexyg ?r?%' »-RERPRASEy | c?g é‘x@ﬁﬁ ’é’ EL’OBP’EV&’III’ il ate,
di met hyl decali n-2, &Oﬁé@r boigyécﬂbiaedecawna,qdmaﬁé hangbsd(egambmapmhal ane

2, 6- dica rboxy ate oxynet hyl - decahyd ronapht hal ene, 20
hydr oqui none, hydr oX{a5% @’)E’dﬁ(at,haé‘h’& Wﬂ'ﬁ‘“\é‘? 'g‘ﬁ?ro of .
10 In addition, in one embodiment, the starting materials can

comprise one or more comonomers. Suitable comonomers can include,
for example, comonomers comprising terephthalic acid, dimethyl
terephthalate, isophthalic acid, dimethyl isophthalate, dimethyl-2,6-
naphthalenedicarboxylate, 2,6-naphthalene-dicarboxylic acid, ethylene
15 glycol, diethylene glycol, 1,4-cyclohexane-dimethanol (CHDM), 1.4-
butanediol, polytetramethyleneglyoc!, trans-DMCD, trimellitic anhydride,
dimethyl  cyclohexane-1,4 dicarboxylate, dimethyl decalin-2,6
dicarboxylate, decalin dimethanol, decahydronaphthalane 2,6-
dicarboxylate, 2,6-dihydroxymethyl-decahydronaphthalene,
20 hydroquinone, hydroxybenzoic acid, and mixtures thereof.
in accordance with one embodiment of the present invention, one
or more additives can be added to the starting materials, the polyester,
andfor the polyester precursors at one or more locations within the
process. Suitable additives can include, for example, trifunctional or
25 tetrafunctional comonomers, such as trimellitic  anhydride,
trimethylolpropane, pyromellitic dianhydride, pentaerythritol, or other
polyacids or polyols; crosslinking or branching agents; colorant; toner;
pigment; carbon black; glass fiber; filler; impact modifier; antioxidant;, UV
absorbent compound; and oxygen scavenging compound.
30 In general, the polyester production process according to one

embodiment of the present invention can employ two main sections.
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I n accordance with one enbodi nent of the present invention, one or nore
additives can be added to the starting materials, the polyester, and/or the
pol yester precursors at one or nore |locations within the process. Suitable
addi tives can include, for exanple, trifunctional or 25 tetrafunctional
conononers, such as trinellitic anhydride, trinethylol propane, pyronellitic
di anhydri de, pentaerythritol, or other polyacids or ponoIs crosslinking or

branchi ng agents; o) t; . .toner ment n filler;
i mpact nodifier; an eoﬁfgﬁ%\ on chﬁogﬁﬁwgrwatgdﬁlﬁggl We 5?58“ c)%%%ﬁ écgg\gngl ng
conpound. 30l n geneanaferiakher 'pebqtessttseﬁntprmersmnpromccmgmanscoﬁm sapond one
enbodi nent of the present, inventi n can e in _sect.i,on e first
section reacts staffacHen fUERF ffla§ S(HI% %gead\\gfodml@omeﬁs ddto ﬁ"&v\f'?r@lt erials"
or "reactants") mt;gbnmmrmds@oand/ or oI i gomers. The second section further
reacts the nononers and/ r oli rs into the i nal  polyester praduct. 5If the
starting materi & s ent er tﬁ@ st F}ai?"aéseé?%ﬁls W&Frﬁhgeﬁpépdnﬁﬂﬁﬁ?'gﬁﬂg such
as, for exanple, tejrephd, waich (‘asafdrcbx@mp@qgmphﬁialhc a@iﬂ o+, isbftethdlicr adid,steet i on can
be referred to as esterlfl cati g’ierfélf t he startrlﬁgg r| al s .have net hyl end

groups, such as, foOfSESEEHRP &N terer P s theipiRBERyPaeLaSht hal at e,

the first section cafebfethgflaid @8ups) sash astier exalﬂpléxd:ihﬁﬂ@etdbéphthalate or
trans-esterification. For sinplici txheathe term esterification,

herein, includes bdiimedy é?‘?ﬁ*i"@?é@tleo fistesedioneGah difg et 1P oRs esﬁ{er efore,

if the first segji Oékchﬁnwsﬂtréﬁg-eaéﬁ@fahéh CFbl' @ifnplieRy, Ahe XETRBESIficAon,”
trans-esterification, it can bhe referred as the "esterification section" of

the process. Accor dig'sed @ﬁ@"éntb’lﬁﬂq?éntbog‘f eslglfpﬁ@orbr%@e,ﬁs ' CEPANA,

esterification can Qg gl | BokrBfdte, i iNtHRMRsOEdBREs 2684 %S &tertiftati@statérf i cation
section at a tenperature in the range of from about 220C to about 300C, or

about 235C to aboutexgbenge.or 2 iigus-estesficationn dit acah eBe uFeeEed | B5s2% nF about 25

psig, or a pressur9ebfén%@iorn%ﬁor?fofftﬁé)E}c%la@élt Alscd%lr@ tbonabaHbodi@epsty, or 2
psig to 5 psig. In one 20 enbodi nent average chain |l ength of the nononer

and/ or ol i gorer1%exithermjeserd iewandipif eHalcatoR 6aRiRsncaEARd 1t ITE 88 14RO hout 25,
fromabout 1 to aboyhg of tﬂé efsfé?l'ﬁbe'r:tlo‘h%e%ﬁon 3hg 1&Rpeadirs @ileangé of fiémpr ocess

can be referred to as t | ycondensati on section. The pol condensat ion
section can enpl oy apout 220 C to about 300°C, or about 235°C to about 290°C, or 245°C
to 280°C and a pressure of less than about 25 psig, or a pressure in the
range of from about 1 psig to about 10 psig, or 2 psig to 5 psig: In one
20 embodiment, the average chain length of the monomer and/or oligomer
exiting the esterification section can be less than about 25, from about 1
to about 20, or from 5 to 15.
The second section of the process can be referred to as the
polycondensation section. The polycondensation section can employ a
25 single step process, or can be divided into a prepolycondensation (or
prepolymerization) step and a final (or finishing) polycondensation step.
Generally, longer chain polymers can be produced via a mutti-stage
polycondensation process. Generally, polycondensation can be carried
out in the polycondensation section at a temperature in the range of from
30 about 220°C to about 350°C, or about 240°C to about 320°C and a sub-

atmospheric (e.g., vacuum) pressure. When polycondensation is carried
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25 single step process, or can be divided into a prepol ycondensation (or
prepol yneri zation) step and a final (or finishing) polycondensation step.
General ly, longer chain polynmers can be produced via a multi-stage

pol ycondensati on process. Cenerally, polycondensation can be carried out in

t he pol ycondensation section at a tenperature in the range of from 30 about
220C to about 350C, or about 240C to about 320C and a sub- atnospheric (e.g.,

vacuum pressure. Wien. pol ycondensation is _cafri i - S e
process, the prepol i ?aﬁ'%’ﬁ a@SrpWFS?)SOI @'ﬁe%&eﬂo@g% rggﬁ%nagocc?:qé\ll\gorw'%?ﬂe nonomner
exi ting the esterifregétbi can s@rkrtane mahomanexiting thessstdrdicaian sectiav étage chain

I ength in the range of frgm.about 2 to%bou!t 4@,. from aboﬁ 5 to 2qut 35, or
from 10 to 30. The YPRMERBAVIET AR AVEEASS HEI 'EBAND (€ 1H1Ee fa%%?‘?“g 'Frer

m xture into a finabopdlpMiornpabeltct thabong3bher ftesi nedoad®Er age fitishen | engt h,
typically greater than ahout 30, er than about 75,

reater than about. 50, .qre
or greater than %0."aCH "—%"c"é(ﬁ@g&et 8'?9%%%9”8??@5‘5@%”93&'7%&0 d'Sn
Ie:llcgg dinge \INith 10_&6%&0‘@2?\' rmetqelelf;ed Beerage shain lbngmlntyipwa]yy gretegi ©ad in
. 1-3. In particul ar illustrates an exe r i rst stage
esterification systé}ﬂ“t R grgaﬁr&a_n oA P 89fqal?‘?f ?%tggc"in%b)?éﬁb‘?aé?v?‘gﬂcond
stage esterificatiamp reactor. The nmulti-stage esterification section of FIGS.

1-3 will now be described in greater detail. 15Ref ?rri ng nowto FIG 1, a :
first stage esterificat ipbwugyggwqunﬁcahon section configured™in accordance with

10 one embodiment of the present invention is depicted in FIGS. 1-3. In
particular, FIG. 1 illustrates an exemplary first stage esterification
system, while FIGS. 2 and 3 illustrate an exemplary second stage
esterification reactor. The multi-stage esterification section of FIGS. 1-3
will now be described in greater detail.

15 Referring now to FIG. 1, a first stage esterification system 10
configured in accordance with one embodiment of the present invention
is illustrated as generally comprising a heat exchanger 12, an
esterification vessel 14, a distillation column 16, and a recirculation loop
18. In general, the process carried out in first stage esterification system

20 10 includes the following broad steps: (1) introducing an esterification
feed into heat exchanger 12; (2) heating and partially esterifying the
esterification feed in heat exchanger 12; (3) introcducing at least a portion
of the heated and partially esterified product from heat exchanger 12 into
esterification vessel 14; (4) further esterifying the partially esterified

25 product from heat exchanger 12 in esterification vessel 14; (5)
separating a liquid product from a vapor byproduct in esterification
vessel 14; (6) introducing at least a portion of the vapor byproduct from
esterification vessel 14 into distillation column 16; (7) separating the
vapor byproduct into a predominately water overhead siream and a

30 predominately alcohol bottom stream in distillation column 16; (8) routing
a recirulation portion of the liquid product from esterification vessel 14
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configured in accordance with one enbodi nent of the present invention is
illustrated as generally conprising a heat exchanger 12, an esterification
vessel 14, a distillation colum 16, and a recircul ation |loop 18. |In general,
the process carried out in first stage esterification system?20 10 includes
the follow ng broad steps: (1) introducing an esterification feed into heat
exchanger 12; (2) heating and partially esterifying the esterification feed in

heat exchanger 3 roduc Ieast a rtio h h e nd
partially esteri f| é?%’ % @d e 18?‘ Sét %@hé%%@%“ﬁ lra’ﬂ?o éesf‘ger sﬁ%g e?lon vessel
14; (4) further estreéfrd‘ulathg poftgonpef thie dibliy peedwest iid ﬂmdm@&hropglmdemrtculatlomn heat
exchanger 12 in esterif] on vessel ating.a.liguid product from
a vapor byproduct |?1°Fe§b 4'“%%“39 rggeg%:gtéciglcosgl?{r?rnttﬂ%@ﬁtgmg& p‘ ast a
portion of the vapqreshyznwfbuCédcfmm)eah@fbr btidakhon10psdedraishd atmx)dijcstl llation

| 16; (7 t th t d {e t
over hoad St 1 camPandoRiomt ¢ AR: erogual RoHoPSBRI-LSAn Steeam S doar LT at i on

colum 16; (8) routicgses@Proddsaingon portion of the liquid product from
esterification vessel 14 back to heat_ ex hangieI 2 Via I‘%FI rule&t\?ﬁn | oop 18:

