POLYESTER PRODUCTI ON SYSTEM EMPLOYI NG AN UNAG TATED
ESTERI FI CATI ON REACTOR BACKGROUND COF THE | NVENTI ON 1.

wd088/¢bs63s t he I nvention This invention rel at espdiPue008/002270

system for produci ng nelt-phase pol yesters. |In another
aspect, the invention concerns an esterification
systemutilizing a vertically elongated esterification
reactor requiring little or no nechani cal agitation.

2. Descri ptPOLYESTER FRODUCTIONSYS TEMEMPLOYING AN

pol yneri zati on gNAGHATED ESTERIFICATION REACYOR
pol yesters, such as, for exanple, polyethylene

terephthalate (PET). PET is widely used in beverage,
f 00d, BACKGROUNEOFTHEINMVENTIQN| as in synt hetic

fibers and,resi es i ocess technol ogy
£p| ed wiflh i n%s%'gA‘gfgt%&glﬂﬁﬁﬂPﬂg\/e lead to an
i ncreasi NgiTyisC GRR&Itidni relatey ket af eystehe for qstoaucing avelt-phase

sale of PET. Therefore, a |low cost, highefficiency
pr ocepelyestersr douanothepaspeet, dbs iinvantion exnrares 1af esterification

?Elotsegxééﬁ ﬁ@*zﬁﬁé%ﬁ&%ﬁh@&gﬁ%&@% '?’gaHtG% dl‘%&@lnng little

sect i gAn@Mmdechamtalcyiagonati on section. In the
esterlflcatlon section, pol¥ raw materials (i.e.,

l%Qict ant s) 2are BaSEERtaN of P)V@é,'t@it nmonomer s and/ or

ol i gomer s. : { t

monaner s oMbl PONTHERAIRA LaR B Bkbtlo HRIES!#variety of

;:onvlepbﬁéste‘lfo sachoiasmﬁmr exachpde, paljethylehe teesphtbdlate (PET).
inal _chain |e nost [ I | t-ph .
pol yeEtEérr'Sp)’f"g& c't's’f%'”f Vqr?9$3§° §b§nr°%??rcn°§?t’\tt%'ﬁe|a§%s well as in

carri E?ntﬂléhc e?@%r?j’ réSihe W&Me%aid ﬁrcﬂfé'sh%@ﬁnology coupled
react o suc or exanple, continuous stirred

t ik withdhoreased3igmand HaweJead tCaMRnctaasingly sompetitive market

WEChaPc;rCﬁ!né yprgguctlcgrge dar¥oe satlé) '5f 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 melt-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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have a nunber of drawbacks that can result in
i ncreased capital, operating, and/or maintenance costs

wd mos/idzersover al | pol yester production facilitypcte$2008/002270
exanpl e, the nechani cal agitators and various control

equi pnent typically associated with CSTRs are conpl ex,
expensi ve, andcan require extensive naintenance.
Further, conventional CSTRs frequently enploy interna

heat exsnhesgisird ubesnsinat matretepgnee. porRurtierofcdnventional CSTRs
reactor's internal VOlFrﬁ In order to conpensate for

the | #equentieempioy temal hegk eyehange tubeprbal,peguPY a portion of
i nter 'ﬂ?é mﬁ&@t&)r EXARARSEVOINRRS rI WBHIEF t8 @ﬁ?ﬁﬁs&é%?'the loss in

vol une I NnCcreases capl ta cost s.
inter eﬁbcﬁmtreaztdnav@ameol CSTRspmathl linteersal obeatt edchandge tubes

CSTRs can un eS|rabI rfere ththeflow. tterns

515 1 hESa i By Srasrelal NPl WiiEhyBctaRRes, GaRtah poss! Further,
resul {dtBehdl "héal &hahg éoem &ye.eauy'r OadditiAagEWRhOBSTRs can
conversi on, many conventl onal pO yest er gr oducti on

facil undesuratdyentedpre)yeth theflowppatteIss Ry the seactiangmedium within

serie whi ch, f incr.eases bot .

operaﬁ"%g" €85l s H’ htEPé reﬁ“'&f@%d'"e?i EQSE g’gpéoﬁ/lﬁfsgﬁg To increase

ef fic P%m)btpétbr)’\%?&@h ﬁﬁéﬁy’f&ﬁ)r\t\/Bﬁtloﬁ%lnpﬁlyégﬁercpt@dh%hon facilities
erational, and mai ntenance costs while nmaxim zin

@duaaveoﬁvm!@yem maltipiFYSBRsTIaReradiyENTN OReigs.ovhich  further
enbodL gg%éngngé&ec E‘??H? dg@bﬁﬂ{gé’&tst here is provided

a prot Mg a reaction medi um
to esterif iThaisi @ need exvgtstfocal higheéftﬁnnmicwbolyester process that

esterlflcatlonreactor and (b) otlonallg | n%;
t he reraetrmaﬁsr%@mtalrnqpﬁratrwaésa@ Maitgnaps rceagst ﬁ"e aximizing
V\heregpoddlg&%om g&pout 50 percent of the agitation is

provi anl cal agitation. In another
ethodi nent of the present invention, there is provided

me LSURMAREOF ok IRENTION T ot “eat er i cation
Conver 3 on o, BEAHAeR b I55pRRK Y figre is proviced 2
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



subjecting at least a portion of the first product to
further esterification in a second esterification zone

wodnhs/ gobsby a second esterification reactor teding2edyo2270

produce a second product having a conversion of at
| east about 80 percent, wherein said second
esterification reactor defines a fluid inlet for
receiving the first product and a liquid outlet for

di schaegbmdg) prddasstcwhdreim dok! tiuidvdnetietiis Iddated ataitigher elevation
outlet is located at a higher elevation than the fluid
i nl et thamthefluidideher enbodi nent of the present .

i nventi on, €, ' . a t i S .
e o, B ahaEr OB M S epRRIg, anere i
heat provided@an appardtos abatprising laereaztioni vessetswdl a plurality of

T reacti gn vessel is elqngated . alo n, uprj ght .
cah r §ricalle SHACeR ol Sxstiahag L. [SCaTEd, UL 4hf Teaction vessel.
def i ”g‘ﬁe_aréééﬂdi'\ hak8El if dbHgAlel! YicHg U tigidght Ycentral axis of
spaced liquid outlets, and a vapor ougtl et. The fluid

i nl et elangationt edrhet reactinme vessel definas t adftuid hisletagoplurality of
tlet, .The |iqui t.], et I t ed at I t . .
abov e VERiGally racer fquid omtisls. cand & VaRgR o ligt o[ME fluld inlet is
BRI EF|ddarédrabal IciefkleldtioRRAdh M@vggbt autlete mhiegliigaiat sutlets are
|

of the present invention are described in detail below
W@ h tasiated atanedevationahavesbe fluid)inet andheelewnthepyagor putlet.
is a schematic depiction of a first stage

esterification systemconfigured in accordance with

one eBRIEMDESCORIPTIONOCOFSEHE DRAWINGS and suitable

for use in _a nelt-phase pol yester production facility; . )
FIG 2 is &eftaieapbedimanteiqf dheopresest ipvantionagee described in
est er WEb Gt LiQl, i s fie ' Mt h

one e%géélﬁén%lﬁ\{v \Xg?r‘?‘ ﬁgFepr%%gégtﬂ Hie(r?]]\%dr?{é ido a%’gﬁggﬁlg\ﬁbl e

f18 use i nFGNH tis pdnasohepudtice siepictipnodiia ificst Stagel iesterification
with line A copnectjing the second, stage esterifi,catjon

Feact BYSigm EPTHOGeR MaRHIdARFS WL 208 SBDRAITeTLze] e Present

syst 2@(}@]‘35’;?‘2@%; se@@rlﬁfi@a alfsié’oﬁq % SREkIpPASE PbH¥sRE 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 employed 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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reactor of FIG 2, taken along line 3-3 in FIG 2.
DETAI LED DESCRI PTI ON The present invention can be

wEIRs/Msesk i n el t - phase pol yester production f@epiisdobgm2270
capabl e of producing a variety of polyesters froma

variety of starting materials. As used herein, the
term "pol yester" al so includes polyester derivatives,
such as, for exanple, polyetheresters, polyester

ani depolyeRternamitRishaindspslyethetaiter amidemn| Exanfples of melt-phase
mel t - phase pol yesters that can be Plroduced in
accor@&W@étWt ath&apr bsemrodurachtiNoACcrrdange, with: the epresent

" e BHE S GRREBhrr, gn coptmer

vv| th of fpolyqthytdmexaeTethhaiﬂtba(i%ETX CPENG detdnonedified with 1,4-

bitboGVela ?éﬁ%ﬁfm@é%bﬁ (EREW contansbaer ol Sorgatic or liguid
bUt an%@)s@éllm % %‘s‘ Cb"i’é‘débrﬁ&é'bléd';ﬁ’blge%kéj such as those

resi du pol y( exane- dimet hyl ene terepht hal at e)
hormpcbmmlswzgwobuiapeﬂrphene;rephttmnhompblqnﬂaradlam:d acid residues,

copol rs f CHDM and cl ohexane .di ¢ oxylic acjd

or di %gf wae&mﬁ%ggpbo%(%qfﬂha%ie%nei‘nomopo|ymer and
e”bOd'cBBBE/nférst hgn®" BoRitpdlyMers | ad eepu§Aiets of CHDM and
starting materials conprising at |east one al cohol and

at0| eaycloba&am dwaab@xyé:gch&pédlf]ﬁ@i%h@)@ﬂwhewﬂmrbwlate

o0 L)L G Sl BOPESes i g Hhsebler staring

final mbma&t ebmbhgﬁligctat deagtr baesaledhdleast atnieast one acid are
dlcarboxyllc aci d residue haV|n% in the range of
i

about subjestethtr estesifigation imag inBial sectioneh t mcesrso The acid
Exanply |'née L36P 0% et a%‘f%éi’ﬁogﬂlct R0l & h'é?‘?né gn%hﬁolyester

presen |on can 1 ncl t are not

t £ epptddudt ccomprisesp bt I&dsrt onec ditarboglibtdcid wesuduedaavmg in the
napht hal ene- 2, 6- d

cycl oA &i ﬁﬁ%%w%il !%boa Iy£$ ek dt deels carbon atoms.
3?:{)%5}5%&’ Ifgi-é rbo&fl&i&éggéﬁhitg??ﬁo{?ms& itnhtyle_prle,sgpt invention
pr opaednoinclutie; abttoage i notalimiteds te; ctenephthalic, agd utphthalic acid,
acid, adh G2 & aciq, naphthalene-2,6-dicarboxylic acid,
20 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-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,
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azel aic acid, sebacic acid, and m xtures thereof. In
one enbodinent, the acid starting nmaterial can be a

woeRhg/agpRndi ng ester, such as di methyl terephtpealed2608/002270
instead of terephthalic acid. The al cohol starting

material can be a diol such that the final polyester
product can conprise at |east one diol residue, such

as, for exanple, those originating fromcycloaliphatic

di ol s phsparieg1j3diche tutage-104- dimonpemme ﬁSt-d]olabdmxaﬂE 1,6-diol,

carbon atons or 6 to 20 carbon Suj t abl e, di
can i RePpeRtylglyrolar meshylpeRt q:& 4t hgiB v@ey jediol-(1,4),

(EG) l4ioltdi Bt hyl e -
"1 B SR hEh R ol (1.5, Y ZetiykeRanedioh(13), | 22
4 di dlethyipmpame-djol -6t.3),0l héxarmdml-:ﬂ 3 di dl4-di-(hydroxyethoxy)-

nogPepX gl ycoly & ot PSR ARt Rl Batd: 24 dinyarony-1,1,33
2,2, 4teft érﬂ@fﬂ“l’k?&ﬂbéﬁﬁed'ﬁb 4tetr%}neth I-cyclobutaned|o| 22 bis-(3-
2. et hyl hexanédi o . 3), - diethylp ane- i ol -

