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METHOD AND APPARATUS FOR MAKI NG ACETIC ACID WTH

| MPROVED LI GHT ENDS COLUMN PRODUCTI VI TY Techni cal
woho®/d40ge present invention relates general | Ycoiras26us/006340

apparatus and net hod for producing acetic acid wherein

addi ti onal condensing is used on vapor froma centra

portion of the distillation zone of a |ight ends

METERTNbAPEAR A R LORINAIING AL ET LA Wit W givED LiGHT
inthe art. O pEﬂQ&ﬁﬁ&%JvN UCITIYIEYi f i cance are

processes for the carbonyl ation of nethanol to nmake
acetic acid and processes for the carbonyl ation of
nmet hyl acetate to nake acetic anhydride. See Applied
Technidahibigkineous Cat al yst Wth Organonetal | i ¢ Conpounds,
rnils et al Bench Edition) (Wlie, Winhei
Cﬁafemrswnhg}yaml%r é&f@ﬁ%ly 196D @pParaia ek method producing acctic
acid wger%lrga(ﬂ%rfapbéxﬂ%ﬁgg 1sqged s 4apdr ﬁ m 2¢Entr! %fho Llfljthgglstlllatmn
States Patent No. 6,642,413 to Thi ebaut Wel
zone ot)nlllgbtjer@tsapbm@entcedu tN@ncrﬁas& sststc;lﬁi’aﬁodtmtlmyet et al. To
make acetic acid, one method of choice involves
car bonyl ati ng net hanol in a honbgeneous reaction
Backerr@dWr Wwherein rhodiumis utilized as a catal yst.
Gbnerally the reaction mediumincludes catalyst,
viattbpnylafien processesare ayedldaiopadn she asbnORpartiguldecqnoprcial
C adi.c .acj.d
s e Y RS DBl OF e Y8 GBS BRC a6 processes

for thea:ladiocnylaﬂbﬁ blf hierted acetide ttd ankt acdid amﬁydlﬂﬂ: r&a @ﬁpﬁ@d #otnogeneous
s feedst ocks.

Q. a react r A p
Catalyr»tg\ge‘ii Qganarpstaiici(onran ﬁméﬂsjewl t ﬁer@mclaﬁéltwpbowm,
Weinhbfn, Fedbas RepubMeIGRARAY e bod Scﬁéﬁﬁﬁ‘ﬁ%ﬁ&? 12Ngh SEMGWIRS pp. 104-
vapor) to a purification tr e purification trai
137. Seaotlsmldhited ISty Paed Ne 6o Wb dhiabempuewell lab Ghnited States Patent
i nponents as overhead and provides a
No.6, | RS PP T ificat

or further purification. A

PBS fraké hédticlacld, 8he ie@bdGEChEIY il i c@ﬂb@ﬁﬁﬁﬁn%ﬁl&}ﬁﬁgf‘ﬁq a
in United States Patent No. 5,144,068 to Smt

homogepequysireactign gagdivy whegsin flaadiym 1sput(1)l¢32@§ @s agatahist ohenerall)s the reaction
medlull"illlsin@iﬁ M&?Al%’ﬁ Swétgxagké?fé ﬁ@u} th%gﬁ/?(? Qargglg &Emgglde g?? ,yxg?thanol

reac um cont ai ni
methy]satcataltd (Meﬁlc)jvhydrlc&nc had I(HE) ﬁﬁﬂty,l 1cﬁ1$¢m1daip|t1“¢ndill}t dheldhmore

om0 Rt PR Y AL GBI, SCECRLE L0 ks
A porti¥ldTthe reaction medium is continuously withdrawn and provided to a flasher where
product is flashed off and sent (as vapor) to a purification train. The purification train includes a
light ends column which removes “light” or low boiling components as overhead and provides a
product stream for further purification. A particularly preferred carbonylation process is taught
in United States Patent No. 5,144,068 to Smith et al. In this so called “low water” process, an
alcohol such as methanol is reacted with carbon monoxide in a liquid reaction medium
containing a rhodium catalyst stabilized with an iodide salt, especially lithium iodide along with
methyl iodide and methy!l acetate in specified proportions. With a finite concentration of water
in the reaction medium, the product is the carboxylic acid instead of, for example, the anhydride.
The reaction system of the ‘068 patent not only provides an acid product of unusually low water
content at unexpectedly favorable rates, but also exhibits unexpectedly high catalyst stability.

That is, the catalyst is resistant to catalyst precipitation out of the reaction medium.
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in the reaction nedium the product is the carboxylic
acid instead of, for exanple, t he anhydri de. The

WO ReG141608 system of the '068 patent not only RPCeisIaR/006340
an acid product of unusually |ow water content at
unexpectedly favorable ratesy but also exhibits
unexpectedly high catal yst stablllty That is, the

RSN bR BB bR B %S Bhogencons

iridiun€ az[tb@@tylh&hé REctaet mﬁé}@ lis diBMOede forekhmpll MAURited States Patent No.
onbgeneous |r|d|un1catalyst In the reactor. There is

5,883 %ﬁ% &9 Swday efiqdra prosessifar the praghictier OQ@tlegcm@pmlsm carbonylating
t.h
with caingg S‘lgjt%lggrrc]iegl?et k gl¥d/81t ?actl\?e cperrglfz‘iﬁgé télg? of, in ?l}ﬁ sur%tantlal absence
ofa mwal proatdrend/ o e diehdmctd'-lm&iotﬁrid /a@ﬁrb@nyﬁﬁﬁﬁ te\aetor contammg a
derivati ve thereof, in _the substantial absence of

liquid pRaption ¢HTBPRSIEAN Wil AR ridinm carhasyladian catalysh mntiayl ipdidg co-catalyst

water, ﬁ@étQ%Ycl ahi AR B acd iR v@fé%lﬁ'tﬁﬁr@% rﬁalh{a%é'dqn e dl&’ ?eactlon
rrp03|t|on with an iridiumcar ony ation cata

compogigiohy |(a) wateras acmncetttmltlpatof lesaithen S‘Vabeweagm,c(bbi me&l}di jodide in a

conce QII%&B?( 8f glge% tt}&[}v“'égﬁ_gx Neig Iq\nd cg)m on reactor a total pressure

of lessCRACENbAralSe8 e, Urkes Sthanphdatdo. wnms t& @ztzmeettlzzyland United
iodide in a concentration of greater than 12% by

States Ratiegho ah887,347 alpo tchlirgedeb@hyl ati on reactor a gota
P FRAHER 2l f55 1yl B 18 puri g iorled on P} S Ph 8 Tt s the

light efitsadobamiPaleatypidal aleti@Giéid3fdthahd @aibonidatide broetssahot High pressure