(9) while the recircul atvdRdipded iBBRV et gy Gan beLA d"t hr ough

recircul ation | oop pk§, HaddieRendryer eltzoaﬁ&(esféﬁﬂb@ttcﬁadvééseohﬂl off estarifidasibnl | ati on
colum 16, fresh al cohol, additive(s), and/or acid; and 0 W t hdl’{il%ll ng a
4

product 5 portion ¥Fterhd0y i dierefofs: dieat exehanaeeds @l“pf‘?sé%ﬁ icgiPen, ¥esE for

further downst reamphasRed ferred to ad\Hirstdlhgabedribva, rehdtosl tisdtageh
esterification can be carried out in both heat exchanger 12 and esterification

vessel 14 of est er idefipa@ ratiay st @nirsostaghepleritralion 7eae. NENaYRjePeoPY¥Sand

esterification vessg a@cﬂtlon]a@f&@ﬂor?aﬁheé}%x@ﬁérﬂjére@ dch i@§to ﬁéét&he ségidn
esterification reactors” that each define a portion_ of first stag?

esterification zondnediypwroessseddbansde heat %Qi]atngﬁhé? OPUn?ﬂ?C? B8R "BErRe

exchanger 12 can bedo«hegd, Eﬂé@déﬁﬁé‘éé%a@‘ﬁg'zﬁﬁépr%ﬁﬁ%né@ﬁrﬁ auainorlmat
exchanger 12 can aI so be referred to as a 'heater” that defines a "heating

zone. " Furt her 15si fuection ati@star@aation: sessghctd sanobe oot BrAMIte aYareKligedsel 14
can be to pronote VcﬁMgébér%thd éé’te?i?@é’tﬁﬁﬁm%i 18SEHY lafsbct?é rEBrr¥@Is els 44 can

al so be referred to as™a "di sengagenent vessel that defines a "di sengagenent
zone." The conf i gur'dispogrgamerspesael dhatoflefinesse ‘sispgeaeanenti Foneat i dhesyst em

10, illustrated in c!éh%%énor’{“ ddd %B@H?i@n d@is(f‘iFs!tb%gé NedtEMRbAbn A8kRIM - 10,

20Referring again to recirculated |liquird product_ stream di'scussed
in more detail bel OWSfﬁatﬁdtIﬂdﬁh@pbr\’b’léﬂowmedi@ﬁ”%ﬁq acreaigl dgthbn

20 Referring again to FIG. 1, a recirculated liquid product stream,
discussed in more detail below, is transported through a recirculation
"conduit 100 of first stage esterification system 10. As illustrated in FIG.
1, the following materials can be added to the recirculated liquid product
stream flowing through recirculation conduit 100: (a) additional fresh

25 alcohol introduced via conduif 104 and (b) one or more additives
introduced via conduit 108. In another embodiment, at least a portion of
cne or more streams in conduits 104 and/or 106 can be added to the
stream exiting esterification vessel 14 in conduit 114, which is discussed
in detail below. In yet another embodiment, at least a portion of one or

30 more streams in conduits 104 and/or 106 can be introduced directly into

a yet-to-be-discussed recirculation pump 40. The fresh alcohol in

8



‘conduit 100 of first stage esterification system10. As illustrated in FIG
1, the followng materials can be added to the recirculated |iquid product
stream fl owi ng through recircul ation conduit 100: (a) additional fresh 25

al cohol introduced via conduit 104 and (b) one or nore additives introduced
via conduit 106. In another enbodi nent, at |east a portion of one or nore
streans in conduits 104 and/or 106 can be added to the streamexiting

esterification vessel ;14 in conduit 114, whi i i ind il bel ow.
In yet anot her errbd’d’i"f’r'é'ﬁﬂ,oqa?a'? 2N PE| %ﬁaﬁgéﬁ%ﬁg‘%@g‘gﬂ’ﬁ@sg ‘?’:@%msei gw

condui ts 104 and/ orgyfiflectn R kBt stadngeMathriaRClr Yhd Ristedm petthé préserdi scussed
recircul ation punp 40. The fresh al cohol in condﬂ_lit 1861 can be any of the
cahol AN P RAYEP

al cohol s di scussed iB$ENENaLIEIGHRE KuPpasmbodireisied fals in

the system of the piReENTHeNYRN ok PRore KckitivdE N doRdoina0ededbéereny oftthe al cohol
can be ethylene glycol. The one or nore additives ing %On uit 106 can _be any of
B

the 5 additives i AGEVEY digsyeehaboE Ay P&t sipRies & e Byt em of

the present inventigdpresent invention.

Additional acid from conduit 108 can also be added to the stream
flowing through recirculation conduit 100. The acid introduced into
recirculation conduit 100 via conduit 108 can be any of the acids

10 discussed above as being suitable for use as starting materials in the
system of the present invention. The acid in conduit 108 can be in the
form of a liquid, slurry, paste, or dry solids. In one embodiment, the acid
in conduit 108 can be solid particles of terephthalic acid.

In one embodiment of the present invention, the acid in conduit

15 108 is added to the recirculation stream in conduit 100 in the form of
small, substantially dry, solid particles (e.g., a powder). In such an
embodiment, the acid fed to conduit 100 can contain less than about 5
weight percent, less than about 2 weight percent, or less than 1 weight
percent liquid. This method of dry acid addition can eliminate the need

20 for complex and expensive mechanically agitated tanks traditionally
used to convert the solid acid particies intc a paste or slurry before
introducing the resulting mixture into the esterification process.

As illustrated in FIG. 1, a pressure reducer 20 can be employed to
permit the direct addition of a solid acid reactant into recirculation

25 conduit 100 without being in the form of a paste or slurry. In one
embodiment of the present invention, the solid acid reactant can be
added to recirculation conduit 100 at a location where the pressure of
the recirculation stream has been reduced via pressure reducer 20.
Pressure reducer 20 can be any apparatus known in the art to be

30 capable of reducing the pressure of a primarily fluid stream so that

material can be added to the pressure-reduced stream via an opening

9



Additional acid fromconduit 108 can al so be added to the stream fl ow ng

t hrough recirculation conduit 100. The acid introduced into recirculation
conduit 100 via conduit 108 can be any of the acids 10 di scussed above as
being suitable for use as starting materials in the systemof the present
invention. The acid in conduit 108 can be in the formof a liquid, slurry,
paste, or dry solids. In one enbodinent, the acid in conduit 108 can be solid
particles of terephthalic acid. In one enbodi nent of theigresent i nvention

the acid in condui teraximatrstheszongafdedyrediesies r S eucion isppesxaTRe@ndui t 100

in the formof smal], asHdbsitiaQliatid or d5¥ as prddsdrep@bibéglzes (e.g., a powder). In
such an enbodi nent, the acid fed to conduit 100 can contain | ess than about 5

wei ght percent, |ess thé&s ibussateingdCgAt theesalid@eid igactapkie ¢angHit 1 0j<ag ht

percent |iquid. Thipg %é&ﬁﬂ) Reirii¥ticClodp addidvifireaaNoineMd¥Richal BRoRGed 20 for
conpl ex and expensive nmechanically agitated tanks traditionally used to

convert the sol isd aaridd agditive chiestiomtreinds.patBhesy is1capr be RAVGPEILAYS dBuci ng t he

resulting mxture ipf chethgsgﬁfoi BEH%EQH‘BnP"Irﬂée@@-mp portiorf\®f I rbbikgAdtdhed in
FIG 1, a pressure reducer 20 can be enployed to permt the direct addition of
a solid acid react aenduih 80 ireeidet tr expediie 1% dissriviion dfdioe aplicharid PBRICIE§ in t he

formof a paste or gl lﬁqéy\é'edegged%%tsnmd!r@a%[a‘ﬁt)nt&?eé?ﬁ esqik B@é@ﬁ&é O, the

solid acid reactant can to recirculation conduit 100 at a location
where the pressure miyaste mesomes and/on okgaresim inade Heeircualipicelseam £apr essur e

reducer 20. Pr eﬁlsuraq?({]e&%ﬁge qgecgi?s[ggﬁcgmbf%Psg?m?g@?\gﬂia& talag%@rtb to be 30

capabl e of reduci ng e pressure primari _ stream so that materi al
can be added to theepresationesandditdéd. Jocegemsnobedimaniopfdhi ngesait doxiertiens t he zone

of reduced pr essurgheS e%ﬂf"m@&fcm}&é"p??’fa&?%ecaﬁfﬁaﬁgEﬁ%\%ﬁa@ﬂ aflb le for

use as pressure redaducer trate e so acid
reactant in condui tin i68ranga odb&oedatedt 1 o aeait2duiikaut@tolabopt 18 cddundbr eam of

t he addi ti onal al cohol adgliti L.nj jnts . I ia i faCan be
advant ageous to intr oduéeq%ﬂeglysgﬁ%d aﬁ%uhpr(gg%!cgﬁ?'o?dn o%ctitgt&géapg?tﬁgn of
recircul ati on cidnduketircl@ionn stedr it aeexqaatione cohduidi ¥olcati eny otmot sol i d

acid particles as they descend |nto e LT {.an r h sence of
pol yest er nononers r}fﬁé?%arr§oﬁ%i g&dr}@ares t{@n (%G{?grgtrj e'g'?dlrj%qog‘t iraZt% gﬁnég% g%ér?rre 0 al so
enhance t he di ssol ufliadnl-of-atideatol iid caeianipatiment efsthaddeskrtonvestioncieat i on

O 00 BomcriBE oA B eSS AR O ed vl D,
from about |to aboutcigfjat@houinditt160db authel@ngerf Fotroalddit 1.005:1 to about
20 10:1, about 1.01:1 to about 8:1, or 1.05:1 to 6:1.

The combined stream exiting recirculation conduit 100 and/or
pressure reducer 20 can be introduced as an esterification feed into an
inlet 22 of heat exchanger 12 via a feed conduit 110. In heat exchanger
12, the esterification feed/reaction medium is heated and subjected to

25 esterification conditions. In accordance with one embodiment of the
present invention, the temperature increase of the reaction medium
between the inlet 22 and an outlet 24 of heat exchanger 12 can be at
least about 50°F, at least about 75°F, or at least 85°F. Generally, the
temperature of the esterification feed entering inlet 22 of heat exchanger

30 12 can be in the range of from about 220°C to about 260°C, about
230°C to about 250°C, or 235°C to 245°C. Generally, the temperature

10



General ly, the anount of al cohol and acid added to the 15 recirculation
streamin recirculation conduit 100 can any anount necessary to provide the
desired production rate and the desired al cohol-to-acid ratio. In one

enbodi mrent of the present invention, the nolar alcohol-to-acid ratio of the
esterification feed streamexiting recirculation conduit 100 is in the range

of fromabout 1.005:1 to about 2010:1, about 1.01:1 to about 8:1, or 1.05:1 to

6:1. The conbi ned stream exjtin | at 00 d/
reducer 20 can be iHithe@gtesgcy %aéfgéé{t%tﬁﬂﬁlﬁgggﬂgéﬁa ﬁ’f‘g‘%gﬁeoi?(%%g;;ugfe

heat exchanger 12 Vdeaur@thtee@ﬁgéwdwni abdl: 24mch©aébcﬁxc32angeabd@ 25t5hte to
esterification feed/reacti on mediumis heated a subjected 1o

esterificati on conditoubmP0°¢n %Acetr Gatk MW th o é ian &gt ‘E‘ h!éeaﬂr esent

i nvention, the term%ﬁéwee 12"%&@%’%‘3n@fntélhéd rae%pbr@,au@emwmtgwrfr@rhe inl et
22 and an outlet 24 of heat exchanger 12 can be at |east about, 50F at | east

about 75F, or atd | ezbsut B3¢ aberinel EF'Eyffo'i’rﬁPOPb%é‘? 5?91‘1”9350'?5'5 H T dPitPi cat i on

feed entering inlet, %%‘ heat exchanger 30 12 can be in the range of from
60

about 220C to about about
As discussed previously, heat exchanger 12 can also be

considered an esterification reactor because at least a portion of the

reaction medium flowing therethrough can undergo esterification. The

10 amount of esterification carried out in accordance with the present

invention can be quantified in terms of “conversion.” 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

15 groups that have been converted (i.e., esterified) to ester groups.

