METHOD AND APPARATUS FOR MAKI NG ACETI C ACI D W TH | MPROVED

PRODUCTI VI I¥ 2‘6’@%@ gal Field 5The present invention relngﬁ%ﬂ % |y
to an apparatus ang nmet hod for producing acetic acid wherein proc?uct
is recovered fromthe residue of a Iight ends colum and fed forward
in order to increase system productivity. Background Art

10Car bonyl ati on processes are well known in the art. O particul ar
commercial significance are processes for the carbonyl ation of

met hanol to make MEPHOS AGDMPPKR RTOSSIEMARING ACEBChooN dhirAn of
met hyl acetate to nmake aceti c_anhydri de. Honbgeneous
Catal yst Wth O ganonetal | i c GMBROMIA PROD d¥ alL, Ed. (Bench
Edition) (Wlie, Winheim Federal 15 Republic of Germany 2000),
Chapter 2, Parts 2.1.2 and follow ng, pp. 104-137. See, also, United
St at es Pat entTeshnicll Foéld, 413 to Thi ebaut . To make acetic acid,
one net hod of choige invol.ves .carhon Iati&a@g met hanol in.a ho geneous

reacti on medi um AICRHBYEILAR Felatet generally © an appaFRtus and mstho

General |y, thgomRapdcefic 4584 WHBtein baiie & reiveted Fom BE&NiducdFalight aci d,
di ssol ved carbon nonoxi de (CO, nethanol, methyl acetate (MAC),

hydti odi ¢ aciehds selpmnapd fd forvead incordertodpareass aystam predugiivitypr e
pronoters and/or stabilizers. Methanol and carbon nonoxide are fed to
a reactor as feedstocks. A portion of the reaction nmediumis

cont i nuous! y Backpmonadwrtand provided to a flasher where 25 product is

fl ashed aoff and sent, (as .vapor) to a rification tpain.. The
purificatiton trai ﬁ?qrhéqyﬁa&lgg péoc%’?samreé%yslm%ﬁnd AR @ﬁpﬂlﬁ]ﬂ)‘@%s "1ight"
or | ow boi | i n@ntesrEianGsiificinse o pidressds fordhPedvingRsion opmethdad] t& aRam
for further purifi Ccﬁti on. A p%rti cul Erl preferred carbonyl ation
process is ‘t ASEHtadhangpreesssesden the cahenigtionet methy) acqiyatq HaksAcete et

al. In th! S S&hﬁﬁde@%ﬁeé 9}91ié’@ﬂ@rh§ge%&?s€t§£alyﬁ'Wﬁﬁ G)%h%mﬁﬁﬁf&, as 30 ]
nmet hanol is reactted with carbon nobnoxide in a liquid reacti on nedi um

A gqulta re
cont ai ni ng a Geropiiunds, Caraisel ol sEd EBenchdiditgr) KWake. Weinbeins Federal
especi al I lighi L PELE i hQdi gqﬂg t il
acgt ate i1>r$ sp%%hptl?gc)ipgé opo?? WSCH%{}Y%TE |iri|1°|t2 ggé(l:goglgen gF i i(’)b}r%'lo?)fl

wat er in the Seeadid dniteed SiatemPateneNprqiis413ite Thledamtar boxyl i ¢ aci d
i nstead of, for exanple, the anhydride. The reaction system of the
' 068 patent not only provides an acid product of unusually | ow water

content at unexpectefhbe acetic acid, one method of choice involves carbonylating

£
=

methanol in a homogeneous reaction medium wherein rhodium is utilized as a

20  catalyst. Generally, the reaction medium includes catalyst, water, acetic acid,
dissolved carbon monoxide (CO), methanol, methyl acetate (MeAc), hydriodic
acid (HI), methyl iodide and optionally one or more promoters and/or stabilizers.
Methanol and carbon monoxide are fed to a reactor as feedstocks. A portion of
the reaction medium is continuously withdrawn and provided to a flasher where

25  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

30  methanol is reacted with carbon monoxide in a liquid reaction medium containing

a rhodium catalyst stabilized with an iodide salt, especially lithium iodide aiong



5favorabl e rates, but al so exhibits unexpectedly high catalyst
stability. i the catalyst is reshstant to catal

preci pi tat‘iv§%a@{?#§58¥ the reaction nmedi um Anot her rre{%sgtc)f)s'glnmﬁ
choi ce for carbonyl ating net hanol involves utilizing a honogeneous
iridiumcatalyst in the reactor. There is disclosed, for exanple, in
10 United States Patent No. 5,883,295, to Sunley a aL a process for
the production of acetic acid conprising carbonylating with carbon
monoxi de et hanohe@Ptiofide nd BRI ¥@tAEH Sp8dii¥Eplopstiesy. - With althifte
substantial absence of a nmetal pronoter and/or ionic iodide =
co- pronot er iqeneengatidrovfywater ip ther rgagtionmesdamm.ghnpreduc i the aarboxdigecidon
conposition w } g!H .at i cak: Yhzal Od]
co-cat al yst, 13%@\,\%1,‘[% g’rt‘,oF gce q%fqgé(’:ig%%ljé%d ﬁr{e;trﬁy lglg)é)zs:teé? gﬁiri/\lﬁ:eééesi p(r%g%nlgg?te
i S mai nt ai necniyprobidesd aradidiprodac tof amsaaliylosd waterconfea) atwmtepectilya
concentration of |less than 5% by.weight: (b).nethyl iaqodjde_in a
concent ralsi orferab]e Elgse “ttaﬂﬁ?r?"%}@ HQ&RE# ﬁ“gﬁagﬁés Stfc’)mi‘?'héllhat is, the
car bonyl at i onaf.8AE1Qésistart & Sdtalpit PSR ohtQF thelrBadtioRthe@iim. See,
also, United States Patent No. 5,877,348 to Ditzel et aL and United
States Patent No. 5,887,347 also 20 to Ditzel a aL A frequent
production |imtaty I : J ﬁﬁfgirﬁah | 3R e :acl d
unit is the |ight %’%@E&@‘Sﬁgnm%'%%ﬁ%‘?&geu C ac;|EH ca?@gﬁ%lgzt"?%%
unit i s oper dtoawgencohs iridatm patalyston thesreahterwithdére ondisdhesed,i fghexasplis in

ecyol ed 105 UEASHRTAATAG. 588208 Pl il aiHen BLle srfichafof <
scrubbed out Rétid el soapRisideeathonglatiiwith ¢hrbos AdRoLide thgthandlnd/or a

conventional system .the |ight ends yesidue is cqoled and then
recycled to tAtBadEGvEthereg i thegibstantial ahssn‘:&ﬂ%ﬁ@aet%mn%r or

reactor by thgnic fddideVdlprbRGWKs ifa BitHatibh feRER ehitaifile® lidhid fhétion
residue streamthus represents a 30 recycle of acid that adds

hydraul i ¢ | osempesitierewith gh iridinasagenylavon caglystangthyriodide emeatelistThe
present ijRvent| ' . [ J: : ' : mto
Ceparate 3 port ol St S ch Rl oDl WhetcflHere SRR AW TSR]
reduce the ameactibn odmpasitibrt Ha)t watsr atecyndepttatian afHesstieadi® by weight;dh) A

unit is pref enrleatﬁ))lfﬁ

odide in a concentration of greater than 12% by weight; and (c) in the
carbonylation reactor a total pressure of less than 50 bar. See, also, United States
Patent No. 5,877,348 to Ditzel et al. and United States Patent No. 5,887,347 also
20  to Ditzel et al.

