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WO edoanemoi 0 a process for the production of acetT/GBa@3m03834
and in particular to a process for the production of
acetic acid by the carbonylation of nethanol and/or a
reactive derivative thereof in the presence of a
pronoted iridiumcatalyst. The production of acetic
acid by the carbonylation of nethanol in the presence
5 of an iridiumcatalyst and a pronoter such as
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EP- A- 0849248, EP- A- 0849249, and EP- A-1002785.
EP- A- 0643034 descri bes a process for the carbonyl ation
of nmethanol and/or a reactive derivative thereof in
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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
carried 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-catalysed promoted carbonylation
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conposition. Accordingly, the present invention
provi des a process for the production of acetic acid
whyoosardsenyl ati ng net hanol and/ or a reactive JdBCT/GBRI03/©03834
thereof with carbon nonoxide in at |east one
pro€éys e i Al dafily sk SREdnh ORLFHONR 1S PRIVRE HhA Gy paxjt'b&lw, dn iridium-
reaction 10 conposition conprising an i i Um
catglasadangmated sarboaylatigsprocessihyhichodiathet etenattabijistis improved
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at least A oh Indigrg Gadmivganieraiy.aine aidrgellmndinghe Hewid redesion

ratio of iridium: pronoter : stabiliser in the

Cmﬁ@%ﬁﬁg'reaction conposition is maintained in the 15

r angecatdingy2tHeprésbt invdndiod prévadel A)prockBEfdR kIRSEBYuction of

i.nvention further provides for the use of at |east one
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resent invention allows the process to be
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The present invention allows the stability of the catalyst system to be improved
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whilst maintaining or increasing the carbonylation rate.

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

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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bei ng mai ntained in separate reaction vessels with

nmeans for withdrawing fromthe first reaction vessel
wap@4pamsi ng to the second reaction vessel |i qeETIGB2003/003834

reacti on conpositi-on 5 fromthe first reaction vessel

wi th di ssol ved and/or entrained carbon nonoxi de. Such
rea%{lonﬁﬁﬁr ate second reaction vessel nay conprise a

SeCpleRaHN, tRoREchBh YERY afd\Red ) the tirst HEREILAMMESGLIondRd

a liquid reaction conposition flashing val ve.
beiy whistaiddyintshparge peaciien véssela vathfradahns forypitcladwing fiteen the first

{%i pe's Ilen th to d{h]ameter rat.i o rmé be.about 12:1, "
readieuagh© P’é‘ﬂ%ﬂsﬁm%‘) ¢ Srropd rearlipn yess dt‘W‘_ﬁe@?ﬂé’P RRposttion
froth @Nefirst RABAIV SsdIBYthRIBssBRRE BYE®Er entRinE¥RhABh onoRlde. Such a

| east a portion of the liquid reaction conposition
seperoifeseprid rahation vassskony exmpliid/aotecieor ofatiprbrtyegrbida first
rea TR e M IETRIG LSRR b iR OB pive i
liquad 8801 MeikalindilOpipentehgihne diagatdraftio AN OX hskkut P2S$ Ebube

a second reaction zone. Preferabl g substantially all
length o fjapgted ratias heth ahes anghipsyer ity this gaprherenmipleyed.

di . t 1 ai : : i d .

W ¢ WSS, RGP} p&aph Bt bRl Ak ARl Bucther yith
dissohedsad/onantraaal dacbonzosroxideHe winh@sisurfeoro the fivet reaction zone

carbonyl ation reaction in the first reaction zone is
andgf leagfil Berfion of the Withdgaynisuigansiodsiokied angos erdraapidcagpn

i ’ RbgaR. ' Y
mo%ﬁi&%rs g‘?{e@gbslgg{n?ég{co SS&BJar ééérﬂ%g' ?@fc’rtggt?%} ualfrillgtﬂ Sglﬁtﬁlﬁe
react@nlwompbatidw fogethac tvitb dissolvéedand/dr anghineé ambbomozroxide i S
.s(gita?l \ébi n _ the ranlge 100 to 300. C, pr@ferably in the

withdrpwe frpBhthe firstaenchion Zene 1 Rpssebioghe S9ead 6RO HHE- may

be BRESALELE AlthAchBAGIHIOR rd LIRS Al FifstirthclibE 26 RNY Suitably i

100 tor3(§0C, pr éfér abl y1 [ rr1 t he range] 1tl';Oc~tlo 5300 'Ilhae v
the smgonfl to 22tbargrpreordlynkytobld0 baps matre greddralaly tl & np &0 hbugrand

hi gher .t he,fjrst ti t ypi cal | to.
yet G5t pregany 150 bisgonhe Ralnstiuh S Bies T Buod pebripRip e
firsBrleadionSRAE isONithE1 @ HPME Rarlgd 100€0 BENYE, pké¥efadl12HhLRnBA 1 £h to

preferably in the range 15 to 100 barg. Preferably,
220t%e reaction pressure in the second reaction zone is
Pl Qe AR o GREA P BEFREpegh e rce
100t6 3009 prereyAPRSh theQindel J0N6 286D NThd RBEHd RACtHANRNE Tay be
suitably in the range 5 to 300 seconds, prefer ablé/o 10
operageiai@ tewpaAwEs highes teaarthe ArsrbreRpeoncetyptcaly up &y 2¢°Rehigher.
G [ L Qns.. N ent.iall: 3
TheSRESRTG ok Wl A5 bL BTN PRAERIER LY reiby B o0
bargrgpkdfambly inithie @gen] 5 1oalodearg adreferabhg ey reacttbn@GledsoreG4 the
paraffinic hydrocarbons. The presence of hydraogen in
secqrigeatign Fene insABitaar lpdthar hereactign presgire if thy firgigeaction

