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PROCESS FOR THE PRODUCTI ON OF ACETI C ACI D The present

invention relates to a process for the production of
wa@e@vite77aci d by carbonyl ati on of net hanol and/PECT/&B2007/000954

reactive derivative thereof in the presence of a

catal yst and a catal yst pronoter nmetal. The production

of acetic acid by carbonyl ation of nethanol and/or a

reactive derivative thereof is a known process, having

been revi ewed, for exanple, by Howard et al in

Cat al ysi PRO®ESS FQRIHE PROTHASTI AR OFTACETHTC ADal yst s

enpl oyed i n honogeneously catal ysed carbonyl ati on

processes are rhodium iridium or a conbination of

r 196 bR ARy dnfibl ke ag;%eésg R&he HPOHuGIABHaetid d¥id by

EP- A-O 161 874, EP-A-O 849 248 and EP-A-1 123 265
carbprylpléan ¢flméthancband/or ateartjet darvativethercef infthe presense off a catalyst
dcor;{b*’ nﬁéi ontvvitrt1 one or nore pronoter netals, such as
and g ARSI RPRBIAMS!3log 726) , or rut heni um and/ or osni um

(ERe ?uﬁu@tﬂé’n S3ttetic kd By Chrbedyldtion of thétharfol kAdeha fdadtive

catal ysts and catal yst pronoter netals are typically
deriyptivs hereafis psuomn processs gamg bacnapvipyesd é@mﬁ% hy Howard et al
. I a e 0 o
in CRE Bl BRI apr3Ro TV R SRR il BB R ously
cataky&ttbcfarbcﬁ@m'tbg?rémseemﬂhbiéium’;liiicﬂﬁmpdiﬂ deinbination of rhodium and
...Forster, J. em Soc, Dalton Trans., 1979, 163 It
iridijg w@fqﬁ@tedkfﬁbmﬁgﬂn o0 ad 74 ﬁ%-ﬁ@dﬁ%gﬁe EPAd 123
26 R R SR P (oM AR atipn with pa or more
promdtecinetalse sichlag skeahivre (ERAc) 728720y vt vithicniunp pud/esesniinm (EP-A-0

' odi LS, present as a mxture of the active
643%4%‘1%‘?(‘%72?172% the inactive formRh(CO | , the
| N@GE kM&wh EaftRelyag aH@Eﬁalg&gﬁ&nb&r Rieffld &k ticdly préRAt in

the active form "WD 03/106396 descri bes how the use of
methangl ersbrraiationtnresessesfas 8 pustufe eftcatabyficopscien some @f which species

o SR8l B SRR b . s s

in DPF&8iepit @heaNSéd), Paltoat Tredy. U7y 1939t Raks fuithet kibwn that under
cat al ysed carbagnyl ati on process can be reduced by
certai CHEHNTIAnGGS Hedefsiashive sesigheanihe mareqBpns 9 isssipitation. Fore

ty ] .
exarfiiE US 605 O3H URADEY 0 M Btaly B8 BEAGEA Sart YGRS processin
whidN3hOdibi0is PBGentsascapixide nf thenctivieform{Ri(Canaliiand dfe inactive form

iridi t al yst t inth bopyl at | . :
Rl 15 BarvR o BomR o PR o R NaRTR L A G
| v 08/106996 8SscHBSEHIwPRE ubdoMBWADnOhFatidnd f speatbd Ridides can

on the total anmount of ruthenium pronoter present in
reduppregipifetiesin iNdiunireataly@@dOdt oy Boion rpmcem-ogmgers‘é’p 03/097567

s R DR BBPRT fohh ARG AL R Sion
process can be reduced by maintaining a defined amount of carbon monoxide in the acetic
acid recovery stage of the process. However, the amount of iodide added to the process
described in WO 03/106396 is dependent on the total amount of iridium catalyst present in
the carbonylation process; and the defined amount of carbon monoxide maintained in the
process described in WO 03/097567 is dependent on the total amount of ruthenium
promoter present in the process. Neither WO 03/106396 nor WO 03/097567 describes the
specific iridium or ruthenium species which can result in the formation of precipitates in

the carbonylation process. Thus, the processes of WO 03/ i06396 and WO 03/097567 may
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t he carbonyl ati on process. Thus, the processes of WO
03/ 106396 and WD 03/097567 mayresult in nore iodide,
woroomooE2€ar bon nonoxi de bei ng enpl oyed t han i BCT/GB2007/000954
actually required to reduce precipitates, i.e.
resources may be wasted. |nfrared spectroscopy has
hitherto been applied to carbonyl ati on processes, for
exanpl e, in analysing the concentrations of conmponents
of a liquid reaction conposition, and adjusting the )
result anmert iodideporsnone oaémpmxidepéxemgcemmeyadjéhms setyailyregired
552 221 and US 6,103, 934. ver, US 6,552,221
to reflgE RICHRIAES, {-F FRSBFCE PO %Q%@ﬁfrared to neasure the
CONERRED SPecRBopY hahiteytb beerbiplicd o eHieEHMtionprédesses, for
l'iquid reaction conposition, and US 6, 103,934 requires,
examplgyin epdyeing thernongentighiensyt companerts 9f HHAWE ressHem Fampgsition,
and W0l B L HER ARSI el B Bofipod WS 6,359,221 and US
6,1089d# dHowentreUSa6)552,2 maltdsme neaitiah pi emplyeg infared ¢smeasure
in the reaction conpaosition pust be determned. .Thus,
the qoReRRaHiRt 1AV HeWECIFDPTosRt Bpie HOLISoRAEIGR SQRPpgHoR ad US
6,108/034 Wefuir 00 13} m%ccgh&e&u@ﬁb& $P%h GRERUBEbAbbAALOSE tHE tdastied
and/or” reactive derivative thereof. Accordingly the
composi§@nire ideteeminiedinpadicdutieshe caroentegons of attlpast methyl iodide,

ward % o 36 by Bl e OO R AL Ve

deteflBinkeyati ve thereof with carbon nonoxide in a first
reaction zone containing a |iquid reaction conposi tti on,

corfpns, $hevg remajngy doesd far poeptiaised process Ay the production of acetic

..Gar hanyl at.i on S . yl i odi de,
acid AR RLDE B SR o RERLEE SRR 1ROV 7 S
i N Addbrdingly theipleseatiaventiongoonides 4 process fiartke prode¢tioni of acetic
.equilibriumat | ea‘slt a fi&qut sol ubl e catal ytic species
acidgpchipogess sampEseRihe steBs 8 yt i ¢ speci es, wherein the

it lcafdh§la¥h) ﬁldﬁ‘%‘a} R &S eiBivk g8dYatRR Ry it édfbon

acti’ve or~pronoti ona active of the species existing
mornioridiehie a digstirtdckion zome ¢dmtaiming b diqaid regctiongoingosition comaprising a

conposi tign together wth dissalved and/ ent.rain
cartB MR GRT SASHSRiA0E SpoBY e GUENS DFPBREE el orpiLy! oS, methy
aceth@24deli®fcid ARE optiGnallY RGN iv WARSSTEA SdicBon\bdrpGsitigh there
l'iquid reaction conposition through one_ or nore .
existsin eeitibriemat lasst aistsolubie exalstinspegics and g seqond splublsratalytic

of the dissal ved and/ or .entrain i.fe,
spoifen UL B Bt AR e B R AR HRI RN bt Fromtfpmaty
acti P 6t tRPégeaies exBtigpin( by equilibrigne or nore flash

separation stages to forma vapour fractiop, fhl ch

copy Vishdrawsedigvidiseetiontamnoeito tegathar M"pfﬂ%@ Ngflgnd/or
entr@ihtd 8#Bon fBRoKALIENSRBY SasELARANER st reaction zone;

(c) optionally passing said withdrawn liquid reaction composition through one or

more further reaction zones to consume at least a portion of the dissolved and/or entrained

carbon monoxide;