é qgent roduction limtation in the purification

liquid frgy g feastor arrediiead 18 PRESEERISS P &abk@nf {lghteddnagomer pressure

oSBT Do N0 884 AR SEUBATAL b gty nts L)

tower. t Gendea sk loquidssricheidiacetic acd preasswrved fromoskqud sakdmwaatdve the feed
ssel . The, vapors

flash
R M A T T
and fed {0 liq@BdRuld-dcah@YeThe E?ﬁ%ﬁﬁﬂo&'tﬂéiﬂé&nfek fYefllxed to the tower

acetic acid are renoved froma liquid sidedraw above
and the heavy pligsedis dedysledite theereactpiofeed. uifhwe theglighit £ndssealwnnp receives a hot
r t ¢ v head r ond
vapor YIS SYART 400108 LRUEL, QHSHORRR FORIRLE G and
methylfibdie tfiven decartmrbefare tief proded stroarh hﬁfeHCﬂM&VardM Wter removal.
heavy phase is recycled to the reactor feed. Thus, the
i ght ends columm receives a hot vapor product stream
Summhfy¥Phaitbhasher and operates to renove nost of the
methyl acetate and nethyl iodide fromthe stream
Hefageerdatre witlthepressnt ipaentios, hydtahlor lnad ch thedightitreds tower is

e S SR R B PTG .
partial fIRWESf vapof BebCtBe tdlyerﬁﬁls!’ttabéﬂ/e e Mdaiisadddedav mé e /R & heat

| oading the tower. In a typical enbodi nent, a
exchanger and cooled to a temperature of, for example 200° F. Condensed liquid is then fed

back to the tower to a point above the liquid sidedraw, or simply combined with the liquid
sidedraw stream. Hydraulic load is then reduced in the column above the liquid sidedraw.
Simulation indicates the tower can be debottlenecked up to 15% without a significant change in

liquid sidedraw composition.
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partial flow of vapor fromthe tower just above the

liquid sidedraw renoval is fed to a heat exchanger and
WO/ A%ok0 a tenperature of, for exanple 200 Bcr/us2008/006340

Condensed liquid is then fed back to the tower to a

poi nt above the liquid si dedr),avv, or sinply conbined

wth the liquid sidedraw stréam Hydraulic load is

. hen reduced i.n the col um above the |iquid sidedraw.
wﬂﬁé@%ﬁ%ﬂ&t es the tower can be debottlenecked
UPhd Bvem ionth HBQEbe@ irsadM bhsRNLitF RAEReel B thd Rt i
Si deldF,aw conposi tieoh. Brief Desclr}?ptl oﬁceotp lk)éfg)vlll\%o%rg qﬁ%‘glngs
whereindiksmuinemals desigsate sibvldr partoetdavhertial ow wi t h ref erence

ta the. foll own raw n wherej.n |ike nuperals . . .
HBgh i cPrrle G OZ OBl mel Eirfomaton unitsand
SKEigafe? iLa SheMaBoRigrain GPBMANTH Q1AL edBIBAMA of the apparatus of
. carbonylation unit; and Figure 21s a schematic '
Figureyl heg bgepditedavith 2 pide corplensesin aceondangs with théprespp aneention.
of Figure 1 has been fitted with a side condenser in
accordance with the present invention. Description of
Descriptien &f thé @refededEEhdddiments The i nvention i s descri bed
i.p detail heloww th reference to numerous enbodi nents
e BYrBEes dsﬁcrlgii erqifinfb%{PdeﬂaWéerqueag {OREEr Qs egriogiments for
WDd ExdeedlifRAfort ShdP@iubir£idndnl £ MORAIAENLS WidhRidu i
purposspi ri t&g;nd sc%pe of the |cr)1r élsgnt inven%l?son,pagtgjta#%rﬁ}bﬁdlmems
withinitle spigt anslrenpkeof the pravent invdnitiobeset &athi inythagenéeat clhims, will be

.4 those Kill-.in,t art. Unless nore specifically
readllyoaé)ﬂ lf?élqubtzlP%evﬁfsk(g}’tﬂnﬁSFggy as used herein is given its
WhlesanyreBpaiiodly defineRbeRA téridifolb®f ABuse@h@feir R given its ordinary
.wei ght percent, parts per billion by wei %Bt_ and so
meamrfgor%hppm%ndelslse tstrheraffrde veaght parcent, pats peshilling by weight and so forth,
unless%ﬁfe%ﬁe'ir?di@at&ﬁat exchanger configured to renmpve heat
roma vapor 1'n order to condense it to the liquid
phédsendeiitte” aferypo Yhkit exahalgystonfiryirddao aethbashdaffrantd O4por in

iridiumcatal yst. The rhodium netal catal yst may be
order t%&ﬂ‘é‘i?n?‘ﬁ“é‘i’ia‘esltﬂ“ﬂ%laﬁaéef orm such that rhodiumis in the

e P T
catalysg glay deadtltdimadny\suitabla tfernn suthi thatirhedinmas iri the caiakistisastion as an

..,.0f the processes | bed herei.n be in.the for.
cauilitpr] g RERASR (RERCQh BT R v el Yo Pa i, 186 ol
option4lBY dhin®dindd HUBE B2BEGY mBKFIRE o8 eProRRQS RIBSIHSMhSAYt maybe in the

certain enbadi nents, the catalyst co-pronoter is ,
form of a gpluble sl @f ge alkalimpgtalrar alkaline earth metal or a quaternary ammonium or

phosphonium salt. In certain embodiments, the catalyst co-promoter is lithium iodide, lithium
acetate, or mixtures thereof. The salt co-promoter may be added as a non-iodide salt that will
generate an iodide salt. The iodide catalyst stabilizer may be introduced directly into the
reaction system. Alternatively, the iodide salt may be generated in-situ since under the operating
conditions of the reaction system, a wide range of non-iodide salt precursors will react with
methyl iodide to generate the corresponding co-promoter iodide salt stabilizer. For additional
detail regarding rhodium catalysis and iodide salt generation, see U.S. Patents 5,001,259 to
Smith et al.; 5,026,908 to Smith et al.; and 5,144,068, also to Smith et al., the disclosures of
which are hereby incorporated by reference.

Similarly, an iridium catalyst in the liquid carbonylation reaction composition may

comprise any iridium-containing compound which is soluble in the liquid reaction composition.



