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PROCESS FOR THE PRODUCTI ON OF ACETIC ACID The present |9 MAR 2007

wonueihksR relates to a process for the pr Oduc%‘lgﬁ%s%osmosxu
acetic acid and in particular to a process for theé

production of acetic acid by the carbonyl ati on of

met hanol —andfor—a—reactive derivative thereof in the
presence of i.ridiumcatal yst. The
production oﬁ!‘!@ ,@E‘%Md by the carbonyl ati on of

met hanol in t 5 of an iridiumcatalyst and
a pronoter such a%'ut heniumis described, for

exanpl e, in W 0849248, EP- A-0849249,
and EP- A-100 : —A- 0643034 descri bes a process for
t he carbonyl ati “fl and/or a reactive
derivative ther M\M\“\W esence of acetic acid, an
{
! 0!

iridiumcatalys 2L Nyd» 1odide, at least a finite
concentration of wafer, nmet hyl acetate and a pronoter
sel ected 10 from ruthenium and osm um EP-A-0 749 948
descri bes a process for the carbonyl ation of an al kyl -
al cohol such as nethanol and/or a reactive derivative
t hereolp {GCRIEIIMIR I PROBERAABN B A CRTREN el 2¢' ¢
an ahdpyrksehainiveletonwalaeds to @ pebcass (be@s raetidi L& acid and in
sel ected from cadm um nmercury, zinc, gallium indium
Paryeiar's apReGest on thegppsusHan piacgiit peig by shegragmotytation of methanol
ano?c?rlaer%!ic%i‘%tj_érq)\r/‘gtirvgttl@gﬂf{ﬁmhe%‘%‘ge”@ 1 r&ﬂ&% uplndiu.mI 1 :ﬂyst.
carbonyl ati on process enploying a romoted T
cat Bheywtdudtibn béscetgenrtgl thy cheeryifiound niciahol iehdprghate
fthe concgﬂtration of pronpter, the greater the rate
of ghpnduRLGallyst apd feiaspotey such asruihesginy Belesqrigador peruple, in
EPMer ®4bhec e Al iidvh ALEFOR _(R1OS8S Snd Bp- £AhdIRY, out using
relatively high concentrations of pronoter
pr eBPPi-0et30dh describerea pratesk Jettherrisgratasion (Of miediano adthr a
er r. ln addition, .under certain
rea AR S e TR ot BT A B 8 S BB R gy
ioddief atdtasnd figienetintbi0rSion Bf @6iepihakylaBetdk 1hd8 prHhAbYRlected
system may occur. Thus, there remains a need for an
from i ERIHNRE SSPEBY pronoted carbonylation 1 1 9 MAR
20 NI QEESS, I.N
i h et ATy ot Ay A e ey pnB BESERE Yicpho
sucpas tetwh@rapd@n airgacdiveiderivaatalhyset (ppodniate corresponding

car Bon%/I at(%von pr ocass I n which catal yst system
car%otxg Fla"g)‘}n ar ?%ﬁﬁtgd)resence of an indwum catalyst,"an alkyl halide, water

and at least one promoter selected from cadmium, mercury, zinc, gallium, indium and

tungsten, optionally with a co-promoter selected from ruthenium, osmium dnd rhenium.

In a carbonylation process employing a promoted iridium catalyst, it has
generally been found that the higher the concentration of promoter, the greater the rate
of reaction. However, it has also been found that where the carbonylation process is
carrted out using relatively high concentrations of promoter precipitation of the catalyst
system (iridium and promoter) may occur.

In addition, under certain operating conditions, such as during carbon monoxide
deficient conditions, precipitation of the catalyst system may occur.

Thus, there remains a need for an iridium-catalyscd promoted carbonylation
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and in which the carbonylation rate is also at | east 19 MAR 2007

mai nt ai ned or increased. The present invention sol ves

wiodmuieshes cal probl em defi ned above by enpl oyimg/GEeatinn3ss4
| east one of indium cadmum nercury, zinc and
prS@ésE EHThichH CEJERIS! §y9tlélndstzglﬁﬁlcyt 1s A pr Y 2ATRRS by f) Meular, an iridium-
Accordi ngly, the present i1'nvention provides a process
cafadyseti lpeorpoied vobooiarah pracss inc wachdabiyvscasteonyitatiiyngimproved
th nql and/or a. reactive derivative thereof with
ndAPRHICD B AEXPBUITGR T IF LG BHE BAPBUAY PaFEHS
I eacthOpreZA0fveRHnab el thedebhflt Grdeds He@Rd love by employing
conposition conprising an iridium carbonyl ation ’
at desapiyesef, Ingremhgddmiodi oheraoy.cataingsalliual in th¢ hieid reaction
O%%glcs% tnrati on of water, acetic acid, nmethyl acetate,.
AtP 1 east one pronoter selected fromruthenium osm um
and Abendiupiyamd padser@asdniiof @reati@laysbeesy s @0 production of
stabiliser selected fromindium cadm um nercury,
acgHf peid by £APORY IAEnERethap@ re{PaHBACKYE derivagye Begfol with carbon
_ Cor - ot abili . liauid. " on
BRI 4 SRR ety Ak bHoolcBEh e bl il S5}
cohbpositigpGodfprismg bR )riditinecaproesdnioniciant nerhyl widideedo-catalyst, a.
rovi des for the use of a Iezf\st one of indium
ﬂ‘géﬂfﬁ“ﬁﬁ‘?"%P 8& ML GafUS "iﬁﬁ"dﬁﬁ“%'i J5elalgsAeqshpnq Rremoter selected
frSYSLBRh AR eind Me@uRl RECSTedsO6ncldR1ysPERANELLONsePkelected
acetic acid which process conprises carbonyl ati ng
fromet indinol, cadmiuoy marcurye @etlive adéring and weertinghewoblanirdtio of
: gar bon nonoxi daﬁ'li'n .att | east, one car bo(g%.l. ation.reactio
INSHITD oRE S At K '8 g%‘f'ﬁ TFEACE FERPEOHES MagRned in the
raR QT (>21tH g5 ANoizigliigyn car bonyl ation catal yst, nethyl
i odi de co-catalyst, a finite concentration of water,
acet il Be et Inyertpy furtherenrgy eles & theass of aneasp pomdt iedium,
. t ; i s I .
oo B B 0 A e T e QPR AoRls for e
proadiwm of@aet agnd wimeh purcyss qpathprisasrrarbonylaing enedimohol and/or a
wherein the nolar ratip of iridium: pronmoter : . :
e {TEEVS HEEReG RPN B TIoaRENT Bl b MFoe targiitiog reaction
zdWRd dn@iMRLa 1iuiiR€ctiaN88mposiidn tE@nFing an(itidiuth d¥bonylhin
present invention allows the stability. of the catalyst
casglysiemethy! ineiderporagiabist, anfiviifesgongentrtian Al wateppacetic acid, methyl

C

adsPRESAPGANE SALDAA AR L ALS AVAOAAEORS Y LD,

u 1
resent 1nve {I on process to g‘e operated at

lechovgHe cataBist OSteaf stibirBRkEEcted iffontindiim, théniRbY reeelidei dadium
t he anount of expensive pronoter 3() needed. In o
aggine PR VheTsE (e BB Fat nVHCIER | BIOMENE | s1Rkiliperoe dusdliqued
E1i OPEL AR HicAlis hAWRlined inlfH HRLE ONCERL{ALHPNS (W | ? at
re?eallst rlrlgllsont alni nlgl the car oﬁ{ﬂgatl OS rate. S)'I‘hé reai1 Pon
zone Thaypresaipivcagorgal boviviaa tiabiial of the uawdlypdiastem to be improved
£ar bonyl ation 1 9 MAR 2007 _
whtlst mamtaining or increasing the carbonylauon rate.