' % L.an: i f f .
zoné\.’igﬁépfegi’%%?ceseggﬁ% Rf; l‘rr:;cﬁl?& eg&r':'tldpnsc p%lsﬁiroﬂ% Mlei%@@(}ng S{E&}Hgn 28ke is

artial pressure, |
suitphle srethe eanpr)d 10880 Istconds, pheferdbly 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 Cj to Cy 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
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WO 2004/ 026805 PCT/ GB2003/ 003834 formati on of
hydr ogenati on products. The partial pressure of carbon
woreovaneaes i n the first and second reacti on zonBST/GB2003/003834
suitably independently in the range | to 70 bar,
preferably I to 35 bar and nor referably I to 15 .
forgagjon Ofﬁwégﬁwoeéﬁrwbmsoﬂe@aﬁegyfeﬁ%lr%%@% TRy Gn the
firsZ A e CHIRRLHIRNBXL S shifib® iﬁg$eBB&ﬁlyti9 tﬁehx%gé Nd peipged
to the second reaction zone as diss$ol ved and/ or
preferabhyal fedb baand omrepredxalde .l tSUéhaaddi ti onal car bon
nongxi de .he co-joined with the first., liquid.. .
Fendtrome LB R P e piiEP a0t Eaer piPpRge in
addRRHAD that BAFRIILER 3 IREsRBEH RhctiTAYzon®8s 8i8b1FRIRANA) @hitaih&d
one or nore |locations wthin the second reaction zone.
carl@porhoncxdid tSugh atldisand sarba mexpyide may beantjaingd with the first
. lLmpurities, such as for, exanpl v N2 . 10 _and )
o A el STungRi8 5 lpBRB e se iRy bl RpR Lpr may
be fedl s¢paghelptessibemordcllog@ions WitBimthdiecbhd fdactic@Ptine 0Sud@pne
whi ch coul d advant ageously allow the first reaction

additipnal qaghongromFédenay cettaip IPYHESS, oM gf &y spmplgi Ho NeHeO:2
" . | £ . e
R IR AL TR, ERORISIS, S gsbedit

from thanfimsetectidnezonhe guhiidheova it advhmiigeubliy ghllopriRs Sitst ecaofidn gas to
treatment. 15 The additional carbon nonoxi de may al so.
be epsratesh pihigher 6O RiisiUFReVItE flegon tinghighsrdiovt ontaardn mgnoxide
. f e . . i - ri
28458 LRSSl NAMUALD SALRON TPl Gln
for 4 6B¢h prosercpiffartedabiyergr eat er t han 25% even nore

preferahly greater than 50% foy exanpl t | east 95%
bt el ol Garanen B caHDs A eeo R b P RresOae
mohdXiddortihing LA 8RS QTR QERASIE bicBboh Aok R rhdBkam

reaction zone Is consumed in the second reaction
fromenatheripdarithe process of the present invention,

suijabl e reactive derivatives qf nethanol ,.nclude

retoer R ERE et i A er R B T M 20t mare
prefdlabliig@atef thaR 5 DANRYr cRRMple hERGII08e,, BefHVBIsbMRE ahdVBF &Rfained

may ‘be used as reactants in the process of the present

cartlp® menpeidei iothe Wihdrawh seacsepuéqreppsgindorm dzciirahieadtn zone is
Ccmetlhedri U S3L Ll Feactant s Preferably, nethanol and/or
f’ﬁs’tﬁhyf1 ACET A Ar e 888 as reactants. At |east sone of

t hen s hracek of i/ PEschEiacdntive, etabl¥ addcviee 1d1Baa0és dirhdthanol
be converted to, and hence present as, nethyl acetate

inclpde mptdy| aegtatel disefayl Sherepdpsiin iskdony mpdeerof siethgnphand
he .car [ ' [ t ;
e OGRS B P SR RSB SRy
invéntiaft Water saBpposddids@oSeadtant i ctlier 8t eddtdtesgannPrefe@atdy,i on
zones are independently in the range | to 70% by

meth)of ARd/ opE Y hicstass apugcdaserckmds by wei ght |

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 to 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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nost preferably 3 to 35% by wei ght Water may be forned

insituin the liquid reaction conpositions, for
wezaapbasps by 4 WO 2004/ 026805 PCT/ GB2003/ 00338BdT/GBh@3/003834

esterification reacti on bet ween net hanol reactant and

acetjic acid product. er may be t r oduc -
the ps{grefiratier FRaFyOR BetvRen e §?°]é??&ta§é%‘6£?fe€%?%gmdé‘€ oyater

ma)r l?@ffﬁrb@&ea Hepe &QF?QJ‘&% fifdttaRd 9con@PALEL RAtYor xreQérﬂoﬂtzlaﬁés
nponents of th qui d reaction conpositions.
togm’mqr vbeh epparateBdrémotheo trporeotspd mlafnlucsn@feacmetmmomlons
itions t hdr vvn5from%ihe reacti on .zones h({]
Waﬁ‘?ﬁ a% ¢ PERAYRLE Oi"n"t FOPEPREY AHFEIRLER COmPRSIF RS Khdragn
froth Q4 @R n GBRGERMUN Ay me@clémh @bntrd1ddRendun@BUb thdi gathon
conpositions. Preférab concentrations of water
requlrﬁdtmecdnitrqmrdomatct inghe g@wﬁm@wmmﬁmltﬂm@ Profemblantie
are i ndependent | n.the range

