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1 PROCESS FOR THE PRODUCTION OF ACETIC ACID The

present invention relates to a process for the production of acetic acid by
&%rg&r_%%t;og of methanol and/or a reactive derivative thereof in the
presence of a catalyst 5 and a catalyst promoter metal. Tﬁ&ﬁ/r%]a%?gﬁ@ﬂ(’%"
of acetic acid by carbonylation of metQanoI and/or a reactive derivative
thereof is a known process, having been reviewed, for example, by

Howard et al in Catalysis Today, 1993, 18, 325-254. Typical catalysts

employed in homogeneouslﬁatal sed carbonylation processes are .

rhodium, irid R ©FESddrbiHAHSAOITHET 490 ACEA#UMGD described,

for example, in EP-A-0 161 874, EP-A-0 849 248 and EP-A-1 123 265

respectively. Such catalyst metals are often used in combination with one

o MBIPHTENCRIHICLITATR ADHSH IR ePTRdoRoR 9oty seid by
cabtivyhition aholethasthindidER eAc6v84R:DA4i & Eerdoiliny 218 pRénticisf a catalyst
M&&ﬁlj@%@%ﬁ&t& QF‘ catalyst promoter metals are typically present in

15 methianol carbony ation processes as a mixture of catalytic species,

soméopiniicHapetiestisraciddy catbipiitatipn of prehrotb Aadipuetivastivan
dREHERREIESH L0 BXAMRIR RS IRRGHE B el R SIS 185, dx SRR by foward et al

. Dalton Trans., 1979, 1639. It is further known that under certain
in GRithRLdrded-the e dS addire Yo ebrwicakerisly vivgranirore i hormensmanply
cababysex aaipdRyldfod JR34354 BRSGHRE IHREH B calalysRE B ¥aRelium and

. .carbonylation process in 20 which rhodium i sent ixtyre of the
e R R A e R e e
265ewsgactore yorSneht caprystpitettibrath afidih esad tive dmbrinatiod\@tR kOGIA6re

' C j f specified jodides can
P 128 200 8 SR Ry -0
64N D88 7567 e dérbes how precipitation in a ruthenium-promoted

iridiupiertrlyaat cFpARMAtiR N ARIPEPERRS S HRE FeLUsH Dy NGiialniRg
a defined amqunt of carbon monoxide in the acetic acid recovery stage of

m BREnYATOn\ RIPCRTES ATGURPS IS Afchatalutic dnerife JPBEQdavhich species
arelescdbattcali Do) BaNKESAitydrfien dent ancthpdata] amerHhelbirgisesoribed

. catalyst present in the carbonylation ess;.and the defined amount qQf
i e e O Lo b HodL e Gl
cejtateprmdstansasitie lesalaativespeaés atndmw mmr S Prpreruotescipision.ifidhe

i ] 7567 desqli he ific.
e P e Ll W e T e
Which ahnthivss fhprsscahis eripiatien Prbeastiv fus: Ty PRdessred the wmtive form
RHIBBNH3WARSMO OO BE 1 50§85 YelAPRIShi B e O R Gorm.

car oxi eing employed than is actually required to reduce .

predi |t§%ggbt{§§|6$é)§%€?&e€$#% e lay congetigtinps phepesiiehipfides can
rediteeriechéeticapiplieditorcerhidypthtab pryierss e das exarpliesd WO 03/097567
de%%'éfssﬂb%tg%&r%%& n%r%[ 2 %sﬁ-n%fnfu%r-lgp %?%ﬁ ?rgfﬁu“ %gaﬁeggglggrbtonylaﬁon

compositioh, a d ad?ustmg the concentrations n response théreto,-as
prefese febe el S @l b5 anpintainng a9 GinoB e nHovarken 1W806;582iR2He acetic

aciBk8949 Metigmefrreleving afiared I8 MARSHIEHAE &ﬂimagﬂsé' BRak

catalytic species present in the liquid reaction composition; and

degor{bes] amIVQ MRS IGdsrlorendetrrsristeranource) sidivm suabnterpent in
thdRerbOAPHARICHFIRNSI AN HERGIRAIRGn{dNANEHIRHIOR CORCANHRLARS the
pro(gesast é%gcsrgggg tlg 8%%?097 567 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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10water and the active catalytic species present in the reaction

composition must be determined. Thus, there remains a need for an

\Q/Bt' i;ﬁ prpcess for j[he prqduc_tion of acetic acid by carb.on&a{tg]ggz&fn 1000954

methanol and/or reactive derivative thereof. Accordingly the

present invention provides a process jor the production of acetic 15acid

which process comprises the steps of: (a) carbonylating methanol

ancVor a reactive derivative thereof with carbon monoxide in a first

reaction zane, containing a liquid reaction compaosijtion, comprisin od
o Lo B P L S I A7 BB ERRP B0 (el AraLa ety
toifpdice pracihydtacatatessacatts acigtendaaptionally water, and in which liquid

reaciiop. omposiion Naie A eAs e, sl TLALWRASh ARl aolble

catalytic species anda second soluble ¢ a‘lytlc species, wherein the first
exgaeliytic spdrsiwitheroncarireieapafediynastvs of pHsvigHerignLompRogion,
anSIRRAGIEHEURIRGNG ﬁgwg#ﬂﬂémeret&@swwﬁé@img Wigsgastiand Us

V

com%osmon together with dissolved and/or entrained carbon monoxide
6, Kt S HES S Hh P St Hr SRR RSN 95 (M BB ey PSS B sty ©
thivéthdeaniibes s cantiian peeiaasitient iardidindoeativareiptitaeankdns

to cans t least a portion of the. dissplved and/or entrained.
o L R e R LT R ST e
costppsiiiyreard dpstioniakdiép Haitioutno e opmmareafiash eiideasionethabiodids,
wiPd A HAPRULL é‘é‘t‘el%e"!{?é%ﬁ"e&e%&ﬂfﬁ?t?fé’r%&’éﬂ%%%%%g@ﬁéﬂ%ﬁ@ i and
low-pressure off-gas, the’condensable components comprising acetic acid
detyiseined. methyl iodide, methyl acetate and optional water, and the

low-aress wisr O tiam e A RNISIBO A RAR FBPPRYIIS ANtheHRIdEAsaSof acetic
dissolved and/or WO 2007/107724PCT/G22,007/000054 3 entrained in

Al YABRRBVIAT R A PR TP BV, S ke i dction, which
comprisesitgiyahy iatieentatadysiocpriadsd atipoceat by shp modnigiomefaketic
and acktlatic acid solvent: and £ (e) recycling the liquid fraction from the

acfggﬁlge araton & é’g?es %%ﬁ?esﬁ%st?éaction 5 zone; (f) determining (i)
the de)cahtayieting trathiinst cathiyticretiviededinative (iethes raitb esftbioa

mGRAGEOHRHAR OB ShEa MG SREF E5ia IR EANESIBAUABLL Grising a

second catalytic species in equilibrium therewith, present in the liqui

d
carharylavioasiialsiiag mearpaystigsennlys prematensrirk sesit indidemathy!