,3), hgdquetrtuxypmenw) prqpanazll -(h?oﬁ-é!@r e-hpetpxy- propoxyphenyl)-

e aparis  Sot ! IR PERRSEE 2 suronyisy1-

2,2,4 ﬂéﬁ éﬂ%kﬂwns@ﬁémyta&m%mhresaharéufs (3-

h droxyet oxyphenyl ) - pr opane
21®-bis- (4 mygd@mmprlapQg?pﬁgpmqlmepfoélaﬁestartlng materials can

g W A M, SU B e

addi t femn, examplec eoltionss, cohgprisiny t tergphthiatici aick, dlmethyl
can conprise one or nmpre conpno rrershyfun

cononisfepbthalate; nispghthalie o acid, 5 fynet oWBHEFPé’r'%te dimethyl-2,6-

comD! Bk AGHRAMELIBi 2 cdlme gl age oryne

nepht bbjcenedileihylleoey Ightos)], Z,,G—cyalphéhaﬂwmdandtrmobo@H-IDM) 1,4-

ichdcygt Ie e MCOlrhgﬂgq‘ftr{%lrlﬁﬁ ggxi—%l\ggpar{gmeélftlc anhydride,
POl yt gjrhatiii hyI ?ﬁ%ﬁé%@ﬁé 147 aggca?&@?ylafe“ mﬂu‘nblhﬁ decalin-2,6

anhydr .'ﬁ di me cycl ohexa di car boxyl at e,
di net U}darble)qdahen 2decalllrl:ard>lm@thanel dgegalnydronaphthalane 2,6-

O e " o8 Y 16 e S PAREAN) s fophinatene
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 trimelltic 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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hydr oqui none, hydroxybenzoic acid, and m xtures
thereof. I n accordance with one enbodi nent of the

WORleSRKBY28l Nventi on, one or nore additives can pga/@3eado2270
to the starting materials, the polyester, and/or the

pol yester precursors at one or nore |locations within
the process. Suitable additives can include, for
exanple, trifunctional or tetrafunctional cononomners,

such Fetfirstnsadtioni reastshstdrtingemateriale (algb Qéfvrmnﬁmeherein as “raw
pyronel litic dianhydride, pentaerythritol, or othe
pol yaBialerajs’ ol v@pgant%m@ mﬁapmr%@nsfqr@wgers "The second

950 S 00y L8081 FSRSrt 3, Ll e o

absorbelyéstmrmodmm and oxygen scavengi ng conmpound. In
general , the polyester production according,to .
T enbodi HAHE ARG EntaTingh e L sRCUA NS g geid end
mai n ?c?ﬁﬁso%‘hcﬁhé‘s Tfor Sxaffphé,| @iepnalic atidof igkphthalic acid, the

mater also referred to herein as "raw materi al s"
or r’éeaitsantlsn xanre referreddosas astesificationy o ifethe. starting materials

second _secti.on further reac S e nno

o+ gofave eyl ¢l bfflns. SPEh . R SHNIE A Y gepnthalate or
start yitethyl esopHhthaRid CtHa FirkhettibAt careBe GBfdridd Udeas ester
acid end groups, such as, for exanple, terephthalic

ath d exchangshohiians-esterificating. fForssimplisity, othectsﬁnb‘@steﬂf ication,”
referrgl é,ts%g\"’/‘ieﬁébhyinc éj?%%' Hosth ! fesfet?ﬁ ﬂé‘rﬁt?ﬁg ester exchange

mat er P groups, SUCR

exanpte&actidnget Tiéreferee ifhtheafigt 8eotionliigreisbyl| for esterification, ester
i sophthal ate, the first section can be referred to as

est er?éﬁ‘@ﬁgﬁge r transestedfieatian.cdt i ean per referred to as the
si.npl i ?aﬁ % » SF 15 I;])%&}ts' ORccordfh ﬁ)egngeern%éﬂlment of

inclu s |cat|o ester ex
r'emct tm@re@rﬂrlaflemtmn, i stetificationstars det catmedsoulsemloheror more
esterificatio

t h .
Cr ans SEgESGfrihe ASteficalon Sartgh 4l tarpegratyeds thpgange of from
est eﬁg 3@20@ t§%bu9@oo% bhswapz%% t6\@®8uf200°¢ Oor 245°C

I ment he pr esent I nventi on,
est er td 2881C amdcapréssucacf iess than ahousi25 psignor @ pressure in the

f;agﬁzar?gﬁégﬁgeﬁ r| f %%Fg' &' ag’gﬁtt r;])s?gt, ot 2 S%etoaé %S|g 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 muilti-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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about 2200C to about 3000C, or about 235C to about
2900C, or 245C to 2800C and a pressure of |less than

wol0s/iosafs psig, or a pressure in the range of daTam2008/002270
about 1 psig to about 10 psig, or 2 psigto 5 psig. In

one enbodi nent, the average chain length of the
nmononer and/or oligonmer exiting the esterification
section can be | ess than about 25, fromabout 1 to

about odf),in0a twestdgd proesshehe qsr@pdly!hwrizambnof(ort lpeepolymer)
process can be referred to as the polycondensatio

Sect i GractaTraneoyesh e manpRIer xinge@sicwiRalgy section into an
I
sing y@%rﬁgr RadihG ?gér gr eptgﬁlner tﬂ‘?ﬁl.tl‘\é‘gé’nsqaeegf from about 2 to

pr epo ndensa zat i on
fi nal abouat ﬁOnifmlmh rapoup B Yo abberns3f,i onfretred0 teer36r allhe, finisher

| h d d
i ¢ eAcigeton ORI PlPBPdeelyEier tite, njo a final polymer
pol ycgﬁtg)g%gat | gﬂq D dBSirER Ve RGP EhainNehfh, typlcally greater than

pol yc section at a tenperature€ in'the range

of fr aboatbddt grzztes thanadout 35 @heater taamabommcm’ @reater than
about .320C and a subat nospheric (e.g., vacuum

pressa . \Wen pol ycondensation is carriedout in a

two- st age A grfthstagelEstefiftRionSsdtivat édTigl®éd in accordance with
prepol yner) reactor can convert the nononer exiti n%iﬁ'r 1.3,
In

tHe eonerembediment ofcibei piesent mventioniigdsiapictadvinn

about PACUATOk odr ThAyi5ts, Gy “Gucthplary T3k hgg kfteriication
The f gpéteher whit@CFIBSt Reandodvillustatehan exemplary second stage
ol i goner/pol ymer mxture intg a final

havi ngsteriéic Feartar el BgenelliAtage @ﬁ@?rﬁ'cai/?’blséﬁt'?n 0% FIGS. 1-3
gr eat gr ﬁw%?@%érgrgjr%ga{]grg%gﬁeg%pn about 50, greater

than abod A multi-stage
et eri fi caReferrimgchownte GhGi dyra dirsih stegeo edtenifieation fsystem 10

gréseggt? ur}gatlggcp})gfﬁrgaees Gnlegc\e/r%Btplgg'{:]gré{fcgdtﬁgrpresent invention

TP, Nise LR YheR, oo 12 o
est er eslecification vesseldi4, artistitatian caliaye16sard iaf reciculation loop
sectl 98. ?n gelneral t]he 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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wi Il now be described in greater detail. Referring now
to FIG 1, a first stage esterification system 10

woeRd/iggodsed i n accordance with one enbodi nent pefrtd608/002270

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 i paék rtet hebfBasxchahger f1Z alia oreciryidtiom Idbp nd; u@swhile the
the foll ow ng broad stegs:,(_l i ntroduci ng an ) .
est er gairgytation pertigniafitpe Higst es&q%g?eﬁowmg ch?UQh recirculation

heat | a i ol DA
oo PRI, ALY TG RGNk Dol bl Egtumn 16,
por t i frasiefal¢dteolh edtitidet)d apdidri adidy andt (0) withdirpwirguat product
(8" e SEARR: gt BBt T TR VoS 14 %o rutnr
produgb\iv&ge%%?,e&bcggghgnger 12 in esterification

vesse separatfng a liquid product froma
vapor bypr Adundicatedcabeve ffirshstage estetifidation; cagrebe carried out in

i ntrogdugi t least a_portion of.the vapor bypr . .
{1 om B8t AT cxehanoet 8o phd s Riicalfeny FBREeT YA G0 Pfsrfcation
16; (4ystegPadat TRErefdre, WeReexBNA@stIe? dnt esterification vessel 14
predom nately water overhead stream and a

ptedonangachyberefered tooas ofifst stagenesterification reagters” that each

col u 6. _(8).,.r in Lrul akd Qn | ON

i qui eﬁ?%&&%m?ﬁg’ﬁwaegﬁrg‘r MR GROBH IR 8w, because
heat gcdiingsial ¥dnotioh bEREaLERSHamger d@pcdrB be(t9) hewtithe reaction
the recirculation portion of the |iquid §roduc

[ is
f1 owi Medivmarrgressrd thenein. i kaat exshanger ddggan alsrebgirgrerred to
recirqgulat . dj i L OR e
fr eshgglago %@J gg%ﬂ?ﬁ/ﬁe s), hcéa%]%do?{)g%i df@gﬁ%n(sﬁe an additional
w5 hdfunwitig of pestdufidationr veeselofl4t ksanl bguial proathiet vapor/liquid
fromesterification ve_gsel, 14 for fgrther dO\gnstream
t

pr oceSS5eRgagamenhqesteriligation, yessel 14 can glze be reférred to as a
est eridil ' ' i "
exchan(g(ge(?&?ly angﬁ]ln VBES IR that Uchis 8 Fﬁ%&%{hd&?@hent zone.” The

d esterification vesse
est er configuration sgsd eapéatiomhef efirst estape aestexifinatierersystem 10,

o0, gl B B R SR R B ©

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 conduit 104 and (b) one or more additives
introduced via conduit 106. In another embodiment, at least 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



define a portion of a "first stage esterification
zone." However, because an additional function of heat

woexeHaResr 12 can be to heat the reaction medipgus2008/002270
processed therein, heat exchanger 12 can al so be

referred to as a "heater" that defines a "heating
zone." Further, since an additional function of
esterification vessel 14 can be to pronote

vapor tonduit dl 04 sangbgeamyitof i @lddhoisitdiscuseedsabovet as being
can al so be referred to as a dlsengagenent vesse

that Seitabigsios use s FiakiRgnmatenals:inTihe Ceﬁqeraupgtth%npresent
d

17 SRR Al 1 O BERHICCR BRgHET LA enene

gr eat glycdet aiHe oRef er morg additived in [Eb6Gduit, 136 can be any of the

recircyl ated d duct st d
1ct ai pouDVER,dsssEd AR aa Beina apiahie Bk, et B g System of
condu He %@geﬁ{ ifvehfibnst age esterification system 10.