Conversion can be quantified as the number of converted end groups

(i.e., alcohol end groups) divided by the total number of end groups (i.e.,

alcohol plus acid end groups), expressed as a percentage. While

conversion is used herein, it should be understood that average chain

20 length, which describes the average number of monomer units that a

compound comprises, could also be appropriate for describing the
characteristics of the streams of the present invention as well.

According to one embodiment, the esterification reaction carried

out in heat exchanger 12 can increase the conversion of the reaction

25 medium between inlet 22 and outlet 24 by at least about 5, at least about

10, at least about 15, at least about 20, at least about 30, or at least 50

percentage points. Generally, the esterification feed stream introduced

into inlet 22 of heat exchanger 12 has a conversion of less than about 80

percent, less than about 75 percent, less than about 50 percent, less

30 than about 25 percent, less than about 10 percent, or less than 5

percent, while the esterification product stream exiting outlet 24 of heat

11



230C to about 250C, or 235C to 245C. Cenerally, the tenperature of the
esterification product exiting outlet 24 of heat exchanger 12 can be in the
range of from about 240C to about 320C, about 255C to about 300C, or '275Cto
290C. The reaction nediumin heat exchanger 12 can be maintained at a pressure
in the range of from5 about 5 to about 50 psig, fromabout 10 to about 35
psig, or from15 to 25 psig. As di scussed previously heat exchanger 12

can al so be considered an esterification re ct% Eeca&s& Ieas égorti on of
the reaction medi uehangengl% has 8t FEEEI ahatifast §B° PRIePRLA 6?13 The 10
amount of esterifi cibupso pafcehedt ré%taubuaczogécb@nt;etWarshaﬁdmmrpemt atnventi on

can be quantified in terns of "conver si on. gﬁed her ei

t
"conversion" is usdeRstabgesSOi %@'Ca“tprabd%ﬁsﬁfbﬁ’t et HPEﬁ?éE%bBS{ gbst ream

that has been subj ech&dt g £{IRE b4 beREhON, Wherein the conversion of the

esterified streamindicates the percentage of the original acid d 15 groups
that have been &onvert edd ©neeembedimept ©f dog W%‘-‘E’é‘ét'%‘fe”gi:’%uﬁ? e?iﬁh 'BMon can be

quantified as the Fgaﬁfn &rri BMant Ght @REhEHJRYAS tékeseﬁtac@a@@hggnrﬁéﬂxtlgr oups)

di vided by the total nunber of end groups (i.e., alco lus acid end
groups), expressed raducedpesidencatiae fﬂm‘Y%tocQﬂi\YéF%qr@hei‘@”ﬁs?@B” REFGESPES-i t shoul d

be under st ood that ayes,a6ei il AvchSod RRGIAce WHeE 1P RGP Retfitn AXAROE number

of nonomer units that a conmpound rises, could al so be appropriate for
descri bi ng the chartamughineat @@h@ﬁglﬂh @%’r*@%ﬂ%sﬁf%ﬁ@“bﬁ@%h@te? A$En0PBn as

wel | . " iy 48 G BOLiRMboLt BS RALBLI & Bad hith JPARien carri ed

out in heat exchanger can 1 ncrease e conversion of the reaction 25 medi um
between inlet 22 anthipuelbvelpshow msrdeaaettlra@dw gverpibe| aghjevashahithialy, at

| east about 15, at Jé’e émﬁ?%% ezgrod%tler? sabayLs, 39‘r ofE &hbb@Reht, SBe

percentage points. Genera ester| | cation f'eed streamintroduced into
inlet 22 of heat embamrgertream ¢xils wtlebr?ﬂ/@f beatrexehangass! 2 #fam flawdate Foatper cent

I ess than about 75 '§§%ﬁﬂ%8&b16-6é§85{} ?lgﬁg,ﬁétqgggt,abbg{sg 86o th]anatabout 25

percent, |ess than perc Iesé ercent, whi |
esterification 4 odeast abbuedhDeXibih, mgabieasfeTOOZQﬂUdb/hheat exchanger 12 has a

conversion of at |east alla F‘ %gwggé%g)@&fc%n}w %chﬁ’.ﬁ{@%?ﬂb gt | east

about 70 percent, at Ieas east a out 80 percent, at
| east about 85 per mbrdaacelwabtoa@oemb%mset cgnthe drresant| sysntiag b@ﬁtcent

exchanger 12 can be a horizontally elongated, shell-and-tube heat

exchanger. An internal flow passageway through heat exchanger 12

20 can be defined by the heat exchange tubes through which the reaction

medium flows as it is heated and esterified. This internal flow

passageway can be considered to be a “first esterification zone” of first

stage esterification system 10. Generally the aggregate volume of the

internal flow passageway through heat exchanger can be in the range of

25  from about 10 to about 1,500 cubic feet (ft*), about 100 to about 800 ft?,

or 200 to 600 ft°. The average inner diameter of the individual heat

exchange tubes can be less than about 4 inches, or in the range of from
about 0.25 to about 3 inches, or 0.5 to 2 inches. 7

As shown in FIG. 1, a stream of warmed heat transfer medium

30 (HTM) can enter the shell-side of heat exchanger 12 and at least partly

surround at least a portion of the heat exchange tubes in order to heat

12



5In one enbodi nent of the present invention, the esterification reaction
carried out in heat exchanger 12 takes place at a significantly reduced
residence time relative to conventional esterification processes. For exanple,
the average residence tine of the reaction nmediumflow ng through heat
exchanger 12 can be | ess than about 60 m nutes, |ess than 10 about 45 m nutes,
| ess than about 35 minutes, or less than 20 mnutes. This relatively short

residence time can even be achi eved at hi comrer ci al al.e pro tion
rates. Thus, in ond'@reRdicRened '“Wh&%?%&%ﬁhﬁq@a ekt ?”@L?fjlné%tfgqﬁ? heat
exchanger 12 at a f r@é/érﬁalheerﬂfonatthéewé“aﬂ odrapdr ¢0:f086ntp auswtdatpd rwittouthe (1 b/ h)
at | east about 25,000 | b/h, at 15l east about 50, east 100, 000

| b/ h. Tur ni ndrealng phivedpactioneedyRT g%ﬁtaxp%%anﬁégp%mhﬁ{aase 12. In

accordance with Onf‘ofﬁffﬂ?ﬁcﬂbﬁﬁﬂb 50fo émﬁumoesgnm pdﬂ\/rftm:frlﬁéﬁ °Fhmtsqmcdﬂmer 12 can
be a horizontally el ongated, shell-and-tube %é'év ger fl ow

nte
passageway throd&gh (Bé é&ﬁﬂaﬁ@@‘#t §2t°2@b‘?}§n1qpe b9r R ﬂha égchange

tubes through whi ciplig.ceqact TeR HRdi afblidtows hast It:hnsférrbaafoemearréboﬁsh erified.
This internal flow passageway can be considered to be a "fi rs%g bérl fication

zone" of first st ag@e@gmemheia&amfﬁﬁggvs% 637 20 In then@nge o) frefka dfe vol ume

of the internal BEAY pkh woma&u@m@ame BA3b)b&bdut 40beor ange of
25 from about 10 tgéﬁa gé’f@ 500pcuB| c feet (f t3 abOl(Jt 103 to about 800 ft 3,

or 200 to 600 fts ablq)ét&.@@ia@@'émbnﬂfe@mﬁodn@%l? b.the individual heat exchange

tubes can be | ggs than afy 1, %e barbiees@RsR plodlEOMiHIOMAt0. 25 tO
about 3 |nches or 0.5t 0%@;%{% Wh@ sh %\R/n !I fr}?e 1, Ba strea%@gf war ned

heat transfer medi mmBWQ(QHﬂMVl%ahﬂQir%eqﬂntqﬁetrWPﬂe%'[Cdés"@f'f‘??éﬁf’ vgsshafiger 12
and at |east partly;suprgingat Tlh@aﬁzfma‘?}ly%é"téﬁﬂéﬂ Qleatd® BoRluitexghaggeet ubes in

order to heat the reaction nediumTlow n her et hrough. I n one enbodi nent of
the present invent iioioduded ibfedhe tmtarrmgf ‘é@lUf@@éer festariépationseesephlediag fiwdt he

peating of 1he reaghiphe Rd d%%& |o§§1%hﬁ@91%hréa%oﬁ%sw Janiihmriagge of

fromabout 0.5 to a our er square
(BTU h. 0E-ft 2), mbcasuerffeﬂo stibant rawbsm/dw tFlfLLPThebre eidipalion t b TEEe) h. F. ft 2.

The total amount of ]throﬁ&%@é%ﬂa@gum&néﬁeﬁﬁéoo\w.tmﬁ%wma.omgsaxchanger

12 can be in the ran to about 5,000 per pound of
reaction medi um (B‘I’lél/ld:m teb oeansiie@Ed doabeutan? ‘egeriBripn bzors' @09/ 021, 500

BTU1b. "disengagement zone.” Generally, the reaction medium in esterification
vessel 14 flows substantially horizontally through the internal volume.

20 As the reaction medium flows away from fluid inlet 26 and undergoes
esterification, vapor byproducts escape the liquid phase and flow
generally above the liquid phase. The separated liquid product can exit
esterification vessel 14 via a liquid outlet 28, while the separated vapor
byproduct can exit esterification vessel 14 via vapor outlet 30.

