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WD 2007/ 085791 PCT/ GB2007/ 000056 1 PROCESS FOR THE

PRODUCTI ON OF ACETIC ACID This invention relates to a
w@er@cmsy9f or the production of acetic acid andP€TGB2007/000056

particular to a process for ithe production of acetic

acid by the carbonyl ation of nmethanol and/or a 5

reactive derivative thereof in the presence of a

pronoted iridiumcatal yst. The production of acetic

acid by PRG)(CES@FQLrR THHPRODUETIONADF IACETEC prei¥ence

of an irirdiumcatalyst and a pronoter such as .

rutheniumis described, for exanple, in EP-A- 0752406,

EP- - ,

cp. AtGadshiin sBEiet 1 RERE AT FoPRE pF SR o pud i partculr
to @ provedsifaniblk pastiiction af dddtic edid by Ve a:hdvonvhitmn ef tﬂe&raaolfanldfvr a

the presence of acetic acid, an iri cat al yst,
reagy T ue ﬁv@reof 5 the @ERSENCS O AIBOTeR LI CATASh of

vat gf,e lpf%@ﬁég\ BE&kLAL Sci@ B 1 RN Ebn g? ln%@rfaggl ih {8 Bresence of

rut henfum and osmum EP-A-0 7497948 describes a
an ridicesatal ot anhdhe pmmdjexmjablaas wthenfunais debkited afoc oxemhpls, i FEP-A-

7SRk e Rhe ER, B SRR RIS Lo ana) o

est @p_A MBI PIREHES p?@‘)ce@mfdr rtﬁeddawsnsmlah B8 nettARoldnkior a
hal i de, water and at l'east one pronbter selected from

reaghichhderivative thetgof in ﬁxermesewl dfiagetic dci pu imdivm oat@hgzg tnegihyl iodide,

G RE b By PoRE PR sSSP AE R,

ruthénit@ apd @¥mdenan i nproved carbonyl ati on process for
theg'%_ro_ducti on of acetic acid. It has now been

sur NOH8crleneriten apraggssier g carbepylation oban glkyglplcohol such
as %{e%hgh&rgnﬁﬂ)tr Al Y58 (d@flpa‘?ﬂé Itl?etf%oql@o Bfo‘aﬁ@es@le chfr?sthﬁdln% carboxylic

'on of acet antities o
acidndd/gasaatia thypesade of an aidam eattalzyeld ammldiyﬂmhlde water and at least

sel ecti vi to the _desired acetic id ] creased
oanrrsqterr%afeﬁieé.fm GRdTREM, WS ﬁl%gﬁﬁ ﬁ@ff 25k

opi%ﬁ%lgg RiifH a{‘ycﬁpfdn%}eﬁe%\ﬂeg FRonPrithnin, Sosfrﬁﬁmtalﬂﬁ rhenium.

ction of acetic acid by carbonylating nethanol
and/Tbe tghniealaproblemdebevealved & to fpervadss anmnmo‘(ﬁdrd@dmnylatlon process

B e S RDE AR B PR Wi b

in SOMANISIcRElRBd barbdxhﬂm@qfrb@@yfoa&hecmomamhwbcetmbfay the
i odide co-catalyst, a finite concentration of wate

quaridies of Beuid andraesegbs icatogdues agredussd prdhence ﬁ@leotwﬁy i the
deditdh REH M PRYn At ade8 FHilst maintaining the reaction rate.

Accordingly, the present invention provides a process for the production of acetic
acid by carbonylating methanol and/or a reactive derivative thereof with carbon monoxide
in at least one carbonylation reaction zone containing a liquid reaction composition
comprising an iridium carbonylation catalyst, methyl iodide co-catalyst, a finite
concentration of water, acetic acid, methyl acetate, and as promoters ruthenium and at least
one of niobium and tantalum.