rated in FIG 1, the followng materials can

be added t Additionad acidciibrt eanduitg108ican atrecbe addedito the stream
tl on ¢

haat + Towind Aieehs fedifoytidey Bofiffitdldp-a°Lhe e ingpouced into

and (RiciRfath FBhAURAHDN | WEScoHMUiIDAOBe@aki BeCan U¢ft the acids
106. I n another enbodi nent, at |east a portion o

ot0 nodiscyssediabova avbeing suitatie o6 use q%et%rﬁng U@ateﬂals in the

added _t st f

" Contilel' 81 i BRSe inddfioRy  Bhé S i, ohqiR 3Pg o be in the
yet an?hh@faaqbQﬂlslmm pa%te loradty saligor n onece‘mmmrrmnt the acid
nore streans in conduits 104 and/or 106 can be

i nt r olfue@RAU} @3 £an herﬁQi'daO%P'ﬁﬁc?f trregnthalieacid.
recircul atyp n@uémbﬁ diEof fr'f?esErrége‘?ff’hr‘i\reriti'&?ro'?ﬁ’é*'atcrdlﬂfl conduit

can be any o the a oIs di sclissed above a$ be
s16 t ahD8 is caddesk tashes tracitculatiorastreanl i candbié 1§)ﬁ)sinethe form of

the apE@lorsueaimiengdy! sMIgryBEeS (g dhaNetr i such an

o e ARl 4 8 S3RRB YO0 ker B4 B about

syst eweaghttd&fcpnem thawahourtoa weighti peéreent, aidess tham! weight

condut tercle%z? Irqmd alI'lgns metr‘rﬂéjao| ofj dtryoagzr dscir{ror? 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. 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



flowi ng through recirculation conduit 100. The acid
i ntroduced into recirculation conduit 100 via conduit

wolfgs/eomsbe any of the acids di scussed above g @ 206$/002270

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 enbodinment, the acid in conduit 108 can

be sopidkiratd tid 2en@lof redgdt badssareacidgh. eductonis one example of
enbodi nent of the present invention, the acid in

conduBb apparatys syitable for use asqresewededyrese®eam i n
condui t 10Q .ﬁuétgﬁeﬁ%fﬁ@f 1\/\3% Eollc? ‘égﬁf @%‘c‘taﬂ{t il d¥uit 108 can

solid particCles

enbodbeeadded te reciiodldtizh lbopctﬁudimmlnslr@:@m:ah the raidalitional alcohol
| ess than about 5 wejght

| th bout
wel ghBngepdditive tieqtions mﬁﬁ%cirﬁvwﬁts S"bé}agwgmae %%a(aneﬁgeous to
Thi s p@%&&%@e(’fhéﬂrs&na%id %Qbfarﬁn.nf@nhslfop Eé&ﬁ)nt be Jecirculation

need conpl ex and expensi ve nechani ca agl t
t ankscomduit tlDOmalolrgemeekpedltedheehssqllhtmrsoi fhe snilddamd particles
slurr fore introd

Phe. 1 88 uavhgrastebr o s’ HETSUBEO Fisdton (hecBiesence of

As il ?Hgb&@reﬁhothFér@ arid/oP oRf8mErs On NMABUARIrcditioANstPeam can
enpl oyed to permt the direct addition of a solid acid

rhct also iemhancecthe dissalulion odfdine SO \@aithopartisissn@dded to

e prast BB, EoRiH, 007, JAdfld §muddiRBE 6T MR PP dhvention

addedtHedstr@4mif teairdaticrooshd it 100 cah mvbmavmgwam length
the pressure of the recirculation_stream has

r educ#dthg; rangeera‘sfmfe abeylit ép apgut 2P caboitel mmgnsmr 5to 15.
b
can be a”-‘/ﬁ,‘ée‘?%r erysuihé(“g%dn?. BFea%h?f Sz?rg:e §é\8a%lo%e8f to the

reducmgt ure or a prinari stream SO
tft  redireulationc astrdaen aitd agcireulatien presduit e10@doardany amount

br 65 DPEES5M UGN RS 1o EIRSIRIRIORRCIAR Bbaraliushe desied
1| LeHeBnbale 469, o) R pHESBGHER 0 e present invertion, e
conduirtolds0 &leaholHe-aaitt erdtiv o of ethier estearificatioh om@dl &tream exutlng
doms}'erc?r%u aq{ont Ic?c?n udtoI be Osn ?A tﬁaeI ?gng?e of from about 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



and additive injection points. Further, it can be

advant ageous to introduce the solid acid reactant into
wd ees/ig@psporti on of recirculation conduit 100 pdT/@820687002270

to expedite the dissolution of the solid acid

particles as they descend into the recircul ation

stream The presence of pol yester nononers and/or

oligoners in the recircul ati on stream can al so enhance

the dos g estarificatioh PRodadti ekiteg dupat RUcofeleatdsheshanger 12 can
recirculation conduit 100. I n one_enbodi ment of t

h
pr esehe innhentange, of frems @betn2dR ¢ e ?thag?%"r@-c%t?fg-ﬂi 255°C to

100 c ayer [ gt hry . .
from 2Hglf PEE. 2L FG18, 200G, T epEgf aBaim i heat
15. CeRretiarider, 12 hcarmiveuntairtaineldcah @l pa&_mﬂ;uwiid thedeshgeoof from

the recirculation streamin recirc tion dui.t 10

co5 aAbow S dAraaRL BOLGsg. BT ABRVIGLD hEbRUL SRRpig. o fom 15 to
produggigr%g%rat e and the desired al cohol-to-acid ratio.

In one di ment of the present invention, the nolar

al cohol -t oAscidiscugsed girevioaskyst beaf i @athiangef e#2d can also be

t iti [ ul at i duit 100 i i h .
¢ angeCORSHEEH Aogeietigausrs eaclah firoalise At leagh bortipn of the
11 torghidh MeldiumMowinghérdtArdigh card ihdesgdigdestification. The

stream exi ti nfg recirculation conduit 100 and/or
pt@ss amount dok @stexificatian bearrigdr edtidedaegpredance with the present

e b A A Pl P R B3R, e

est er tért eddriversiontis esed tootdesErbielmpropbenioe theéliquid phase of a
subjected to esterification conditions. In accordance .
wi t h stieaenthadhasrheast subiectsddogftefifigation, whergindhe conversion
t enper j : [ j :

the i T L1 SstenfigaTarest idiEay e epeeTRE R Bt 162 tihal acid end

bt5 at grewgss thhoHaveObeenatoheerted afieyt egteffified) tat ester groups.
0

et or (VRSO GeBeBe ARG 5 f Mt Glagenverted end groups

LB kEnSP By GORBeTas e SARARY o0 Goups e

245C. aleahet glly, acideend ngreups))r expresbed eas a1 ifdarcentage. While

Pr Odu%n\%(risgoinn% Sgctaclzl ?\terezi?'\, ?tf sﬁgualct:l beexﬁngg%%oc} %hgtagverage 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 outlet 24 of heat

11



be in the range of from about 2400C to about 3200C
about 255C to about 3000C or 275C to 290C. The

wo Regioses nedi umin heat exchanger 12 can be mPRITAIQUEBRG2270
at a pressure in the range of fromabout 5 to about 50

psig, fromabout 10 to about 35 psig, or from15 to 25
psi g. As discussed previously, heat exchanger 12 can
al so be considered an esterification reactor because

at | eéﬁéha’hg%i’riz' Prasoh dotRefsias tofaat lemst abolt 60 p@rcent at least
can undergo esterification. The anount

th th
et er AbOELR0 oeicsaaldsaiabaut 7uesieatih st east bout / percent, at
Presept, o it usg%brﬂé afl qéé‘st' tﬁg&?teBg H&ECBRt Cht least about 95

‘conver sl on. rein, rm" conversion

used perodes o dtdeastiogopencent. of the liquid phase of a
stream that has been subj ecte to est?rlfl cat i

MHr el - 1 ni Gy BFEHRITBNT G s SNt divestiaa e esterifiation
i ndi cpd io rﬁarﬂ@&‘-‘(ﬁﬁtlﬁ%&feﬁhﬁn B QQ%keé‘?Ié’cé‘Bga sngmﬂcantly

groups’ t ave been converted (I.e., est
ester reg;hmeﬂsrestdam:ertsne melative be cqumemtidﬁaé@swlﬂcahon processes

nunbe of conyerted end grou cohol,. end

o1 oup b9 BXoTRIe the AVREa (S danALe 5f Taf Ao gristmedium flowing
(i.e. thréb%ﬁ'ﬁ%‘at Bk&tsarferth 26sh BERStharCas R BEiARes, less than
percentag I'e conversion is used herein, it should

b unabegt ébdninkites, dess thee abeut35 ergwles. ahiess than 20 minutes.

describes th er

con‘pollfﬁlf 5%' Y$¥e§ﬁg§orﬁ%£g)ez\cgo{'gip%% B?Ilﬁnatﬁé é&ﬁév@d at high,
descr chimhterchit sdieé asiodluttion aatel. t Maust iraree @mbddiment, the
present invention as well. According to one

ﬁnbodpfﬂﬂwt streane exids puﬂeh?ﬂcﬂf heat @xcbangen 12 & aflewirate of at
t
react (B3 ABHRE10LIF Bourits 587l RS TR o6 24,600 lo, at

| st |ealzgdabobt SQOODQBM; oabblaa‘asiLOOOa]OOI IbAst - about 15
at | east about 20, at | east,. about | east

30,..
per cent age | PBNAY Sovethe SREFic Q"rﬁ’é‘géﬁt@?\r Pfﬂbﬁ?ﬁ Sﬁch%r 12. In
streagL yLAANC Ghith! erfé 'é}Jn %?% fif d?eﬁ{e exfedeRgehvéntion, heat

has a conversion of less t out
exchanger 12 can be a horlzontally e|ongated 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 ft3,

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



percent, |ess than about 75 percent, |ess than about

50 percent, |less than about 25 percent, |ess than
worddesHosdfs percent, or less than 5 percent, whigcg/id2808/002270

esterification product streamexiting outlet 24 of

heat exchanger 12 has a conversion of at |east about 50

percent, at |east about 60 percent, at |east about 70

percent, at |east about 75 percent, at |east about 80

per cetHe rédctiopafiediiraWovihgtbersthiought lreasie almbodiriént of the

percent, or at |east 98 percent. In ogeenbodlrre

t he pp@ssmt int\{ﬁﬁh@n»o#‘et'ﬂﬁateﬁrﬁéﬂqfl saefiigient eggstqqﬁ{eg with the
carri | ca’bﬁ P’f fhéq Etlgﬁmgﬁﬁn%éf%&@ﬁa &2 eén $e in the range

si gni residence tinme relative
conveof rfmmlatmlt €5 ftocathoud i2Q0 B71d4 pes . hdtor pemélﬁm&r, square foot

s (ST O 50, it o oo abont 190, BT P4 Grlm 10 to 50
about g§Qy/Ri-pui2es, Thespitdl héﬁ\o@ﬁ?%f ﬂéaf”tf&ﬁs?érre& &®Sthe reaction

t han about 35 mnutes, or |ess 20 mnutes. This
rel at meﬂwmsnhdleatrea@haageleﬁlom mum thezrange etfroavabout 100 to

hi r i
e oaBsut ST Brikest Suind of feddticPoue Bl BT fiout 400 to
heat gkelipP @00 HRUA, & 00°W 1,806 BfUAL. | east about

10, 000 pounds per hour (1b/h at | east about 25, 000
1M h, at | éesdepibted:insBi@ob the/partially gsteriéigdipreducioexting heat

Lgéﬂéﬁg rmgz‘iq ﬁV\fgC&gleg %CéJH 8 %?\fsggH%gtté%té)rﬁﬁééﬁa[ﬂ vessel 14

presegia toNdit I1GQ, maétpa?ﬁallyiéswnf éd sterarhdnaconduit 112 can be
horlzontally el on

, shell -and-tube heat exchanger, .
An i nirdrasiuced, ipte &lﬁsﬁ'ﬁ@f yowm%egﬁsm@paa%wsﬁgé ’9‘12"3 a fluid
can b n h
whi Chﬁ'}l%teéér eggté?%%ds%g '}ﬁ'@&l}pﬁé&ﬁﬁpgﬁfﬁlﬂgﬁﬁ eat@%@*ﬁ the partially
emerbéieemedﬂstnearmt Br rwibjédteudv pnsfmal@enagstmuﬁcb’eon and phase
considered to f|r