10

15

20

25

30

acetate, or mxtures thereof. The salt co-pronoter may
be added as a non-iodide salt that will generate an

wol 2064/ fAgpgal t. The iodide catal yst stabilizer sy 8008006340
introduced directly into the reaction system
Al'ternatively, the iodide saljt may be generated
in-situ since under the operatlng condi tions of the

t di d :
N e TR
reactionf1f af P EHEHROAFIMNOhiCR IREANES Rthé RGhidSeRabh c%?@élhbﬂ 6f i i3 convertible

For additional detail regarding rhodiumcatalysis an
to a sojublg fpems dixamplesarfsnitdre irgliemtgostaimng epmpoB1ddGihi@dbMay be added to

the oy ibh s Bhgpaol SRy B 1R oy Blreongne, ecconr,
(Ix(COphIN, frCOBBAYH | nﬁ(@mgnmwrWHDﬁt@oam Ir, &)}, af¢Y.3H,0,

an iridiumcatalyst in the |iquid carbonylation

IrBrs. 3He Qs APl %@gm megfal, ,{gg)m]é@ﬁ@q)gg)hnly(acach, iridium acetate,
10BN 0 C) A CATAUI AT Dl o e s o
iridiunbsuchddedetaes td)mldtescamkidicetea(nﬁtatemare ik drm;ﬂﬁyefdws stdiﬁng materials.

rbo ation reaction i.n a suitable form whjch
The iriju G11Y18S" SROHERION dRiis WAL top SR HRIRSIANGRYGbe Inghe range of 100

to 6006 913?{19 MtHelafodnlafios SF Hi%'tf?anf)plﬁtmzn@(ﬁlﬁﬂhﬁ %a@fystslg 'v&e@%vw and is

i ridiumcontai ni ng conpounds whi may be "ad
generallb/qlgsstheémthecfnllwmgdémtqdcﬁtatcmeatamte 5194@1430 5.083764; 5,883,295;

5,877 %4{88(5%6)7542](659 ézé%érzzrg(‘(ﬁ %ig?oc% J_'s_ o‘fr'\{ %)Ll%q_eorporated by
refererick iftGHtiRy pplid@bhlasif skt GO Heir edtir 3 3H20,

[rBr3.3H20, 1r4(COi 2, iridiumneta lr208,
|$1(1 akyk 51:{1@)02) caﬁqu(%/d)a@pgter }s,ggpgqqﬂﬁ@éqdamé:ombmanon with the Group

VIII mHgZ 3%80% 91&1‘{/}%?1 10dﬁf%qs Q }ge%:lj?écf) Sothé la%b'i: haelf:de c’pﬁomoter

of i ree conp exes o
Preferabdpithe esncentationt efallan ahdeinahe hqaﬁe&cabﬁ cdﬁlpailhyn is in the range 1
o as s teri. I The iridium catal yst
t°50/eg£3@é5f5¥@% ﬁhﬁ g) iUvdighteact i on conp03|t|on may
bEhd Jlk%lhﬁhﬂé‘ pgﬁmﬁér g b& BoADEd RRIM a sHtEtAHAIT R /Qb{ rhe{ér

of methanol utilizing iridiumcatalyst is we
compognd, Whickyarseringlnge shdis @rfakmejall af Griawp fAlor @EDII}TQIIHQ bt Eduaternary

t es  Pat.ent s 32,764 883
ammoigt & pdhis o Leyciilay Bistemdar joacRise Rl sl o - lithium
iomdewhhqhmﬁmeahereby |ncorporated by reference into this
application as if set forth in their entirety. An
a‘B&‘W PIOHIqtere 2BS CR-RFUNYSTS PRIORDYEH a5 par oh theadaia)ytigsgtermof the

presenf:fi’l';’/@xht'&ﬁlt és%l\;‘éidil%ﬂ ih !E% d;ﬁiggﬁ' Pat¥hi lLu Bl%n gﬁtoag@%% dllsclosure of

nent eis a erre as the a
which hehardaf ipronpotagyd bﬂe&remc&blgmtablb @rmmtesrﬁre sdleaed frf)m ruthenium,

hal | d the | i d. tigQn composition is i.n
osmiuh (he SR s Sy, s Gy G A eall B TSy, Bl plgynum,
vanadigi, ﬂﬂltmun:l— h%p?é*ﬂl'unﬁﬁ\ﬁrhdt‘?n RLAARBLE! andBYe &%r&&@ﬁ'rﬁﬁ? s¥etBd from

i

a salt stabl zer / co- pronot er
ruthenium and osmium. Specific co-promoters are described in United States Patent No.

6,627,770, the entirety of which is incorporated herein by reference.

A promoter may be present in an effective amount up to the limit of its solubility in the
liquid reaction composition and/or any liquid process streams recycled to the carbonylation
reactor from the acetic acid recovery stage. When used, the promoter is suitably present in the

liquid reaction composition at a molar ratio of promoter to metal catalyst of [0.5 to 15]:1,
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conmpound, which may include salts of a nmetal of G oup

A or Goup Il'AL or a quaternary anmmoni um or
woRheshRhag um salt. Particularly preferred are picodisdfs®ie340

acetate salts, e.g., lithiumiodide or lithium

acetate. Qther pronoters andsco-pronoters may be used

as part of the catalytic system of the present

e 0 SR RGPS GRS s 00

5000 pbagcor porated by reference. Suitable pronoters are
selected fromruthenium osmum tungsten, rhenium
ZRhisccaranatatiomappaaiusg or PEREESS tha is therbiopt ofrthe kwsfention includes

n_nu

generagﬁt@f trergén{a reangfa%r%éélm%%ﬁ& Qphr;i'fglraé &Q@[e n, ?]th% dar?serrlq n%nverrlhon may be

apprec'ramdﬁardonmcaind vﬂﬂﬂlf&ﬂﬁxaﬁ?{p&f; itlid carlsorytioARI @fethambEwith carbon
described in Unlte? States Patent No. 6,627,770, the

monoXiR in AhAmgenGts Rial G RGPSV SERC ORI SITg doiPastamerodyrot (typically

acetic ﬁl@r Q{E‘H{aﬁfﬂ AR o0 1@5&?\%%r1'\/ﬁ1\%§ a?.I;Jl@cﬁE kY (Siuﬁm% ys{J Rt feQst a finite

limt of its solubility in the react
concen@@ttpmsf wiaten, mddip@pn@lbyari 1oq1ﬂec$ab rﬂmsb@tytaeﬁnﬁeacaoy pr@deds as

arbonyl ation reactor fromthe acet acj d .
metharld gy B 58 PR e B Mon P ehroeftor s gy ronoxide
reactarf? hRSEH eshéhtiall puietdt Hay EEdih MRrCiRiR@Hies bk a@tcaﬁ)omlﬂlde

ratio of pronmoter to metal catalyst of

methangp pigfogenioplq gasew watgr.and Cirip Ca ppradfinic élblglgﬂcﬁlbotlfo Thepresence of
: | 000..
rydrosky IVBLHAN FoRORAPLEL o GORREH bl 800 fyf Ppfrion s

preferabl}ekqm bpveclor etamhpie, lessvami (| Gar pmhulﬁie&ug@ agiteblege®e may result in
active section, and a purification section.