conbeni P (g)nsthe y/ag 1Rgl?e§]ﬁc?u? F%Ftéon co pD élBPS n t%e %f'lrst ixg@sebcon

readi®h @bfes aY@IndBiﬁHrﬂeIﬂlyeﬁlQh@ﬁhge 0.1%@ 20%%ybyelgﬁﬂ gloke prbf&rably 1
Preferably, the concentration of nethyl iodide

to lé%bﬁawlgbtsvetmoqeméefmaém lto 104¢ bowgight-i on reaction

TR, ohsb g LB RGBS s 1

‘ carlﬁfn@faﬁblahiaytxc& ¢ompdtiday ivee Gindt and Bzohd rediction g@iealsyst in

the liquid reaction conpositions in the first and
independsntly 1 Bwcengsn PoHkde byt e8b R IFISBlYanlp 16% By weight
' r' eqmi‘ggma%l étnrgtlﬁqz%%%gct%'cgh\ﬁ}ﬁ&léﬂ Qil@ﬁfspaﬁ &cond
I'qurd reaction conpositions e Iridiumcatalyst
readmyx zbeesankdechntmist hey indjundonaadig mnprmnp omhuth xsrsslub}a: in the
any sultableformmgdlssolve5| B %
llque%ﬁeet}%ﬁosm%gm. irighum cadalyss Ay e agded oot shgmddsfrcgon

con{pr élgbng 'ileaﬁ"n @ﬁ%&e Fd?ﬁ Wit R YN BR lHﬁl?djreéétl&l &%ﬁéﬁb@iu@ﬁs or

corrp such as acetates which are sol ubl
is conertie tmars)hdﬂe fdmm. | Brefigrathl yr thaoidion maydrposd s @nhloride free

for e | e d/ [ i d
conggURLYBaS acriahs TEarS bt Eln PR ah Aoc® St froBfsSadtidh
conf;pla%sh BomBSRAR! ﬁﬁ esaﬁmgllélv&aa&laﬁdﬂof hlitid At RIamHab MdYDbe added to

conmpounds  whi ch e added to the liquid reaction

the reaptpsdstsobions tieteaie Exmlpjes ¢frspgable rRIGN-Coplapi@OyEIpands

R R e
oGS e e oo LR o

acet at e

Ir(f@)adzhﬂor?r(p |>1<sf< OBl b, b 611@68@%!@1’3 $Hor i do-
Iy G e Bacbah So Ol g}rze%%%ﬁtb%?ia&ﬁ%éﬁ?wﬁ i
s pRfasla SRS, X8 poPehbidi i i ﬁa@&éwfsﬁmzb&hggmﬂse'

‘ freei c%%%?e?c@ggpﬁ'ild}{lﬁ1 E‘uéh%% at&HeE ok Mtel nd acetoacetates.

Preferably, the 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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6000 ppm by weight of iridium 30 The liquid reaction
conpositions in the first and second reaction zones
wa@adakneanrl | y conpri ses one or nore pronoters. PEIGBamBM03834

pronoters are selected from ruthenium osm um and

rhenium and are nore preferably selected from
osnigiin ¥ U (B° WP UOIETT6S BESgRS BT ReBSIBSIF DS samprise any

sultgg‘lg}% ot%aﬁﬂ&mlhégk%pm wacﬁflseé'o'hﬁﬁie RY QPR 8Id-reakiBn
ter may conpris€ any suitable pronoter
corxmersmlonc dht promatey m@ﬂb@uhiﬂd whihe hlqusl regitighlcemipnsitipue for the
i.d reaction tion,. The pronoter..may be.
cartsdion SRR 1 N SO RRG ORI AT B g Frgction
co gmm& ?sIdoﬁOerﬁEF@% k@ObleTodny suitable form which
issolves in the liquid reaction 5 conposition or is
conkp@mph‘a;l o suxbalzl@nmlmnwm@pmaln@@mwsndﬁ whigh gyl g used as

ok S S % TR ST D e

rutHeHfuRVY BhioHH4, )mmblhlem @8) bl‘bhh(}’d.',j l’nﬁh@numrnh)étheﬁjtlhm&ﬂl V)udes
chl ori de, r ut heni um [11) om de, ruthen

rutheprure @) frowied Bsu(CQ)lf}t JH i M‘(:@Pzﬂzilm i%w(ﬁ?é})elz [RU(CO)zlz]z,

ol R g PAE LA PSR B 1 e

rutHeHfuRe iy Hht&iakd utdesitimtntacatbbeyl] ﬁﬂMthdzdlhmd@deﬁMa@m{yeand
ruthenium (111) butyrate, ruthenium pentacarbonyl,

mixefl wtb@rn@ﬁlhahaa eeﬂ&av%ﬂl%watmﬁﬁbﬁéﬂmtbww.(Umhmer
dlbégﬁcgrq%g%gmgﬁ@mmwr@%@s@yér @mxﬁ Mt%aﬁgﬂ%? such as

tricarbony eni um
tetradhdbrobik €4- cﬁhg&f)dlhuhdfmmh(lm mnnﬂilenobs(k&uzd'neahruthcn1um(II)
dlcl%lg{olr(%gmog{agl%(i? %g)q]gll) ?ijfr)%lté(g]eeg Iﬁztcﬁ(n)s acg_tglacetonate)ruthemum