acHA] @Bt S0 48d; PRA @ WEIBINMATIN G/t loh ARhiar: G ke QbBposition there
e 1gt%}g%§di%%%9nva%l egétpar%fr%{as%b?g c%(tjéll';r%{[(lz%%ecies and a second soluble catalytic -

species, wherein the first catalytic species is the least catalytically active or promotionally

active of the species existing in the equilibrium;
(b) withdrawing liquid reaction composition together with dissolved and/or
entrained carbon monoxide and other gases from said first 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 componeﬁts 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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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). The first and second catalytic species are either
Nikardittodhs of the catalyst or different fonns of the catalysfﬁ%ﬁ%%?/ 000954
metal. Preferably, the first and secong soluble 15catalytic species are
different folios of the catalyst promoter metal Since the first catalytic
species is less catalytically or promotionally active than at least the
second catalytic species, the concentration of the first catalytic species or
enfieinediin dquéﬂe‘ém@éhléﬁaﬂéﬁ%aemnéqmogéﬁa@@@ér?dlwté@lﬁe@ﬁe&@@n
cdhediayishreasiansempesiiiontaningiiawiddre fesory afethadadetic acid
more reaction parameters, such as 20reaction rate, selectivity towards
soleikebroduct or products and/or catalyst stability or lifetime.  Thus,
the pfeecydive titigailbfrectiptifisationfatiasepacasmfar gedophedinstivnaion
z %%etic acid by carbonylation of methanol and/or reactive derivative thereof
Oby’allowing the concentration of the first catalytic species and/or the ratio

of théfbdeicaniminbi tbe weasraraimref Sedinbratakmiecngsissiaadens) theratio
o IRIRINSERRIOVWE MYalKg alilie e ol MREoabihe@artiPhEatRond catalytic

selectiVity or catalyst stability or lifetime would be adversely affected.
Spﬁﬂ%még%h’é}%%‘ﬂﬁ%wb%é&%?%@%@&ﬁ%&ﬂﬁ?%@%%%?ﬁ?a%sﬁeps
(aptdhe)fisatcajrbsiarspabiciqnabaoanbn e stqjsieshto the extent that is
necessary to maintain the concentration of the first soluble catalyti o
o T T B G P S HALE P AR ECAAfAS by adjusting
theataiyeitrspeciettddoe] e firet prtdptiorminied valse! ihélfle tigeidoksieitpany
c %qtfz)fnrﬁ%%?aeﬁytm%,(H)eamﬁﬁ%éexﬁmﬁe EHABRAON R step (¢).

determination of the concentrafion of the first catalytic species and/or the

ratio SheHEtand sptratRRiabitinarReies arepificscibiere oEHhscratehyst or

ditRgdiAviHe BEHRNERINBOSIBRIdIEF thall Rtifdraniiomel st Hdecessdrlitle
determine the copcentratjons of other catalytic species or of thither
AR HSREHES ﬁ%éb&?ﬁﬁﬁ%‘%ﬂﬁ%&&?ﬁ@%‘mﬁ%&%ﬁ‘é the liquid

fractiginckntlia ﬁ_mma&tggt‘m‘ stjsmci@sdsmts mgm_mmm monﬁyi&nmﬂgueﬁab tl_aan at
Mg SReciss FRraseatin e auid reastion cAmROSILAL, Wi aio

1 sotIHlbIe catatlj
east Ihe secor [
arein equilibriu eac er, and which each have t catalytic

ofghpronvstitatidnscefAbe fitstiendrsendaitionalstisapryies de thEB g twaptian
cozgﬁmoﬁwﬁﬂslf@}?dﬁweﬁ cigs having.@ Highet calahdicrarMereliRiRlas

ivity, the first soluble catalytic species may also be in equilibrium with
repsHARTABISHREHIR PR s o PRy ecRErgRC S AT ERIBRAY stehiity o

lifetime.

Thus, the present invention allows optimisation of a process for the production of
acetic acid by carbonylation of methanol and/or reactive derivative thereof by allowing the
concentration of the first catalytic species and/or the ratio of the concentrations of the first
and second catalytic species to be maintained below a value at which one or more of the
reaction rate, selectivity or catalyst stébility or lifetime would be adversely affected.
’Advanta‘geously, in the process of the present invention, the concentration of the first
catalytic species need only be adjusted to thé 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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10The process of the present invention may employ a transition metal
catalyst in the presence of a second transition metal which acts as the
catalgst &)romoter. In such a case, both the transition metal catalyst and

W 2aYiEdh Rétal promoter will each exist as more than one scﬁﬁgf/g%ﬁ’ﬁl’%@s“
species in the liquid reaction compositjpn and the liquid fraction. In
particular, a number of soluble transition metal carbonyl complexes will
exist in 15equilibrium with each other. Thus, in the process of the present
invention the first and second soluble species may therefore be carbonyl

apd sepradesiatviieranesiad in Mhetitedigeion comssitidcontindiaudofraption, it is

uHARSHINN PIALRIB B concoRkaterAllY SR CalBNCoRIIsE R,

iridium or mixtures thereof Where the catalyst is iridium, the catalyst
CRTBIASTP RTEIER LB A BRfERSE PoTtREsion prdBR LRI Be -
ruthénibemrosswftheheniant jadiin/henarayye ssvergatiuble tadilymc species
ixtures thereof, Where, the catalyst is.rhodium, the
B e S 2 R R iR, ane
wiichieaeh Raeailiffcranhagalytisonprdmeitiona saidtzofThgSniadthion to being in

SRR, (16,0554 SOMBIE-CISIIG SRRCRS GRLIT 6 SAlME fhodium

or iridium catalytic species which’is in"equilibriunt with"at least'a second
PESResRnstibatinthRArsaoliia vatalsie seasionmar alrd e preemd baivmgrath
filtigherobai R e BEhE R theHiEs babOR R GPRIB NbRIEEROdM is

em ed as the.catalyst, the first soluble catalytic species may be, |

o B S S P EA SRS BT ctalyst in the
p{@hz@@)ﬁazchﬁ m&t@ﬂin! madslewipdbyeed asﬁtmecmtgtymothetﬁr.smamalyﬂease,
béﬁecﬁlaﬂéaﬁk?ﬂog%{é%:%w&?g]% ,Ltl%jﬁgﬁ?&lo&gﬁ%%%e StaRF S &Y% m?ée than

[h(C0)213C1131". Alternativel) Irst so catal%c species cou
opfesalabif patalytishipeeichiatiiedinniguecsierkampbsitiois dnddbe ligwidrfrasiipn. In
p@tileaal 3 aaeacbechibie rramatsl melplaslaicaAcIRs Wheasend

species having a hi%‘r}g romotional activity than the first. For example,
CHETR R S SRy Bt FRGhY DRRRST G B8 GO TR 0L EoR thirsfirs 20dd
sdivendabdipts Prevneteayhtatissbenbonyl oduphaeobsoudlgivi@sisBatalyst,
species.exists, in the liquid reaction composition and the liquid fraction,
“stic °§¥1[F@?6‘(@83‘§Fé]§a?ﬁadt%§ﬁﬂﬁ%ﬁ&“&??fém2|2], which exist in
equitiisfauehlyitte cately sthemprises chodienty aidinnobtheifitstesabatygtit. Seaiethe

' ca‘?ﬁl%?ﬁ ﬂ@i%ﬁhﬁe%%?&%%ﬁ@t@xf &m%&gg@%@ggg@ %%%: 't%% I%(f%gg%%tisting

the concentration of the second catalytic speci / be dete
of HAFB S ESRBYEB oYM KM rREIY arétr spl btros dsiymi ragsign and
mEREEH USGOBY Wiy AU RAROHS i SHEGIHISROPreestycHYaI £ BE CRIHES from

