-0 9 JAN 2007 WD 03/106396 PCT/ GB03/0234-,, PROCESS FOR THE PRODUCHI AN G
ACETI C ACI DVOPHe/1pr8sent i nvention relates to a process for tRET/HBOGOTHT ONn
of acetic acid and in particular to a process for the production of acetic

“.acid by carbonylation in the presence of an iridiumcatalyst, mnethyl

i odi de co-catalyst and-a pronoter. The production of acetic acid by the

carbonyl ation of nethanol in the presence 5 of an iridiumcatalyst and a

pronoter such as r%mmumm“n\“ﬂmmescribed, for exanple, in EP-A-0752406.

EP- A- 0849248, EP- A- , EP- A- 1002785. WO A- 95/ 31426 di scl oses a
process for the productii@neof carboxylic acids or their esters having
(n=1) carbon atons by the liquid phase reaction of carbon nonoxide wth at
| east one al cohol having (n) carbon atons in the presence of a catalytic
system 10 based on a conpound of iridiumand a hal ogen co-catal yst. The
process is characteri sﬁmﬁmwwmmﬁml ning in the reaction mediumwater in a
vol unme between greater 10% typically between 0.5 and 8%
preferably between 2 and 8%owhe ester corresponding to the carboxylic
acid and the al cohol in a volune varying between '-2 and 40% and iodides
in soluble formof such a nature that the atomc ratio of the iodides to 15
iridiumis between greater than 0 and 10, typically between greater than 0
and 3, preferabl yPREOGTESS FQR IR PRODULCEON DB ACHEEIvalame of hal ogen

co-catalyst in_the reaction nediumis between greater than 0 and 10%
typical |y betwddl§ PIESSIHRYCTEON TSEES 1D APreicabioy thrarrpaesiion o seetBuaciduid bl e

speci 1 caPEy i Eardchs: SE Rl Hon QB Bd v BB ARH 890 o8Micr i o
unur onot ed. EP- A- 0648 @3diutieacal vdiemethypioaitdess-dadlydthad e pedasyt.at i on of

met hanol and/or_a reactive derivative thereof in the presence of acetic
acid, an iridi dReERBrHeR of 3sHRYFId BYghe gatbonylatiemet methpneliip ghecmspreant r at i on

of water, . - r d : 2007, WO

081 o5 0ne PR AR RS R Rl R s B SRAAL dedufe AN SRRRL D | |

sai d t hat EPofi07 52406, &P A08192481EP-AaGR490a0, daAmAel00Qdays.corrosi on netal s,

particul arly nickel ' iron and chrom um and (b) _phosphines or

ni t r ogen- cont ai'hPny"CoTPORMES P 1 PESATSIORMCTROMHEHOR GAEEPATEE 4CHISHIrt u

jwhlor' ﬁaegtﬂaéﬁxpéstéré’ haifk (H-+TY QhroBn bitfind b #itHediqubRGilds O R L QP IS L L A rBRodiRES
with at least one alcohol having (n) carbon atoms in the presence of a catalytic system

10 based on a compound of iridium and a halogen co-catalyst. The process 1s characterised
by maintaining in the reaction medium water in a volume between greater than 0 and
10%, typically between 0.5 and 8%, preferably between 2 and 8%; the ester
corresponding to the carboxylic acid and the alcohoi in a volume varying between 2 and
40%: and iodides in soluble form of such a nature that the atomic ratio of the iodides to’

15 iridium is between greater than 0 and 10, typically between greater than 0 and 3,
preferably between greater than 0 and 1.5. The volume of halogen co-catalyst in the
reaction medium 1s between greater than 0 and 10%, typically between 0.5 and 8%, and
preferably between 1 and 6%. Suitable iodides inciude alkaline earth metal and alkali
metal iodides, and specifically lithium iodide. The process of WO-A-95/31426 is

20  otherwise unpromoted.

EP-A-0643034 describes a process for the carbonylation of methanol and/or a

reactive derivative thereof in the presence-of acetic acid, an iridium catalyst, méthyl

iodide, at least a finite concentration of water, methyl acetate and a promoter selected



-5 adverse effect on the reaction by generating I- in the liquid rﬂegacltb‘f“o?rq07

conposition which has an adverse effect on the reaction rate. Simlarly,
it is sa dwegopiamsnants such as al kali netal iodides, forPeX&Bpd/eskithi um

“.iodide, should be kept to a mnimum In WO A-96/ 237757 which is directed to

the prepaald Qb Rluh WdbHMAARBY LA 0 A0G: LeHy 5% Lhd i Blcha
car bonyl atii-on Feacti ons, the use o pr onot er's” not bel ng mentioned, it is
st at ed i nagdst ¢xagipld, ¢a)\WOrmdsiOh /eS8 Afard hwddrlvadikiedl,i ifven @rd diréealunnends@lt h i ons
are preferably elimpated, since their presenc y.have a harnful

i nfl uencepb?ﬁpéﬁ@s ORPW@(%F‘%O%E?I‘&“%@&RQUVH%V 1@“&%@&&%’%& QHEFBET Bt n whi ch
the iridi I A theUSReh AScift it perating
conditi Ong@ﬁ?%gg&;ﬁ’tggéﬁmo nléderrrl\?lgd tﬁglt a cgﬁ’a“f%@sﬁ’t%é‘?g?g%esﬁg‘i? iﬂ%\i;ldaigum and

r ut hend umapveasmdffac) omthe rpaeion iyt generatipg l-ef flecliqueéremstibrodoroposemsuvliicly t hat

talyst and ter, | duced s to.add a stabilisi d
whi ch pr BOCH STGPCITCPEUSES AERGATES prUeTsi i 1h SORPHEUEIET§St Syst em

fromthe pRAGEESSal iSLHEANE: exhhipte lihilRAIddicubRuldbd BRARE ARininfud he acetic
acid product recovery streans since, at sone point after reaction, the

| evel of car boin WReXOGE3PY Eswhich 1§ direaseiliodle predarabae ef 2Wurheagbexabs | ity
of sone cat glﬁt}/St Sﬁstem I ecl oi t%%iw a]é{ignm t%oluuti on iso_i ncrtet?sed.

Preci pi t afPOFYrSE R 2Ry 8t 08y SR 5L 96 "B hPIOBYEY v 88 ¥ ccur when
the pgocesstibiePEE alatd iHSbiteast & WO-wed /3 izgh teRROEMLE af hiRABnetfartpr onot er,
such as a nolar ratio of Ruto Ir of at least 2 :1. Simlarly,

preci pi t atipwsrarerpieferpbly chainatest GHIce fhaiopressppemay hpvhd hamiypasluence ondhe as
t hose contai ni n spi um.or ' ~ I [ g.-for an
mproved Kty S Tt BRSRR AR R e ARE i SR AR SRR
catal yst aRed pyemmygr | osses are prevented or retarded. The present

i nvention solves the technical problem defined above by using | ow

concent r at i ons Y1des eertaan AP Qg g 88s berp by estibaes cateisisesteie

enerati on. of. i NSt : i -ubl J i ch
gerer 2 ol 13 Bl g0 RRRE AL KAGhul oAbk SUALPIAREELE? 2Uoh
i odi des  selagjseandbmaxrdviseeartreducad di thiadd alstadilisary agepduhdtwitat al yst '

system stability may be inproved.w thout .incurring a significant decrease
Tt he. carBBYHA oA SRR PER P g of (eSSt <Gk BB PEPHTScompound
al | ows t hes g8 Ofhig %gjéﬁ%ldrﬁ;\ﬁﬁ{f%rﬁﬁt iﬁaﬁ@mum%k&mct RRABYArG Yhrainhokidde, a

second 2 0 g JAN 2007 WO 03/106396 PCT/ GB03/02347 reaction zone and/or

acetic acia spmogoit aftercesaiop, hiedevedal caaben henwedapicsnse scodunsil endbesnetits to
be ac f}ioevet & probability of some catalyst system precipitating from solution is increased.
Precipitation of the catalyst system has also been observed to occur when the
process is operated using relatively high concentrations of promoter, such as a molar
ratio of Ru to Ir of at least 2 :1. Similarly, precipitation may also be a problem for other
promoter species such as those containing osmium or rhenium.
25 | Thus, there remains a need for an improved iridium-catalysed promoted
carbonylation process in which catalyst and promoter losses are prevented or retarded.
The present invention solves the technical problem defined above by using low
concentrations of certain selected iodides. These iodides reduce the generation of
insoluble or sparingly soluble catalyst system species such as ruthenium containing
30  complexes. The use of low concentrations of the iodides selected also provide the
additional advantage that catalyst system stability may be improved without Incuming a

significant decrease in the carbonylation rate. In addition, use of the stabilising

compound allows the use of reduced levels of carbon monoxide, particularly in a second

2



~Advant ageously, |ow concentrations of the selected iodides nmay Ik Wdle®0% o
reduce the level of catalyst systemprecipitate after it has been forned,
i.e aid 5 r¥@Pisi%Sesati on of the formed precipitate. Accor dpdigb¥ezdRe
“.present invention also provides a process for the production of acetic
acid by c | at L ng,,net hanol. .and/or a reactive derivative thereof with
car bon ma)ll%g% eZ%lgl?]aIgd/%ra%cﬁ%ﬁlglpf% °t EARYSTH RETIOReAN A NSE Allave sonemi d
reacti on ciampfisitbbeachie@dpri sing an iridium carbonyl ati on catal yst, nethyl
i odide co-catalyst, a finite 10 concentrati on of water; acetic acid, nethyl
acetate; at | eaBflVapagepsbmie s cosemnaatiens dftlomselgatedioridenmag deiusstttand r heni um

motal | oai due BPSPIRRAR P HEa SRl AET Mot en RBr e B apabl o of
gener atd ngrebelpbisisdtion of dpabireedpregiteeat i ng 1-, and m xtures of two or nore

t her eof v\/nereii‘?L thf gol_%r ratio of pronoter to iridiumis greater than 2 :
|. and the nol afCPEPSY15C BFESERABYIIUSN AEFOPE BerripTogessifputhe pradsctian dfhe

range [ greakgf adiban Subvizdne ntion al sq provides for
the use of a c%rlrp_ogﬁd slg’Y ected tr %—Jrﬂn%tn eO?%%ﬁlgg\ég%\éﬁusvﬁtﬁedeogf H P net al

i odi des, ahkedxidreineaattonyitiah réaodonlesne dvataaling @MLiRX@SctichaBARLE 6
generating_|- .salts.&.a able of generating |-, and mxtures of two or nore
t her eof t o" RIS ARdNEE b XRHOnLARI Wt vt pdide gpdetalyseddoed | evel s of
car bono20 J$9ABSHIa8En bNwhtePOERSKid Oh LRALCL] br2gell g aci.d b

car bonyl ati ng _rréit hrétn'o\I’v eair;ild/ oralr’ea%%?\%g%gf ?[\Cllgjils?\ggg%oérrloe%rfsewtteﬂ%EHXbon
nmonoxi de | mthgnga. lvemitina aidrienac aidnstatzibineg compaimn stected e it FE@sti on
conposi tion_conprising an iri.dium.carbonyl ati on catalyst, nethyl ‘i odide
co-cat al yst glg "5 Wi atu%a%c%ﬁ%feﬁ‘?fjfaﬁf:i %IF?%BF 69\%}1‘ @Ffa?é@é‘ii‘?scn@éail gompigxanerpabdc et at e
and at | easfgenrarify DISalte tariBl oo Reckl Q.Y MAGRIHT P3PS H,and,Lheni um 25