)jl chl oro(cycl ooct a- 1 5di ene) ruthenium (11) polymer
and tris(acetyl acetonate)ruthenium (I11). Exanples of
s UI Exaloipdesad isitabl € o imime ongpiciogpomposidatiheth may bbesedsed

o BTSRRI E G0 Ty S0 oS
mettargg%m;&a féﬁ]aoﬁxa%gﬁ?g&ggﬂcx?fg%gfﬁ%@mxbs(déﬁgp@bédc@)glz]z,
[Osple@):hdHl o pentadhileroaandogdiagmivm dndintead assmimdpalocarbonyls such
such, .as_tric di chl I
os BT ARG Soner oy ganmsht G BRI of
sui gyl Bes JTRBItABIE ARATuR- emnﬂnﬁargrmmpeai‘ﬁdswmahmﬁwe ged as
used as sources of pronoter include Re2(COi 0

souRe$ cfYrowPter e @) FBFCO Re RS 6)sC1, ReéCOBBrHRCO)],
H20. 25
Re(é? egge?a@ﬁ]e Pﬁé(&?&@@ﬁ%’aﬂeseﬁa % an effective

ameferabﬂ)y tige phbﬁlotdrﬁﬂ presdnt inf 4 effeotivddarhéorint upmo thedimit of its
i.qui.d reaction conpositions and/or any |iquid process

sohgatllptégélﬁgjer @@%qe@qpon compositions and/or any liquid process streams recycled
to the carbonylation reactor from the acetic acid recovery stage. The promoter is
suitably present in the liquid 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
[4to 10]:1. A suitable prdmoter concentration is less than 8000 ppm, such as 400 to
7000 ppm.

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

may comprise any indium, cadmium, mercury, zinc or gallium containing compound
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to the carbonyl ation reactor fromthe acetic acid
recovery stage. The pronoter is suitably present in
w0 b@4lo2agod d reacti on conpositions at a nol ar rBCT/GBRG03/003834
pronoter to iridiumof [greater than 2 to 15]:1,
prefer lgly greater than 2 to 10]:1, nore preferabl
whigh 1§ sply emot%ﬁ qur%.ﬂpasP@pwfmat dihe cyabshtysism wab! ll%er may

be Ac%%é tJ ﬂ@”lgg(AQQad%BmcoﬁmgSth&?]n“tQQ ﬁl'sg }an(igloé%c eag-tl&ﬁl one in

nmercury, zinc and/or gallium catalyst
axmy&yﬁ&tﬁﬁf@hﬁhhﬂch dessolvemiy thohqprid secaoy camyglisition arasgoonvertible to
rcury, zinc or galliumcontaining conpound 6 WD
as%ﬁﬁﬁ%@%S PCT/ GB2003/ 003834 which is soluble in the
i %&a%ﬂlé‘s@ﬁtsh%bl@QﬂiﬂﬁﬁJcBht‘aﬁ%%&*ﬂ?po‘ﬁﬁ&@\Wi%B i Hefl¥kd include
stabiliser may ded to t I'i qui d reaction

indgongrssite, ilefnls,i Inkst hd, i @H); aad didvmseeipladetorae tBreferabdy ¢he
. dj n anr%{ .sui tabl e fqo.rm%mi ch tdti ssgx%lves inthe liquid
AT YANE SHPBL T SANBP RGN i bl e to a sol uble
f or B anipl EXsIRItAse Ofdnibint @kAnih§ dbpd &R NN A8y be used
| dgounds whi ch may be used include indium acet at e,
mcp

4(0A oo 3 dIp FdBLnC b 3CARH L nafidupad mean 9¢emewmmt@
i ndi unm cont ai ni n npound i s indium

:l%rg{ega%l Y tlpc%‘[ll%mx@gﬁ;a}aggng_,@tg]@ﬁqn%g %admlum acetate or Cdl;

NS EPUPNI B189 c e

inclodel Hig(Ov e)p el gl ABeBoN &g, HYl,Paref Bgallh yPrefelubly, the mercury-
cadm um cont ai ni ng conpound i s cadm um acetate or
COﬂ@dflng cemperpidas mereusy peektie er Hebcur y- cont ai ni ng

%\Jl{h_és@\fghﬁzﬁgg?% %gntg%&%,f&rg)%hg&e\?g?amay)bz tq;};'c;(lgmclude

Zn(OcS) 2 OHPNZAI,NZABr,¢ BrPD U ifc fREGalebnaket at e or
Hgl2. Exanpl es of suitable zinc-containing conpounds
Prefﬂmb(t)h ﬂnra’«ymbeomsiedlgi couipoded isEmncZrt@ioy ZnlZn( OH) 2, Znl2,
nc acg}hﬁl acet onat e. {éef era

ARt Bl DR RBRP SR BISE bih e Wi dnclude
gallﬁ?h@ﬁ?ﬂzlt)ﬁ&e@(fnaﬁ:u bhlabmecertd, GldG}f OB, '@zﬂ? GHMYURSa(OH)3.

may be used i ncl ude | i umacetyl acet onat e,

Pre@&ibﬂy, m}m @Ilairﬂicentaﬁi&kfgl&m;ﬁaﬁﬂ &, gaBialnd acdeqe 6f Gapnd
Ga(OH) Preferably, the %@I [ 1um contai ning conpound
i s Td“&lm?la’fﬁa%@f At y¥syessm SEie: WOIER i G figuigkreaction

cm@%gl%x oélf tﬁyﬁrs% MPLRBhd | 3B t%zedngg di;} %Egugdchhg gg%ﬁige (0.25

npositions o I rst
to llz)aahtplrefnrabbfr(ém i13) |]ndfmm<ad1@lﬂ(llyol8)1 the range (0.25 to