¢ out either on-line qr off-line, and allows both qualitative and quantitative
DR RS B SR B e TR A e RGPS APB STRBT S Sh ot
liquithfrs dhidini ¢ @thBodbirirte the i e loblragindtiio fs:ckthe sidiuble sohialytic

rh%@%%iaegr% ugxec%?atl%g isnp%ccj:igso *vrvgf(c%rps%le ¢quilibrium with at least a second soluble
thodium/iridium catalytic species, the second species having a higher catalytic activity than
the first. For example, where thodium is employed as the catalyst, the first soluble catalytic
species may be [Rh(CO,)14]” and the second soluble catalytic species may be [RH(CO)Lo] .
Where iridium is employed as the catalyst, the first catalytic species may be [(CO),L]
and the second catalytic species may be [Ir(CO)lsCHs]". 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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g et e
» s;fee’qupﬁfs ad eepazedesanges of ARNURRcas e aing QsRAG iEcither on-line

by comparing an infrared spectrum of the liquid reaction composition or

the liquid fraction with the infrared spectra of a series of solutions

comprising the first soluble catalytic species in known concentrations or
nglgﬁ “second soluble catalytic species in known concerftfatigr’07/000954

ratlos. In one embodiment of the invergion, the concentration ratio of the
15 first to the second soluble catalytic species may be determined in this
manner on the basis of one or more specific portions of an infrared

ctrum f?%ere the first and second soluble catalytic species have
Sp[?)é%’é%%flévﬁ DB PRI feiel ignthsaimip & nunaba afisoiwhisrdhsaiun

spprcfee @uiBRCin fbhe eqohl ofditfi m‘r@iﬁﬁeﬁaﬂd selublscatahsis spacies. The

ti tio.of the fi
s B PR D e R s ar B g oter
infrarddesperningtion g ihofas p#ﬁb@n sfociexamtpleritono fhocqamohtive of
ummm@agmﬁgaéaft&gma@ él@@sm%nmfo%@meL%cxﬂaeéﬁaﬁ@qélggga@may

cond soluble cataaé{st species comprise metal carbonyl complex

ﬁBWYS?ﬁCQBY)(f%%%&nW%@ﬁﬁﬁ\?éW“WUdtlfrafed

anc ti nds of the soluble catal tic, species can be used.

hsarb
OrSoncent efirs lé%t(lzlo ?é/ﬁ/ﬁ% S J@Wﬁ Il enrtheaomBRsiton of
tt@ﬂmctmysn@pmmannmnfﬁmﬂmctmm proRebenisgtal, it may be

advanipgeaiusiR.dsleIRine e ropsairaton.andior songentratigngatios
nﬁ ¥ ?he Fq

of species present in the liquid reactio position or r’actlon
X&PWHWW@Q&&%P@%R&éﬁ@aﬁmléﬁwmmmﬁwammhahwd:@mctmn

whe thbtiaifadd igreenamiachys S8 RINBHRL hpSANs TRl AIP SRR I tic
soncen rations of sﬁggmes which exhibit stronger or sharper infrared

PEBSE IR BA SARCETAR AP i8S frstiandseand yeluble catbvigrnenisaisdkaown
conaebtmijtat o of ﬁneihaa@bo@nma‘naw%a@ﬂv&ﬁ&m&%ﬁe&l%tmn ratio of the

um-ca speci tend to hav her extinction coefficients
B B e e b
Ofmweeaé&matém@m m@;mmmmﬁrarand second soluble
cab PGS R R Qb HACRYS ?P‘cﬁﬁ?&%c@éﬁ%ﬁggdﬁ R Ss%acg} ared

invention, the concentration of the first soluble cata ytlc specie

bagg oc FRILARTY Eon Gashupbhe ire bsseershepbdtisatadutimlynecissecies

pres@hbisepagatieiddenctionscaRIBraiH ebREAMMiBh $18BDFAdPitDal second
determined. Preferably, the

sen teI id fraction in
o R PRl A Qe TS AR A Gt whole o
in paeisém¢na;h§1b<fmd1faﬁctrqmlrb§thar(ﬁdmﬂmmrrg%cbmﬁ@&m&ﬁﬁltoﬁ&e

ex%}ﬁénm%{jemgﬁ?ﬁt ?%]%Q?&fl&ré Iﬁé% Ks(f sscfyg tal%/tlcm[%%%%slg%% Cc%rgonyl

concentratlon ratio o Irst to the seco
co%gm msttallgurnge would be from 2500 to 1500cm™. Alternatively, individual

frequencies or separate ranges of frequencies relating to specific absorbance bands of the

soluble catalytic species can be used.

Since the first and second catalytic species may be either different forms of the
catalyst or different forms of the catalyst promoter metal, it may be advantageous to
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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reaction composition and/or the liquid fraction, the concentration of the

first soluble catalytic species may be adjusted in order to maintain the
concentration of the first soluble catalytic species, or concentration ratio of
W57 cond soluble catalytic species 15 below a pred&fekfidf/000954
value. 'the concentration may be adjuséed directly, for example, by

adjusting the composition of the liquid reaction composition, or may be
adjusted indirectly, for example, by adjusting conditions in the first and
optional fiirther reaction zones, such as temperature or pressure. For
ifrarndpietivoritidrgdes thicritsmivae tioh anyhepacidsoemptiomaldtiipher extinction
&%Mgﬁ@%@%@%@@@%{?&l%@g&g foR B 'H{&'i}uﬁ{{&“%%&ﬁlb

second species, which has higher catalytic promotlonal activity,
2 QIf(RE PR ESRE ﬁf’r@ﬁ&%%‘ﬁ?ﬁé’?ﬁ%ﬁ UIeHIEAseR RAROBPRITBEAR tpfio of
nlimuiﬁdfﬁapaaescomposmon or liquid fraction such that said concentration

or th of the concentrations of the first and second s IubI talyti

- spedisé rr‘r(? %h ?3?%’5%&89\93&&8%‘&@}%%3 ?/élkfae %%I(ﬁﬁﬁﬁgmc
sy@bmmﬂé&ﬁh@@m@wssmm wfgheﬁi'me tprihsawrtindesotidrie thislgto dpecies

P&Qﬁ?\ﬁ?ﬁl [ﬂ? Jeds ?orpéloﬂl (3'33 nlg 5? gn%arfts u}F ﬁést%r d f Carrlgé) I} t 111 the liquid

monOX|de in reaction zone, which res

fragfivatinsipdeltie dﬁ%@ﬁﬁh@aﬁf@ﬁb&m@mnm@mrg@gm@dmfmtatnqhm
sée@sztm&wwwmpbmqsmglmﬁéﬁqm FRILES O RIS B4R iethenfitsd.

reaction zone, or by adjusting the concentration of one or more
d’ﬁ%?&%ssﬁﬁaﬁfiﬁm&& RAnosHiRsinh 85 e firsaiuhle satthditonsies or
cmeéemmmlemﬁodmdemmf thehpreseid uauﬁna omdheicapabiss fHdsigitin ﬂﬂa ﬁquld

e S B S B B SR St o et arl o
C&tﬁbﬂéﬁmlmhﬂ@dwwubler{iﬁﬂw (@@1)31@] tite (G tRjoand the hrst soluble
BN Ut rd) SPESHES IR £ *a{&*ﬁ?sm@&%ﬂ& '%éfl?@gq%&gtlc species

composition and the Iqu|d fraction. The species [Ru

belrst iresdetearingib virkind Feneornsntertipnaiay heordiveted diccethictfonaxsraple, by

adftisit @ (RE kP brr 651 'Ilﬂliﬁl |{%§§t%régﬁﬁ)3§iﬁbﬁr%9§ e d-rlhgﬁectly,
5in this embo ment the 1rs solu ecatalytlc species is [Ru(C0)212]..