the forfflﬁe% ngg)écﬁ%mt}eﬁpmﬁwewaﬁ hg é)aamb PESTUE eHcarhor mieRa¥ide dhthe
reactioWig fhitabBf 1n@f@£?£1lg€ 1 tb 16 vaRAHRAEM é)eneo g“ M Ofar BNAEG tpré/f"eltalgly 1to15

car bon ronoxi honod catal ytic reac
bar. system conprising a reactlon solvent (typically acetic

i d net ol nd/or its reactlv der vatives,
e es e IS B FeBe e by e T0'00 300 Bar,
preferabBNDERE T b2 mOft prefefibly 891 STPBAOTAL keyn;fé@ath&difdﬁe éﬁb&iylatlon
The carbonylatlon reaction proceeds as nethanol and

reactiop ay utabloRdke t?élgall g0 é(b?’lQQ"ﬁubr@ﬁqr?blfl anthegangeel 04a@261C. Acetic acid

18 typlc£n§ n‘fa% ? ct re '?r? 2)1( 8u1fi | %get r%gétlog W ggfgrﬁgezgtu& ?fgtlé?,ll% Bout 150 - 200°C

con nmpurl

andatdnappﬂeelmre HEfrBﬁhﬂfbouﬂIO toogRt sOps. e gases, water and G
to C4 paraffinic hydrocarbons. The presence of

Hyestisgeld i fymierdlydaeivder wohe sdageommdx tykerasitbg sadvént fer the reaction.

lt%{lvlvltag o\ré@Jet?elél dgﬁ%t I esgn{ Er%gilﬂgludg rrﬁ’lﬁ'gjl gF&gtlF,)e/%lg’lﬁe@] 1 eglsc?r, methyl
formate hsd predsg MtheTa’ynn)etatd df metharod aﬁ@feﬁiﬁlﬁv@dtbrozfatlves thereof may be used
as reac%ﬂ%i)%%g‘ggﬂqg%ﬁg tl(l)éj }l)'lr%gesnt 1r-1l\-/r<]:relt10r§a ' lt)rle?erabq;,erggtlﬁggolgfnd/%? rme(t)hyl acetate
are used as reactants. At least some of the methanol and/or reactive derivative thereof will be
converted to, and hence present as, methyl acetate in the liquid reaction composition by reaction
with acetic acid product or solvent. The concentration in the liquid reaction composition of
methyl acetate is suitably in the range 0.5 to 70% by weight, preferably 0.5 to 50% by weight,
more preferably 1 to 35% by weight and most preferably 1-20% by weight.

Water may be formed in situ in the liquid reaction composition, for example, by the
esterification reaction between methanol reactant and acetic acid product. Water may be

introduced to the carbonylation reactor together with or separately from other components of the
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reaction is suitably in the range 1 to 70 bar,
preferably 1 to 35 bar, and nost preferably 1 to 15

wodis/143608 pressure of the carbonyl ati on react ipei/isS008/006340
suitably in the range 10 to 200 Bar, preferably 10 to

100 bar, nost preferably 15 o 50 Bar. The tenperature
of the carbonylation reaction is suitably in the range

00.to 3000 ferably in the ge, 150 to 2200
iquid KR rbcpa gt WVASFARY b NS G ST FOm PGP g feaction
compoBRR SvilIRRSVA GOnPthe FedcBIRAH "i‘x‘id#,f 8 REydidom c%HRHfled]-éQounts to maintain
2000C and a _total pressure of from about 20 to about

the reqggredh gpncengatioreofawitar insthe Jighidaaogion sompdsition. nPtdﬁ@ably, the

X JLhe solyent.for the. reac 0
concerl 154 5P Raff hath Gire af 15 AL ERiorbortebRioninet Bmee 01 0 16%
by weight, R\re peegérable, 1 t@l 14 By wegthiahost FRfBblyf OIOTRIYE bdRekight.
net hyl | odide. A mxture of methanol and reactive
s r@a@t}%sﬂ% sriypiraligrape fiese theasagternandafiashed nThierude vapor

produog %13%21? ?rr?gl; ﬁﬁe s GS St td Qiﬁ@tnﬁ %n s§ glil%l’ﬁ?{ ger}g?'aqfﬂ%nl?ldes at least

acetate are use eact an
a light sodecadémn Iaed aeiehydrefioraodvmn. mymodeystmtma/}euse only 2

thereqf will be c rted t ce present. as
purifichih Al o 8 HrFIerapDy PIHER 2} BERCE PO ncBs GG larpragﬁd States
Patent NRAGGSO784 b Be@eeld 4., 8titkdP T ERer@) CRAoNGHion Pabcess™, t
concentration in the li iquid reaction conmpdsition oF

disclosyeq %@whlabe&mp@rppmt%hctramlly refererive. range 0.5 to 70% by

\ggee rer1rn y é_uegegkifé@(}bg—;e&eg S% 0/ bﬁ d:%gyltaﬂpléflgﬁ &Bl%ﬁ the class utilized

in conriecﬁ@ﬁ/mbﬂl thebghRent iNngion MRnitd ihela®ch felctdt 121 d flashB€14, a light ends
qui d reactjon conposition, for exanple, t he

colum@ém dryingaridshydratien polnmpaS aserelhasiahassy en@mqlunn 29n Reactor 12
includ&4fi &‘&Cﬁ&]l fheBIRIHES thelbhk %c} {Eﬁ@?/et(px%t t]hlah&loa(iilﬂcc%goo% n%x1de A portion

car bonyl'ati on reactor toge Oof Separate
of the whttéon wodiponie pbstimfouslygirogjdeditor fahen bnvia binp QSIWhe@eﬂcrude product is

nashed Sien R igh BET B e AR 49 L CREoT B8t or and

'Wgagb%u.F) BGse lsBBlarh s Fy%[l:ta[l? WEfdd &ERHMAE %e&d)ofrtﬁh rx‘é&'t(ﬁ t{) ?event