8) Theinqlhlgrraﬁégrg?r%ép( qugxpotf:rr Ic&fa&%’t s;s%rrrbgt)él?‘lgper n glile liquid
reactidh @bMpbsi SR €M EREA PRI thé nkb'® : (dr8MECthan 2 to 15) : (0.25 to
12). Suitably, the molar ratio of iridium : promoter : catalyst system stabiliser may be 1 :
(greater than 2 to 10) : (0.25 to 12), such as | : (greater than 2 to 10) : (1 to 12), for
example, 1 : (3t0 10):(0.25t012),1:(4t0 10):(0.25t0 12), 1 : (4to 10) : (1 to 12), 1
: (4 t0 10) : (1 to 8) and preferably, 1 : (3 to 10) : (1 to 10), 1 : (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 : (greater than 2 to 15) : (0.25 to
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reaction conpositions is independently in the range 1

. (greater than 2 to 15) : (0.25 to 25 12). Suitably,
wobe4medsas ratio of iridium: pronoter : catal p6T/GB2003/003834

system stabiliser may be | (greater than 2 to 10)

(0.25.tg 12), such_as.1 : (greater than 2 to 1Q). : (I
12>t§ntf§5y3 a’ledPglafeB?HPrﬁf gidiym ﬂ(tgertlwnmytaPYSt yssB fttémﬁ%r may be l
: (greafef tHaf 210103 ; (02528 109 sk as 1L: (grdaferti@uinPo [0)( 11-19), ) .

1 : (4to10) : (1to 8) and preferably, 1°: (3 to
examle, 1 : (4ta 19)100-25 o 12)( br €atodd) t Glane12), § 0 (A®)10) : (lito 8) and

prefsba REFEARE I o 10 FHFRAPhstniCl hebran™s €010

to 8).nvention, the pronoter is ruthenium and the nolar
ratio of iridium: ruthenium: catalyst system
st abisifablg catalyst Restérn giabdiserreoaegntigtior onihe diqridonactios

conlREGRSESE b S 08 LR EHIR 5 5D
ppriShidiadyl 300 tb BOOOPpAY fof atangpleBO0 td $H00Ppm. r ut heni um :

catal yst system stabiliser may be | : (greater than 2
t o Preferably, thepigidiugn, ppymotsy el the indium, epdeayra, mengary, galiism

andzllbg%in:cic%?lfaﬁa% %er?%(sun:g)ﬁ?e??%egﬁfégnphii&és \%ﬁicfr gfogiide:(oc}'(#g?%@éﬁx-
situamdc iqelides ertadi iyay inhibif e eqicgon, ek athple alkQ)i or alkdliticoearth
0), especially, 1 : (greater than 4 to 10) : (1 5 to
meté)(?r ofhes BB cat al yst syst em st abi | i ser
o . . o o . . - ¢
ASFESEAS A LLLRS, KL L byod DRS00
nickegs®ntand ch®O0m aogdith) Sosphias @ ddregen 86M@inprgonfpmunds or

B e A by 1

reaciBALOMpEdiNGT SONERI ANV E HTRAURD et i @6 r&fcﬁém é@:ﬁe&zﬁﬁxg
whi ch provide or generate in- situ ionic iodides which

I' inrthy liquidirgsiction pempesaomi voimch hayaneadyayst effecilokahd reagtion rate.

. al kaline earth t or her . nmetal sal,ts. .lonic
sinQff s rane oL o5 Dol e BEadenth 25 Pioi b, Shouid be
kept®tadhmimPal Coetdiad htal MEKBE iohicAmMpaRGesGhiOrd Mau@ADy the
(b) phosphi nes or nltrogen contai ni ng conpounds or 15
use pf gatabloihn-ekchenge woiathed io Heatithe miactipn eommesigioner Regfirably
a.nini in he liquid reaction, conposition as
the ol fas Rael™ bl Bitougp e SR A PTRER ool b by
con@@fan@i atighiclthien wolRl deneitakdS00eRGH [ Ofve fePAHIP feisé than 28 b T
~ has an adverse effect on the reaction rate.
in thej liguidysepgtionoptPaitiABNt s such as al kali netal i odi des,

e e T s
optivediyaegkthy witheor2@parstelydfrora tisufitsedzbetidnaone kg fflastgephagon

In NgFlescpelipy B SR oo aTPSHAR PPETES it Jashsegoge v 2 Nashing
valveO %@Wagl@{é&ﬁraﬁ!jﬁ z&%%a)bl% Mhdfabatic flash vessel or may have
additional heating means. In the flash separation zone a liquid fraction comprising the
majority of the iridium catalyst and the majority of the promoter and stabiliser salt is
separated from a vapour fraction comprising acetic acid, carbonylatable reactant, water
and methyl iodide carbonylation co-catalyst arid non-condensable gases such as
nitrogen, carbon monoxide, hydrogen and carbon dioxide; the liquid fraction being