R ST E SO R PG BrgeaRCepsTapch as
telpgitrabuwoicpreseiraore promotlonally active than [Ru(CO)2I2]O

[RU@%?Z&L% 1[5(96%(9 %%:L %’pglg?iuéc ﬁggt:l‘le Zare S ?b((j}e eCt %I' reaction

mid-infrare spectroscopy, In parti cma4 are
ZQ@ISsERoE BT TRIRED) i8] the;equilbrigman f@@ms ra?tbemzondmpgctm, which has

higRdk MR oA B ALHBEP 28R, 4R 0k, ﬁg{éjg%ﬂé(&%lﬁilan&l‘b'%e first

precipitation of ruthenium in the process can be feduced or prevented

by
sl i cethssiena thsieric ssnstosr mezmm,hgéﬁﬁr@%m yekribat said
cERRELNRTIONGOFHRIGEMI3 A ccindionLo O RS | HRaiRU(EHI Ehdiytic

usin s . . .
spemesgmay be maintained below a predetermined value. In a methanol carbonylation
process according to the present invention, this can be achieved, for example, by adjusting

the partial pressure of carbon monoxide in the first reaction zone, which results in a

‘corresponding adjustment of the concentration of carbon monoxide dissolved in the liquid

reaction composition, by adjusting the 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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mid-infrared spectroscopy, and adjusting the concentration of the first
catalytic species such that the concentration or the ratio of concentrations

is maintained below a value at 15 which precipitation would occu
‘5%?8?%?37/7%@ ratio of the concentration of [B.3)(C0)212]n to Py GB2007/ 000954
concentration of [Ru(C0)3I31- is detesmined and adjustment of the
concentration of [Ru(C0)2I2]0 is carried out by adjustment of the -feed rate

of carbon monoxide to the first, and/or optional ftrther reaction zones.
Suitable iridium and ruthenium compounds that may be added to the Ilguid

of edbtisnm20wesmpesitohodinerintehbled Rug@ld 0t EBH(feRirg] @nd [Ru(CORb]

sptaligally 18%%%@&'13;@9%&&%E@ﬁp@s{ﬁ&?%ﬂ'Qﬁdzkﬁhﬁ@rﬁ%&n The
144 935, EP-A-0 643 034 and US 6,211,405 Examples of Sw?xblﬁqmd

SRR ARG e gen RERSHRIRIER My SARSA QchRmAeRIPS BYSoa &S
frliédﬂim(ﬂénl)ﬂmti@e@dtr&iﬂ&ﬂll&@uMBgMbbBQfBﬁtﬁ&ﬁﬁﬁ]ﬂer HHEMRBsh, Thus,

I S R Ay, g e

caqamtwawmw@éwmﬁmml%&@%m@qﬁd«ﬁmla@h?aténam
L%E%&ﬁ ly d5 '%W[iﬁ?(@%‘?'lgxfﬁtﬁ‘&ﬁ ?”ﬁ@uf@é)&ﬂ%@ﬁi%@@@ﬁah are
oxa n acety

ates cetohatés referablyt e Iridium 1s present in the

caily fetveiablichy ORISR SRACH RS ORh Gnp o 7e henbha2ad Andgobem

att@o@QQQeﬁ%} pw@"agmpfaf@mm NI uiro 4080 BIQRRED),L,], and at
‘30Exam es of suitable r%éf%l contalnln%tcom ounds include

2054 mdid 6|?}”ch BFiHE ¥y RFGRER B HFRRC IR AR KGRIy eSS can
béretuigde ok et (b)desidentngloihinhé WrckitrideprofiBn{0R)otdial the

ruth um OXId S,. ruth .
e ra%ace?o’}cﬁ oraélr% erﬂj r%{#%}fgj eﬁfben?ﬂggfcet gﬁhﬁ eurgl(ljjo If}j Hsing

mydeipfomedspratiisnipmn @1 biystng, thetbesnirpentelinBig catalytic Species

» (EH uihepiumdodecararbrmd and srixgiduinenivn halacarbenylsUGhRS at

iehlorotricarbonylruthenium(ll) dimer, dibromotricarbonylruthenium(ll

WRProsRIt AR MORIA Q6 FUh BB i of fbs cancentration of [Ru slcoyLl
t@%&?ﬂ&ﬁ%ﬂ&%ﬁm@@@)@ﬂlﬂ@%t@mﬁﬂéd and adjustment of the concentration of

ﬁiﬁ@é%@%f%&eg %ﬁgy I%#gig)y E,m}t/'?ﬁ% Faéﬁ 8f carbon monoxide to the first,
aﬁﬁ&(ﬁmiyimtéamhatewmwanwll) Suitably the molar ratio of ruthenium:
idi th
AU, Bl BRSO LR d%?]%()égp ngstrl]tygl 134 £330 £4E KM reaction

comprise a conventlon Iqul reaction zone

cpmpesifienpfnt @vbmlbwap@iere’é@@mm@ firstlpdisaligradpromotionally active
species, are described in EP-A-~0 144 935, EP-A-0 643 034 and US 6,211,405.

Examples of suitable iridium compounds include iridium(III) chloride, iridium(IIl)
bromide, iridium(III) iodide, IrCl3.4H,0, IrBrs.4H,0, [Ir(CO)2Cl], [I(CO),Brl,,
[Ir(CO)a1]z, H[Ir(CO),CL], H[Ir(CO),Br,], H[Ir(CO),1;], H{Ir(CH3)I;(CO)], Ir3(COa,
Im(COjl 5, iridium metal, Ir;03, IrO,, Ir(acetylacetonate)(CO),, Ir(acetylacetonate)s, iridium
acetate, and Ho[IrClg]. Preferably the complexes are chloride-free, such as acetates,
oxalates and acetylacetonates. Preferably the iridium is present in the liquid reaction
compdsition for the carbonylation reaction in the range 100 to 6000 ppm by weight of
iridium, preferably from 400 to 3000ppm.

A Examples of suitable ruthenium-containing compounds include ruthenium(IIl)
chloride, ruthenium(IIl) chloride trihydrate, ruthenium(11l) bromide, ruthenium(III) iodide,

ruthenium(IV) chloride, ruthenium metal, ruthenium oxides, ruthenium(I1l) formate,
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10suitably in the range 17 to 100 ban (1.7 to 10.0 MPa), preferably 20 to
80 bara (2.0 to 8.0 MPa), more preferably 20 to 40 ban (2.0 to 4.0 MPa).

