POLYESTER PRODUCTI ON SYSTEM EMPLOYI NG AN UNAG TATED ESTERI FI CATI ON
REACTOR BACKGROUND OF THE | NVENTI ON 51. Fiel d of the Invention

This invention relates to a systemfor producing nelt-phase

pol yesters. In another aspect, the invention concerns an
esterification systemutilizing a vertically elongated esterification
reactor requiring little or no mechanical agitation. 102.Description
of the Prior Art POV EHSTER PFRODULCTHONZSY $ DBVMCEMPLO YINGIANO

produce a variety of polyegiNAGITATED ESTERIPICARORMREAGTOREt hyl ene
terephthalate (PET). PET is widely used in beverage, food, and other

containers, as well as in synthetic fibers and resins. Advances in
process technol o@AGK@:RQHNIBOFATHiEiIM\iEMé@N demand have lead to an

i ncreasingly gonpetitiy duction and sal e of PET.
Therefore, a Fow cost, (a hi g?é?quctl érll%heenpt?%'gess for producing PET is

desi rabl e. Genar‘n@é lipveritieht feph!asetqocd yae;sﬂem for qtodudiop melt-phase

facilities, including those used to nmake,K PE

esterification sé&!eg’ﬁﬁréndnaa%ghgo?md@ﬁs’ﬁy ggtﬂrpnsg%rfqe&s ap, estgfification
esterification segkidmutiRhy BR/erti c’a‘ﬂ’y R rRyated Estetifi @tzonﬁ@@ﬁbﬁfécﬁﬁr:r@ kttle
converted to polyester nononers and/or oligonmers. In the

pol ycondensat i on asé@meehaniedl\pgdedan.rononers exiting the
esterificati qg sect ion, are ﬁ,r}i?%doﬂpkcpﬁmpghyner product havi ng

the desired final chain | en I n"nost conventional nelt-phase
pol yester production ﬁ\delt-bhaseegplyemreatlém cani be used darproduce @ variety é

or nore nechanical |l itated rea C

continuous sti rr&?lgefﬁ r@él'ffﬁo?%‘ foés%ﬁllé,_‘gb\,@a yl&&%%gém;n 2 ttehéPET)
mechani cal |y agi tPtE% WE@D} sl inaveverage, fdner, ant adhendontdisetshas wedlras in
result in |ncreased cap

for the overall e*%’ bess (ﬁ%\%c? ngﬂ [ﬁfﬁg’ﬁp'?é]ﬁd/'rgr&o%ghg%ﬁs%%(S)E’p[ed
mechani cal - agjist atvﬁﬂ?m@&%s\éardé?ﬁén&ﬂ@@é Rlade@uaP IRRPdadingl eamipititive market
associated with CSTRs are conpl ex, ensi ve, and
for the productlon 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 polycondensation 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 enploy internal heat exchange tubes that occupy a portion
of the reactor's internal volune. In order to conpensate for the | oss
in effective reactor volume, CSTRs with internal heat exchange tubes
5 require a |arger overall volume, which increases capital costs.
Further, internal heat exchange coils typically associated with CSTRs
can undesirably idgdrerrélife éxidnsivie rhbiptenaatéer Burtier! kenve@iinapnCSTRs
mediumwi thin the vessel, thereby resulti nﬂ@i na.l os’s1§0f conver si on.

To increase prodUERIUERHY EMRIGN INtERAY e RXCABNGR HbesINGeatrypy a portion of
production’ facilihbi@achPshanAMRIGNEd MUbidep!t8 CorlpEnsBREFGH tHoO1ds8 in

series, which further increases both capital and operating costs.
Thus, a need exi sffective raahiogwcérnmemcéﬁﬁ?s puithy detegnal pheat eexchange tubes

m ni m zes capigt al rag| i_n j
onee.pl_men ofintelealphea changsntooiis, ty P assquiaied ( a Blse san
Verti cal 1y ef ongaifelscabi faiBriet i B BEF sttt ST s reastbhupdym within
agitating 20 the theagddse HRFBBMrésUIfilte ifSd e6dd iof AdrRBricACt P6, increase
wherein less than about 50 percent of the agitation is provided by

mechani cal agi t atRTeAuct conversinnafmsane FORVARYANAE RPIYEStef HIopUEina facilities
i nvention, there |5ePEavidrd KOS TS HE Ripeatilly ik Aderidd] KhRlchN Qrther

first reaction nediumt esterification in esterificatlon
zone to thereby pnoeases bothigapitabBgoperating hestsng a conversi on of at

| east about 70 percenty,. an jecting. at rtio

first product to furtm}use%t 'é%q I%ggtsl ﬁorll' EP%"@ g@%ﬁ’%y}%ﬁéri @rg?.lg%%lfﬁat
zone defined by anim@raized capltdll bpeatibhainane acdiotenbocd bosiewhiler mexintiziag
second product haviglgga conversion of at |east about 80 percent,
wherein sai d secdB9ESHEONVESY i on reactor defines a fluid 30inlet

for receivingsthe first product and a liquid outlet for discharging

t he
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: (a) 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 |located at a hi gher

el evation than the fluid inlet. In yet another 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 located in the reaction vessel. The reaction vessel is

el ongated along an upright central axis of elongation. The reaction

vessel defines a ddcdhd prodiedt, wheminithdl iduid elitises tdcxted ¥t 5 pasRsl didvitiod

outlets, and a vapor outlet. The fluid inlet is |located at a | ower
el evation than t a\)é"[!ﬁ)f'u*gd’ﬂf%t The liquid outlets are 10l ocated at

an el evati on above t hgut L4y shdiibPTerlBhOWI e yRRGF Hehon, FRIER

DESCRI PTI ON OF THE enbo I ments e present
invention are degwovided amaupamtus beﬂnpmsmgtm reaftionevresset end hee plurality of

encl osed figure, wher G .1 '

first stage eét er‘feﬁeccai |%9?C 95@%% %ﬁ?ﬁ%%qﬂﬁe?iocé&tgﬁbmécggﬁq'toﬁa\é‘?%a
emlaodl rr?ent of | t herh e@aa:jon rveeaél:c Me;mgaseu taibh@ drorupright Icﬁen&al axis of
mel t - phase pol yester production facilit a, sc

depiction of a se@!%'%é)&"ag R&s reagt PPC&‘F%I% ‘%?”Péa%tﬂﬂ'd c'BE*w 6uP'é'69'1tY1 of
accordance with W@tlm%d&atn difid (duBeR! eRING \idb\b?rﬁun@f‘ amé ﬁUidt Mitsis
for use in a melt-phasé polyester production facility, with line A

connecting the sd@@ﬁtﬂdﬁi@dewééﬁ@rvﬁ o thanoihervepeor eptlelf Thegdiquid wutigtstare
(s sectonal vi 2y 4 R BIRTBous i 190 iPtang belpw fhe yappr (ol
FIG 2, taken along line 3-3 in FIG 2 DETAI LED DESCRI PTI ON
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 30 variety of starting materials. As used herein, the term
"pol yester” al so includes pol yester derivatives, such as, for
exanpl e, polyetheresters, polyester am des, and pol yetherester

am des. Exanpl es of nelt-phase polyesters that can be produced in

accordance wi th tﬁwd@t@rs@mtdebnm@?b%mm@kmdem:m axamplds of miettehase
to, honopol yners and copol yners of pol hyl ene tereﬁht hal atef| (PET),
PETG ( PET rodi fi d@iyasteysy that capyhe oWé’QHﬁ 1 dPmBCRAYENC the' present

comonomer ), ful | Y@ At ihEuge ﬂ)utoé%leqwdirll}‘rﬁfe@tb' H@rriéﬁbbﬁﬁfér@%%d copolymers

bi odegr adabl e polyesters, such hose conpri sing but anedi ol
terepht hal i ¢ aci cbfamlya’dnyMe mewthe@temeg , PETG (PET modified with 1,4-

poly(cyclohex t e y

copol yners, ﬁ@@& % ?@n%ﬁéﬁ {)ol y r%c 0 ﬂ}ﬂg %ﬂwahc or figuid

::ycl ohexatr;eddl ca[dmn}taihﬂe qmlybi:;{rsdl bmutbgiadabtel opelyasters, ;:aluf)bxydsat ihose
n one enbodi nent o e prese i nvention g/esrgg atar ( es,
materials conpri SORPIENG ydanediel o ‘(‘) 5’n AR 24l (ﬁe%{?lé

subj ected to est gigi(c @éh%nbmuﬁfémwéﬁe al erepithaatd)l thsmepsipees. ahe

acid starting material can ‘be a dicarboxylic acid such that the final

pol yester 15 prod@polyewsisr i ard hempealymesneand c gPpONErE gti GHIN; and
having in theqy a%‘o‘ﬁex&{:é’g] P&&néﬁéua cﬁlﬁ‘ﬂ'ﬂéthiﬁcﬂ Iféx@ﬁ%@icél‘bo%%ate

carbon atons. es o I C aci ui'ta r use in the
present invention can inrmimemboldunelatr ef thst préseint davantion: pplyghiengtaging

d, phthal ht hal h
a6 i hatc st L RROBMUTHLD Al OB Ghie Rl e
g' ghegyl ?h41- 1dgﬂm§m|t%@sﬁa¢iﬁdaticﬂli ipham ynittal Eectioe af blwpl'ocesasi'ﬂ)e acid
i me r opandi 0 car i c.aci c
glutaric ac?/d adht %’Q'Bgeﬂ??@r 'aLE%'T b?cﬁa @F‘ oxglécbgglaétgg\ tgapg\?dﬁ?ﬁl pelyester

thereof. In qge %FBQQ&:t”@d?ﬁpnée@eata@th shadi¢dMBo Xt Sddicd redidie Paving in the
correspondi ng ester, such as dinet é 25t erephthal ate instead o

terephthal i c aci dange of fromhabewicdhtsl abeuk Ibngr feMed 0 2asatRonaatnnes-
such that the fi r@* n?&E¥?§EﬁJarQ§@‘ﬂH%no%@£h:&%@fdr e3h th@?}?o eﬁmmcarﬁdon

resi due, such as or- exa ose originating fromc | phatic
diols having in tdam nra:ring:e ofputf aemrabdimited! to, idrophthalic mdaonhfé\ammd