Advantageously, the present invention allows the process to be operated at lower
rattos of promoter : iridium, thereby reducing the amount of expensive promoier
necded.

In addition, the present invention allows the process to be operated at lower
iridium concentrations whilst at least maintaining the carbonylation rate.

The reaction zone may comprise a conventional liquid-phase carbonylation
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WD 21104/ 026805 PCT/ GB20(13/ 003834 reaction zone.
Preferably, two reaction zones are used, the first an
WQ2t¥MEsteacti on zones being maintai ned in seEAVGE®03/003834
reaction vessels with means for withdrawing fromthe
reabiidrstone r€action vessel and passing to the second
reaction vessel liquid reaction conposition 5 fromthe
f i r Beferabd tivomeaeesis ednewark lu seld, 35O 1€ 6h B4R re £BHE 2bmed
bei ST bon.nonoxi de. Such a separate second reaction
I BARINEd N SHRRG Eactpnagssel oWith magnptor betideeme frem the first
readtidnSlessel SRIGTkQR: MRS co@NL 8 d ] JuLd (feacti on ”
conposi ti gjﬁédfsl ashi nggé\(/:gll v%.a%éde%rsgkl)'lqyldﬁﬁ‘g“ﬁ'i’ pempgtion
fromjthufigt feagtion VEsyel wah Higsdihel pidde’ eithagregchrbbiomeh@TBE uch a
enhAld y.he about 12:1. though length to diameter
e e P SRt e ST AP HITeP e s the
rea‘ﬂml‘@Sseﬂandlﬂ_iCf[iy"d)fe@laldn)(:pnﬁbsihi%ﬂﬂaslﬂnQQﬁlRf&,oﬂe%f'abhh e pipe is
r || gtm)dr reacti on conposition together with disso v&d
\awth BT TyRicR v s erap csa st tond e el eaticsman beaboami®: , itoomgh he
lengthli$biak8@F fkigh . tvel BBSL, 2 PoRLion of  the
it hdr awn IaithuF@ggﬁ%}cg{}gs@r]\%gmgtﬁw Sﬁbé’ﬁtcp]gloﬁ‘é‘éj car bon
monbypi @l padsech patian sfaboliduideasiiion RomPHrionRb &fed- ALY
disssoll‘\pcétaa(gti aItI ﬁ al | the liquid reaction conposition.
Coget AEP" WP d 308t a0 dAa/ o tedrer ailfastithe drsermction zone
andr@MAxiadR rddn W kRS fietmdtah‘\@ dfiésgﬁfteq_agcggrténgginfzt Ol
passed to the second reaction zone. e pressure oF
moR ¢dde RagieR dhy berend reagtesiconen Prafertably sibsistuall@alt tHeQyuzone
di&nSH Ly dn..the ran 5 to 200 barg, preferably
BN gh&%%“ natlro cthersyig @?Sgﬁé%’a‘ﬁ Prfg”’l“Bc Grigargenenie yet

withbnen froefies Al ad@®nl BndB fadid o Thesek SR @LHLE.Of the
onylation reaction in the first reaction zone is

car . e

Sui ﬁ‘é’(kﬁ’lr 85547 f His CREBEa@OCRE I BOO tE; fipt eharalzbye ispuitdbdy in
the Fa1Rge5 &SROtHAre, PR30y $5 (T 0 tion zone.m

be oper at ed_ at %a_ reaction (?%ﬁp fglgﬂgrrg%{l%ﬁdbfyhlej tP;ﬁ&’érgya”d
yet moee wrefesdbd 8 joridftarablhg temptheire afige cAb0n {10i0230461i o Rethe

: cLion zone na rated at a tenperature
ﬁrstﬁri%gcﬁlgg Z{)lﬁeg%g%l aé)l)f 'i“r“é raxrl%ea@fq t(g)gﬂ)g)ogfg ,pretfvﬁ)L?lE A tp9 rapge e to
2202QC higher. The second reaction zone may be oper at ed
at ﬁ reaction pressure in the range 10 to 200 25 barg,
pr et EFE1NY rFaGtpIheoNe ARy de PREfedl @0 baatign tePmpefasuralil the range
100th8ogeagt [ he:ne nd_reaction zone i

equal f gkge?%lggﬁﬁtg Ezg]ge ¢ lﬁbe&)r “e3aoct%;'3 gﬁ]eps FELs IFE" e é“aysbe
operaqdgt 4 eszstiton highonean Fedirseshd@ncsnt,iFcl ubit§lddd higher.
Thersg@(}tdir%rgti&g gsition in the second reaction zone is ~
SUr T abTY P h2 P PR PRI Rt 836 L 1OR BFRFSUre prthe Eanap | § to1290
bard, orlfbis acm0dnge e 67 AN RAGKDHCL SALLANLRF 1%
car bonyl ati on reacti ons may be essentially 5 pure or
SCCORGFEICHPR 20N6 1§ prset tojompass han ée actorgcsardin thediroxkateon
and C1to 4

zondTEF 3 G n@iz iFRYE Nqui Qb ases,..wat e | -
~ par af ? i C hyg?}g(l:'glr" 6?135?80“r%%mBPgég%'h@éL%fecﬂ%ﬂd%‘@@ﬁ ZpRg 1
suwitatigin the range 5 to 300 seconds, preferably 10 to 100 seconds.
The carbon monoxide reactant for the carbonylation reactions may be essentially

pure or may contain inert impurities such as carbon dioxide, methane. nitrogen, noble

gases, water and C| to Cy4 paraffinic hydrocarbons. The presence of hydrogen in the

carbon monoxide and generated in situ by the water gas shift reaction is preferably kept

low, for example, less than | bar partial pressure, as its presence may result in the

3
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carbon nonoxi de and generated in situ by the water 9as . ¢ MAR 2007

shift reaction is preferably kept |ow, for exanple,
WO YWEOI6REN | bar partial pressure; as its prePemeEB2ME003834
result in the 3 1 9 MAR 2007 WD 2004/ 026805

forrﬁ%%ﬁﬁgg% gga%% odquIs I g{h glf%:g dr o%gﬂ‘%ﬁﬁmwéc irhthe

ﬁrsttdnd sedont Séacand zsmaﬂdmléﬂﬁ(hﬁde@fin@:@ﬂ?% ihe r%Hvbtl abhy bar,
endently in the ra@? to 70" bar, preferably I
\ablug/

prcfp@ggpl Vat RAsAnfeIose pesr 13bge 15 bar. There may
be TTh@PCrIQQ\UG@%IItoQuEéEIQO ﬁ%CSQ drrg?c;"?ntol) di%& 3)[19%51}(}9]\?(}(2 in

nmonoxi de |n 5 addition t Intr
addsv@omwdlar ewotiicnd tg dreeseamddcmoh etk anddsolve€ B d/a&i dngdlincd

ch I d
oG R TR PSR oS 1 o Toncr e e,

hquedDiFRa@BhtdoipoBitiod HribOroli MEJIAEHEH | ﬂoQﬂe §&05<§]?ea?1ﬁ)%%96 and/or may
reaction zone and/or may be fed separately to one or

be fadhseparagdutq YsonReThilgsatitns veiduo Hit scearctieanoz eme. SSuich

(e
B o R PR P 30 B o T e

and&dtthi tTheradﬂltloaailhmrboﬁmmklde nigbcR@npeRE b Hesh &gssmcgﬂf gas
fromthe first reaction zone which

f r@r es{sure of f -
rork g gt AL 8%H§|°§7 cavld gdy avrgepp iy pllove Hetlirgneacope zers to
be dperaRek @ﬁl?cq)eatoaprgésgﬁe&nhqge p%%ﬁﬁ\grh%ly& #”Iga ol?gdr nS SL840G.