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

invention. Water is required as co-reactant for ether or ester reactants. Preferably, methanol
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one of niobiumand tantalum In the process of the
present invention, suitable reactive derivatives of
woreaoniasoblr 30 i nclude net hyl acetate, dinmethyl PELr/B8r007/000056
and nethyl iodide. A m xture2of nethanol and reactive
derivatives thereof may be used as reactants in the
process of the present invention. Water is required
as co-reactant for ether or ester reactants.
an@oeie phdetatgraﬁehms@hs M&2097/ 085791 PCT/ GB2007/ 000056

2 and/or neth acet at e are used as.reactant IAL
| eadyt lepshiores oleth@ methanak R/ of Fefchye ﬁ?f‘éh"é‘fli"%leli?@?“@ 45 P? e%nvefted
t e
o RSty B pRORY 540l 0o REE EOREESR] ygpcion i
the @alﬁd}dytiél awdt;inoddcher sodveno xBrefecabdy ithl q:lmadmtca:tlonrof soethyd ad;etate in

Preferably, the concentratl on _of et ate |
thq i Foqion FBRASHN 16 BB SEF 4ro 7074 b VRIgh HgerreReebly 2 to
4 to 50% by weight,
SO%Q&rgH?erag?re?%aﬁ%%g ;?B’I\A%?lélllﬁtt V\aterorray be forned

in SNﬁtar may bé ﬁ)ﬂnedun glitw matha: hqmd coNPos cerportionsofor example, by
the esterifi

G SeaRvgion Aol ReCRf. M 'ronﬁaa{s iases AR iict, Water may
bel}ﬁtrddﬁkécpfébtﬁs HarbOny 1 orCrREARAYDAS fo@BthEwth bPSepaiRdy from other

together wth or 'separately fromother 10 conponents
confponms ofi the liquideraastioo nompmm tW@wr mpgi e sepaagied &Om other

h
B

bedB YN cHfrdlREElREtsith nﬁiﬂﬂilﬁ ‘tl’ael Iedulﬁdﬁximbenttauoﬁaf Wa’ar in the
the required concentration of water in the [1iq

liquiskisaqtion ce@wgaélptu Breferpblys the awyntr%tr%l Sorrerie Flzft lil%wl fspction
coﬁg}ég 10%&135 %&ng tb 33‘% %ﬁofm@ﬂéfe 1§ 1d TS‘%?@? Oygelght, yet

era lto
m&lypvﬂﬂ@bltyltybeltO%Bym[@tpreferabl y 1to 10% by wei ght .

Pr ef bl th t th
co- ARt theronRenangho AT 3L R cougiuL R P apd regption
&gﬁm i6h &% tnd 1%11%9 Yabyo %ght%r@fe?db@ﬁb Yo 26%®ykbdetky

e iri |umca I'm the |1 quid reaction
co mﬂﬁ&undmm Myﬁomﬁm lgleuchmycuom cdmpnsmg@ max qqmpglse any iridium-
i.n the

: d whi i d
copGrApas TepgRna Sk Fraf s g HalFa ey RO REl e e

catalnﬁt Haﬁ BE ddd e tthONq e Hessd édpdsiioanH asy stitdlesfofamwhich
di ssolves in the liquid reactign conpaosjtion

or
dl$SQIV§8)m/fé¢ ligpidgreacsion cewpasitien ¢1dF aenveridtle fad pgluble form. Preferably
the iridium may be used as a chloride free compound such as acetates which are soluble in

. one or more of the liquid reaction composition components, for example water and/or

acetic acid and so may be added to the reaction as solutions therein. Examples of suitable

iridium-containing compounds which may be added to the liquid reaction composition
include IrCl3, IrI3, IrBr3, [Ir(CO)71]p, [Ir(CO)2C1]2, [Ir(CO)Brly, [Ir(CO)4I] HY,
[Ix(CO)Brp-HT, [Ir(CO)In]-HTY, [Ir(CH3)I3(CO)p]"H™, Irg(CO)12, IrCl3.4H70,
IrBr3.4H70, Ir3(CO)19, iridium metal, Irp03, IrO9, Ir(acac)(CO), Ir(acac)z, iridium
acetate, [Ir3O(0Ac)g(Hp0)3][OAc], and hexachloroiridic acid Hy[IrClg], preferably,

chloride-free complexes of iridium such as acetates, oxalates and acetoacetates.
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the iridiummy be used as a chloride free conpound
such as acetates which are soluble in one or nore of