The present invention further provides for the use of a corrpoun‘fmi0 sel ected
from the Wra8p thomseias Fatiep! prompienta iridismals greatertbsy 2 allkald the e thigret al

i odi das, pabl e of ing |-, salt bl e of
gener ati ng PSR SR ERARE st PR Elarlebin B30 STkl T e the

catal yst and/ orThermesehEinvetiidaraldogstuciass foe nel e @ 2 0858 0nd @&%iffjo‘?nft{% a
process for the production of acetic acid by carbonylating nethanol 30

and/ or a rE3HR FRREISHRE PRIk metah ididss. alkalinecarth oretatopdidesiencial camplexes

car bonyl atd | 0 L A iL,qui d.reaction conposition
| aldaBibie 6AEIAAng 1088CABLAL BE PeheFreloGU g EIELLON £ TP

conprising an iridium carbonylation at al yst',” et 13)/( Bt al yst, a

finite coribemel &t dtemlissfthevedtelyst adétriproracteriyndee tdipkced REEkaF €arbed | east one

ronot,er sel ected fromruthenium, osm umand rheniumand 3 0 9 JAN 2007 WO
83/ 10t(2§9( I‘%aofiédg PEHEAESS %or € production olil acetic acid by carbonylating methanol

- and/ora reactive derivative thereof with carbon monoxide in a carbonylation reaction
zone containing a liquid reaction composition comprising an iridium carbonylation
catalyst, methyl iodide éo—catalyst, a finite concentration of water, acetic acid, methyl
acetate and at least one promoter selected from ruthenjum, osmium and rhenium.

25 The present invention further provides for the use of a compound selected from
the group consisting of alkali metal iodides, alkaline earth metal iodides, metal
complexes capable of generating I-, salts capable of generating I-, and mixtures of two
or more thereof to stabilise the catalyst and/or promoter under reduced levels of carbon
monoxide in a process for the production of acetic acid by carbonylating methanol

30 and/or a reactive derivative thereof with carbon monoxide in a 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, at least one promoter selected from ruthenium, osmium and rhenium and

3



~wherein the rml ar ratio of said conmpound to iridiumis in the randgeg JAN 2007
[greater than j 1. The reaction zone nmay conprise a conventi onal
liquid= phas\é’od)é“?)(&ﬁm ation reaction zone. The pressure of tME/GB03/02347
“.carbonyl ation reaction in the first reaction zone is 5 suitably in the
range 15 to 200 bar referabl 15 to 10Q . bar re preferably 15 to 50
barg and vEbeTGHEE FRLHIRGRHY 40 SoPRoE BARG TR FErpe e GrHe o
carbonvlatipn reaction in the first reaction zone is suitably in the range
100 to 300 C, preferably in the range 150 to 220 C. Preferably, two
reaction zones &akereasieell zengendy pyNPEITH %@@cmdmab]aundmhasz:@aémnmu@el ng

mai nt ai ned |agusne ar a r(?eagltlrle%@tk\l/eecssbeo ato hdr awi ng. from t he
first reat veSsel BN Passing T ntylll ! Eé%ac?ﬁan fré%ttirgﬁe'ﬂ‘/cé’é’gé?n% qui d
reacti on cm@ga ihitgranke 0Bd DEo Barrg,sprefeemmwmo VE5B&L, Mbichrehern) Med sand/ or
ent r ai ned car bon nonoxide, Such a separate second Feaction vessel nay
conpri se abFEEH oF BPTRIBETIRY We 3t huef iTms tempeseiute rihy easbelylaiiod a I iquid
reaction c i 4 a k 1 full.
react | on CRADRS!bR0s{h ASILO0 4l X SuidBi P [EhADE BE AP0 SR I AMIEL |

| ength to cingeef@to 24X 3@s bot h hi gher and | ower than th| s may be enpl oyed.

Typically, at |east portion of the liquid reaction conposition together
Wi th di ssol ved SIERYRYS HARGRD LD TEMoks HEt Pad HeoRIRAHPT 008 t he f 1 1 st

reactigp 2888 namalﬁ&d hﬁﬁ.—;ara@e lre%ﬁdrpvrbsg&s evgﬁ b DN, !ra“qﬂté?mﬁu“tﬂe%s%w' ved

and/ or entrai ed car bon nonoxi de passed to a secon reacfi on zone
Pr ef er abl y repotiet wassél aht passiing toitbe bdogud ceacearc véseel Inpiesdtidnannipogeibher wit h

di ssol ved and/ entrai.ned caybop ,nono withdrawn fromthe first
reaction zg t?‘% bs&ggag&opgqs,q{ygtﬁ%sa& ‘ié‘&q/‘f’roer’i“ri‘%’é CarpRB MABOBHKE. PHEE? i on

zone may be.apes &8sk flacBod 6AGLI R aatées y&d}lg@?&ag&%e%ﬁ’& to 300C,

preferably i'n the range 150 to 23 C he secon on zone nmay be 25
oper at ed ateagtiereynses! and mdiquidyteeetiarheompdsaiohiflashing evalvti Brefarable,thd yipe ¢al |y up

eoouts ChaGHAIRSToReRl b SI RRafad o i B e Fralia gém%%éﬁ'tS”loo
barg. Pref amaldl o didofi@er RA64 bOR RS S Rvicd HaR8his SREARGHESEFI On zone is
equal to or less than the reaction gressure in the first reaction zone.

The residence t LiRCHEY, |3t dapick PRHER PHC GO REtioprrompositien seasthetwitbact i on
zone is 30d%9&1@?ﬁ4ﬂﬁ/6r@n&ﬂ B%Qﬂ)%n%cgn%x%f&% W ﬁ%%tbﬁ&n?heeﬁrgpr%ct&)% z;toge 100

seconds. The carbon monoxi de react ant he carbonylati on Teacti ohs may
be essenti ahd y legsua pontonnE\the witharamwni liyeudd andrmwd\tddaﬁd&u eftrdifeCArimN
di oxi de, nethane, nitro bIe gases and C 1 to C4 paraffinic

hydr oc*aQ boMEDOTKE PRTS géfgeée%?fl RSAGFBE &enS: r\é\ﬁgab,hy substantially all the liquid

reaction composition together with dissolved and/or entrained carbon monoxide
withdrawn from the first réactidn zone 1s passed to the second reaction zone.
The second reaction zone may be operated at a reaction temperature in the range
100 to 300°C, preferably in the range 150 to 230°C. The second reaction zone may be
25 operated at a temperature higher than the first reaction zone, typically up to 20°C higher.
The second reaction zone may be operated at a reaction pressure in the range 10 to 200
barg, preferably in the range 15 to 100 barg. Preferably, the reaction pressure in the
second reaction zone is equal to or less than the reaction pressure in the first reaction
zone. The residence time of liquid reaction composition in the second reaction zone is
30 suitably in 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 C1 to C4 paraffinic hydrocarbons. The presence of hydrogen in the

4



-0 9 JAN 2007 WD 03/106396 PCT/ GB03/02347 carbon nonoxi de and gendagajﬁ\p do*?‘
Situ by the water gas shift reaction is preferably kept |low for xarrpFe,

“less than | vbans/pabsds al pressure; as its presence may result pefdddSoz3ss
“.formation of hydrogenation products. The partial pressure of carbon

nmonoxi de i n.thenofddist d r. I on_zones. i.s suitably jindependently
in the rangélgl t(o)ﬁé%é%gr@c %%?e grsérgf%?/tdle PHCRE SR %?ﬁ%tl%ﬁsé’};‘f:f?@ggﬁ?fﬁ? y1lto
15 bar. Thieme foreskaineld, hiss daudqedr pardahgresen adi SREHCO AR IEANRON Monoxi de
in addition to that jintroduced to the second reaction Zone as dissol ved

and/ or ent PEPARY ORI AR PRS- STkt paHy iprgsetralof eatbbomaronakitenay be
CO j oi ned st i ior FHd i it ri,or i ntroduction
Wist fod f8odd fedttiod io%ls'éd %l sglﬁ%gg ﬁr%f()%p%lgg?t?\?fn thO k! 9 7¥O§)a

to the second reaction zone and/o Ted separatel bne or nore

| ocat i ons wpuefemibly { e 3§ beond memgrreforabpohe 15%seh addi ti onal carbon nonoxi de

may contain i rities, such as for exan‘gle H2, N2, CO2 and CH4. The
addi tional car boW FBHSACHBTAHRGCHE 06 AHHONE sthoben FngirapioBasaoRexidsin- gas  from

the first iRiaedd ORhAMEoMREEH BOUBnadaNtAgRRUS ff3f reaction
zone to be operated at a hi gher CO pressure vvithystsﬁg&%@dpﬁnnﬁuﬁfjgher fl ow

of carbon tHPRINREROXEE. heydhgdfisigneicariive reewanit maeint ¢ojvizaneith Additd onal |y

it could elim > the requirenent. far a high pressure off-gas treatnent.
The addi tilil)dr%ﬁl Peg“‘g‘?%“ogom Oﬁﬁkﬁn & ey PR c T ‘Bg?FﬁFF%r@creeﬂfU%@ﬁévd/@mbn
monoxi ide- Canfedisepatgelyas oat bERBISIMEALAAS Wilhin BX 3HLE réchah ggﬁk. nppexi de-rich
stream from another plant. 20 Preferably greater than 10% nore preferably

greater t h1ted cash@hmeppdde maEcentais iynpyribest ewchtasdor SQHpIE He, Nxampl e at

| east 95% .. aof ~fh j : r .rai.ned car.ban oxi de in_the
wi t hdr awn arllga%%'gl;lﬂc%ﬁr}f%%l?? fagﬁ &8?}1 ge ?’E%POIP%% ioég'l‘) &S5 olEgAS uned i n

t he secondiromaint fishreactien zdoe viieh Pide edsinbediRE MoRSARB kISR h 9Bne SUI t abl e
reactive derivatives of methanol 25 incl uae met hyl acetate, di met?‘uyl et her
and met hy! %5 WIFaIRE 2TR tebar (y@ Prspsure iRtk reariting pighen flome of eatboattionesidt her eof

may besusegd; i, b CRS S . resent _invention. Water is
requi rqed ggllgggf-egggg{e%g%&}do@aéé{& eZJr%%)'rEggltmgﬁalfr}gg%@é‘ﬁ?lémﬁaéef@Fé‘fﬂuﬁemeﬂ‘et hanol

and/ or netfayh hghgiredserearfé gastechtmsntr eact ants. At | east sone of the nethanol

and/ or reactiv Qeear' vtati I/e t her eof \fi\n | | bfs go ‘converted to, and hence
present as, methyl OSCAPAt STPR PRBOYIAG MY 2Se Be coBANRS i GEPRDeRTEYE r eact i on -

Wic th the cashmiyd-teht@aing Jak Seaet sudh a8 ebV&BihpleRr &HaRbYoxiENEF QRGENT rat i ons
© from another plant. |

20 Preferably greater than 10%, more preferably greater than 25%, even more
preferably greater than 50%, for example at least 95%, of the dissolved and/or entrained
carbon monoxide in the withdrawn reaction composition from the first reaction zone is
consumed in the second reaction zone.