hi gher fl ow of carbon nonoxi eln
beingdedrdhe emmdomczoxmeoneA@eﬂdmomnw ltycoulﬁ edmmiad: tel: lremunahan
hi gh pressure off-gas

1 equi nt
for%h htpre it © Sgafﬁ’éeatgbed“ ‘tional carbon nonoxide may al so

be Trerpaiisas @fboaRRIMRI: G RRR ber&wu'qé’cﬁof%%@# QNG
gas stream such as for exanple a carbon nonoxi de-rich

mo"é’t‘f‘@a“ﬁf"“f'f‘ﬂﬁﬁ%%‘teh@rsufﬂ #rier opnufier abyn greatidrrittharam

fronlgr]/@thmaq“pr eferably greater than 25% even nore
preferably greater than 50% for exanple at |east 95%
of Rréferatilysgohwedamnoomoremiefatabbdoreer wat Prye, svenexkde

dra eact 0 jtion fromthe first
prete Bl it B SV, R ER b PRY BR%: 4e Hasasgdnpionentiained
carto@meonok ficti e Pl RERSSH RhacttdieoRIRSEBE floVER P Peaction zone is
suitabl e reactive derivatives of nethanol | ncf o?

conprmadyn hfcwrendreagionernyl et her and nethyl iodide. A
m xf, H{e%rgéeé%¥ m@gpelsexﬂnrqvenﬁoer‘?% 1t%g egétév\sc/;%%?yz}etﬁgg %frerggtggﬂol

may be ‘'used as reactants

incl@de methpldce e, dadtRyl etiger iRk the@diodRle CAMHiRAFL dhethM61 and
reactants Preferably, nethanol and/or

et her .or es
reacisg ﬁ?f fYali¥et %F@Oé?ﬂé" 0sBHdas rqaéfé'etsam@ pragesy efdle prsgne  of
mvetnhSn NRARARGL AR QLo rERGR ME e MEF LVl Y& LAE Ii)?e%raWy

melnanol 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 second reaction zones
are independently in the range 1 10 70% by weight, more preferably 2 to 50% by weight,

most preferably 3 to 35% by weight

Water may be formed in situ in the liquid reaction compositions, for example, by
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converted to, and hence present as, nethyl acetate in 19 MAR 2007

the liquid reaction conposition by reaction with the
WeAPYERGMIFc aci d product or sol vent. PreferabIg(;T,(!a,p,r@(,ym,_,834
concentrations of 30 methyl acetate in the liquid
ositions in the first and second reaction
the eg@ﬁma%ﬁ? & nﬁ%%%ﬁaﬂm]Fva‘ P reaqant andgectic aced PEYady Water
maywet gitodudeargdePedetil 3R] the & AnPQ%
gr eferably 3 tpo 350/@ \Sve{é t M%P&’ca‘?@dr%mm%?@@] Tqges
togengy \\’l|tlh0rt$ﬁgarpt|ehmr@n IOQEC torgporcorpb dictliqa ercacftQ)r h c@?ﬁgmhcﬁ]s,
W p:y bl 7. WD 2004/ 026805 PCT/ G 132003/ 003834
: guéstég?plcaﬁggﬁn?%ﬁg m“”ﬁé?%%@HmhﬁVﬂ%ﬁﬁﬁmﬁé@@ﬂ@ﬁ@
ﬁmaﬁwi@@ewmaoasmddpr@dmotmcwﬂheﬁmnnmydbﬁobmt&PHQQSQHhc
leL“m Ogg ?nt gggo the first and second carbonyfatlon
Peact o 2Ny Veigat betauw ticiim coeparapes. yPrefeoiothioer
coneﬂmomrs»fa@& 5 e |I AHeS oRAGHLE S er
may be separ at ed ffgn1g her oo ’%%%%?Eﬂbﬁ%Fég Pﬁﬁﬁﬁ
rea%‘@ﬁﬁ@%ﬁ“taifbwﬁemhﬂﬁﬂbawdﬂeﬁalﬁgcdm th0% eadki D A6 pRf@Mly |
I cygled in controll anounts to maintain the
© ?Z%b gmgﬁbﬁﬁggﬂfpé??g \dﬁo ?éﬁ‘?ﬂcﬂhe liquid reaction

confpefsiablyoris. col?cfcafrﬁﬁ@bbﬁ’meth?Iaodxg@&??zmlgQtlh‘ﬂ?z Qlf wat er
he liquid reaction conpositions in and

-Caﬂ§@é%Hﬂ““? HErGoBIRosigaRSindhett ﬁhﬁ@p@ﬂu@ntkyonnomhasrange

in 1y g y 1o%
d@)eﬂdctl 8y 20 Py Wﬁ'tglﬂ)(er abﬁg? &'feﬁzr%gb/. Bci/l%%éﬁxfewhio

ht, yet nore pre
Pr e ﬁ&‘ﬂﬂlSﬂ catalhx;t motlhc éqﬂlld ataicoon @fmpdsiiyt id @EIEE and second

in_the uid carbonylation reaction
reacg'grr}%g’ie?t”?aé feMPRSY ?ﬂ-z" i st coignias sameoeaEhito solohles its
liquiddependempbyitidi. tihe 1&@9:9%3!211)&%1%}8% p(Mj o umﬁugé qgllld);gatc“?rh

preferably 2 to 16% by wei ght Il
COMpREUPRSGDABY FE@bYiform edmbaisisbivens thaliqiié rdat fist cai@sitions or

is cGREAME toraes@m)lqurrﬁopree?ugm%al%aﬂgngw My E%ﬁgmaéd chlofigigafree

i ridiumcontalning conmpou
ComPsmﬂiﬂ@hdSm@aaﬁuﬁncmmnpdebknmm&unThﬁebeQHHMkﬁ@&ﬁBXSt
qui d reaction conpositions in

to. the |i
comggyu&?cc{ qnentf gp?ﬁmp& W ﬂF%@@f(\Pégelicr‘?C%dﬁp(ﬂmﬁY@e added to

the reeawhia® BolaOEMRABdrEinOE ables bBsu@HY & dil, a sol ubl

nifiorm . Preferabl i the ir Ibdl um may he lulge aﬁ)mlag c(ﬁnpé)rup%e

Whigly lmay %eﬂﬁ%w@e igeH reastige eompesiontindhdelr €55 o4 ipe; i n
nore of the liquid reaction conposition

[hagahﬂénﬁﬁggvﬂﬁhr [l Bel )t (€0) dnttHOT [16CEN) Bryagitd and

may be added to 20 the reaction as solutions

lr(Q(Pl)é}zdﬁH" [EGHPI EE 5] Huummoalg,mrcd%uﬂbeonea«l B NG,
ounds whi ch na¥ be added to the [iquid reaction
Ifﬂ‘ﬁ@?ﬂ%ogideq%mer%dn@e 1QClrgacad)(AB)y, InfdBrS), irfdlunt &agel] 2,

[h3%4¢é%§ﬁ0ﬁg rag[%?%)(zagj]y%nggnlc L{:(ucci:(ljl)zé[lliél]()] I_pl;:eferdb]) chloride-
free Hngél%hﬁ%’(@l%hhﬁ%&gét&c@\alates Iar:1|'d fctsc]é?oagttgt%s |

Preferably, (’he concentration of the iridium catalyst in the liquid reaction
compositions of the first and second reaction zones is independently in the range 100 to
6000 ppm by weight of iridium.