[ " of. )
¥ et SSpamops (Ui s emabyshain Sained nBRRT pyriation vessel
aggr eqat &a¢ol b’é“eﬁ%snagt%d %ert;gll ah! @é‘étﬁﬂﬁéﬁ&ﬁil"aione and/or a

t hrough heat exchanger can be in the range of from
about “diSengagdroant zorse)b Gebemnallyethe (dactipn madium in @sterification

to about (§0‘P4 ffows 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
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or 200 to 600 ft3. The average inner dianeter of the
i ndi vi dual heat exchange tubes can be | ess than about

wobkov®tRes, or in the range of from about 0. 25 pca/@essi002270
3 inches, or 0.5 to 2 inches. As shown in FIG 1, a

stream of warned heat transfer nedium (HTM can enter
the shel |l -side of heat exchanger 12 and at | east
partly surround at | east a portion of the heat

exchapgfcentbatsleast ab@lﬁrBS pefvemt t dtclensbatoutroOrpdioemt, at least 95
flow ng therethrou I n one enbodi ment of the present
i nvenPEHENt: Platriea Qti‘%%e‘?er%@?fl ci ent assom at ed

wth the h@%‘ ESnﬁérsfo"ﬁe RiBGLH o g?l%“ﬁ%ﬁ out %I 14 can occur

exchanger can be In e range rom a
about dfifig Bl telptivel sinoriprsidéhqeetimeqaind evifho bittle( @Tnb theat input.
ft ) about about 100 BTU hT r, froml

bk axmplendhé Garadadanentenie’ of the reRaan gedium in

the re ?eﬂf@ﬁtn&?%ﬁgél' 2 REA b&AELREH abduf 200 1Rinuted NBss than
range of from about 100 to about 5,000 BTU per pound

of reaboibBOmeihutes( Bass Ithan alboutt 450minweahdess thapmbout 30

the paipRasyyoredBes i BRB, Ta: GHOLIES . FRRGEHe b SmBunt of neat

eXChaﬂﬁ%fel?éd’ﬁo&h@%b@ﬁor?f’neiﬁmnbﬁ ésﬂéﬁfﬁ:l@ﬂbh%sk@l 14 can be less
esterification vessel 14 via conduit 112.

ptA t i thanyabeute 0 Bl ier exaundnot teastien megl%rarﬁBEb’/lb) less than
Intr °?B§§P‘26 %/Hﬁeéﬁgﬁe@%%' %S*FB C]Bforeléésgﬁéﬁ $BT 9.

vesse Via a scusse

previ ousl y with raiireal for caé ihuatvmelm 1éstetmeatnﬂr veasely 14, the
esterified streamis subjected to fur
est er PYEE9E HRMBALAt weagé tepliuigi ewduvﬁ@'t'ngné'qu'd outlet 28 of

i nter Béi)erﬁeeh&? a/e ﬁ 'E)' nMﬁfrF%PPhP%bben a‘b%%?@mc about

14 can be consi esterificatioh
attsl/ oR0&C; obrsérﬁgj@ge:ferﬂte zaverageGeempardltyre t bfe theadilmdorentenng

or | 2 BHEAESG VRIS 1 Fb Vit Biinigh e, GRheral. the ‘average
r eact QR ERAY ﬂh‘é"‘f?qtﬂéi‘@foéu&r@a)flhh@ ‘ﬁghi&l’ Sttt 0 ers]tenf ication

undergoes esterification, vapor ucts escape t
| i qui degpdelstd mad beow fglensarmel pf émeabwé 220;1°@ to about 320°C,

phase , Jf226RASEESut 3040 P aBAUFL56% 18 5bbut 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 outlet 30
are spaced from on another in a manner that provides sufficient
esterification and enhances disengagement/separation of the vapor,
liguid, 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



esterification vessel 14 via a liquid outlet 28, while
t he separated vapor byproduct can exit esterification

wWO/ReS flsoskd Vvia vapor outlet 30. The esterifi catdidgk2008/002270

reaction carried out in esterification vessel 14 can

i ncrease the conversion of the reaction nedi um
processed therein so the liquid product exiting |iquid
outl et 28 has a conversion that is at |east about 1

per Ce%weometnso can bea%m@dmutpa’quefroanbageamhet by at least
or at |east per cent age 60| nts h| t%arg t he
convedbput{. 5\9 ehieast abaut V@Qm%ﬁ"@ idinlet

26. Cener al yuilu%t'?&e ﬂu & P4 ogy@tr.lreﬁaﬁ %sﬁ &19%4 Ean comprise a

outlet 28 o erl |ca I on vesse can
convefigidodistiibuwtor |32at6 aidoint ti8 peffentive, d'rstnbuimt ofiltbetfeed to

pck benvtentbatan vesss! Moun B8 Bgment HusERRAILFIG. 1. fluid
achi eM%ﬂlBLPme%t §IHI[:§|¥ %Eb@&aﬁﬁ‘élﬁﬁhoﬂforﬁéﬂy @‘Zf‘elﬁdnribeiﬂwhavmg a

a relatively short Tesidence ti'ne and with littl
no hedownwandly Eorvesk adiptad, endet@ter@@@%e;ﬂh@enn@ttQﬁeWIth a

e | cQQNT RIS hientaiiTho. AlBBHYAY, YEHE HistBufdt"32 can
f3n nut ggfiné %Sﬁluhhiw oft éhm%’é ot amrguhg&ﬁetdmm,b@sténfed feed

0 m nut es, | ess t m nutes. Furt her,
athunat multudat herizontalyr spacad |qur’é'0f‘§alﬁt¢~°éﬂf'f|iﬁﬂﬂ°@rr\’¢ﬁ$e| 14. In

esterific S h

SrU peht SnRABIRERCEL S FRSat invERTighy Bfle “Fthog) deptn of the
about r&:tiBhUnlediurh eiasestbtficatiomuveSsdb T4 lid maintdimed at less than
than 1 BTU/ | b. Wt no heat

ot or AbPEL0TaR Vet tAmabou LA elers dhab ARAULOMED ot less than
the | hosgl erpﬂa\‘?élssﬂb%??ﬂla'lly HorioR Ik‘?a ho sis éflcatlon vessel

est er PficatTon yess be wt
af®ut 1300C, about 200C, or 15C of t he average
t enper at ur t he nteri ester |

fl
vessel 14 g\saSWP‘M'i‘dn 'J'rjﬁat 29P0 FHg $S qrﬁ g9@r‘§gsée| 14, the
te”peFé‘ézdglbﬁ Rledidif. %)hﬁ Flum %‘?é{ﬁbuﬁ%'ﬁ Ran| bég'i'ndto foam as the

out | et of esteri |on vessel 14 can be Tn
r angevaporf bubvbles disergzge fremabeliquih poltloarb@‘dhezaecmm) medium.
about Se%%?acﬁy, Orfogr?mou;t)rod%cp ortm ° C%P\OU ec%egs% along the length of
20 esterification vessel 14 as the vapor disengages from the liquid phase of
the reaction medium so that, in one embodiment, substantially no foam
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
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Turning now to the specific configuration of
esterification vessel 14. In the enbodi nent

wo Jobg/fissRted in FIG 1, esterification vessel pbdniso®/002270
substantially enpty, unagitated, unheated, generally

cylindrical, horizontally el ongated vessel.
Esterification vessel 14 and can have a
| engt h-to-di aneter (LD) ratio of |ess than about 10:1

, 1N Bbeut 625D, adt [Bastrabdeu0. 5D 2'5 éi IbasabdlﬁD $roln the bottom of
about 1.5:1 to about 6;1 , or 2: ?
embodesisnificalion,vgssel 4. Je thﬁqmb%d'mmtéldusz@te%ﬁ'a FIG. 1, baffle

vapor n%mae%te S390\@§®aﬁﬂg°e%&eﬁa.ﬂg}&h.aﬁ03@%rn ig 3 1BBAY) &tending

t hat prow I'clent esterrfication an
di senpegiome88/ sBpanatardly e»ftenumgqundmn 36 q:andextand downwardly

f h F I d
ok | e1108D 2 cafiorn roRBital YaParpattit BPoife IREGAY extending
i nl et ﬁﬁlOWSS‘tcéneé‘:?tbnéQ%Hsvérge'?@froﬁ thedoktoAP @Rl df dddvnwardly

or at least 2.0D. Further, liquid outlet 28 andvapor
out | eexteddirgnporionsit tmallaqat@pegm@rallwumdﬂre/anmm@et BO.

0. 05D s B e, vBe Heflen iR Shefficalipsse 14

14 capaf Y8pendCort o huimbeficfifattors, ahclédirg fai exampldlehe overall
effective distribution of the feed to esterification

viEsehydepdynamioe reqtrinaetst off | esteribigatipn nsystem 110. In one
nor 1 2SERPSEL 2 e, PrEEsH: ToieNERE i, o8 cirjeragt vigume of

di st abswifichtiot veeselnbs chh bedal ldast aBGut/\:QSfpeicent, at least about
downwar dl y faci ng orientation. Alternative] [

fluid
di st r PBLRESEenk at deastaabiold %D peireat, alylegpt apém ﬂ@@ peggent, or at
di SChRJ aI i NGt Esacegtcif%byto‘faﬁt|ﬁ{érﬁhﬁgol“ulﬁféj o lreBHESIAROE loop 18,

hori zon ocations In ester cation vesse
W | desmﬂ)en‘rhmcfurtbet detait belqw.eskenyet avnetheroembbtinsnent of the

o LI MAETS SR I AR EP

3" Mt S A oot gD gy satabout 75

t hr oupbraent.eor fatclaasbﬁSGepemenmfyme aporagalte iMemaliyolume of

upon (raenén%rullaQ%ne oto%r '15' at| RW ‘6%§§§geway wﬁun 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 liquid

bottoms product based on the relative volatilities of the components of
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reaction nmediumexiting fluid distributor 32 can begin
to foam as the vapor bubbl es disengage fromthe liquid

woPRbgigepsof the reaction medium Generally, fagus2008/002270
producti on can decrease along the |length of

esterification vessel 14 as the vapor disengages from
the liquid phase of the reaction nediumso that, in
one enbodi nent, substantially no foamexits liquid

out | efhe2fecaiNsttedmY apigtillation edludth 06 casteompiisairitemals such as,
vessel 14. To help ensure that substanti al I%q)no f oans

exi t sforagxamplel dfaysn sandeemackig: | SHUGiE’d| pagking, or any
down %};ﬁ}a‘?{)&mﬂgf&q baffl e 34 can be enployed in
n

ester veéssel 14. Baffle 34 can generally be
di sposed bgiceerting | toi dnenleptbfiment ofabe preseet iB0eotion, the
esterification vessel 14, eb%gyd ose to va

35 ¢ haredamINADY WAIBE OVSHIeAs VAPET SifeRRN ElPE A fitation column
downwgg iy ot/éFHEatth ﬁ&ﬁ@&aﬁﬁbﬁ{adrﬁecﬁt le@8t ¥58§te50 Hble percent,

proxi mat e vapor out 30 an function to
physi atildagt Iabout<60h'eolel pevceht, faraat) least Zmynoleyercent water. The

Yﬁegap%r le%tga\?qoqqg porg e%&igg@g#&%%&o%g@ﬁtﬁ{%§€8|nstti||ation column
‘c’)e”' ¢8!dan 5@%@@d%a'&>ﬁ8hﬁb@2toosmquéht bResdssiHeP torage, or