(d) passing said liquid reaction composition from step (b) and optional step (c) into
one or more flash separation stages to form a vapour fraction, which comprises
condensable components and low-pressure off-gas, the condensable components
comprising acetic acid product, methyl iodide, methyl acetate and optional water, and the

low-pressure off-gas comprising carbon monoxide and other gases dissolved and/or
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acetie adé by carborylatiqrr efsaethanal gad/pr wacti

conprising acetic acid product, nethyl iodide, nethyl

acetate and optional water, and the | ow pressure
w@Rdorger2conpri sing carbon nonoxi de and ot her PEBEE82007/000954

di ssol ved and/orentrained in the withdrawn |iquid

reaction conposition, and a3liquid fraction, which

conpri ses carbonyl ation catal yst, carbonyl ation

catal yst pronoter netal and acetic acid solvent; and

(e) recycling the liquid fraction fromthe flash
entrsifehinahé withdraagdiqual tehetidni cosipositiang dndra lxpidfragtion, which
" determ,ni (i) the concentratio f the first .
comeafem%eﬁgﬁ% %%%‘Y%{n%ﬂ/fﬁ?w?%tw eyt BemPigmetlgnd acetic acid
solve@hgsptration of the first catalytic species to the

cohcentration of the second catal ytic species in )

eqe) retyclingthedisuidifractiondram dhetflash sepseationgtasg to thedirpigigaction
conposition in any of steps (a) to (d), and/or present
ZO0%n the liquid fraction in step (e); and (g)

mai(f)ldeietthiting (i) tha Rehcvhtrbtidn oftthé Gyt datplyeie epdoiusndied (ii) the ratio

val ue, preferably by adjusting the concentrat.ion of dat Ivti
of thecpaeenttgtion pf the %atcata»}xqccspg%%qoébe emeeniration of thesecond catalytic

1% eHuili | i (t¥on 1 of steps
speci it el (B SATRARH Ant HofEtodblioR haRBostn duay of step
(a) to&d), arddier present irathd ligekddiattionimdtey (e3; Bwdeci es are either

different for of, the catalyst, or different for of .. .
¢ hdekmpiaaaine 6} affer e s e Epasey bRty b pgusine
! Lol SRES i fRIRMI feaétioh
the SERARFIDA o 180 MO (o RE s PrSerl i IR
compasitiby in sy stepe €a)its (d)esad/ernresept indh¢ liquid fraction in step (e).

pr tionally active than.at_ |east
Cat e st et s DRsifLane PR ol REpATRRRYof thp catalysto
differehtforthd 6f the @&%hlg@t ombote nickdli Preffatlyiahe first end seebndssiuble

of the first and second catal ytic species_in the
catalytiguspeciessare diffarent dosessofithe pptelystimemetermettl f r act i on may.

af f r . t:] I tive than at

e 30eRP r callRAE s Gt B8 BAUGHRNT OF preSibrdfly active than at
leaspthetcing candi/ierspedts ihesdonstmiatibh bftherfirsti catsd ytivespedibuier, the ratio

the present inyention_allows opt.imsation af a,process
of theponeepiraippieicthe &stand secopt e?talgfrl_a Spics it s Fearion
conﬁf)%ilﬁgﬂ ot th%']nguﬁf A RRR rh i CaffRl d¥eAdr MGre kEREBR batdiheters, such as

owm ng the concentration of the first catalytic .

reactipa ratessekbotivity tomhaeds desired plodudter pmdveisandfior eatalysifstabiléty or
6 first and second catal ytic species to be nmaintained
He@neow a val ue at which one or nore of the reaction -

I atBhusStfb Bfdseiihventibn GR6WS ¥timishtedd ofial procdss forfthe prvduction of
woul d be adversely affected. Advant age,ously in

h .
_ _ _ riaiivchereat Ppdlging the
con%:?q)gra ioh B ‘ih% st ltc\aqa'l H:nggabsee‘fhtﬂﬁ%ﬂe &ﬂb%f Iaﬁe c?xﬁ%éiﬁfaﬁgné Of the first

Q
Xten essary to nalntai

" andGeasddataiticepecis folte thiinmined deldw @ valat ai whick ospermess of the

and/ of concentration ratio of the fir to
reaction rate, selectivity or catalyst sta 11?ty orli e?lme wouslé be adversely affected.

Advantégeously, in the process of the present invention, the concentration of the first
catalytic species need only be adjusted to the extent that is necessary to maintain the
concentration of the first soluble catalytic species, and/or concentration ratio of the first to
second soluble catalytic species to below the predetermined value, thereby avoiding any
waste of resources. Further, the present invention requires only a determination of the

concentration of the first catalytic species and/or the ratio of the concentrations of the first
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second sol uble catalytic species to bel ow the
predet erm ned val ue, thereby avoiding any waste of
w0 emonowes. Further, the present invention regPCT/€82007/000954
only a determ nation of the concentration of the first
catal ytic species and/or the4ratio of the
concentrations of the firstand second catalytic
species in the liquid reaction conmposition or the
liquid fraction, it is unnecessary to determ ne the
andcszoewhdataytiofpecies inthb Eiquidataliph icomppsidres the lighid fraction, it is
further conponents present in the liquid reacti
unneGrRSRYi o AeftBine ﬂr?ecorlffamaampsf %fathqmatalyﬁwtsa%miﬁqs obLuthgr
bl e
o A R i IR AL LR
c olgbe pracess, of i mrbseat mventiceg thetd iny bersenietzh selakle catabélc species

ave differe cat al I. t|o
preSE i e S SR S it i B S PR, Y ana
whitthteBclPh£/R @RfiétefatabtR dr Prathtidral MﬁﬁyeThﬁ‘ﬁYﬁ Adilifon to being in
hi gher catalytic or pronotional activity, the first

equilihriven witha serond solubleetal ¥tinanecies bavinga highergatalytiv oum
promottlgpél%c{é{;i tlf‘eollirlép o?ub‘ig%a%lﬁlc Vpetcpes %:Iaﬁr s%fberih %Q& :i)l})rl%uﬁlerth

ronD i ona proces
ﬁlrmemﬂ:mﬁle batulgtit bistoie Y hiphp @Yalftid dhqﬁsmbuml activady.
cataly in the presence of a second transition netal

mmupraew °§§‘etpﬁ"ée%*dflﬁ¢f91§tl maysweRley a trapsitioqemetal gafalyst in the
preEE?ﬁ:Q of Decbh@ %ﬁsﬁﬁ(ﬁﬁn ﬁrhlcﬁ%tzélax te c%&‘ijys'i hmtéﬂ 98 such a case,
metal pronoter w each exi st as nore than onée
both dhaﬂﬂmﬂmatmétgltqatalyspaui teansitiontrhetal prqmotér witlh eadhaaxist as more than

co ition and. the liqujd fraction articul
onqsgs o515 B s It i R campesfine gl tedfiptisdon. n
pariédlhr, @%tfmber oF sBRMId thAsitidMbthlbafRB QntpiExes TN %xlst h
the process of the present invention the first and

equsldzrmmu with|eaeh ethepEbuse in ﬂwa;pr«vmer effthe preb@t crmenbmy the ﬁrst and
Of st cat arbo
sec T RIIESoes o Rl BRABRAN GbRatSore BafBndfyf caalys,
or dattngbédthplies©P BRfahsiG6n el prboted | di um or m xtures
t hereof. Where the catalyst is iridium the catalyst
pr Gy Hercatalyshgorerises rhadiw, iridism etmixgis thereof. Where the

© catdl éﬁé ﬁfd‘uﬂlg tﬁ£ c:{tlﬂg%l%%lﬂmer fgl H‘Ha.‘y brelggllg{:t%nﬁ'omglgﬁﬂ@ con31st1ng

rcury, Zzinc |un1 tungsten and m
of ruthenimof, osiviiven ehéﬂmnpatdahmt miecury) adicugalhmhemnnmmmtgsten and

ml’ﬁrﬁﬁaﬁrq?ﬁﬁ S i AR E O S R peislected from
tgflﬁﬁ)ec%fxsmtﬂg@f’rufh@mhﬂi %srﬁmqh&fﬁﬁlﬁ mﬁﬁg‘fanéée" Al DRLHRE thereof,

catal ytic species could be a sol ub 'e Thodi umor
i rTyisuim thisteaibpdineeng the ﬁ@ct solhble leatalytic spenigsi doulst bamsolithla

rhofi GB B RGN i e T R iR e R A fagsoruote
rhodlﬁahi/iﬁdium chalytit beclds] tht sedodll specieitafing g Fl&r rchﬁﬁlﬁéfﬂctlslty than
ed as the catalyst, the first solub cat al

the §p°écﬁcg§xmpleb8hfmﬁb@1m|181]=mnme<i prethe eatalyat, g fipst Yuble catalytic
spoi Sk b IRARTEIE ol Meonf ol o B e RCONL.
Wheiedrdtdms iseynpdeyed aé (I@)catalﬂ'st the first catalytic species may be [Ir(CO), L]
and the second catalytic species may be [Ir(CO).IsCHs]". Alternatively, the first soluble
catalytic species could be a soluble promoter metal catalytic species which is in
equilibrium with at least a second soluble promoter metal catalytic species, the second

species having a higher promotional activity than the first. For example, where the catalyst
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and the second catal ytic species may be [Ir(CO) 21 3CH3]

. Alternatively, the first soluble catal ytic species
we@omdoiie4 a sol ubl e pronoter netal catal ytic SPeEDGB2007/000954

which is in equilibriumwith at | east a second sol uble

pronoter netal catal ytic spegies, the second species

havi ng a hi gher pronotional activity than the first.