The liquid reaction compositions in the first and second reaction zones
additionally comprises one or more promoters. Suitable promoters are selected from

ruthenium, osmium and rhenium, and are more preferably selected from ruthenium and
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Ir3(CO 17, iridiumnetal, 1r203, Ir02, Ir(acac)(CO 2,

Ir(acac)3, iridiumacetate, 23 19 MAR 2007

WG 100 8@068Ac) 6( H20) 3] [ OAc], and hexachl or oi ri di €CaIDBI003/003834
I - 12[ I rCl 6] pr ef er abI y, chl ori de- free conpl exes of
nd acet oacet at es

osmernt RETERYS s AR BT bR PEROBH ThMPpRGT e s aim

suithle pdgholdrGwtitsl-doaeHihOEm QNP @gidH 19B8subk it he Ifjuicicaaind
second reaction zones is independently in the range

compoglied THOGOMPIsATEY brerget odhe liquidirany orspmutasition doi te
cqrgoﬁgi%&m QPO'KHREM %J?{Aﬁlc' f*anﬁ Bidh iSbiao, tﬁ@‘ﬁgﬂ‘,‘a LR{GHT on
aa It OI’TD;{ ers.

i ona rises one or

confpasitiabbeis poovenites & s'a)mﬁ)lcs&irmct ed from ruthenium
osm um and _rhenjum and are nore preferably sel ected
f r gPR fﬁé?ﬁr%JWSL?HH“‘S“T”QCW“%G?'%PWB“Q g ‘/‘B%Q‘E)Bb“‘ as

SOUPQJ)@&QQ@(’ RRAB3 A BSTLMMIINRM SRR MMehfint hﬁ) BRSLide trihydrate,

preferred pronoter. The pronoter may conprise any
ruthsniue(BY peiperatroriehenmen lLldwern e niuthgn sonpowuh duthbiioh dxgles,

PO g DS T QL ERSR LR L TROR L kO

tetra@msulwoanhéxﬂmmuhﬂl) ﬁﬂhé)ﬂﬁyl(ﬂl)la@élatl‘: eatHeh @ (1IT) BRAyionate,
suitable formwhich dissolves in the1iquid reaction 5
ruthepiypoldilt pyrratss nythentyh pentesappen vt gragicn nedodggagarbonyl and

mix% ?&gﬁénﬁ%; %Elo?f&%b&@@ &ich4b Gf%ﬂlo‘r‘&%?& ?lﬂimgxuﬁpgﬁaog@‘éé

e use sources o ter In
dibxromdtrma'rhmy(rmﬂaax)mmmloadmdﬁ andLmllmermrgnnm(ulfﬂc]:)unm bbroplctls such as

d d ut |
et o O Fe TR PR D bR T
dlcl(lérl)lc)vc fogEdBt ﬁhcl{ewm@lﬂrgﬂl) pdrymE NG @@(%@Jluoe{onnte)ruthcnium

[Ru(CO 412], [Ru(CO 312] 10
(Tﬂietra(aceto)clhIororuthenlun(II,I 1), ruthenium (I11)

ac eé\%rﬁvles oli”cgﬁar@'l e“JHn(. &b lx%ongam ﬁ%g@ﬁso%;nds &IHH} %pal yL{)rQ L‘S%&LQB)

butyrat'e, enl um pentacar
soutdes bﬂﬂirb&mlelu rmtdldbmamarrbonylchaﬁdc hydrxe dnd uﬁmmmmsm;um

al ocar bon such .as chl yl 1 ut h ni um
el PFRGTHE SO G A G PP LR BT ol SR RCOT 1Pt
[O200),B her paﬁ&amwtm%uw@anmmcﬁaﬁaéd %b‘rﬁhm@ﬁalocarbonvls such
tetrachl orobi s érrene) di rut heniun(l1).

as Itléftfb%dm*ﬂl drl@r@psr(lb!@n@ reengi gngtcilean |0w1r(1<.1_q5)mm1350mple>\es

di c C Sdl en he )
et PR AL e RO bt e PRl
sou$¢dzb baplomots mdumeqwg(@mm m@(@@npomotsoygm ale(@ey;i be used
sources of pronoter include osmum (111) chl ori de

Re‘ﬁbdﬁa@eﬂ‘é%@hﬂm}%ﬂ%%h (’513 r'”ﬁ’@l theCletthP;  osmi um

t t J r la’ U 1 1
[gs f(sr%%%;#)z]thzéggg,%t[c& skgm%q?%%aemame mdu & @ Alnit of its

solpehtyac tﬁedrqmd neummoctpwmnummd/mwemmé pragass streams recycled
pa ogcar onyl _%

to the carbonylation reactor irom the acetic acid recovery stage. The promoter is

suntably present in the hquid reaction compositions at a molar ratio of promoter to

iridium of [greater than 2 to 15]:1, preferably {greater than 2 to 10]:1, more preferably

{410 10]:1. A sunable promeoter concentration ts less than 8000 ppm, such as 400 to

7000 ppm.

The indium, cadmium, mercury, zinc and/or galhum catalyst system stabiliser

may comprise any indium, cadmium, mercury, zinc or gallium containing compound

6



as tricarbonyl dichloroosmum (I1) dimer and other 19 MAR 2007

(F){]ganoosm' um conpl exes. Exanples of suitable
WEOREART ¥ Eont ai ni ng conpounds whi ch may be use8CHE&B2003/003834
sources of pronoter include Re2(COi o, Re(CO) 5C1,

A R T,

be prideDbele iiguipr@sent cdnthodioafiheied finé andrd YedonliPeak Qo B in
limt of its. solubil i,t?/ in the liquid reaction
“”%Bh‘bjg?é‘i MO Ehdry veamy thei QUi Greps e g 1Pt Hemprsis convertible to
asheBYClogd to the carbonylation reactor fromthe acetic
acid recovery stage. The pronoter is suitably present
i n tHrempieqoil ehirdiechiiiom-conposigticbmpsurals vehidinhay bd @dell éhciude
- of _pr ter.t i.ridium.of reater than 2 tg 15]:1,
nirsPERTR) 5P bl RSt 86} o e i el e
incBOmEe@ntamixl@Ecdm;iounAi§MHIuﬂbbc%rQE @mﬂﬁ.f concentration is
| ess than 8000 Pm such as 400 to 7000 ppm The
i ndiEt}ﬁﬁ“Pk?éeﬁwﬁg erfB ANy CORMR HEnSag A o dfa hiclu mag &t abags t
nSYSEE t.abidgi s o | any indium_ cadm u
rer cbudr'()t/)?\cﬁ’Sgl%?dgéw&ﬁn’&éﬁpzﬁﬁiaﬁg C%d;mﬁﬁrguaﬁaty?aéerff’%k
MAR r280:8b1y\WR: 2004 92 6808 n RET/FB2003(:Q038 3 A Whiehoi 841,
soluble in the Iiquid reaction conpositions. The -
cat dixgaples p§swirbEtraitiry sentanmipg chepandedhicd mdyebe isedii d