5D, or at | east 75D fromthe bottom of
el er dispoaal, 0$UG}E§§eIf0l4eXamp*Bhea avasigwatert processing unit or a

illustrated in_Fl f vvardly

ext enfll Rﬁ Bb@??Bﬁ%@é%@a quaﬁigﬁggdiﬁé'n?é% I'Nng portion

38. Downwargkypredbainsate @I@bhbptbbt&ﬁndﬂmcfstremh exmng distillation
downwardly froma | ocation proximte vapor outI et

whi | ecolsmr 14 yiae jawerdpHeh 46t Fam coanrrige aktleast about 50 mole
trans Fc%%lty { léjégte%ﬁpﬁoéé %Ignﬁer%fenfjoéﬂwgfﬁéjééf 75 mole percent

extendrng portion 0 a | ocat géner unde
VEROr aliohbet(ed), ethgeheot glycolr)lteﬂnabnaoémbedmémtneﬂ the present

wthin esterification ves 14 can depe on a,nu
of fatgn¥on; e Riedeminag ve fﬁtfe‘?'ﬂgw@‘&‘f?afﬁéﬂf\ from fower outlet

hydr demgt.n&w e§m s1e°baf HAd hi t@ﬁmé%at&&s&fem ﬂe%st about

I n one enbodi nent o present invention, the t
i nt er N&0°@olnuthe uinmbéfnom @boubr! 7686 dol allwtc%mﬁ‘e @tt 190°C to

e AR aroa REb e indhe 536 R 20yP LBl B pbout 50

30 psig, about 0.5 psig to about 35 psig, or 1 psig to 25_pS|g. 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 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



| east 150 percent of the total internal vol une of
recirculation | oop 18, described in further detail

woRb®wsodsn yet anot her enbodi ment of the preseiirus2008/002270

invention, the total internal volune of esterification
vessel 14 can be at | east about 25 percent, at | east

about 50 percent, at |east about 75 percent, or at

| east 150 percent of the aggregate internal volume of

reci r edhaflo@ ihRialy lthrob§le prstideassngeray1a tdi thehasiiction of
exchanger 12, and product_conduit 112. Referring again

t o FI egcirculatian pypm 48: r JA@ seamM@xiiiagopump: #Et ca ber passed
est er jf | ' v 4 v uj .

Co o Mt pBhe! 855Rarakcdhdhf 2B ad btesRly 35t BitS ¥ product
vapor pbtiprothadispetted aviai estep proddactl@dnduin 1d@8nand sa& recirculation
wat er and al cohol. The water and al cohol ca

. n be "
subst RRAICA tansepded iR FeFEIaten £anakE 190 The spliting of the
di sti E{rééh\o?xiﬁ@\glﬂﬂ?nﬂﬁot i B8P bR Y68hAt the ratio of the mass
predom nately ter 'overhead vapor streamexitin
di sti flbwt naten of theinecirbhilation partioheadooduit et004td thednass flow rate

predoninately,al cohol bottom.liquid streampexitin

Gi ot P e Breudit s 1 eaguber St ke Taghe fahgs bt from about
Di sti bl#g:h olg aBb ™00 SBBULLE 58N Yo A E2GaPP! 210f0 15:1. As
sagar ating a streaminto a predom nantly vapor

o)

r hpeevipusiudiscussed thed@eiraalation pogiord inocoodsit 100 can
product based .on the relati volatilitle f . th
b oo RURTEEDY (e SRRQVED s, ife el ith) heslixdialalt 13 after the
can caggitiopeof eghnalcehslugia aondipr10ax 2dditise($) S conduit 106,

random packi ng, structured packing, or any combi nation
thereéﬂd/%@%éuia@ftd@ltom-enbodi ment of the present

i nvention, e.nr ] (PP :

St oam exi 17egP REBEF BOBR crtnBiiita BKRaTBGuHTR Yonauit 118 can
o18 | ebedrbutedh te anpowastream Raationfou furbifemptozessinge storage, or
at | east about 60 nole percent, or at _|least 75 nole )
per ceRthakdss: . IntRge @Wzt? _"baﬁid?aﬁr%éf@&'o’aioié'h%rpé%“d portion
from ngﬁﬁuli"‘g’é c%hsgélélﬁ)iécﬂadol%' fifthelCeStBRfiE&IIP M & second
via conduit 122 to subsequent processing, storage, or
di spostage estetificationf reactoradesaribed inatstaihbelow.

processing e Iertrin%rnc‘;iw 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 art,
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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di sposal neans enploying, for exanple, incineration.
The predom nately al cohol bottomliquid streamexiting

wotosd/idsdb@t i on colunmm 14 via |lower outlet 46 Ca@gT/US2008/002270

conprise at | east about 50 nole percent, at |east
about 60 nol e percent, or at least 75 nole percent

al cohol (e.g., ethylene glycol). In one enbodi nent of
the present invention, the predom nantly al coho

st r eaghidodiie At eCbat staye esryificatior! feadtod 50 tis hbReqaipped with
colum 16 can have a tenperature of at |east about

1500Caniagitatas, palustigted moGikbut 1750C to about 250C,

or 1900C t e re. i - £.an

obout 0. 25 P 0F (SBRATHCShY! febf ArdfickANGRIH sdURd stage
about esterifisaiion oreattqrsi5g ircréasessithe fempératore rof FtHé reaction

1, the ljquid streamdjscharged fromlower outlet 4 o
of5 di Badiyim; by AtlEASHhAPEHA DHe. Ab A aﬁ%tcb@%iqr atzf?ast 25°F.
to fu S , / . . .

Py B, AR o epiae g 8 S5chh el oan e in e
| i qui danget bEfrofs abbut20@1C fto @boubd 3008E s fronmlabautd2231C to about

Rect r 28D BRTPBb A0 derA L. iieche Qe demii et can be i
LT qui theowhngd ofGrdth S5RT 280°Ctd Ubol®BRI°CL4rdR ABBIRT240°C to
22 of heat ‘exchanger 12. Recircul ation | oop 18

gther abbyt 29046, arefsom 247G t© aboulue?S €ondbetoveragcad pressure in

[ | at i 4 i sgh i ,
ot roerad Sl RRisr oot MG 3P (rdfip dBFhed = pressure
feed rRRdHAA abbot 25lid, 1648 thapsdsoutPIsoskig ordiess vdry 6 psig.
fromesterification vessel 14can flowinjtially
t hrough pr 68uét resuitiAft thel estesificatios yeairigd eut 'in second stage
o SRR A0 50 U SHEERALHAG "BchHIRA Saitcation

t1er epddctor 5QIVid fluit imlet 48 ogmeindeegd anrintreasedordoagersion of at
via ester Eroduct conduit 118 ar]d a recircul ati on
I

por t i @St ARAYHS PEEENIAGE POUIMS 3 IGBSIAP U MR CetRge RY{BtS, or at

ohi LSRR 1P pG S8BT PO e TRy S bt 52 o

reci r setend stagm esterification ardator 800 Typicdlly, tias sstfdamv entering

rate 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
98 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.

Turning 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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of the product portion in conduit 118 can be in the
range of from about 0.25:1 to about 30:1 , about 0.5:1

wd @oghgyds 20:1 , or 2:1 to 15:1 . As previ ouslptT/us2008/002270
di scussed, the recirculation portion in conduit 100

can eventually be enployed as the feed to heat
exchanger 12, after the addition of fresh al cohol via
conduit 104, additive(s) via conduit 106, and/or acid

via capdui 4.2608.to Hvupradust 1pp1 ttodd10f Sebend istaged esterification
ester product in conduit 118 can be routed to a

downsfeacian bBan mmpasefajhw%rerm weﬁs‘éﬂ r\'rgsuesf@\nag& cylindrical
o hiReniicse. haR A UiPRbN 58 Wife redbddREN Btine a fluid

of th por n condur t can

to fuirlées8eat deadti @r@é |I|qmd ouﬁeisszpaddsa agmpor outlet 60. In one
est erification reactor, scrngd in detail bel ow,

REY er BMRpAiBRNt. Syindtica si C8R AMPRRe ArRJHtalty of vertically
from EPé%d %QQF AR | 'Ilpéﬁé}%goiﬂ ﬁb@.tﬁrﬁslgpégf Gniddie C8Rd lower

be rou to'af UId in a secon tdge secon
st ageliggideoutietsab2an52iab2cr Elid Fhiet 43) quuaad c:mhleta H2a-c, and

A In seconds e esterificat,pn reactor th
r eact VBPROMOULIS aq%scﬁBaSEds%ﬁﬂ?&dsﬁBFb&'@d ang ther in'3 manner that
est er fd§RiZe’N 1k NEbrivepsidn BPVIRECFeadtionC MédiaRt flovihd ethrough

conpl ex and mai nt enance-'i ntensi ve CSTRs of the prior
atQ , second stagegestesfieatian mactemb0 eelative to CITHRs 19f tfae prior art.

o T Bk, B B SRR bR L) vaton then

medi upyEEosEBSteds5241L! eindt vhpoo baitieeodcar tie Qécétb& at a higher
present invention, |less than about 50 percent ess

than glsyationshae liguidtoutiess §2atfaninaasserd qrmcqawﬂtbéme embodiment,
less FIUl?ia%n?Qoh'é c%npgégsgﬁtegﬁé t?’ég@wég#’&]t é}ﬁ %ogetﬁé lower one-

t he agi I'on provi

sEg onthirl) agiquiels betletsi 524-icocar dec lovated in sthprmdcﬂeobdu/or upper
nmechani cal agitation. .In anot her enbodi nent, secon

st agePe8Io8s; {8-gatthenmiddie: ore-Hrd andder the,iyppes twortﬁ"ds) and
Sroecl 385 Ou1doq LU BETBLARA R ko orkh 198, e top one-i
esterofse@dncbstagea&stemfcﬂnonrreaetmé@ t he tenperature of
the reacti &neferring 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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medi um by at | east about 5F, at |east about 100F, or
at least 25F. Cenerally, the inlet tenperature of the

woRagiosee medi um can be in the range of from ggauis28ddRe2270
t o about 3000C, from about 225C to about 2800C, or

from240C to 27Q0C, while the outlet tenperature can
be in the range of from about 230C to about 3100C,
from about 240C to about 290C, or from 245C to about

275C. g § BEePHOhr6AE ANOBTSTUS\E ah arfs @) issilladtfated in FIG. 3. In one
esterification reactor 50 can be mai ntai ned at a

pr essembddirsent, larcarbbetat2apt agout 463 athieastiabout 99°, at least

psi g, or , L ha A result of the

est er ?BPEJaﬁ@m 0&5“‘?3@8 ba\t't ?Azs second stage

esterificaRedgrin 96‘5@% t80r1G. e ﬁd&ﬂ%@@b%étéﬂf@a@%ﬂnféador 50
stage esterification reactor 50 via flurd inlet can

urfiler gan aproviter dgat to ntheommt@nome@inurat flowingt thﬂ:;et!troggh via a

or o PIaaEy "o rtrallon R, iRt SR IR ORERRRE, Sositioned

48 angehemwydasuw Aluid2in@t agcand béloge vapberadtictaédonin one
reactor 50. Typically, the streamentering fluid inlet

48 of egdhnstimest dhe heatdransfeamesbersacanbesheataxenrange tubes.
t
Sbout [BE (BRe0kar g SHEhoBBON' id PR verfitaily StRloed groups.

s10 easuéixi ad rh uppendntiddies vl dowér qroupn64xacdby and 64c as
vi a condwt 130 (%an have a conv I‘SI on ogaat | east

about 98PICHRS HeRIG. 4t Faelgrawp hge t'al@e$ £ggireceive a
about ﬁéaﬁwebf:%frmeer héat {r&Rskr %Qﬁﬁpgﬁ‘ﬁwﬁﬁﬂﬁfﬁ tYrresponding

the resirdence tine of the reaction ne
est er ubpeatmnddlegmmielbwéﬁ Hfd indetsyB@an 66D, Ban 'ErkatTMt-hen flows

than. 5o 6o s BLoMRR hi gt bR, pearbmeuiny second stage

Cﬂf‘f' %fe??ﬂbﬁf;% freé@t%?“;i@ Slrﬂ%ﬁeeéhﬁbbfméﬁtt 60thd 9?é”éé?it invention,
. Inthe enbodinent illustrated in FIG 2, second

st agethzsheat trapafer moefficientoasswiated awvidu e Aeating| of the reaction

w ¢ e R tade G atan RGRr B & bE3Rghe range of
(H: D) fropt 'abdulﬁ 1heor éﬁﬁ@t a6of BQTD @ié@uhodr pér f‘sqlxatré foot per °F
about 10: f!gabout 1.25:1 to ab