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

8
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concentration at which they would generate 500 ppm F,
preferably less than 250 ppm1l- in the |iquid reaction
W@ oomp 24805 on. Acetic acid product nmay be recovP€EGBR603M01V3834
t he second reaction zone and 25 optionally together
~wWith or separately fromthe first reaction zon :
distfljatigp Z@I@eﬁaﬁm figsh disfiHatiqnzone aessisragtd mspdyct megarﬁ@acf%/q"bwe
ighf PREHIh1thelf) RAGRIR hf B LAY M AR rbnis are
remadechbairhardf draahcweksize Itheofﬁrsnaml/dmmmdaemhtlbn aoids. Abatremgved
In the flash separati zone id fraction
Ovegféﬁ% S sloNgprEssure ﬁgﬁ%qwramgﬂﬁ%ﬂ?l} Pl ﬂ%@ﬁ%ﬂ&m AY
nitrb 48, BBRbOL fnto}{mgfie tht\}@rog&pm Erb@@oiialdch 886w SR dsuleDBhs
separated fromd vapour fraction conprising acetic
streaioinggy bmvdsmdyhxam@b hreoffeme traatmenv\m:emn toamhon@ccwlensable
i odi de . car l.at.i on .co A non; condensab
s SRR S YR A SHOR SR GED Ry BURPP e @
flar€ar bon di oxide; the liquid fraction being recycled to
the first reaction zone and the vapour fraction being
pasﬂe‘:dacp@c anéprodueadrby tBe WOcoB L @Am8 (MG the present invention may
be fg%/rﬁ%% %Oosrgv%étl%xgaéf)}ocessgs égrnerngglﬁcet {"ulrtglersdél stgir gf)e {p remove
imphfifes dukdp ak Wakt, wedpen Qﬂﬂ)ﬁnﬁlﬂﬁdjmebcthlﬂdﬂn%r agt@k deeivave
acetate). The Ilght conponents are renoved over head,
thergpicanddigheardailing bytrsoducisst and/ or second reacti on
20088 prbLSPof SR REOF AL S LB AL ST as
of f-¢ A- condeR ases such as 5

conﬁnﬁcru@@ecmessf; gfelﬁmblmam sxbﬂmuohypkroe@en and carbon
di oxi de. Such a | ow pressure off-gas stream nay

pasE@d)rt:wﬂblawt@ﬁ VYj’f]f"Dyd%? I%IP%@WEWW%%E qxaﬁlpleoorrlzé ﬁ%‘i/lé”th
refeg densais ]Hg%%ngeg, such as nethyl iodide, prior to

el ng vente sphere, for exanple, via a flare.
Genklrgl Reition Methddpr oduced by the process according to

the present inventi 10 be furgher purifi b
rﬁ/‘gﬁ’fﬁ%‘l‘i‘%ﬂ“%\m&@ g%rg‘n%f‘E)F‘“é‘?Eé‘rﬁ?P%mf aran or 4 300 &1

Has@!au%ylab Rl Ong Lgﬁé@m}{% stibrBPMd 4 ligSd ﬁm?'&!ﬁoﬁ?ac\{\f?t&e ‘Ruthenium
unreact ed carbonyl ation reactant and/or ester

acetdeersoludion\(&8.7 lgeappodximnteihi ghiérutbenibimpn dyalpst opton stabiliser

confiapia Pt mnBaR sl AaPsc Rl T raruREh gl IE wiadte

bas€ Ak laltéR 1S e RO HRSSire ﬂe‘étea Re3Pb& ?Q}ﬂfh mﬂugéﬁt f10sheWitivice MMM
be illustrated by way of exanple only and with

nitrogsnex @0 dergrapdiven thisk iows wathiesgpl reenox@isnir tall Okergs tAwmitial
Cha%(%ﬂ%s‘gglrog é?l@%a%er 5} :g)\ge cheé}%&g)fa%et%eg:l& &ps}otxl'k% Og‘ﬁjl methyl

iodide (approx 13.3g) and water (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 catalyst injection system was primed with
approx 6.3g of iridium acetate solution (approx. 5 wt% iridium) 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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Hastel | oy autocl ave, equipped with a stirrer and a
liquid injection facility. Ruthenium 20 acetate
w@odoun2asns (18. 7 g, approxi mately 5 wt % r ut heni B€i/GB2a003/003834

catal yst system stabiliser conpound (when used) and

ti i.d L1 I dinto.t
bal el 0 C BBk o i bt Rl R b Rutldte « o
cond@nfiemPertr&oN1 S0P ARA prekduds BEIR Bag«fg ﬂﬁoié\éﬂoklt thRirtdcAgs A Rdr

20 barg and then three tinmes with carbon nonoxi de up
uptaks of Gatban gnonaniderdiont tie balssarepecldud seased Hig avtootaewds

. jacetat e, (approx,48. cetic acid (approx .34.0
sofERGHTob TREHY Pulbsd Th PRl o GRROM Rk vas wen
andife Agdclwasyepleic THe 1ifiid coMporuisosdraBehadbiéd; And Wadyded €6t

_ r,e&{u/rged wi t h carbon nonoxi de and vented sl ow

liquit Byre

to
mdupts by kgpwp sptablished gas C@a@%ﬁgrﬁﬁ%me@@di-ﬁe@w@)

' : Vi | C : ith

corfef 0l BphRes B 0EI D18 SRR e
ext@ya tseumdave inp ek preskedat partsaep hoNiod (Fgn oy weighi. T aegdrat e

sol ution %appr oXx. 5 w%.iridiun) and acetic acid
progugh B} gach o8 fiegdatcln cachonyiat P XReEM ISy et essur e of

carpn r ~

Sl s R G R T o L
the caboriatrmnate; akemputees stimelds pd maatanOcon@irR&Dgdr 026’ AT0ld

PCT/ GB2003/ 003834 bal | ast ssel, typically pressured
degisgohEana EomRHAIon R EPUEINID) e Hr U uins deastor SoPpRR G

(tothIGBRESALHIPBsifbn bIRE ARL R &3ALEE vOIUNES bar g t hroughout
the reaction. After uptake of carbon nonoxi de from

t heltsah¢thgltacetstesmhncdrddtice waechlttiged dumeg the eowas of the

read B g hesoptiad Uil Sinbing et ne aimo! e Gitpcetts was
conSiMhQClof¥fery BT HE calbt thbfbitidé (RARRANRSASUIANENS allowance was

di scharged, and anal ysed for |iquid by-products by
maderfoner Sesic spmpeps igdke atedamsthsgdwpeyy nmet hods. Detected