. react | 0 Sition i Nt first and/o econd
mcrhg(gec%@nmc%nwég??’nﬁg%ﬁ’y}{% ptidgrla aﬁ‘é}r’ﬁﬁz% BIF TR ohg aerup-

fcABidd @iyl L Oy It gn or is convertible to
coa[ sclJI°ubI eﬂ%léfﬁ%%@%%g%?g?ro c““qSui t abl e

i ndifuempienbainiahly zoorEoinds gwhinpbuntay Hieh 1sesk iisae ndele

iAdiu at [ 3, 13, m, in(OH)3 and indium
anggf )\?r%%gt%ﬁaﬁ& %%?’gﬁ\gg¥ff,ndtsz§ acF‘&'HF?fﬁ?‘”&%nt ai ni ng
Pr&@ﬂgg'l;lmg zh§-doﬂ€yiMn&, @&rﬁﬁ)&ﬁ\% igrzinlcq}fﬁat %%\%HF' es of

sui t abl e cadm um cont ai ni ng conpounds ‘ch may be
usedxampick aflen@lie@atlum-c@ddin)ng GaBrodndsGdGLh maCeé Qkdd2nclude

nd cadm um acet vyl acetonate. = 1 referahly, the :
s e B Al e BB e To- Cali U mced Gheng Ga(OH)s

p ARG S SUl, cuny-contai ning
o e RS S S
Hg BrThE mog Chiyq o Hgypl yst syandin HabTser. - iRd@frehakd Wquid hction
nmer cury- .cont ai nizsg conpound is nercury acetate or:
COTHHIDI YR AP St IS F N5 F ¥ 12 P O oA e RN o buage (0.25

to Y -CN pfeBralG (LB D) NCld@mpRe (FRd §Ac) z, Zn(OH) 2, Zn!, .
lgg)Br, ,p_ ZnCl g and 'zi nc acer?%l egcet ?ﬁat e. Preferably,
t he Jurdlye tetradiai ago O mpound picenaienccaad et asenosiatiide? may be

preferably, | : (greater than 4 to 10} : (1 to 10), especially, 1 : (greater than 4 to 10) : (1 to 8).
In a preferred embodiment of the present invention, the promoter is ruthenium
and the molar ratio of iridium : ruthenium : catalyst system stabiliser in the liquid

reaction compositions is independently in the range 1 : (3 to 10) : (1 to



Exan'pl es of suitable galliumcontaining conpounds 19 MAR 2007

TR be used include gallium acetvl acetonate,
W %"l’ﬂﬁ“ﬁ“aoet ate, Gad 3, GaBr3, Gal-, Ga-Cl4 an@CT/GB2003/003834

Ga(OH) 3. Preferably, the galliumcontaining conpound

10 J. Sud@il | HHEWRERAE & o Pl dSh - ABhdNEmMRL@ st @Ue% 9501115 r may be
cat al yst systemstablllser Sdridiumin the 5

eecal@a. bhnto DoRPIEFETONS 'ofl SERET 1R $t° ARt *ééedr% Lpeziany,
_gze@ﬁgrl[m Z@\ES -ii 8w pdependently in the range (0.25 to
2) : 1, preferably (1 to 12) : 1, for exanple (I to
8) A du@Gnletcabliys; sydwen nwbdrser caInicm(mftioh nrdihmenidpemm er
3 coralaPSé%?rlgysftr %Fsh%{?bss%g% lrela%ri(gq & EpS m%{oﬁg%qnélp/?%;s tl}fm 9000
ppAIERALLI300 hABOED fiin 18} et fn ) 300 ldﬂ;(ﬁ)om gf erred _
enbodi nent of the present invention, the pronoter is
r ut erfﬁﬁ!lahi)aﬁ@ ltlhlem‘rrrmlrmnofleamﬁbth@ﬁndllumdcpdtqlmmmr mtrhem gatiium
SAt system st a ser quli react
an 0%' " r|“8n g °“‘Pn°d‘eS§hcdfém?e"?ph‘“f fie" P‘:&Hg&éovi“e o =§“Tf6‘e in-
sind @nid 10(Jﬂde§ hich rha iR BO0dactiWR SPOIRREB0&II or alkaline earth
PCT/ GB2003/ 003834 10 )..suitably, the nmolar ratio of
10 mg@liogiothsr meFAiENENi um : catal yst system stabiliser may

t han&l}tc Célﬁfifg?‘l]ilg S Si\H] as; {gl) ».‘(%H'l pée:)gégfaCl% 8?10%’[118%3(1 rpg'g{cgﬁ}:'?r

nidkairod aho cﬂx@)mum(alnal@ yﬁ)osolsmlést abligo@atcadhifiingysh®ihds or
stabi liser concentration in the liquid react| on

ligapdtpuiaich N QUBRT!He NfSi s thoakhbskps e medBLMON tohesd | s
‘ ) a ) ,8000.
re%ggnﬁeggg@g;axsa% 83 J,h%vgqggd\&&mxggg(getrha% a%,?&t] hY oéirerating
I innthdiing rgacoomt@npantbrt Weich mds ammdvea;el RN onnee &UEKYQH rate.
r%al llium and/or zjnc iont ai ni.ng conpound are free o
SITAY-iCOT BB IR TP AD oAk Ml Jadds Saf‘eh 28 “@F‘F‘UOQ‘S%SEOUM be
kcpﬁdladﬁﬁnmlnCUoﬁBMoh Atddiahd bider fo@ftcﬁﬂogﬁuesf Rhv @é(ﬂﬂ@m&c% by the
al kali or alkaline earth 10 netal or other netal
usg 4f ¢ sUIAPEPE-CENARTITENRES e ikt e reataen ee(amlf@n of @)eferably
[ I ckel ir
oS PR EOSIERALS: CRAEU LRI ol Sl SR AN
20 coaocdmpauods: wifich erega’thBa whicchte 589 ppidt, @fdﬁ(trS@lyllél;s $ah:50 ppm 1'
. shoul d be kept tooa mnimumin the liquid reaction
In AREBNG ESRBHPTACTERSE Wi | | have an adver se effect on
-t heAd'e%@CdEx'd ocmé gﬁ@%‘gz%dor\}greqﬁrdn th' E:éJl]lg r!ezlc p ne and
reacti on conposit -whi ch has an adverse e ?
opttihealhetagetrhanvmlabmem:ﬁrdw fram e ficontaandmasicd ysieh sa&ranon
%lgkal i met aI i odi des, such as lithiumi odi de shoul d
In jlash gepatatiop lguig TRAGHOMCOTHPFIHEN STPstC4P 2 Alehing BRIt Vippflashing

25 val EPUMeta8 sdFaYaRE ZbRANGESDe Y aliflBatic flash vessel or may have

addinonal heating means. In the flash scparation zone a liquid fraction comprising the