In the process of the present invention, suitable reactive derivatives of methanol

25 include methyl acetate, dimethyl ether and methyl iodide. A mixture of methanol and
reactive derivatives thereof may be used as reactants in the process of the present
invention. Water is required as co-reactant for ether or ester reactants Preferably,
methanol and/or methyl acetate are used as reactants.

At least some of the methanol and/or reactive derivative thereof will be

30 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,
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-methyl acetate in the liquid reaction conpositions in the first hdAle@8hd
feaction zones are independently in the range 1 to 70% by wei ght, nore
preferably YA6/M0% by weight, 5 0 9 JAN 2007 WO 03/ 106396P@ITRERA3{70234,
“.nost preferably 3 to 35% by wei ght Water nay be fornmed in situ in the
liquid readbdPrefeabROshtisonsy wepdhrexanpl e by the esterincation reaction
bet ween net hanol reactant and acetic acid product. Water nmy be introduced
i ndependent | y tWafehmay be dernagbinsém om thed apuimrepbiixtni @ingos Ak GBr &R, By

t oget her w OF rately, from ot her conponents of the liquid reaction
CONposi t | \c,}aﬂé .QSt%C?‘g?gré%lu%%bes%Nﬁg? g}%&@f&%mtﬁgﬁ EFirsHEPedusf Waerct i on
conposi ti ansy bé inbrddwest inddpenddniie tb ERClirkOXhdZRP&GS é%n@p‘a}ﬁoggearcgg% %ln%d In
controll ed ampunts to maintain the required concentration o Wal®? in the
i qui d°r edB#5H EBRIGEPIREHs Tomr @hesreapIppnetthef the diqoEintaaion@dmpodiingt er i n
the i qui I kt 1O i first and second 10 reaction zones
are i ndepgﬁggﬁﬁa;&? ﬁ&ﬁgﬁgf g%gle&g?ﬂl&tr%%%ﬁ%sﬂ TRET YhtomRastong vatherasim y 1 to
15% by weiftim jheyretcrion zenqrakienabby/rdcviiod K0%na¥IMEL A nts &ngﬁﬁaiir{%%e catal yst
system stabi l.ity duri ng t he acetic acid product recovery, the

concent r at FBRTCHEORREIBRAIGHO LY Bee ¥sths dinBigisaction cainppsigosat Pk festblys yist em f or

recycl e t QondddgasasRENEkatL A 1 i s is preferably maintained at a
concentr at iogn. of at | east : 15 6&%8&/%%{306\3%%?5}%5%? &ca%ﬂ,%dtsH@nd _
concenfr atrbastionomes ateyindemetidcietl\c o thatalgg 911 forobhBy la!e%'t,%or@?ié?%bﬁ'yait' on
_reaction rcgorirpgsdﬁ,t L ons in t he f%{% and second reaction zones Is

i ndependen? I'y%H YHEY EidROTE PrEesgds hip Wb ghtveigitef erably 2 to 16% by

wei ght. The i riTdi mis@lealfst st QubliAYidifLACLLQN. Gorposi tions in the
first and second 20 reacatai?%sn Zones anayf/}yggnnﬁp%e@gécﬁhcyacfﬁ@gﬁ?ﬁrﬁ@%% ni ng
conpound Wk egRceniTasieh abwatdrin prisess sugand corRARtig0At-CRNPREH KGNSy Jdhg 1T di um
cat al yst rt@%&?bo g%dnto the ligquid reaction conpositions in afy suitable
form whi chi di s30PVes ir??‘cflﬂ’ézf’?%d? refallyimmnianag ase eonsastrasion dfst kestvert i bl e
to a $&l ulble%ftorweight ef erably the iridiumnmay be used as a chloride free
conmpound such as acetates which are soluble in one or nore of the liquid
reaction 25 coRpdgirRbivoeconpawranios of frothyd il @-wedles @b/ IRfuiacet i ¢ aci d
and so may.,Re,AdEedol Qiont Lon.as. sol utionsg therein. Exanples of
suitable iTi e cor?%éa%}oﬁﬁJr%)gnﬂcogﬁ%%ﬁ%tshe%ﬁﬂiaél Swyaﬁ%acaaaéanqsesthe i qui d
reaction dwivpesichilpin thacingdd ora03by eldht, préfeRibd, 1 1J ﬁé@@)b%%%e%%ﬂ_[ | r (CO) 2Cl1] 2,
[1r(CO 2Br] 2, X&%D%m 2%-H+.. {Ir(CO 7Br2]-H, T[Ir(CO2r2] -,

[1'r (CHB) I 3( CO) 21¢ FRCTHPALREE 12 the) i reasimn compBsiBiont-nOhe first and second

20 reaction zones may comprise any iridium-containing compound which is soluble in the
liquid reaction compositions. The iridium catalyst may be added to the liquid reaction
compositions in any suitable form which dissolves in the liquid reaction compositions or
is convertible to a soluble 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

o
i

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, IrI5,

B3, [I(CO)2I], [Ir(CO)Cll, [Ir(COYpBrly, [I(CO)4In]"HY. [IH(COYyBry]-HT,
[I(COY o] HY, [Ir(CH3)I3(CO), -HT, Ir4(CO)12, IrCl3.4H0, IrBr3.4H0,

30 Ir3(CO)yp, iridium metal, Irp O3, IrO2, Ir(acac)(CO)y, Ir(acac)s, iridium acerate,
[Ir30(0Ac)g(H20)3][OAc], and hexachloroiridic acid Hy[IrClg], preferably, chloride-

free complexes of iridium such as acetates, oxalates and acetoacetates.
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JAN 2007
~30 1r3(CO 17, iridiumnetal, 1r203, 1r02, Ir(acac)(CO 2, | r(acacgig%, iridium
acetate, WO ®MA6)6(H20)3][ OAc], and hexachl oroiridic aci @ckigfdos/ch8l.
preferably, chloride- free conplexes of iridiumsuch as acetates, oxal ates
“.and acetoacetates. 6 p g JAN 2007 WO 03/106396 PCT/ GB03/023.17 Preferably,
t he concent r at i 61 V.tthe conranmia iahe sidiim catadvst ingie diqueiaeidton
conposi t i QRs,9f: LISt .reaction.zones is independently in the
range 100 toO 09%188%8%%'%1%%} a&ggaﬁ%ﬁgg gcl‘lroincff)ﬁ?ﬁ ‘S%p?rfd(‘fﬂﬁﬂlrf g0 00
conposi t i @® ppm bheefight sfiri@hdnsecond reacti on zones 5 additionally
conprises one Qr rggl;fg pronoters. Suitable pronoters are selected from
rut heni um = osnt AFHBHITGRRE CRRPOSHEPRE B theofirst ndefecoratileyctmal mated from
rut hemi u ' - j j . st .preferred pronoter. The
pr om){3 er rgr?gg/% ggﬁn%‘qug@%%wgﬂhﬁ%@%%ﬁ%%?%@“ﬁ@??@%ﬁﬁ? 555 dEBMound
whi ch i s reticoinie obmiunhend thguiutn raedeiré Sdre srefRAs! tdi0Red BS AHRIRLE L JY be
added to the liquid reaction conpgsition for the 10 carbonylation reaction
in any Slﬂsfr%tpe%f"ﬁ}eﬂi%isc‘ﬁe glosspyevaaEed promper | Thebepnragerchioomedsposi ti on or
i S convergyi; e 8.0k; | f. SUit e_rut heni. um cont ai ni ng
corrpoundsS m%lgﬁ;dr?rxg&lb%@agedﬁ%glng%%ggac‘?f Kf)hrléﬁﬁﬁlgl'e P4k EHEd FS3ER@MI um (111)
chl or i de,compobigniuifh¢ btdnjotetthey beledded iyl Rid reactibhERhMBi&dMyr gl or i de,
rut h%i um (I | I? brom de, . rut heni um netal , rutheni um oxides, 15 ruthenium
(11 1) orBEoBYI2fpR, eee) %t B asUpRg fom) MihmbriissoRes @O Iliquld repdRionCO) 31 2] 2,

t et r a( acelbomebitiof 6F LdEEMBTe!th sbidbie Fphhenium (1'11) acetate, ruthenium
(I'11) propionate, ruthenium (II1l) ebuty'rat e, rutheni um pentacarbonyl,

t rirut heni undditenpiardicnydblanthemumedneaiiihe Bow bkl GRAEPRAY HE uSUCR as

di chl orotricarbonyl rut heni um §I ) dinper di bronot ri carbonvl ruthentum (I1)
di mer, arU§thePr 5&8&9&?%&%} hsriuem KB shioside, rkheasine (T ehoaidh kriinalbits,

(4- cymeneh@ifiut-nen Sirblihd, ru %iﬁﬁ@é%@iﬁ%,?ﬁ%%ﬁ@ﬁ%ﬁ%@%ﬂt 0 s,

di chl oro(cycl ooct a-1,5diene) ri po

tri stacetrythansmdfa) BrmatehBu(0O): (- Hr, [lﬁxemgjxgg, [l COLARR(COY L.,

osm um cont ?I ni n‘fgqlcorggtﬁund{snéﬁ/rchh y. be used as sources of pronoter

i ncl ude SSHAGRFYFHPTIERPYFTER-LHY drtherivghdll avajate cuthenem{Irpraformet, al |

osni um t efifhasixindel) btk Qs rHABRIRCRGRIBYM T h TS s 12] 2,
[Cs(CO 3I3]-H+, pentachloro-u-nitr odicosmxulfn and m xed(?%%%aﬁ%{?ﬂ{(‘ﬁ% car bonyl s
such  as RKPEBItDHYN dRlonioPRYS sidmy dithlodimierbanyituti-hrin ATUBMREASNT UM