25 The esterification reaction carried out in esterification vessel 14
can increase the conversion of the reaction medium processed therein
so the liquid product exiting liquid outlet 28 has a conversion that is at
least about 1 percentage point, at least about 2 percentage points, or at
least 5 percentage points higher than the conversion of the fluid stream

30 entering fluid inlet 26. Generally, the liquid product exiting liquid outlet
28 of esterification vessel 14 can have conversion of at least about 80

13



10As depicted in FIG 1, the partially esterified product exiting heat
exchanger 12 via outlet 24 can be transported to esterification vessel 14 via
conduit 112. The partially esterified streamin conduit 112 can be introduced
into the internal volunme of esterification vessel 14 via a fluid inlet 26. As
di scussed previously, in esterification vessel 14, the partially 15 esterified
streamis subjected to further esterification and phase separation Thus, the

internal volune defined within esterificatiop, vessel can eredto
be an "esterificat |R?ﬁ°%r@"'e%@ﬁ8'r't éa‘g pﬂpg@%@ﬂ@@%ﬁ%ﬁ)ﬂ}éﬁ@?m Ggr?é bg t he
reaction nediumin Fﬁi@@nlarlawgaspabmsa@er@.tfl ows subst ant| ally hor| zont ally

through the internal volume. 20 As the re Ctlo jum f away fromfluid
inlet 26 and undergoes d8BeFIVPESIAN 8RNI [/]eﬂFg%l?E‘t gesec,g @ygcqq fqui d

phase and flow genejighbya Arstueiyt Etord ié&tﬂeﬂc@hﬁﬁeandT hﬂhswbah@%eht mxpud product
can exit esterification vessel 14 via a liquid outle whil e 1 he separated

vapor byproduct Scarf%xg¥ame.cter pyespgd fes tipg o é’l‘ev?ﬁﬁfr'"’bmq m48. 25 The

esterification reaciQicsd (&dePy? daR KRSIRE |tﬁér€ébb@rﬁooeﬁﬁﬁhesl4es§éathah ncrease
t he conversion of the reaction nmedi um processed therein so the li pr oduct

exiting liquid out I3&0“2§0hﬁ.’§mﬁe~%o’ﬁ%rtg?rbr?bPHhtﬁl Qingites, Jgsg ﬂ&‘b’bﬁpoﬁ a rcent age

point, at | east abq.H,hu%Spedrc%tsag%npqsnhﬁnu@g atruhRastthe BRIERNIATR4I0I Nt S
hi gher than the conversion of the fluid stream 30entering fluid in|let 26.

General ly, the Ii qdf@sfﬂfwdétth%iﬁaﬁ'%meﬂw o exlerfisationnvesseblq &3 be 18561 on
vessel 14 can hgyve t@gﬁl\ésséﬂ 4 Bfruaéerlp%%a oﬁ‘b@éﬁnoﬁ%e@%mibﬁtleéseﬁﬁh about 85

percent, at |east about Bercen or_at |east about 98

per cent . The about 20 SiTeMbaless %‘é’éd’bpﬁt %&Téwbwrdaﬁ @ﬁ“\k@;@é"b 14 can occur

during a relatively shofgy %gm% bd rﬂ“eaf’”?ﬁ’pd%"zhheétér‘iﬂdaﬁorﬁ)rvegéélhﬁﬁtthlenpu'f 5
For exanple, the average residence tine of the reaction nmediumin

esteriflcation vesswerae tempdiature thﬁdmuabmd@b@xwwt%&d opets 28 Hdn about
60 mnutes, |ess tha rgi?%l%r}ﬁéség Yt &y bhﬁﬁlﬁuﬁ haguebew, ﬁﬂ)u‘f“?;@"'@eﬁbo&r | ess

than 15 m nutes. Fur e anount of heat transferred to the reaction
medi um i n est eri& i RA°Cononv dS86| of 4he apvesage elesperatuiearsf atbsufluido@nBrindper pound

(I:B’;I'U/r le"gCt Io(r)nl g‘:g' ,‘[Jhmaé]sﬁ-:{%%@r] VeSSS 1402 ARAYLink? FBTY BRnelaiy S tHhanedBeut S

temperature of the liquid product exiting liquid outiet 28 of esterification
vessel 14 can be in the range of from about 220°C to about 320°C,
about 240°C to about 300°C, or about 250°C to about 275°C.

20 Turning now to the specific configuration of esterification vessel
14. in the embodiment iliustrated in FIG. 1, esterification vessel 14 is a
substantially empty, unagitated, unheated, generally cylindrical,
horizontally elongated vessel. Esterification vessel 14 and can have a
length-to-diameter (L:D) ratio of less than about 10:1, in the range of

25 from about 1.25:1 to about 8:1, about 1.5:1 to about 6:1, or 2:1 to 4.5:1.
In one embodiment, fluid inlet 26, liquid outlet 28, and vapor outlet 30
are spaced from on another in a manner that provides sufficient
esterification and enhances disengagement/separation of the vapor,
liquid, and foam phases. For example, liquid outlet 28 and vapor outlet

30 30 can be horizontally spaced from the fluid inlet 26 by at least about
1.25D, at least about 1.5D, or at least 2.0D. Further, liquid outlet 28 and
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Wth mnimal or no heat input in esterification vessel 14, the average
tenperature of the liquid product exiting liquid outlet 28 of esterification
vessel 14 can be within about 50C, about 30C, about 15 20C, or 15C of the
average tenperature of the fluid entering esterification vessel 14 via fluid
inlet 26. Cenerally, the average tenperature of the liquid product exiting
liquid outlet 28 of esterification vessel 14 can be in the range of from about
220C to about 320C, about 240C to about 3OOC about 250&: ?g?ut 275C. 20
Turning now to t he vapecpsted Xoran §arericahy éf’a EPmr Prea fNe e(/g% In the

enbodi ment il | ust raatbgﬁtd, BDFhGeadtabdst @ 75D] Qaétumm@ss)el 14 is a substanti al | y
enpty, unagitated eated, general I(%/ cy'I indrical, éont al el ongat ed

vessel . Esterification ﬁéégl@tfal‘iﬁ Enbl&ah E}%@;@Cgﬁqrb}ﬁ@ﬁ? 8- @FREERIE(2: D) ratio
of | ess than about gl kisddbidihS21@NA Bf &S efrédtom dibibiticn 3b:the fidedthout 6: 1,

about 1.5:1 to abou I n one enbodi ment H:glwﬁgfylnlet 26
liquid outlet 28, azstsenﬁa@imn Yﬁﬁslebﬂ43d”athé asphpdinent Wrsteiedibl 4 manner
that provides SUff'a‘cf]ét mb | & atbQanteng h%ﬂf@ﬂﬂ@%ﬂéﬁ&@memd gparati on
of the vapor, liquid, hases. For” exa outl et 28 and vapor

outlet 30 30 can beiohmmazdimalllww spiatebderd ghat ;@ff’ﬁufﬁ“q’ nnet 28 Wit a? | east
about 1.250, at Evn%?‘ﬂg f%c;ﬁ?l IR nltaﬂfonl e‘ﬁt&rn%ﬂ@&y, ﬁb’iﬂt@igfrlbu{drcﬂﬂ dagutl et 28

and vapor outl et can ver y spaced from one another by at |east
about 0.5D, at | eastefiadautlu@liysm openings feredisehagging the partially egesifigdied at ed in

FIG 1, esterifjcaty ﬁfﬁgsﬂ%’ tz%ﬁaﬁ;?@p%&@plﬁbéﬁon@ |ﬁ|éé'téf'lf€atﬂrfb$§ébpﬁ43ant0 aidin

t he effectl ve C}I stri b Ion esterification vessel 14. In the
enbodi nent illustr amedemhoﬁh@nt of the urdsefitsnyensignotha aveiagp| §erth Aipseantial |y

horizontal 'y exten gagﬂ tﬂgdﬁg]\’\r{]?st@nﬂ%%Weggé’i ﬁjfsvﬁ\%lrﬁélﬁé@lat%@ trhaﬁt def i nes

fluid inlet 26 wit acing orientation ternatively, fluid
di stributor 32 can abeit 8&58, [ﬁsaﬂ@n ab;oubﬂ Bk essgbam ebowti & Ebar @i leep Rhﬁ@

partially esteri f| ?gq%g ’tl ﬁlé{te?st J%bédgg%hworqnﬁq%b%h SPRGRGAGREEAQNS N

esterification vesse I one: € sent 1 nvention, the
average depth of5 thiet.reacti on nmediumin esterlflcatlon vessel 14 is maintained

at |l ess than about 0.75 t D, or

|l ess than 0.15D as it t?gver' me@aﬁf "gitqnyerﬁgﬁ'gz %?ﬁé}l%ﬂh\fé(%SHEh1Q e

esterification vesgehctbhlaedium exiting feibdistributd?l 33 can heginte frass iaggihe

esterification vessel 14 I or 32 can
Tt | s bi%%%%?@ié |sengaggéq&§bﬁl%)ﬁg)flft¢éc;w P irfetipi.

begin to foam as thV@Q %? portlon of the
reacti on medi um Gebenabllyy, fdavampprdudtiart i can cdecrdasy ealosg atlinglenpld 1&ngt h of

20 Sstert1oat LA VeSSRlakh ARebRL KERRL Bt RUARER: AT oy i anace o
liquid outlet 28 artdé esactisponediumnl et th30 ivbne snehddimentt sorstadisge ho faam
exits liquid outlet 28 and/or vapor outlet 30 of esterification vessel 14.
To help ensure that substantially no foams exits vapor outlet 30 of
esterification vessel 14, a downwardly extending baffle 34 can be
25 employed in esterification vessel 14. Baffle 34 can generally be
disposed between fluid inlet 26 and vapor outlet 30 of esterification
vessel 14, but closer to vapor outlet 30 than to fluid inlet 26. Baffle 34
can extend downwardly from the top of esterification vessel 14
proximate vapor outlet 30 and can function to physically block the flow of
30 foam, if any, towards vapor outlet 30. In one embodiment of the present
invention, baffie 34 can present a bottom edge vertically spaced at least

15



To hel p ensure that substantially no foans exits vapor outlet 30 of
esterification vessel 14, a dowwardly extending baffle 34 can be 25 enpl oyed
in esterification vessel 14. Baffle 34 can generally be disposed between fluid
inlet 26 and vapor outlet 30 of esterification vessel 14, but closer to vapor
outlet 30 than to fluid inlet 26. Baffle 34 can extend dowwardly fromthe top
of esterification vessel 14 proximate vapor outlet 30 and can function to

Cmbodi ment of the FRESEAESEn LRI ADOHLFPcbaat BAR B SOGRET A DBP R Bge

vertically spaced aisidifidstion ddael 19. I5he anbbemssnt Ahetrhted.ibBIGON, Baffkeast
0.75D fromthe bottom of esterification vessel i

In,th d t
illustrated in FI G'"quQﬁaﬁf‘i%NqW?éF'Mo%%e’!ij'%RHMPﬁ@aait%%ﬁr@oﬁlﬁtgg&% 36 and a

laterally extendi ng,pgsd bgn c?y&vm&mﬂm&@rkdfngebbmdlemrem@a cﬁﬁvrmmalsext end
dowmwardly 5 froma | ocation proxi mate vapor out H&'"B ‘F{%ﬂﬁ/ | at er al |
0 e

ext endi ng porti &n JFeoreah lesatiendrroxigie eeear )PUF'?*oﬁ'\Ot ﬁﬁ‘eB‘F'”aownvvar dly

extendi ng portion %rﬁﬂu 139 chR GdranrA1aRefsaly! fYord 16E boMaRSNdOsI d inwaldly The
total internal vol efined wthin esterification vessel 14 can depend on a

e
nunber of factors, @ending petion 8¢ feadaRstie) genrrraly widarvaner #iigt edynam c
requirenents of esterifigation isusebilfhe honaewRiRademabtiaf védel paesent