The temperature of the carbonylation reaction in the first reactior) zone7/is 0054
‘gﬁllt%%f{/l 'tHe range 100 to 300C, preferably in the range 176585587
iridium-catalysed processes, it is prefegred that at least two reaction zones

are 15employed, the first and second reaction zones being maintained in
separate reaction vessels with means for withdrawing from the first
reaction vessel and passing to the second reaction vessel liquid reaction

HIBHES¥ileln therthriseo orerthioniupe@h BwittihvissohE asmifer, etberiveelII)
PR RARENAMNIAEN GUF R SRR HAIRRECNG e AHIRR 1V ESSRh R BBHRAIS B onyl

ti ipe between the first reaction vessel and a liquid reaction
agﬁsﬁﬁ%?ﬁ‘%%gﬂih@lvé"@&%waﬂ?ﬁ}%%mﬁ%}ﬁ@?@lﬁﬂ&?&lﬁww&@aﬁmﬁe
diipemtdogtotgldigresien@yioinayahe ahausrgdabrieuah eﬁ@ﬁblgﬁes such as
' t jos both.high d than this may be ed.
e e e A v
dissonertiandisiemaitedivatbd pahormriktis @it anstoiaonatiedimso(1).
smsrmzmam@%mﬁ%&&mﬁ%%&%%eh\gg SBPHIEA0% 15:1

dissolved and/or entrained carbon monoxi ssed to the second

reactibRZNe epTaaE a0l BB SRmBEny aspmventinnal ligudahassiersbendation

ré@gRinesithidipsainad snuid-euh3inesheasbMh MR A Wilhdawadem
the first reaction Zﬁne fg@ﬁssed to the second reaction zone. The second

0
STUARHIR DErangtay /HR bpepatadlat & AN rkarpiarahbretriarfe barye-0 to'8.0
MER)NRdee PETE alplneporabiy ivath €2range. A MP). 280 CenTpasaewidmeaction
be aperated at.a temperature higher, than the first reaction. .,
o A R ARG AR the s E o,
pesiesebledrdhe tanastibi? wee@80¢ee in the range 10 to 200 WO

2007/1%(1%3%8&-{4@@&9%&%@?14 R preferred that at least two reaction zones are

employed, the first and second reaction zones béing maintained in separate reaction vessels
with means for withdrawing from the first reaction vessel and passing to the second
reaction vessel liquid reaction composition from the first reaction vessel with dissolved
and/or entrained carbon monoxide. Such a separate second reaction vessel may comprise a
section of pipe between the first reaction vessel and a liquid reaction composition flashing
valve. Preferably the pipe is liquid full. Typically the pipe's length to diameter ratio may be
about 12:1, though length to diameter ratios both higher and lower than this may be
employed.

Typically, at least a portion of the liquid reaction composition together with
dissolved and/or entrained carbon monoxide is withdrawn from the first reaction zone and
at least a portion of the withdrawn liquid and dissolved and/or entrained carbon monoxide
passed to the second reaction 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



10

15

20

25

30

barg, preferably in thetange 15 to 100 barg. Preferably, the reaction

pressure in the second reaction zone is equal to or less than the reaction
ressure in the first reaction zone. The residence time of liquid reaction

glgrﬁ?)oggi?igﬁ“in the second reaction zone is suitably in the rar?g%rrg;?c%%%ﬁoogs“

seconds, preferably 10 to 100 secondsy 5There may be introduced to the

second reaction zone carbon monoxide in addition to that introduced to

the second reaction zone as dissolved and/or entrained carbon monoxide.

Such additional carbon monoxide may be co-joined with the first liquid ,

BREERISHF RN IB LRSI ihQPéaPa%ﬁ%W%aﬁ&éb@%ﬁea@ﬁ%ﬁuz% Hethe second

reawtitor zomyibedied wepdestahaiairneonsneiedansio i wilklifib80560a80The

additional carbon monoxide g% contain . b

i ] .
B N o kb Ay in e

Impurities, such as for examp ,
rengeraiesd OPecandiioribudliyda wmbboxedendsay be comprised of high

preSS%@%Q?%@MO&H&H%HE@%@&{B%8&%&’1%89&&%%@%\6%8@@@&_t dition

allow the first reaction zone to be operated at a higher CO pressure wi
torthafdutinsigadigmBierisspad sxsion Fanaxrissplpibertdorenimised sadon
nieAetias 3aok additdiionaibinGauid a8 VNAI8 8-feRd SMBMJFa @R reaction
C%SS%(r)elsﬁsounre rg)(;‘}‘c%ais ttregatryclent. The additignal carbon monoxjde may

TR B CORHISASR P EPREHRR F L S MOITASLHAR COREARIRY guy befedcparately

teouh agrforcdscatiphs withirbthe seandxidetioohzstie Sucfraddisioaihespbanhonoxide
nielsLehli g LIhaL0% re preferably greater than.25%., even
rﬁ%ere 20 plre erably’gregtgsr {ta%ran %e%8§%§g%8f§ At ieast 1@%}’ o,ioo & d

nidesR ddardiBioaateathon awnssidamavRiieomtiscdithbiglvoressacstioff gas from
IROMAQER BT RN MailFt FER ARSI F NSHRRKIRE 3RENMe to be

reaction zane. In the process of the present invention, suitable reactive

ORERLRI SRS e U el ebhen flethof emanenstadeyeing

. féddidie Accohdutaciomethanal@ndmfy eactive drivatves 1egEaehiYRe hich

pysed as eac(}ant%ig Ehe process of the present invention. Preferably,

OSSUre o1l-gas reatm:
met ancf)ﬁ %m /ror me?hyl acetate are used as reactants. At least some

of thelhfeatditiohahedrorenctiveidenastile thecenfridtdofemotetteation and
nldBBERPISHEALAS JAEhULACRAIGS @ocg’l_&elﬁlﬂig QARG %rg%?g’-m%ﬂ Doam from

reaction with the carboxylic acid product or solvent. Preferably, e
aRihetaiftttions of methyl acetate in 30the liquid reaction compositions in

the firseanshpptiraakiihaorsastinyAqaR8 19 s dde RRRCRMY LR JRNge

0.25 to 70% by weight, more preferably 0.5 to 50% by weight. WO _
Pféﬁ?%b?fﬁtﬁ’g@ﬁ(gg% /Wa %éeast 95%, of the dissolved and/or entrained
carbon monoxide in the withdrawn reaction composition from the first reaction zone is
consumed in the second reaction zone.

In the process of the present invention, suitable reactive derivatives of methanol
include methyl acetate, dimethyl ether and methyl iodide. A mixture of methanol and
reactive derivatives thereof may be used as reactants in the process of thé 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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the gangen

Water may be formed in situ in the liquid reaction compositions, for
example, by the esterification reaction between methanol reactant and
acetic acid product. Water may be introduced independently to the first
Vg%ogggg};fﬁ carbonylation reaction zones together with or selﬁ%?é?&@?r?éor%ogs“
other components of the liquid reactiojpcompositions. Water may 5 be
separated from other components of reaction compositions withdrawn
from the reaction zones and may be recycled in controlled amounts to
maintain the required concentration of water in the liquid reaction
compB&HtiE AR frramsehie stiajR die HirstidasenticnsompegiBpntnier example, by
HEOBGa N lf;@ti@f&@tmﬁedwm&uﬁdﬁ?@@{?t%ﬁg@&%ﬂ%@&%lEt&h@;ﬁ@ﬁé}%ay
option ther reactign zones. are preferahly independently in the range
8 7S B BIRERGRETR AP Bt PO S SERO AN ST RSt Grecther
wiite @oupaatedyi Gorofotiateromibectiguitithe dctidd reactipn siltnpdsitibasfihter may

' i f | 0 to 15% by weight .
TR T e —
zenbai iAo Pereasyetsd Borepbelirsrrmpniietieinieinvonatitedivencentration of