—
tin

majority of the iridtum cataiyst and the majority of the promotcr and stabiiiser salt is
scparated from a vapour fraction comprising aceuc acid, carbonylatable rcactant, water

and methvl todide carbonylatuon co-catalyst arid non-condensable gases such as

v

30 nitrogen, carbon monoxide, hvdrogen and carbon dioxide; the liquid fraction being

recycled to the first reaction zone and the vapour fraction being passed to one or more
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30

use of a suitable ion-exchange resin bed to treat they 9 MAR 2007

reacti on conposition or preferably the catalyst
WPOYRet0St ream Preferably, ionic contam nantsad03/003834
kept bel ow a 20 concentration at which they would
di ?' ner ate 58’10 ?pm F, preferably |ess than 250 ppm 1'
SRR g it 8 FedetiligPneenpestic bed pragist isseracated from the
lightROAPNEh TR JIREOME hedh i Lo nd, reaction
zonegand ngét Fonal 'y tJggp{%é'?mm[nwﬁhg%@e%g‘rpg?cé{[i/m?rom
remaygd pyarkgady ot shdzote by dldas kewepacaatioomones. M 1§d @sbved
eparation, Li.qui d.reaction co ositign is passed to a
°_Ve? FRg "nf_é)q}é Rl BSPHERPRG OB ndansaligases sugh as
nitregpacaboromozeNiee, Myrobéh A AticARRIN Ge fduash lo\(@ﬁl%%}ljrco(gff-gas
re TR have addjtional heating neans. In the flas
> rC§B%la?>a G RIssCE dpreugh 1 efiiicas FeRwENGaACteBPrEIBhEEoh fiensable
mat@BhR&hdhYas Heth 18 didd di; at al yst the majority of .
the pronot er >jzjln?fh{i,elt’ gg%?é'rn:’s\éﬁ'ted ?gslgtmsoéﬁtéef%lf%ro“?%[i% Y2 3
flargapour fraction conprising ac-tic acid, carbonvlatablc
rea %%rgtﬁ vva(ger ag% met hyl iodi de carbonyl anon
co- Catat Vel GRS E Ry (o RAts A BERTY RS Exthe gresera nvaation may
be fartherg@eified BREAARNITBRAOK 08 se NYH QAR P30 |
. dioxide; the liquid f’?ﬂgct is%n‘ beei ngH er ecf)llcglgtrasgﬂ%}bontt%éemove
IMpities SUelh AT PISh LA cderiberhdaticapeastant nad/di @rer Heivagve
- - nor S19 MAR 2007 WD 2004/026805
e B BB PO BB i ey

PCT/ (B illation zones. In a first

di sthelpratesoot taOM@sRE BlveMioACEly B RGGnel 85 SERAT &l L£d
. gr omthe i gpt onponents (nethyl iodide and nethyl
O RBSPEYCCSSTRIE q“?bgms CHMPBHRISO%Fe renpved over head,

andriegrsseh@ivdnBoh (81 Fdw SE ; cengd reaction . .
zonesi%AI SO ?em%ved %\vglé H2§ ng'g bg‘%\agve 5?%@@5?@5 and with
refepgrice gpetye EdloprinsExanitltse non- condensabl e gases such as 5

Gerl¥rhl R eho R’?QP&P nonoxi de, hydrogen and carbon
—%—om—%e—'écrcﬁw—a-. | ow pressure off-gas stream may be
passlgekpchmeng veanpRfdrmed@m dilteal BB SAChhioR 4-Q 3peemve
Hasgg{]densgbl e materials such as nethyl iodide, prior to
SelNgU et e a4 BPeh Wil shETE anf afiqeidansteon failitya Rufthearuen
acetdltesofti6h (16 LI MpRKAIHGES DY, Lhe: ceQrding to
thevgr esctant %’na\%gnti on ?rgy\g/i%ﬂﬁéﬂrﬁ)(r:t%%étra@ffuﬁbF’[fefnes bjiser
compenyeithco tedd) prbaess egd (dpproex aiipy) evereiplab@irinto the autoclave

basdd gk Ll bakion, o remve i rities such as water;
“unr _eglcj:t% g%jvcc\gl? BRI G P g’ggl"‘%i‘ftgﬁﬁyoéfm’é@ﬁ}&d twice with
nitrai@niay 20 barg aﬁ&&%ﬁﬂﬁe@lﬂﬁeﬂ'i@h‘@5rb9{9h1|o'n5‘ﬂdp¥' B Rfjtpa%.SAn iﬂﬂ%l
| lpr ocess of the present invention may be %erf orned as a
cha ggtcelﬁlsgpg gEmgthyranstaia{apprex P depasiic peidfgpadd 34.6G59, racthyl
10di§OphANAYS o PLALE RS, (approx 11.0g) was placed into the autoclave, which
was then repurged with carbon monoxide and vented slowly to prevent loss of volatiles.
Carbon monoxide (8 barg) was fed into the autoclave which was then heated,
with stirring (1500 rpm) to 190°C. The catal yst injcction system was primed with
approx 6.3g of iridium acetate solution (approx. 5 wi% indium) and acetic acid (approx
8.7g) and injected with an overpressure of carbon monoxide to bring the autoclave

pressure to 28 barg.

The reaction rate was monitored by drop in carbon monoxide pressure from a
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15 The present inventi on will now be illustrated by 4 9 MAR 2007

way of exanple only and with reference to the
WO Wi/ enetig Exanpl es. General Reaction Met hod ACk/GB2003/003834
experiments were performed in either a 300cn8
[ a 30 st aut ocl ave, equi pped
bailfe L%% §?'Cgh Preéﬁﬂecgr%?cmﬁd ﬁ‘ﬁjalé labﬁwﬁéwmt%lyed ata
Conﬁhﬁl e i ur 247 ]a(ﬁﬂ #tdepreRlidtd 1o badBhiough Lﬂﬂ)l&rrgxétfmt BRY:
ag % rutheniun), a catal yst system sfa%
upt 6%&%@ W\‘Rﬁ‘éﬂ%gé'@)“‘%\aﬁdldﬁc‘@@‘i%hai:¢fdse(dappmuxclmc0uz& 9)
ligced d se, aut oc] ave
s R BCE PR R B AT R oS B ¥ BB eemtten.
and thgi a(ge:)cht Nentnd tTlmg&mncbdorr%nblaE getlsdhagid tdnk QRall AdABS
0 uw {'j‘ anox d ] lgcgto 10 barg. An Gnitial char ge
9 ﬁs’ '8 H“rﬁ“g 3l éhf@a‘ab}%@h&gﬂ g)dbalé@ttrqt@d
com@@rhedlts(\a@@rq@?fntﬁ?cd@ﬂ)mtemﬁtlmbfl%@ cbrg b ée%p?h:?ﬁn
and water (approx 11.0g) was plac
extegat Sé'l‘ch*\fféa“dmpé%%dm@ﬂﬂhw mélpmr(qyedl)m Mﬁ:lgﬂlarmﬂﬁnajor

prod B o e R OB b PP B B s Pl 1 nto the
autloerayef whiuphukeasa tdiem paatiad.readibh rst &4 108 (d LRQhie

} W&Q‘? o 190C. The catal yst injection-systemwas prined

the YiahBh 8% a8 neppbet ofimiles frfedrcant apsusiet pei lore ((fa:phﬂr 0X.