A frequent production limitation in the purification section of an acetic
acid unit is the light ends column. A typical acetic acid carbonylation unit is
operated such that product is drawn from the light ends column as a sidestream

25  and the light ends column liquid residue is recycled to the reactor. The residue
also contains Rh and Li that is scrubbed out of the vapor feed to the light ends
column. In a conventional system, the light ends residue is cooled and then
recycled to the base of a flasher where it is pumped back to the reactor by the
catalyst recycle pumps. The acetic acid in this residue stream thus represents a

30 recycle of acid that adds hydraulic load to the light ends column.



5 operated such that the colum residue flowis mainly acetic acid

with small ts of Mel, MeAc, and water. This treat n

done in se‘(‘/@?ﬁ#ﬂ’\ﬂg’gg First, the light e3‘r31ds col um resir}fﬁé”%@%’”g 76
flashed into a vessel maintained under vacuum Sinul ati ons show t hat
flashing the residue streamto a pressure of 5 psia would allow
recovery of -50%of the acid present in the residue stream and the
10 resulting tenperature of the flash vessel may be, for exanple,
about 185 F. &,1a& fIRGhGERt age of the acetic acid is renoved from
t he resi due sTream by ing at an even | ower vacuum The vapor
stream from t he vaEhaprefehtiohentionsmioles theatingahe bgltenderdsidnelstfeach tho t he

dryi ng or dehydration gol al oang it h the ljght ends,cqlu

si destr eam oréé%r rae%°§§‘81 %ﬂ%act?ﬁﬁ%?@&’g} Ehf ﬁ%s@dglsﬁef?fﬂq{f “T&H‘f he
vacuum) and fgoundof &t8d thayisReryclel tdthe aéactoh§steva POfnit is preferablyanot her
enbodi ment, the light ends colum residue streamis processed_in a

smal | di st¥ | | e wish dih tgerrmsepidnetien iymanly asmtc eidpihemeld (Mel
MeAc, and watghdun@VSNIEaf e ACid Wited m&ﬂhéﬁfcﬁ%é &@eqﬂeeéepalm

reaction system and 20 recovers acétic acid as a sidestream prg%luct.
The si dest r edrirshrtheilight ends edhamn msidue patbeflashed into alvgsisel gnainthinediunder

residue as s iflcatian. ar t 1§ sufficient urified. .~
G nerw so. t nEctihe Sim S 36y BPHISlng he BUE SUED) 0% B8R S 5ine
advant ages ofwadilé aliow sexovery nf efd% i tieraeidypeseacinahetsidie stefagy, emtiet O
Figure 1 ichis a %a hi ca{thr present at i how ng t

n e fraction of
aci d r ecoVer d8SH e MpETafyrg pf the Y& Hl%ggtéé & 2Ponsdée oénA

col um | oadi Ngrget Perbdniipe®f ihel decticackPRRerhb@l K thelrBadueAB¥anthyt he acid
in the residue streamof the |ight ends colum can be recovered by

si nply fl ashiQP§rating akan @smiewss vaeim.| Thnvaperndrsamdrons therachiyel flashl i ¢
| oad | bst.ant.i ' ' E
oad is substagld b1y bé @(%J%&Stﬁ%d%d Feddb YR/ el Gyaéﬂyapatffogkam a&t!d%g{blglplow

features and nt ages e present iInveRtion- are discusse .
Bri ef Descri ph¢ bghtehdDrchwin gidestETmericompresied by iacodpsessori{estdito pobeidai |

bel ow Wity r ren | ] owi n raw wherein |ike nunerals
desi gnat ellgsi ﬁ‘l{l$§?cupal)%1§d %ﬁg" \{A}%edrrglfl%:c&f'—l?’&??grﬁ?ﬁagoﬁ graph show ng the
effect of using a flash vessel on the |ight ends residue stream
on acid recovery gnd hydrauylic | oadi of the light ends 10 col unm;
Figure 2 is a sch«jﬂ'&f“?%‘_"r(ﬁnﬁﬁfi%‘?“éﬁgﬁﬁ%ﬁ °nds o %ﬂi’é‘e SFeahis PrOFFERE i on
wherein a fl ggh skRA ehillbforPéadihsl GHicBRep el 1S g oRifoRGR QeldMeiaght
ends columm of an acetic acid unit;

and water) overhead, returns a concentrated residue to the reaction system, and

20  recovers acetic acid as a sidestream product. The sidestream product is then
combined with the drying column residue as specification grade product if

sufficiently purified. Otherwise, the sidestream product is fed to the drying

column.

25 The advantages of the present invention are appreciated by reference to
Figure 1 which is a graphical representation showing the fraction of acid
recovered from the light ends residue stream and impact on column loading. In
Figure 1 it is seen that more than 40% of the acid in the residue stream of the light
ends column ¢an be recovered by simply flashing the stream and that light ends

30  column hydraulic load is substantjally reduced at a given production rate.



15 Figure 3 is a schematic diagram show ng an apparatus of the
i nvention whereined,distillation columg s provided on ﬂ(gl‘?%ﬁtﬁimqu%
streamof a I'1ght ends colum of an acetic acid unit; an Igure 4
is a schematic diagramof a stripper-type distillation colum which
may be used on the residue streamof a |light ends colum of an acetic
acid unit in accordance with the invention. Description of the
Preferred Enbodi nents 25The invention is described in detail bel ow

with reference to muiNer REGir3HRQdivERRSs bfahe ?ﬂé§d?1@ﬁﬂ§nt&fn are discussed
|

exenplification and illustration only. Mdifications to particul ar
enbodi nents wWedW.n the spirit and scope of the present invention, set
forth in the appended clains, will be readily apparent to those of
skill in the art. Unl ess nore specifically defined bel ow,

t er mi nol ogy Briefdedciiwioniof Drgwipgyen its ordi nary neaning. % ppb and
like ter refer tQ weight percent, .parts. per bjlljon b i.ght .and
so fort hTTBSunI ess Jﬁﬁé—?\’,ﬁ%&‘gn Mﬁ“‘%ﬂ%ﬂéd’? 3%"@"5?\"|"f‘@’[ﬁe%ﬁe“8%¥%'ﬁ'§'fg@%n$i ke
termnol ogy r&h®ings Whedil lile Raierals deitiaR BanilarWaite ndraRgtinzes | i quid

(or at least a portion thereof), at least in part, through
application of heat to the |iquid. "Distilling" and |ike

term nol ogy refer sy t-Ieg@%th i kb4 J f e
using a distillat islg%ﬁ)?o Iar?n. " Fspgngdegﬁth %gfggscﬁ)ﬁ angdé)??saevetgsglrlﬁli {rlllgllﬁggty

refers to a veadsessidue siptapdon acid zgsovéry and hydraulic leadingefghe lightgads |

t hr ough awredc tion in pressure as opposed to application of heat.