uired concentration of water in the liquid react
buildug @E‘B@?D‘{iﬂ yrproduets snetbasymethhre, caror diaxadd h}fdrwwnemd to maintain a

set car?(ﬂ‘l Hl‘rbgér)])glgg B!irila{ gr%islél:g/eq%l d%é?rg Etal r?ﬁgfogrgg?s‘g?rgr g&tvnih}/ g)as illustrated
in Chire48®htenib ghlL 92 1108344 .Y, Qfsﬁroahb&"cbnbwék@%abbbr%ﬂl g8empldy8d which is
reaction liquidis t%plca drawmn fromthe reactor

locatedbgweerhidaerctonnad flastiaessapbh 1h# sk insKigaper £ Toen"eqnererter”
produck! Q%Qﬁrstﬂe%sc%ﬁﬁﬁ a@%gds cbﬁ%%l-lﬁgg%ta%g%lgagé %chdir}ﬁ sgrubbed with a

general Iy inc east
compatiblh)sdhfant toIregonien msmpﬁmntmmyh at methys yslidmandayiethgkeacerdte, The

t ed
ssco B % R S S0 e SR PLShES ceprtly

and are typically scrubbed with either acetic acid, methanol or mixtures of acetic acid and
methanol to prevent loss of low boiling components such as methyl iodide from the process. If
methanol is used as the vent scrub liquid solvent, the enriched methanol from the scrubbing
system is typically returned to the process by combining with the fresh methanol feeding the
carbonylation reactor - although it can also be returned into any of the streams that recycle back
to the reactor such as the flasher residue or light ends or dehydration column overhead streams.
If acetic acid is used as the vent scrub liquid solvent, the enriched acetic acid from the scrubbing

system is typically stripped of absorbed light ends and the resulting lean acetic acid is recycled
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Patent No. 6,657,078 to Scates et ai, entitled "Low

Ener gy Carbonyl ati on Process", the disclosure of which
wo 90d/13G6ugpor at ed herein by reference. Referri pgriek2008/006340

Figures 1 and 2, there is shown a carbonylation unit

10 of the class utilized in gonnection with the

present invention. Unit 10 includes a reactor 12, a

S 14, .a l4+ght ends columm 16, a [ or. L
back S by TR cBpiies Smba ot ke peetc acia
scrubbai}; soRame taf b tiried tkBe nidne pfoRadidiebyTBHind R ARMAntsBEL 8! different

is. fed thereto nethanol and carbon nonoxi de. portion

locatiogs inghedipg hetreastorrHashem ar pusibaatianeelsnys. (Ppianaly, the gaseous purge

V| ' . de ,product d .| .ashed
Streamgn s en\fe%téé d tf’%& gb %gen%%hgg?%mlwla&% R ilgw?ri Rt cﬂﬁ%\gglgt eﬁlgf column to
enhanoeahodiufrestabilify g@sealisy pay ge coib@edwit dthidtigagddu¥ pY®RELEEnts (such

fromthe head of the reactor to prevent buildup of
as the iydfieaen 59BN FER S BV A YRS} Pragrdo Serbbios: dihese wsiations are well
within3sdapE bPARHréR Mt Qe salil ai)?fecfé%dbﬁ’&n W@%@eq&d claims and
partial pressure at a given tot reactor pr.essure:
the descpptiomaihiich follewsl | ustrated i n Chinese Patent No. ZL92
8244. 4 so-call ed .".converter" reactor. can. be .
st e ARG 1 lr66® B e EhmehE i bichexisdae column via line
26, aref doadbns¢@ 95 & firsk4ondeblderSTOMY thén Hé@HIc® ida ddditer 30. The light phase
“converter" produces a vent stream conprising gaseous

from dgeaniesROris sefliped o eelumnylé aling 33.crhilsitbe heavytphase from decanter 30 is

B T L T X w—

ace
stripped uedn®s rédyol hiteridldatthe syfgn.converter can be conbi ned
or scrubbed separately and are ty icalliyscrubbed Wi th

e PHEFICG PEAGUEL Secmn AhisprEidsrvives #iBkeiorably bquidhedeseream from
columf@§b And R M;’]ﬁg Qbluhth %3}’1@1{%&7\&%t%§§ {%OJCQWI‘(QIQ 'tﬂe'cﬂhgtsie.lllyl purified

conponents such as ne romthe proces
produateiThemeafteri theubied pasduchs previtied trhdavy Eupdsi cblienh 2@ wia liid4¥2, while

enriched nmethanol fromthe scrubbi.ng_.system i
the ov g A AT RGP AT A4 1 L BROLECENE FERUTTA b oueepcled o the
reactoft V1€ 1ihe£34) 4aetPediR}t adc@Rhiciis k4)@n GREMORY Fréth HRAvY 8REL@Turin 20 via
al though it can also be returned into any of the

line 48 phelg hsavhweste isopeioredriedinedd he reactor such as the
fd:gﬁﬁgx;l (fr %f:tilﬁ:%ge%sa%cﬂﬂ %Equ @ggarg §2 i‘%ghqghd{g%%}é\geq%tlﬁglgl\%nﬂetcycled with

over aceti ¢ acl us
residusfronithé flgshed tethke\reqttor. t he enriched acetic acid from

the scrubbing systemis typically stripped of absorbed =
| %fﬁ{“%%reasﬁa"%ﬁ%lyrt@slﬁgt"f%theéﬁ‘alﬁ shewt p dighicgnd'sjcglumn defining in its

interiof £ A%&1860RShel6D Habﬁng?%?iﬁ{p?t@&i%h 6B a lgﬁgr gbﬁﬁh 63'MAd a central

conponents strippe enri ched acétic aci
portiors@6 pistyided it ¥ preductasiddsieaw 68 drome evhich punidiedwprotupt stoemesd0 is taken.
Couf o Y sisOFL L her 7D B R Vo SR S0 68 via
line 72 6bnt¥ASes thPVagpnahd Yetuinl ehed@naOhked REpEQs AR ERYallfrtion 66 of
vented through the flasher base liquid or |lower part

colump 6 ¥prcing Fhat agredrs abeveithe levsl from which the vapor was taken. The central,

upper and lower portions of the distillation zone and the liquid sidedraw have the relative
positions shown in Figure 2.