. (BEY8n slf)a@r@négpgut 25 égﬁb@ﬁt 100 BTU/h-f]tZ-°F, or from 35 to 80
20 BTU/h-ft?>°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 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 64a-c can be independently operated so that one or more groups
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reactor 50 can conprise a lower end wall 54, a
substantially cylindrical sidewall 56, and an upper

WOEhos/Yiebds 58, which respectively define a fl uipgtwd26d8/002270

48, at least one liquid outlet 52, and a vapor outl et
60. I n one enbodinent, cylindrical sidewall 56 can
conprise a plurality of vertically spaced liquid
outlets illustrated in FIG 2 as upper, niddle, and

| over chh qirevidet Iefating2ao 1RE, réactiorF| miediurnl dh 4®cond stage
liquid outlets 52a-c, and vapor outlet 60 can be
spac easﬁﬂﬁﬁ@m rearsehad Wmleao'ﬂﬁﬁﬁ BIOTEHPURS Brayides supatantially

conve g, ttng ?ﬁ@abﬂe Sefioiare "é)&?:ﬂfaﬁgé QHﬂgogroups 64a-c

secon ge %es tion reactor
CSTRsurmfepbhdepﬂy @anairicredss tlwammlratlorialtﬂ&klblhﬂyebf 48cond stage
can be

t d at | t th
och | cpslesBgaton Fsacton 30 v ¢ Rsook i BAST gty Ba' gxamele, as
hi ghefyetrSiey § IFé%gaE; rgtpo%} dTRHVaRleS 6B4acan ble”closed to thereby

accordance wt ment, fluid inlet 48 can be
| ocat pnbwermt tﬂbw bbmrmpdrlﬂTan@@ upper tuke goaup 64a when the level

onethl ets 52a- c can b fo ted in I%% I
o o g Eaastion Hieduf zeriissioncetgB8 a¥ferefhRgeaticr s is lower
one- t {{grf uﬁﬁél‘ flibe {fouPBRa. t Whet SbiligSdf sédshd ke esterification

outlet 60 can be |ocated in the top portion (e.g t he
t‘dp oreaatei 5@ )to sipesateowtih masyjagdevelsiafireaction mQQi'é'tno'IS in direct

Frui acpirest SRS TR pF g P plty v SERANF Sperate with

r adi atbiystant/ievel cofr eaationemiedilrhyins paieedof keap ahe heat transfer
another in a manner that maxi m zes conversi on of the

r eact iubesreaInRipteIv sybesraed ahgl tisasdying app&iopeact or
S0 relativeds rﬁ‘@@g@lﬁ 't 6. $SLredbmin éﬁtgﬁ\;é{?&r?obﬂd can exit

FIG 3, secon errfi batl on react

oS | neemnwrstag@testenﬁasaiionaxeactof 50 ouiey atdpon ﬁatlétr 661 In one
which fluid inlet 48 and/ qr,. uid putlets 52 ¢ be
r adi aPF&bogﬁ'Q@@Ho jhe peeRant; 'O}ée‘&l i, dhe redognranty vgﬂor product

l"ggsfﬂg i g \Dal‘é?%neforaélcér%lséu&pgé‘tfope%an"_ﬁ'ale éfhylene glycol.
out O 5D, or at least O.
maxi mAfteh exitingn setond Ma@ecﬁsthucta’menvmam B@f rttmeed/apor stream
W thi Hov%gtlr?trol cf:éncdébtltI P 553 rvsﬁé:rte%her 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 64a-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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50. In one enbodinent, r0 can be at | east about 0. 4D,
at | east about 0.45D, or at least 0.5D. In addition to

wdsbgwsbadi al |y spaced fromcentral axis 62, fpa4ings2008/002270
inlet 48 and liquid outlets 52 can be

circunferentiall yspaced from one another by an angle
Q as illustrated in FIG 3. In one enbodi nent, Q can
be at | east about 45, at |east about 90, at | east

about piaiide® fadditidred Yperdtivial HiEkibiltgfter sécehdagige esterification
FIG 2, second stage esterification reactor 50 can

provi RAKGEP0+ 0 t he reacti on nmedi um fl owi ng

t her et hr ou Vi Q. IR ' - . )
nternal hafe"iquid duetirtaibh FodlEf blfS se¥ond e esterification
aboveréaatod 50miat caHiutnti3® eindwcam thereafter ¢te fduted rtoosterage or
enbodi nent, the heat transfer nepbers can be _ heat

ext hafiEherypREOCE$RIBT; yISMENC a2S belokr r 8XRIBRIE: n IR WP odownstream

nor e el h¥atiRPsSEdiodr oups, such as an upper,
m ddl E,Syggga%o%er groulp 64a, 64b, and 64c as depicted

in FIG 2 . Each group of heat exchange tubes can

receive a stream of warnmed heat transfer medi um (HTM

t hrough correspondi ng upper, mddle, and | ower HTM

i nl et NupRéricRPRangBs- The HTM then flows through the

tubes in order to heat the reaction nmediumin second

st@ge est edihei presephdesciiption BESs numericaldanges te atvaotify certain

scooPALAetS KBhRS e 10¥ Ty eior ¥ BRaE BREhURIIFR that when

secongufictizgal ¢ahges fdre aprovitiede astichr ranhedaardaoi e tdtistrued as
range of from about 10 to about 150 BTU per hour p

squar BravRing iteralsupBPd fore elaim limitatiangothat oy recite the lower
about , 100 BTHeV0E:" &5 will dd Q9Ime lihftafiBn B4t Bnil/trekite the upper
o P ed Aot i on

The to anount eat transterr e reactli o

m?ii Emaiue skneprér@eagﬁoneekmbfegca_tiisctzsedeeriE? r;amge of 10 to
the heat transfer nmenbers can be.in the range of from .
about @écprwd%@tﬁrab,swrs h elRipJEREUNGT Ireater than ek (with no

medi u T t to RaBT44d"0 |
600 tgbéésg@@@lﬁm ‘g it Peciifill %ﬁ??m@%%?’? no fower
m ddl bpuads). | ower groups of heat exchange tubes 64a-c

via respective HTMoutlets

20 Definitions

As used herein, the terms “a,” “an,

” W,

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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(not shown) and can be subsequently recircul ated
t hroughout the HTM system The flow of HIMinto heat

woexeaeee t ube groups 64a-c can be control | ed ply/ugngfo02270

m ddl e, and | ower HTM val ves 68a, 68b, 68c. In one
enbodi nent of the present invention, the groups of
heat exchange tubes 64a-c can be independently
operated so that one or nore groupscan provide heating

to the reapki UsedEdiarein, N tisecithsst‘eompisirgy,! f lcoatprives,” and
reactor 50 while one or nore groups provides .

subst HAMRAISE e pegniandedoansitiPRgesms wsedide dransifion from a
excha : 6da- £ i L

oo Bich B A AR By SR GeGberiRebii £856ne ton,
est er whetatherelemaat ar éments liSiedRafter thenérapsition term. are not

For exanple, as illustrated in Fl 2, per HTM val ve
o cRRCHSANOTEORY SeoPais g Evke ir PheR ERmed
HTM i nto upRefisdd!Rerélh Ot ﬁ%ﬁs"‘*&‘ﬂtéihﬁl |"e\htdihs,” and “contain”

reaction medium 72 in second stage estérification .
r eact bavéthé samervepentemdedpmeaningbas jeomprising,” “Tomprises,” and

ability of .second. st Ee esterification reactor 50 to
oper at W@W'VBW'M €0%'s of reaction mediumis in

di rect conpgasised tHer&RT Reoftethie “Bistifativey tsepdiaidh” refers to
general ly operate with a constant |evel of reaction
ni useparabngeone ©rkeeps chenmealt subsianrgas frogpese or more other

COD! e B8 2ol of W2 B HGREAE] B substanes

pr odupgingadepaikatedsecond stage esterification reactor

50 via vapor outlet 60. In one enbodi nent of the )

present i nfeneésash hereip, ShedimnandYindy apas. ABLURIvVE dave the
conpr wa K r , aUC for»ex . »

et hyl éﬁ@egl 9@%? %'ﬁ%g ? er mee%%t Ihg aéecg:r?gﬁ%rt'é;'g% EBHp‘?lses, and
e er fdompisehprozidecdabdle t he vapor stream flows into

conduit 128, whereafter jt can be routedq to further . - "
processi ng,ﬁ‘ss%'%ﬁ E“@,fe@nd %rteHP§p8§3‘I’él'nﬁs i"l‘?'ﬁg?sr' @0g “include

mcen{Puf 38 s PRI AR AL dimprisee” anc
l'i qui tcomprise, Spfiiced 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 formulation 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

uséd as illustration only, and should not be used in a limiting sense to
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In one enbodi nent wherein one or nore groups of heat
exchange tubes 64a-c are operated i ndependently, one

woogserscor respondi ng i quid product outl ets pgande0s/002270

i sol ated as well wusing product valves 70a-c. For
exanpl e, when the reaction nediumlevel 72 is bel ow
upper heat exchange tube group 64a and the tubes are
i solated from provi di ng heat as descri bed previously,

upper inkérpvetd tige!t $iped 1 they préskriti invehtiynbe Medllfaéﬁiﬁhs to the
by cl osi ng upper product valve 70a, as shown in FlI G

. s| nexgnpgarytmbaémenty 6t |fﬁ6'ép%t?ﬂ}@1t¢%ﬂ|¢st2ﬁ arﬁad&h@ade by
[ t [

71 ext Biase Kl B FEHRNGUE BegHriic 86 1R 8pRk Al present

The lingeghtloesterification product exits second stage

esterification reactor 50 via conduit, 1

d .
t er eaf t er THE IRVERIEES NEreyoPialR ﬂ?ﬁ”f'ﬂ?f‘hg} a‘%Vcﬁ%ﬂQ’ﬁ Rgctrine of
SUCh Eﬁunvh%nt??‘t@ t8rmin@ énﬁ%é&eﬁ R rBQEdﬁé’cﬂ?%ﬁaéddb% of the

sectio Unmeri ca nges The present description uses
nuner pesent ammﬂiohoasq partalrfsytocamy appa[muarrmt amaterially departing

rel at t .on.. It sho under st 0o .
t hat *X)ﬂ&h% rPé‘??'eﬁl Pa igral sqope, ﬂ@%é’&ve'ﬂlﬁ)&afa gorth in the
are tR)BRisgbRimyed as providi ng literal support for
claimlimtations that only recite the | ower val ue of
tHe range as well as clainms limtation that only

recite the upper value of the range. For exanple, a

di scl osed 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" (with no | ower bounds). Definitions As used

herein, the terns "a," "an," "the," and "said" neans
one or nore. As used herein, the term"agitation,"
refers to work dissipated into
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a reaction nediumcausing fluid flow and/or m xi ng. As
used herein, the term"and/or," when used in a |list of

woles/ReI¥0r e itenms, neans that any one of the daraieeos/002270

items can be enployed by itself, or any conbination of
two or nore of the listed itens can be enpl oyed. For
exanple, if a conposition is described as containing
conmponents A, B, and/or C, the conposition can contain
A al ophatlisalgimeed §s:al one; A and B in conbination; A
and Cin conbination; B and C in conbination; or A B,
and Cin conbi nétl on ANRrOGESS CRBIPSISING: t he t er s
“conprisin ; :
open- ended@%)r ansi E}écinﬁgi 'r??eﬁg% %’d]ﬁﬂtéﬁesslt%f@cnat%o%ﬂ]aavertlcally
subj ect recit edelmfgated ebierifieatiort ceavter; andel enent s
recited after the term where the elenent _or ele

listed aft€) t hoPtiPRAY, ¢ iagitatingm $Ald fEACHRR o JBGH! UWS in  said
the only el emnte%térm%ﬂ&‘?‘f@aéiﬁr O\fvhéréfn e84 fdn gﬁ%utj%@dpercent

herein, the terns "contai ning, cont ai ns,
"contai n" have bhealaagitabipans prmiﬂdledrbamne@amcal agitation.
“conprising," "conprises," and "conprise," provi ded

bel ow. As used herein, the term"distillative

separation” refers taqrzepricaks g Qarn o ViRSRirt BRiNceAlersion of
subst ances from one or nore ot her chemi cal substances

basedsald teactionl mediumvipcegasest inesaidf estesficatinn 4aaetor from an

2 oo KSR i B opyerson

" conpat RiaBPaboutCPOBEIGERs, " and “conprise,” provi ded
above As used herel n, the ternms "including,"

|ncludes,' and |nclude have the sane open ended

meani ng as COIT%H Si QQ‘E hp,%%gggl f‘ﬁi Cilalﬁde RS ea|d final

prow ded above. use er el n erm mechani ca

agi tat:olwersﬂrﬂfs%nﬁeést about 80ipancarit. a reacti on nedi um
caused by physical novenent of a rigid