[
invention, the total inter na%nvo lume of esterification vessel 14 can be at
| east about 25 per ceant depend| araa tnugive tof 5etersr tehidinga for egsiPladbacve®liper cent |

at | east about {0 &Eﬁ%m;@rre%l{éﬁgﬁl% Joffo eg@r,.,ﬁgé}fonofsyg@ﬁ-, t @b alini her nal

vol unme of reci rcuI at’i escribed in further detail below In yet
anot her enbodi ment erﬁbcochmept @fcthe Present imientiemetheotelp! iMesahateluee (e of

esterification vess %é @f%?g A vE&eflis! c@ﬁsbte &t?é’égt a%@upﬁf: Berent, 3k léa%ﬁébomﬁbou'[ 50
abou

percent, at |east percent, or | east percent of the ag{gr egat e
internal vol ume of 5kpercent, at jeast pboy @Perﬁﬁé ft Wb@é%ﬁd@ﬁwr%fﬁ herétheat

exchanger 12, 20 and.gr AyicL, Canduie 1. rBFI:F bR BORdbclRiE Boplig t he vapor

stream exi ti ng vapor ou esterification vessel 14 via conduit 120 can
be routed to a T4 uidksicribed intfurbfer dietail belawi o vet @nathes emiesinepodt Bgpr oduct

streamin conduit lgrgsgrﬂ'?nventlon, the total internal volume of esterification vessel 14 can
be at least about 25 percent, at least about 50 percent, at least about 75
percent, or at least 150 percent of the aggregate internal volume of
recirculation loop 18, the flow passageway within heat exchanger 12,

20 and product conduit 112.
Referring again to FIG. 1, the vapor stream exiting vapor outlet 30
of esterification vessel 14 via conduit 120 can be routed to a fluid inlet 42
of distillation column 16. The vapor byproduct stream in conduit 120 can
comprise water and alcohol. The water and alcohol can be substantially
25 separated from one another in distiliation column 16 to thereby produce
a predominately water overhead vapor stream exiting distillation column
16 via overhead outlet 44 and a predominately alcohol bottom liquid
stream exiting distillation column 16 via lower outlet 46. Distillation
column 16 can be any device capable of separating a stream into a
30 predominantly vapor overhead product and a predominantly liquid
bottoms product based on the relative volatilities of the components of
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conprise water and al cohol. The water and al cohol can be substantially 25
separated fromone another in distillation colum 16 to thereby produce a
predom nately water overhead vapor streamexiting distillation colum 16 via
over head outl et 44 and a predom nately al cohol bottomliquid streamexiting
distillation colum 16 via |ower outlet 46. Distillation colum 16 can be any
devi ce capabl e of separating a streaminto a 30 predom nantly vapor overhead

product and a predom nantly liquid bottons praduct based.on the relative
Vol atilities of thdnedmsbrEn istlIEn fauanh dPral fon B SE PR Dot 16 can

conprise internals fguchagbple,l Mayexaamdem batisg, sROcoBIPIRkking, @t magt ured
packi ng, or any conbination thereof. According to one enbodi nent of the

present invention, aoR®imatispdorRIAPhant |y wat er over head vapor stream exiting

distillation colum 16 WeaoQuRl Reashe WiRidirddntcan teomedse atehtRastthabout 50
nol e percent, at |east about 60 nole percent, or at |eas ol e per cent

east 7
wat er. The over Beadredqoinapionatar Qyestansr YaRP fSUEA 0B 1R dliiﬁ'?%'lond‘?‘g‘t"?‘f’l ation

colum 16 can be f%t\ﬁg VbmheSAMMEL 44 22n EOMBHISBABERIARILOSE $5II8 Gercehr age, or
10 di sposal, such as, for exan&)l e, a wastewater processing unit or_a disposal

means enpl oyi ng, f ot lescd@pbet 64 i BeEENORT at least 75 mole percent water. The
overhead vapor product discharged from outlet 44 of distillation column

16 can be routed via conduit 122 to subsequent processing, storage, or
10 disposal, such as, for example, a wastewater processing unit or a
disposal means employing, for example, incineration.

The predominately alcohol bottom liquid stream exiting distillation
column 14 via lower outlet 46 can comprise at least about 50 mole
percent, at least about 60 mole percent, or at least 75 mole percent

15 alcohol (e.g., ethylene glycol). In one embodiment of the present
invention, the predominantly alcohol stream withdrawn from lower outlet
46 of distillation column 16 can have a temperature of at least about
180°C, in the range of from about 175°C to about 250°C, or 190°C to
230°C and a pressure in the range of from about 0.25 psig to about 50

20 psig, about 0.5 psig to about 35 psig, or 1 psig to 25 psig. As shown in
FIG. 1, the liquid stream discharged from lower outlet 46 of distillation
column can be routed via conduit 124 to further processing, storage,
and/or reuse.

As illustrated in FIG. 1, a liquid ester product can exit liquid outlet

25 28 of esterification vessel 14 and can thereafter be infroduced into
recirculation loop 18. Recirculation loop 18 defines a flow passageway
from liquid outlet 28 of esterification vessel 14 to inlet 22 of heat
exchanger 12. Recirculation loop 18 generally comprises a liquid
product conduit 114, a recirculation pump 40, a pump discharge conduit

30 116, recirculation conduit 100, pressure reducer 20, and feed conduit

110. The liquid ester product discharged from esterification vessel 14

17



The predom nately al cohol bottomliquid streamexiting distillation colum 14
via lower outlet 46 can conprise at |east about 50 nole percent, at | east
about 60 nol e percent, or at |least 75 nole percent 15 al cohol (e.g., ethylene
glycol). In one enbodi nent of the present invention, the predom nantly al cohol
streamw thdrawn from|ower outlet 46 of distillation colum 16 can have a
tenperature of at |east about 150C, in the range of from about 175C to about
250C, or 190C to 230C and a pressure in the ran (% out 0.25 psig to
about 50 20 psig, dbutiow Smgéliyg thraugh opfodys! &ﬁg” 1141 Ps shcen i g. As

shown in FIG 1, theckdustich plmpadn. diseharasd efxl’tia@ ﬂ>m@r4oou@mte Bésseli
distillation coI umm can be routed via conduit rocessi.ng,

storage, and/or reuBaugmpump disshasgeaerite] 8§ aqd tlgzrpqa "Eglt‘gla HPQH‘E}ct can

exit |iquid outlet ;?o?no’#u%fnss&{é‘a blfa' éﬁéﬂ 9de6@§§6ﬁddt41@81¢nﬁaﬂ rebifugafoher be
i ntroduced into recirculation op, 18. Recircul ation ;[Bew defines a flow

passageway fromd i cﬁﬂftP'bi!f'tanéﬁo"E-’S‘ ¥a f@§¥%’r'ﬁf!°i"c‘aqfldé'ﬁ \R@ss 15PliEtng; ofl B 22 of

heat exchanger 12. Recht culial b%p'w&nl& esﬂ?%a%ult Yo GUTRRE $8® & thée wied product
conduit 114, a reC|rcu ation punp 40, a punp disch arae conduit 30116,

recircul ation conddiow rEd® of frecesiiewatioachasiian pozongui 1@ &e theomass flow tafe The
liquid ester pr Oducéfotgé 2,?5&1!09@%#05@%%&&“1‘3 E&t beMn Yr?egﬁa%lgejcﬁ froR BbbdtoW

initially through pr t condult he suction of récirculation punp 40.

The stream exiting Q@b Woabeut Hu1pakasd eHolegabPind i ecRal e 1@dnddist 116 and
thereafter splifg | ;l%rgwauﬂgogl'ét%ss@@r YhO Vb @SR BRI & &onBLit Pieugh condui t

118 and a recircul aron portion transported via recirculation conduit 100.
The splitting of tHvestualinrheermpiaygd pinhesteedal Beatcexahpegeiod?, aéertWet t he

ratio of the mass f%]oéﬁ\ﬁllrc));naépfrggh bRl SHRET R, RALKLER) v €ORAI 10800 tO the

mass flow rate of t uct portion 1rn con cah’be in the range of
from about 0.25:1 tandiradd g@:copdeib®ft 0.5:1 to about 20:1, or 2:1 to 15:1. As

10 ly di d, -

cvent ual Iy be enpl oyed AdetnelFEehFItLAHART iR el e EPRELRRNEER . i on of
fresh al cohol vifa dencited 104, dmmmeavel(os;tian @?I’cfbmﬁli proge@dindarstrege.ai d vi a
s be rout g TG ol ofebodifint o ok E3BloPbAR Hrodit GBRRK | 118

can 15 be routed to ream at i on rocessi ng, storage, or
ot her use. In one enbmuhidoiént18 a&n Ibeasibjectéd a@tfumeroésteﬁf@amlbdfma serandi on i n

conduit 118 can becs?éoﬁ)ég Eﬁﬁcattgefaé‘icttcﬂeﬁ?ﬁﬁﬁéﬁrwé}& bABw! N @ second stage

esterification rea escr|
Referring now to FIG. 2, a portion of the product from first stage

20 esterification system 10 (FIG. 1) can be routed to a fluid inlet 48 of a
second stage second stage esterification reactor 50 (FIG. 2) via conduit
A. In second stage esterification reactor 50, the reaction medium is
heated and subjected to esterification conditions. However, in contrast
to the complex and maintenance-intensive CSTRs of the prior ar,
25 second stage esterification reactor 50 can be a simple and reliable
reaction vessel that provides little or no mechanical agitation to the
reaction medium processed therein. In one embodiment of the present
invention, less than about 50 percent, less than about 25 percent, less
than about 10 percent, less than about 5 percent, or substantially none
30 of the agitation provided to the reaction medium in second stage

esterification reactor 50 is provided by mechanical agitation. In another
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Referring nowto FIG 2, a portion of the product fromfirst stage 20
esterification system 10 (FIG 1) can be routed to a fluid inlet 48 of a
second stage second stage esterification reactor 50 (FIG 2) via conduit A In
second stage esterification reactor 50, the reaction nmediumis heated and
subjected to esterification conditions. However, in contrast to the conpl ex
and nmai nt enance-intensive CSTRs of the prior art, 25 second stage
esterification reactor 50 can be a sinple and reliable reaction ‘]\a/éessel t hat

provides little or W%ﬁ@hﬁ@%ﬂdﬁ?ﬂ%ﬁt@ﬂfq&@% FRAGYRY iSSRt REYPEFT PHBcessed

therein. In one embgdidiRfy &f inhiéieatd @ 2i nventi on, Iess t han about 50
percent, |ess than about 25 percent | ess than abou percent, |ess than

t
about 5 percent, or subdt a2ne &npdieeR. oe dTeqtthO&'SPfja‘f"WHﬂ $HOPHJER980 t he
reaction medium in sgcoRgict 30806 507 'ufc'ré‘a%te'sofﬁer eARBAIEILRD dfStHY Quciied by

mechani cal agitation. In another enbodi ment, second stage esterification
reactor 50 is nét e‘qaﬁilplﬁilebb'\ﬁittiq?ﬁsér?bagi ot ot leagt #hquiSIOriat et least &5°F.