Column 16 of Figure 2 is connected as shown in Figure 1, that is, light ends column 16
is fed at lower portion 64 with hot vapor from flasher 14 via line 24. A purified stream 40 is fed
forward to column 18 for water removal and further purification. That is, the improvement of

the invention includes generally carbonylating methanol or its reactive derivatives in the



enhance rhodium stability and/or they may be conbi ned

W th ot her gaseous process vents (such as the
woRMbd/fs608t | on col umm over head recei ver vents) pRfitrods@06340

scrubbing. These variations are well within the scope

of the present invention as will be appreciated from

the appended clains and the descrlptlon whi ch fol |l ows.

presen%e ?‘%w%tg o Sc]a%5 Eeel%aeé) 9 ?)ﬁlterhgg ﬁﬁ#te}y ,ll}‘lﬂlélln‘i?%argglg§té and mixtures
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42 .. whi l.e the over head an cf .acetic ac
methy 134 300 Frep ] ¢4 G H0R e e ogrep Gy bareed 45 purified produc
10 streamRAHgQ loWeR cdricdBSativn ofddethiriodide tandiﬁﬁtﬂ}@ 28&htd thah the Kﬁﬁle product
over head from heavy ends colunmm 20 via'line 48, whi
streamp E4ifying sheccride progustatiesinan polngnskd, m@j@ﬂ@mﬁn) agdensing overhead

oo BERASEERE I ML BB SBIB AL o aih o

condertser 28] €ii) eaohing.at F&fst&d p(bmgn obtte cﬁ)ﬁﬁcﬂiséd 69drhyadv@pbt gliguid reflux to
ends  col um defini ng |n its

h
the disfHEG me.ot Ak Pags GRBBE 5 Fagnh Grixpondspere vapor from the
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to dehy i3St lu B B RN e G ol et st b i o
VEPAti S thebstéls of Mzur@ NARASEHuMaRION tIREn @m'pirﬁ:‘dl &brhSuter model to
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illustragwe effepts of agiag afsidsraondensar tpm; asﬁmgshm it Bigune 2.TBperation of the
20 appara{;ug%éﬁﬁr%t plﬂﬁ&%]ﬁlog?zgg (IQX% aﬁ‘%\} osﬁr%uf ecf zﬂe td Irst Islrlgliuc%on rate without a

I qul ave

side copdenset @RigushDwnniodifidd) et With £8ide Wﬁndeﬁls@f (Fidgé 29 aPtheSame
connectig ?s shown in Figure 1, that js, |ight ends
productig g3 b cngs gpl el Ives aedycec vaRor thrapeput when

operatcfd’@ffhftﬁeas?@eeéoﬁh%néé'r.a line 24. A purified stream40 is
fed
Reduced vapor throughput, Ok, is defined as:

25
Or =0y \ ’L
(PL ~ Py )
where:
Ov = Volumetric flow rate of vapor to the stage;
PL = Mass density of liquid from the stage; and

30 Pv = Mass density of vapor to the stage.



forward to columm 18 for water renoval and further

purification. That is, the inprovenent of the
wol200523dg@n | ncl udes general | y carbonyl ati ng mpichanrehos@ie340

its reactive derivatives in thepresence of water, a

catal yst selected fromrhodi gmcatal ysts, iridium

catalysts and m xtures thereof, and a nethyl iodide
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vapor to the stage;

above the sidedraw was reduced significantly, adding additional capacity, while product purity

was substantially identical.

The method and apparatus of the invention may be employed over a range of operating

conditions. For example, when the purified product stream is drawn from the light ends column

at a mass flow rate, R, vapor from the central portion of the light ends column may be

condensed at a rate of from about 0.05R to about 0.5R. Condensation rates in the second

condenser of at least about 0.1R, 0.2R and 0.3R are preferred in many cases. The light ends

column has a relative reduced vapor throughput, Qg, of from about 0.75 times to about 0.95

times that of a substantially identical column operated under substantially identical conditions



pi = Mass density of liquid fromthe stage; and p v =

Mass density of vapor to the stage. Rel ative val ues
woldobg14ugdsi 0 of sinul ated values / sinul ated vValc4as2008/006340

wi t hout a side condenser for the sanme apparatus wth

substantially the sane feed H{der substantial ly

i dentical conditions) of the LE col umm product

i_dest ream,mass w I at nd mass flow rate of a
withof i S8 RRERES Broffinb Bt s ERBGolirahhih €1egivg Briend vapor
throughpit, ©z lofak&nBahBdut 03 tﬁﬂéﬁh@ldoﬂéaéuﬁﬁﬁnt’?d‘llytlb&tﬁﬁf &Mﬁmn operated
i odi de and nethyl acetate content in thé purifi
under ghstagtially ideatieal sendigpns wish o lsecond senddnsey. r Bhe sr:coﬁd condenser may be
o sid Lt SRR 3o EBREFLRALE 2L Sheond condenser s
internaCoortierligho m@fcomlmefaﬁl el’ﬂ@o‘d(rhéht athe vH}SGr%HHen‘éb@i 8y the

(ngnser een in Tab 1 that at a giv

seconqcqRdERer rwatﬂée diewillatopaane eaﬂva\w ettqﬁrceu@wp@rta legyt just above the
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ditional capacity duct puri
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he jinventio a ran
sccond (L LR B SBIRITTE B (e S G s G frther
punﬁcaﬁ@ﬂupdehﬁﬁfaﬁ@mcbﬁlng{mﬂ fromthe I i ght ends colum at
a mass flowrate, R vapor fromthe central portion of
t Gendralih thepirified nirodust AEganh bammd@ma@anaof methyt wdofe and methyl
acetatJ {]u%'g@gg@%w dldgl’(l)tg %Etnostglo&b a?urffse@ ro alg:o 5tlrr]esagrt1 Iir%%nr (t)rgsﬁ sgﬁgantlally
identidal Bghtands pelemarwieitbut B secny coAd@ser opdtatdd @itfer SWttantially identical

col u has a relatlve reduced vapor throughput, OR of

condityong suchyi§at produat apalifgds pgseBehit 0. 95 tines that of a
Wﬁh@&ﬁloﬁl ¥bé &ﬁ@éd i1k ﬂ%& Ws?xra% W88 ection with numerous
subst ant i a entical con | t1onsw t hout a second

embod@mnnienéfé]dlﬁﬁtleﬁetoadyeylﬁctehﬁ)okhrgéms wntim thekpinhaltbscope of the present

e S R LR 5 e i
spirit #%@sHEFE GIRRE BfeScht WktRios WhSIHAR kdbitN il 8Abb&Rled claims.

conditions with a second condenser. The Second
condenser may be a side condenser external to the

i ght ends columm shown in Figure 2 or the second
condenser is internal to the Iight ends colum. In a
preferred enbodi nent, the vapor condensed by the
second condenser is fromthe distillation zone of the
light ends colum at a |level just above the |evel of
t he product sidedraw and the vapor condensed by the
second condenser is returned to the distillation zone
of the Iight ends colum as liquid. Alternatively,
vapor condensed by the second condenser is conbi ned
with the purified product streamand fed forward for
further purification to dehydration colum 18.