WRBCHOAZRNAE iednsisrandasivol the: iag R Mgt AAY G ylation,
referably from %to 18% by weight. 15Carbon monoxide is swtab(li/m) ]
e PYsEtbRS Bredeatianiarppasiions Bitho s wadaptiepel
fiffitter deddia) zpnefenaipyefeith BOimth 0déiiny3dMitapanbe® SatoIvmMBNXER. For
h bonylation reactions may be essengially pure or ma .
R bt 0 ek B Rpacton
copaBesitiorabe theridr <€ reaction panafiicfeyehlycartersngde tpres¥igevafight.
hydrogen in the carbon monoxide and generated 20in situ by the water
gas sﬁﬁ?f‘f‘fé’%ﬁ&ﬁ%‘ﬁ%&ﬁﬂ? REratwl indifle procatplvet indhetigidin the
céﬂfﬁg@l&ﬁﬂ@fe@&?@ﬁgﬁﬁ@d@ﬁi&[@dﬂﬁi@glﬁ} Biid Hifi&mpﬁh'ﬁﬁhl of hevdfRaendasthe
..carbo noxide reactant is pr ess than, 1 o%,moreo )
R LA ST 48 20 DUttt BIEvari Tets A spieht

% angiepdhenBaRah PIESIHIRPHIRYEICIR: ﬁlg??era%ﬁgﬂ%fé)&ea?artial pressure

referably less than 1 bar (0. ‘I%%) partial pressure, more preferably less
obEamy 9. 4028 @0 Kb MEmpyderakive fectl ks (Pidde 34RD. Tharidon
miaRa)dAeateadist tedusbis TacayRiRddRmih e dissiandigptiaea) b bntain
._reaction.zones py flas ion. In flash separatiqn liquid reaction

eAc 4 g se ,ar%%lﬁ

g RR 1S b e R8s VAR 1 fo

pﬂaWyth@sﬁWﬁMﬁm@mgmyM@mﬂﬂiﬁmmags&d:rated

inQ5ATRY 125 RO RERIAA ARSI 06 ARD AORATRIER. R0 SliS,
liquid fraction, which comprises ttie maJoPl(tyg the car (Pnyfa lonC aﬁ/s

thﬁ%@f‘ﬂ‘?é‘%aﬁéhi@%ﬁ?@w@W@Eﬁoﬁhpﬁoﬂm@@mmtafIyéﬁmnai@diﬁgwbdme

mYARAUE FACHAR iy ighrab il FARHEE RSN CRGE pFRRIN PRELAIR M S0l %

methyl iodide and non-condensable gases such as nitrogen, carbon
ang SRR ,Pﬁ?‘afa‘g%eaﬁél%%ﬁiakdg?d@{erﬁ@m&kmewqﬁéwms@m@ the
reteeidir sbneas insfezably mladttii_a vaa_p@_arl. iRt @ﬁ@&@@s@@@?ﬁ&bﬁ% RBRAbLy less
m ist zones. In a first distillation zone acetic acid product is
th%%qg§r§ e(gjg Q%%?haél ﬁf&ﬁ% 6 rﬁ(%@%@?ﬁﬁéﬁﬁ?lag aﬁ%ﬁjﬁgﬁ thyl acetate).
The Ifgl@tis_@miimgt dy ecronrond (o eirb éiad aad dptioyel ok toethredktiin zones
byEUPENRHANA! AHIRR Y ?E&%Eﬁg‘&ﬁ-r@algt‘i’o%eé“%p%%’i&é’ﬁ'{E‘ ﬁ%&éﬁ BIGW or
pressure off-gas comprising the non-condensable gases such as nitrogen,
mese Hat srpatskien stagesairn fasbinansbre dloflash. seprchtiniolagsremsibe an
0 ARYRHSAEBIRY REPRRReMiora R strgﬁﬁ%%ﬁ%ﬁg&ﬁgn stage

remove condensable materials such as 10methyl iodide, prior to being
the ighid) Fsckionoubidrsorprisea thpraaisrty 9fthe carbonylation catalyst and the

majority of the carbonylation promoter metal is separated from the vapour fraction, which
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The acetic acid produced by the process according to the present
invention may be further purified by conventional processes, for example

further distillation to remove impurities such as water, unreaclt)%qr/ B2007/000954
‘8&6@699&&% reactant and/or ester derivative thereof and higher-boiling

by-products. 15The process of the present invention may performed as a
continuous process, wherein determination of the concentration of the first
catalytic species or of the ratio of the concentrations of the first and

d catalytic ies tak | t oRriate int | h that
R R R e

sukditis afttbgenonebnimaibensidd, telfrgtand sedonditatdkytithspapistiaction is
ref SR AL P RRIAN SO Y0 0O B ORISRy feor more

wing non-limiting examples and with reference to Figure 1, whic

distiPrtionmanes erefirstidisobation approsestic aifameueis arpamtpd diogdhe light
coNBEESRhLIPE R IR RY SUIRN. EBRBP IR R COMPisaEstfy sbRaslon

zone (3), a second reaction zone (5), and a flash separation sta .In

) e (6
oSS Y S ARSI LA A e RS G 5P 0 Jelighed
ovdh¥ia igwj@m@m&?wﬁgm@ ﬂi@ﬂ‘dﬁsbﬁaaahkmm@?]eeﬁ)mhmmﬁm gen,
onoxide is,cqntacted with a Jliquid reaction composition whi rise
o P SR L e A oS By

bWthnm@r,amdﬁagawrﬁdmmm@ndfammwmddmcﬁmpbﬁﬁ@?ﬁs
m;%rrlvgitib%ﬁazygﬁaq% ﬁb?n%%m%mﬁe@) fecing i), aRd isRassed

ugh a second reaction zone (5), in which the carbon monoxide

30disEahasatisaio peastvarddry fHemEoreER aS@atne 1L BIn PSR AT SRR may be
rufthenigipaoducs Radlion Ak acalis aoidexhip lauiche AiOnEoMBesHions is

_ then fed to flash separation stage (6), wherein it is separated.into two

ngpEiss A DS U oS ACAT AR R G P & SIS dPmatisi ereef
arcDRsibgilagebe-paidaonethyl iodide, water, methanol and methyl

acetate, is fed via.line (7) ta a distillation zong (not show ry of
purifiegea%ré)ﬁgsglgﬁfﬁ?ﬁgee%%lu ilél‘f%%:lt?gr{? %Pﬁlb%élrrl%& fs}lsdglucr(gr.llll gnggﬁjét;ﬁéﬁi%éﬁﬁ
whateilydetepeicisant theetivcanitition efiihadtsteatrbyticspecietion ofshe ragp of

IR REBki e JPdHIQNIng s%’é@ﬁﬁ@ﬁ%l?&@%@i@@%;ﬂﬁ%@%ﬁﬁg%%

iridium catalysed, ruthenium promoted carbonylation of methanol, using
infﬁgrglgﬁmh@gt ,@ﬁ,@gwqﬁt% gpaoentration of the first catalytic species or of the

ratio of the concentrations of the first and second catalytic species is substantially constant.

The invention will now be illustrated by the following non-limiting examples and
with reference to Figure 1, which represents a schematic form of apparatus suitable for
catrying out the process of the present invention.