6 to 20 carbon ata(s)gshthallc

acid, naphthalene-2,6-dicarboxylic acid,
20 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyi-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2,-dimethyi-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,
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30Suitable diols can include, but are not Iimted to, ethylene glycol
(EGQ, diethylene glycol, triethylene glycol,

1, 4- cycl ohexane-di net hanol, propane-1, 3-diol, butane-1, 4-diol,

pent ane-1, 5-di ol , hexane-1, 6-di ol, neopentylglycol,

3- et hyl pent anedi ol - (2, 4), 2-nethyl pentanediol -(1, 4),

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

di et hyl pr opane- di gop éﬂe3)3-bm<artﬁdam1(41d|3) mmm&qhydiopxmhmms-dsoﬁ

b 2,2-b 4-
venzene, 2,2-b1 5+ (4 Iy oeyol sheyl L el ORAE o2 484 NS o1 )

2,2, 4, 4t et r anet hy lgiol bls(éi -
o okt hoxyphenﬂ; g&‘g?pgétgﬂﬁéﬁ@h@ diol41 %31 sthylhexanediok(1,3), 2,2

yl
pL opalne i sosor blﬁethylwdpmﬂwbhb& BDWénQdIPLaﬁ)oﬁylr‘ig‘F é'iyg?gxye%hoxy)-
en n I
bne. anbodi ment HaZene A%sR ot chBRE S apald, 2.4 QWM‘S’ 133
conobnoners. Suit atbtranmmeutBbetauan 2 hdltliel@amétlnyl eycomitenediohoh 8+his-£3-

corrprlsmgterepthllc acid, di ter al ht hal

aci d,  di met hyl PhEEouPaRHEBIRPENS: 6. *hagmiit Bl R By PRpR-
2, 6- napht hal ene- d;br@aéﬁéxyl '|ébséﬂild|e et R (ﬂf@ﬂ@moﬂaé gl YBIS(2 di(elilforiyitsie)4, 1-
gI ycol, 1,4-cycl ohexane- di net hano 1, 4- but anedi ol ,

pol yt et r amet hyl enhgnylaneoxypbiget . apdimigiures there@ihydri de, di net hyl
cycl ohexane- Lugh d' car igud@iien, dhi™B ?ybm@%ﬁﬁ'ﬁé - 4n8 @!ta(fmsg{)w{eﬁa% can

decal i n di net hanol , decahy ronap tha ane 2,6 |carbox
i hyd roxynet hyl - d@unlbiy@ ommapmdﬂalcemanoz@rﬁy&uﬁqiuiermmonomers can include,

hydroxybenzoi ¢ aCijor eggr%pfg,Xtcgﬁ'n%ﬁan%% e(%mpnsmg terephthalic acid, dimethyl

terephthalate, isophthalic acid, dimethyl isophthalate, dimethyl-2,6-
naphthalenedicarboxylate, 2,68-naphthalene-dicarboxylic acid, ethylene
15 glycol, diethylene glycol, 14-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,
and/or 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, pyromeliitic 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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In 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 polyester precursors at one or nore |locations wthin the
process. Suitable additives can include, for exanple, trifunctional
or 25 tetrafunctional conononmers, such as trinellitic anhydride,
trimet hyl ol propane, pyronellitic dianhydride, pentaerythritol, or

ot her polyacids OT hd)ﬂﬂsygétstlorpﬂé@&@ étalkthggnﬂénbbqalsbi referaegetisrein as "raw
col orant; toner; gar bon bs arﬁk | ass fi b filler

nmodi fier: anti oxﬂaa &Nra@?@% ’Saﬁw ‘H’x @é’ﬂ‘%‘%ad g?‘?‘?&"d
conpound. 30In gegb%heh fubREr RELUESHET rRRBeFS | ST/EF BHEESTHRC GR6 HhBOfikA)

one enbodi nent of the present 1 nvention can enploy two main sections.
The first secti orpoh&@t@rsprgﬁaﬁtl ng materials (also referred to herein

as 'raw material st o i fEASHANAkid Al CRBARTENS AR YeRlo P ARRIGY end

The second section fur rea € nbnone oners 1nto
the final polyestgoupsoshatt as,Sof ekampi, aetaph@ahatamd ar sscmhﬂﬂmlucmpd Hibe

first section include acid en r.ou suc

terepht hali ¢ aci 0‘\1"5? 5?&'8&&%‘?? ?eszgi to laﬁeesg?rﬁlc[a 'g%cﬁﬁgﬁ %%'E'"génate“als
referred to as esiffd el bﬁtﬂ‘grdlfpst Bects b for agamﬁteem:ﬁétayh@mmﬁmwor
end groups, such as, for exanple, dinethy 1 ter t hal at e or_ di nethyl

i sopht hal at e, t hedifatiyl '§@E*ﬁﬁ"‘é’@t%a¥heo@rﬁ‘e$%‘%t}°é‘d C?B be retargd tqas ester
exchange or tAnsg fc?ltaﬁéégiﬁ%tn's%terﬁﬁ‘é iSh MRb| %lrﬁﬁlhcn?hﬁ\ett@ﬁﬁ‘ ‘esterification,”

esterlflcatlon as u her ei n |nc udes oth esterification and
ester exchange r e@ect sk . heFhior einoludesi bothh eesterificationc Bndn epter ussehange

esterification, est e@%excﬁs g? ,Hfthéaf['l, O&g&%ﬁ %Ilfs%tdl Bp’es{etrafg\gtrblpgester

referred to as tHE*ET%r | n he process

to one enbodi nentexphahfe! her prarseadteiifioatioh] o, cent el frefstadontoc aas bﬂne

carried out in one or,nore statg)emg gf the ester,ific igg secti,on, at_a
5N &

tenperature in t h&skeafigation s¢ the posges £\osB g egibogiggpt of

235C to about15290fe PHesedtivERtic UstariidafioR caastis eaffed easint g onbovre
25 psig, or a pressure in the range of from about sig . to about

psig, or 2 psig t¥agepsf the esiediination %ﬁ%ﬂﬁh@ﬁ?mpﬁﬂiur&\ﬂértﬁ@éa%gﬁdpﬁ%om
| engt h of the non °
section can be | eSS than gggﬁ%&g@ﬁ?‘c t%d&{i’ Zt%%?%qgtl??&%ﬁ 29?*%;5} 2r405mC
5 to 15. The secolod80B€tamha @resshice pf lm@egbarmahowe% psigr ped pressake imthe

pol ycondensation seebl 3% onl ABoBP1 PE¥ECAB 13bsIE ! £BsiAB £PREYinDne
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 & fo 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 multi-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 ycondensati on
(or prepolynerization) step and a final (or finishing)

pol ycondensati on step. Cenerally, |onger chain polyners can be
produced via a multi-stage pol ycondensati on process. Generally,

pol ycondensati on can be carried out in the pol ycondensati on section
at a tenperature in the range of from 30 about 220C to about 350C, or

about 240C to abagiit W%Ctﬂrﬁdst@gélﬂfroc@etsrmmpreﬁoly(me@zatlomawups)epo!ymer)
pressure. \Wien pol ycondensation is carried

P eeeas L P b eRE F oM sy MBRGSI SYERY the.etBeichlian seeiainto an

the monomer ex't'cﬂ% ohle HRRirRf arl hG@rbH@r&hﬁﬁF!thm ihthe raﬁgeobm@mboutzto
havi ng an average ¢hain length in the range of from about 2 to about

40, from about 5 atmuabiﬂ.utfrcsﬁ almut 58 mna_bgut 8530r frome 10 k0 SAer The finisher
reactor then t h%a&%gtﬂ?%eeéh\%%{r/epa ﬂ?érlp%zﬁr ﬁil)&l%omﬁ) Llﬂrﬁ%k PPymer

pol ymer produ esired av I'ength,
greater than abouirod0ct Imwag the tﬂasaredabmr’agé&:hag? mgé'r tyﬂ)laallyagmateﬂtﬁan

"1 Scoor dance.wi t3PoHb BnBIeaiBARRE 0 HE B CBR ) 4fi POHFHLS! an
depicted in FIGS.ggl-3. In particular, FIG 1 illustrates an exenplary

first stage esterification s%/stem V\/m le FIGS. 2 and 3 illustrate an
exenpl ary second st ageh 8u{liksiagecentefication seaion FARNIgHIFY in geeRgdance with

ot o1 SarrD, S RuReFFRN theyplie AR RoSGLRR Iy 1o RS

system 10 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 defail.

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) introducing 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 stream 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 mrent of the present invention
is illustrated as generally conprising a heat exchanger 12, an
esterification vessel 14, a distillation colum 16, and a
recirculation loop 18. In general, the process carried out in first
stage esterification system 20 10 includes the foll ow ng broad
steps: (1) introducing an esterification feed into heat exchanger 12;