'For exanpl e, where the catalystis iridiumand the

. 'C%tfaiil;%/St promoter metal is rutheniuma nunmber of _
is igdpmAnd the eatelstipromplermetal isunthegiuima nirebdriofsoluble ruthenium

s ERLT SRRORL bk WAL 20, D
[Rue&O3413]1, PRe@O)LL parid JRu@OhLEaehichtdrk in dfudlibrium with each other.

congcentration of heﬁ:fi rst catalytic_ species or the
r at 18 GHCPHEIEB AL Bied el tisrspesies orthe fatioaf shaqaneentration of
the SR ¢h@B/tic Qpdties 18 abTeadt AR éb%&ﬁfhfti%ﬂfom% sgéon{pfbﬁtaggfé%gcies may
catal ytie species may be determned by Infrar
be dgtesmrinasdrvipfiarefl spectoacoply efor ekataplaf miknfracdepectwseapyy Infrared

- soop R PE ARSI Ate i e A P ate ain Parel gt e on-line

or ofif-ind, iafi€ alleneibéth lqRiatied dhd Yudhtith@dd MorRRHobR el bffpb¥ifion of
.nformation on the conposition of the |iquid reaction
the Higwid seactipp goposition ereofitheyliquid fraetian torbetobtaiedobt ai ned.

Th j le catal ytic speci.e
nasfl%ce}fbgg{ﬂet{aﬁ]ﬁﬁsg@%hg %orlﬁl;elg gﬂc’nt%yég SPRFice Jﬂaﬁéﬁ cﬁe&er&hned, for example,
by donfpating dn $feared spectoim ol the Hquid thactaCionpdsitioNRe fielliq@Rd fraction
'to@fz-trg’nf lé uid fraction with the infrared spectra of a
with,the indgargq snegirg of @ Aeries ofpRIpUonsFompEisE the fieshsalwhle catalytic

spediéd ialknbiva BR&AtERorsTbr ORI SRNGENM s%iﬂb%@iart]%&\l‘# gb%c{eg iPknown

and second sol ubl'e catal ytic species’|
coneegifaben raiios.dn onetimbediment afithe svienidonydrt contertfadon ratio of the

[ ntion concentration ratjo of the first to the |
ﬁfsté@_?genﬁl G saytie sty BRCEIes i Deletrapingd 1 Biiemauies gnthe basis
of oh1oSmBRIKPREifie Poitiths BAS MmfiatedAPBctAim WRER RO ﬁ?_t bhd seco%d soluble

B’%Z%ti ons of an infrared spectrumwhere the first an
catalyfic sHeriesdrayB peefersgechbperption pearaeeridtias,dopexabale, @dpecific infrared

' LSticC fo I .a specific
band AR Rich PR SRPSHAC LGl o BreiB it g
s e o depmits bbcentitidng thd/of R CofentrAtién FEB T #leHirst and second
nce?t rat gains and/ or the concentration ratio of the

soluplg,cgfa Bheheke ersctrs <8t hefeerringd from theindrarahwerteam esa wWhele or
in peg?, 6 HafRfie fr&ﬁ'ﬁ?ltéﬂ?)ah ok [lfélr rﬁ@ﬁﬁ%ﬁ:“eﬁ&bﬂ{@eﬁ" élﬁ(r)n ?Jll(ﬁ%pﬁm;lr |6Fn r

art, for exanp roma art o
examplagehere theOfist and s¢Cdcdsolubldeatal pst apeias, contpeise et clirbbail

o A0 R T s
frequip@i2s bP sepafis finges 4 ﬁe%ﬁ&ﬁﬁés‘&@faﬁn% ldf1 eVifidUBborbance bartulisnogf the

frequencies or separate ranges o equencies rela
solublg cagbytictspeciesnsobisaseke bands of the sol uble catal ytic

| . Since the first and
CADES P 0 SRS oA CpbiEs may B ol P PRtomes offbe

catalysttoaldyffdrentrfotthd dfthe BitallyStpFdmefer hideal GRindy ¥8 bd RInPRb& to

netal, it nmay be advantageous to i
determine the concentration and/or concentration ratios of species present in the liquid

reaction composition or the liquid fraction for which more accurate concentration and/or
concentration ratios can be obtained, for example, by determining the concentration or
ratio of concentrations of species which exhibit stronger or sharper infrared absorption

bands. For example, in iridium-catalysed, ruthenium-promoted carbonylation of methanol,
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determ ne the concentrati on and/ or concentration
rati os of species present in the |iquid reaction
w@oioposi7ed on or the liquid fraction for whi ch POF/6B2007/000954
accurate concentration and/ or concentration rati os can
be obt ai ned, for exanple, byedeterm ning the
concentration or ratio of concentrations of species
whi ch exhi bit stronger or sharper infrared absorption
bands. For exanple, in iridiumcatalysed,
infracddraotiive Bbjoibeitoof rathiehimry taborM sPécies tend to have higher extinction
iinfrared-active absorbances, of

t.hanol . g .
coqHisietm; AMhPERFHIERY fo &dﬁeggﬁr@hﬁp%omhws,ﬁh@hmdmm species,
all &bl Mdrd 8uERE Eiétlaﬁl'nﬁgﬁ(ﬁl oﬁfl‘éj BiEationnyd cB&eﬁH&%n ratio of
stronger absorption nds, an |n I 'um spec
rutbéniwnspagiasor e accur at e det er m nati on of the

concen n or concentration rati o of ni )
S OBERRE'S B sEhsafrav eiionibe SPateBlbiort (itht TR Sl catalytic

speefRR RdIbr @k icBRceirafidifratib 0 theSRLUB e %Bﬂﬂ il SRS 1@ Species
and/ or the concentration ratio of the first to t

preseng nide élaulsﬂme@ctmatcanspp pitiog pé@nyeﬁ staps $@rte (dnox mselnt tpthe liquid
fraét?o§§é n{%B (%ogﬁgt% mgg c}prg gai)%/y, e c%tﬁlgglftrea& % tl% (‘fcﬁ)lé fit¥ to the

secdﬁd soluble estalyfe ef)@ﬁ@tﬁrysent ineh<€Chq e ftatadd mfstdpé(b) 8 deferthiied.
first to the second soluble catal ytic species present

i nItIREPORFEG: the fptgmpingd cwe%%wn@é fhe @rsa%th&lﬁpﬁ@atw pRpcies or
codc ﬁ‘?atﬁcpof € A8 kST s@%d%eﬁﬁg%{%@%eﬁgs gllégenft l1r¥ ik liquid

so ubl'e catal ytic species or concenttatiron r
reattimn CfOIIlT[IDSItIDO apéVer mduqmmﬂ ﬁaﬁtmhl the camalnythmcm ofithe fiest soluble

resent. in t L e osition and/
G Sitvies Tab i pcted T GRIFE I Paini o gy cop@ipLpf the IR soluble
cat@9lid|§leBics, ArdboMédnbraf HEFHIB DL Wﬁt@ﬁo%@édhﬂts%ﬂlbléba@cﬂﬁ% spebies
mai ntain the concentration of the first sol ub

belewtagirgdeterminasovadus, The consanteationaniyobe adivsted d;fectlh,efOf example, by

. ond sol.ubl tic.species.
aai IR Lt Qi e RLREhERIGR, RipRebe adipsigd ingireety
for ‘ék &) by adj@stingcanditiens BytheBistisdd GftidnhEfuelemesdtioneon& such as

the liquid reaction conposition, or may be adjusted
tempEEYre OF PEESSW®r exanpl e, by adjusting conditions in

t f

¢ eror chABpleE BRI 36 o A eililon  AF bk GABER (uRHE Jelfion
zortehmay ibe atjusted o bldft the)emnm'frdmo in fapbmmfahe §acomdspecies, which has

. Jeaction zones may. be, adj ust o shift t
hlgéarlﬁawhﬁﬁqmr?rﬁotmy%mﬁva &%ﬁ@gg a@&a@%@sep&eﬂﬁmﬂcﬁ the, st
soltB18BahlyEat cYés'lﬁ tH1i ﬁ@f@ﬁ&ti&%ﬁtﬁgftlo}i'& lﬁquﬁihﬁ’cﬁ@ﬁ[ such that said

adj usting the concentration of first “sol
congeittetipn o theretio ethiercondratrhtiansiod thesfist armecmﬂméuhle oatalytic