Equi pnment "whi porizes at least a portion of a liquid 15 through
bot h application of heat and reduction in pressure is considered a
distillation col ur}p f or, present "Fl ash",. "f] ashj ng"

and so forth ref erE¥is Ai3acFhcratls G4aRIM Shas BURRARTN Ifhetnaeions.

wherein a flash vessel is provided on the residue stream of a light ends column of
an acetic acid unit;
15
Figure 3 is a schematic diagram showing an apparatus of the invention
wherein a distillation column is provided on the residue stream of a light ends

column of an acetic acid unit; and

20 Figure 4 is a schematic diagram of a stripper-type distillation column
which may be used on the residue stream of a light ends column of an acetic acid

unit in accordance with the invention.

Description of the Preferred Embodiments
25 The invention is described in detail below with reference to numerous

embodiments for purposes of exemplification and illustration only. Modifications
to particular embodiments within the spirit and scope of the present invention, set

forth in the appended claims, will be readily apparent to those of skill in the art.



20 A "stripper"” or "stripper colum” or like terninol ogy refers
to a vess%o%sg%qssrggcei ves a liquid strgamat or near tll},er/ltjé}f?os%f11otrpe
vessel from'a separate piece of equi pnent as opposed to a col unn

whi ch refluxes its own condensed distillate. 25 The Goup VIII
catal yst may be a rhodium and/or iridiumcatalyst. The rhodi um net al
catal yst may be added in any suitable formsuch that rhodiumis in
the catal yst solution as an equilibriummxture including [Rn(CO 212r
anion as is well kpQee rhére shRifally dbtbddR1Ha drmifsdyoRtdhdfBih i @i ned
in the reaction mxtures 30 of the processes described herein may be
in the form ofiven koerdinaey meanings % ppbend dike temes siferdp vegight pengenteparish
metal or a quat I I sal:: n certain
embodi ment s, PHOILGH by FERRLT: Toech IRRRY ORL R Bbad G T LR Ui
acetate, or mxtures thereof. The salt co-pronoter nmay be added as a
non-iodi de salt that. wl.l nerate an iodide salt. The.lodide

catal yst stabili ;e&)‘ “B’ég‘:ﬁH’PPo t§RInRkoeY Tefers &0 mrag%t! on
system Al t er Qatpnyedk WhichRapdrds f§uid b at 16aYt DOrEGRERL at Béadt iHigak,
since under the operating conditions of the reaction system a w de
range of non-ﬂmegep@wﬁtwrp@fé@atrtgéh%hwqi-l react with methyl iodide to
generate the correspondi ng co-pronoter iodide salt stabilizer. For
additional detail regarding rhodiumcatalysis and iodide salt

gener ati on, see UiiDigdli®t =nddikPadrmmadoty, 10fets 1259leass psrtial puréicatibn of a
5,026,908 o Sm.th.et ao.and 144,068, also to Smth etal., the 10
di scl osurlé)ts olfql\,éﬁ‘%’?'ﬁ%laéﬁ%%\pgﬁf}gmcmrporat ed by reference.

Simlarly, an iridiumcatalyst in the liquid carbonylation reaction
conposition may conprjse any iridi umcontaining conpoun ichis
sol ubl e in the Iiqlragneregssel grdd lequw%wiar‘ieéﬁeti?ﬁdae%é? yst may

be added to t{igolibelituid, hPlehRAE parD TGRS fldbbih ih Preshibgaiipaaibat i on
reaction in any suitabl'e formwhich dissolves in‘the liquid reaction

conposi ti on oapplicationed beati Bpeipmentawhieh uanosizesat iastaparioreef aliquidii t abl e
iridium t ak D : ' - - b QL

react i on o ep bSAHRRHANEn UPhel kaRftiaf B shly b iipddi €
[1r(Q0)201] 2, diftilia¢ic y@BmnZor gréseaOMr@ds@f.- 11, [1r (C0) 2Br 2} t 1+,

[1r(C0) 2101+, [Ir(CH3)I3(CO21-11+, 20l1t4(CQ0)12, IrCl1l3.3H20,

I rBr3.3H20, Ir4(C0)12, iridiumnetal, 1r203, Ir(acac)(Q0)2,

I r(acac) 3, iridi umragkt atfiashilgtrad@ 6o Amitefd2Oh3hpb&fiing li@iid by reduction in
hexachloroiridic acid [H2IrCl6]. Chloride-free conplexes of iridium
such as acet d'&¥"Coxal at es, and acetoacetates are usually enpl oyed as
starting gpaterials. The iridiumcatalyst concentration in the liquid
reaction conposition may be in the range of 100 to 25 6000 ppm The
carbonyl ati on of rief'stprsr” ot istrippeneplimngplikedemainglogy fefersital 4 vessrbwn

and is gener : i ] f 1 i ts:
5, 942, 460; 56\&‘5}‘ %g‘%%g) @‘gﬂa g‘é‘tfg?%“’g %‘k?&%ggpg?%%ﬁgﬁéﬁ% %B%S , 284,
t he di scl osurmscealf egdipmbniaas eppeeé ixya colomn pdct refluisg itsefvarcendmsedit o
this appli cat(;ié)tnla%s if set forth in their entirety.
25
The Group VIII catalyst may be a rhodium and/or iridium catalyst. The
rhodium metal catalyst may be added in any suitable form such that rhodium is in
the catalyst solution as an equilibrium mixture including [Rh(CO);l2] anion as is
well known in the art. lodide salts optionally maintained in the reaction mixtures
30  of the processes described herein may be in the form of a soluble salt of an alkali

metal or alkaline earth metal or a quaternary ammonium or phosphonium salt. In



An al kyl halide co-catalyst/pronoter is generally used in conbination
with the nmetal catal yst conmpgnent. Methyl i

pr ef erred%g%?'uM4gﬂoﬂyl hal i de pronoter. ngr ef erably, thgﬁcjgﬁsggn Orlg)f’? on
of alkyl halide in the liquid reaction conposition is in the range 1
to 50% by weight, preferably 2 to 30% by weight. 5 The al kyl

hal i de pronoter may be conbined with a salt stabilizer/copronoter
conpound, which may include salts of a netal of Goup IA or Goup

ITA or a qualeghaitdybodifhi, the @falysh &S pRaibtd 3 Blivim iddife! hﬂayhﬁﬁéevate
preferred are iodide or acetate salts, e. g., lithiumi odi de or

i t hi um acet s@ranixiuges thereof. Ghigaalt go-grasmaierdnayhe addedaommanciodidesgit that
used as part

described in %eg‘gré&a@g%%‘ﬁ% %ﬁﬁ{eggﬁtl?%nJT‘EEStg{agﬁggrtﬂ@nyfﬁ%@&scI osure
of which is hhreeﬂymtmtlmrrpaman eybtamy. AhématwcbeﬂleSudrﬂabdlanm ben@&nerassedare
sel ected from rutheniu ten, eni zinc, cadm ym
T o g | e ek e SiEaBing SR or TR i mapile e of
copper, al um fyaibdide Balt @a&mgﬂwmn feAct wilemBihyEiogide ke geiRlaye el ect ed
from rutheniumand Qsm um Specjfic co-pronoters are described in