(2) heating and paicki & |?‘béaesé>@:hbﬁ? dmg2t bia esdirnationc aoport 8f e(@ql wnseheae
exchanger 12; (3) |ntrodu0|n

portiqn _of th hee};t
partially esteri frEifCYRtEIURSMTP F(ﬂfnﬂl‘\%zﬂ“'gﬂﬁ‘é‘i‘@é? 9?"]911&'60“9 Fecielistion
esterification ves Hslgddﬁé)théﬁé’té I?@ﬁrc%?att@cf lafoshBfrbRediRMdtoR! dofumn 16,

esterified 25 pro uct rom heat exchanger in esterification

vessel 14; (5) sdpmshazlcalplaadditues), pﬁmﬂgbﬁcﬂr @mda( o yathossming da eroduet
esterificatiop vess t [ a

vapor bypr odu??t ﬁ?rbso? eﬁh%f gacdéé] %ﬁgl\géeis@gm %ﬁt]e ﬁ?ét}ogll g‘?é%e{l gﬁ gé]r tther
colum 16; (7) sem\rmream prloeessipgr byproduct into a predom nat el y
wat er overhead stream.and a redom_n Q bottom stre
distillation colum 1&S] §°af‘:{5ﬁ?li’91‘@ g’&%&%?ﬁ?f'ﬁ?ﬁtﬁgrﬁ%ﬁé GRS out'in
l'i quid product frnog &ﬁa@réichaﬁ%éroﬂzvm@stemcamk/ebgelheﬁtofee@:émabn
12 via recirulation | oo while the recircul ation_portion of

the liquid producysiesn ﬂlcovah@fefQTﬁobgﬁt exatiangar 42iand eetspfigalionayresgly 14
thereto reci ngul Zc%aﬁ) GeditF 00 %feirteagbdéssgi %t' ?éé’%sﬁi‘fﬁ%nl%acftér@’smaf each

al cohol, additiv or "acl raw ng a product
portion of the | idgfind eppomliontoffa ‘tinstetage estedfication zanss’e|Howeviesrbecause

f h d
coteriticaron o PRAHGTReton of heat SR A L AR BIS negh ¥, relcRER
esterification vessgumlproresesd edréine dbbbexchesigem120cant asoeb® referrae do

exchanger 12 and esterification essej 14 10 cgn h be referr t
as "first stage étst%r'i‘?qtﬁbttf‘ﬁtnd? t%rrkeat'f‘ﬂépnﬁacﬁugﬁ 5 FECK %?g(?g%naq

of a "first §5a0§uRSidH iof! ERbHifiatiBANPessetone R, béef@bﬁ@n@tb vapor/liquid
addi tional function of heat exchanger 12 can be to heat the reaction

medi um pr ocessed disrngagemensaesteticatiogeyesse! d4ncan abspber Eieredio 3§ a
as @ ‘heater’ thal dRbidGnef: \BSAH Mat’88fhes B dil8Hgagslif Ahe The

addi tional 15 funct cation vessel 1 to pronote
vapor/liquid di senpfigerstion, aadteperfatlcrat dfofiratestage estetificatiors sypiem 10,

Jone. +The conf i RIEBATET dpsiCerBirestesplney R defit oot on
system 10, | |2bUSt r at eqRéferringCagdin tof FIG.nbva recidedatedbizlid mroduetstream,
Stroam di ScusscIReeRBH dndBeiR felsd] bW & AdRRYOr SOURE GG Euiation
recirculation eonduit 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 alcchol introduced via conduit 104 and (b) one or more additives

introduced via conduit 106. In another embodiment, at [east a portion of

one 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 system 10. As illustrated
in FIG 1, the followng materials can be added to the recircul ated
| i quid product stream flowi ng through recirculation conduit 100: (a)
addi tional 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 sighgaih €4 tdaRObeSamy iokithat Alesholesdistustédi sbaendi being
114, which is discussed in detail below |In yet another embodi nent,

ag6l east ba por t i cwitgbleofr gse 33 wartng tmatemgls i dop dRystam 10/ theh dresent
1 can be intro dir . 1.nt.0 - 1= bha- ci
qH‘%f[ﬂ'Pq ﬁﬁ#dr}f:r\h% org%%éﬁ{blotﬁlﬂn@ﬁ %%t‘élb?ggﬂcan be eth Igne

recircul ati on punp The Tresh al c coh can be a%
of the al cohol s djlpmilssEE abever awréadagivesiinasinduitotOtusan e snnrafithg

embodi ment |t Fe. APINER SarHSBIEAyer ba ooy Bie, B Rl Pk R of
additives i n condyébré%tmnh@n_any of the 5 additives discussed
?E\?\e/ﬁt ?in_be' ng suit ablAeddfit(i)ornalljSagi(cji flrr;]mtcgﬁdlﬂ%g rcT:]agfallstohge %Eiggg rt]é 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 fom 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 particles into 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. [n 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



Addi tional acid fromconduit 108 can al so be added to the stream
flowi ng through 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 system of the present invention. The acid in conduit 108 can be
in the formof a liquid, slurry, paste, or dry solids. In one

embodi ment, the gcﬁbﬁrdaﬁ'e G nghé o%%&;@a PEssiRbi hradidts! BSork example of

terephthallc aci I'n one enbodi nent of the present invention
acid in conduit mam&ramsa;muletfor usreas peessle eadusar 8@reamin

Corg " ponder) 1 n AR ls AR FiGaT, R 3 stidfaciaft h Lok 164 Ean
can contain | ess ﬁ&gﬂd@bwtg-eﬁronﬁt@ht[oppﬁtﬂedenStmn toli dime akdditibna! a!cohol

ht t | t han . 1 ht liguid. Thi thod o
fry Jaci & addi 6 orPsh AR MIEOPonERa BONReh Lo OF SHHSEHRRLT ve

mechani cal |y agi tia{r6gLde2 s soliddid GaatthMt W@dthbotdboﬁdﬂroh bhfﬁe@ﬁhhted:on

acid particles into a paste or slurry before introducing t
resul ting nixtureanduts H0REN é%@%frtpquéaﬂﬂ%ﬁ‘%@éé@%on of the Sqi@ “acid particles

illustrated in Fla% Ig!e){ ¥ aufn%r g“?@élga%t%ﬁ”sf?éar‘ﬁ”pl PHEYprlelence of
aci

permt the direct i on o a soli reactant int
recircul ation 25 pmyahbelt nicd@nvers fenaforbeligagnéns inhthef taainculiatian presaen ean

slurry. In o od| nt of .t he ent n

r eact ant canr]l@e WCSCF’?%LH’%‘%? gﬁdtl\{,l]i%t tsf@cg ?ﬁté] ?’ggllgg gﬁ&éjd to
where the pressurr@ci@éulém eesduic upet llmlmn&térﬁbdidihmt bete patieatihvention,
pressure reducer 20. Pressure reducer 20 cgr& anre rg ar at us, known

in the art to be 1B strgpBbINdesicYlALARFNg Ut ve[age chain 'pgath

fluid stream so tihghe F%%ﬁbrﬁ%ﬂobﬁ &dgs&ttzm tabeuﬂoz fSSBER-1BEEHS &8 15.
streamvia an openi ng pr oxi mat e the zone of re duced pressure.

An
educt or | s one exanpl 3oterally.airar amgynt oft arakiol oandisacids agiedsin ethe
reducer 38 . ﬁA% JIM efjgtféa?rq I rELi &uie}t!ont %nﬁﬁ#{ 8?’0@%&1’1 r m%ﬁbunt

in condU|t 1 O recirculation |l o downstre _
t he additi onal alrm:lee‘saryStcarpj'oaﬂdl the/eiasnpdcplrodncm mate arur tther dedined

can be advant age i ntr he soli.d t
portion of reci rcaj q(?(]; &ba ?r?nbtﬁifél ﬁlbme% g&sghm{gfemgn fhe
di ssol Ult ion of thackel a'_al_!ﬁoﬁ@lltd a’b@d tr’aﬂ? esf dlSe t dstyrifibasion nféadnistrehe exiting
recircul ati on stream e presence of polyester no

ol i gomers in the "EEEGHAATREPRAMIST PR aiNnG rfﬂgﬁlcggooé‘?‘lgg E?Eﬂé 1 to about
di ssol ution & t hey. §0udl, a%ml@@ébb@ﬂﬁ Gdrles:1tt g:eci rcul ation

conduit 100. In one enboéll ment of the present invention, the stream
in recircul ati on conddite tombingd M@éﬁaﬁixé@@r@@é’c%‘ﬁﬁ@% qaalgith 10, aneor

range of from abopt .k, LGeAR0M 27 Ran ¥RAHEroduddd B0 AH eskificion 184 fhto 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 outiet 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 anpbunt of al cohol and acid added to the 15
recirculation streamin recircul ation conduit 100 can any anount
necessary to provide the desired production rate and the desired
al cohol -to-acid ratio. In one enbodi nent of the present invention,
t he nol ar al cohol -to-acid ratio of the esterification feed stream
exiting recirculation conduit 100 is in the range of from about

1.005:1 to about AQGAQ:ckierteatibn bréthict kRingiitlet 24lof REatlexehadgdro1 D cn

The conbi ned streamexiting recircul ati on conduit 100 and/ or pressure

reducer 20 can bebd it thedtange ebfram akewlr240°6atq ahoyled?) (hiabosh 2oR etto
22 of heal exchangglylgndcd 8- I#adocanddcliornd teliemin GxeMaRAeH

the esterificatio re on mediumis heated and subjected to 2
esterification canghthgers12lcanabeandmbtairedviat la enesseinddnlithe range affeom

present invention, the tenperature increase the r tion i
between the i M etabé’é'tgnt{? %%'{S%h %%'9-2’?10'8@%98536&9@%%535 pf%’ggﬁ%orrgqgtto
| east about 50F, #gpdigast about 75F, or at |east 85F. Generally, the
tenperature of the esfterification feed entering inlet 22 of hea

. > t
exchanger 30 12 can bePs rdisfissednpesvipusiy.oegboexchepger 12 afdilit 2'%58obe

about 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 90

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 outiet 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 '275C to 290C. The reaction nmediumin 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 from1l5 to 25 psig.