4. The process of claim 1, wherein said initial
conversion is at least about 75 percent and said final conversion is at

least about 85 percent.

5. The process of claim 1, wherein said esterification
reactor has a height-to-diameter ratio in the range of from about 1. 15:1
to about 10:1.

6. The process of claim 1, wherein said esterification
reactor defines a fluid inlet and a liquid outlet, wherein at least a first
portion of said reaction medium enters said esterification reactor through
said fluid inlet, wherein at least a second portion of said reaction medium
is discharged from said esterification reactor through said liquid outlet,
wherein said fluid inlet is located at a lower elevation than said liquid

outlet.
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or flexible elenent(s) against or within the reaction
medi um As used herein, the term"reaction nedi unf

wo Bh®1e9ds0 any nedi um subj ected to chem cal r gaaluRM08/002270
As used herein, the term"residue" refers to the

noiety that is the resulting product of the chem cal
species in a particular reaction schene or subsequent

formul ati on or chem cal product, regardl ess of whether

the moiety is actually obtained fromthe chem cal

species. Clainms_Not Limted to D sclosed Enbodi nents

The preferred férns Jhet precesy & iGlaim fe wharginysalseterification

are tQ, r#goruﬁlﬁﬁ $%0 spgﬂi’s%tsr t\)a%t%r Aiks, \ﬁﬁgre?ﬁ‘%ul/éipcﬂo{aﬁtgﬁﬁcatlon

used | nse pret’ the scope o
pr esepy- prcﬁmmttlsoalscl’vb@eﬂl frofri safd estdrifieatiore mphatoy through said

enbodj nents, set forth above, iy ma
t hoseliauid |quilet; whergin said \Mapﬁblﬁ”ulﬁgb%quaﬁﬁg hﬁﬂlﬁ éllevatlon
spi I‘I{h sélgﬁﬂg ?':’Lﬁigt i nvention. The inventors hereby

state e|r to rely on the Doctrine of
Equi vaI ents to determ ne and assess the reasonably

fair scope of the present invent,i tai.ns t ny . .
appar at us not n#teri j%Ppr?&ﬁﬁ?tqf ‘aaf"?gﬁn h?re&tsﬁ'(géﬁl"‘y inlet is
the | jdcgted lrﬁﬁféoﬁmﬂfr 6HéEtH|rGV@F§éIQ'ésQénf&,%hoﬁ%hbtdrnwhéﬁam said
follow ng clalns. Is claimed is: 1. A process

conpr ligiidgoutiet) is uoq:aiedu ing the ruppari tro-thitdsuaft said esterification
ester| fi gatl on in a vertically el ongated

esterf Ation reactor; and (b) optionally, agitating

said reactl on nediumin said esterification reactor,

wherein | ess than about 50 percent of said agitation

i's provided by Bechar h@apm@gss afidaim B, wirrej} saikgsterification
I
Freg: utﬁ%cﬁ%\d g%@t& %n%ﬁ%ﬁy fé?lln >|9(£: ac%??ééﬁngﬁagg)g{, 'vﬂ'ﬂsfreln said liquid

an i npilieétlis cadially spaced from Saidaentraharissi on, wherein
said initial conversion is

10. The process of claim 9, wherein said fluid inlet is

radially spaced from said central axis.

11.  The process of claim 10, wherein said esterification
reactor has a maximum horizontal diameter (D), wherein said liquid
outlet is radially spaced at least about 0.4D from said central axis and
said fluid inlet is radially spaced at least about 0.15D from said central

axis.

12.  The process of claim 10, wherein said fluid inlet and
liquid outlet are circumferentially spaced from one another by at least

about 90 degrees.

13. The process of claim 1, wherein said esterification

reactor defines a fluid inlet and a plurality of vertically spaced liquid
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at | east about 70 percent. 3 . The process of claim 2,
wherein said final conversion is at | east about 80

woRRERIBd2s 4. The process of claim 1, wherein TAIS2008/002270

initial conversion is at |east about 75 percent and
said final conversion is at |east about 85 percent. 5.
The process of claim1, wherein said esterification
reactor has a height-to-dianeter ratio in the range of

from gmets, Wheldinlaf Ragbaufirsi okion &f sHIE r@acties medi um enters
claim1l, erein said esterification reactor defines

f1 ui dsaidl estesifigation irgacter dbfqtt&h SﬁNerﬂé'i% inlet,| whetein at least a

L= ARG o= A R RS rom o

wher ee@teaufcémsteacteemadgm@nbl ammofte ofisdid qud icutlets, wherein
medi um j s di schargied fromsaid eE erlflcatlon %fyﬂr

t hr ou§diddlidi inlelysilecaad at @ lowge elgvatienthan sat Lr' ets

is located at a | ower elevation than said liquid

outlet.7. The process of claim6 , wherein said

esterifi cat i on rdact dihef pnocass of clgimi $2swhereapsaid esterification
out | et re vapor esterificatipn, by-product

i schisasiar BetneS ah diiart Geniveh v of BiRtiaRonn OGN said fuid
sai d | &tubrd Qdhd ¢‘|EJU|d’VBﬁfI@tbnar%aia%|§I%P§§a<§éﬂ lfdim isdid central axis,
| ocated at a higher elevation than'said Iiquid outlet.

8 . Tivbersinceaid uﬂetc|aadm>atlet ateralicumferentiallyi spagedefrom one

is located in t Quer hird of said
ester ?P?@‘ |bc¥r?t:]% taﬁ,"tagg ggﬁe%‘al dliquid outlet is
| ocated in the upper two-thirds of said esterifi cati on

reactor. 9 . The process of claim6 , wherein sai
esterification f8act dhederacess efnclajmi tht whergin eﬁa'%ﬂuﬁets are

of el ggg@é%osal %ﬁceﬁ |§hfaél9o§tér%ﬁlf§l Mhihatichs didd! Y of said

space axi s
esterification reactor, wherein said inlet is defined in a lower end wall of

said esterification reactor.

16. The process of claim 1, further comprising heating
said reaction medium in said esterification reactor during said

esterification.

17. The process of claim 16, wherein said heating is

provided by a plurality of vertically spaced heat transfer members.

18. The process of claim 17, wherein said vertically
spaced heat transfer members are capable of being independently
operated so that one or more of said heat exchange members can
provide heating of said reaction medium while one or more other of said

heat exchange members provides no heating of said reaction medium.
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10. The process of claim9, wherein said fluid inlet
is radially spaced fromsaid central axis. 11. The

wokleg agssof cl aim 10, wherein said esterifi catpcans2008/002270

reactor has a maxi mum horizontal dianeter (D), wherein

said liquid outlet is radially spaced at | east about

0.4D fromsaid central axis and said fluid inlet is

radially spaced at |east about 0.1 5D fromsaid

central axis. 139 Thaher prisessodf elainm80wheheinesaid heating is
said fluid inlet and liquid outlet are, .

ci r cupfemided i by flowipa cadheaty dransiera madigm throygh) @, efurality of
about . jdn 1, wherein

sai d gé’?'&?ﬁ’?%@é@?%é?qué)}c oﬁgage%??ﬁggé%ﬁ# lePd inlet and

a plurality of vertically spaced |iquidoutlets,

wherein at least _a first portion of said t -
medi um enters séiod_ edtEr | ﬁi%’ﬁ??oﬁ?r Q%é"f‘or{qe'?r Uhﬁ%’ sgpgprising,
fl ui dgi;pitahtia %!iﬁiiﬁ‘atg{gn%@ﬁbf kP HeAd tPaHdréomediudititbugh at

reaction nedidmis di arged fromsaid esterification

r eact teast lonewftsaid groupsrof beat exelhange tuhes whendbe level of said
wherein said fluid.inlet | s |ocated at, a |lo .

ol ovalFATOPRRALT 5 fogertin FIR.t 1e3t 3n qf Said grogps of heat
cl ai mekehargietude’. sai d esterification reactor defines

an upright central axis of elongation, wherein said

fluid inlet and said liquid outlets are radially

spaced from sai %pent-rh%: %ﬁg&gs 0%13%5.{( 51, \%/ﬂbpelh qé%% E@ﬁdabom 25

outlet are circtnfere Space r'om one an

by at perssit ofBaidtadititioflds peedded by mMéeharicalemgitatibn.
claim 13, wherein said outlets are defined in an
upri ght substantially cylindrical side wall of said

esterification pgact ‘%*The y?géé‘éé“ éf?‘ifcﬁ’aih”!ﬁt wheréiff s8Rl reaction
in alower end wall of sdi esterificatidn reactor.
16. Theediumocesceivés csubstaritjalfyumioh enechamnicals agijaticratduring said
said reaction nediumin said esterification reactor

dur i n§Se4iigation.

23. The process of claim 1, wherein the residence time
of said reaction medium in said esterification reactor is greater than

about 45 minutes.
24. The process of claim 1, wherein said esterification is
carried out at a temperature in the range of from about 200°C to about

300°C.

25. The process of claim 1, wherein said esterification is

carried out at a pressure less than about 25 psig.
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esterification. 17. The process of claim 16, wherein
said heating is provided by a plurality of vertically

woshagadofzeat transfer nmenbers. 18. The processc@iuRb@ioi27o
17, wherein said vertically spaced heat transfer

menbers are capabl e of being i ndependently operated so
that one or nore of said heat exchange nenbers can
provi de heating of said reaction nediumwhile one or

more other of saed hegproeeedabgprishigeer s provides no
heating of said reaction pedium 19. The process of

claim 16, {Mer eSHbiesHRg Rebist ﬁ@a‘?t@”p'if‘@diugﬂ'@péo eptenficatiag in a first
a heat transfer g Iﬁﬁmi&'i”?&ﬂé‘éa@ thge?%b?{?g{g%% a,fjrst product

vertically spaced groups o exc

The process of tlaging d B8onversidmesf atdepsti abiouy,70 percent; and
substantially elimnating flow of said_heat_transfer

medi um t holRh asuPisslpo gldesst 3 gogtiof eﬁﬁe'%ﬁr%@a?dQCt to further
exchange tubes wagsifichfion i sGlomPiedtdriiRation koiRiteMed by a
is lower than said at [east one of said groups of heat
exchange t ubes. s2cand Esterjficaties geatto taitherebywhrodaice a second
| ess than about 25 rcent of said .agi tat,ion

provi ded by mecREAUELINEYNG & saiiversion ofat ISRt abaut,o percent

claim1, wherei herbid §GACEecUhd RS effithBsRirsastor defines a fluid
substantially no nechani cal agitation during said

esterification. it foreceivingeaideast @ partiamof said fiestrproduct and

t he residence ti f j agti redi Y i ai.d . .

esterification ragﬁgﬁ'gr8%&&0&@@?%@&?%0‘% EtAf% bgrtlon of said
mnutes. 24. Theepoad grododt, Wiereinlsaidhiguid routiet ds located at a
esterification is carried out at a tenmperature in the

range of from akigheralexationdhansaid Baiddaletos. The

process of claim1, wherein said esterification is

27. The process of claim 26, wherein said first product
has a conversion of at least about 75 percent and said second product

has a conversion of at least about 85 percent.