United Stat escopaﬁwflmg&o-%orewr ipgisle S@lﬁﬁta@H%qrr &pyadditiapg) datail regarding

I ncor por at ed xﬂs&ﬁinrba&!ysiseinﬁrlw&@salt?ggﬁeﬁﬁ&f@éee@ ifBYSthEs Pz{}&ﬁfﬁboi 259’”
ef fective anmount up t Its sol ubi |ty|nt

reaction corrﬁgé‘mltih@nab,rﬁ,@ﬂﬁeﬂOSetﬂﬁmktthald apd édé§£6&tal®ettr§mtécydl @itk t o
e Cor PARY! ARSI OB AGE LGB L plefbOver Y Stage. When

used, the pronotéer Ts sui |qU|d reaction
conp05|t|on at a nDIar ratlo of pronDter to metal catalyst of [0.5 to

15]:1, preferably éﬁl(% ? Fferab 2,to 7.51:1. A
sui tabl e promot er Bﬁr}qﬂgﬁ 2D "F‘B IgHe 6 b%ﬁ’?[la“ﬂ‘?ée%?é‘%onyl ation
apparat us or JRfRe§i%sn h{agtcoﬂnﬁngem@.ysamcsonﬁmh@som B4iE¢h is SGLHIEES

gener al | Yy at | east a reactive secti on, urification section.
The present ithebeuid mﬂcm\rycwoawﬂeahatrwum ﬁa Aifaey baaddgs tonthe figpid

exanpl e, jishe r@&u%ﬁ'&&ﬂﬂb@l@&d 3P i3 carBohNAGH reidol ifi 3 Qf‘taﬁ@'i‘&ﬂ@% ch" @

hom)geneous catalytic reaction systemconprising & reaction solvent
(typically ach&spbfeam ttl? llqlnétr@taahm comrtmnortssconwublﬁ\t@a salnble fivrmves, a
sol ubl e rhodi esoé‘ east .a finite c

at 1.0Nn
and opti onal 5P teb g dnc ok B So R SARA R Gl ba MARET
met hanol and l'rqaidmncthmn:em;)dﬁnat mmaamm,qug,nmlﬁ HH(COYIREIEaRCYE, The

carbon monoxi g bL A%, ARtCBRYI B, FRE60 Bk Y phtoT i TR B @y P
20 II‘4(CO)12, II‘C13.3H20, II‘BI'3.3H20, II‘4(C0)12, iridium metal, II‘203, Ir(acac)(CO)z,
Ir(acac)s, iridium acetate, [Ir;O(OAc)s(H20)3][OAc], and hexachloroiridic acid

[HzIxClg]. Chloride-free complexes of iridium such as acetates, oxalates, and

acetoacetates are usually employed as starting materials. The iridium catalyst
concentration in the liquid reaction composition may be in the range of 100 to

25 6000 ppm. The carbonylation of methanol utilizing iridium catalyst is well known
and is generally described in the following United States Patents: 5,942,460;
5,932,764, 5,883,295, 5,877,348; 5,877,347 and 5,696,284, the disclosures of
which are hereby incorporated by reference into this application as if set forth in
their entirety.

30



5 inpurities such as carbon di oxi de, nethane, nitrogen, noble gases,

wat er, GhodoRaddoe PAT affinic hydrocarbons. The pr esenﬁ:enggzo&yg{o??en

in the car on rionoxi de and generated in situ by the water gas s
reaction is preferably kept Iow, for exanple, less than | Bar parti al
pressure, as its presence may result in the formation of

hydr ogenati on products. The partial pressure of carbon nonoxide in 10
the reaction is suitably in the range 1 to 70 Bar, preferably 1 to 35

Bar, and nost prefgp aithVhalide eoéézaﬁaﬂpmmoter is gEAGrally B9 BorRbinkth with
carbonyl ation reaction'is suitably in the ran?e 10 to 200 Bar,

preferably 10the @rquHémetammwrcem@pm yMethyl ipdits igpreferred @s the alkyl

range 100 to BHORrrns PEsRMyth PiheERAEh O S BN B K on
is typically composition iy iadhe ange 1 togb(1% bpm@t,rpea‘enabbrrﬁ @at30% byewpigh@at ur e

of from ahout 150- 200C and a total pressure of from about 20 to
about 50 Bar. 20Acetic acid is typically included in the reaction

m xture as the solmeMkylalidd}RomBRE hiapbe cSbinadivith a&ak btakifizer/co-
derivatives of nethanol include nethyl acetate, dinethyl ether,

met hyl f or nat EOBAkT rEnpgund; which éﬂaYAﬂ‘Fhl‘i& %#%0%# mﬁ@% ofLrohp 2 @r Caennt i ve
25 derivativegat t he
pr esent i nveﬁl:\tfl oér}%’@rae er a%ﬁ& nmet ﬂgﬂlgF an PE.FII lgﬁéa\ftglzéda%g

used as reactiadids or Aetdiesalts, apnkthim iddéiemﬂlﬂamlaceiatdl or reactive
derivativg thereof wll be converted to, and hence present as, nethyl
acetate in the liquid reaction conposition by reaction with acetic
acid product or sabtengrombiees adroepbiaiersanay e disae aé paytiofihe easition 30

conposi tion of methy acetatels suitably. in.the r (V
wei ght, pref¥FEH ({} ‘}GF BFesegt Beptmp %F%fﬁ'k’gd w&wm%ga&ﬁﬁ@w @%
wei ght and nog Jagedhe dablovurd o2 RidR)s me&hheory\%&a byBYfeREcd. oslﬁﬁgiel n

situ in the liquid reaction conposition, for 5 exanple, by t
esterificati dmometest 3re selesdedfemn m@@mmvsmlemtuaaﬁeraﬁ@namtm@, aci d

product . t BB ¥ t e ?ﬁ"fﬁ etﬂ?ﬁu

t oget her v\%at ﬁ('ragr squ?lg%ééﬁﬁ%ﬁo%e}gt coﬁ%onents 0 quf d
reacti on conpmgper dnmmMrt dim, axaynctmr &eﬁmc moexprefemablpsdieteddfomponent s of
reacti on conposi tion t hdr a mthe r actor an cl ed
b control L edumisn s SRt SeePBalyis 48 usSRbelRRRASEH of

wat er in the PadtahtiNg. G,GQ‘QVVG}ITIIM bf whith iFlnedrpsrakd herelBy reference.
concentration of water naintained in the liquid reaction conposition

is in the range 0.1 to 16% by weight, nore preferably 1 to 14% by
wei ght, mpst pref ef 3RinYotdr théd Yeore it M%Q:ﬂfectw%%nf §kithOnmitioysd i s

typically drawn fromthe reactor and fl ashed.
solubility in the liquid reaction composition andfor any lquId 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, preferably [2 to 10]:1, more

25  preferably [2 to 7.5):1. A suitable promoter concentration is 400 to 5000 ppm.