As discussed pre\e,@Héhgeg wq{aseé%ﬁ{?&%ronlé’f 6B feadt 2Bole 500RTEER! al @bt

esterification reactor” because at |east a portion of the reaction
medi um f | owi ng t rabost AP Pegtent.aat leasiabgut €8 pergent. & deast abeyk/ 3 peresh At

of esterificatio I [ (o] ofe]1 | [

i nvention can beqa%sgn%l%‘ﬁﬂe@]itpﬁlr%g?‘népé%%%r?\%aﬁslgi %ﬁ@pﬂ%ﬁﬁul‘g&gﬁ ﬁg?%ﬁ %5
t he term "conver gigpeent] 6r atdeakttaB plysemti be a property of the |iquid
phase of a streamthat has been subjecied to esterifi.catign, ks
the conversioR of the RS9 ief’?ew?@?bteﬁin%i‘%&rgﬁ% SNYHY ertﬁgn?sg%riﬁc%#ign
the original aci degfghnlBa@ieqUR ik it BRYarRe N 2ckes Pland 41 assignificantly
esterified) to ester groups. Conversion can be ﬁ%!a%tifi_d as the

C h
nunber of conver treduesshiregidanss tme éelativg togtriver reé_t?ﬁg-'fa?ﬁ’qlpﬁ’&ﬁsﬁ?ﬁ'
the total number @&f ﬂndﬂé,%%véfacg%resi@'eﬁ@@ﬂl‘ne%f‘{ﬁe"f‘éérﬂio%rrﬁe@iﬁﬁﬂming
expressed as a percentage. ile conversion is used herein, it shoul
be under st ood t hathraughrheesé extlzangez d 2| canghehlesafharhabied &0 minites dess than

aver age nunber, of non r.units th i :

be appropri aﬁQ foqbodjéggqug‘uﬂegs,?%ses @%5%&%@ g?’ ?gﬁ ﬁgge%gp i !%gsﬂsqg' ﬁ?grr@ "g#éé)'
the present inverThi®nergivell khort residenéeconeli can tevennize eadhimliedeat high,
the esterification reaction aﬁarri Ed out in heg.th excha?r,%%er 192ﬂdcan the
i ncrease the conRBMERIds s¢ale RrOdHEY, rIESnedinyfh Wat e FriaRalTesh
and outlet 24 by gbql@astesibaitiis Butidt 24 eRRbatGRIENGE: 121t leRek ratecsftat
15, at |east about 20, at |east about 30, or at |east 50 perc&ﬂ{@%a at

poi nts. General | yieastrabask 116,000 ResndsPardiyr {bfaft least BeR AP
inlet 22 of hI%at 'ﬁé‘&%%??gbégh% 8¢ g,]qgggtr G?@bg)b/r{‘ess t han about 90

percent, |essthan about rcent, 1 ess than about 50 percent, |ess
30 than about 25 per ceéhirpingessw timaspediticconligyretiore af heak exahangehdas. In

percent, while the esterification p r Xt 24
heat exchanger 1ZFREENGE eroglréonerrgt?&g%'eﬁ{ea@?qpé oh{ésggt gg‘tf(écrgfr?tn,‘ %?ét
| east about 60 pesepahgerti2 eant babmuiorzOntzdiy celohgated, |shetitanddabe HSat
percent, at |east about 80 percent, _at | east abouthr85hpﬁrcent

at
| east. about 95 pePBARgelr ARt NiEA8] figy pRYSAgRWAY throlgh™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 (f), 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



5 n one enbodi nent of the present invention, the esterification
reaction carried out in heat exchanger 12 takes place at a
significantly reduced residence tinme relative to conventiona
esterification processes. For exanple, the average residence tine of
the reaction nmediumflow ng through heat exchanger 12 can be | ess

t han about 60 m nutes, |ess than 10 about 45 m nutes, |ess than about

35 minutes, or |ggs rbHGHbrZhediuiy ifRing Meteth@digh. v &l Yonehembodiarind @i dhe
time can even be achieved at high, comrercial scal e roducti%? \qcf&éetﬁé
t

Thus, in one embadesenit inventionr Breudeatttransiere cpedicient | agsogiat
5T 12 A i 0 B o

(I'b/h), at |east east a 50, 000 I'b/h, ofr
at | east 100, 000 dftffdm about 0.9 do rdbogt 266 BT peyeldur perc dnipegsasaiepfpot

of heat exchanger L ccqrd wi,th.o lopent of e

present inven ioﬁ?*ﬁ’é@tg'ée)ch%??é‘gpgiﬁ gty a%?’ﬁzgﬁ?alq?yﬁ% onJaPed?
shel | - and-t ube heatygxeh@fngeThe Adtal rdresuil of Iheat tassigesdto t theoragttion
heat exchanger 12 20 can be defined by the heat exchangfegtub

S
t hrough whi ch t héne@iHgt indheateachangaroldscals bednithe FrRNgeSf Ty about 100 to
esterified. This jjpfesnio BrovhaISSARCNARLacith RedrpRBIeNBY dHoubace to

"first esterification zone" of first stage esterification system 10.
General |y the aggbeyhd000B T, afr 60RdoiTrRM BAV/IBI ow passageway
t hrough heat .exchanger

can.. i r ] : heat

about 1,500 é bi c feetA‘e( g?@?;f%dalﬁolﬂg?fowgag%gﬁ?sgs@%ﬁg?&%? (l)tg@t oea

600 fts. The aversghahgeret2 dinaoiet 24 ahnthectramypioried talestariiication esngh 14
tubes can be | ess . than Q 4_jnches, or .in the range of a

0.25 to about 3 i"r'ﬁ‘;l‘f@g?aigrﬁtg: ST’E'% p?ﬁfdrq&f’e%?“@ &ﬁmqpncoﬁp[‘!tqg? gé?'%e

stream of war med Hegdudddaints te MesthaMol@meBFsterfization eessdiel4 via a fluid

shel | -si de of heat exchanger 12 and at | east Partl surrog%i,etgtE Ieaﬁl'g(
t

a portion of the inlgheSefsrflisgssed Peaviousliaes erife VeSS pag?
medi um 1 ow ng t *L-f‘sft&ﬁfikfoog#éan% ”isogﬁbﬁgfé‘ad'tgemrﬂ@r bERripESRRNtand phase

invention, the heat transfer coefficient associated with the heating
of the reaction resgiasatidm Huss thedoternalerolume sligfingd within edefifigajien yessel

oy it 0 © L FOR BEOCHARER 18 hebSh ToBGhnaAal e gicor o

BTU h. F4t2. The t'gisehgagement adnereabenaralys ftee reabtion mhdiumeircesterification

et S as2BTh e BllEntly BSRE o P BT e

about 2,000 BRU | As 19 r68QichomédRAP AIBRY dway 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 volune of esterification
vessel 14 via a fluid inlet 26. As discussed previously, in
esterification vessel 14, the partially 15 esterified streamis

subj ected to furgk%erﬂ,smer@bfsﬂ' A58t @5 FHidemhas Raseapsa Rt d0percdht) st lda8E95
internal volune defined within esterification vessel 14 can be

consi dered to be Rafceriseratjlpagtatiogho8 pRECeMind/ or a " di sengagenent
zone." Generally, the act | nedi } | el i ss£leahd
THe g%llt‘%[??'gﬁt éHTé\}eﬂi ?’ﬁ;e‘%férfﬁbﬁﬁé %g éui rr?a‘? cg(?)a qgeur

flows substantially horiz roug internal v . )
t he reacti on nmediduringl @wslatively shodmesidende itimeeand evitintittla et beat input.

esterification, vapor byproduct scape..the | i.qui .

general |y abo?fle tr%g T”f%ﬁ’?‘ﬁ' g’ﬁ%fz'.e?l ep%séé)%r}cﬁ gg’%l SE i%srfg)?%g’&cwe@éﬁﬁn n

exit esterificatigderfRatioh védseli 12 aah ibguieds aban abodB200mihateshéess than

separated vapor byproduct can exit esterification vess?l 14 via vatp%
St 1§58 than abou

outl et 30. 25 Tribosk&Y impindles; dess &han iabRUE £ mipuis

esterification V%ﬁﬁ%kes}%pa@sé NREFASS HIMUEONY GIHHER Bhe [AfonMAGE | ekt
medi um processed therein so the liquid product exiting liquid outl et
28 has a conver siteansfersad fosthgtreaetion magisim fnleepiemfm?ag@saéﬂﬂtqara@e less
| east about er t ' € j

hi gher than tzl e éﬁ%@é‘?’guﬁ%ﬂeggﬂé’gﬁ ngagﬁﬁégﬁ{o&@%ﬁg@?@?ﬁ@m |sn g{'
26. Cenerally, t hebdut@QiRTUitodesstthaniabbutS BTglibdonless ¢tarpd BEJiU/Ib.

por cont . at 1 east  abol MBS ARUPRLAT "eht erLAd o, BrtetBORlot el ot the

| east 95 percent, gvragd tb@peiataleobf t98 liR@fd @ndduct exitinglliquidoouttats2® nof

achieved in esterification vessel 14 can occur during.a Bel ag'y I

short residence tgsierifigationiesseh 14 15@nobe ﬁ’é‘tm’éaﬁbquﬁ_&{}t €. 8 ?_Btr_ één%t?%“t

the average r@si d{m@g thmp;,o@f dfhehd eRfrhgd ERiHdiBiurd SStiRe | flthiﬁatoaht@ﬂing
es

vessel 12 can be than about 200 m nutes, 'l ess than about 6
m nut es, | ess t hastadfivationsverselites via diud tinlet dBouCaeralvauihes aveage

e e

100 BTU per poundregker ¢aatdrobenedhamaqBe il ipm aesd 226 &babou020°C,
BIUTD, Tess than abouhose B sholdaothc! §28ndiHote B Bhbht 275°C.

20 Turning now to the specific configuration of esterification vessel

14. In the embodiment illustrated 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 outiet 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

14



Wth mniml 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. Generally, the average
tenperature of the |IC]UI d product exiting liquid outlet 28 of
esterification v 8c& frohP Bhaldthet2BCat ®ast
about 320C, abouséég ﬂetcg{go%ﬁ %%Vbﬁﬁgﬂﬁggout 50C to about 2%50 20
Tur ni ng now to tfabosp@éﬂ iat leashabouir T Bort l%%&t@rsﬁf? cation vessel

14. In the enbodi nent ,ill [ I VRS

is a substantially enﬁtsyquthégﬁﬁgt%g; 1urc1énSt%rf gﬁ&gé’%géaﬁ edn lse'4
cylindrical, horifg@hidadthiyutet @mm@d\nas&\el eff&stiver distritatioonofy 8ws éedL 40

and can havealenthto di anet e ratio,.of t t .
10:1, in the 5an§é?‘?5ff ication P’Pﬁ?ﬁ' ”?P'?§rﬂb?ddmgﬂtﬁlﬂs" Jga'}%% Dy [3#] RG]
to about 6:1, or gaikndter & Sindpl |a”s£ﬁ@arﬂiéh?¢ioﬁ§d§ﬁtalli esieiding be%wng a
liquid outlet 28, and vapor outlet 30 are spaced from on another jn

manner that providtwawardlyi cusied é@%t@F ﬁﬂ%éﬁﬁbrf’egﬁ&seﬂwgné@@t 26 with &
di sengagenent / sepa %Waqglgofacﬁﬁ ofidARttion! | Pitethati@Bl, frRfNdMIAS@Sr dio’ban

exanple, liquid out apor outlet 30 30 ¢an be horizontall
spaced fromthe fdefind a pluedlit 6f byelamgﬂs wsdlsmgmgﬁhemmaiw gsterdfied feed

about 1.5D, qr, at oD, Further t p
outlet 30 caaobe %P@‘?E'& PV@&&% RAEHh l8§%“ anoﬁh%gé%ﬁugﬂﬁlgas)é? ?‘%o
0.5D, at |east akpit efhbbdinentr ofithe @asserfd. ifbéntion, the a\&mge lﬂﬂpt!'atoédhe
in FIG 1, esterification vessel 14 afIU| t{ilbutt%r