degR@sdtt Yadirdi

L o B0 Bt @ o AR Hh i stlne i

(lot%rqan@r ?hep@ﬂmtbaavcbon pccéd;sﬂgaesddo/oﬁﬂn@ar g. The reaction

ate . wa as rmn i tored b%a} i n carbon nonoxi de pressure

f r ol 1Ty 1CHARARNCSE ’0”\7@526654‘/“5@6‘8‘058 the course of the
reacﬁ’&ﬁrfrﬁazwﬁélgﬂzg%@m?@% &8 bssHRTSEIhat deRhGBLE YRl BSS Ul
to 82 barg. The autocl ave was mai nt al ned ar A
conupsd forrvepenplsrodcuben plonddCahdaprapssued Nafal R8/abangas
madk mr%ﬂ&hﬁ)cuéorﬁ[nﬁ]cﬁt@%gh leQlrocial E&ldfp%ﬁt ake of carbon

nmonoxi de fromthe | ast vesse &d ceased the

ME@EMSLQ ated fromthe gas supply and
@ ed. After bas anal XSI s sanpl e was
ta !

n cof leé‘r?& otf cgmogéllalé regeifinehatthwhen Qfmetgbon monoxide
gas mm@@&ﬂtt& MBER B ﬂ]‘éh@é{cg&gsolm \@'E@JIIY)%HI td &ol td rogﬁnl d

by- products by known established gas chromatogra
tempeRlS d§he maedetcatas tb@hf!mmeﬂtraed\@mcba g amsarfxpledf bc)bled

reach(m ﬁ)%tgcfn Wi tpafnsFe €d § ?gm%‘ ::aeur}t cl \geatgé b%:h?;;g’%gqrtt%e?{lheotﬁbe

extern st andar expre

was (iep I@albyanAﬁbrgnhrxze'Bhenmnogen YEWWE ahdh&ahvief sttrnﬁo to
'I(I%Ch carbonyl ati on experinents was acetic acid. 10

130 réaﬁ%"%?ef@réscoab‘%ga‘l@éom teaﬂn,ﬁéaﬂtxrauand pontmg. i n a
reggl the rbon ation
rate, Og@a%w %@ﬁ%&ﬁgcﬁf recfp lr eaé?sadﬁfe”&’br}? Pré(bsuﬁ pspection

of theinthegoofentol d
Examples
Experiment A

A baseline cxperiment was performed with the autoclave charged with methyl
acetate (47.90g) acetic acid (44.1g) ruthenium acetaic solution (18.7g) water (11.0g)
methyl iodide (12.59g). The catalyst solution consisted of an iridium solution (6.31g)

with acetic acid (8.7g). The approximate ratio of iridium to ruthenium was 1:6. The rate
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degassed reactor conposition per hour (nol/l/h) at % 9 MAR 2007

particul ar reactor conposition (total reactor

wearpdEiifon based on a col d degassed vol ume) pte;R2003/003834
nit-thyl acetate concentration was cal cul ated during

G GOMT the 15 reaction fromthe startin
° conﬁ%ﬂs#tqﬁzglﬁ?raggsrﬁar#%CCE”IJ]%\({S‘[fﬁ)ﬁ‘é’fﬁgwe’"%m"ri‘éﬁfmﬁlang@é@b’ﬁfe
syswas stabinsteselds droghoawmer Yagelie of carbon nonoxi de t hat

Eas con umred. No al |l owance was mnmde for organic
1RE] ts in the autocl ave headspace. Catal yst System

St [ a.s rn - L .11 Wi 196 C ,r,bOI’]' | ati on
ahi élM)CEQEé igg'n \%ﬁgﬁé Rl {l) t} n%ﬁ%@i“&éhx%d g\a@ methyl

reaction (that no carbon

acqise Eiée0 led ateticheid ¢ibs eg)vediyniubhe claRackulion (G BhUL 4o | Wago)
Joved to.cool, to room tenperature. The autoclave Z
mefl ]s%tléﬁ%r@ d‘é%?%ei%?"imﬁésd SAHECRC 8IS f amingiem 66lusen(ted g)
witheaatd @il ($012d).iTeB apy@sxitaanshisbr e . aut oc| gv
to a Fi scherEgPort égﬁt Ubé. Tﬁe_ t ﬁgjéjrﬁwa%?u{lﬁgwms‘é%i Lg @Ffd
ra‘ep?f_e@gﬁ_&‘r“f‘ 2bY AP HE AR iserentposiDos ob Xy narid/] beadednididyst
sysf%liﬂ §hthilg r%&lts%%oshg\v[) 91{T%lgg_ur s before cooling to room

t enperature and venti ng. The formati on or otherw se
Exafipke Ipreci pitate was deternmined by visual inspection

of %he tube contents. Exanples Experinment A A

bas el TRE QY pYA FEsRICaEcepRibr Ot raMoglh Yehwashmdscatitaqet avieh 0,56

s Ighang ede ¥ dehedBbhy bay A& 06 tic acid
¢ l( a4.1 ge) r ut hte_n_i umaa%%{}g?gegg[gtfnu%oi(ngﬁs'83‘%3’sg:fj/%\%elﬂb"ﬁlafqm“"
andjcagadyst Syph§thbilibdesidts (r:2h6@g)n Takel cat al yst sol ution

Ex&ﬂﬁgift ed of an iridiumsolution (6.31g) wth acetic

8.79). The approxinmate ratio of iridiumto

r ut bartionwasval répearexdept @ackfle hubc I MAR, 4 ciled wi
| ,glﬂﬁMf}éZGSO-S PCT/ e ae Ayecly r‘eagg’?suoo%“’%tedé“m
P cibat Bdaeedsrr o 3 e rplosiatadapacobn d@Bpavitdmydf 1aehahe

atthrgabal wsiy n, i Lit s re shown in
AR A RV IR LARS Wl Kol FRULER, £° Shoe

Exampledr ned with the autocl ave charged with methyl 5
ac Q18) acetic acjid (43.1g) ruthenium acetate
so%’?’fegﬁ&:ﬁ% 28) }eﬁg?tgr e"(ci%(.“hﬁfé§e aLP%‘?%’)?IWQiS gHodgbarged with
0.5 (21 [8éRA ¢); The razab b ysibn $0 ed1E0NERAS| St QL 0
I t.ii;rli di um S§| utjon (6.31 g]) Wi t heaceti o cagllpgglélgﬁ%lg%@
RS EPIAORCARYE YEETStabTlity Fesultuare slowrun Aableum was 1: 2.
Exabiffie 4rate of reaction at a calculated reaction

conposi tion of 121X nethyl acetate and catal yst
xperiment A was repeated except that the autoclave was charged with 6.92 g of

ruthenium solution and. [.013g of In(OAc)s. The main charge of the autoclave was
adjusted to 48 g of methyl acetate, 44.9 g of acetic acid, 13.7 g of water and 13.3 gof
methyl 1odide. The catalyst solution consisted of an iridium solution (3.18¢g) with acetic
acid (8.7g). The iridium to ruthenium to indium ratio was

0.5:2:2; however, the indium concentration was half that of Experiment B. The rate of
reaction at a calculated reaction composition of 12% methyl acetate and catalyst system

stability results are shown in Table 1.
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system stability results are shown in Table 1. 10 19 MAR 2007

Exanpl e | Experinment A was repeated except that the
wayneelsave was al so charged with 0.86 g 11113CTAbE003/003834
rate of reaction at a cal cul ated reacti on conposition
Ta olf 12/, nmethyl acetate and catalyst systemstability
ap §u|ts are shown in Table 1. Exanple 2 15 Experi nent

Experiaend €06t §6,.§KCEPT | R A (A€ autget, wag al so
”ﬁerar ged ﬂn l 1.73g of Iﬁel%%” “The rqu'éaé?“reeclctl on at a

cal cul at ed\lnbaoianon compUsMeCorr off fadded met hyl
acetate and catal yst $ sgﬁ stabillity resul tjs are
shown in |Table 1. Exarﬁ" Experijnent A was repeated