The carbonylation apparatus or process that is the subject of the invention
includes generally at least a reactive section, and a purification section. The
present invention may be appreciated in connection with, for example, the

30  carbonylation of methanol with carbon monoxide in a homogeneous catalytic

reaction system comprising a reaction solvent (typically acetic acid), methanol



crude vapor product streamfromthe flasher is sent to a purification
syst em whi ly includes at |eastg a |ight ends oLae|

dehydrat i oﬁacg@lr]ﬁ%ﬁé Car bonyl ati on syst etr% may use only ;é%purl Ptlﬁ@g]toi%on
colums and is preferably operated as described in nore detail in
United States Patent No. 6,657,078 to 20 Scates et al., entitled "Low
Ener gy Carbonyl ati on Process”, the disclosure of which is

i ncorporated herein by reference. Referring to Figure 2, there is
shown a car bofqtids 9dhckitd aerﬂvaupés 4 Stublé ﬁﬁﬁmm beﬂM?ﬂtét%hst dhite 10
includes a reactor 12, a flasher 14, a % ds colum 25 16, a
drying or dehspdecqtiation ebwma an@entmm&yan@ aleﬁélavﬂleéﬁ@@nzlénwa%@n
Reactor 12 i t g;p? ﬁng

met hanol andrb%é%gsﬁasnlgﬁ%l%%d %ﬂbor P%grglof ?h‘%ﬁ{nglg%%’ %ﬁ% h%?é%}&s
conti nuously ’memaﬂﬂmdndnmxideasdtmm findy b assbntmélymrambren&y mnmﬂemprtoduct
is flashed and sent to,|li ds. ,col 16, via li

vapor fee% IRPYHUETTHCh 6?1?9"6@0‘%‘? SEW%ngﬁ'&n?}gﬁgﬁsﬁs’fW%?ﬁﬁ head
of the reactop G4g3afhlfﬁfﬁ6 m&a@umbd«sp ThE pER&ERL WS hiidrofendid tied GarlsanahordXide
met hane, carbon di oxi de, and hydrogen and to_maintain a_ set car bon

monoxi de par tand|geperated i &1y tae Yates gas Shithreaptionds greferpldy kgptdow, for
Optlonally( u ), 5 a
so-called ' cger?fve:p%eér ?‘tgggtﬂoa?p %ghrﬁgﬁg};g%ﬁ%epég%ﬁc%h ?‘gglg%lgd

bet ween the rfeanatmn czfrhddtfogammonpgzslétts(ﬂwmml)pr@hmf paben glun@sdezmand

3. The ' ter" odu 0
corrponent V\/n & Fragh ‘P)?B'lag’i’f ﬁvxg{c}?ﬁ%%éodw%hg}a&%o gtt‘? e §o Q/Iélr?t to
recover conpgiefeifblyslehl BBarret hyl i odi de and nethyl acetate. The

gaseous purge streans fromthe reactor and converter can 10 be
conbi ned or scrubbed separately and are typically scrubbed with

ei ther acetic aci OppePRbRIRRQF (Y caPBokiMfiSSreattichGS bilifabBGh dheafled RS faanol
to prevent |loss of |ow boiling conponents such as nethyl |od| de from

t he process. 300 Basiprefeoably 1O ta'>slé>& bag maskprgterably &3 th50 BajuThe sapgehie

t he enr d r t;yr ned
to the priocesy iy BRfmldRRRLAoT MRS (¥ REEPOE 1o 080 B rbB it

car bonyl at i ornthe esge 350 to 2920t’®,oﬂg¢t1q acidia tyradadly npaufagtupediod llqutd(phmay of

t he streans that,. rec cl e back re ch, a he fl ashgr
residue or |i'GtioBAH te(’j‘?peﬁaé'ﬁf/d’%gcf’lno"’?? Btoﬁas(éng% E’wgpfeéﬁqFE?Pﬁ?m
acetic acid igousHhoabolit 5D BNt scrub |iquid soI vent, the enriched
acetic acid fromthe scrubbing systemis typically stripped of
absorbed |ight ends and the resulting | ean acetic acid is recycled
back 20 tg the abs : Ret: rom
the enriched acetllg&ggagld ?@gglmgdsdgg@/gnnttﬁggegg@%pﬂr et ur%?]gﬁs?%&?q‘glf
mai n process tereactidny or indirectly in several different |ocations

i ncluding the reactor, flasher, or purification colums. Optionally,
t he gaseous purge streans may be vented through the flasher base

l'i quid or |ower pasditable rédeeive d@hiatiedssds nethanohintlademathyt acetdne) dimisthyl
stability and/or

ether, methyl formate and methyl iodide. A mixture of methanol and reactive

25  derivatives thereof may be used as reactants in the process of the present
invention. Preferably, methanol and/or methyl 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

30  composition of methyl acetate is suitably in the range 0.5 to 70% by weight,



25 they may be combined with other gaseous process vents (such as the
purificati@p 6eldee, over head receiver vents) prior to %ﬁ?ﬂ&ghﬁ% 1076
These varlatlons are well within the scope of the present invention
as wll be appreciated fromthe appended clains and the description
whi ch follows. 30In colum 16, the product is purified of |ight
conponents which exit the colum via line 26, are condensed in a
decanter 28 and refluxed via line 32 or returned to the reactor via
lines 30, 34.pflesddly0.9Y Wby%ngﬁi%oﬁfﬁ%ab@rleto@gww @aﬂmost
strippers used to recycle material into the system ur

product st real?fﬁ&(ﬁbiysl'&p‘i’ﬂrh}’r‘é{% htas a (preferably Iiqui d) 5 5| dest ream
fromcolum 16 and fed to drying colum 18 where water is renoved
fromthe partially purified product. Thereafter, the dried product is
provi ded to heavy Wﬂtttsnmplbarﬁomﬁﬁwk:w ihliﬂneeliqi.ﬁdreabtidrecotﬂpesmm,rfbead and

sarre prodyct acetjc as .reflux for.col.um l.i ne 44
Febyel o 1SRl PETieester oo A0S herven Pebgtnl creebedtetc Y <

taken over heqﬁoalfc@mmamaymdﬁtr&mcm tﬁ@ca\fb(ﬂa Atidf rddetof Pogeal Withlhgavy

waste is renoved via_line 50. |l um 16 generates a_liquid

residue strealPEBtCiren ofher E%Wis&ﬁﬁcl liguidaggation gompesitione Yaieramay om
the flasher; fQWBMEEd flofh &ﬁ&fbrogﬂﬁﬁﬁlté"bf@a&llaﬁ cbxﬁﬁ@dﬂdmnhcﬁﬁﬁﬁ%hetﬂe' S

prowdedtoaflash unit 62 via'line 64 where e stream encounters a
15r educed pr geantereand anaythgtreeyciedamedralled amoimss ot mpatam thie tre,quuaqbor i zed