CO rs
32 to aid in the "epgtian m?é“lHNFr‘?SB?ﬁ‘fCC@HO%f"rggﬁ%' f‘éé%l ”?EH" ess
esterification vegagt oD, '[@sstimnegmwm Ibdd m%hraﬁo@ﬂolzsdzloﬁlesbthan

fluid distributor Is sinply a substantlally hori zontal |y extendln

pi pe having a dowh#aP disyit HEW{Q@UQB‘@PE{?'[Yewlméﬁ"!fdaqu%‘sesﬂﬁlfcéhpﬂI"Eﬁse‘
26 with a do rﬂ‘!y facing orientation. Alternatively, fluid

di stributor can'define a plurality of openings for discharging the
partially esterified fAaedhod |atF|®JI1t.|Lpnloe atering restgrifigatpa vegse! 14, the

| ocations in esterificatior Vess@}ﬁ %{'U@fb g)rﬁ‘j g?%%hﬁgneé]nqg golgm as the

present inventi odSa¢4Rl rum |

esterification V%’]‘a@l' blBbles digirigiage et e liqss poltiom afdbatre@ctkﬁﬂmeﬂmsrs
t han about 0.500, |ess than about 0.25D, or |ess than 55@ zlgpgth of

travel s subst ant |(513'I‘%fapbbr| P8k aﬂ’rP{j’“FtFﬂrbuﬁ?f‘ cSEEeRP? cé‘f‘?'@n
1514. iflcatibh Gesdel 1u%1th%rua%'r AeAghGsd frbﬁ\ahb(h@uldeﬁie@e of

14, the react| on iumexiting fluid distributor 32 can beg
f oam as the vaporthbubmtm meglw@égéhatr dmenaenbeflingnh Gubstantighy pﬂéoam

reaction medium GRARHE dutiel 98TRIYAEbE BRAID ARRIERRSEH 086kl HE

| engt h of 20 est ef ion vesse e vapor di sengages from
the |iquid phase of t e helpansare thatsubstatiallyato, foamsoritserapot puigait30 of

substant i al |y no fgam exits LIy f oyt ksl 28 P diRlndia Bad 4£1cail 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
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To help ensure that substantially no foans exits vapor outlet 30 of
esterification vessel 14, a downwardly extending baffle 34 can be 25
enpl oyed in esterification vessel 14. Baffle 34 can generally be

di sposed between fluid inlet 26 and vapor outlet 30 of esterification
vessel 14, but closer to vapor outlet 30 than to fluid inlet 26.
Baffl e 34 can extend downwardly fromthe top of esterification vessel

14 proxi mte vapoip Ry B0 3% 188& S5dUtT0I50! bOBt leasPOYRIE fohy tHe Betkorh st
flow of 30 foam 1t any, towards vapor outlet 30. |In one enmbodi nent

of the present i rastenflcation yapselclea inthe pmbediment ilisitaied dygEo. 1, baffle

vertically space S ; S u ;

| east 0.75D f romqpﬁéd%%%t g%wggg;é&ls %F@ﬁénﬁabgh%\aeésse Qliigﬁeﬁeﬂph%&eﬁamg
enbodi ment i | | ustpatied 380 Bo@nwirdlp axidraling podites 3@ caovextand idpwnwardly
extending portion 36 and a.laterally extendi ti

ext endi ng por i opfr%"ﬁ %2‘90% e REH PRPY, oyt Fgﬁaw'l%l;écz F'baﬁﬁ\,\%ﬁ&h&
proxi mate vapor udigh 380%anBktkad teingvéiskly fearhetndibugtopoehd @fi doSmevndly

extend transversely fromthe bottomend o dowgvvarglly ext engi naq)
portion 36 to. a @derdingpogivncitalo 3 lagaten 9gapray JugeYarsh outlet 30. 1ne

total internal vol ume gef ifadintdhii oliticelbhiddP Wit ¥eeRftatibh datel 14
depend on a nunber of factors, i1ncluding, for exanple, the overall 10

hydr odynami ¢ requiaredenersi of aceumbet of fadters, ipkicing, for examles the overall
enbodi ment of th&&gg@%@gz‘%@ﬁﬁ%‘?nt&h%ft %ts?e{riﬁkz‘gﬁcﬁ{ Qs i ggst"”e

esterificati Jr? % east” abou per cent, at
about 50 percent,embodirfst abthd preseetr derntiont thedstal aipternall @0lume of

percent, or at |east 150 percent, of the taqtal, int al vol.u f

recircul ation | odfbtgs fcai'gﬁd’@%‘? iﬁgaari' Hef%ﬁ?ﬂ%rab@é‘f 2 |pe[58$rbt‘,\/a@\e%s§/3?out

anot her enbodi nengp gkrdche 4188&MbdUNTEbdreant, kb kedsebbul MO@peadent, or at

vol unme of esterification vessel 14 can be at |east ahout Z?atfcglg erg)t%%
1

at |east about 50epst dehereant|afdbe takbimterl yOIEBR© VSP"%H
percent of e aQUEGRLS ih'.AHBA e HORWOT 1 Sfk ikl ebbariertr the

t he fl ow passageway w n heat exchanger 12, product conduit
112. Referring agaesenidny@rdion]thet fotalirtpoal yolumeneisstefivgtion yessed ddicen

R o i L ik SN
in conduit 120 cagercent, 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 distillation 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 fiquid
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 from one another in distillation colum 16
to thereby produce a predom nately water overhead vapor stream
exiting distillation colunm 16 via overhead outlet 44 and a

predom nately al cohol bottomliquid streamexiting distillation
colum 16 via |l ower outlet 46. Distillation colum 16 can be any

devi ce capabl e ofys¢paf akbai9. Dkl ddNirin A63arPEGHpR RShHIsVARN as,
over head product and a predom nantly liquid bottons product based on

the relative vol dof | éxdrepleoftrayse cidsshenacking, stiwetured pagkingymor any
Distillation colum_,16_c rise internals such as, for exanple,
trays, random pac%%&atéqwg%gr?’ed packi ng, or any conbi nation

t hereof . Accordi ng to Amerdindpoidi maet eofbotimeenir ofghe present iioventiohe the

predom nantly water overhead vapor stream exiting. distill.ation col

16 vi a over hedd dﬁ?f’%’?"”@&‘%idﬂ‘ﬁtegﬁﬁ?ﬁ‘f@ a\(aqo‘gasggeag'bgﬁﬁikgodlﬁﬂagon CoIGHR
percent, at | eastq@haWvepibdPb@IIACEIH compried at lpast afsutel moeperent,
wat er. The over head vapor €roduct di schar ged fri)g)éoutlet 44 of

distillation col wirleas ahawt 68 melatRAICHA OE ShIRFST 723908 PSR MRIENt The
processing, Stor g,y ‘I}%’pcg" &g&g&'dis&%&e@%onf BltlE4TBY Bistifation column

wast ewat er processing un r I sposal “nmeans enpl oyi ng, for
exanpl e, inci ner até 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 distiliation
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 aicohol {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
150°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,
andfor reuse.

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

25 28 of esterification vessel 14 and can thereafter be introduced 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 |ower outlet 46 can conprise at |east about 50 nole
percent, at |east about 60 nole percent, or at |east 75 nole percent
15 al cohol (e.g., ethylene glycol). In one enbodi ment of the present
i nvention, the predom nantly al cohol stream w thdrawn from | ower
outlet 46 of distillation colum 16 can have a tenperature of at

| east about 150C, 4 fide fnﬁ@ﬂg ﬂfrouérpnbr%ﬁgé!t cbhaGt t 918bRYLK5QGetioN of
190C to 230C and a pressure ih the Tange of from about 0.25 psig to

about 50 20 psi g,reatedlation pupwt ¢0t o Thposireams sxdling pemp14Pssap be passed
25.psig. As sho S f

outl et 46 of di \Qﬂpbp% p%nm%gfstcnsrdca%ettr%ﬁfgﬂb%%%%gégﬁpm Ji\gﬂ‘at%}ﬂﬁﬂct
further processi ryg:;rtlerh dra@@ortaddslmreat@upmdu% cohduit t1ri8t 2od ian r@d:i@ulallon
a liquid ester_ pr ct .can e . i tlet 2 ter n
vessel 14 and ™ caqurH%'P é?ﬁ"tS@Péﬁé \i'%ﬁ?%JEﬁh’ 0 ﬁ?@g‘vtei%? ‘?l 8 @ e
18. Reci rcul ati onst@R ekitindefunis 20aah! mm&m\s@mé{m dauawfdhe mass
outlet 28 of esterification vessel 14 to inlet 22 of hea exchaﬁl(%srate