General ly, the purified product stream has
concentrations of nethyl iodide and nethyl acetate
woSMbsisasusi al |y identical to those of a purifi edrareisdbesso
streamdrawn froma substantially identical Iight ends
col um -wi t hout a second condgnser operated under
substantially identical conditions such that product
VA eserved. The invention has been descri bed

WHA “illustrated in connection W th nunerous

epbodi nent s. di fications to specific enbodinents
t hi nAtOF}Q’%%,\a/E‘PP PIGESSI0B B@deiﬁmgf@éetpfr%gmmpwa&t i on
will be readily apparent to those of skill in the art.

(@)  satonyiang meshaneher iy waghverflerivatieesdp e presgnge o oyseerod catalyst

sl REASAD DAL LA R G8l ek g et v
promotar oe &8s droacefic acidaeavtioamekiuge acd tactontpri si ng: (a)
carbonyl ati ng nethanol or its reactive derivatives in

(b) tsbparprigsRGacah of@fieticeti@adiat@cish nfiucingsa fig@drecycle stream and a
rhodi um catal ysts, iridiumcatal i'/iSt s and m xtures

ys. riai
crude predpetstreary dpcliding aesfic acuhimeshyl detige. arethy) acefiatp and water;
acetic acid reaction mxture in a reactor; (b)
(©  dJegshirgthersgudehrodugt stipanafio a Hghteands icelupm lhvingsacdis@ltation zone

. ' ' I QUi ecycle stream.and a crude
bl 0o o AL 6 S AR Ry i grosc
sidedravet hyl acetate and water; (c) feeding the crude

product streamto a |ight ends colum having a

(d)  Pusityihk id @G prdGuétElehidiin theadist RIBBH zBAS bf BB 1ight dR¥Rblumn to
portion and a central portion provided with a product

remove mgdi aedidg end mathyl geotase erdeenerriea profed produstesiierinnthe purified

i sti:l ] at : lLaht  end | t
prodct B R 210 0% 08 Bl b PR ERRTT s g e crce
producpstrédn emhdprlngeiatthsitee afipurifimgnhie thiie gratuoditehmSintRae (i)

having a | ower concentration of nethyl iodide and
condenging oNerhgadivaper frem the wepes paionsf dhadistillatioazepe ghthe light ends

columﬂ‘ﬂﬁ? Ritfntpeat 3 £Pa BhrtidH o e Jb@d&%@d %5%@2;(?%%3? %ge liﬁ%g Z?ﬁﬁx to the

~_includes (1) condensing overhead vapor
distillapion zowholbthe figbt etidstcolunat, iand (izip pendshsinpeapdirdhim eredntral portion of

. ¢l um i), returning.at | east a portion of the

the dlsglgﬁtéoéhéoélg 0539&%@3&“%%0&?“‘35‘1 %Isqui d reflux to the
di stillatign zone of the_light ends colum, and (iii)

©  dsRtinae e T Het P GomaNE Fap gyl Bl spscoturin.
distillation zone of the |ight ends colum; and (e)
dr-awi nfhapisaessEeerIdingde ddainst. feabsricoppris g fesdiegitswusified

dudt Bedrh oHwaEHR rG2ht Plrifi€atiol) adRiREESA gyng to

P arm 1, Fur ?ﬁer co Fllﬁs? hog ’?neeéﬁ tﬁg?egﬁé‘%? i ed

3. The method according to Claim 1, wherein the purified product stream is drawn
from the light ends column at a mass flow rate, R, and vapor from the central portion of the light
ends column is condensed at a rate of from about 0.05R to about 0.5R.

4. The method according to Claim 1, wherein the purified product stream is drawn
from the light ends column at a mass flow rate, R, and vapor from the central portion of the light
ends column is condensed at a rate of at least 0.1R.

5. The method according to Claim 1, wherein the purified product stream is drawn

from the light ends column at a mass flow rate, R, and vapor from the central portion of the light

ends column is condensed at a rate of at least 0.2R.



product streamforward for further purification,
i ncl uding water renoval. 3. The nethod according to

woQbéd/1udes Wherein the purified product streampicg &pamsdoss4o
fromthe light ends colum at a nmass flow rate, R and

vapor fromthe central porti of the Iight ends
colum is condensed at a rate of from about 0.05R to
out

.5R. . 4. The nethod .according to CJlaim1l i
o e D RE AFTTLTE SRy oA P P9t sieran is drawn
from thd 98t eB8IE01GRhWIR nftlss AoWBER, Rl AW YapbLfrof th8 BehtMARBFtion of the light
fromthe central portion of the |ight ends colum is

ends celymadp serfensedmatiaga offat st 3t 0.1 R 5. The net hod

cor dy LML rein the.purified product .
SR Bl M T MR B i e 0
light efidsaylurad &s a Rot wupdr ¥eolowdrgariidietheept.r al portion of
the light ends colum is condensed at a rate of at
1Bast B .corRopylatipp Pracesilar BrodseiaR ageticorcr) eamprisinginer e n
) . 5 . r
® SR RPRERYEl RGENTL SR ATELCof L, oy
selectakbitomahogiont ¢apalyss$, itithen! caylyste abmbahitesthdrsofcantensdyl iodide
at arate of at least.0.3R 7. The nmethod according to
promaigrip form a'i}vﬁ‘éer“éiaﬁlcfrﬁ@cqﬂndagmﬁfg6‘666?“@& eamis fed to
(b)  IsBfarhtiitihe 86lam 6P tHEM RS add RAUCL¥RRPK AL infd E1if @WRECycle stream and a
portion thereof. 8. A carbonylation process for
crude pragaicitregmaiseluidingaeseiic axddpnétbyngdide anetbal dnstapd and water;

- I It ive derivatives in the presence
© TR e o Pal 3t Fo t Pty o N P madel R LSFTRES zone
including &fi wpee pd@ioyisd Fovadd Portiont dndescehtigl fion pidtided REEY product
i odi de pronoter to forman acetic acid reaction

sidedrgwvit ure in a reactor; (b) separating the stream of the

© 3B BRSBTS IR SR P AL AL coom
removacnethylmedidy land oditlde aceretetantl ganera@taguaifidd paddeict stéean, the purified
f eedi t he crude product streamto a |ight ends
product gt AR iE fgoetie Steepyiande! Y ipHr gt Mg aggsple than the crude
produQkreh@Nan@whEreBY the Slehio® Buﬁ%‘i’ndgath@ RAldeaIroMRE bir&h includes (i)
provided with a product sidedraw, (d) purifying the

condepyingl evegrheaflieapos froauthe uppertporigosef the distibationozrme off thehléght ends
[ I . v hyl i odi and, nethyl
cotunly 8 SR 2aBNEC 3 RY Fy 1B Mol 6 PO Ervad vapor

as liquidiedffuxed the didtiltitiont Zoaa oY thaMighgeddsl oWefin, @80 ¢&f) tbaddneihg vapor from
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of . .
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() ChHFRgRREMRH ppdd RPN dNEHYAGRe Cilidraw of the light ends column.