I n one enbodi nment, %Qlﬁﬁﬁhé’riﬂt‘:‘t‘ eY%tEu@ & $eCcRAcH ﬁﬁ@,uﬁ,shgﬁ 'bfe' ipahkon

reactor 50 increases the tenperatur reaction 5 medi um ¥nat I east
about 5F, at |east rabgaief fom, aQﬂUtéﬂoT%ﬁsﬁb%IﬂU%n@@HRﬂUt?E%C? apout

tenperature of the t tir200C to
ab(r)rgt 300C,, from abiosg)?éﬁpﬁo g]l}tgazggb% \INH”é P%o%&%ggeéﬁ%%gg@%n&%&ﬁ le the

out| et tenperat ure tbarrabge Dﬁfmneabauﬁg%?ﬂbﬁ tor @bﬁtéti’d@fczfigm akPUITHOFC320C, from
about 240C to 1y abiuly 3904, ook 948-e4pCclr 2P0 Aobyerlbsy PHRLHRAH Pressur e

in second st age esterificati’on reactor can be nmmi nt al ned a pressure | ess
t han about 25 psi g,secess stagaresigrdigatiarsreaetag, 50o¢ar kg snainfained gy & gressure As a

et or o Ehe Lt Tkl fh HBBLER BE detithah BSBCRIhiSIA B IRAE o2t | O

reactor 50, the stréam ent erirn on 1 actor 50 via
fluid inlet 48 can underﬁgoaaresuhcmfeﬁ@eesilerlﬁrcﬁtmer shroad ogfutain becond algat 2

percentage points, r

per cent age points b E\'l/\rllefgn ‘%’] E?éﬁ'%ﬁ andQﬁteHR#%E aloét?g'%ggt%ﬁﬁésaé%gnd st age
esterification Teaatactob60 v‘EyﬂumtaildzMB cm'eumargaanemreasm@ ddnyeiamofeat 48 of
second stage esteri f | east
about 70 percent, I%éﬁ%%égﬁ{%ég%g Bt%éeg)g'rngsg%tt Ié%\éfalgcf&gé)%?%\@%@p&& 3 raEhwhl l e the
stream exiting secdeabtsﬂlﬂamcmagm pbintabétoren daik iolet 30 andeilq@lmduﬂeﬁ 523‘6 can have
a conversion of at |ea bou : I - 0, at | east
about 95 percent, osi'ecgl'fs'cE Isgaa@t éﬁgﬁfb%ﬁégﬁgédﬁégr gﬁﬁiﬁa hégter%% en@gerpltnlgrre of the
reaction nmedi um i n R eéseedisf bt:aemmi eegesebstbificatinn breagioedilecat hizaveabout 45

mnutes, great e)_rO t hc%ﬂvgr%%lfl]tofesq least %E)gﬁt’ ?CP Ber%éﬁt?%? iéa%th %u?l?g%erge%t,narné{t es.
least 80 percent, while the stream exiting second stage esterification
reactor 50 via conduit 130 can have a conversion of at least about 80
percent, at least about 90 percent, at least about 95 percent, or at least
08 percent. Generally, the residence time of the reaction medium in
25 esterification vessel 50 can be greater than about 45 minutes, greater
than about 60 minutes, or greater than about 70 minutes.

Tuming now to the specific configuration of second stage
esterification reactor 50. In the embodiment illustrated in FIG. 2, second
stage esterification reactor 50 is a substantially cylindrical, vertically

30 elongated, unagitated vessel with a maximum diameter (D) and a height-
to-diameter (H:D) ratio in the range of from about 1.15:1 to about 10:1 or
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Turning now to the specific configuration of second stage esterification
reactor 50. In the enbodinent illustrated in FIG 2, second stage
esterification reactor 50 is a substantially cylindrical, vertically 30

el ongated, unagitated vessel with a maxi nrum di aneter (D) and a height-
to-dianeter (H:D) ratio in the range of fromabout 1.15:1 to about 10:1 or
about 1.25:1 to about 8:1, or 1.4:1 to 6 1 Second stage esterification
reactor 50 can conprise a | ower end wal %i e,%ttantl al | rical

si dewal | 56, and arbgpbéSehip eyt &8, Ofmhﬁéhfor Sopd s ??t\ﬁl[éflcég?’i‘ uid inlet

48, at least one |iguyig Qﬂ‘rchﬁtcoﬁ%rlsé‘%dloﬂeyéﬁ@Waﬂlﬁd %ts@@tanhallyo@ﬁmdﬁcal
enbodi nent, cylindrical sidewall 56 can conprise a plural y%dOf vertically

spaced |iquid out | eidewallafs@ndtasdupner engwal & “ﬁbﬁbﬁeSpﬁ’i’tUﬂ efiga @ 1¥der 1 quid

outlets 52a, 52b, 346 4kl uf ﬁ'ea'sﬂbﬁé A8id bitReisd, %BlaebﬁpéZaut@t gond vaper outl et
60 can be spaced from one anot in a manner that naxim zes the conver si on of

the reaction nedi uraribasitnert. cyiindtiedl sidewsd GBreR AR Isest BITFlincel Yestraléact or 50
relative to CSTRs qof,.f u1BQ5ut|@{st riiuﬁféte@wme? ds! H;';S;Si:r' Mi®lle 4$hd vepe

positioned at a | ower e g ation d outlets and vapor outlet 60
can be located at aiithdgh@tietﬁlﬁeaﬁﬁbn52¢1arF“I"ijqn'ieél 4§uﬂ*ﬂ‘é‘€’s°£5'2§ﬁ e2atnagdcor dance

wth one embodi mentapht %hﬂ?f Bb dari*Be C4cHE ot BrRdahdinbht lOWRRnBOKAZION (€ 0.

the | ower one- 15tﬁ 2a-c can be located in the md
and/ or upper porti cmsxu(m;eg thet henmre!dheOfoﬂ@tfﬁ@Cﬁ@naﬁ@ﬂW tfiRavingy gagough

two-thirds), angd vapaL,puf Stes@ifﬁé‘l’br?l%al:ﬁi:%‘?glah% thGSfI'RQ o?%é bt 4r- 9., the

top one-third) of second's Cage esterlficatlon reactor . Referring nowto
FIG 3, in to one e’rdncuianmlﬂ,,flmd inlet 48ncant bagostionethal ériOWEEq@'ieﬁaQSUnt’! 8fls 52 can

be radial ly and/or (i Leypar epbial I SHAGSSLHE O BAP LENBLLRH s digfuner ¢ hat

maxi m zes conversi o e reaction lumin second stage ester| ation
reactor 50 rel ati vel¢ationtvamiiquichalitleGSFRs:-C. Asacctqrtqueamﬁdonmemb@m@nt second

o ongation 62 fromii THet£%,o8" bETRrHEH'Hng Tkl bittn FEB o (AR e
radi al | y spacedsby th%)p&qﬂndvmt@tsﬁaa@e@mberidcawd mn rihrz)mdélﬁbmﬂ/wemperru can be

at | east about 0.15D,.. at k()ﬁ?g?ea%yate r?eSngO%n o w?éﬁé} ARtn engD’ 1s the

maxi mum hori zont al djr?ﬁﬂ?s the vol ume n esteri | catl on
reactor 50. |n one vapbodide o, cantbecloated imthd wagtoridrofetg. 0theéCop aneiteieBt about

of second stage esterification reactor 50.
Referting now to FIG. 3, in to one embodiment, fluid inlet 48
20 and/or liquid outlets 52 can be radially and/or circumferentially spaced
from one another in a manner that maximizes conversion of the reaction
medium in second stage esterification reactor 50 relative to conventional
CSTRs. As illustrated in FIG. 3, second stage esterification reactor 50
can define an upright central axis of elongation 62 from which fluid inlet
25 48 andfor liquid outlets 52 can be radially spaced by respective
distances r; and r,. In one embodiment, r; can be at least about 0.15D,
at least about 0.25D, or at least 0.4D, where “D” is the maximum
horizontal dimension of the volume defined within esterification reactor
50. In one embodiment, r, can be at least about 0.4D, at least about
30 0.45D, or at least 0.5D. In addition to being radially spaced from central
axis 62, fluid inlet 48 and liquid outlets 52 can be circumferentially
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300.45D, or at least 0.5D. In addition to being radially spaced from central
axis 62, fluid inlet 48 and liquid outlets 52 can be circunferentially spaced
fromone another by an angle 0, as illustrated in FIG 3. In one enbodinent, 0
can be at |east about 45, at |east about 90, at |east about 1200, or at | east
about 175. Referring again to FIG 2, second stage esterification reactor 50 5
can provide heat to the reaction nediumflow ng therethrough via a plurality

of vertically-spaced internal heat transfer nmenbers positioned _generally above
fluid inlet 48 and Sperehfpapere auathetbwsan angle sheasdiddiereintt Gt Re IMGRE transfer

menbers can be heato Gohiange d uaete ANEadiulen: 439 HAcALIARGPY0! hilgsor mor e

vertical |l y-spaced groups, uch as an upper, e, a ower group 64a,
64b, and 64c as depiboued20°noFatdeast abBalcty5§r oup of heat exchange tubes can

receive a stream of war t ' ondi ng
uEper, bm’ ddl e, %gd I omﬁ%@ﬁﬁlaﬁ%@?@%%ang%&mG%(%EM‘?ﬁ{e&W[ﬂhég&?rg\% t hr ough
the tubes in order dam peaidet heatr athei cractiedinediim fedopdhsetigeugtbvia a
esterification reactor .50..1n.one _enbodi ne t i atiapn, the
heat transfer coef fqlléﬁa}étP{t°fa%e§%%ﬂm¥'tséacﬁd'["Ilner%u'eR%aeté{b %ﬁpérgﬁgﬁhgasrn%%@hngﬁ medi um
: Pe 9
in sgcond st age estgnicfalgabbowe fleidcintet &O arain bblewi napdre outaigel.of Irf oo about 10
to about 150 BTU per hour per. square foot per E (BT f ' f about 25
to about 100 BTU/IhIEf"Qb?—%’jm8Bt’ ftp%ﬁ]eglst??rbs?%romggubgﬁﬁ%lgéEjea%.%écr%:%r{gglt{lgﬁ%um of
ggaé trﬁnsLerred tGI'?]’E&ﬁ.ltfeean%éri ba arehigad in tweesromebres tvagieayssmpaceli gratpon react or
y the heat transfer nenbers can be in the range fr abqut, 1 t o about
5,000 BTU per pdundUsh 2% FBPFGré?ng'ﬁ @@?Lﬁf“ﬁ)’ ,grg‘b%g“%@%@t ép'gb%‘l‘ﬁ %g 000
:BTU/I b, or 600ft(r), ld&ﬁlﬁecETdJFlch.2.Tmcn@mlgﬂofﬁéét@xbbsngdqmbapman,remﬁit&jbe, and 25
ower groups o eat exchange tubes 64a-c via re i,ve HTM out | (not
shown) "and can be ﬁiﬁéﬁhﬁgﬁlgweﬁ?g@??E?ﬁsé?reﬁ'e?wpbagﬁ@mhr?@ Fﬁrﬁ?@%’%ﬁ] The
flow of HTMinto ha?peﬁ»ﬁha@gana e GITow pret 48a 0668baB6be The hiTbiHeadioly upper,
m ddl e, and | ower M vgl ves 68a, 6 br'cg%%%g In 30 one gn‘oodi nent  of the

present invention, thpug rtB?lﬂébe&f'” 105 H‘Gereaction medium I second s{age
15 esterification reactor 50. In one embodiment of the present invention,

the heat transfer coefficient associated with the heating of the reaction

medium in second stage esterification reactor 50 can be in the range of

from about 10 to about 150 BTU per hour per square foot per °F

(BTU/h-ft2-°F), from about 25 to about 100 BTU/M-f2-°F, or from 35 to 80

20 BTUMf2°F. The total amount of heat transferred to the reaction

medium in second stage esterification reactor 50 by the heat transfer

members can be in the range of from about 100 to about 5,000 BTU per

pound of reaction medium (BTU/Ib), about 400 to about 2,000 BTU/Ib, or

600 to 1,500 BTU/Ib. The cooled HTM exits the upper, middle, and

25  lower groups of heat exchange tubes B4a-c via respective HTM outlets

(not showh) and can be subsequently recirculated throughout the HTM
system.