Exgxeent At hlat. ¢ he autoclaye was al'sqygliarged Wth 20
0.5 1 gof In(OAc)3 The rate of reaction at

a
E\@mledjl at edl reatti on cpéposi tion of NkQ% met Byl acetate

Akt | f S—are CH
all l7al. aly D,yol. €S gt } Ly +esH lown i n
E“lmaclgf Egla%p’re 4 Expéfiment A wag\“fepeat ed except

Ex:Inh}ﬁ&ﬂhe auigcl ave was,gharged W iR p. 92 g of
ruthenium solution and 1.013g of [In(OAc)3 The main

EXMiarﬁgéBof the autocl ayédwas 25 adjisted to 48 g of

met &t £ 44-9—g—of —acetie—acid—13.7{g of water
Exampics. gdbf “Jret hyl '19di de. The | &3t al yst sol ution

consi ste of an iridium sol utl on (37 18y)y—wth acetic
acid (8.79). The iridiumto rutheniumto indiumratio
In Tagde 0 ltEﬁaz b2 scdyohenieem atchepamodin e oeaeat ratioandiwasresent)
e of gactl on at a
i

wil B b 38 La Udm R s Tt £ FBAN 1t e hy bomguarecs

arc&mﬂrocéﬂ ﬁix| B/)Eahp%éslt?rﬂt calalsd BB kdeh tiiYar TRBYA E§11ﬁd'r§o§t]pm in
Table 1. 11 1 9 MAR 2007 WD 200-1/02680

Expsermenss {19 191 00883 e b Ewmﬂkﬁe(mdmtenmrdscm an@u reduntion in

mll:@rt n 1 ny nrate mau med in or med
d @m@k [;IE‘)Q(F?Q; ﬁ]&etﬁltctc%g )INEA arrit ¢§ }51( c?ll \éxf ‘]:(364{ 1
27|\Io ExaaneZI 6 : 229 No
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Exanple 3 1 : 6 : 1 26.5 No Experinent B1: 2 19 No 19 MAR 2007

4 0.5: 2: 219 No In Table 1, it can seen
“EﬁﬁﬂB¥Fgﬁ1a conpari son of Experinment A (no |ndr€H$BmmymB“4
present) wth Exanples 1-3 (indium present) that both
catalyst stability and carbonvlation rates 5 are
inproved in Exanples 1-3. It can al so be seen that
froma conpari son of Experinment B (no indium present)
with Exanple 4 (inditn present and a reduction in
i ridiumconcentration) that the.carbonylation rate is
mai ntained in Exanple 4. 10 15 20 12 1 9 MAR 2007
WO 2011-1/ 026805 PCT/ G320() 3/003834' C ains A process
for the production of acetic acid by carbonyl ating
met hanol and/or a reactive derivative thereof with
carbon nonoxide in at | east one carbonvlalion reaction
zone containing a liquid reaction conposition
conprising an iridiumcarbonviation catalyst, nethyl
i odide co-catalyst. a finite concentrati on of water,
acetic acid, nethyl 5 acetate, at |east one pronoter
sel ected fron1ruthen|un1 osm um and rheni um and at
<3$@38t one cat al yst systen1stablllser sel ected from

i ndi u and zjnc and

“wher’ ep?oc?gﬁqor #'F gfo?uﬁflog%gfg“ﬂ"a [Erﬁ caroiyipp g metnanol and/or a
re@tiabiibih@eke tHerddievikii 8ibeh mbBALkE ANaGORPAH ctaHQ)rr\vl'aﬁon reaction

mai ntained in the range 1 . (3 to 10) : (1 to 10). 2.
ZOPE FRIBBBISE ad st thiapon gornptwlmnlcqratmrsemrantnhemm Carbonvlanon

' t al yst stem stabiliser.
Caﬁ%ﬁggﬁ]ggﬂ?\gﬁa%ﬁg%%g 816(91\82 dtﬂl’%[ﬁ C-O é/ ngggor{ ?] \ﬁ&[@oaﬁ,tlﬁai:ha mg[hv]
acdagr ﬂldﬁSSm&Q&Ofr@kﬁgeI e0redMyon0O Hﬁhé?\flurﬁ' SniTBmlant éhefium and ar
]nmhereln t he catag%st system stabi iiser is selected
S35} O AR SHESIOP SHPEtSET Edewd Irpd e me akim uPh MeEpTUElium
an@aldc HivwaRekin ?Herlﬁo aftrarfd AN OGESS: ﬁgﬁgfed' Rngf Qer‘?{]ﬁu « &g

of clains 1 to 3 wherein Hw pronoter is enr'um
TCHBLIOP CHNPRRBE Waeonwineg b theanpgore: of3 ¢baidys: 1(1t @0410).

mhereln t he concentratlon of pronoter in the iiq #Id

21 eact PO BRPBLIEIDIF 1AL |1e§1§e*fedant@oeem§ﬁﬁ¥atlon 0

catal yst system stabiiiser in the iiquid reaction composttion 1s less than 9000 ppm.
3. A process according to any one of ciaims | to 2 wherein the cataiyst system

stabiiiser is selecied from 10dides or acetates of indium. cadmium, mercury, eatlium and

ZInc.

4, A process according to any one.of claims | to 3 wherein the promoter is
ruthenium.

5. A process according to any one of ciaims | to 4 wherein the concentration of

promoter in the iiquid reaction composition 1s less than 3000 ppm.
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rocess according to any one of clains | to 5 wherein
Bhé“@Bﬁ@éntratlon of water in the |iquid readGTgrB2003/003834
conposition is in the range 0.1 to 20 % 7. A
6. P OSES3.ACEQD T, AN FREQL 164 BB b B vBEREDor
wazed e [Ruld. reddsion @bmpbsitieast inaneraage a) md¢> lmww:(adm um
nercury galliumand zinc as a cataly system
7. st ali PP&EP a5ATHND RS Claime | 5p %d‘(ﬁ’éfq‘*bH’ eqprippmatapien s
Cm@&g%qu“ggrgl98§§&1qonpr|ses car bonyl ati ng net hanol
and/or a reactiveé derivative thereof with carbon
5 8. wonaxedémnamabm:MeasmnomannambomyhawumﬂnneanmzmlaszQMvm
contajining a Iqu|d reaction conp osition conprising

system §ja phs%rdp BAFRASST 106ﬁk1%%rf>ngg¥w AR RVACIG wigcygrocess compmeo

car®@n §iaddl M&thanA afudi/@l' b Geak0vCOOGRRLE Rble@Nwath MBIR monoxide in at
acetic acid, methyl acetate, at |east one pronpter

leagleprectad@nflroen rqagm@emlurvpnr@smﬂmdlamd redea ol aompendorat

c01east one. atal @ﬁSteq”Stablhﬁf elecgg %ﬁ
TR A" Ehd‘HPﬁ O §21%% zCiO N WHBFei n
10 cohdMuaRdadT wadri ch@.t; acidl h@tiMaceritE QAL &lone psérabie} tS&%ed Fom

the liquid reaction conposition is maintained in the
ruthghigal, esmiungandghaoym; agd attiepsy gye catabyst gypien smbiiger selegted

from ndium, cadmium, mercury, gallium and zinc and wherein the molar ratio of
iridium : promoter : stabihiser in the liquid reaction composition 1s maintained in the

range 1 : (3 to 10) : (1 to 10).
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