such thatyf | a8ciekoO2r BLEY YRS Guid RARAS, SARLIRY OBlEL L am 66

whi ch |s 0 a condénser %ensed at
68 and subsecmﬁmnhynmommeﬂmmtaﬁneﬁhn ﬂarﬁqﬁﬂl nzacalohlcampa’s?lnon'l‘hen tHenbi ned

streamlsthenfedfo d to colum and further rified
5" Gescr | bed BAR! to 1R b etmtt SRR L ARy dutp dAvh Bveiehemsg rebibishl
coul d be conpr@aseshrreighed forward as hot vapor. Aliquid

residue stream 74 exits flash unit 62 and is recycled back to the
reactor with the residue fromflasher 14 via lines 76, 78. A portion

of the aggtic aci Gmerf-ea%hsﬁﬁgmﬁ@s fggwafsu&racvﬁg&x@g@g% Yor ah@ABHIR! no2 25

and fed forward in the syst ucin on CO
16 and i ncr ea:smdeg-'apomudnqt virgayn fromphe Bashyr, is sent aaarplﬂ?rﬁﬁcmmqnsysmWhlch

bet ween about__90 % acel | to ab ut 99 %,acetic acid and
preferably atgef'%raiﬁl ‘El atolfagragght By d‘\‘%e g‘ﬂﬁ. Y™ pon the
operating pr mwrglaﬁbnfsymh mayivse 6@y ZqﬁmE‘eaiﬂn cbﬁx%nsaahd hm&ferawj% at
| east 30% or ed\ast 40% é)f t he dacetl % aci g in stream 60 ma

0perate as described in more detail in United States Patent No. 6,657,0 to
20  Scates et al., entitled “Low Energy Carbonylation Process”, the disclosure of

which is incorporated herein by reference.

Referring to Figure 2, there is shown a carbonylation unit 10 of the
present invention. Unit 10 includes a reactor 12, a flasher 14, a light ends column
25 16, a drying or dehydration column 18 as well s a heavy ends column 20. Reactor
12 includes the reaction medium and there is fed thereto methanol and carbon
monoxide. A portion of the reaction medium is continuously provided to flasher
14 via line 22 where crude product is flashed and sent to light ends column 16 via
line 24 as a hot vapor feed.
30



30 recovered. The systemof Figure 1 was sinulated by an enpirical

conmput er nR@shydRsRscertain the effectsypf pressure in Jdﬁéé)odéfbhfm@z
on acid recovery and colum |oading using a fully |oaded (I nci pient

fl oodi ng) base case with no flash unit. Results appear in Table 1.
Table 1 - Recovery of Acetic Acid fromLight Ends (LE) Col um Residue
by Sinple Flash Pressure of Light Fraction of Acetic Acid Maxi num
Tray Flood Ends Resi due Recovered from LE Factor Relative to

Treatment Fl ash Regiggitguigsaittcam iViipicallp vess Bbm(thé héald of the reactor to
prevent buildup of gaseous by-products such as methane, carbon dioxide, and
hydrogen and to maintain a set carbon monoxide partial pressure at a given total
reactor pressure. Optionally (as illustrated in Chinese Patent No. Z192108244.4),

5 aso-called "converter” reactor can be employed which is located between the
reactor and flash vessel (14, 114) shown in Figures 2 and 3. The "converter"
produces a vent stream comprising gaseous components which are typically
scrubbed with a compatible solvent to recover components such as methyl iodide
and methyl acetate. The gaseous purge streams from the reactor and converter can

10 be combined or scrubbed separately and are typically scrubbed with either acetic
acid, methano!l 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
15  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 back
20  to the absorbing step. The light end components stripped from the enriched acetic
acid scrubbing solvent can be returned to the main process directly or indirectly in
several different locations including the reactor, flasher, or purification columns.
Optionally, the gaseous purge streams may be vented through the flasher base
liquid or lower part of the light ends column to enhance rhodium stability and/or
25  they may be combined with other gaseous process vents (such as the purification
column overhead receiver vents) prior to scrubbing. These variations are well
within the scope of the present invention as will be appreciated from the appended

claims and the description which follows.

30 In column 16, the product is purified of light components which exit the

column via line 26, are condensed in a decanter 28 and refluxed via line 32 or



Fl ash Unit on Light Ends Colum No flash O 1 20 0.194 0.990 15
0.244 0. 98@!0329099145%39 0. 984 11 PCT/US2008/011076
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15

20

25

30

returned to the reactor via lines 30, 34. Also provided, but not shown, are

absorbers and strippers used to recycle material into the system.

A purified product stream 40 is withdrawn as a (preferably liquid)
sidestream from column 16 and fed to drying column 18 where water is removed
from the partially purified product. Thereafter, the dried product is provided to
heavy ends column 20 via line 42, while the overhead and same product acetic
acid is used as reflux for column 18 via line 44 or recycled to the reactor via lines
34, 46. Product acetic acid is taken overhead from heavy ends column 20 via line

48, while heavy waste is removed via line 50.

Column 16 generates a liquid residue stream 60 which is conventionally
recycled with residue from the flasher; however, in accordance with the invention,
stream 60 is provided to a flash unit 62 via line 64 where the stream encounters a
reduced pressure so that stream 60 is at least partially vaporized such that flash
unit 62 provides a second vapor product stream 66 which is fed to a condenser 68
via line 70. Stream 66 is condensed at 68 and subsequently combined with stream
40 via line 72. The combined stream is then fed forward to column 18 as shown
and further purified as described above. Instead of condensing stream 66, the

stream could be compressed and fed forward as hot vapor.

A liquid residue stream 74 exits flash unit 62 and is recycled back to the
reactor with the residue from flasher 14 via lines 76, 78.

A portion of the acetic acid in stream 60 is thus recovered by flash unit 62
and fed forward in the system, reducing the hydraulic lead on column 16 and
increasing productivity. Typically, stream 60 comprises between about 90 wt.%
acetic acid to about 99 wt.% acetic acid and preferably at least 90 wt.% or at least
95 wt.%. Depending upon the operating pressure of flash unit 62, at least 10%, at
least 20%, at least 30% or at least 40% of the acetic acid in stream 60 may be

recovered.



5 0.404 0.979 3 0.466 0.976 It is seen in Table 1 that over 40% of
the acetic NN} he |ight ends colu resi due stream d
and the hygigﬂﬂwkgwgading of the Iightnz%ds col um masqﬁggﬂ%ggﬁﬁﬁﬁg
substantially. These results are shown graphically in Figure 1,

di scussed above. 15 Referring to Figures 3 and 4, there is shown
anot her carbonyl ation unit 100 of the invention which includes a -
reactor 112, a flasher 114, a light ends colum 116, a drying or
dehydration col umriel§steRN S Rghtea\Wasiidilated by MR e&%ﬁicaﬂlﬁnﬁ{@ér'n%{ﬁl to
parts operate as described above in connection with |ike conponents
20 to produceassetain thegffects afipressuee wdtask unie 62 on acid reeevery 204 calpmn 140,

and 142 and sg_#. 13N Ei . | ash
ani t. there ; SeuBebitald T TineleiHe Bodtipg) bass e bERGeHesBub "0
is fed by |iqRéesilts epedtia Tableclam 160 from i ght ends col umm 116.