The flow of HTM into heat exchange tube groups 64a-c can be

controlled by upper, middle, and lower HTM valves 68a, 68b, 68c. In

30 one embodiment of the present invention, the groups of heat exchange

tubes B4a-c can be independently operated so that one or more groups
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tubes 64a-c can be independently operated so that one or nore groups 21 can
provi de heating to the reaction nmediumin second stage esterification reactor
50 while one or nore groups provides substantially no heating. Operating one
or nore heat exchange tube groups 64a-c independently can increase the -
operational flexibility of second stage 5 esterification reactor 50 over CSTRs
of the prior art. For exanple, as illustrated in FIG 2, upper HTM val ve 68a

can be closed to thereby prevent flow of warnmed H M, nto upper éube roup 64a
when the |evel of reeactAreYideebpatingrdo; the ctestiost BGEILELt Br 55°83¢ | BiA9F eact or 50

i's lower than uppereddiBgafiPiRcBido wHIB GHal drirhyrefros@earadiast aapstastiayi f i cation

10 reactor 50 to operate with varying |levels of reaction mediumis in direct
contrast with CSTRnooheating. pPpeiatiag one i eeregesnt exehanaspebgiBows R@Cconst ant

| evel of reaction #@H I head flekmmaf ef shehirssgaepl etely
subnerged at all tlrmrr(gg ﬁf“%ﬁ%ﬁé@%??%ﬁ%&é?@?n ng agai I?]J t oSFI G 3 ga
predom nant |y vdporestarifigaiian teastasgdt oves GRERR AT §ienpéoret e Fiof ie¥aPIen 2feact or 50

via vapor outlel 6Qu.didng ppos! G P88 BAVRRLHOB. thblidy

predom nantly vapor pro can conprise water and/or alcohol, such as, for
exanpl e et hyl ene glprewint flafv efrwarried MEMsaoorPes tighfedesp &darwhen therley&lact or 50,

the vapor stream f 'o‘?%%as 'ti'ESE%Q&quU?'(% ig?s’e%mn&"@f‘argl%aé‘srté‘rfﬁcéﬁcxgn%i%ﬁb‘? 5098 icebrt O

further processing,, orage, an I'sposal _ ustrated in FIG
2, a liquid productthemmpper wibehghoapd4er ohhe @bdiydoksenpedesiags esiediieation r eact or

o o o R S kAt Sodubherte AR VENiIDIR08 RBadiRALaUAet S Birege o Tore
groups of heat xchgnge ubes a-Cc are ‘operated independently, one or nore
correspondi ng 25 | iapotrdstpwibl 23 TR tdf éhe pran dre which geeerally operdte ygthng product

val ves 70a-c. For ex | e, . re i on. i I | 42y d upper
heat exchange tube cgﬁ%g?&&%’?%ﬁ&%ﬁght @Eégjﬂg#'{;‘aﬁdseglr{gt%ﬁﬁf trhén%1 %ar?ot\%léﬁyg heat as
descri bed previ ousliybesppepletehostibineged et albraesrdyrirgdelieraiomal |y be i sol ated by

e aBber T oUet e G pongTa FECH bk PGy B Bksiciohn e abi Ty

15 second stage esterification reactor 50 via vapor outlet 60. In one
embodiment of the present invention, the predominantly vapor product
can comprise water and/or alcohol, such as, for example ethylene glycol.
After exiting second stage esterification reactor 50, the vapor stream
flows into conduit 128, whereafter it can be routed to further processing,

20 storage, and/or disposal.
As illustrated in FIG. 2, a liquid product can be withdrawn from
second stage esterification reactor 50 via one or more liquid outlets 52a-
c. In one embodiment wherein one or more groups of heat exchange
tubes B4a-c are operated independently, one or more corresponding
25 liquid product outlets can be isolated as well using product valves 70a-c.
For example, when the reaction medium level 72 is below upper heat
exchange tube group 64a and the tubes are isolated from providing heat
as described previously, upper liquid outlet 52a may additionally be
isolated by closing upper product valve 70a,.as shown in FIG. 2.
30 Similarly, the ability to independently isolate one or more liquid outlets
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provi des additional operational flexibility to second stage esterification
reactor 50. The liquid esterification product exits second stage
esterification reactor 50 via conduit 130 and can thereafter be routed to
storage or 5 further processing, such as, for exanple, in a downstream

pol ycondensati on section. Nunerical Ranges 10The present description uses
nunerical ranges to quantify certain paraneters relating to the invention. It
shoul d be understood that when numerical ranges are provided, such ranges are
to be construed as FHP‘G@‘??dPH@“‘PF‘Q'e‘?%‘a@{?ﬂbﬁ?’flb'{‘t&rmcﬁ%ﬂﬁ’Iﬁtﬁ‘ﬁec gsteEiR@tPRat only
recite the |ower vaky@opéothe range as well as cl alms limtation that only
recite the upper 15 value of the range. For exa a di scl osed_nuneri cal
range of 10 to 100 provil@ediavid estarficatipn eraduchexi %ﬁFCé)i“%ﬁt%Qﬁ estficapRat er t han

10" (wi th no upper [oupds) \ﬁé‘@oﬁdlﬁi @Mnaﬁgcﬁah'tﬂgr h@ﬁﬁetrblﬁ@d]tggtorégétofﬂ no | over

bounds). 20 Definitions used herein, the terns "a, "the," and
"sai d" means oné& orfuifirre. PFOCESSIHQAS sused aser &M, exandle.er i "%gldP&’ﬂFWm refers

to work dissipated e b Q&dﬁedl um causing fluid flow and/or m xing.
25As used herein, tc@}c@ggems%grﬁ]d orI when used in a list of two or nore itens,

means that any one of the listed itens can be enployed by itself, or any
conbi nation of two or nore of the listed itens can be enpl oyed. For exanpl e,
if a conposition is described as containing components A, B, and/or C, the
conposi tion can corMumerigalRarges B 30 al one; C alone; A and B in conbination;

A and Cin combjgation; Tﬁe%?gse% WBs GRIBA D8Ld AlneQlal PandBs t88Haftifl Be®QAPI Nati on.

parameters relating to the invention. It should be understood that when
numerical ranges are provided, such ranges are to be construed as
providing literal support for claim limitations that only recite the lower
value of the range as well as claims limitation that only recite the upper
15  value of the range. For example, a disclosed numerical range of 10 to
100 provides literal support for a claim reciting “greater than 10" (with no
upper bounds) and a claim reciting “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 reaction medium causing fluid flow and/or mixing.

25 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 C, the composition can contain A alone; B

30 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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As used herein, the terns "conprising," "conprises,”" and "conprise" are
open-ended transition terns used to transition froma subject recited before
the termto one or elenents recited after the term where the el ement or
elements listed after the transition termare not 5 necessarily the only
eIenents t hat nake up of the subject. As used herein, the terns
"containing," "contains," and contain have the sane open-ended nmeaning as
“conprising, " "conprises, and ‘conpri se, rovi ded. bel ow. As_used herein, the

term"distillative separit il hefedis the BFNS e FATHIISHG: onEP B ISTSr eac‘ﬁem cal

substances from onecgmpBEear@t Hfdn-EMRA FrahsifoP ErmRCeedbrRs #andibr RenT al ati ve
vol at i I ities of the suBst ances bei ng separated herein, the

terms 'having," " ha%lb'lecafﬁﬁteﬂa’@@re g/ eme °§§ﬁéel?ﬂﬁﬂt%‘?ﬁﬂ’5$ ﬁg%{dgﬁ

' conpri sing, " Conmrﬁesrgst e Adilerdidor é!@méhtesﬁ‘st I&ft@h’ttﬁeﬂar@éﬂ%fﬁtem are ncﬁS used
herein, the terns "I ncl u % i ncl udes, " and "i nclude" have the sane
et

open- ended neaning lmeswn!p ngelemestsihat wake up ghdeseBIRBY i se, " provi ded

above. As usegh el forelhéhd ?érms c@ﬁﬁmﬁ@ ”C‘%bnﬁmst”aéddo‘%onta" gfers to
20 agitation of a reaction nmedium caused by physi cal nmovenent of ari gl d or

»ou

flexible el errent(s)hergathﬁeerr@romrt—wdedtn@amlee@eu“eﬁmﬁ%nmmComprlses A8dysed
herein, the term regg hg)é‘lu ﬁt%%d%@be,{cﬁif ers to any nedi um subjected to chem cal
reaction. As used here term”residue” refers to the noiety that is the
25 resulting product ofASt h@edhemedml thﬂoé@ﬂ@s"dlﬁimat'%arﬁﬁpéf@'l“ﬁ"r' ret&et i'en schene
or subsequent fﬂ e%ta'rsﬁmgd&} BPPH Qlch }Jbst‘éﬁ%rﬁbrﬁgnéjbr Wﬂﬁé Refert he

t romt em ca

noiety is actu aln specl es ai ns Limted to
Di scl osed Enbodi nem;mmlcal substances based on the relative volatilities of the substances

being separated.
As used herein, the terms "having,” “has,” and “have” have the
same open-ended meaning as “comprising,” “comprises,” and
15  “comprise,” provided above

BLAE

As used herein, the terms “including,” “includes,” and “include”

nou

have the same open-ended meaning as “comprising,” “comprises,” and
“comprise,” provided above.
As used herein, the term, “mechanical agitation,” refers to
20 agitation of a reaction medium caused by physical movement of a rigid
or flexible elementi(s) against or within the reaction medium.
As used herein, the term “reaction medium"” refers to any medium
subjected to chemical reaction.
As used herein, the term “residue” refers to the moiety that is the
25 resulting product of the chemical species in a particular reaction scheme
or subsequent formutation or chemical product, regardless of whether

the moiety is actually obtained from the chemical species.