COMPI eXeibrofm AR Sy Bt b S Th e Bl AL 0 SomRounds whi ch may be

20 tetrachlorobis (4-cymene)diruthenium(TI), tewachlorobis(benzene)diruthenium(II)

dichloro{cycloocta-1,3 diene) ruthenium (II) polymer and tris(acetylacetonate)ruthenium
(D).
Examples of suitable osmium—containihg compounds which may be used as
sources of promoter include osmium (II) chloride hydrate and anhydrous, osmium
25  metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO),l,], [Os(CO)l1],,
[Os(CO)3l3}-H+, pentachloro-y-nitrodiosmium and mixed osmium halocarbonyls such
as tricarbonyldichloroosmium (IT) dimer and other organoosmium complexes.
Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Re>(CO)q0, Re(CO)sCl, Re(CO)sBr, Re(CO)s],
50 ReClg.xHZO, [Re(CO)4I]2, Re(CO)L] H and ReCls.yH,0.
Preferably, the promoter is present in an effective amount up to the limit of its
solubility in the liquid reaction composition and/or any liquid process streams recycled

to the carbonylation reactor from the acetic acid recovery stage. The promoter 1s
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.sources of pronoter include Re2(COto, Re(CO) 5C, Re(CO)5Br. Ref8o/AY 200730
ReCl3.xH, O [Re(CO 4112, Re(CO 4l 2]-HT and ReCl 5. yH2O. Preferably, the
pronoter i sSYP0éddPé in an effective anount up to the limt afcTidBo3/02347
.solubility in the liquid reaction conposition and/or any liquid process

streams r : : -at | ctor froomthe_.acetic acid
recovery gﬁggdé?gﬁeﬁ%ﬁﬁé (%f@?yﬁxé%&%ﬁ?%f MINE 1849 PHBEEO B/ GBO3/ 02317
sui tably pridimendf [greatehehani i 1] rle priferably(@RARS iHah QMo ab]: 2 MBledrefeAblyY Of |
pr onot er ig i‘ﬁi' di Km of %gr eater than 2 to 151:1, gr eferably [greater than
2 to 10]: 17 Qrbrle! pfherisablp PPmqrer qapequyation is gss e 8H0&ppyn.omoh es 400 to
concentratmg@pbl%_less t han 8000 ppm such as 400 to 7000 ppm 5 The liquid
reaction conpositions also conprise a stabilising compound selected from
al kal i Smet al i ddiedewid mhdtain coenpeartions asbabmipest sesbilismp abmpenm] xesdcapabl e
of generating,l- .t s .capabl.e of .generat.i |-, and m xtures of two or
nor e t her éof™ g”‘%l&ﬂezagll%ﬁgﬁslkgﬁiaf%?ﬁfh ?‘8&‘]‘5 H’é%ﬂ%rfﬁ?t@l]d@”ml%ﬁsﬁmaib&j@fde, sodi um
| odi de_andepatass]-wils casiicor SictARES. ahkalikiR 820 oMBLAl wi.adk des incl ude
cal ciumiodide. Suitable nmetal 10 conpl exes capable of generatrng |-

i ncl ude conprieirelkabimetpidodidns inghiddditimpmalodidef sodiune calitel @ d fHaEEitinum and

gadol i ni um ;.ceri angd .ot her, nmet al.s.such as, nol ybdenum _ nickel; iron,

al uni ni umq%dﬁge'c%rlggr?ll euzﬂgahélaelet‘:1 ghéréeﬁglﬁf)@%ﬁ m@@r‘?@t“%ﬂf’f\i‘ﬁbloaldei i akle metalr

exanplie, aseipatesciibiiviasrreapablisciafc SOMBLS A Bndhiie bR hypically,

al kali metal and alkaline earth netal acetates such as sodium’acetate and
li thi um aéS2EPE. wepryry gadobnum. ostiumy et oiberyueitlbsnelr 3¢ moiybadérnum,i odi des
and phosp i.um i odi i TR Pe dded .as. such.. A_preferred

stabi | i si E‘deég%éuﬂhg?@“ﬁf%ﬁ%ﬁfm | oHFdSe?l%ﬁP%é%P%mFWBD% oRfRde oLt abi | i si ng

conpound usatlpiesaceuidy wiiah atetcabablefoff e6hivey&on Mh-siR 8Vl %ﬂgllgmlﬁﬁ%&?ﬁe in the
solubility (gf the catal yst system and preferably, doés not” significantly
decr ease A% 2EaRMosAFIRnPBhacekaies: SUSh 2 sedium 2getisand fithint acktastaabiorgsing

conpound iptd [WelVNo NN [ onpositians shoul d be sel ected
to take aécoﬂ%?&g%chtuh%n%?ggléhg)gﬁ%? 1(?@8%%%1%;)8? W@“?&h‘r‘@@%ﬁ BuehaeEbet s
bel i eved thdtd arsuelxcagsefeaedmbiiisingf colrpduid tdighiundiskdgier €act i on conposi ti ons

may be detrinental. The optinumrati.o of the stabilising conmpound is.
sel ected depen&uﬂ@blénmfﬁ OHSE?f:géa%]tfm’%éo@ﬁ?}g@rils%tfisﬂ@l tahpousféEctivhe count er

ion, the degrgagah inc%&asgiiﬁﬁl@%icﬁﬁaiﬂ?@ offhd &%I%Emﬁﬁééﬁ& #l%'ﬂergﬁg' 345 %Qg the

nolar ratio of pronoter : iridiumused. It” has ound that a nol ar

rati o of $Stzabidapdy decresseploucadbonylatiagi neaction rafee

20 The amount of stabilising compound introduced to the liquid reaction
cormpositions should be selected to take account of the presence of I- from other sources
because it is believed that an excessive amount of I- in the liquid reaction compositions
may be detrimental. The optimum ratio of the stabilising compound is. selected
depending on the nature of the chosen iodide compound, the counter ion, the degree of'

25 dissociation in the carbonylation medium and the molar ratio of promoter : iridium used.

It has been found that a molar ratio of stabilising compound : iridium in-the -

range [greater than 0 to 5] : 1 is effective in providing increased stability of the catalyst
system and, in particular, where the molar ratio of promoter to iridium is greater than 2 :
1, for example at least 3 : 1 such as in the range [4 to 12] : 1.

30 Preferably, where the molar ratio of promoter to iridium is greater than 2 : 1,
such as in the range [greater than 2 to 15] : 1, for example, in the range [greafer than 2
to12]:1or [greater than 2 to 5] : 1, the molar ratio of stabilising compound to iridium

is in the range [0.05 to 3]: 1, such as [0.05 to 1.5] : 1.
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~range [greater than O to 5] : 1 is effective in providing increased 0
stability of the catalyst systemand, in particular, where the R ?%l o]
of pronoter umis greater than 2 : 1, for exarrple

“.such as in t e”jr/g)ﬁw( [4 to 12] : 1. 30 Pref erably, wher e thg};ml(?g%maﬁ

pronoter to iridi umrs greater thanO% uch as. |n t he range greater
than 2 to 15] :Surablyowberzigpalar amo @f?ra?raew[la?earlér ‘t hefngreatery gicpz 1 or
[greater thap r%n«teqﬁb 107 41, tE@ﬁo@Lﬁfo drakdndlistle &h%hhasrmuﬁqmqeed to
|r|d|um|srnterange[0. 3] 1, such [0.O5t0.1.5] : 1. 8 0 9
JAN 2007 rwgeqe/omasgal ﬁ@ﬂ@@ﬂrﬁ (593470 Sui t,aidhyas Mene”t]}elrmlrara roadli:o of

pr onot er t0|r| uch.a 4 to 10] :
O he mollasuiey oot fufaried & e BB B G b Rieast i 11o5ich 3 Rett Fagde (0. 05
to 5] 3 1421’&.1&?&@3@”@'19] [ God &xdni8][6 1o 12): ls%hn(ﬁ&rhgolvf’stta@mgm] : 1 or
[0.15 to 1. Suitably, for a nplar ratro of pronmoter to iridiumof at

| east 5 : cmmp@unrrtoagmmm tneefesbbenshe gngai®eS whdn Isfarexample: (045 < fbrl,
exanpl e; [6 tO t:h L atio of stabilising conmpound to iridium
IS preferanhaS[erZ}]t fo?LnleO%[gq 3571){5 1, for example [0.15 : 3] : 1.
such as [0. 15 tReRrdbly, thelpromokdd. idtiienivzh and the sBbRfsgizatompoub e pleo@Bt € i S
rut heni um and the stabilising conmpound is selected fromlithiumi odide,
sodi um i odfe 11&}56@&@@1}19@@‘(‘3‘8} 1961d8neP BRI TR [0dile\Ana RHEATERT AREONIM BKosphoni um
i odi d ese

st abi ﬁ?sr ﬁi%% g{ﬁﬁdﬁﬁ%e)réellnhgs@é anggﬂﬁgﬁlﬁa{oﬁgjﬁ%gﬁ%h@% %arrwrgrrearets?atl ois
in the ran;@n]ﬁsiino tamidunds ire ushmambdharruthamum mﬁdrhﬂnenrslhﬂtﬂtlbnsmge cogpfund to
|r|d|um|speferab 005 % @ e.t.he ruthe%%9 rretorrldrum
mol ar rati'®oof 1i e %ftraﬁoo eé?a g tCé?F“PO 15@‘““’[1&135‘?){6 ry 0P 0t he nol ar
ratio of sra]g 1 'magt&qmegﬁ% roqnuruhdrnlamrrmre oSftrg MM l?eor'opear&esuéﬁ g ange
[0. 05t ] 1, such as in the range [O. . eretﬁe nol ar
rati o of [Aud héhlhrﬂne mprarru:htwmf sgbgrsegcelrmriohachtﬁnnum; rrzaucshrtdzlv p6irtthe 12] @ 1,

7100 0 LS 13 L 8 B ol SO 5 (005

i ntroducedyeRfuen t m%inrreaé:&re&er HeRS ( ) sich ad(Wio 13 206 rdRkddlg thd¥8olar ratio
carbonyl ation reaction. The stabilisin conmpound may be introduced 20

di rectly ioftserbaliviegeanipavng ghE1digigs 19138 ; 1yvgugh as Fe@ixtoatit: 1f eed stream or

it may be int ro’f'ﬁ'ec ghili Qe E&ﬁ{a&%d‘ ﬂé@b&n%%&?cte{i?ﬁo %h%r}%ct o%rzo‘ﬁé(gfl% afyVia a
recycle stream suc as” a° recycle stream invention

al so providsege dwingtthecarsenyddtica remmpoumb ﬁﬂiﬂmﬁ@@blﬁp’cﬁﬂn&ﬂf@ beghoogucednsi sti ng

of alkali netal .iodides, alkaline eart h. net al (%dr des, netal conpl exes
20  directly into a reaction zone, for example, via a reactant feed stream or it may be

io of

introduced indirectly into a reaction zone, for example via a recycle stream such as a
catalyst recycle stream.
The present invention also provides for the use of a compound selected from the

group consisting of alkali meral 10dides, alkaline earth metal iodides, metal complexes -

o
L

capable of generating I-, salts capable of generating I-, and mixtures of two or more
thereof to solubilise a catalyst system precipitate, the catalyst system precipitate having
been formed under reduced levels of carbon monoxide in a process for the production of
acetic acid by carbonylating methanol and/or a reactive derivative thereof with carbon
monoxide in a carbonylation reaction zone containing a liquid reaction composition

30  comprising an iridium carbonylation catalyst, methyl iodide co-catalyst, a finite
concentration of water, acetic acid, methyl acetate and at least one promoter selected
from ruthenium, osmium and rhenium.