Col um 162 generates an over head stream 164 which may be condensed at
165 and uskd as reflux in the colum or returned to reactor 112, as
wel | as prOdUCtTaﬁl_eClQSRé&ﬂrEigmdéﬁb QBidMnlL?%ﬁEﬂ ¥ CoflimiERERORIHE
and fed forward via line 168 or 170 and conbined with a first product
stream prior to the drying col um orSimpkdieshned with the first
product streamprior to the heavy ends columm. Provided stream 166 is

of sufficient quality, it is preferable to feed the streamdirectly
to the heavy endsPressimeraf Lightat i $Frabtedof Aeetis tAcahn) Maxivwaued Tvayt Alood
further water r¢drBndalResida¢ nce t h| ResdveteddtomwLEeduc|eFdctoe Rejativatd i C
| oad on dehydr at|iTreateehtiFiashl 18. | Residuedesi red, methopahtioiewithdNadded
to colum 162 td v&sklggsia)nor gani ¢ Flash Unit on Light
Ends Column
No flash 0 1
20 0.194 0.990
15 0.244 0.987
10 0.308 0.984
5 0.404 0.979
3 0.466 0.976
10
It is seen in Table 1 that over 40% of the acetic acid in the light ends
column residue stream is recovered and the hydraulic loading of the light ends
column was reduced substantially. These results are shown graphically in Figure
1, discussed above.
15

Referring to Figures 3 and 4, there is shown another carbonylation unit
100 of the invention which includes a reactor 112, a flasher 114, a light ends
column 116, a drying or dehydration column 118, and a heavy ends column 120.
The various parts operate as described above in connection with like components
20  to produce acetic acid and are connected via lines 122, 124, 140, and 142 and so

forth as shown in Figure 3.

Instead of a flash unit, there is provided an additional distillation column
162 which is fed by liquid residue stream 160 from light ends column 116.



10 iodides in the product streamas is known in the art. Likew se,
colum 16 erated wi thout a compglensed refl ux

that it opera %@E%@pa stripper-type di s'?jijl | ati on col umiII F?'%M‘MH’M
desired. Uilizing an enpirical conputer nodel, distillation colum
162 was 15sinulated in order to ascertain its ab| lity to recover
acetic acid froma light ends colum residue stream A |ight ends
colum residue sanple was also distilled in a | aboratory unit having

the confi gur aeblqﬂmqfszf‘geﬁéaﬁes APeverizad Wrdatn PEPLWRRABR M cbﬁtidi@é@ £185
Tabl e 2 - Conparison oOf uter Mddel and Laboratory Results

Conput er Modedndrissding rgﬂma e edpynpr seuinedito reaciqieldd) asswedl asagedushm
Flow as Fracty z[na Eﬁﬁh%@ﬁfgﬂ’d&ség dr c%m%%éseq/ SR rfhAWiAfine
eSI ue ow V.

Fraction of L
168 or 170 and combined with a first product stream prior to the drying column or

5 combined with the first product stream prior to the heavy ends column. Provided
stream 166 is of sufficient quality, it is preferable to feed the stream directly to the
heavy ends column (that is, feed the strearn forward without further water
removal), since this will also reduce the hydraulic load on dehydration column
118. If so desired, methanol may be added to column 162 to reduce inorganic

10 iodides in the product stream as is known in the art. Likewise, column 162 may
be operated without a condensed reflux stream such that it operates as a siripper-

type distillation column if so desired.

Utilizing an empirical computer model, distillation column 162 was
15  simulated in order to ascertain its ability to recover acetic acid from a light ends
column residue stream. A light ends column residue sample was also distilled ina
laboratory unit having the configuration of column 162. Results are compared in
Table 2.



0. 289 Residue Fl ow as Fraction of LE Residue Flow 0.191 0.132 Light
Ends Col u Rel ative to Current eration 0.98 |

Col um Loa |ng aé%ﬁ%lve to Current Cpera%?on 0. 968 %F“ﬁgﬁggga”F%
Table 2 that the enpirical nodel agreed well with the | aboratory data
and that recovery fromthe liquid residue streamwas over 40%
Hydraulic load on the light ends columm is substantially reduced and,
I n the case shown where recovered acid is fed forward downstream of

the dehydration colrype2 -hysh sbﬁ of Q@ﬂp@t@r MB@&I%BLQB&HOP}“R&%@”“ s

al so substantially reduced. he 1 nvention has béen descri bed
in detail and illustrated in connectlon with numer ous enbodlnents
Modi f i cat i onsrto—specrfrcenbodrments—wt tr—att=Sco of
t he present ipvent ipon will be readily appclrceorrl?p"]?erw?l‘%)ege L Q
the art. Such|nodifications are within the spﬂ% and 4co m@
. : : : I I

present 15 in glﬁestream %low as Fraction of LE

Residue Flow 0.477 0.424

Overhead Flow as Fraction of LE

Residue Flow 0.332 0.289

Residue Flow as Fraction of LE Residue

Flow 0.191 0.132

Light Ends Column Loading Relative to

Current Operation 0.984

Drying Column Loading Relative to

Current Operation 0.968

5 It is seen in Table 2 that the empirical model agreed well with the

laboratory data and that recovery from the liquid residue stream was over 40%.

Hydraulic load on the light ends column is substantially reduced and, in the case

shown where recovered acid is fed forward downstream of the dehydration

column, hydraulic load on the dehydration column is also substantially reduced.
10

The invention has been described in detail and illustrated in connection
with numerous embodiments. Modifications to specific embodiments within the
spirit and scope of the present invention will be readily apparent to those of skill
in the art. Such modifications are within the spirit and scope of the present

15 invention which is set forth in the appended claims.



15 WHAT IS CLAIMED I'S: 1. A carbonyl at;lg)n process for producing acetic
acid conpri sing: (a) carbonyl ating nethanol or its reactive
derivatives in the presence of water, a catalyst selected from

rhodi um CW%ng@LAmgbqgl catal ysts and m xtures thereof, and a

met hyl i odide pronoter orm an acetic acid reaction nixture in a
reactor; (b) prow ding a portlon of the acetic acid reaction
n‘ixturet?aflas fsel Wnere Be .acetic acdmxtureis

separ at edli nt oWy %OPQWE?S OEP UHNE ACFUS aﬂ OMRSH&e product
stream ( %ﬁrbf)ﬁﬁ){ﬁ[llg Rgthhhel o|r lild Qééitlﬁc?&maﬁv%lh%r@?&ﬂée BPWH&?

reactor and feedin first crude product streamto a |ight ends
col umm; acatalyst(@)ecmdﬁqm rhqqig-lm hetalyshssmdcmd@alwstedu@mustureeélmrmf and

renove Iowb onpone u fledflrst duct
stream and ™8 P] hbﬂiﬁ%ﬂ?@ E‘i‘i aénﬁa‘ aﬁ “%mf’ft&{?lﬂ rrgascotfue stream
conpri ses acet {if pa&liding a portion dfehe ¥RHE ramalraaman Rkfuteid a0fiashResskl qui d
resi due streamto produce a second product streamfromthe liquid

resi due swhé@m thadodicrastl mixdnrelis spppidtadasionliqud resuele sragm peE g Erstng

the resid { due stream back into the reactor and feeding
t he secon Bll %H%tdsé{eg%amforward in the process for further
purificati on t @) peyoligetha ﬁhid&e&;@lastre&n—%‘&krt@tH&Qéaoﬁﬁ'Caﬁﬂdtdﬂl@gmetﬁkﬁi m