‘or | f.r,acti such at .saj d.concentr
spefiss i op ot Bl EhhelieliniRe Ve iRt d Badiopiafon
pro6&k dedoedifig tthetprésehiaséRion ik AR bERLKibRd) &5t SREMPW, By adjusting
predeterm ned val ue. In_a nethanol car bonyl ation

the ﬁﬁ@éb@@ssm:@ﬁ oAb mengHide inrthe Brst rqaﬁty@nzqr@nwhtchurgsuétam a

‘ cor%@gss I rge dgt?stmreﬁb f{?ﬁ(eaémllcgntr k?Y)n ﬁffl {:z#@&# mopo rﬁg QC%&'VQA in the liquid

on nonoxi
reactineompbkitibn tesadjisting mh@temperature or pressure in the first reaction zone, or

by adjusting the concentration of one or more components of the liquid reaction
composition, such as methanol.
In a preferred embodiment of the present invention the catalyst is iridium, the

catalyst promoter metal is ruthenium and the process relates to reducing the precipitation
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correspondi ng adj ustnment of the concentration of
carbon nonoxi de dissolved in the liquid reaction
wa@eowasi7ed on, by adjusting the tenperature or PCESBA0E/000954
in the first reaction zone, or by adjusting the
concentration of one or nore conponents of the liquid
reacti on conposition, such as nethanol. In a preferred
enbodi ment of the present invention the catalyst is
iridium the catalyst pronoter netal is ruthenium and
of rathenipmotiesieh e leAbedinient, rsehiblz [Ra(CORIPT prU(GIO)Ailiand PRu(CO)2L1,

spegzg%qggﬁzt] Iglé;c}ql Igl]nn% glht[hgg(lg%‘l)@rggghrﬁg gtg)aggglggl? . éx? ﬁ;}iﬁ)fractllm The
spefi%ﬂdé@??ﬂz 3 b prBGpids gg% the ﬁ@%u?ga&ﬁgﬁgﬁm&glm &'ele lifid

fracpoe wihpn f‘alt i gtesatnnthm‘el Iresuplting in dess toif outhemmp diin therpregess. Thus,

i Spbb S, SRS S TS FEob a0 e spp o

catalftid PeSed lgafﬂe [@égco%%rf[kﬁmomj BBitEoLMkigh ¥eifore

species i The second sol ubl e cat al éti C

prompticially agtye ten [RUCED) k. [RUED [, RREQpLberd{RHCO): L], are

o gl oy B e tiont R A R ERig R0 o

are dﬁdeﬁféﬁ&bf RUKEOMIS:, bi 163 2075 RETS dr@s3020¥em | for [Ru(CO)4Lo], and at
- particular, bands at 2107 and 2037 cm are observed for
205f pnd €892pma] fonlRa(GS)Icba Thus Wl@ﬁ@n o6ughepiym 1 e process can

be 1%@(&% él}e%]mte@ﬂg d@trenﬁlgﬁfk r g, ﬁ%gn&mr&hg (?]fék%&@ﬂzi or the

precrpitation enfumint
ratic afithe eonedtrathehs@f [Ru(ﬁ@)@h}ﬂdmbymdd [RugCo)hg (Hl[Rhé(EO)ab}s using

R S S L o S 20 S Pl opis

-suck EhaE 4 (cRdenlration 45th8 Satl® & cbﬂééh%ﬁ&lsﬁ@ afldtAsEPPowaRGlue at

adjusting the concentration of the first catal ytic
whigh precipitaierc wotldatccuth Breferablynthe aatlooq-f the censentration®f fRU(CO) L2 ]n

to t%i? (g)gllg%%tl i{) ﬁ%&d&a@m aLfire e%dg} D ggﬁ Valeﬁg Pt;xtam@ﬁc% tration of

[Ru(@@%zﬁq)ﬂﬁ Rivriea buoby adjudtentGPrRd Rbd rdte of bebEOMEnEHidetd the first,
of [RU(CO) 3I3] is determ ned and adjustnent of the

andos gptional AirthenTesptipnEANes) 21 2] n is carried out by A
ad é‘l.ﬁttaggﬁ{]?ﬁ{n Muﬁl%ﬁw @cf‘n?% Rhdé ﬁfapﬂxﬂ% ﬁ@ B8XLdAE thLlidui@ reaction

firs of optiona er reactl zones
confpositiah) andiwhich mmcapables of toawerting coogialyticalyt almdtprasmytxdmlly active

adde o the .l eact i.tion whi.ch
SPC%IF% a{f‘aciﬁaﬁﬂ@ddv ! gﬁ f%§@33’§4'@3ﬂ Hﬁa @2&1 405
&nﬁ'shualﬁ&mdrﬁn %eﬁgbﬁms 1@61§daﬁ3ﬁfd1(gﬂ}jcﬂl&1c@°mﬂh@n(m)
144 935, EP-A-O 643 034 and US 6

es of
bromide; afstiem(THYiodades onGihotid3, TBrs AH@, [II(C@)zﬁ}ﬂzl, [Ir(ﬂ%p)zBr]z,

GO e} g S i SIS g3 8 con

Im(‘fib o q@)iﬁllrﬂ ﬁlctall"[lfgdv, Q2D2 G @detylatdis e B, 2ir(acetylacetonate)s, iridium

£ﬁ4 (CO 21 2], [ CHS)SCO)Z] lr3(CO 12
acetp gwig[ircmr Pagfersblydhe pomplpg@;u*e rhlogide-free, such as acetates,
oxa#a%%%&%%Xét%E&gﬁﬁés? )I(rg@)ab?y thk i RGSLY &)f'eggﬁtQH ﬁ{eqzqu:f’d reaction

composition for the carbonylation reaction in the range 100 to 6000 ppm by weight of

iridium, preferably from 400 to 3000ppm.
4 Examples of suitable ruthenium-containing compounds include ruthenium(III)
chloride, ruthenium(IIl) chloride trihydrate, ruthenium(IIT) bromide, ruthenium(II) iodide,

ruthenium(IV) chloride, ruthenium metal, ruthenium oxides, ruthenium(IIl) formate,
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acetate, and H2[Ird ]. Preferably the conpl exes are
chl oride-free, such as acetates, oxal ates and

wae@vgbaeet onates. Preferably the iridiumis pPErEBR007/000954
the liquid reaction conposition for the carbonyl ation
reaction in the range 100 tog6000 ppm by wei ght of
iridium preferably from400 to 3000ppm Exanples of
sui t abl e rut heni um cont ai ni ng conpounds i ncl ude
rutheniun(l11) chloride, rutheniun(l11) chloride

H[Ru(CD)ds]a tetra(acetohshioroniteniunb(Ion) deithehitin( @) avetafd, Mithenium(III)

i odi de, _rutheni un(| Vg gmjor_l de, rutheniumngetal,
PropignAeriuthanE R G Lbutyiate, Bhemiem mpl)ltavaébmém[r{e‘_ﬁ@ewwgiqafbonyl
and A ARG AN RBBCHIR SR dicr bl doaroly RERLAM BRI dimer,
dibteumotricarbonylonheaiini) den¢raamt dtherydrganoruthenium complexes such as

[ heni und - b | I X heni .
ey bR aRE S BB oo K Ehivaneah)
dicl‘iibfﬂ?éycl&icﬂd%%)rﬁih%ﬂihﬁﬁ’ﬂ)’bélP’fg@eﬂd&%%E%tgﬂbé‘f@ﬁate)ﬁ&ﬁenium(ﬂl).

ot her organor ut heni um conpl exes suc

Suitaply the madargptie ofiruthenime idiiug: isémiherge)of from 0.5:1 to 15:1

t et4acC s(benzene) di rut heni unf.l1),. . .

it TSP E SR R AR ARR hieri% A ysRlionel igyigrabpse gagbonyiation
readtfonone.eThe preSuRIvTIIR) calbdiglitidAtédctidn inhe fiddtir¥actibe zone is
Suitggl ar ratio of ruthenium iridiumis in the ran

f
It dheange {toiB0bartd. 4 tor19:0 MEah prefirably i ta bara (2.0 0 8.0
. perid- 1 orid &)
MPaRERIr BB MO BAR! 210 (U VPR The SBRRAIIA O
carbaytationmedction frethkifirsttreactian zomenis zaitebly M theitdngbll 90 ta3005€,

range. 17 to 1 ara.(l.7 to 10.0 MPa), preferably 20
prewrefwa%m&g%a"(gfﬂgo?%E@ é MPa), nore preferably 20 to 40
barg ifidiuth-EfRalysQ fYbdosses & [rofeRel flav bl tw Feaction zones are

carbonylationreaction 1n the first reaction zone is

empayada Bleyfirsandrsecondirgectivd Gones 18OGOMinfinetlén atrayaté reactien vessels