W b@7/08319di d reacti on conposition conponents, fRPET/GB2007/000056
exanpl e water and/or acetic 3Jacid and so may be added
to the reaction as solutions therein. Exanples of
suitable 25 iridi um contai ni ng conpounds whi ch may be
added to the liquid reaction conposition include
| r Ol Befeldblyd thd doﬁb@ntrdtlbh (o@@)eﬁhlh&m dakalys00) ﬂl@lﬂqﬂld reaction
[Ir(CO)ZBr]Z [Ir 4I(Jp rgi(ﬁC(?)ZBr

compogition 2 injthe-range QQ 3)@)@)2\}7 1;1@{1(11@6}“116211qu1d reaction

ﬂ@é}%oﬁ H&%Bon 1f|’y%r ﬁl&)@‘%l%ﬁl éi(]:*ﬁa gsaéf orfd dﬁﬁlmﬁﬁland tantalum

profetend. Ghe bfdn&ﬂéx@%ﬁz)yﬂidmw id t&\hhmdamuhm gamhositian foir thiec
acid H2[IrCl. 6], preferably, 30 CB] oride-free cgrrpl exes
caéboniy}araan ERecaQt iR gy SHB%‘?lﬁthfﬁl whigh digselyesgp ghe liquid reaction

ﬁ’i%ﬁ%f ?stc%ﬁxﬁ ertifle40Q1BRTAL PCT/ GB2007/ 000056 3

Prereran Y, e concentration of the iridiumcatalyst
i n tEenplaguwlduitade tutlenium aopemitg @mposndnwhick marigaised as

s of pimots rguta robienui ) shnids, “hei im0 St riprte
ru%ﬁuﬁ{ (I‘XZ eRlbrigs) ‘?’uﬁﬁgmﬂh‘P@H}Jﬁﬂoﬁ{‘&e E&Hérﬁlhrﬁ FhetBl AR oxides,

ters ded to the liquid reaction

rUd@nnmfs(IHD ity [Rllf(é:(:sﬂe]aﬂbo[@ll(@mzbﬂh (R ol I[lﬁu(&lﬂ/)ﬂz]z,
Ao 56D 0 b )

ru&iéﬁﬂﬁi @H) Bﬁtyfa‘% &@t‘hblﬁuﬁi&idﬂ@ﬁaﬁﬂhﬁoﬂﬁi&@héﬂlmﬁdwﬂm&md@l and mixed
used sources of pronoter jnclude

ch
nﬁh@pﬂ@hh@%@a(bqnbf}s S@ﬁh ay flighlorqtrieasbenyiybepium (brliger.de
dlglro'nwﬁgéa%o%a/ e%ﬁt&%ﬁ 1?1'3 (? Eéhgllr ({)J gnﬁlorﬁtg&}ﬁﬁ cg)'i'ﬂﬂlé)lek Yuch as
tefradhltt&ﬁing (ﬂg (:jrlhbﬁe)cﬂlwtl‘mh&m(lll)Rt%MI%Bis(ﬂdhzene)dlruthenium(ll),
12],., 4 , ;
dl@@? %Y&@@e% 1e$fi1 @ﬁ@ Eﬁu YPoef 5m4 v{aé’%@fﬂi%ﬁ@pﬁﬂfwhemum
E}:etate ruthenium (111) propl onate, ruthenium (I111)
utyrate, rutheni um pentacarbonyl,

tri rExahq:hwswfdoxﬂaiﬂan@bbmmybntammgmomdundswheh mapnbe used include
| oc ANSIES orot.ri.car | rut heni um
mhl? @r) r“rgl:g}(lde Sime 18 r i ?ﬂ'ﬁﬁ’f ?lﬂlﬂi’?e&? @%/ﬂlfujl‘éf?) di ner,
and Maﬂﬁﬂles%f@ﬁﬁéﬁl&iaﬂﬁiﬂ&rﬁ@oﬁ@ﬁ%@&@o&ﬁ@wﬁ&hlﬁw be used include
tetrachlorobis (4-cynene)dirutheni un(

tonigt O s RE) it idsrra Y ) bromide.
and PRt el T R it R Yl B Wit of s

solubility in the 11qu1d reaction composition and/or any liquid process streams recycled to

C

(@)

the carbonylation reactor from the acetic acid recovery stage. Each promoter is suitably
present in the liquid reaction compositions at a molar ratio of promoter to iridium of
[greater than 0 to 15]:1 such as in the range [1 to 10] : 1, for example, in the range [2 to 6] :
1. Each promoter is suitably present in the liquid reaction composition in a concentration
less than 8000 ppm.