CatSRIPSNSOL S IBLiR fignt ified by integration of the

—c&n'po%m%'—pea-Lsy—r-eﬁ-atlve to an external standard and
exessapleticn Ptht Sarbekylatidnl reavhion NEHEY idoWhoMeidddirbonTiGnoxide
maj or product in each of the batch carbonyl ation

gas ész%léfi Paratbe obesyedddhy keagiiandolution Tiie atlawed ifcoghty epmake

tem’g‘ér t%r{.%le %{& f29L Qs tHn AeSRAGH, Q ad WD ¥R Ps %??90§9001 d

afcul at 6 Re car%onyl gK'on Fate, @S nunber - of ol es

reachibn seladomnts camsernaid@e thel dutactavefio & Oisdherdgms aeéd. The tube

react or .conposition per hour (nuol/1/h) at a particular

wasithelsegled agdprrssirizet Withingfegen (e Gothgre dshisaisdyighstpaas o
3] - HFE{ ate

13()C(E)]:nf§rer§ﬁH lr)%tS fggﬁ’?%‘g’q‘é‘g?‘%u a téﬁgﬁgﬁﬁgx‘% Kégﬁ@ urse of the
15 Tedotmaivonfor othetwige 6f @pretipgate g dsfetrhmed basisunl iRghection
that one nole of nethyl acetate was consuned for

of the tBpg CORSETES- of car bon nonoxi de that was consumed. No

Exafip1QVance was

Experiment A
A baseline experiment was performed with the autoclave charged with methyl

acetate (47.96g) acetic acid (44.1g) ruthenium acetate solution (18.7g) water (11.0g)
methyl iodide (12.59g). The catalyst solution consisted of an iridium solution (6.3 1g)

with acetic acid (8.7g). The approximate ratio of iridium to ruthenium was 1:6. The rate
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made for organic conmponents in the autoclave
headspace. Catal yst System Stability Test On

waeeovploaisddn of the carbonyl ation reacti on (thaePCT/6B2I8/003834
no carbon nonoxi de 20 gas uptake coul d be observed),

of nigurnt o S0 a el PP i Man et PPl P90 v

sysm2fatllitys@silsarédhot@ah qdbleneactl on sol ution was
transferred fromthe autoclave to a Fi scher-Porter

Expayhpentihe t ube was then seal ed and pressurized with
ni tA%g te%xgerﬁn 2 s 5}? rﬂ%@%ﬁg} t\ﬁﬁegll?to ta{/g Ehar dfith %1381y1
C for our ore 0 room npérature and

accwem(t418m)g g) Q&tﬁfhadf(m} m@)tmmemorn akhes s\uh:&ﬁmqis 2@) water (13 24g)
precipitate was determ ned by visual inspection

meigbiofliggél ¢ dhe RS Calatyd SprEEn C@@ﬁéﬂﬂ' Qf@ﬁtlrmum s@%&nu(ﬁé lg)
witf ARELCI R tg m@r g@gm é’\fahg of n?dlﬁﬂttgﬁltﬂyrﬁlg%h%iqefj The

th neth O ac acetil c acl
rateertrl?mItanl Bt :aczdtldated sokudn mm;io];ﬁloﬁg)f mﬂi‘rﬁethyl]ﬁbc&@) and catalyst

met hyl..i o The catal yst sol ution
Sys'@%?@k‘@de%’?tséﬁf’ %30 q%ﬂf@ﬁﬁuti on (6.31g) wth acetic
Exa’:}ﬁ%gl(S 79). The approximate ratio of iridiumto
eniumwas 1:6. The rate 10 WO 2004/ 026805

PCTEGBROGB! AO&&&*dpeatﬂd exeept thap theautoglaya val Ia‘ésbeeﬁarged with 0. 86

f 12% peth t at
e ety o EFRREM s B el A IR e G aad Ptbrhafese
andkata@%@@fském%bxﬁty“reb@ﬁs%lré fRwWAKRERbrENt was performed
th the autoclave charged with nethyl 5 acetate

_ELKE(EBL@_l ) acetic acid (43.1g) ruthenium acetate

sol it ion 2 wat er, (13,24 thyl iodjde .
(15 S HR 50 S Pl AT Rl Sapaed wio
1. 73 d>fdnngnrt&qlatetdf@éhc(16n 3dgdalcuMtédreacdn condfosidioh 1 12@)methyl
e approximate ratio of iridi-umto rutheniumwas 1:2.

acetptpeandreatadysp systesa stebibiy gsults asashowingn da@bledact i on

Exa sition of 12% nmethyl acetate and catal yst system
T1ity results are shown in Table 1. 10 Exanple 1
Ex @etpermaeht A wmsmaa&elakmﬂ)t ehactetautdohilve tae aBu tcﬁ@’ged/ﬁqth
was_al so charged w Inl3. The rate of

86
0.5 heeofdn{Qhclat hg f%‘ﬁl"é{ﬂaﬁtﬂ%’oﬁt Acakpiad r&%?ﬁ‘ﬁ%PWPBﬂU%‘? ofj B
metﬂfﬂ {?teazﬁl%tc% ?}Qgen??tglﬂ!a | selﬁtgs‘&eemo%qg’ﬂabfeyl_ results

own |1 n
Example 4

Experiment A was repeated except that the autoclave was charged with 6.92 g of
ruthenium solution and 1.013g of In(OAc);. 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 g of
methyl iodide. The catalyst solution consisted of an iridium solution (3.18g) with acetic
acid (8.7g). The iriddium 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.