12. Recircul ati orflaw e the regirgulajiop Aepians Bscanduithd0to re dRss
conduit 114, ar uptglﬁfgghag;&ﬂawwflgon |tp’111“@§gh %‘éhiﬁrtﬁé rﬁﬁé@‘é'ftfroﬁ‘pé&@ut

reC|rcuIat|on con essure reducer d feed Conduit
The liquid ester GRBdutd aitpstlﬂar‘lgeabdut(ﬂﬁfﬁéstoeﬁbwtc&@ﬂoml‘v%ésf@l 1&-4 AS

can flow initial ln%'et fé{]g &‘gg‘g&t I?eor}ggl'réulét?o‘h 4{38: ﬁ)u%hrﬁ’lﬂt %00 can

recircul ati on“pu trng p
t hough punp di sclwmazwnﬁwémﬁm@em@ tHeefmif tc.emeapbxchangem 12, paftetuttie

portion transported via roduct. condui.t recircu

5 portion transpoﬁ‘cfdé"ém/lo |g'&ﬂﬁ“gtY'BrFq{'@Hﬂu‘fql&ﬁf%PtNF’z@ 48 ?‘?qci@g!‘@é]
the stream exiti %@%,&Q,é:@éthrl ed out so that the ratio of
the mass flowrate of the recirculation portion in conduit 100 to the

mass flow rate of the B?Q)E[Rﬁucbéﬁ'ﬂlpﬂrpfﬂhe igwid gsteripradeetin songit 18 can
range of fr Oni‘ boég c%géé 't é%o%gﬂéal%oloéatugp%tfuﬂhér F:r&dés%ﬁ@“%to@ggel or

or 2:1 to 15: previ ously di scusse he reclrculation
portion in condwdth&ﬂﬂse:aﬂn ene mizidipebie aeiﬁﬂ%yémtﬁilgntdﬁéh&f Qé(tﬁltcb phé@tﬂ

exchanger 12, aft.er th tion of
addi tive(s) via cBntRiI4H tlggé? Czi’ﬁ'd?%rsugiﬁcg&%?é%@gﬁ% %%Tﬁgé%%he Brd l?(?td
portion of the |Isﬂﬂg@leeﬁrmbamfm@actorjdesmbdﬂinﬁdétﬁ&behm.lS be rout ed
toadownstreamlocatlonfor furth pr.ocess t orage, . or ot her
use. In one enbodi mentRefgrNgGaRY taerPa@’t PP ‘P’?Pﬂih 63@8 PFBB}{'FSEﬁtqgﬁ
conduit 118 ogn @stéﬁﬁua%h%il(s{é?nfw ther 9s:taﬂrbé Ir@@ttauqa 4 MuRl FRstoa8lof a
stage esterification reactor, described in detail be
second stage second stage esterification reactor 50 {(F1G. 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. [n another
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Referring nowto FIG 2, a portion of the product fromfirst stage 20
esterification system10 (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
mediumis heated and subjected to esterification conditions. However,
In contrast to the conpl ex and mai nt enance-i ntensive CSTRs of the

prior art, 25 secondsGhRge sl%%bﬁa 'stépdrézéét@fr ﬁ%@ﬁtreéctépm@n@ﬁe@lﬂ)é@hﬂh

and reli abI e reacti on vesse ttle or no nechani cal
agi tation to the areagitdton agdlllistraigsrioddSséd therein. In one enbodi nent

25 porcont Iess tnan oot “Topafbefy M due PRI RRY, wEP deegRanaal

substantially nor&t&ﬁo@floh heeagtprt 801 mergusesi thed tempetatunee af t fhen reaction

nmedi d [
T S e B st o s %5 BhsBobit R5RYISTeR et 25°F.

Generally, the inlet temperature of the reaction medium can be in the
range of from about 200°C to about 300°C, from about 225°C to about
280°C, or from 240°C to 270°C, while the outlet temperature can be in
the range of from about 230°C to about 310°C, from about 240°C to

10 about 290°C, or from 245°C to about 275°C. The overhead pressure in
second stage esterification reactor 50 can be maintained at a pressure
less than about 25 psig, less than about 15 psig, or less than 5 psig.

As a result of the esterification carried out in second stage
esterification reactor 50, the stream entering second stage esterification

15  reactor 50 via fluid inlet 48 can undergo an increase in conversion of at
least about 2 percentage points, at least about 5 percentage points, or at
least 10 percentage points between fluid inlet 48 and liquid outlet 52 of
second stage esterification reactor 50. Typically, the stream entering
fluid inlet 48 of second stage esterification reactor 50 can have a

20 conversion of at least about 70 percent, at least about 75 percent, or at
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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enbodi ment, second stage esterification reactor 50 is not equi pped
with an agitator, as illustrated in FIG 2. I n one enbodi nent,
the heat provided within second stage esterification reactor 50

i ncreases the tenperature of the reaction 5 nedium by at | east about
5F, at |east about 10F, or at |east 25F. Cenerally, the inlet
tenperature of the reaction nediumcan be in the range of from about

200C to about 30%%’0# 198, 28 Wnotf 89, (R ‘EJZ.GIU{O €30Cge&dnd §%§F2égﬂéiiﬂc@tion

270C, while the outlet tenperature can in the range o r om about

230C to about 310€actbr 6 camocamprisECatiowanead sl 3B oCsubstantialin cyindrigal
about 275C. The qverh pr.e re i ki [ ;
reactor 50 can bes'qe?ﬂ'fﬁ?g?’ %rbdséﬁ ”§pSE8§§E“%§d?BZ??q?F§%éP%Q‘?ﬁ'93’%‘”@%iagf,'“‘d
| ess than about JflepdBg.atdeadtanse lihad dutlebis®, and a vaper autles 60t  of one
the esterification carried oyt in secon tage esterificatjon reactar
50, the stream erﬂ"é@qqﬁ@e%&dﬁ‘éﬂ%a@egéﬂéﬁ? g¥TrBise s pﬁ‘é@ht[yo‘?f V@%"Qﬂ(ﬂ&
fluid inlet 48 cap,Ho4d9/GuR Bint9GNEAERed Th FIOYErad Qppéf, riddleasid lower
about 2 percentag_e points, at |east_ about 5 percentage points, or at
gyl

2 P age
| east 10 per cent digeidhoriiets Bra.vedn $2qi dluid) iBlet 48, digdid pytiets SRa-reand
52 of second sta terlfi | i Vit
entering fluid i gﬁ%gﬁﬁjﬁfﬂgﬁ @Eéﬁ}éﬁég%gﬁ?i%’?/éégﬁiegﬂrgrlgaé'?%‘r%g%agﬁaarﬁ
have a 20 conver shaximifesatthé ecrstvesdiomtof 7 hepeeaditn mediuma fowingo dropgh

per e o B A A SR Bk s B R B e

stage esterif have "a conversion
of at |east aboutrdleaehgientiuiddhlet @dséarabe posRidnperateniowerteléwtion than

about 95 percent, or at |east 98 percent. nerally, the residence
time of the reacthaygid ﬁﬁﬁ?ﬁn?%f%gggs‘(%ﬂqrf‘? i C@és‘%’bﬁoﬁeifg zbgugher
greater than aboyedaioR tAh AuidBiRRELs24-Baln AB&HHaREL WAtA WreSemiBédiment,
greater than about 70 mnutes. Turning now to the specific

configuration of fsidinet 4Bpe betlesated dathedowerappdiens@ 9. the lpwver one-
nmbodi t illzust - 2 di st i |
o T, T o oo o i s

50 is a subst C rrcal,” vertical el ongated,
unagi t at ed vesselposti¢is ge.gaxiheumidtlanetesthird Dindind the hppghttwo-thirds), and

58 (ii g?e ter (H D)varp%} iogtlci;\tnS(S an rb%r]ggatggi iI]; Ehoeqo%bé)o%o&'(&gf,jthé ?oﬁ"Bﬂé'—tthird)
of second stage esterification reactor 50.

Referring 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 and/or 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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about 1.25:1 to about 8:1, or 1.4:1 to 6:1. Second stage
esterification reactor 50 can conprise a lower end wall 54, a
substantially cylindrical sidewall 56, and an upper end wall 58,
whi ch respectively define a fluid inlet 48, at |least one |liquid
outlet 52, and a vapor outlet 60. In one 5 enbodinent, cylindrical
sidewal | 56 can conprise a plurality of vertically spaced Iiquid

outlets illust rat&%fba fﬁnﬁogg a"ﬁl%g’{é?%‘éraq @Q'(@ a@ HstrAR¥8in 'F'IGUBdIn one

outlets 52a, 52b d out ets 52a- c,

vapor outlet 60 canbddinmpécedadr bmemrlwsimttdmemﬁ,natalaaahaboutt 9&‘1 at least
maxi m zes the conversi gn_ of tg%%% cti medi um fl ow ng t hrough 10
second stage est éhqut JaPT. o &t 8o @O%ei ative to CSTRs of the prior

art. For exanple, fluigkfhbpRt a%'cﬁn(i@rﬂée 2P Q8 b 8P eadsterificaBh reactor 50
el evation than liquid outlets 52a-c, and vapor outlet 60 can be

|l ocated at a Wi ghzan prexids iheat tfﬁéhelfquil@" suedivms flgwiagcthergthrough via a
accordance with OﬁgﬁraﬂﬂPBPbgﬁ%ny-#éﬂe infl LI f}éatcﬁé‘né? r & dsd%ltfolﬂ%d
., thée l'ower “one- 15 1rd),

| ower portion (e. outlets
can be | ocated i rgdrieealiy dxbbeeaﬁhdddn!etupc}fbrarmobelwnya@er cautlet HD. ni bdloge

one-third and/or the -t hi,rds and va ut
| ocated in the t B‘#IB'F tﬁ’mqbeq arf@} d 'BemfPeEf %F‘??B h?ét g’%&ﬁ*‘i‘ga‘éﬁ%%s
esterification reﬁ?é %b@caﬁ&feﬁﬁafmﬁgedlwm &1 Gord, verticdllg-spaeed groups,
embodi nent, fluid inlet 48 20 and/or gw d outlets

radial |y and/1 SUSHURS eRMeHAPSS | W’%ﬁc@ﬂ fkomﬁfosfeuan%‘?%e%»naad R é&s
that maxim zes C%}%ﬁ&éh@@ M& tzheEé&iiﬁFd(RﬁofTﬁQét%ﬂdhﬁ C%eqam, shra@ceive a
e or TRs. As

esterification react relative td conventi onal )
illustrated i n Flstesdy of scumedskeajdransfer inedium i(dhM) dhtaugh surespanding

define an upright centr ?d(?'g)%f\% l?wegléﬁﬂfgﬁﬁ 19868266 cggcw,.&h,aﬁ-wgn flows

inlet 25 48 and/ ofPHY qu can radra I y space
respective di st anaesugh thedubes il ordendo eﬁhbmamt:tiom regiiurben aecdnreidastage

about 0. 15D, at | east out 0.25 0 st,. 0. L .
maxi mum hor i z aEFStﬁ”ffF@ﬁQFdﬁaﬁtPr Bﬁe (5‘0 "HQBP\% m]ﬁ Hreseln% mv%nf:grfr‘,
esterification retﬂétﬁé’at\"_tfbnsfé? SRfficsm adisbBiated Withahe Heatiag df @he reaction
about 0.40, at |east about 300.45D, or at |least 0.5 In addition to

bei ng radial |y spagdun fosecans;siage sriesifigationy fegctprial ean kg 1n e rangs: of
outlets 52 can bey &hrﬁl%ﬁtﬁ'ig’}g ag&m 150a5ed E)éroﬁbﬁﬁ%eﬁ@fdé% fBMt Br °F

angle e, as illustrated_l one enbodi nent, tbze can
| east about 45, aABTWhSE-°Bhdwm prlﬂa% teaboutas LB TWHD FOrOFé'tO"P §§§? 80

about 175 Refer ring g 1onEl Ga  Zam3GNO R It Wbl T{oCHd Paction

reactor 50
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 64a-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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5 can provide heat to the reaction nmediumflow ng therethrough via a
plurality of vertically-spaced internal heat transfer nmenbers
positioned generally above fluid inlet 48 and bel ow vapor outl et 60.
I n one enbodi nent, the heat transfer nenbers can be heat exchange
tubes. The tubes can be arranged in two or nore vertically-spaced
groups, 10 such as an upper, mddle, and | ower group 64a, 64h, and