Suitably, the molar ratio of iridium : ruthenium : niobium may be in the range 1 :
[greater than 0 to 15] : [greater than O to 15], such as 1 : [1 to 10 : [1 to 10], for example, 1
:[2to 6] : [2 to 6].
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Exanpl es of suitabl e niobi um contai ni ng conpounds

whi ch may be used include niobium (V) chloride,
wo@iossT( V) i odi de and ni obi um (V) brom de. 2BCT/GB2007/000056

Exanpl es of suitabl e tantal ug containing conmpounds

whi ch may be used include tantalum (V) chloride,

tantalum (V) iodide and tantalum (V) brom de.

Preferably, each pronoter is present in an effective

anD Wiktablp, the nfoe rhtiddst irfiuht Suth&dlmbitdritdlymindayt teein the range 1 :
l'iquid reaction conposition and/or any. |iquid

[gmts@ﬁm Orte d §L1 lewpates thanrﬁ)etOcléil isoelyrsat i driodBadt ty P(I%r]? fc@ﬁ@Xﬂﬂple 1:

acid recovery stage. Each pronoter is
[quﬁ]t gg?%%gs present in the liquid reaction

ConPestetabBi) &e&hd@nﬂﬂhtﬁémﬁx&t hiobiin rdoambiam domtdining icompounds
of [greater than to 15]:1 such as in the r ncg
arq fee] lmpuzutlesr whlcbmﬂﬂe@r geperetedn s ipwiq ind 1{316 wﬁ mfligy inhibit the
rea%ﬁgg' fg{ 3) il %1%‘1' Li@RLY cMSREAL of dindr etd1isqiw d

InN"a concentration |ess than
800Qoﬂﬂb m)ntﬁmﬁaﬁtslsuch id) &rrmhmplet @f) icorradiori mewlsupamcularly nickel,
ruthenlum nloﬁ))tRLi1 be in the ran

irpgpd shEmIpRARG Hes 0 g tem corRRPas opipoyafs ordiggpds which

t n
byl Sk s A P o niions

theSawilhbye art dtverse keffectoatthoreaftion hyoganarating itih e lignid reaction
corti%?);gl)# g}ll'xg.glt b?l{l :'al Wtr%eelf @] the gfﬁ‘cﬂgxgga%% C;‘rfl%_p(?rlgosi)%lt r%etal

cohthrfiPantHuch b9 for @%APIe Solybdeduinhalt been fduddtote. less susceptible to
Preferably, the iridium ruthenium niobium and

the gﬁmemtl@mﬁ & m(hmswg meittp bilshhage an adverseafiget onibgreactigr rate
irhfth 87 xShe FRRBICfrdsotelitialeanifrid 00 i Srifofif

Su&ilkﬁif icBRtaBfidns d1eh at albsli aiehd Iiodi&safor sedniysle lithimindodide, should be
contani nants such as, for exanple g Corrosion

kepieio A tgininpEy; |Cuosion Nl ed other iqmig imptgitiehigH bR Ky dised by the use
of%?)glgﬁdgg %xgﬁalgggeysm B4 0GRACAR LB SorfiRERRRD 91Sp1@fe(re%btly a

uaternise in situ; shoul d be
catabysarewy¢le stiean.nSudhen dangsiod m@ala’emomakpmm&sls dessmibad i US

se will have d ff th
408REF JAFisepbi e CHET gL a5 SEPrIGH = CORBURHEP B Rich they
wMld 5thehas san ﬁ&l\le peferSh1l 865 19 150G phERet he Nqhiractdane
corrosion ne contam nants such as for exanple

compbgitidenum have been found to be | ess susceptible to
The carbon monoxide reactant for the carbonylation reaction may be essentially

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

gases, water and Cj to Cg 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 1 bar partial pressure, as its presence may result in the
formation of hydrogenation products. The partial pressure of carbon monoxide is suitably
in the range 1 to 70 bar, preferably 1 to 35 bar and more preferably 1 to 15 bar.