1, wherein the step of feeding the second product streamforward in
the proceSd ?B?Odflﬁtrﬂtq‘i’émtﬁérlﬁghi@é]ﬁlcéwlﬁlb produce acetic acid conprises

the step of co ﬂg‘”ﬁ in %9]%
according to c{hg%ﬂ’% 1 g(rﬁgi? %ﬁﬁﬁg’rﬁugggpéﬁnﬁ) %ﬂ%e l?)hwe&ggﬁ%é 'S ts
stream f otoyaoduderputified firs pesict slreafmmﬁhequmdurelsfdue atr¢anm whergn dichjuxmd
acetic acid conprises the step of conpressing the second product

stream 4efidde FEEIR BOTHPEE AFTiS Al cl ai m 1, wherein the step of

feeding the Se&?ﬁ}gpd}{z@f@%oﬁbﬁ %P{Heflf?l’iﬁ’@{eﬁﬁdh@s&éﬁ% RIREBRS afs@foriqur t her
purification to produce acetic acid conprises the step of conbining

t he puri f predudtistrsam grood thetliqeid maidnastteanhandsessddalgrgpdinssidge steeam;

(f) recycling the residual liquid residue stream back into the reactor and

feeding the second product stream forward in the process for further

purification to produce acetic acid.

2. The method according to claim 1, wherein the step of feeding the second
product stream forward in the process for further purification to produce acetic acid

comprises the step of condensing the second product stream.

3. The method according to claim 1, wherein the step of feeding the second
product stream forward in the process for further purification to produce acetic acid

comprises the step of compressing the second product stream.

4. The method according to claim 1, wherein the step of feeding the second
product stream forward in the process for further purification to produce acetic acid
comprises the step of combining the purified first product stream and the second

product stream.



16 5. The nethod according to clain1f wherein the purified first
product stream and the second product %trean1are conbi ned and
thereafter treated in a drying columm. 6. The nethod according to
claim1l1, wherein the step of feeding the second product stream
forward in the process for further purification to produce acetic
aci d conpfi sesThémettiodpscatingue than 4pwherkin theg pttifedofinst proddctisireah
product stream and the second product stream _7. The nethod

accor di ngaf%dot%EF%lqoﬁf‘@,roq}dﬁE$t’é¢PW %rﬁéorﬁbmﬁq? padtercages bR R KYP8am and
the secong,pppduct streamare fed to a single dehydrating colum. 8.
The met hod according to claim1, wherein at |east 10% of the acetic
acid present in the liquid residue streamis vaporized fromthe

liquid regidue_stream.to produce the secon rodu tream 9. The
et hod acBor of B FEUBHEHTIenERER 1> RROrRLP 098 BEITREGEPRE ac d
present i prolii&@ stk ifehwa8s e pRice Qa0 idthéAPQificaBoh fJ RBHEd e chidIat;gl
resi due streamto produce the second product stream™ 10. The net hod
accor di ngeanopresea the stepswifi &urdien paii fyingatbe paabsdfirst predadetream and thepr esent
inthe liguid. re iqug,strean1is vaporized fromthe liquid residue
strean1to&§P%ﬁW@ UY'We“d8cond product stream 11. The net hod

according to claiml1, wherein at |east 40% of the acetic acid present

in the | igui d residue streamis vaporized fromthe |liquid residue
stream t o7pr odbtemethed seewsdiag o eldie O, whershrfhe punfiedriyst predpelgtream

m _ o2 Belreo, Yheeiih _
east oot Eatol brodiBELRR dRfed b SRRV SRR LERE PO to

claiml1, wherein the liquid residue stream conprises at |east 95% by
wei ght of acetic acid. 17 _14.The method accordi n(gﬁtg claimil,
wherein the | i §bs etediagersdiag i@ gldine dnphsreisatisashl Grb gtitheggoaAridwei ght

to about Q9% by, ¥ ilﬁgfd REidAC Gldatn G5 Sbriztd {f;ﬁ)npﬁlret?@ﬁiﬁl RLHRDstRaAE eSS for

produci ng acetic acid conpri sl ng: car bonyl at1 ng net hanol

or its remotlnsssthe eedondprodast streatnhe presence of water, a catal yst

sel ected fromrhodiumcatal ysts, iridiumcatal ysts and m xtures
thereof, and a nethyl iodide pronoter to forman acetic acid reaction

mxture ig a repei@fhod according to claim 1, wherein at least 20% of the acetic acid
present in the liquid residue stream is vaporized from the liquid residue stream to

produce the second product stream.

10.  The method according to claim 1, wherein at least 30% of the acetic acid
present in the liquid residue stream is vaporized from the liquid residue stream to

produce the second product stream.

11.  The method according to claim 1, wherein at least 40% of the acetic acid
present in the liquid residue stream is vaporized from the liquid residue stream to

produce the second product stream.

12.  The method according to claim 1, wherein the liquid residue stream comprises

at least 90% by weight of acetic acid.

13.  The method according to claim 1, wherein the liquid residue stream comprises

at least 95% by weight of acetic acid.



(b) providing a portion of the acetic ,acid reaction mxture to a
flash vessel wherein the acetic acid féaction mixture is separ at ed
into a liquid recycle streamand a first crude product stream
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forward iﬂrgtbﬁldg?g%g&t%mproduce acetic acid conprises the step of
renoving i odide fromthe second purified product stream 17.The

met hod accor di (g reqychhgihmlingid napystestreamrhsck te heapactarrand ifegingolie diest

fromthe second purifie roduct, sty eam conpri ses addi ng net hanol to
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15, wherein t hgi)slisiplid thé GedicAgephRiveeamiach ipuhé fitia@ndy adueh tSidhese
forward in the process to produce acetic acid does not include
further rbyobellingcompensntsite pradupea pedbetiingt prodpedtgimané e ligpidassifue

stream, wherein the liquid residue stream comprises acetic acid;

(e) directing the liquid residue stream to a second distillation column and
distilling the liquid residue stream to generate an overhead stream which is condensed
and utilized as reflux in the second distillation column and/or is recycled back to the
reactor, a second purified product stream, and a second liquid residue stream; and

(f) recycling the second liquid residue stream back into the reactor and feeding
the second purified product stream forward in the process for further purification to
produce acetic acid.

16.  The method according to claim 15, wherein the step of feeding the second
purified product stream forward in the process to produce acetic acid comprises the
step of removing iodide from the second purified product stream.

17.  The method according to claim 16, wherein the step of removing iodide from
the second purified product stream comprises adding methanol to the second purified
product stream.

18.  The method according to claim 15, wherein the step of feeding the second
purified product stream forward in the process to produce acetic acid does not include
further removal of water from the second purified product stream.