The apparatus comprises a first reaction zone (3), a second reaction zone (5), and a
flash separation stage (6). In use, methanol and carbon monoxide are fed to the first
reaction zone (3) via lines (1) and (2) respectively. In the first reaction zone (3) carbon
monoxide is contacted with a liquid reaction composition which comprises iridium catalyst
and ruthenium catalyst promoter metal, methanol, methy! acetate, water, methyl iodide and
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 redction 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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In the liquid reaction composition in the first reaction zone there existed a
first soluble catalytic species, [Ru(C0)2I2], and a second soluble catalyst
species, [Ru(C0)3I3f, 10in equilibrium therewith. In the examples below
2193%0 fthe concentration of [Ru(C0)212],, to the concent AtfgfB2007/000954
[Ru(C0)3I31" present in the liquid fracfipn from the flash separation stage
which was recycled to the first reaction zone (8) was determined and the
predetermined value below which the ratio was to be maintained was the
value at which ruthenium precipitates occur. 15 General method for
VeRaer iSRG seepaisn s pedicTithanes] mdiferwaser opetrorhersipaiiyliaeptate,

isTy@aaEnRe €AGH B diseutel 0 R3) wascRIRRIRH &Y HRIRISREE 40Ac acid. The
.series of. solutions comprjsing known concentrations of iltu(C0)21211, and
B RSB GRS BACERIE, AR TR B AGH 2
rdvaundd todire §p netivigptoziire (C0YRA Pheaf)l. [Ru(C0)313]-respectively.

Off-lige jnfr. e on samples taken from the

i B S e R e
righepdragresisfesiabon RO hanohatgoa denpriort(RerCeyaied in figure
1present in the liquid fraction recycled to the first reaction zone (8) was

determined. 25 E)(a_n_Li,pleA  The carbonylation process was

opefaids LeuidesastAnremeetitoadndbn fistisrsanaansibereraisiehadiie
sf_lasn smgmfsga%sbméqmmgﬂh@@m@e@ﬁ@mt' ¥ Wé%ﬁﬂéﬁﬂg%é%ﬂ%siimﬁh@@gh]}
. llquig.jraction was m, and the concentratio u was
R e R R e B e Pl Foresthbne
[Ru(RENHh. 1T Hesyah@ratigoof e GORdricpretvation the [Ru€ Q32421 fmthéne flash
trati - ‘ ' liquid. fracti . In,thi
<G O MRS DR e AT PR Aol e
Pedeigninedsvalssdlay. wiioh thasabirewetderhiraaintainedoskswhevindie evhich

rdibgehthesprasniatien of [Ru(C0)212]" to the concentration [Ru(C0)3I13I
had to be maintained was 10,

General method for determining the ratio of concentrations

An infrared spectrometer (Applied Systems ReactIR, model 001-1003) was
calibrated by reference to a series of solutions compri'sing known concentrations of
[Ru(CO),12]y and [Ru(CO)sLs]". The calibration was based on suitable infrared absorption
bands corresponding to [Ru(CO),1,], and [Ru(CO);15] réspectively.

Off-line infrared measurements were made on samples taken from the liquid fraction
which is recycled to the first reaction zone (8) and the ratio of the concentration of
[Ru(CO),1I2], to the concentration [Ru(CO);13]" present in the liquid fraction recycled to the
first reaction zone (8) was determined. '

Example A

The carbonylation process was operated at a carbon monoxide concentration in the
vapour fraction of the flash stage of 20% by volume. The concentration of [Ru(CO),13], in
the liquid fraction was 3100ppm, and the concentration of [Ru(CO)sI;]” was 310ppm, in
which the ppm values relate to the quantity of elemental ruthenium. Thus, the ratio of the
concentration of [Ru(CO),L,], to the concentration [Ru(CO);13]” present in the liquid

fraction was 10.
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5 Example 1  The feed rate of carbon monoxide to the second reaction
zone in the process of Example A was adjusted such that the process was
operated at a carbon monoxide concentration in the vapour fraction of the
YWEHYAYE™t 40% by volume. The 10 concentration of [Ru(CtyBEB2{1Heer954
liquid fraction Was 3365ppm, and thg goncentration of [Ru(C0)3131 was
370ppm, in which the ppm values relate to the quantity of elemental
ruthenium. Thus, the ratio of the concentration of [Ru(C0)2121" to the
congt tsr%go vﬁ{ 0933I3 entl the liquid fraction was 9.1. g‘hﬁl' )
precipl atlon & BRIERIEY BB RO RING RLeSH s M liquid
fragtico m‘nsgb@ethedpfﬁsenthmpmdnmcrmdezahe bbleenckioh ditontof of the

e ) N e e Aot T T L B A e

10¢oncentration [Ru(CO0)3131- present in the liquid fraction was maintained
below the value at which ruthenium precipitates occur. 20 Example 2
EXThe fe{ad rate of carbon monoxide to the second reaction zone in the
_&né%ess of Example A was adjusted such that the process was operated
at drafbahraonbidecaneenidetiontio stenbraundogsieioiibpbass of
xﬁﬁﬂgﬁ f.409 I lithium iodide was, introduced into the,
proceé%‘é)%gé)%\é?o%&:eﬁg rat?gn%ereof}V i t?%e?aetgctlgn o) nﬁ%%f’?éﬁpm
coneateivacntiivir ot Ra¢do) 20he iftathe tigaiof #aLtibn was89Thppm, and

coHdBnGn6R BFFI‘J&(@@‘) SRS 313{11\91' 35.81PRE 5 \ﬁiﬁiﬁb 598 tﬂg%}f@éﬁﬁ‘ﬁmn of

relate to the quantity of elemental ruthenium. Thus, the ’ratio 0

(REEHQ bk 89@1@(@@7&@}@% EICEHETRARIP fheacoyRiByf sleserteln
ruti’(bﬁlllﬂu Hiigatieraas i dadereaiiiplPRURSINSENEHdR hE iRk,

ThIS IS a accordlng o the present invention, since 30
Bt SRR RS LRI IS Sbgee hine
hqoﬁdfmbtmnn‘l‘dumxlde émdpiatm:andmg mdﬁﬂmseﬁtl ithilemiéaglidedesysh that

COI{Q&&%H&P&I?EU@ 2 ?he ns (e)fi rec '@atﬁ thgnconc Qfg‘ Ign{}'x%cgude

Ru(CO0)3I3r pre rac lon wa intained be ow

feeétrw éﬁ%ﬂiﬁé rherrapeed ﬂmegcgc@*ahomﬁl‘é{u@@)ﬂpletmmnmnm
[RECOOGENBHRE PR GIRT AR (BARF R IR tained below the value at which

ruthenjum precipitates occur.

Example 2
The feed rate of carbon monoxide to the second reaction zone in the process of

Example A was adjusted such that the process was operated at a carbon monoxide
concentration in the vapour fraction of the flash stage of 40% by {rolume, and lithium
iodide was introduced into the process to give a conéentrati_on 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)l;]. to the
concentration [Ru(CO)s;1s] 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),1,), 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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[Ru(C0)2I2]0[Ru(C0)3I31-[Ru(C0)3I3I Ratio A310031010Yes

33653709.1No 39106705.8No 5 These results show that an
iridium-catalysed, ruthenium-promoted methanol carbonylation process

cao bevopinresed by determining the ratio of the concentrationr@fadssior/000954
soluble catalytic species to a second zgluble catalytic species in

equilibrium therewith in the liquid fraction from the flash separation stage,

and adjusting the concentration of the 10first species such that the ratio of
concentrations is maintained below a predetermined value. The process is

capimisechy Hva(dioy bhetdahm adieernfatish @Rﬁ(ﬂ)@)&@ﬂi@ﬂﬂiﬁﬁ in theFufther,

sSompar arlson of Exagrl%lt% “1, a0 Val.?ue m 31 onstrates trllta the
concentration: oaf?ﬁ TSt species nee ega}ﬁls%cf THE &%t&it that
IS necessary to maintain the ratio of concentrations below a

TRERAetermined value, and can thereby avoid 15wasting resources. In

—particular_Examples 1 and 2 demanstrate that it is unnecessary to add
Exmigle iodieechniaetintion toGaeeertsitignieé cardBu@ehblide conBesiition

in the vapomlf(@@)% of the tﬁﬁ{t@ﬁgﬁ in or[q@[(tg(jj;g @Mhe ratio below

ALA process foﬂﬂg productlon o? ' etic acid Which b‘?ocess comprié@’é the

1 steps of: Gpsarbonylating mEthanol and/or a gepctive derivativgg
thereof with ca 5monoxide ip, a first reaction zong containing a Jiguid
reaction comp?égi%?)n comprisinggg% §1§ }\IJ% '

These results show that an iridium-catalysed, ruthénium—promoted methanol .
carbonylation process can be optimised by determining the ratio of the concentration of a
first soluble catalytic species to a second soluble catalytic species in equilibrium therewith
in the liquid fraction from the flash separation stage, and adjusting the concentration of the
first species such that the ratio of concentrations is maintained below a predetermined

value. The process is optimised by avoiding the formation of ruthenium precipitates.