The total pressure of the carbonylation reaction is suitably in the range 1.0 to 20.0
Mpag (10 to 200 barg), preferably 1.0 to 10.0 Mpag (10 to 100 barg), more preferably 1.5
to 5.0 Mpag (15 to 50 barg). The carbonylation reaction temperature is preferably in the
range 150 to 220 °C. 4
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the generation of F. Corrosion netals which have an
adverse affect on the reaction rate nay be m nim sed
Wb 00083791 sui t abl e corrosi on resi stant mnateri aPGT/GB2007/000056
construction. 15 Similarly, contami nants such as
al kali netal iodides, for exanple lithiumiodide,
should be kept to a mninmum Corrosion netal and
other ionic inmpurities my be reduced by the use of a
s ui t Bl procesn of thelpaesgat inesition hw begetfomatd aseebatehaarta continuous

0Si r.ef er abl catal yst recycle stream
prggf‘@ P&e'%agryo%% DHBPYS By aI process is described in

US  1iR0E40 amﬁ’{p%cﬁleﬁkawbe te%v@d GORE tﬁ%%ﬁﬁf{a@é&ml&ﬁﬁh zone by
bel ow a concentration at which they 20 ener at e
whdapng ltqulcbreactmtactﬂngpols@gg andhsgpariog pinacktic pgi pmduct by one or
The carpon nmonoxi

iz AR P o chmeaE R g P TR B Solp oS  the iquid

reB&RAbhpobYion BEHLasAFidiBYcatlykt Sutheh e, bnd amast bh@6f 1Huisim and
as carbon di oxi de, nethane, nitrogen, noble Wgases

tapfatuar pramptal methybpdm whier mdcumnmmrg@n’@ts igh may be recycled

togé%ga% éﬁfo#}ég{tﬁ %ypm?' ﬁ) enti ﬁ’l5th<-c51§l rcgn(%n{;q%?lé élgﬁlle gﬁqlldsreactlon

cd@ﬁ@%ﬁiogbly kept Iow, for exan‘pl e, less than 1 bar
partial pressure, as its presence may result in th

f or mbla RACRSH Oﬁy@rmgs@ﬁ@p}/q;w% oy hercarried it gug single car%onylation

re%ft?ﬁ%&g BIO{t n‘fag: X fcgl}-tg%w W %gﬁcg-g tr@:R{lX zbr?eg.t WheledRE®r more

repxrtmfn%ﬁb:d are eniployt8, tha hquﬂ[lnenctlom mmmmmm redctipheonditions in

carbonyl ation reaction is._, |tably in the range 1.0 to
cash resciidm 29y 10 S508F HEIFIPL pr ef erably 1.0 to 10.0

Npagl"l(e]igvérﬁlo%%llt}fm\g‘%e IR RedPbEHE 6pé>één&)1e50nl§r @y Peflrence to the
Mpag (15 to 50 barg). The carbonyl ati on reacti on

follewprrexemptesi s preferably in the range 150 to 220 C.

GV\D 2007/ QS57 PCT/ GB2007/ 000056 5 The process of the
—%@M may be performed as a batch or a

cont ANURGimEtOGeRperPHEEEIMAT0 @& Arconitd Aleulsve equipped with a
process. The acetic acid product may be rem)ved from

stirtes achp Hawig|injeriéon faiict. Thp agloplaveyyas meﬁwm towieA do # Minym of 30
e
clﬁi@tdohklatﬁﬂlgmf mtthgesefate) neetib acidf imemybmdpimwates and poh®wters was

MNCTRAE TR HE AT e

charge. A ballast vessel was charged with an overpressure of carbon monoxide.

The autoclave was heated with stirring (1500 rpm) to 190 °C. The catalyst injection
system was primed with an iridium acetate solution (approx 5% iridium, 26% water, 62.7%
acetic acid) and acetic acid and injected with carbon monoxide to bring the autoclave
pressure to 28 barg.