Claims Not Limited to Disclosed Embodiments
30 The preferred forms of the invention described above are to be

used as illustration only, and should not be used in a limiting sense {o
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30The preferred forns of the invention described above are to be used as
illustration only, and should not be used in a limting sense to interpret
the scope of the present invention. Mdifications to the exenplary

enbodi nents, set forth above, could be readily nade by those skilled in the
art without departing fromthe spirit of the present invention. 5The inventors
hereby state their intent to rely on the Doctrine of Equivalents to determ ne

and assess the reasonably fair scope of the present inv%ﬁtion as(gﬁﬁtains to
any apparatus not mieeretaths sgeprrdli g prasanbirvestitni dMogfisalionseth e cope of

the invention as Sehefld dibddifiefta! bewdi GbaVerEoould be Gealiffp madelby An
appar at us conpri si ng: p0| esterification reaction vessel containing a
‘Es(ﬁ“goxyl iC

reaction mxture cdmse skl i theears withad drrartingntiom: theespdtt o5 {ae &r

acid and one or norg keac: tion products of a diol and a dicarboxylic acid,
and a plurality of vertically spaced heat exchange tubes located in said

pol yesterificatBon reacThernestese hersliyestatenthsisirtepoloyielt @ the PasiBd of eact i on
vessel is el ongal e} afitnaf UBldrdlo SRNGEGsAKE SeslorBbAnGR!dcape dirgin sai d
pol yesterification teaction vessel defines a fluid inlet, a plurality of
vertical |y spaced lprepsindl inventien os pending to asgranparates polmarasialy 8apPtiPg ui d i nl et
s located at a 104 SLPUAIdEN ild Alra Aclod 2 Ahe Gilehfibn Athedteoin Sl | qui d
outlets are |locate at an el evati on above said fluid inlet and bel ow said
vapor outlet, and Jbllevénqclaimes.heat exchange tubes contain a heat exchange
medium at a tenperature higher than the tenperature of the reaction m xture,
and wherein the reaction mxture is not present in the heat exchange tubes.

2. The apparatus of claim1l, wherein said polyesterificati on reaqgi on vessel
is not equipped with a nechanical agitator. 3.'The apparatus of claiml,
wherein said heat exchange tubes are |ocated at an el evation above said fluid
inl et and bel ow said vapor outlet.
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4. The apparatus of claim1l1, wherein said polyesterification reaction
vessel has a height-to-dianeter ratio in the range of from about
1.15:1 to about 8:1. 5. The apparatus of claim4, wherein said

pol yesterificati on reaction vessel has a naxi mum hori zontal dianeter
(D), wherein said liquid outlets are radially spaced fromsaid
central axis by at |east about 0.4D, wherein said fluid inlet is
radially spacgg.frpnlsaid central axis by at |east about 1.5D. 6.
The appar at us &t aim 5, wherein said liquid outlets and said fluid
inlet are circunferentially spaced fromone another by at |east 90

degr ees. 7. The,apparatus of claim1, .wherein.said .

pol'yesteri i cat fvﬁﬂra%a_ei%ttw%ggwgcamlyﬁeﬂ%ca&gﬁgﬁaﬁw upri ght

subst ant i al | yVvessel prMAEARS 8 TerctiQa) midure GARIISEE at lgagheRe out | et s.

8. The appar atlig] aafl a¢ lemstore dicarbtoxytic @aoifaridsdmoo@anoregsaceam heat

exchanger andy; ' i i aid upstream
‘P@gg | fct 6 diof §9ﬁ5§?68}$1%%%i§1, andaghgan

heat exchange lnes an _gxchanger . nl et and an exchander outlet,
wher ei n sai d 9{)5‘???183, 8?%"&@3’&6@%%3@“%@, &f f‘%&’éﬁ%rméﬁ{fﬁd’og sengagenent
fluid inlet, esterifestpyeacuapsesselivharcinsaid polyesferigeaisan | i qui d
outlet, wherepgctiahdesset ieolpppatedtdieng andpsiahtceitidnggefrent 1 ui d

inlet are Cougiloﬁgaﬁanfgﬁ}egiﬁ!sgm GOVIRLEREHG0 (4 roDggnot her

wherein said enga . i 'e sa t of said
Do yester £ cHEER-s ded iy pRuplit: of SETERLH SPACR] HAHIE | o

coni ni uni cat i ontlets; anchmeagporatitilet, whtrerresaid flaidiindétse tapatet 1§ qui d
gg%; i 22& zﬁaph l%ﬁ‘éﬁ‘élwﬁﬁomﬂieaﬁtsﬂfd&/@v@hﬂ&, WPefe'iMSaﬁd‘]ihﬁiM  uherein
said heat excgvﬁéfé@?%‘ EOCS‘?@%@QS i B ARG IR Hisa® ™1 0" The
apparatus of BElgPhsad vaperQItietsaidl di sengagenent vessel is

hori zontal |y el whemdiethe heat bxclanel tnbes evnthircaheatrexchaggs on

apparat us, Cconprisbiigm 8t LRhYREMNGE highsf fh‘é{i ﬂ[‘l@l%ﬁ%ﬂe?é‘tui’@éﬁ el

containing a reacigl on ?1Xt ur, co%ﬁg, Inﬁ{}? egs Onﬁ diol and at

| east one di car bdR§FFACUGRILXINE, PVReICHINE reat HOPIIXWE fjuct s of a
rdi ol and a di cartssypyedenf imdiedieabaxchange fubkasi ty of: vertically spaced
heat exchange t2bE® dappesans of dlainh, widresdatd péliyestbtificatigact i on

vessel , wher ejn e B0l &' fu'li\ﬁp%td' Qﬂh%"lﬁ&&{&l‘ﬂﬂiaﬁgﬁ%ﬁdef I nes a
singl e vessel é(% ated al on Fiupri ght _.cen Ial a 'ﬁ of elongation,
wherei n the pol esterPHaasi G ?’é%gt r@ﬁf@gégtgf el £XEN80GE 4 inlet, a
plurality of tubesiacalosatebaten clévatiod above spil fuddidetvansbr out | et
below said vapor outlet.
4. The apparatus of claim 1, wherein said polyesterification
reaction vessel has a height-to-diameter ratio in the range of
from about 1.15:1 to about 8:1.
5. The apparatus of claim 4, wherein said polyesterification
reaction vessel has a maximum horizontal diameter (D),
wherein said liquid outlets are radially spaced from said cen-
tral axis by at least about 0.4D, wherein said fluid inlet is
radially spaced from said central axis by at least about 1.5D.
6. The apparatus of claim 5, wherein said liquid outlets and
said fluid inlet are circumferentially spaced from one another
by at least 90 degrees.
7. The apparatus of claim 1, wherein said polyesterification
reaction vessel comprises a generally upright, substantially
cylindrical side wall defining said liquid outlets.
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wherein the fluid inlet is located at a | ower elevation than the
vapor outlet, wherein the liquid outlets are | ocated at an el evation
above the fluid inlet and bel ow the vapor outlet, and wherein the
heat exchange tubes contain a heat exchange nedium at a tenperature
hi gher than the tenperature of the reaction mxture, and wherein the
reaction mxture is not present in the heat exchange tubes. 12.

The polyesterifjcation reactiop- aratuys.of claimll, wherein the .
potyesterifi tatd-oﬁ?e%l?ﬂqr% Sv%@s‘gﬁ%? 'n rt}é‘?{u?ﬁ’ﬂ@(ﬁlsmgt Rla mechani cal

agi tator. upsireaThbeglotxahangen &nd ani vpstreaat disphgagemaenit us of claim
é_l, \Mtﬁerei nttxbh%sggﬂmteﬁf 'sﬁi’tlclzﬁpsitmm ¢Rat epchaness elefings aa _hfe! ght_-to -
i ameter rati 0 110 Bl ihalyestarification
reaction appa&%fﬁagé%rf 'ﬁi}%&ﬂ%dlf}] Fgcrlf?ﬁ‘gg gzoéﬁﬁ-’i S‘llﬁé?%maﬁélgpst ream heat
exchanger andupsiteaps (isenargRmeaH gusseleelingss _Id,ls 38Enel he upstream
heat exchangefluidéhletesdisengrgedsmymroutlet, endantisengagsdhqmiger out | et
wherein the upgj tﬁﬁﬁ%ﬁiﬁ%ﬁ&éﬂ&ﬁ%&r fe‘iﬁhd@aﬁﬂldﬁs%ﬁg &hsgngagemept
fluid inl et,eﬁ. 1.5 rtlg%ciema ar %ﬁt ev;t] anlg”ﬁc%@%% ged l'i quid
out | et, wher et HE WK %?}n% W S effent fluid
inlet are coupioshen whereingar disengagad hiquid owietwndsaghiduignot her
wher ei n t he dingetdagiipdlyeastedficatidreteaation tissel hreicbupledein of the
pol yesterifi Cﬁﬂiﬂoﬁoﬁe@cﬁﬂhﬁl@f’]&éﬁﬁﬁeﬁf%}ﬁaﬁl&%@ﬂhﬁ | §Redelislidl | ow
conmuni cati on, Wt oa X ancf @{ an . EhEI n the |sem8fﬁ%ed l'i quid
outl et and { HESEIGAREALALII] oy gt agd §aid saGh RSt ALIET regof!
conmmmuni cat i oninviiuid flave camotundeation with one another.
9, The apparatus of claim 8, wherein said heat exchanger 1s
a shell-and-tube Heat exchanger.
10. The apparatus of claim 8, wherein said disengagement
vessel is horizontally elongated.
11. A polyesterification reaction apparatus, comprising:
a polyesterification reaction vessel containing a reaction
mixture comprising at least one diol and at least one
dicarboxylic acid and one or more reaction products of a
dioland a dicarboxylicacid, and a plurality of vertically
spaced heat exchange tubes present in the polyesterifi-
cation reaction vessel,

wherein the polyesterification reaction vessel defines a
single vessel elongated along an upright central axis of
elongation,

wherein the polyesterification reaction vessel has a fluid
inlet, a plurality of vertically spaced liquid outlets, and a
vapor outlet, :

wherein the fluid inlet is located at a lower elevation than
the vapor outlet, .

wherein the liquid outlets are located at an elevation above
the fluid inlet and below the vapor outlet, and

wherein the heat exchange tubes contain a heat exchange
medium at a temperature higher than the temperature of
the reaction mixture, and wherein the reaction mixture is
not present in the heat exchange tubes.
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12. The polyestenﬁcatlon reaction apparatus of claim 11,
wherein the polyesterification reaction vessel is not equipped
with a mechanical agitator.

13. The polyesterification reaction apparatus of claim 11,
wherein the polyesterification reaction vessel has a height-to-
diameter ratio of from 1.15:1 to 8:1.

14. The po]y esterification reaction apparatus of clalm 11,
further comprising;

an upstream heat exchanger and an upstream disengage-

ment vessel,

wherein the upstream heat exchanger deﬁnes an exchanger

inlet and an exchanger outlet,

wherein the upstream dlsengaoement vessel defines a dis-

engagement fluid inlet, a disengaged vapor outlet, and a
disengaged liquid outlet,

wherein the &xchanger outlet and the disengagement fluid

inlet are coupled in fluid flow communication with one
another,

wherein the disengaged liquid outlet and the fluid inlet of

the polyesterification reaction vessel are coupled in fluid
flow communication with one another, and

‘wherein the disengaged liquid outlet and the exchanger

inlet are coupled in fluid flow communication with one
another.
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