Further, oompan‘sqn of Example 1 and Example 2 demonstrates that the
concentration of the first species need only be adjusted to the extent that is necessary to
maintain the ratio of concentrations below a predetermined value, and can thereby avoid
wasting resources. In particular, Examples 1 and 2 demonstrate that it is unnecessary to
add lithium iodide in addition to increasing the carbon monoxide concentration in the
vapour fraction of the flash stage in order to maintain the ratio below the value at which

ruthenium precipitates occur.
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carbonylation catalyst and a carbonylation catalyst promoter metal, methyl
iodide, methyl acetate, acetic acid and optionally water, and in which liquid
reaction composition there exists in equilibrium at least a first soluble

catalytic species and a second soluble catalytic species, wherein the first pcsLLP
and second soluble catalytic species 10&Ye different forms of the catalyst
promoter metal, wherein the first catalytic species is the least catalytically

gixfg or promotionally active of the species existing in the equilibrium,
aﬁdl‘vv%erein the first promoter metal catalytic species is the least

promotionally active of the species existing in the equilibrium; (b)

withdrawing liquid reaction composition together with dissolved and/or
15entrainBiessthion MoRdEEian @ bikel gaad Shirh BieeveoaREsehthe steps of:

Z0ne, éat] (C)c% tl(())n%l%rp ar%selt%gnsc’ﬁlgtﬁw}g@%rraewgtlj{%udgrlr\g %?\yeoﬁqereof W%'th carbon
compositon throug one or more turtner reaction zones 10 consume a

leaabaigestionefitha dissolyad &ﬁl@éﬁﬁﬁ@ﬁ@ﬂ?@@ SO MANPSEGN comprising a
(d) passing said liquid reaction composition from step (b) and optional

stepoR@{eliontoataigso nmdoredftbshysepar atithystages ctefoneia, vapibyt 1odide,
fraction, which comprises condensable components and low-pressure

Stebas 25 CoAtRIsAH WSHRBEARMEE ¥Ethridid dawbirb ddniprsaciien
g'gx'si%%&?%e%e&xk&%eé%ﬁmﬁ@pﬂq%@tw% 2R IDRIONGRIGSRUIE, and a

g%%g as comprising carbon monoxide and other gases dissolved and/or
eadraimed! iniheawitniy apaeiiguicheeaation demposiionndselabliguidalytic species
fraction, which 25comprises carbonylation catalyst, carbonylation catalyst
promidtercrideanmsef Sretiarid Roweht ardelMehgrin shelistyelmytipepecies is
L meten o e o sebasion apelo I s sacioneor .
%gtﬁg'ﬁ?éﬁﬂ%ﬂﬁ(@h@@iﬁaﬂi@ afihs-conesHatrs.ehie irstromgierastal
promotionally active of the species existing in the equilibrium;

(b) withdrawing liquid reaction composition together with dissolved and/or
entrained carbon monoxide and other gases from said first reaction zone;

() 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
(¢) 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
entrained in the withdrawn liquid reaction composition, and a liquid fraction, which

comprises carbonylation catalyst, carbonylation catalyst promoter metal and acetic acid

solvent; and
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5species to the concentration of the second promoter metal 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); MCSLLP

and (g)maintaining (i) and/or (ii) below a pre-determined value, preferably

by adjusting the concentration of at led&t the first catalytic species

present in the liquid 10reaction composition in any of steps (a) to (d),

and/or present | iquid fraction in st i |
i 1 P S e B e
cedaliticspecies to the concentration of the second promoter metal 15
catalytic species present in the liquid reaction composition in any of steps

(a) to (df) andAsigsrBEERE idtHE RO HEEHBOhRedpr fepieraetermpieraaby tic
manane /br‘?@wﬂ?e é-fdg %ﬁ%“é%%‘ge‘{{ Jéheon%-f%g.rﬁr%‘g%s e é%'geetd "N tic
pPecealng claim; in which the concentration or ratio concentrations |

deterined LY EERIRHi SRIFURS UM Hroidiorarsas Alaimedacwaim 3
in which the infrared spectroscopy is carried out on-line. 255.A process as

claimidd umalaina g i, wisich the tinfrlaged! spediroscopydsitcanriedioub 6ffidinga) to
MCSI.LP 17 6. A process as claimed in any one of claims 3 to 5, in which

iishrat R Fra GRSt HHAGS T EMeS 63 @&¥500cmil are used. 7. A
provesy® Cl%ffﬂa&ﬁi%@%i%?ﬁ?&i Qlﬁg%@f&v in W@L?é?ﬁ i&&iﬁlxﬂé,sﬁ‘{é‘%‘é%@y by

8. A process as claimed’in claim 7, in which the catalyst promoter meta

sdlesteg tRudhe giaupconsisting Hkrothesitaly HioSputiFy e the liquid
cadmium, mercury, zinc, gallium, indium, tungsten and mixtures thereof.
reaction composition in any of steps (a) to (d), and/or present in the liquid fraction in

step (e).

2. A process as claimed in claim 1, in which the ratio of the concentration of the
first promoter metal catalytic species to the concentration of the second promoter metal
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) is determined and maintained below a

pre-determined value.

3. A process as claimed in any preceding claim, in which the concentration or ratio

of concentrations is determined by infrared spectroscopy.

4. A process as claimed in claim 3 in which the infrared spectroscopy is carried out
on-line.
5. A process as claimed in claim 3 in which the infrared spectroscopy is carried out

off-line.
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109.A process as claimed in claim 8, in which the promoter metal is

ruthenium.. 10.A process as claimed in any one of claims 1 to 6, in which MCSLLP

the catalyst is rhodium. 1511,A process as claimed in claim 10 in which
the promoter metal is selected from the group consisting of ruthenium,
osmium, rhenium, manganese and mixtlifes thereof. 12.A process as
claimed in any preceding claim, in which (i) or (ii) present in the liquid

55;‘[’};0 MALRIER{X B AFELINGS 3nd SPRIRTRINS I LE 1AM A RIPARIG N PR uencies

in the range of from 2500 to 1500cm™ are used.
7. A process as claimed in any preceding claim, in which the catalyst is iridium.
8. A process as claimed in claim 7, 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.

9. A process as claimed in claim 8, in which the promoter metal is ruthenium.
10. A process as claimed in any one of claims 1 to 6, in which the catalyst is
rhodium.

11. A process as claimed in claim 10 in which the promoter metal is selected from

the group consisting of ruthenium, osmium, rhenium, manganese and mixtures thereof.

12. 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.