The reaction rate was monitored by a drop in the carbon monoxide pressure from
the ballast vessel. The autoclave was maintained at a constant temperature of 190 °C and
pressure of 28 barg throughout the reaction. After uptake of carbon monoxide from the
ballast vessel had ceased, the autoclave was isolated from the gas supply and cooled. After
cooling, a gas analysis sample was taken and the autoclave vented. The liquid components

were discharged, and analysed for liquid by-products by known established gas
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tantal um pronoter, nethyl iodide, water and unconsuned
reactants which may be recycled to the carbonylation

WO e@C83I1 zone to nmaintain their concentrati onBCT/GBRIVE/000056
liquid reaction conpositiong 10 The process of the
present invention may be carried out in a single
carbonylation reaction zone or it may be carried out
in two or nore reaction zones. Were two or nore

chi A6 graphyZABBS IR TRt R¥BEnerth Gretel fhdhtifiddemeinte@bation of the
conposition and reaction conditions in each reaction

compapeniRyakisaclatiee @m@xmmaiusfwéaré and expressedheepartsaer wiillion (ppm)

T BB, et BBl 3R i

Al TRSE DB Wptiley £ aRefthia poRMl id AreactiiiOrug lﬁ?aslllsé@@malbﬂlate the
aut ocl ave equi pped with a stirrer and a liquid

carhopiletionretd, a8 ppmber of Thelenefirsrdtans congiged ﬂ’é’ék@@ ef ¢ald degassed
reéﬁ?or%ﬁmggé ﬂ?xgégxf ho%\Q Qlaln% %%n lwlﬁ’tgrggca@lné%lﬁ;{b@ﬂlgnlgtotal reactor

tlrre W|th nonoxi de up
coﬁpaﬂtlﬁlhbiﬁéoﬁ@ﬂ:ﬁ)ldsdldgﬁgedfvol‘niﬁiemyl acetate, acetic aci d

th i odi de, water and pronoters pl aced in_the
aut aﬁne AR G AICCRBESIIZHE HES GROBAIF AN e RpHEe Abe reaction

h
£t B SR B or NR G B Bfring e ine B YRSy HEC DAL REumed fo
evvmysmdsie af eatbon tionexide thahgrag &cﬁﬁ@mncﬂ) ﬁi o $lbovi:B0e @as Tade for organic

cat al ' ectlon ste was th an iridi
cofpanent gl BEPCIA S BEsRNEAS DU RS Y- PSRt e ahased By
coaéerﬁgﬁatugﬁs a%%t@@@h@q@th@swm @Bﬂzdllﬁh& 66 gd Al the selectivity
car bon npnoxi de to bri n% t he autocl ave pr essure to 28

to ethpne Wae caleweted basadamethounsthybadetaie eehsbmption pebthieseleetevity to
NOXI sure fr l.] as sel . The
%d’f’% PP BUPET BB b0 Bl po REUPAT D of
16s and pressure of 28 barg throughout the
reaptlon. After uptake of carbon nonoxide fromthe 30
essel had ceased, the autoclave was i sol at ed

f
aLgIIR fé&ghsa %H%h’yw?sn]ge ﬁ)?lgl%(g%th tocl?\%oéﬂa d. eggﬁﬁndmm

acdthe sbluqnln dnco m‘.the’tﬂumacemrselmibﬁ ¢ita lrgthdmumm diS%madtyxs &2P% acetic
acxglgoﬂleb%‘gl d b ;%%%%Mﬁn%ﬁleta%%c a%zlg %.ge 1ven in Table 1
below. The rate of reaction at a calculated reaction composition of 12% methyl acetate is
shown in Table 2.
Experiment B

Experiment A was repeated except that the autoclave was also charged with a
vanadium acetate solution. The amounts charged to the autoclave are given in Table 1 and
the results of the experiment are given in Table 2.
Example 1

Experiment A was repeated except that the autoclave was also charged witha
niobium (v) chloride solution. The amounts charged to the autoclave are given in Table 1
and the results of the experiment are given in Table 2.