Catalyst system precipitate generally forms when process streams are subjected

9



.-25 capabl e of generating |-, salts capable of generating I-, angngmqn[ﬂs
of two or nore thereof to solubilise a catalyst systemprecipitate, the
catal yst swygbammgs®ci pitate having been fornmed under reducedTieayslosssof

“.carbon nonoxide in a process for the production of acetic acid by

car bonyl ati ng nmet hanol and/or a reactive derivative thereof with carbon
nonoxi de ThIe8Ueesr IBFRATREIPINOL @ERAN BANYOBRARSUSH S 81 ASFRYDE TdcEan @oeeact i on

conposi ti R43QJCAMRR St Ak onk bifthiths DR ALLQ0 63 ﬁ!e)ﬁ%&duﬁgﬁ%g?gwi odi de

co-catalyst, a finite concentration of water, acetic aci acet at e
and at | easdticond aproatiotagid webesst Adeticfacahprodiddi ey reosvdretframdhg eeondim

Cat al yst syst.em preci,pit.at eneral ly, forns when process streans are
Sub] ebt ed GG BT SN NGOBS O b6 HETID HoTE 8% e SHE@adER by
concengr atﬂa%&pglfatigﬁ’:_r gpﬂas'mleﬁé(ﬂaggn ﬁh‘lﬁh réx bl lc@mﬁ@ﬁf?&gisrp%@s% Q0 g

Reduced carbon nonoxi de concentrations are al so encountered i n the product
recovery zeegvipaerlasfingvalyeeilbe fash seppradiorgene meg e anadiatiator Babuotssahyr be

recovered framthe,second ..reactio 0 nd optionally. together with or
separ at ol J 3 AUTTTA SFatgiREas 1o Bt a5 SehaF s oS BAIOHT GHUOR n f1 ash
separ at i ORotnpflsihg (He@BGLHON TRBROSE U QAMIsE aRPES b Aoflth@Sifier ;Z0ne via a

flashing valve. The flash separation zone may be an’adi abatic flash vessel
or may hasRardedremenePoRe HACTHY JRERMBING asethecid) cashpnyépei atdaotaniz saer a

l'i quignafr [ 1 SOl si : B onl Ly of the iridiumcatalyst and the
it 10y S b R R A SR ok O bt B b B o 51 g

acetic acinfirogens hesul mbadNiée, hydrigentnd vabed dibRidantheMRuly fradRdibdRye
carbonyl ati on co-catal yst and non-condensabl e gases such as nitriogen,
car bon noABYCHE 0 HpdHeFECIERFoBE ARG HediapRirdeaction deingqasstdfie aue dranotsei ng
recycl ed t, I e i raTec V. r..fractiaon in assed to
one or rmrdgsutﬂg?%% Hnl%;ét #o%ﬁ{zsggggmﬁqﬁl %Jﬁg iarrcgslfé a&?{s)ﬁéfl]lgtlgg?aﬁ%ﬁgg%g}f c acid
product i sigheganminents {(metinyt fvelidd drghtiethpirpenent Bhe( et kympbeditciee and met hyl
acetate). The |ight conmpagnent %ﬁﬁre 1% renpved overhead, and recycled to the
first land/ BPOCEQDRERPELOLITBT CAoHadhe Mssendamsoens reacantioass. idscarcmoned
pressure Qft19a5isGAIRN kg IR NANSRNILRS ﬂ%.gogﬁés&flé Uells agen [ trogen,

ch a

car bon nonoxi de, hydrogen and carbon di oxide. Su OW pressure off-gas
st r eam maythegepagssleat mhnexudh hadragen agdsarberedionsiet Swacd lognptessureatiges

condensabl mat er,i al s h nme | .iodide, prior to being vented to
ot nospher drep b gehaRech HibuBE oTBE e B sockloh 3 ety toB e i
preci pi t atrgatbafs alcheaeyetd@nodde, Jrivr ie¥aAPléted © diMBsphes Ihk:heRkt Lan zone
and/ oro'l n ﬂt he product recovery section, the precipitate may be
are.

Where, catalyst system precipitate has already formed, for example, in the
second reaction zone and/or in the product recovery section, the precipitate may be
dissolved back into solution by the direct and/or indirect addition of the stabilising
compound to the reaction zone(s). Optionally, heat, agitation and/or increased carbon

25  monoxide partial pressure may be employed to aid further the re-dissolution of the
precipitate.

The present invention also provides a process for the production of acetic acid
which process comprises:

a) carbonylating methanol and/or a reactive derivative thereof with carbon monoxide in
30  a first 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, at least one promoter selected from ruthenium,

osmium and rhenrum and a stabilising compound selected from the group consisting of

10



.-di ssol ved back into solution by the direct and/or indirect additigon JaN 2obe
Stabilisin Q d to the reaction zone(s). Optionally, heat, agitation
and/ or inc%ggg)élg&gggpbon 25 nonoxi de partial pressure nay bepg?ﬁﬁl@ﬁgffﬂo aid
“.further the re-dissolution of the precipitate. The present invention also
provi des ARl REES bk, 4ibA: R ARSI AT AR AR oltldle, WLGR pr ocCsS -
conprises: a) carbonylating nethanol and/or a reactive derrvative ther eof
Wi t h car bgeneraningXi, deitsi qapatle oé gérieraingdgrnndmyikatdsat riveae hicentheaaae cont ai ni ng
a liquid reaction conposi tl'gon conprisjing. an iridium carbonylation

catal yst, AEFRYNC MU da ¢ 8L RRMRN ¢ AT hEeaicE Ble entle 884 B Toflar @Bt er,
aceti ¢ ach i1y LorRSSiAls iridhm! 18 85the A PEQIRE Blan 98 %gt. et {)Joe{faer ut heni um
osm um and rheni um and a stabilising conpound selected fromthe group

consi sti ngeesf adid, 0 9 JAN 2007 WO 03/ 106396 PCT/ GB03/023 t7 al kali netal

i odides, alkaline earth, netal iodides, .nmetal conpl exes capabl e of

gener at i ng) ‘f’%{‘drg‘ﬁir’é’aélécb’é?ﬁftéo%?onbpé)ﬁgﬂpgtf{%%e-r?acélr‘?a Zﬁ’i"?('toé’thgr Bt two or nore
t hereof wheneidunbihe cARbiakd Fabb®m@hoRi©NOter to iridiumis greater than 2 :
1, and the nolar ratio of stabilising conpound to iridiumis in the range
[ great er erepiiogaliyopasping afllepss amropiaerced s8idagihdrewadiquid rbdctisntchupasitiogtd i qui d
reaction conposition fromthe reaction zone together with. dissolyved and/or
ent r ai ned CaTHBN S TR g o8 O%%ft T narTy af)gesagtl B?T%Org?n Pretggialséglﬁf)‘f??dé?f of said
Wi t hdr@wnedttntdtarteachomxidQnposi tion to one or nore further reaction
zones to consune at |east a portion of the dissolved and/or 10 entrained
car bon moALRASHBE Syl liguiisieneioaAoMPOFHAR Froretier (b And epl s (C)intoronst ep (b)
and opti opal, St ey CClard Urfse¥ae 1o %Wgﬁo&# f?&dé?ioﬁ%%@ﬁ&ﬁlﬁ?“ac%ﬁ??ceié to forma
vapour fraction conprising acetic aci product and a Fow pressure off-gas
conpr i si ngrodactkad arfow @xésdereantt gas doirepiisith ofcagtmini radnoxedergadiastiqugd fridddinum

car bonyl at i on.catjg{ﬁiyst, pronpter and acetic acid solvent, 15 e) recycling
the |iqui OTPEURS BIHIYTR SPDCRYIAR PR ER Y p RFIRPtEHAN) ag6C 23d 6pl¥enteact i on zone.
The ageti ¢ REIEnPHAAHGRE A% I BoRAC AR BELANAH Hkd i nvention
may be fu)rth’er uri ﬁgd byucon?/enti onalS rocesgg%e,tgftgé?%gggﬁlpsﬁ%ggfurther
distillation t®heasaeecid prpdudetibgshesprotesascamdiog to thepesehedvadibhemyl at i on
react ant End/ r_est [y derivative thereoffand hi %her-bo'.l_ilgg bi/-cr%r oducts. 20
The proced§ 8¢t 'ﬁlén%r RV PoResiy [ B S*pEPFFRET ddlatgntokmere as a

impurities such as water, unreacted carbonylation reactant and/or ester derivative

thereof and higher-boiling by-products.
20 The process of the present invention may be performed as a batch or as a
continuous process, preferably as a continuous process.

The present invention will now be illustrated by way of example only and with
reference to the following Examples and with reference to Figures 1 and 2. Figure lisa
schematic diagram of the apparatus used in the Examples. Figure 2 is a graph of the

25  effects of a stabilising compound on catalyst system stability at varying carbon

monoxide concentrations in the low pressure off-gas and ruthenium concentrations.

General Experimental Method For Experiments A and B and Examples 1-7
All experiments were performed in a 300cm® zirconium autoclave, equipped

30  with a stirrer and-a liquid injection facility. The autoclave was pressure tested to 4x10°
N/m”* with nitrogen, then flushed three times with carbon monoxide up to 1x10°N/m”.
An initial charge consisting of methyl acetate, acetic acid, methyl iodide, ruthenium

acetate solution (5.08% Ru w/w, In acetic acid : water, 4 : 1), and water was placed into

11



-continuous process, preferably as a continuous process. The present jan 2007
invention will now be illustrated by way of exanple only and with
reference tWOtBAY$8¢ | owi ng Exanpl es and with reference to FiP§I¥EBO3ID23Ad 2.

“.Figure 1 is a schematic diagramof the apparatus used in the Exarrpl es.

Figure 2 idhe Augliabl Bl 0% Bon RLLARLS, AL cRust BBLLLSE N, compoynd on catal ys:

system sta at var RO ?1W]tVH8 | ow
pressure qfrévaya]s)sandvcrlarﬂbaem um concentrations. Ceneral Experinental Method
For Experinents Ah?nd B and. Exgﬁté S 7 Al experinments were perforned in
a 300cn8 zi r corrIRYRBOBEES PP gb% N \ivias ted wEq the eptagtade avhidhquasd

i nj ection St 3 r to 4x106 N math
ni trogen, t%ﬁg%éa:‘[édﬁgﬁtgg t hr e(gg{)(?ynrg%)\l\@msltgﬁ %ﬂéﬁ‘aﬁgﬁ@&d 5?5“?8 YAR106N/ i .