64c as depicted in Fl ; r QAP HoS X HHEGR tiNbeSc&N stage
receive a stream%{' vﬁ?‘r‘%@g %t n?rgﬁstﬂg Fn%%ilam (HTI{/p t hr ough .g
correspondi ng uppsterificatidh ecaciond50 shide oFEMII MPE Grogps produes sekstantiadly

HTM t hen flows thro .the tubes in_ or 0 i j
in second stage ¥ Eg’?@qf Idcpg?etg}g P%%@?gﬁo%ohé]%ﬁéxghgﬁ%%@% ﬁg&n{&g&é{@
t he present invengdépbndendy emt intreanef tie operfationaleftexitility ocfi stwmuhdvstzige
the heating of the reaction nedi gm in SCSI%%OI o%r? e esterification
reactor 50 caf beesterfication sga@onpP0rPvem $ ‘%6’”%3[& 1R0SEPIGe PS
hour per square figlraRed il KIBTY mg]gezmm JAIosneBaossn 28 £18sédayithd@By
BTU h.ft2.F, or from35 to 80 20 U hit2F. The total amount of heat

transferred to tevenidlavwonf wednesmH TMdeloowrpestabe geaurepbia whan tog level
reactor 50 by the . €. di Dri f;
Sbout 100 o abodt 1Eagist BreL7 20 Segong ShgCesiBnicaRh AolEp i ler
about 400 to abouharR upper Bibé Igoup 64800The abjlis0of BELHHD stafiecestoolicadion
HTM exits the upper,, m.ddl e, and 25 | ower groups. of heat h e .
tubes 64a-c ViCa r@@ﬁ@&?ﬁ&@ GRERIG Y t"gry(%%vsﬁosf r%agﬂ%p 8?%%@%% direct
subsequent |y recidgntiagt atht CSTREheIthd peioHEW, sylsite entrallyf bperaté withVia
i nto heat exchange tube groups 64a-c can, be,con(i%ol I Ed by u%ﬁgﬁ, ;
mddl e, and | owercansiany dpvelsolsactiggynedige in prdgs th&een e rahiraeter
the present '”Ve%bé’é‘ga@?%ttﬂg?%ﬁe?éed‘%ll f1e8anaky bpéetioR4a- ¢ can be

i ndependent |y operate one 0Or nobre groups can provide

heating to the reacti drefaritiguagdimteEtGnd 3 peafondsariy YaRmredl et captaxt
50 whil e one @r nor r j S nthal:ly h '

Oper ati ng one1%or ggghéggée%é%ﬁ%%g}% ube %&oéggv%ié%ri ﬁ%‘eéggg%enm ;9 ne
can increase the epeodinennal tid @xedant iinyendibns §eoprkdotrdgantly vapor product

esterification reactor 50 over CST f the ior.art. For I

e Tl ustrat od | (o @mBISaNSler S FaHonoh SaEh 5T £ amBE Ry BT diycol.
thereby prevent fAgw efiting seeondlhhdentestatinpgtiort vbseter 60p tHel aapbestrea®
| evel of reaction nedium 72 in second stage esterifijcation reactor 1?8

is lower than uppws bt cendiihiahyhergaftent can pegpuiedds frtagiifocessi
esterificati 1 t erate with varying | evels of
reaction rredicﬁt?m %’géﬁﬁ%dlgﬁcé@?drggﬁ%ést with CSTRs of the prior art,

whi ch general |y oper atAs WiustiatedcionSiGard, a diquid pioduetagan b viladrawni fiom

order to keep t hese%%ﬁh _s&é&négtgifiéal&ﬁsreg&gp B84 ¥nd WP RIS fuiodets 52a-

times during opera
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 preduct valve 70a,.as shown in FIG. 2.
30 Similarly, the ability to independently isolate one or more liquid outlets
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Referring again to FIG 2, a predom nantly vapor product can exit 15
second stage esterification reactor 50 via vapor outlet 60. In one
enbodi nent of the present invention, the predom nantly vapor product
can conprise water and/or al cohol, such as, for exanple ethylene

gl ycol. After exiting second stage esterification reactor 50, the
vapor streamflows into conduit 128, whereafter it can be routed to

further processi [}?gvia%t dRffal %ngéi’{fonﬁ!aﬁ@ﬂﬁiﬁ -to second Sfgk! ddistificatied

in FIG 2, aligq product can be w thdrawn from second Stage
esterification reasttor580 via one or nore liquid outlets 52a-c. In

one enbodi nent wherei n.,Qn . t .
64a-c are operated i nﬁgﬁeﬁ%@@ﬁ@%rﬁgﬁ{ﬁﬁ?ﬁ?ﬁ%@% P gé%@%&ﬁ& %gﬁﬁcqa&‘%
product outlets aagactee S0swbadendiuits13ehhd Wshnheraafignde nattet:$o staage or
For exanple, when the reaction nediumlevel 72 is bel ow upper

heat
exchange t ubedgr JUBN®UaPIRFESEIRE. t GHER 2e Yol SXEPEr o praovijﬂ‘i"ﬂ%ream

heat as descri becde)fc%Y]H@H%ﬂbn dHupeh. | i quid outlet 52a may
additionally be isolated by closing upper product valve 70a, as shown

in FIG 2. 30Simlarly, the ability to independently isolate one or
nore liquid outlets provides additional operational flexibility to
second stage esterification reactor 50. The liquid

esterification prNumericakRangescond st age esterification reactor 50

via conduit 0 and c thereafter .be routed to.storage or f .
processi ng, é@ch as, foOF RIF5RP %‘?SC{EH L H%%EW%H%#‘HS?@%%&E%‘&%”&W é%ﬁém
section. Numeri cglaridnegass réRliNG tP RS BRENGRS Cltishblulkinbel ardestovel thathen

ranges to quantify certain paraneters relating to the invention. |
shoul d be under stBHREIGRAa0MR e REPYIEET, F‘éﬂbg%“%ﬁseafﬁ 6%%&9@&&?1 as

ranges are to be (GORaINGURErASsUPpeM B ki fiditaliorsURe 'dnly Pécie! fHeMower
limtations that only recite the |ower value of the range as well as
claims |imtatiorvalusef thel irngeds well Be dgiperlimitation 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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15 val ue of the range. For exanple, a disclosed nunerical range of 10
to 100 provides literal support for a claimreciting "greater than
10" (with no upper bounds) and a claimreciting "less than 100" (wth
no | ower bounds). 20 Definitions As used herein, the terns "a,"
"an," "the," and "sai d" nmeans one or nore. As used herein, the
term”agitation,” refers to work dissipated into a reaction nedi um

cau5| ng fluid flow anddor i NGteird S A% utgﬁqsheécﬁhﬂ-,,s,ﬁd]e tcdfPrises,” and

"and/ or," when used in a TIIS'[ of two or nore itens, neans that any
one of the |istedchmpnisetare ispeprasidegdetiansition semis used daytransitigrniienva

of two or nore of_the.l &;835@
conposition is de¥d ?%é%éggq%égh%%ﬁqﬁgn(?%ﬁggﬁé%!%q%\ntgg,éman orrGEE(,a 't%rlqg
COQOSI tion can ogﬁ%@l thelelehrene or RISheatsolisted @tft&f dine2 traASﬁliDCI tBmhmare not
combi nation; A an i n_conbi nati on; In n, or A B,
and Cin conbl%atn%ﬁ?ssar'ly?he O“IXseE?fEEHtSHE?téPﬂq‘e Fﬂé’ nger ®Conpri sing, "
"conprises," and COWF)(é §§ed HePoifPoie RARGH chhtanng,? %rﬁ@h@s andedohtain”
transition froma subject recited before the termto one or el enepts

nou

recited after thehaver W@Pﬁﬁ@@eén‘éﬁﬁmaﬂ a8 'SREISING, sCemPLpeRr and

the transition ter R sarily the only elerrentsthat make
up of the subj ect |§e %gs\ﬁusegglﬁerel n, the terns "containing,

“contains," and "cont 28" usesl eherbim, sthee tepen distilativeresgnangtions refers to

, mn mn d mn
heraln St hd g SBAREY gpf U mERdRhetil PhAEESS! s B GmARE other
one or nore chenigamisdbsibataresivazedwrether refaive \aldtiities bethiecaubstances

subst ances based on the relative volatilities of the substances being
separ at ed. 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

» i

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

Bt

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 element(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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As used herein, the terns "having,"” "has," and "have" have the sane
open-ended nmeaning as "conprising," "conprises,"” and 15 "conprise,"
provi ded above As used herein, the terns "including,"
"includes,” and "include" have the sanme open-ended neani ng as
"conprising,” "conprises," and "conpri se, " provided above.