. an 70 . 2200C | n i.ridiumcatalysed processes, |

with B L Wil o e B ot BB, oSS i Second
reactivplveysRUliquill eedctios torBpehiS RO thehiGt Feabtichonasel Reihlssolved

mai nt ai ne% I n separate reaction vessels with neans for
and{grepdpingd eayben menexide.fSuch @ sepasate enend seastipn sesgelyaasseangprise a

. | . | . 0 . .
sechdh O Viog FERRh (BT nE Y o8 oM BB i Rpypostion flashing
valwhi. Beediérably thenpliipe s ktid &ilh dgpicalipthe pifpsdshglh to Fafleter ratio may be

separ aj e cond reaction vessel nmay conprise a section
abog lo?piﬁféo %ﬁ%ﬂ tq ﬁ@mﬁﬁr §%t1°§§8§"t}}15‘??r\?@ Lowyer dhan thisimay by
empl6f&t i on conposi tion flashing valve. Preferably the

pipe is liquid full. Typically the pipe's length to

di aFpmicallyy attleast apgrtion of Bwliquidreactianhmoygiositiendogetien with

iS5 AR AN e B e
at 1da8BChdriin 6 PRRAALHrAM HQEE bR HisWIVel MdAtehitBifled ctbOf monoxide

entrai ned carbon nonoxide is withdrawmn fromthe first
passed de theggconsiyeaction zone. Preferably substantially all the liquid reaction

composition together with dissolved and/or entrained carbon monoxide withdrawn from
the first reaction zone is passed to the second reaction zone.

" The second reaction zone may be operated at a reaction temperature in the range
100 to 300°C, preferably in the range 150 to 230°C. The second reaction zone may be
operated at a temperature higher than the first reaction zone, typically up to 20°C higher.

The second reaction zone may be operated at a reaction pressure in the range 10 to 200
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at least a portion of the withdrawn |iquid and
di ssol ved and/ or entrai ned carbon nonoxi de passed to
wo b@7aevend reacti on zone. Preferably substantPel/GB2@71000954
the liquid reaction conposition together with
di ssol ved and/or entrained clrbon nonoxi de wi thdrawn
fromthe first reaction zone is passed to the second
reacti on zone. The second reaction zone may be
operated at a reaction tenperature in the range 100 to
barggreferghl pincthginangeild te he0 barggRrefifably,ch@R@cin fikssudo dingisecond
cliqn o) ted at a te rature higher
reabie Pk & FaETe e M6 Bonor ppssmtq i e tigigeedne. The

resiiegtectime 3NRqiEe e@iton EGHdshIdNZA AR ¥BOINAIRa QA RLE T sAftalily in the
ction pressure in the range 10 to 200barg,

re
range gﬁ%?%‘bwonw preéerabld 8 ta 50Q spconds. bar g. Preferabl vy,

t he j : ' ' i .

g4 BESSEAL 08 SRR RS s
to thatristrodueead td tha seand reattien r@Ri adeliwselved amd/of edtiagied darbon

reaction c osi.tion in the second reaction zone S . .
mogent %&O“ﬁh Al gemenpydagydhecarigined pritdrths Hpst {iquid reaction
corhifbsitid prRE e Erodd&tnGo MRYsebGhd r@ﬁ&ﬁggﬁﬁg alPort ﬁ?%gffeﬁ Reparately

reaction zone caytgon nmonoxide in addition to
to qngor awie egatienstwithis demecondaaadttioozono iSack sdditiesd carbon monoxide

maf 08 BRSO B et o e cropS thawiduand
methedae The AdditioRd Saibof ndHokide nidy Bebohtided bPRigh PrdskiRe off-gas from

%ﬁéond Jreaction zone and/or may be fed separately to
the &igst repctipp zeng whigh cowld adyantageonshe albew Gredfirsisastionzone teche

opeﬁf@&a@aqﬂ glgér%;ﬁbﬂeggfgp ?)ﬁh'm&%é&lﬂgg ﬂ%erc @V{r %k‘ galer?% Egﬁc’)xide being

L mpuriti or exanp rogen,

. fed ¢athissacatidazadtien zonk. reiditionelly keuldddintihge dle requikient for a high

de may be conprised of high pressure off-gas

pre%?‘%ﬁ‘?%‘ﬁés Feaent o 5ct i on zone which coul d
adveny faRmal Nm@éﬂhﬂ%%%& by fiso bE @@nkﬁ%%izo‘?%ﬁoﬁlﬁrt Sbon

operated at a higher pressure w e resulting
monyxgdreeontdining @hs stegapnsuchus foriedemple angrfondnomoxidewerictestasanh from
ion zone. Additionally it could elimnate the
enoftEffiap

ur'rement for a high pressure off-gas treatnment. The
addirbfefiddy gfeafeP tHan TONDKIGIE prEbetatll $RealS tMoh SRen Riore

anot her carbon nonoxi de-cont ai ni ng gas stream such as

prefepablyagraater than S0%: burrexamnleat thastr958h of theedissolvedrand/oo etegined
. th 1094 f bl .
T TR N O

con§084d ihdhe secampteaction Zodast 95% of the di ssol ved and/ or
nonoxi de jn the w thdrawn reaction

entrai ned car ?g‘% | ] | )

corB&% RIS OF Bif nrerent myentiopewiablseacsive dprivatiyps effvaethanol
inclhde ﬁl%tyﬁf&%éi difehii &Her%gﬁ Shetth i(%(ﬁ&e. A RESER fFm 1 and

present invention, “suitable reactive derivatives o
reactie¢ Hemiaitives 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
the carboxylic acid product or solvent. Preferably, the concentrations of methyl acetate in
the liquid reaction compositions in the first and optional further reaction zones are

independently in the range 0.25 to 70% by weight, more preferably 0.5 to 50% by weight.
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i nclude nmethyl acetate, dinethyl ether and net hyl
i odide. A mxture of nmethanol and reactive derivatives

w0 b@raaf24ray be used as reactants in the proceB&T/GB2G0M©00954
present invention. Preferably, methanol and/or nethyl
acetate are used as reactantld. At | east sone of the
nmet hanol and/or reactive derivative thereof will be
converted to, and hence present as, nethyl acetate in
the liquid reaction conposition by reaction with the
car Batgrimay mciodned mdutmtin dre lﬁplid/ﬂ:ﬁ&tlonFﬁ'oﬂ‘fpbﬁﬁlbhsl, forit &@mple, by

ntrations of, meth tate in the lig
the eé%&ﬁf%wnésﬁ'ag%? "ﬁﬁh ﬁfeﬁ?t?@tangﬁaetmcwﬁwafluct Water may
be fﬂﬂxfoﬂﬁ&ﬂ m&?eﬁdéﬁﬂy%@ PRYird Ad sOGRR %Q:%%%Mioﬂ féaéﬁtﬁl %o%b% gether
0.25 to 70% by weight, nore preferab

witheor genarapdy @ionnat}aelb@mummfd of ﬂneshquui nemcttdn@ompqsmdns Water may

t f
S A TN T T - —
zorﬁae ahd Mmafbe dedytied i tontiiile@ kmbBBts REmbtdiR 6HéGB8&hired concentration of

gttgendent ly to the first _and second carbonyl ation
wateg Heie HAuig spaction sg@pawtions For igdivseenialased methanphcarbprylation,

' the CORRARETIR o?fwah%?? h‘leqwo ?(%{egaﬁ)'ﬁ' C%H}P%Q?BRSS irntthg AR aIW”lE)fiatlonal

may be separ at er co PRRET AEh
furthormwlcml zrones arke pi’&fexahhy 1ﬁdlapa’mdelnﬂy ireth@trangge (2 DREB0% bt weight. For

ere [ oll.ed anpunts to naiptain the . .
rho? T mitBanol G oRY GHona e PR Wieletinth ligwid seaction
coﬁﬁd’ﬂiibﬁ'lﬁ R st fe@étion¥dhe 19 é’f@f“dbléyslﬁ% Wg@@ % 15% I%/weight.