An i ni Bi alpmlh@r\geh emmrsk $tHigrg mncﬂmmea:clagate ﬁﬂﬁtc@t(é ISBCREHE, acidhic a8Ehy| i odi de,
ruthenium a;iggplutlon 508O M in acetic acid : water, 4 : 1),
and wat er W % 5629 %P%%%N"é in) apsd oY HEBTED PETIGH3IB2347 t he
aut ocl aVe,mW}&‘cﬁb twlngmlﬁ@d@wegégsmetbﬁc%bw/ noxi de and vented slowy
to prevent |loss of volatiles rbon nonoxi de (approx 6-7x 105 Nnl) was

fed into the aﬂ@dbm@nmﬁmsmmtd@y froptrechrbwi thnstide pieagurd £600 r pm) to

190C. The t al inj.ection system tha prox 5. 6qg of
i ridi um aca Wg *&fﬂlca pées%%é/ﬁ R m%/?rhp%’féﬁoﬁ Bye vgs ”%/%Ef‘éllmdata 1) and

acetig oacnda&nétamé@isexam?egaf BI0EC iahfi BedsQite \WiE b 3 B6F ‘@Mﬁrﬂo%&&m & GRLPON
nonoxi de to bring the autoclave pressure to 2.8x106 The reaction rate

was noni t oriEdeRRfiod e trmisdebwheheckepie Wlestsmseurbrb@mrae levathaagk10/essel ,
typi cal | y}@/;re} F%ﬁnﬁt@ 7x 106 NNm The autoclave was maintained at a 10
constant tenperature of 190C and pressure of 2.8x10 NNm throughout the

reaction. The refetdolingasat efidfsiataablehes Wkeg MHR: ol d AStedPTRSSUr e
becane |l ess than 1x104 N2 per 5 nminutes. After cooling, a gas analysis

sanpl e wadlPHkeERIPOIRRLS (HeEe éﬁ?&?&%éﬂ/@?ﬁlwd forHiguid byypicducopdmewhs wer e
di sch K abl i shed
I SC qgge%staﬁﬂﬁe ;%gé Mﬁ‘ﬁglé 0%18']61?%’(?? dﬁRyDB{CQ!%HC rgp%lyeéltssfga HP?qt&gg%by I she

gas chi omat ogr ap ected component
i nt egr at i ontegfatibher mampmpenént pedisselaalato atext@nantexiaraalexsieaedard and

expressed as art (ppm by weight. In the batch reactions,
Total' prPoPARY r@ﬂigr?&pﬂglsbyd%eg ed as the sumof propanoic acid and its

precursors ((etihyhe Beef @h&icABH TRENYbrobAHid&did GADUEHLRs iR ARMLs
propanoic acid and its precursors ((ethyl acetate and ethyl iodide) converted to ppm
20 propanoic acid) detected in the quenched liquid products of the batch reaction expressed
1In ppm.
The rate of gas uptake at a certain point in a reaction run was used to calculate
the carbonylation rate, as number of moles of reactant consumed per litre of cold

degassed reactor composition per hour (mol/}/h) at a particular reactor composition

2]
W

(total reactor composition based on a cold degassed volume)

The methy! acetate concentration was calculated during the course of the
reaction from the starting composition, assuming that one mole of methyl acetate was
consumed for every mole of carbon monoxide that was consumed. No allowance was
made for organic components in the autoclave headspace.

30 Examples

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

acetate (48.05g) acetic acid (48.42g) ruthenium acetate solution (12.28g) water (13.86g)

12
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.20 propanoi c acid) detected in the quenched |iquid products of thd b attin2007
feaction expressed. in ppm The rate of gas uptake at a certain point in a
reaction ruf WS1%¥8d to calculate the car bonyl ati on rate, ¥Hs/GBmyes4iof

“.nmol es of reactant consuned per litre of cold degassed reactor conposition

per hour (B4 /oﬁl)de"(‘ig §1é?aﬁt1é SAh 194 sBﬁﬁ%h%an)?QélEﬁ&sint bﬁﬂjlmz?oh(lt ot @losgﬁﬁd or

conposition based on a col d degassed vol une ace

concent r atwom \W@lsa@ab ek 43 éid 2)dThé agprohenaotaris @f Qimtulneo niit@agtinofesfirom t he
| e of methyl acetate was

starting it assu at _one

consuned ?@? cifﬁear(f\‘g% 8?%%?%&0%8% “Qtﬁ]aﬁw%@e%%‘ﬁ%dlfﬁ&?wlﬁdnawﬂbmnce
was nade it(ércamﬁm&a&@fm@ﬂl%ﬁhﬁoh Brt e rﬁétﬁx%k%xe ahefgf%%ﬁ%?&echﬁg gl es
Experinment A A baseline experl ment -was perforned wt aut oc ave charged

wi t h nét hyiirtugbealbthe metig] 0se)te aastcposureidd Condrddgjo acatih e uwas@ested e

sol ution ( 2.0.9 JAN 2607 03/ 106396

PCT/ GB03/ %%4‘%‘? )“tﬁﬁ’f et é‘; ‘g‘j ?’%‘de 3ysigREPraRIngy Cyascﬂ‘y\g%ﬁdfé?fér%a&%éqtaét ed of
an iridi urprepdnotd 1(r15k£51%67r8 pp¥iWrasdotib RERdLEs 8L cbBi-vehidl) off-The
approximate ratio of iridiumto rutheniumwas 1:4. The rate o% reaction,

based on CEFBoH NURBREEOudY BReClIEE Gkt mendl o Thecadedreantion ibxturat  a
cal cul at ecgaet aa G IRASI) ARoAT HUAARLAYL 3getale 2ad stead: Ly, decl i ned

until 5 virtua e met aceta e was consur‘?%sdmsﬁ) WIRY a]PS acetic
acid vids 99. 66% based on met hyI acetate consuned. Analysis of propanoic
acid pI‘ECLjESOI’S aave a total propanoic acid nmake of 467.8 ppm Gaseous

by- pr oduct col d-vented off-gas were H2 3.6mml; CO2 8.0 mmvl and

CHA 12.6 mmol . Fherenal &4 4ea5atenH ﬁlte%&)cla%gemgeoawgthgqaéﬁyi ohsgrvabl e

amount of solid raterial. These resu ts are Shown“in £6°4"° Exanple 1
Exper i rrent(4&0\ﬁg)sacueeqaecad €U . W) rhthehienaatetod soherionhap ggiiwidet mgrwatgimet@q: etate

(48. 059) ac h eta e saolution (12.29) water

(13. 83g) f”aﬁ ‘%&di é‘ga@i‘g‘z‘é‘zf&‘ @lﬂuﬂ) e ara Y%é‘?laeor(emﬁ@eﬂ of Fheridiamal yst
sol utijgn C’s@ﬁﬁi 848d5af Ir awi. 1G RiveE ohT o Sed it deRwh L version to
acetic acid vvgst(98 58 % based on rretohylt aget atsg%g%;r)\éul%g %6%3'20 pitate

was obser \as@taterconsimerh dloquesipisase inan ohfexvadria tlm/mlwlfremnonsmvefrabveﬂ&mr The
results ars%vérglomrs."fh TRRLE e shown in Table 1.
Example 2
Experiment A was repeated with the autoclave charged with methyl acetate
20 (48.05g) acetic acid (57.2g) ruthenium acetate solution (12.2g) water (13.83 g) methyl
iodide (13.34g) and lithinm iodide (0.0561g). The catalyst solution consisted of an
iridium solution (5.25% Ir w/w). Conversion to acetic acid was 98.94% based on

methyl acetate consumed. No precipitate was observed in the cooled reaction mixture

even after several days. The results are shown in Table 1.
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-Exanmpl e 2 Experinent A was repeated with the autoclave charged with nethyl
acetate 20 (48.05g) acetic acid (57.2g) ruthenium acetate sol uti @ (AR, 2¢)
wat er (13.83g) nethyl iodide (13.34x) and lithiumiodide (0.0561g). The
.catal yst sedbuviseséconsi sted of an iridiumsolution (5.2526T/6Be0a}47
Conversion to acetic acid was 98. 94% based on nethyl acetate consuned. No
preci pitate was observed in the cooled reaction mxture even after several
days. The results are shown in Tabl dablelps 30 13 0 9 JAN 2007 WO

03/ 100, 396, °CT/| @03/ 0234 71r TabRee! E, IPrg2ipidde | Pbbadeit ||ty Rat & dYs.eciiphfjat e
Propanoilc H CO2 CH, | nol/1/h_f 1rmeol:aci d /mmoi  /mol; /mol| pom|l [ Expt
.~ 411 - 19.6 Yes|467.8 3.%10@/16 1297810y 1| 24 0. 51 PR (Nghwde. /mmpio) 8. 1
13.8 EX 2 4 : 11 0.2%: 1 17.10 No 369.0 8.5 {rom Tablle 1 it can. hbe seen!
that the 49dide 4qqrfpc)__nlci hgs}_ fo §i gnil ki.cant S%é’/‘bé |1 siing eff %c& nonnltzhée |

anr-onc

cat al yst—systermrand—w thout—pncur ring—a st gn-+cant—gecrease—+—5——
car bonvildii bn ndtd. Efperi nent?.8 A ha%el i ne 3et i nent3.Gas el f or|msd wi k h
the autdct,ave ghanged gwisth nethyl degtate (B8&(Qpg) acefic laci d (|58, 030)
rut heni unTacetate Sot utTon (24, 350) wWatrer (12 018)—rethy—i+6di-de{33-309) .
The catal yst solution consisted of an iridiumsolution (5.25%Ir 10 wiw).
The rate %Pmr]éé@tli ibPAD Ussenthghthe ApHencomnourd des uperikeanwasiupisisgr ed to be

22.2 1 o, Al RALG U LA DG SRAELLOR-GAIPOSI LM O o0 et hy) acetate and

steadily declined untif virtua acetate was consuned.
Converssi onrdonviagetjate. aci d was 98. 80 % based on net hyl acetate consuned.
Anal ysis of propionic acid precursors gave a total propanoic acid nmake of
399. 7 ppnExoehienent 8l ed reacti on m xture showed a significant 15 anount of
clearly visi bliebpeiar pbt@nent Wiseperiosnéd sitiathe antoole charfabkeh AethyExanpl e 3

acetate (48.06g) acetic acid (58.03g) ruthenium acetate solution (24.35g) water (12.01g)
methyl iodide (13.30g). The caralyst solution consisted of an iridium solution (5.25% Ir
10 wiw). The rate of reaction, based on carbon monoxide uptake was measured to be 22.2
mol/l/h at a calculated reaction composition of 11% methyl acetate and steadily declined
until virtually all the methyl acetate was consumed. Conversion to acetic acid was 98.80
% based on methyl acetate consumed. Anaiysis of propionic acid precursors gave a toral
propanoic acid make of 399.7 ppm. The cooled reaction mixture showed a significant
15  amount of cleariy visible precipitate. The resuits are shown in Table 2.
Exampie 3
Experiment B was repeated with the autociave charged with methyi acetate |
(48..14g) acetic acid (58.08g) ruthenium acetare solution (24.34g) water (12.00g) methyl
lodide (13.33g) and lithium iodide (0.1076g). Conversion to acetic acid was 98.55%
20  based on methyl acetate consumed. No precipitate was observed in the cooled reaction
mixture even after several days. The results are shown in Table 2.
Example 4
Experiment B was repeated with the autociave charged with methyl acetate
(48.13g) acetic acid (58.02g) ruthenium acetate solution (24.35g) water (12.02g) methyl
25  iodide (13.30g) and lithium Iodide (0.052g). The catalyst solution consisted of an _
iridium solution (5.25% Ir w/w). Conversion to acetic acid was 98.63% based on methyl
acetate consumed. No precipitate was observable in the cooled reaction mixture even

after several dayvs. The results are given in Tabje 2.
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-Experiment B was repeated with the autoclave charged wth nethyl acg®auan 2007
(48.14g) acetic acid (58.08g) ruthenium acetate solution (24.34g) water

(12. 00g) newy$3/10639di de (13.33g) and lithiumiodide (0.1076g)CT/CBO/@&3Si ON
".to acetic acid was 98.55% 20 based on nethyl acetate consuned. No

precipi tatg. Masiedoserved in the cooled reaction mixture even after several
days. The are shown in Table-1 Exanple 4 Experinment B was repeated
with the aut oc| axreriotear Bevjasvnbmchtazdm hly theametcitve ch@rged #38)mabkdtaceraaci d
(58.028) ni um.ace salution (24.35 r (12.02g). nmethyl 25

odi de { 1923058) SRR A SRR ot ae b e e S At YT e e Hsth

consi st ed jghiganii. Mdj'aHﬂnhﬁﬁhMtlb@iﬁe ((50?5%)|The"!1a‘t'¥)1vst COONS SR dddraget i ¢ acid
was 98. 63% based on nethyl acetate consunmed. No precipitate was observabl e
i n t he lxoolriddiy exletgroid. 3% Luwev)eCenversibh &y a@@vemdlwad&ﬁsil YIbased o8 midtisylar e
given in Tah JAN. 2007 03/,106396 PCT/ GB03/ 02347 Exanpl e
Experi ment® %a\%acsonf‘uerﬁ%dg%\g) W PHY r%asé)tyf\oow ?3%?/8] CRAPYSATRCTER T CVER et at e
(48.010) adfetbovendiddys 38e 03@)ss bitshewhumTasebat € sol ution (24.34g) wat er
(12.05g) nethyl |od| de (13.348) and lithiumiodide (0.033)'8). The

catal yst sBXBPBY consisted of an 5 iridiumsolution (5.25%Ir ww).