As used herein, the term "mechanical agitation," refers to 20
agitation of a f%ﬂgm ar {HEALHBECRESRE BibsBAY HhicioHDV B ficaond (d Ghel
or flexible elenmen agaln or wt e reaction medi um

As used herein, telxerrlp@rsn embadiments,neefi fonh abes, scawd iy rerdilyumade by

subj ected to che cal act.|

refers to the noi Iéﬁf" ?hﬁ?g '%??%gﬁ;‘g”ﬁ&g %’T‘e‘{aﬁ"{g}; p@ﬂﬁ&}?ﬁ%@{ it oﬁ?ﬁéﬂb?esent
chem cal speci es jhwenticparti cul ar reactlon schenme or subsequent
formul ati on or chem cal product, ardl es whet her, t he et
actual |y obtaPned frorenBvenMers Eﬁ‘i %gp%%tlee elr@tginﬁ&o Ry ani b m‘éﬂ‘ﬁfae of
Di scl osed Embodi ifiiaiaitdhe deteikink Sshd §§§€issoﬁi"letr@ﬁsbrﬁ‘akﬂvltfalﬂ%cope of the
descri bed above are to be used as illustration only, and should not

be used in a |i mpréseptdavardioncas Pﬂﬂ@lﬂﬁﬂ@taﬂvtﬂacp@é%tﬁé r@r’f m@f@%‘#&b@%mmng
i nvention. Modifi S I t

above, coul d be rfgogéhq% o&%dér}ﬁeq %?g S?E%!? %Wﬁﬂ H'?ﬂﬁtﬁygr t§§vaeit ﬁ%ﬁﬁ in the
departing fron]thdkﬂmngnkmuﬁ the present invention. 5The inventors
hereby state_ their intent to rely on the Doctrine of Equivalents to
det ermi ne andassess the reasonably fair scope of the present

i nvention as pertains to any apparatus not materially departing from
but outside the literal scope of the invention as set forth in the
foll owi ng cl ai ns.
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10 CLAIMS 1. An apparatus conprising: a polyesterification reaction
vessel containing a reaction m xture conprising at |east one diol and
at | east one dicarboxylic acid and one or nore reaction products of a
diol and a dicarboxylic acid, and a plurality of vertically spaced
heat exchange tubes |ocated in said polyesterification reaction
vessel, wherein said polyesterificagjgjdeaction vessel is elongated
al ong an upright central axis of elongatton, wherein said

pol yesterification reaction vessel defines a fluid inlet, a plurality
of vertically Sfbibd Qi sl 4 Bifest Rk RR0n Qb Alontallid £1 n sai d
fluid inlet is |ocated at a | ower el evation than said vapor outlet,
wher ei n gagelioninjxibig cenwrising ableastjone gickandat least enedisgePeryliaped @nd angl
flui d i nl Gt @B ebARBbPMod@idoMAREI arf W di8drbox§Macid, and aWREEIRY Bf Ve alhgat

exchange tubes contain a heat exchange nmedium at a tenperature higher

t han t he fPengbhent grehapge ihes losalet it hrolyanasiiicalien refrdpe vesselwhersin

reaction éﬁid(édh{e%tériﬁcdﬁi@ﬁ récBSeMssbins bldfghied@bioRy 6N apdmt taHieSaxis & The
apparatus of ¢

laim 1, wherein said polyesteri Ié:e%;[ql on.reaction vef_§sel
i s not edtiPsplen WherrmSHE epeRteicat redtgn vessgl defipes aﬂwﬁﬁ'ﬁfetug Plyality
claim 1, omheriedlly spacad IQRLoLAXE ARIDEVAPoD St el Whetare Bdie dluidtinlétis Bbateatt on
abovesaidfluidinlg{ﬁa bel ow. s

| d I i . tlet.., 4. Th t
o T o o o atin HandaborpactuRf MhelT S il St 4 lbafaRaR " U
hei ght - t celeliasioretiesversaldi fiid inlet fred g eaidovafaremiabat 1. 15: 1 t o about

8:1. 5. The apparatus of claimd4, wherein, said pol terification
reacti on vesse eﬁeéﬁhgﬁ}?ﬁg?’f?hﬁ?%eotw%soﬁn; m 8i“8$¥ﬁ"8’5)a”€%§?‘,§9%’é%{aﬁcn sai d

| i qui d outheemtae bighardhar thg tapeereurd ofdne saciibnoeinturalandxihsrebythat | east
about O. ein .sal L d [ Lal.ly spaced from said
central ﬁ%g?ﬂﬂ@ﬁsgp%.gg@fmé egh?' thé]g%t ek(é‘.arn@%gﬁ)g%par atus of claimb5,
wherein said liquid outlets and said fluid inlet are

ci rcunfergenti - :

7 The ampar at e eopRERa R AT N AR Lo e Mosk SPpARR PRI R on
vessel copirirsewith agestdpairalyagif@el ght , substantially cylindrical side
wall defining said liquid outlets. 8. The apparatus of claiml1,
further conprising an upstream heat exchanger and an upstream

di sengagehent \esbapratuypb g 1 siieein saidheahiraanocduasg Mcaigdrt Aks an
exchangerelévatieh alfdvd san RICARNSRT o\l k&t vapdiei@étn sai d upstream

di sengagenent vessel defines an disengagenent fluid inlet, a

di sengaged vapor outlet, and a disengaged liquid outlet, wherein said
exchanger4.out | Bie appgratiaidl clins eNgiegeireaid polyestdrificatiet reatonoeegdl @ds an

fluid flqw, nication.w,th one .anot her erein i.d di sengaged

i qui d oﬂﬁ’%&'ﬁgﬁ‘amgéf @(?lf’lw\mh& r?rrlﬁee?f?ré’fn ‘Ji]:' |UH1'\£I€'ﬁ)}%§?%"ﬁlgf1i' cation

reaction vessel are coupled in fluid flow conmuni cati on with one

anot her, erein said. di sengaged. | i.qui . i

inlet ar eé,}@ouglllhgc?ppﬁraﬁsuoﬁagg? gww%eé%ﬁﬁé%%%@%%p ‘%’ ge%ét%gﬁ?c%g %25 .ggg
maximum horizontal diameter (D), wherein said liquid outlets are radially spaced from
said central 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.
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9. The apparatus of claim@8, wherein said heat exchanger is a

shel | - and-tube heat exchanger. 10. The apparatus of claim8, wherein
sai d di sengagenent vessel is horizontally elongated. 11. A

pol yesterification reaction apparatus, conprising: a

pol yesterification reaction vessel containing a reaction mxture

compri 51 g 2t HEABbaaR dln Al kedthnanenilisar andi vesag! 4 and

one or nore reactl roduc I car ic acid, and
a plural |Qowmrsesxegemezrdlwwnglrﬁa@é@taﬂé@lw cebhrsied gis etwabedefi W@@@ﬁilqul% t he
pol yesterdfigation reaction vessel, wherein the

pol yesteritication reaction vessel defines a single vessel elongated
al ong an upright central axis of elongation, wherei n the

pol yesterd fi CaltHeOJE) él%ﬁ%tdfgﬁm’{qfsfﬁﬁ}l\err%@ﬁzpﬁslﬁé sk Opdtith Rt healehbhgdrbhy aRf
vertlcally spaced FIQUId outlets, and vapor outlet, wherein the

f1uid inlstreamdiseagagement ‘é?sﬁ%lwé?eréll”é@ﬁitlfpé e3m hpatirehapgporelpas PRt |

wherei n t&@héﬁgawn%taﬁa laﬁbﬁcr@hgerloggat RBerain s@m{ Wsh¥ah U@en@é@@mnt hssel
fluid inlet and bel ow t he vapor. out| et,

and I n
exchange ci%s%%awﬁ%%aaﬁe@ew%e et A&iRGROTRE VaRTAULIS! ?%%8}53'9 dlliﬂltﬂﬁtiner
than the mapamaﬁewmpéxdnb@gerraaﬂdﬂaa@sﬁumtsuﬁgagemdtmrn@t Bret dd@pled in

reaction re i s not,. ent t he, heat exchan ubes. 2., The
holyest ord e G vagaeR B S35 apantre ABro s g1 CogL RO

pol yest ersafid fad Inmn ofmcpaimterﬁsaeh résticotesaqiuarg pewplad ihifiuid flserc hani cal

agitator. 13 .T esterification _reaction ragus. of aim 11,
aher i n ieeTRrAEs Bt PRE AR PRARR ol bR R, Ml tart cafd

hei ght - t cexdhanypet efet et ¢ooipleti if fluidfidy dGnbubicat®nlvith ahé .andther.

pol yesterification reaction apparatus of claim 11, further

conprising: an upstream heat exchanger and an upstream di sengagenent
vessel, 9. The apparatus of claim 8, wherein said heat exchanger is a shell-and-tube heat

exchanger.

10. The apparatus of claim 8, wherein said disengagement vessel is horizontally

elongated.

1. 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
diol and a dicarboxylic acid, and a plurality of vertically spaced heat exchange tubes
present in the polyesterification 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
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wherein the upstream heat exchanger defines an exchanger inlet and an

exchanger outlet, wherein the upstream di sengagenent vessel

defines a di sengagenent fluid inlet, a disengaged vapor outlet, and a

di sengaged liquid outlet, wherei n the exchanger outlet and
di sengagenent fluid inlet are coupled in fluid flow comrunication

Wi th one anot r\‘:@"l'erem the heat m@@ﬂuséﬁdﬂlkaﬁegﬁé&@cﬁér@wnﬂam ket and

fluid inlet of th g esterification reaction vessel are coupled
fluid f|dam@@rﬁfmh@ @n toan e demesiatugeftthrereactipngnixture, and yherel] et he

di sengagedadtiof whiguRUs hetpradidt fhge Bt BAOEAGe tbeet are coupled in fl
fl ow communi cation with one anot her.
12. The polyesterification 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 polyesterification reaction apparatus of claim 11, further comprising:
an upstream heat exchanger and an upstream disengagement vessel,
wherein the upstream heat exchanger defines an exchanger inlet and an

exchanger outlet,

t he

t he
in

ui d

wherein the upstream disengagement vessel defines a disengagement fluid inlet,

a disengaged vapor outlet, and a disengaged liquid outlet,

wherein the exchanger 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.

28