carbonyl ation, the conce ratl ns o ter in

| opkefbrat?RGhé SbhcERRRRA df! 1'1&11&4" Edtﬁl 1&%&9&‘1({[ onal

further r€action zones are era epen y in
carbgwlatian geaction compquansyn e ﬁjbtt and Raptlondi cfuhthmmtlalh mead is

b
o eaﬁ?n@@dp B0 AL AR i
L0 B RS R o Bl 64 Bt s

ofmn oa& ab &t (0itD 4tMpaj Pﬂ:lférﬁiblej A1 90 B0, Pd T KaS. '1% carbon
ositions in the first and optional furthe

mOlﬂ seagtant deoribe ﬁ@rbpnﬂéb@n@eﬁtdny mjay btereesqnanl@eptﬂm omRytcontain
r ef from4d to 18%
me%a% o nle@n%%%gﬂis 48 |°§ dﬁﬂ??%%’??haﬁ?’elggﬂgeq din lﬁ éaﬁs’r \g?ter and Cy to Cq
paraféiaicthydrocaoas. allfhe’cprébaﬁéd (iﬂhyﬂfogéﬁ i @i @hrbbh ABrdxide aﬁ@ generated
ShOto4I\/P preferably 4 to 30 bar (0.4 to
in S%ng Crperggs ﬁglﬁ Teaetion iy eref@ably kapt lpwrasits resence may result in
the SGHRRGY b?ﬁy‘cﬂ@gé’nﬁﬁ&ﬁ #ﬁﬁﬁctgmﬁﬁugqhg ﬁxﬁgﬁ}g |3 Xrog«% fn RE cAB¥n

contain inert”i nmpur t1es suc as car
momdm@tam i pm@eeamy tesbtengasel9p, mateqrreﬁmﬂal}ﬂbss $haf.5 mol %

and SR ool 0 Dt AgnBloE Cheparia PLFSBipe O By in the

reaciof z6M ik tpréferaslyl 1@§!; thin Ph&{ @I120bY) SRAl g{&\éﬁﬁsm'o}espreferably less

presence result in the fornation hydr ogenat | on

than0.6 §aic(59 kqu%@rgl yet mrgpmﬁq:rablmﬂesh Vfdlndkﬁahan (B0 kRe). car bon

or CTAHE R FRALEN kBl R P Sy s baeln gones
by f}ﬁg ?zﬂgl;&;ﬁrﬂln?}qdﬁﬁ'seﬁérﬂm{ 1Rfuid RERA donHosRiof S passedlo one or
more 1lash separation stages via a flashing valve. A flash separation stage may be an
adiabatic flash vessel or may have additional heating means. In the flash separation stage
the liquid fraction, which comprises the majority of the carbonylation catalyst and the

majority of the carbonylation promoter metal is separated from the vapour fraction, which
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reaction zone is preferably less than 1 bar (0.1 MPa)
partial pressure, nore preferably |less than 0.5 bar
W@ 2@7hPa24 and yet nore preferably | ess than 0.BChaB2¢03000954
kPa). Acetic acid product is recovered fromthe first
and optional further reactibn zones by flash
separation. In flash separation |iquid reaction
conmposition is passed to one or nore flash separation
stages via_a flashing valve. A flash separation stage
compgyeswéetmcgg methitl pectatp au ey, axetlayl iedidegngd noayeondensable gases
suchg%g{é{éé)é)% l‘a]rlb"(ﬁlaﬁqéﬂ(%r ds d?xpgrggéwdqﬁa:gdnaiﬁgxlglgs eﬁgduﬁpﬁactlon is
recyoRjl o 'tlie)ﬁrstfreztdﬁen eandanlthe vapmor ﬁat:wdrymhy bepastébto one or more
. .Jmjority Qf the carbqnyl ation. propot netal is
aistfalien ke Th p G GRI EoteraP o FBroast b gL fiam the light
comgs&édtsc nﬂ qua?émmaﬁﬁlt@tet%te) VSt er@&lpdﬂentsoﬂe f8ncied
on- conderisa ases such as nitrogen, carbon
overtreath eidizscy¢lgdi toctge firs add/oaolttmmabfuuhemactmhezoncsq #ilsp removed
|srecy ed to th irst re ctl
overtii s g PE P PoRS seP g (gl A uAS nitrogen,

carbeh $idnok k] lg’ﬂrdgéﬁ%ﬁd chYbor dfoxidet SEdHS lohvl-pebsife 8fipas stream may
acetic aci roduct is separated fromthe |ight

be passap drewghsan qfégag/ﬂreah@gmtdéctmﬂdo AERPNE coaé@tsablé)mam?és such as
methyI304ia € BTRERANT: Fafed s TRGARACE? Ry Vla B BEET 7 O
r e e adetim\&fchﬁadhdeﬂ b3 thopropese astordingtd thgasesentnipyémiongnay be

t he ngn- condensable gases ch as, n car bon
furt g R BBy FRIYFBIER! BIRGesses Bierample Heherdiinabon fo emove
1mp SRUER S & bbreda8d SibEA AT R 3RS/ e§té}r d%ﬁgs'n@'lhereof

-gas treatrfent section to renove condensabl
andhrgher—b&almgbmtochstsnet hyl iodide, prior to bei ng vent ed

f ) [ fl . Th ti
noipepRoaR b ptE LpeBLgbuny BedhndlgSas P aires
whetdhY ﬁ&%hﬁ’iﬁaﬁ@ﬁ/ofhﬁe Edtickhedtion Wriid Bdt &Yal?%é@ﬁifeb ePaf the ratio of

further distillation to renove

processes, for exanple
the ¢omgentrationsofithe firsh gmcend cafpliytie spasis dalieB plage at anpropriate

1nte1i¥|g§hsg(?lp @gﬁpglﬁg nﬁﬁce 9) tlééjcgciﬂcgrﬂnﬁa tlé)g F?&‘(El'lg;fgrg{ 2 ?thc spe01es or ?f the

ratid 6¥tRE borenti@onP 6f ﬁl@rﬂi‘ﬁdmd%e@nd eatalybi¢@pecigyie Gmntlally constant.
wherein determ nati on_of the concentration of

fi ride ipveneny wilknep beillustrgied by thefol lpmgoﬂ%rhmﬁm Sramples and
w1th%?e9§t{yert?ﬂg‘a&sl Wil R ésérftg 2 S0 RHE 20)eh 684 af’attﬁs‘:splnta?]le for
ecl es gl'ace ar appropriate intervalrs suc
carrymgrouemalpmessfoﬁﬂmmem«mtmmm on of the first
tic species or of the ratio t he .
C o hbpas RanBRses RAH: FATion ABRC Do round tepgtiqnzone (5), and a
ﬂasl?&%ﬁfa@i%n Isfp8 () Sinalkk] @bthindl ‘ﬁﬁ& Eﬁﬁbn mbABxidB Ry fell @ theifirkt

now be |IIus rated by the follow ng non-limting
reactiguaApiess) aﬁdlw (h ané(@rremétlwby Flng%mférsmeammz@ne (3) carbon
{ f
morfRlejS AR PRRS FRbiTeeion PieBBREL Shich Rt RR el guatye

and ARR& G WataByR oA ndethl, nethah6la et aé’dﬂa{te v({z&ér,, nfethyl 1od1de and
second reaction zone (5), and a

acetic acid. Liquid reaction composition is withdrawn from the first reaction zone (3) via

line (4), and is passed through a second reaction zone (5), in which the carbon monoxide

dissolved and/or entrained in the liquid reaction composition reacts further to produce

additional acetic acid. The liquid reaction composition is then fed to flash separation stage

(6), wherein it is separated into two phases: a vapour fraction and a liquid fraction. The
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flash separation stage (6). In use, nethanol and

carbon nonoxide are fed to the first reaction zone (3)
woe@7hores (1) and (2) respectively, hi the fiP&I/GB2007/000954

reaction zone (3) carbon nonoxide is contacted with a

liquid reaction conpositionl@&ich conprises iridium

catal yst and rut heni um catal yst pronoter netal,

nmet hanol , nmethyl acetate, water, nethyl iodide and

acetic acid. Liquid reaction conposition is w thdrawn
vapbuofradtioa chmpsiting eeaticiaohl, rmttey] (&lide; ivatdrj methdrbl and nebtliyd acetate,

s BRE Ep L0110 s B e (b BamANoF Srooutio S HRES] peetnacid. The

liqlid @ebtébri, BaRHH QL HANRA 8hd i‘LQHen lﬁﬁ %ﬁl}fti‘érsb&%s dnf aBERAUSEE is
addi tional acetic acid. The liquid reaction

retusardfoshe fishreagtiantrene (Hovia ting (Sésh separ ation stage (6),

wh .
rr elrthd ftonliTe SERRTR B AGP wht BreREBSEN e R tptysea.
ruthealipi poni@eeebinglatioh df nféﬂiahwl u!;lﬁgl ltlféehy)ph‘@h@ repre®nfdne figure

and nethyl acetate, is fed V|aI|ne( to a
~distillation zone (not shown) for recovery of purified

ac tthé311 H geacﬁ&?(f'dr*@&éitﬂm ih "i‘l‘fé ﬁr%Prea%?c{Hjio{ré Mlege é}é&tgﬂ W Bt

rut heni um ca t1Cc species an
solu’néd: cataigtic Spmcteb,e[Rfu((E@lzlzﬂ,gand a sgtond Bﬂublf&)camlﬁt $pedies, ([R)l(CO)gIg]‘,