Conver si on. th acet te consurred No
precipitate vvas}!}g%glg% \I}g Ivsejas:q?ﬁ%aﬁ% \g%o?&ga%r%eéaagig onroﬁ%ytltl}}rr%a a%f t er

sever al0 daiy8.04gheetiestiti (58.a8@ rathemiumn ﬁbeTﬁtb!;cﬂut?on @4 amp) ®aer (Elx’pﬁrob fRAlyl B was
repeated w th k&e}@gt oclave charged with nethyl acetate 10 (48.04g) acetic

aci d (58. 09gye |aa%h§%@a9@d§& Ot} Y@@a@h@} sl cqueBtedsyan net hyI
i odi de (1311'?491) sod .f.:@")"@ X S?&é}%gg}o ?&)c dls g H%vg%@t&%o%sgas%@ LG o0,

consisted o Iri d Gm’sol ut i on NVErsion to ace | c acid
was 98. 50%chasecnenmek Iy lcookrd etaatien mmmmmak; slighely cobidesht he a6lidsoferdi Xt ur e
i sqally detected. The results are

was slightl. urbid no s |ids. were
shown in 'I*é{%‘fai’yéletei@HEkgﬁﬁ?Sél 573%558}2"?&%;?{’8%5 repeated with the autocl ave

charged w gt hplhy!l acetate (4%.03g) acetic acid (46.79g) ruthenium
acetate so Tt T on (24 399) water (12.51g) nethyl iodide (13.31g) and

magnesi um acet altxpetistentBywhsateealdd with ) autctheye chsrabd sAthsmdthwliaoerateconsi st ed
of an iri dd4‘é*65§ﬂc‘éﬁé %{d((gﬁgg %m{hemu\ﬁq ace(f:(%e SO ﬁt%no&4t390)av%§tte} Z?SCIig()jmve\:l?hs}/l 99. 2%
10dide (13.31g) and magnesium acetate tetrahydrate (0.114g). The catalyst solution
consisted of an iridium solution (5.25% Ir w/w). Conversion to acetic acid was 99.2%
20  based on methyl acetate consumed. The cooled reaction mixture was sii"ghtiy turbid but

no solids were visually detected. The results are shown in Table 2.

Table 2
Expt Ru:Ir  MI:Ir - Rate Precipitate | Propanoic
mol/l/h | formed acid

/ppm
Expt B g:1 - 222 Yes 399.7
Example3 [8:1 [05:1 21.0 No 365.5
Example4 |8:1 0.25:1 20.8 No 348.6
Example 3 3:1 0.15:1 21.8 No 354.4
Example6 |8:1 0.05:1 22.0 No 320.9
Example 7 S:1 0.35:1 21.1 No 320.0

MI = LiI or Mg(acetate),.4H,0O
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-20 based on nethyl acetate consuned. The cool ed reaction m xture \;@ )
slightly turbid but no solids were visually detected. The resul tﬂ éﬂf“g w7
shovvninT /%,abIeZExptRu: lr , M : IrRatePrecEE}é%]teProanmc
".rmI/I/hforrre aC| /p mExpt B8 : 1 - 22.2 Yes 3 99.7 HOBR3/2 3

: No 348.6 Exanple 5 8 :
1 o 15: 1%?1“3‘0 é%&“%be %ﬁngﬂiﬂté“gxwgﬂfse%slh%ﬂdéwoo aen3o@docormeumgl e 7 8:
1 0.35 1pzla dioN@icdnd2Bbfisidd effeck bh 1@l caMi(Regkah &) 2q4tR N 2007 WO
03/ 106396 PCT/ GB03/ 02347 Frlr\éom e S AR B et tﬁ jd?‘?“gng’]@ les 3 to
7 the addpgndigansdegrpascoidi rgecliOBrpE I saTIParesso @Xmmmﬁsé&amkﬂ&hahhﬂcnslbng ef fect
O e CababitahoakBlha WA A Lo AIREe, AR A0 Sl BT CBgL, dpef pase I

reaction rate conpa eri nent's foS U6E3bt H Zing
conmpound mraﬁiﬁicedf 0.0%: E&amhl&uﬁ‘g eﬁﬁétebﬂtkiddamlwﬁk!rs@éih%%dh%v‘éé%gt @t a Li o Ir
5 nmolar ratio. of 0.05 : 1 a stabilising effect on the catalyst systemis
achi eved Btigctihigss ’é‘\a‘fl‘éétthqnsat hegher fai feaatiashBraraple hldgh@mstmteﬂ tthatrtat: ugesof

Exampl e 7 Jse enerating an
i odi de co?rg Q&H #’ﬁ@etcogr@"’%%éﬁ%ai Ell%olr?gfrdgacgﬁégwaoﬁnqge B%nvé%fé r"?%é‘ﬁ’@s’rnum
acet at e; ttasc:ae magnemmamta&t hzlm d signifigaefstadilisirefffeort te@adadist SHRIEM

Cener al per i rrent al . Met hod for Exper| ments Cto G and Exarrpl es 8 to 23 10
The appar S d Ya hisiPeNiments 4 tg * N} (b b & B Iy w2a 1 t he
appar g us conp rbogy agt or (

secong%ry car g‘g?\gﬁpaﬁ?@%h%egggtslgé\b ywﬁl% Kth%fe’%nf%% and a 1 él stillation
col um (neppas:itov\n)mpmdmemcnedlpngmaylean‘mahﬂmmi reastbi @h ar@some@ used to scrub
t he of f-gas in the 6 litre primary reactor (1) in the

b
presence &f b%@??‘?cngl{eﬁ‘?fgyé' ’caaﬂﬁs&n‘??lé&i)ﬁﬁd&élfsélluﬂqn erema (ReFsheTium pr onot er
at a pressure @fongngr@a?(orjage Me'fﬁan@ﬂ%h@ch }Sa%'EQ fi‘steH (t(‘?)s é}? O8], ?%,rlspr I mary

reactor (1) was fitted With a stirrer/ prope e cage (not
shown) t ocarheuiylated m thawt leiraprxinary refctoh@) kn te Ipthsamd ogaﬁ e@dhiirrf eact ants.

fCia { ? g B‘gg%g?w anon cataLfP ?tlalng g rﬁt%eltlibl?n lg)r%mmerr)z/lt arlg%(s:stu?er: or( 71)76 \*/cl 10° N/mpar e (%)

temperature of 190°C. The primary reactor (1) was fitted with a stirrer/propeller (4) and

a baffle cage (not shown) to ensure intimate mixing of the liquid and gaseous reactants.
Carbon monoxide was supplied to the primary reactor (1) via a sparge (5) fitted beneath
the stirrer (4). To minimise iron ingress into the primary reactor ( 1) the garbon

20 monoxide was passed through a carbon filter (not shown). A jacket (not shown),
through which the hot oil is circulated, enabled the reaction liquid in the primary reactor
(1) to be maintained at a constant reaction temperature. The liquid reaction composition
was analysed by near infra-red analysis and gas chromatography. To purge inerts, high

pressure off-gas was removed from the primary reactor (1) through line (6). It was

o
(9]

passed through a condenser (not shown) before the pressure was dropped across valve
(7) and mixed with the low pressure off-gas for it to be fed into the scrubbing system.
Liquid reaction composition was withdrawn from the primary reactor (1) down a stiil
well (8), through the secondary reactor (2), and then via line (9) into the flash tank (3)
under reactor level control. In the ﬂaéh tank (3) the liquid reaction composition was
30 flashed down to a pressure of 1.48 x 10° N/m®. The resulting mixture of vapour and
liquid was separated; the catalyst-rich liquid was returned to the primary reactor (1) by
line (10) and pump (not shown) and the vapour was passed through a demister (12) and

then directly into a distillation column (not shown) as vapour.
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-the stirrer (4). To mnimse iron ingress into the primary react d9 (JAN 20be
par bon 20 0(3)& 9g6was passed through a carbon filter (not showR)sn247 acket
(not shown ough whi ch the hot oil is circulated, enabled the reaction
“liquid in t he prlrrary reactor (1) to be mmintained at a constant reaction
tenperature. The || al

infra-red anal %esseanggn{a%gghromt%gwg%} blg[i"'m M\@%egé?l'h%?fq I}%h wﬁ%pressure
of f - gas wasgdtedroviedaskscared beeprorirand a velaaieaif a@ibbomﬂmmugh% bf@e pbharyd t was
25 passed t%rou h a condenser (not sh?wn bef ore the gressure was dropped
across val9eeor (7). AdPIRE Xéd P\HCF%”% RGP Preceehipg lgef2)yard way PoYiced be fed
into the sgp 99&0&9\/5%/ Bnal Eargeh%an%%faumuﬁqmpoﬁd tgeeﬁh ‘ﬁﬁﬁre\ﬂécw@'}%@ from
the primary reactor down a stil t hr oug e secondary

react ors (Zz)p,e':ﬂ&’cdattahmxunaellvlthesf(rgé pieptuge am@epha&hv teanfor (3) under reactor

| evel control. 1Ln t he flash tank eacti(ﬁn conposi tion was 30

3
fl ashed down t ol 3 FPRYSEPE B} G(im?fge )14\(%“% mﬁ*h@“?‘é% FEPARC!RRY R e of

vapour andypdik gl MRS SERERLSHm &magaﬁradnx%tm\mgﬁ&shfe%fr.damwrﬁfnw ned to
the primary reactor (1) by .line (10) and punp (not shown) and 't he vapour

was passeobairkimncmgﬂrmaaederma@teérto em)ma@rdmttahewnmmembegng vengeda di stillation
colum (not sh . 0.9 On wa 0 Q7. WD 03/106396 PCT/()SBO3[ 0234’
The secondary r Teére“(%)"a?&%ﬂsed gon, n% S?Suﬂ?oalr?e(iogfunftl%%%ltnld% Y 30 cm
and  tjgget Resrioni dohhpdsisies bateer Pinewostechadtopy. VohdiRrate ANRE BxdenRi el y 8 % of
the primary reactor (1). The pipe was placed in parallel to the flashing
line (9), 2hsdrbapes (Jressureden akgotrnge yrifFiey da¥ (aadaivy)i s deecBubde ¢inedxi de vi a
line 14. The Secon t operated at approxi mately the sane
pressure a%oqeh%ew#%ﬁg%/&&%g(c?gréﬁ %ﬁ'he vapour fromthe denister (12)
enters theggdh&imbh@ti on col um (not shown) where acetic acid is recovered
fromthe vapour _and a | ow pressure off- é:;as conprising carbon nonoxide is
passed to a scripBetheapperagtiond)mperéredisertg Wighiederenarie Fgyr ée of