The results in Table 2 show that a combination of ruthenium and niobium promotes
an iridium catalysed methanol carbonylation process with reduced by-product make whilst

maintaining the reaction rate. However, a combination of vanadium (same Group of the
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chr omat ogr aphy net hods. Detected conponents were
guantified by integration of the conponent peaks
WO edoasizel t o an external standard and expr essePCEHEB2007/000056
parts per mllion (ppm by Weight. The nmajor product
obt ai ned in each- carbonyl ati on experinment was acetic
acid. The rate of gas uptake at a certain point in a
reaction run was used to calculate the 5
PerfcidDabI¢ as hiobiuhbdrR) tastalufl) mhe Futhéniim dess adt nigmainahé
consuned per litre of cold degassed reactor
carbenyiRiioniats somparen & these pf auhengm ploge. a particul ar
Exif flPr conposition (total reactor conposition based
——onﬁa—cold degassed vol une) The-nethyl acetate
C onBgdringint anwaaspeaddedcaptahbt dher auterlaeevasailsoseharged ith a

tanifan 91CBlasKle GRHigh. RSB DA ARSrEEO i b lopGve Rt Bapgtable |
ancg@F Ceslfts GALD ka%ra i b A&t d)3h 4Bk consumed. No

owance was or “organi ¢ conponents in the -
aut Thé¢ medtsiadublatshowthet gasennion ! patbehivmsinddantalum

PIO%%%SB@(%%@E‘%@@%%Q%E%%Q%H @%Egrgfﬁg{o?lﬁg})%gg 5 ?é\;?m 1c%?1§reduction
in %%ﬁa&&s WaRstGRhiftdl Rt Lsh R_sRALIOReatioh ARS hyl acetate

sunption and the selectivity to" carbon dioxi de was
cal cul ated based on carbon nonoxi de consunption. 15
Exanpl es Experinment A A baseline experinent was
performed with the autoclave charged with an iridium
acetate solution and a ruthenium acetate solution (5%
rut henium 18% water, 72% acetic acid).. The anounts
of the conponents charged to the autoclave are given
in Table 1 20 below. The rate of reaction at a
cal cul ated reaction conposition of 12% net hyl acetate
is shown in Table 2. Experinment B Experinment A was
repeat ed except that the autoclave was al so charged
with a vanadi um acetate solution. The anmounts charged
to the autoclave are given in Table 1 and 25 the
results of the experinment are given in Table 2.
Exanpl e 1 Experinment A was repeated except that the
aut ocl ave was al so charged with a niobium(v)
chloride solution. The anounts charged to the
autocl ave are given in Table 1



and the results of the experinent are given in Table
2. . 30 The results in Table 2 show that a conbi nation
wo@Roorasdteni um and ni obi um pronotes an iri di unPCT/GB2007/000056
cat al ysed net hanol carbonyl afi on process with reduced
by- product nmake whilst maintaining the reaction rate.
However, a conbi nati on of vanadi um (sane G oup of the
WO 2007/ 085791 PCT/ GB2007/ 000056 7 Periodic Table as
ni obi um and tantal um and rut heni um does not maintain
the carbonylation rate conpared to the use of
rut heni um al one. Exanple 2 Experinent A was repeated
except that the autoclave was also charged with a 5
tantalum (v) chloride solution. The amounts charged to
the autoclave are given in Table 1 and the results of
the experinment are given in Table 2. The results in
Table 2 show that a conbi nati on of ruthenium and
tantalum pronotes an iridium catal ysed nethano
carbonyl ation process with a significant reduction in
by- products whil st maintaining an acceptabl e reaction
rate. 10 15 20 25 30 WO 2007/085791
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ACv VI" s~ CIOF+1 ~~01 MQ-C CC W
2007/ 085791 PCT/ GB2007/ 000056 10 Clains 1. A process
w0 o0070889pr oducti on of acetic acid by carbonyl BCT/G82007/000056

met hanol and/or a reactiveggderivative thereof with

carbon nonoxide in at |east ‘one carbonyl ation reaction

5 zone containing a liquid reaction conposition

conprising an iridiumcarbonylation catal yst, methyl
Claiiodigle co-catalyst, a finite concentration of water,
=AMat ¢ acid, met hyl acetate and as pronoters

rut henium and at | east one of niobiumand tantalum 2.