in L o%{}% o o lp‘j lﬁ)@ﬁ{r IE}}% ra&(le) g{‘){ﬂg &oggegggh(?ndo
[Ru@@Oﬁ‘Pﬂ.}’ !oethé %hc@ﬂtrd%h TR’G@O%H? ﬁ?&eﬁﬂﬁ tIRPRA@Fd&ion from the flash

represented in gur e ['1quid reaction
sep@rgmstagd which rwas h@}'ftlled 0 thediisitreantionanne () avas debcrrsmedl aad the

ol O BB e R ey b

rutlﬁﬁimkﬂpﬂé&ilplmfe§ besuegW th. I n the exanpl es bel ow t he ratio
of the concentration of [Ru(CO laln to the

concentration [Ru(CO) 313] present in the liquid
@Irq{égg%étﬁdh f‘oHim }..E*. tﬁ‘éﬁna%%gglm igkage which was

reacti o zone (8) was determ ned

arr'dn tﬂfmrqsﬂspéettc&nmrr(a@pued Sestéras ReadtiR, Giodeh€0 I- 8003) wass
he val ue at_ which ruthenium

mai.nt ai ned wa
cahﬁ?&’é’i rlelﬁ"’t"?i%’Ie e W’eg 8% E@Pﬂ?nsml%@%@t@%ﬁ“ﬁ'@ﬁ@n& e
[Rué@@))zﬁ] qnd&f}ﬁf@ﬁ*)ﬁfg 1 'l“ﬂ@ éalﬁﬂaﬁ \iir%r &%e@%%faﬁﬁhﬁ&ed absorption

=

eact
ban sad:orrﬁsmreiﬂngatp [RB(@@)ahl;anﬂcﬁRa((Ké)glg,]asespéctlsfelyut i ons

| R St o b S rc ol ok T R fracton

whiti{sireg d&b%l‘iH ﬁ’ﬁst &Bcthﬂl%ﬁe &refnﬁf’(ﬂ@fh@ib%@tﬁecboncentratlon of

{ u(CO) 21 2] n and i Eﬂarespectlvey Of-line
[Ru{GRhhila theepngeniratian §R deesont is ghedicud fra¢tion eexshed to the

ﬁrstttjafct Oh%hgggﬁ%%@f& %fg{i.Ch is recycled to the first

ion z he ratio of the concentration
xam‘plé_Ru(CO) 212]n to the concentration [ Ru(CO) 3l 3]

T%Sé%gltrbolnglagllgg prlolcgsléll\gasfogagr%ttédoart] arctgrcl:a)(l)ﬁ ln?odnotx?detclggcentratlon in the
vapour fraction of the flash stage 0of 20% by volume. The concentration of [Ru(CO);L], in
the liquid fraction was 3100ppm, and the concentration of [Ru(CO)sI3]” was 310ppm, in
which the ppm values relate to the quantity of elemental ruthenium. Thus, the ratio of the
concentration of [Ru(CO),L]x to the concentration [Ru(CO);l3] present in the liquid

fraction was 10.
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first reaction zone (8) was determ ned. Exanple A The
carbonyl ati on process was operated at a carbon
wOoReRd™e4 concentration in the vapour fracti onPOf/GBR@7/000954
flash stage of 20% by vol une. The concentration of
[Ru(CO212]n in the liquid ¥action was 3100ppm and
the concentration O[Ru(CO 313] was 310ppm in which
the ppmvalues relate to the quantity of el enental
ruthenium  Thus, the ratio of the concentration qf .. .
[ *éu{f'édj’%@}e t e?fgﬂiaﬂgn egﬁeéh%wmceﬁtaglmg propigjtatp %ﬁ?@é&lﬂd
fractidh \R/ﬁ‘seoﬂsb%&.dﬂfu%,atﬁ% bRAeARintE vhite bBlo% WHiRARlcGalid8f the

formation of a rutheniumcontaining precipitate in the
condepigtian ¢fi{ Ro(G@nLhds thebweeardatiod fRs(CQ)ks] haditd deanataingd was
10 val ue bel ow which the ratio of the concentration of -
"[RU(CO2I2]n to the concentration [Ru(CO 3ls] had to
be mai ntai ned was 10. Exanple 1 The feed rate of
carbon nonoxi de to the second reaction zone in the
Exampledoss of Exanple A was adj usted such that the
p r e .
CoREERE AEREORSLT Bl 0ls & H85RR0A FBRAB) Hiedn fheguposss of
Exammplege wa adj0stedyuchahat it probess ovas opratedtat 80arbbn fidu6oGak 2|
Jn in the liquid fractiqn s 3365prm _and_ the
conceRfratian ip g Owﬁftcﬁe{leé)*@lf%hmge SEG%WVPHJ% iTBE t he
BRI HERu(CHRLE ih thelIRf nt séﬁﬁ% i
eon r ut hepi%f?h uﬁ'h u)glsz tlhe er a f(gﬂgéﬂoklh‘iasgjggc ntr a??%enm&c entration of
[Ru(OCR)¢IgOras 2T0ppty int Whichdeppih vatueorel ftéi| i8Sy 848ity pf elsmantal

in t | iguid. fraction . 9. recipitation S
ruthiehy int, B i oS etron Pliom o ARO PS8 i SopSBon
[Ru(@0041§1dpiegentt & the ¢iqRideERbn WAY ONL NS predipitRntWR observed in the

concentration of JRu(CO 2I2]n was adjusted (indirectly

liquid jragipn Jihifsin en exaniple Besrding ixihgeresenidnyention, sugstihe hat

t ‘ ' R 2| to,th .
conebHu R PRAICO P SORSAAEA BB P A oA onoric
feed tate)cduich thatei®e ratd of tht Bestehihtton ¢ TRuEDNB ) Ab thdédhldentration

r Sh nium precipitates occur. Exanple 2 The feed rate
[Ru(GD)els) Brsrnkisnbs iauidfictioh s mamiaineh belpwine vee fiwhide

ruthd¥f PRRiftates 080! € A was adj usted such that the
process was operated at a carbon nonoxi de

concentration in the vapour fraction of the flash

E st,age of 40% by volume, and lithiumiodi de was
—"9@?—20" duced into the process to give a concentration

t s Red rdtdot &!ﬁbdrﬁﬁ%&%‘lcg (%)Ictﬁg s&bnd %ﬁ@ﬁ@l)n 28R in the process of

concentration of [ Ru( ]nin the liquid fraction

Example Agwasystivatedasugh thas the process was operated at a carbon monoxide
concentration in the vapour fraction of the flash stage of 40% by \’/olume, and lithium

iodide was introduced into the process to give a concentration thereof in the reaction zone
of 35ppm. The concentration of [Ru(CO),L], in the liquid fraction was 3910ppm, and the
concentration of [Ru(CO)313]” was 670ppm, in which the ppm values relate to the quantity
of elemental ruthenium. Thus, the ratio of the concentration of [Ru(CO),1,], to the
concentration [Ru(CO)sls] present in the liquid fraction was 5.8. No precipitation was
observed in the liquid fraction. This is an example according to the present invention, since
the concentration of [Ru(CO),1L,), was adjusted (indirectly by adjustment of carbon

monoxide feed rate and by addition of lithium iodide) such that the ratio of the
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concentration of [Ru(CO 3I3] was 670ppm in which the
ppm values relate to the quantity of el enental

WO agonaei7esn  Thus, the ratio of the concentr atiPCI/GB2007/000954
[Ru(CO212]n to the concentration [Ru(CO) 3l 3] ~present
inthe liquid fraction wasl%.8. No precipitation was
observed in the liquid fraction. This is an exanple
according to the present invention, since the

concentration (CO 21 2] n was adj ust ed (i.ndirectly
concnration aéﬁwﬁp)ﬁﬂn %&ﬁ%&?ﬂ iond BUCALL] reesia thgdiquid
f
fracif ek hRu e bRV ARe LR, SR il cri e pABIREE B on
[RU(CO 13] present in the liquid fraction was
Tabl nfi nt ai ned bel ow the val ue at which rutheni um
eci pitates occur. Table 1 Exanple Concentration of

Examﬁ?é‘ce@)ﬁ&hir&[bn@f | Eodeltraiotlor 7 | E”u?@%ag e  Precipitate
Ru( CO) 21 2] n [ Ru( c03|(n]@)ﬁRuco o A 3100 310
3