11
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charged with

1.73g of

Inl3. The rate of

WO e@at2esns at a cal cul ated reacti on conpositi onPOf/GB28d3/003834

met hyl
are shown

in Table 1.

acetate and catal yst systemstability results

Exanpl e 3 Experinent A was
TaP@Heated except that the autoclave was al so charged
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Icu ate
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except
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Examplayl ac
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EX%BWé?sted

bfﬁaﬁ i ridi 4R9sol ution (

catalyst g
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7 1g of water
ol ution

h acetic

EX%@%; 198. g p!

. JP]e IIIUI
27 "however

T frer
5[U utte

li‘she i ndi um
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atli on was

Expeinient Bat

calculate

ﬁszxperinE
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enef re
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EX%ﬂMeéatal
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11 \AD--20.0.4

Nésul ts
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Experi nen
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Exanp
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fa¥a)
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In Rate at 12 Precipitate

%Mi\cllgfbf éxmgﬁgmeﬁm

34 Table 1
Mol ar

fﬂ) 111d1un5p1%§ent)

witEgampples 3-31(indigm: prqse;gt'@ it N@;h c@abf@t stahhity z@d:parb@nylgtw@rates

are Eﬁg{%?f m4Exam 1@25 l2

roma

onpa i so

%t CI%

R 3lsB b S rdrha ERBoR e

Expii@feanB)(no Wdidin bxa3sm) #sth Exdmplendiintinnpesent andta@tudiioh i

cat al yst

stability

and car bonyl ation rates

5 are

iridjvp eQiceptratipnithahidiesarbpnylation ragels mainfainpd insBxamplp 4t
froma conpari son of Experinment B (no indium present)
with Exanple 4 (indiumpresent and a reduction in
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iridiumconcentration) that the-carbonylation rate is

mai ntained in Exanple 4. 10 15 20 12 WO 2004/ 026805
WOEFonAQBR0D3/ 003834 Clains 1. A process for thECT/GB2003/003834

production of acetic acid by carbonyl ati ng nmet hanol

and/or a reactive derivative thereof wth carbon

nmonoxi de in at | east one carbonylation reaction zone

containing a liquid reaction conposition conprising an

i ridiumcarbonylation catalyst, nethyl iodide

co-catalyst, a finite concentration of water, acetic

acid, nethyl 5 acetate, at |east one pronoter sel ected

fromruthenium osm um and rheniumand at |[|east one

catal yst system stabiliser selected fromindi um

cadm um mnmercury, gallium and zinc and wherein the

molar ratio of iridium: pronoter : stabiliser in the

liquid reaction conmposition is maintained in the

range 1: (>2 to 15) : (0.25 to 12). 2. A process

according to claim1 wherein the nolar ratio of

iridium: pronoter : 10 stabiliser in the liquid

reaction conposition is maintained in the range 1: (>2
Clat$ 10) : (1 to 12). 3. A process according to claim1l

al . . . . . .

terein the molar ratio of iridium: pronoter :

. st abbtdcegrfor thetphgductitinibtadegasdill 8 cadoRAatitd MBthasol and/or a

maintained in the range 1: (3 to 10) : (1 to 10). 15
reagiive Aeeraékyééfser%zfdﬂﬂu‘m@mt @Oléfﬁ‘ydeo‘ﬁé‘t %ﬁasthns.cwonylﬁtaorsreactlon
zonf P The S ARERN AEh R h cofBHANLER R Shonyatien
catdl {38 Ao giperco-bataisty b dinés sore swatibinrg waberaaetioneidpmethyl

claims | to 4 wherein the catal yst system stabiliser
acefals, AldFast PRUPIOFGIRTiSEIaFge Sropy rullca i @smyim ppdihgr{um and at

least mawg LG s¥abil e Aeiééfgd% uﬁi'uﬂﬁ caa\Fl\Q)(x~I rﬁe@ﬁlﬁégﬁﬁum

accor o any one of clalns ereint
andpnmnmﬂeﬂmnsnﬂmuhhanMHmeKMAnppunms&'amﬁdm&rnghbﬁqmdy

oGS e RS S TS LR D

2. than,RR0Q RESRIink3o YRR Q0MLER BROMBIeT (682703 03§ 3dmoter -
stabiliser in the liquid reaction composition is maintained in the range 1: (>2 to 10) : (1
to 12).

3. A process according to claim 1 wherein the molar ratio of iridium : promoter :
stabiliser in the liquid reaction composition is maintained in the range 1: (3 to 10) : (1 to
10). '

4. A process according to any one of claims 1 to 3 wherein the concentration of
catalyst system stabiliser in the liquid reaction composition is less than 9000 ppm.

5. A process according to any one of claims 1 to 4 wherein the catalyst system

stabiliser is selected from iodides or acetates of indium, cadmium, mercury, gallium and

zinc.

6. A process according to any one of claims 1 to 5 wherein the promoter is
ruthenium.

7. A process according to any one of claims 1 to 6 wherein the concentration of

promoter in the liquid reaction composition is less than 8000 ppm.
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8. A process according to any one of clainms 1 to 7
wherein the concentration of water in the liquid

WO e@sh2ans conposition is in the range 0.1 to 2BCTMGH2009/003834
A process according to any one of clains 1 to 8

wherein the carbonylation is carried out in two
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from indium, cadmium, mercury, gallium and zinc and wherein the molar ratio of

iridium : promoter : stabiliser in the liquid reaction composition is maintained in the

range 1: (>2to 15) : (0.25 to 12).
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