A process according to clajm 1l wherein the

. ; r onot er
L rubrmsesashicinbe rodpaisaof geriicgeid by Gpbenyaing Rl s 2
e A . dad - i
el YRS Pl o AEL OB, SOt atctin
zond ddamifing 0 ligbld reaction3ompogitiacessprisiugamiridgin carbbmgilation
wherein the nolar ratig .of iridium: _.ruthenium . hyl
catalypl, Y hioohle aneaiplisy o Ftd oonpepirafig gE ater, a0gtiq iy ety
acete{t%‘ aﬁd)asi]ﬂ];)mofjers ﬁltﬂé'fn?&ﬁ ﬁlzd A96R% GASF AiObiGhAnd AN el n
e nolar ratio of tridium: ruthenium: (niobiumor
2. t antmbessy at@rding thelainahgdetkin the promotels ruthepiupmang]at lepst one of
. .5. A process according.to.an e of clains,.l .
niobian LRI 2o Rierat oo Bl o EsisPapop oYy gl raio
of plobfitirdo [t%ﬁﬁﬁli&rﬁ%x_%ﬁtgpﬂﬁhbit@%]i 1.1 ess than 8000 ppm 6.
A process according to any one of clainms | to

3. whérmpeess hecording émelpim 1 ovhersin thempalpsgiip of iriﬂéurp?q‘e}h@ium :
cioh A AGETISELY BT A ERIPLOS Lo 8000 pom

4. Whey Bobeswat@iding telane Btwhereid the mal@r tatiq i didieac tuthenium
(niomﬁ'gh%ﬁ?n) A ApSoneent At qn b, §1e range 0.1 to 20%

5. A process according to any one of claims 1 to 4wherein the concentration of each
promoter in the liquid reaction composition is less than 8000 ppm.

6. A process according to any one of claims 1 to 5 wherein the concentration of
iridium in the liquid reaction composition is in the range 100 to 6000 ppm.

7. A process according to any one of claims 1 to 6 wherein water is present in the
liquid reaction composition at a concentration in the range 0.1 to 20% by weight.

8. A process according to claim 7 where the water concentration is in the range 1 to
15% by weight.

9. A process according to claim 8 wherein the water concentration is in the range 1 to
10% by weight.

10. A process according to any one of claims 1 to 9 wherein the methyl acetate is

present in the liquid reaction composition at a concentration in the range 1 to 70% by

& weight.

11. A process according to any one of claims 1 to 10 wherein the methyl iodide is
present in the liquid reaction composition at a concentration in the range 1 to 20% by
weight.

12. A process according to any one of claim 1 to 11 wherein the carbonylation reaction

is carried out at a total pressure in the range 1 to 20 Mpag.
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8. A process according to claim7 where the water
concentration is in the range I to 15% by wei ght. 9.
we2@708¥8s according to claim8 wherein the waP€r/GB2007/000056
concentration is in the rangkl1 to 10% by weight. 25
10. A process according to any one of clains 1 to 9
wherein the nethyl acetate is present in the liquid
reacti on conposition at a concentration in the range 1
13t 0 70ptobgss avemirdiing to ady oue qfrobeims § tat2 wihdieinythe sarhoypylatien

~of, clai 1 10 wh ' h t.hyl  Lodi [
refifigS fartied ouh B 4 GOt EdR IHeGPIEE IR Y B at
14(.138n e Ptk ia8dbrdind té Ry b &R]akmb @ t@ 955 Wrei@&e%ﬂﬁﬁ%l%tion

. A process accordi'ng to any one of claim1l to
reagtien & qarnddeout &y deingleanaitonylation raaghon 209ecarri ed out at

a total pressure in the r e 1.t0,20 a WO .
155007 BissBo TRt Pesd v pruoRent 11615 SniRif e Eiponyiation
re@$i6R istaRtedidut AN 18R 1w caib@iyMioh réRtidZ zudeer ei n the

carbonylation reaction is carried out at a ) .
16t enepmeess ectandingdo panees afstrimg 12005 wheredn the pspeseeis garried out
asaccofding % ANy one of clains 1 to 13 wherein the

85?58H§P Pi°%6H™ reaction is carried out in a single

car bonyl ati on reaction zone. 5 15. A process according

to any one of clains 1 to 13 wherein the carbonyl ation

reaction is carried out in at |east two carbonylation
reaction zones. 16. A process according to any one of
claims 1 to 15 wherein the process is carried out as

a continuous process. 10 15 20 25 30