9. The method according to Claim 8, wherein the light ends column has a relative
reduced vapor throughput, Og, of from about 0.75 times to about 0.95 times that of a
substantially identical column operated under substantially identical conditions without a second
condenser.

10.  The method according to Claim 8, wherein the light ends column has a relative
reduced vapor throughput, Og, of less than about 0.9 times that of a substantially identical
column operated under substantially identical conditions without a second condenser.

11. The method according to Claim 8, wherein said second condenser is a side

condenser external to the light ends column.



condensi ng overhead vapor fromthe upper portion of

the distillation zone of the |ight ends columm with a
wofhbgtuusendenser, (ii) returning at |east a pectj@Aoifoossso

t he condensed overhead vapor as liquid reflux to the
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. f om. t Q. 7 ' 0 about 0,95 tines tha
conderft s Hom U AARIon o2 o g iEnt S S8 et FReg B8level of the
producswidsdiant i al [y identical conditions wi thout a second
condenser. 10. The nethod according to C aim8,
wir ei hhe method gaeordingdo dpiph$ Wheseln vereraondensed By dhegsecond
I s ot ¢ S
condenBPRre RS Rt lfop ont, B e AP AR Ahnthy L I
ulder Themttiotiaa¢drgingdefilaions, vdenah tvapsrssondémsediby she second

condegE RN SRS R i s alE) AP 250 Rt LB e,
epg. er Mhe fBthbB@ctdraing 6 TISntS | WiEReid Zhe I ARIH@L L stream has
according to Caim8, wherein the second condenser Is

concerjtigtiophef methyl todideiaghimethdgicelotesvhstani@lly identieal fogtiose of a purified

i t aj -Wher.ein r.condensed by the
L AR T O R

condedsegbperaiod and@lsubRaraially ill@viehl cpaitwnshe | evel of the
product sidedraw. 14. The nethod according to C aim8,

wher ei A GRPRIRUE S duRdUsAngJcetip 8Cidesith APRAGH UL PRIBPTISIRE;

r t st i QN .of the. | | e
@ IR R Ryt Bl B R s B ngitnge of water
a catalydieelectad Vimporhodoml eatglystspiyidiune cstelystsdind andemaaheresf, and a methyl
. .. conmbined wwth the.purified product. streamand fed
todide BEIRPEOr G AL Hit i TUL P 18§ Feai ot hod
(b) ag ANt AgpakAustRipRBo tHORLEBI0R ahdSddpd b ir&ivr PGHGI of the reaction

. stream has concentrations of nethyl iodide and nethyl '
mixturg gad seraraie Hgnr(vialiqud regeeleistaims and: (lip g erusie paodust sti¢apdcontaining
aCetic?({ig_oluct stream drawn froma substantially identical
I ght ends colum w thout a second condenser operated

(c) umtghit endbsslamini cdupleditel et flaaBér, GARMI it tOMTRzurdd’to sBParate low boiling

apparatus for producing acetic acid, said apparatus )
compogg% from %ﬁ;ﬁrst product stream, and generate a purified product stream, the light ends

column having a distillation zone with an upper portion, a lower portion and a central portion,

the central portion of the distillation zone having a product sidedraw;

(d) a first condenser for condensing overhead vapor from the upper portion of the distillation
zone of the light ends column and communicating therewith, the first condenser being further
adapted for returning at least a portion of the condensed overhead vapor as liquid reflux to the
distillation zone of the light ends column;

(e) a second condenser adapted for condensing vapor from the central portion of the
distillation zone of the light ends column and communicating therewith; and

® a dehydrating column coupled to the light ends column for receiving and further

purifying the purified product stream.



(a) a reactor for carbonyl ating nethanol or its

reactive derivatives in the presence of water, a
woSRbsaMGds sel ected from rhodi um catal ysts, i ripdirkif82008/006340

catal ysts and m xtures thereof, and a nethyl iodide

promoter to forman acetic agjd reaction mixture in a

reactor; (b) a flasher apparatus coupled to the

reactor, and adapted to regeive_a stream of the . )

B e Anerti ek S oo Gl 17 VHHER T0F jecqne pepiegser is a side
conders@F ¥k fiabior tﬁé‘ﬂ?htadh@s Coiulnp? crude product stream

contai ning acetic acid; (cz_a | ight ends col um '

cBlpl etihe apparsus acgerdeng tofhlagh 17 swheraini the sesgnd gondenser is internal to

. separate | ow boiling conponents fromthe first product
thehg@&%@%ﬁ?ﬁgﬁﬁ generate a purified product stream the

2@t endlsppaedtigatcbaNhd@ @lathh 98] WhétinQhe 26a8d bbiidendét has an inlet
upper portion, | ower portion and a central portion,

a

at a leygh aboverthe dgvehel the prpdyet Sddrasti | | ati on zone having a
product sidedraw, (d) a first condenser for condensing
over head vapor fromthe upper portion of the
distillation zone of the |ight ends col unm and
conmuni cating therewith, the first condenser being
further adapted for returning at |east a portion of
t he condensed overhead vapor as liquid reflux to the
distillation zone of the light ends columm; (e) a
second condenser adapted for condensing vapor fromthe
central portion of the distillation zone of the |ight
ends colum and communi cating therewith; and (f) a
dehydrating col unm coupled to the |light ends col um
for receiving and further purifying the purified
product stream 18. The apparatus according to Caim
17, wherein the second condenser is a side condenser
external to the light ends colum. 19. The apparatus
according to Claim17, wherein the second condenser is
internal to the light ends colum. 20. The apparatus
according to Claim 18, wherein the second condenser
has an inlet at a | evel above the |evel of the product
si dedr aw.