28. The process of claim 26, wherein said second

esterification reactor is vertically elongated.

29. The process of claim 26, wherein said second
esterification reactor further comprises a vapor outlet, wherein said

vapor outlet is located at a higher elevation than said liquid outlet.

30. The process of claim 26, wherein said fluid inlet is
located in the lower one-third of said second esterification reactor,
wherein said liquid outlet is located in the upper two-thirds of said

second esterification reactor.
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carried out at a pressure |less than about 25 psig. 26.
A process conprising: (a) subjecting a first reaction

wOomRes/vds0 esterification in a first esterifi gaii@008/002270

zone to thereby produce a first product having a

conversion of at |east about 70 percent; and (Db)

subjecting at |east a portion of said first product to
further esterification in a second esterification zone
defined by a se@and gHeeciprbtssy iginclarAclel Wwheldier€di second
produce a second product having a conversion of at ) )
| east ealesification peastart defines eah uafights €epHa! axis, wherein said

esterif]j [ 1 Or i o ; .
Pocel St eferiRatbA’ reBEldrieds & Idiiflu hBlizofal diameter (D)
a | idQWhér@'gt t@iﬂdfiqmiddbswa'_rsg'rarrgalg} s!paa_eg at taastl i@4Dofrom said
sal secon pro uct , erel n, sal I qul outl et | .

| ocat Eantsal axis, agﬁeﬁa'%ﬁﬂksiameéfﬁ fm‘ys%weﬂ %i 'ea$tn¢-§?.0 from said

217. TE?ntﬁél%ﬁéSwﬁére% ahig ﬁﬁd ir‘ﬂ’@FéﬁB MqSid Sutldt’a?é circumferentially
produc as a conversion of at [east "about 75 percent

and sspacextfrontope adotiter hysatdeastrabend i90rdegrees. | east

about 85 percent. 28. The process of claim 26, wherein

sai d second esterification reactor is vertically

el ongated. 29. Hpe prifeerobdss!cl Clat®. 26hewRerigassid second
second esterification reactor further conprises a

vapor esterificationineactpndetines azuralibuef vertically spacedi liguid outlets

a higher .elevation, than said.liquid. h . :
o ocoty ReEHRing 351 4 Boftiarl B SPiCeediy pryuctRnerein said
| ocat gdidi iRl e dcates aPa towér sldvatiors tiath sei@ tigdid outlets.
esterification reactor, wherein said liquid outlet is

| ocated in the upper two-thirds of said second

esterification rgact e[rqu p]rPF%' SN QRfsS 39 \gég}em, 2§airq second

wherein said second esterl ation reactof I nes a

upri gektetifishtion rexctor defiaeeian spright eentnal axis, wherein said fluid

esterification _reactor has a maxinum horiéqnt al . .

di ameifdet apy said liquid outlets are radially spaced from said central axis,
wherein said fluid inlet and liquid outlets are circumferentially spaced

from one another by at least about 120 degrees.

34. The process of claim 26, further comprising heating

a reaction medium in said second esterification reactor.

35. The process of claim 34, wherein said heating is
provided via indirect heat exchange with a heat transfer medium flowing

though a plurality of vertically spaced groups of heat exchange tubes.

36. The process of claim 35, further comprising,
substantially eliminating flow of said heat transfer medium though at
least one of said groups of heat exchange tubes when the level of said
reaction medium is lower than said at least one of said groups of heat

exchange tubes.
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wherein said liquid outlet is radially spaced at | east
0.4D fromsaid central axis and said fluid inlet is

wOo R04/Bisbx spaced at |east 0.1 5D from said cemdmls2008/002270
axis, wherein said fluid inlet and liquid outlet are

circunferentially spaced fromone another by at | east

about 90 degrees. 32. The process of claim26, wherein
said second esterification reactor defines a plurality
of vertically spaced liquid outlets for discharging at

| east a portion of said second product, wherein said ..
fluid inlet is Bécat dteatPracesmnePl eF@Bt i4h fwahers af@mprising,
l'i qui ts, . The S ol al , ej : :
sai'd SefifielF daitdfng ] HABR et i Sl ekl *eRerification
cent r pdacter, svhenbier less tisam abblUtibd pentent afredic agitatiom is drovided
outlets are radially spaced fromsaid central axis,

wher eby meghamqaliagitaiPidt and 1iquid outlets are
circunferentially spaced from one another by at |east

about 120 degrees. 34. The process of claim 26,

further conprisBBg hdde poocesseattdclaim n@di whereinssaitl reaction

21 i nMSRUITHERE . S0RP AR V0 Beph TP AL O Apr In said second

i ndi r ggilerif€atiortigdrdgge W th a heat transfer medi um
flowi ng though a plurality of vertically spaced groups

of heat exchange tubes. 36. The process of claim 35,

further conprisipg, Sub i.all i nap i A

sai d heat transflagr nétﬂ %h‘ﬁ?#&@%h&égﬁds@a@téor%gcﬁ‘#'?\gaelggel and a

gr oupplupalitpest \RrtE4llyspacesheberexchangeviibesf Iscdtdd in said

reaction nediumis |ower than said at | east one of

sai d (pastips vessplawhereasgis reddionsyesseleispeligadedralong an

cl ai nhéﬁghtf%gﬁt@.rax%ogpél'oﬂggﬂon Wﬁ%r‘éﬂ?%b?& cadlibAVe8Sefdefines a

react ron’nmedi umin sai d s&cond esterifrcation reactor,

wher eflgidl et tah piurlityof S@rbieallyespacdd diguitl agitlets,iamd a vapor

Io? g{gmgtgdyvh%&eggﬁnﬁlﬁabn%gg% écéﬁ%gd a%sé Ic;rvbgr Blevation than said
vapor outlet, wherein said liquid outlets are located at an elevation

above said fluid inlet and below said vapor outlet.

40. The apparatus of claim 39, wherein said reaction

vessel is not equipped with a mechanical agitator.

41. The apparatus of claim 39, wherein said heat
exchange tubes are located at an elevation above said fluid inlet and

below said vapor outlet.
42. The apparatus of claim 39, wherein said reaction

vessel has a height-to-diameter ratio in the range of from about 1.15:1 to
about 8:1.
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medi um recei ves substantially no mechani cal agitation
in said second esterification reactor. 39. An

wWOoPSI08b4gS conpri sing: a reaction vessel and acT/US2008/002270
plurality of vertically spaced heat exchange tubes

| ocated in said reaction vessel, wherein said reaction
vessel is elongated along an upright central axis of

el ongation, wherein said reaction vessel defines a

fluid inlet, a @Buralflheyappanetus iofatlaiyn siZrowhetsinjsaild reaction
outlets, and a vapor. outlet, wherein said fluid inlet., .. .
is | ovessRl has A |ramum cherzastal Aiameter Qg p¥herein said liquid

outle [ ' I HI ; t
ol cvap USRS, BB Gk Bl o taIP LEnPACH IR Y et dbut 04D,
out | ewheddin Jdid fhpgadniet us ratially apaced, fromesaidncentral axis by at
reactjon vessel i s not equi pped with a nechani cal

agi t ate@tst aRoYt 1.9k apparat us of claim 39, wherein said

heat exchange tubes are | ocated at an el evati on above

said fluid inlet and bel ow said vapor outlet. 42. The
appar at us of cl #é4m 3T henapparatusapti ¢laiset4dn whetew said liquid

has a_hgi ght - { 0- di ter. rati.o in the. f

o o ole"kid S8 ' 560 8 5P g A el g anotner
42, whgrfidhst@odégaesi on vessel has a maxi mum

hori zontal dianmeter (D), wherein said liquid outlets

are radially spaced fromsaid central axis by at | east

about 0.4D, whergin e g L nleefia [ : :
spaced from sai é%CentS[?{ael a&blgtaq%%/%gt &F@ls:{fgag%’glaté{ri?ﬂ)d reaction
44. Thessslnsomptisedt gémerally Biprightrsubstantiallyl ¢cydimdeical side wall
outlets and said fluid inlet are circunferentially
spacedefinipg @i ligwdittletsy at | east 90 degrees. 45.

The apparatus of claim 39, wherein said reaction

vessel conprises a generally upright, substantially
cylindrical sidd6nal IThe apparatus of claim 39, wherein said liquid outlet

is located in the lower one-third of said reaction vessel, wherein said
vapor outlet is located in the top one-third of said reaction vessel,
wherein said liquid outlets are located in the upper two-thirds of said

reaction vessel.

47. The apparatus of claim 39, further comprising an
upstream heat exchanger and an upstream disengagement vessel,
wherein said upstream heat exchanger defines an exchanger inlet and
an exchanger outlet, wherein said upstream disengagement vessel
defines an disengagement fluid inlet, a disengaged vapor outlet, and a
disengaged liquid outlet, wherein said exchanger outlet and said
disengagement fluid inlet are coupled in fluid flow communication with
one another, wherein said disengaged liquid outlet and said fluid inlet of
said reaction vessel are coupled in fluid flow communication with one
another, wherein said disengaged liquid outlet and said exchanger inlet

are coupled in fluid flow communication with one another.
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defining said liquid outlets. 46. The apparatus of

claim39, wherein said liquid outlet is |ocated in the
wd e1osose-third of said reaction vessel, wherpggiTngsasstho2270

vapor outlet is located in the top one-third of said

reacti on vessel, wherein said liquid outlets are

| ocated in the upper two-thirds of said reaction

vessel . 47. The apparatus of claim 39, further

conpri sing an upstream heat exchanger and an upstream

di sengagenent vessel , wherein said _upstream heat .
exchanger def i nd8. an T&ec RPRGERIUSnPEL Clale 4h oXRereiyesaid heat
outle Hgﬁa Is I§_4ps [ ﬁggnent vesse
definéécan éﬁé%ﬁéggﬂnengﬁ#ﬁ%ﬁ%ﬁﬁéﬁégg, a di sengaged

vapor outlet, and a disengaged liquid outlet, wherein

sai d exchanger qutlet_and said di sengagenent fl ui . .
inlet are couplég-inH?Pui@pPPGﬂP%o nggﬁ?ioﬁsmﬁﬂﬂ“ﬂﬁ@ said
anot hgisenylgépient v84<kI% REALSHISAY blofgateqout | et and

said {uigg nl et o?ésaid react?@% vegsel are coupl ed

in fluid fl ow communi cati on with one another, wherein

sai d disengaged liquid outlet and said exchanger inlet

are coupled in fluid fl ow comuni cation with one

anot her.48. The apparatus of claim 47, wherein said

heat exchanger is a shell-and-tube heat exchanger. 49.

The apparatus of claim47, wherein said di sengagenent
vessel is horizontally el ongated.
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