10 Yes[Ru(€€9521370 9 [Ru Bai1o [M@(les] RatiqThese

rut heni u onot ed net ol carbonyl i on process ec,san

1 be optimsd by determappng the rati @ jof the No
concentration of a first soluble catal ytic species to
a second ¥80ubl e catal $¥®c species i ﬁ%qw l'i bri uniNo

therewth—Tmthetiqurd—fractionrfromtheftast
separation stage, and adjusting the concentration of
tThesd desslts shp@cthetandtidinm-Gadlysederutiddnivin-pfomoted methanol -
concentrations_is naintai ned bel ow a predeterm ned
carbopglatien pragesssAB be Btipised By daterating the jasiont e ¢mgentration of a

first sfoﬁfb'f@&dtﬂgn@%)eaég Fbeéf‘]%ééahcp §<ﬁﬁBIQ k@ nfafﬁ% s%é: SsGA @ 111br1um therewith

conpari s ermn trates
in thet liq—md frhetiondimoe ltiter%h upanzihdrﬂs@gb; arsltadfséiog ds coeeahtmtiby of the

frst shgi gy SR T, e 2 B GRncafations s an P BREen BeR aptedetermined
valuePTEISBER NSRSy aiding a2 ﬁ)ﬁﬁ&tﬁﬂyoﬁﬂﬁbﬁuﬂﬁﬁéélﬁi@ates

resources. I'n particular, Exanples 1 and denonstrate

t NRkthbd, chRphtdd8©f ERAMYlel 1%@@;4[1&;;1@2 H%bﬁ’s‘ilfa% thel the

addition to increasi ng t he carbon nonoxi de
concepdraiemof the ifiov speriesinsed aplyre adjustedito thegdxtanh thaf {saishessary to

. Stage i.n der to.. ow .t he.val.ue
mainG R b oD BRI itk » B i caf eheienavoi
wastifg f36@Bed. M particull, Plbi@ibledn 288 2atefionstraé it ihd edhecessary to
pr.ocess conprises the steps of: (a) carbonylating

add gk ApGHe dmiidis oo ipaessingaihe earbom TIoRXIoR gpnssntrgionyn the

VapOLfi'iq:r'q & ?jn BPRAQHGe st'a%b i ofrliér% n[a%‘?cﬁlh' tﬂé‘raﬁ8 rﬂ)%lo%%b R\'e Wydich

reaction c on conp I'ng a carbonyl ation
ruthewiatngprysipit@tedoaucar bonyl at| on cat aI yst pronoter netal,
nmet hyl i odi de, nethyl
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acetate, acetic acid and optionally water, and in
which liquid reaction conposition there exists in
weowiiptied um at | east a first sol ubl e catal yt i BCHpB21086600954
and a second sol ubl e cataly{'c speci es, wherein the
first catalytic species is e least catalytically
active or pronotionally active of the species existing
in the equilibrium (b) withdrawing |iquid reaction
Claiconposition toget her with di ssolved and/ or entrained
=8 hon nonoxi de and ot her gases fromsaid first
1. I eachrosdds Z6HBe plo@hctRBldfabald aidPRih Ploced chnrisBHihe Wps of:
l'iquid reaction conposition through one or nore
f uf@ warbopglating methapelandios agenstiverderinative thereod withraathon
B
carbauydatinei dacaipst afd € parbonylativnocaeiiyst pronidteemetaR sitethyl iodide, methyl
separation@g%&ges to forma vapour fraction, which
acetqle,AGpicad taally watenagd i whichdigyid woactipneegpogition there
. o - . Y I .
S Bt o ARl BIPA b1 ftalytic
specigpst Winereiln thefisst catalytic speeics isnhp leastseatatytidafly getsve or promotionally

.conpri sing carbon noxi.de. and ot her gases di ssol ved
acuvﬁr?%@@ﬂ% e lpﬁe.tq%‘.ﬂ "Hr awn 1 quid reaction
CO(H) ithdi Sfing HqBiddeddioH cOmbbscdd Qb?eth%ﬁﬂ dfs801PEd S&ffor
car bonyl ation catalyst, carbonylation catalyst
entrainedrgrhon menaxideand othasighses fvintisaid fivst reactiomzoner)

C CR BRI Hasi M e b Sl d 2Rl bobipRlRon fyrough one or
mordifkthemniendtivn Zongs fol@naicanédsed p&fioRbf tHealidsblved and/or entrained

catal ytic species and/or (ii) the ratio of the
carbIyMEBRHifelt i on of the first catalytic species to the

el PR R id FRE SRS toth Moo TBRELTRb sop (o) into
one erangrediash separatioasiages toforpa vapgur fiactiol), whictdéomiprizee s ent

. lianid fract . ; ,
cn S R St S0 ) bt
coml?f?sliﬁgeaceﬁé aéig pRdtudt, MetRdididd byl 8cGARGRA Bf)ﬁ&dtag g/a\%fr, a8l the

east the first catalytic speciées present
low-priesfurejofif-€as eoroprisiegprrbirt inonoxide amiothér sasexdissplyedtand/or

e L R RE S50 RS S RS ot 3 Py

comprits CarbbnylftfonCRABLREcafionPRtieh cdthi§stiirbmbtes alcbl] ¥hd Geetic acid
ecies to the concentration of the second catalytic

'S
SOIVE'S‘}Eé‘Qfles present in the liquid reaction conposition in

arny) fgcgﬁh‘%ﬁﬁg t(ig%id I c(i?% fralgltrkﬂé ﬁﬁslps{fsgxﬁg&rlrglﬁ%% Q)q:hl: ggslf i1réjaction

7]

fracti ermne ai ne
zonepel ow a pre-determ ned value. 3. A process as clained

is " fffkﬂ%jgirplir}ing r(i) %l!lcaciorgcgﬁtraitign\é)\mh%t}irtsthc%tafl}i't{csstpec?igg ansd‘;c(;ro(%gI the ratio
of the concentration of the first catalytic species to the concentration of the second catalytic
species in equilibrium therewith, present in the liquid reaction composition in any of steps
(a) to (d), and/or present in the liquid fraction in step (e); and
(g) maintaining (i) and/or (ii) below a pre-determined value, preferably by adjusting
the concentration of at least the first catalytic species present in the liquid reaction

composition in any of steps (a) to (d), and/or present in the liquid fraction in step (e).
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catal ytic species are different fornms of the catalyst
pronoter netal. 4. A process as clained in any
w@e@caaizag claim in which the concentrati on oPCT/&BR@7/000954
of concentrations is deternjined by infrared
spectroscopy. 5. A process'as clained in claim4 in.
which the infrared spectroscopy is carried out online.
6. A process as clainmed in claim4 in which the
infrared spectrosca i.s carried out. off line.. 7.
2. e asSged fRGRmnL 4y Hoehe et Biaf i copoprion of e fist
catal ¥ s‘f@cib@!‘ortﬁé B86hcbARASADF R Ssebdhd BgalyRGR iRl plsami@Rliquid
to 1500cm 1 are used. 8. A process as claimed in_ any
reactionsomgositjors fredny ofistepsud) ¢ (D handéartpaesgst injthe ligid draction m4step
. process .as.cl ai ned. i l.aj m.8, in I.ch the catal yst
() is @FECHBF’SF aﬂ% F?fnt?lgedsiéﬁq%‘%tag’égjfl Ft’gwlmi@%l%%u p consi st |y ng
3. oA qud:bﬁsefsicwme@ﬁmaam 1 6helainuD) inGAHER thefirstena veoond zolable
gallium indium tungsten and m xtures thereof. 10. A

. catalyjjcotpeeiss arg deiferpridarmspidheratalyst nromefer 8talhe pronot er

o b . o . , )
. bRl T et R R By RO oA B o o
concentiadonsis déRrmihed b defegedispectrascopyl i n cl aim 11 i n which

t he pronoter, tal is selected f th . .
3. cg Fefoess q%g?%mgfm SHeim 4 WE@@%@%?&&P%H%S&?@B@aH@Sd out on-

line. @nd m xtures thereof. 13. A process as clained in any
preceding claim in which (i) or (ii) present in the
6. |A guicdssfasataiinedin ¢laist 4 n whichitle infrendrspecitpseeny is carried out off-

line mai nt ai ned bel ow a predeterm ned val ue. '

7. A process as claimed in any one of claims 4 to 6, in which infrared frequencies in the

range of from 2500 to 1500cm™ are used.

8. A process as claimed in any preceding claim, in which the catalyst is iridium.

9.  Aprocess as claimed in claim 8, in which the catalyst promoter metal is selected
from the group consisting of ruthenium, osmium, rhenium, cadmium, mercury, zinc,
gallium, indium, tungsten and mixtures thereof.

10. A process as claimed in claim 9, in which the promoter metal is ruthenium.

11. A process as claimed in any one of claims 1 to 7, in which the catalyst is rhodium.
12. A process as claimed in claim 11 in which the promoter metal is selected from the
group consisting of ruthenium, osmium, rhenium, manganese and mixtures thereof.

13. A process as claimed in any preceding claim, in which (i) or (ii) present in the liquid

fraction in step (e) is determined and maintained below a predetermined value.