Ceact ] on COnpER TR R Sty RRMITEL SR D AR K e
basel i ne &hsaehaneae{oivaswiade) Trlzpidaacnuhimsipion itay frimsdeypydor has

been found to directly corr V\nththe u Rrecipitation
Exper i nent (1 éC%Pﬁéedt%8r°§‘ﬁﬁ§é?eYzJ§ heigl tt%dﬂeag@ H%‘QEF]I'E@BV S PEPEBEhce to

Figure 1, 15 Eis8aRQkYAS of dakomppaéededdvt ey @crdfr%E:Yc 5&@%@0 prhlorat a rate
of 20 m)I/I/h (based on cold degassed reaction vol une) The PI qui d

reacti on conjposiand8A2Q ppmimathgniumar Yhe lequad action composmon was, further

20  carbonylated in the second reactor (2) at a mid temperature of 190°C and a total

pressure of approximately 27 x10° N/m* with a residence time of 40-60 seconds.

Additional carbon monoxide was fed into the secondary reactor 1o maintain the
concentration of carbon monoxide 1n the non-volatile components exiting the flash tank
at 40 mol%. The results are shown in Table 3.

25  Experiment D

The process of Experiment C was repeated except that no CO was fed into the
secondary carbonylation reactor. The results are shown in Table 3. No lithium was
added to the carbonylation reactor.

Experiments E to G

30 The processes of Experiments C and D were repeated except the Ru:Ir ratio in
the carbonylation reactor was increased to a molar ratio of 6:1 and the amount of CO
fed into the secondary carbonylation reactor was varied. The results are shown in Table

3. No lithium was added to the carbonylation reactor in Experiments E to G.
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~(1) conprised approximately 7% by wei ght of nethyl iodide, 12% bygweiahtz00of
nmet hyl acetate, 5% by wei ght of water, approx. 76% by wei ght of acetic
acid, 1250uRpis9Eseci ridiumand 2 7 20 ppm rut henium The |i ggrdpogagdiyon
“.conposition was, further 20 carbonylated in the second reactor (2) at a md
t enperature of 190C and a total pressure of approximately 2 7 x105 N m
with a redixdmudes & §od3 of 40-60 seconds. Additional carbon nonoxide was fed
into the secon eac i of carban noxi de
I the mon- vol AR PR B kG 218 NEreiPRER (kb Bl SRBRGN ofhe

resul ts anghisiiovde Bﬁﬁeﬁ&bltl& Brst 2bbéaxyaranrendtoD THeerepulgces shavin BXRdid rent C
was repeated except that no COwas fed into the secondary carbonyl ation
reactor. The results are shown in Table 3. No lithiumwas added to the
carbonyl ation reactor. Experinents E to G 30 The processes of Experinents C
and D were repeated except the Ru:lr ratio in the carbonylation reactor
was increased to a nolar ratio of 6:1 and the anmount of CO fed into the
secondary carbonyl ation reactor was varied. The results are shown in Table
3. No lithiumwas added to the carbonylation reactor in Experinments E to G
17 0 9 JAN 2007 WO 113/106396 PCT/ GB03/ 02347 Exanples 8 to 23 The
processes of Experinents Cto G were repeated except various anmounts of
lithiumwere added to the first carbonviation reactor. The results are
shown _jn Table 3. 10 15 20 25 30 1S 09 JAN 20D7 WO 03/106396
PCT/Gé@3/02347 Table 3 Expt/ [CQ in Prooanoic Ex It Ruzlr Lil:lr |ow
pressure Precipitation C02 Rate ( acid ' '

15

30
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‘N OOORROO NS

O (M I (nmoiar) (nolar) off gas (nmol % Rate carbon) /ppmC JD??'SOAﬂ.z’mn.O
0 -0.003 0.9 490 D 1190 1.1 0.0 12 0.080 0.9 1 520 E 1160 6 0.0 41
.003 0.9 0 ..F 60 5.8 0.0 20 0.072 0.9 540 G 1110 5 Q,125
.9 570 S 1”7”6“’%;9% { 0.7 41 0.001 0.8 520 9 1150 . 9 0.7 gﬁp’ﬁgﬁ% %Y 8 520
0 1210 57 0.6 19 0.056 0.9 550 11 1370 4.1 0.4 40 0.003 0.9 550 12 1400
.0 0.4 19 0.029 1.0 530 13 1350 4Daﬂl.e5 |5 0.047 0.9 { 540 14 14904.1
8 i 40-Q_nr1Lno:Jn 151500 Q' 7 0 0.009 0.9 520 16 1490 4.0
.7 { 133|@*%25 0. 9 5 S[I If 2 I 0.000 (0.9 470 FeeopnoiE4 30
.0 1.1 21°0.017 0. ¥ 0] 5 B ko 1 95 05 05"T" (0-¢” B0 | 26< 1800 5. 9
A5 - 41000008 7" PSRN PAT B 4 g @REN oo JWEL 4 4
co G ol 125 | ‘Hm AR T N T 9 290
.1 41 0. 00626954 2319 26190166 —51H0—FHgure—2—
| | | ustr at D" i 90 i, 2.l d e altle o £ O'b’gof_b| vm 10 Ogrrl on>X
S I oli %H L6._f Yy U;ILIII cCT T OQO_.? ot uoa. b UH%'T)
catal yst [system var-yifgT sstr-e—off s—carban rdifoxid 22
concent r atl-eAs—and- Pyt hefi-u neent+rdtions— FAE data ddintd i n54he
graph are defs \,l(:ﬁ;lrg,lﬂe:{n ﬁﬁe of t he ExperifeRts lin bl e 13 ablve
VWhere t he I| i}7 g P en ¢'1001 Aui By il Was bheen asuned
that sol i ds—fornati’8n oééur: be Xeen frabfthe L(]ﬁl‘alﬂﬁ the us¥ of | an
stabilisin | i acedrdi he pPesent ip9®ntilon #d ows (a)sofor|a
gi ven rut Henitbm lcai€elnt #at i ¢ Low plessure 0.0@ offf - gas? caribon:sonoxi de
concent r atli o2t ol i¥¥0decr@ased Wi4 hout in€urrihg edzni fii canto catial ysio system
preci pitatliondandiIs®h': fé0 a:gi Wén car bonismonoki deogoncent ret i o i nsdohe | | ow
pressure of f 1¢gas|, 14%e cenceht ra)t8| on| of catal yst proonotler toe be i ncsﬁasej
wi t hout 15 1500 | 4.0 20 0.009 0.9 520
16 1490 4.0 13 0.025 0.9 | 530
17 1 1450 5.9 40 0.000 0.9 [ 470
18 | 1430 6.0 . 21 0.017 0.8 | 510
19 | 1400 | 53 1.1 19 0.051 0.9 | 490
20 . 1800 | 3.9 25 41 0.000 0.9 i 470
21 1670 | 5.7 2.5 2 0.002 1.0 l 500
22 1880 4.2 2.1 41 0.002 0.9 | 470
22 ] 1910 | 42 2.0 19 0.000 0.9 | 510
Figure 2 illustrates in a graph the stabilizing effect of lithium iodide on a catalyst
system at varving low pressure off-gas carbon monoxide concentrations and ruthenium
5  concenirations. The data points in the graph are derived from the results of the

Experiments in Table 3 above. Where the fouling rate is greater then 0.001 aw/day it

has been assumed that solids formation occurs.

As can be seen from the graph, the use of an stabilising compound according 1o

the present invention allows (a) for a given ruthenium concentration, the low pressure

10 off-gas carbon monoxide concentration to be decreased without incurring significant

catalyst system precipitation and (b) for a given carbon monoxide concentration in the

low pressure off-gas, the concentration of catalyst promoter to be increased without

incurring significant catalyst system precipitation.

General Experimental Method for Experiments H and T and Examples 24 to 32

All the expeniments were carried out using a Fischer-Porter apparatus

compnsing a 30ml glass reaction vessel enclosed by a metal cage and encased with a

reinforced cabinet. The single port on the head of the vessel was connected by stainless

steel pipe work to a pressure gauge. The apparatus was fitted with a relief valve, a liquid
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-incurring significant catalyst system precipitation. General Experiggnisl 2007
Met hod for Experinents H and | and Exanples 24 to 32 15 All the

experi nment syovey@cparri ed out using a Fischer-Porter apparat BST/GBOM3IEI Ng a
.30mL gl ass reaction vessel enclosed by a netal cage and encased with a
reinforced cahinet. The single port. on the_head of the vessel was connected
by st ai nl e¥EPEESE T &P R £° & PHE R dlbgecacthr mippas wevegiwees fitt ed
with a rel betned@ ofe; maonletif i Glertiar 0TS JAN 2094, vyﬁg p@%ﬁ)&%e%abvprggén%gm et
sanpling system a wash port and an inhlet manifo d. e reaction nixture
was agit at egmesipnigamsiidfitha magnetic stirrer bar. The gl ass reaction vessel
was heat edEQﬁerriT}%@PrSHOf imrersion in an oil bath. Experinment H5 A known

anount of ystem precipitate conprising iridiumand ruthenium

(1. Qg) sand a syAtdieshsatbuseshaml Atk aBm RS it@N. 3Ok PRt dR ang C9) Were
transferred into the glass reaction vessel of the Fischer Porter apparatus.
The appar affenivias! thand asyenpra @reemplaipsueatube solstof 425 .28) wirut es at

approx. 6x/.0: , o flushed 3 tinmes with nitrogen.
The reacti %%n%r%(e{aﬁrrl[gwgﬁla Sﬁ%?l& Ozla‘%,‘%%ﬁ fg h}eeoq: ‘?Cg%slg it GP%arET%%%ﬁﬁ’Barf%C) f or
24 hour s uwdethe®xskOmbledRnobrasbireogeed foT0 mineshdapBehxs gk hom2 was al | owed

to cool to | ess thag 38C._ depressurized (if necessary) and centrifuged at

4400 rpm fYS5Ys FERUbEstiusaed 4 Hmes With pHEogeR siltetrpasgor oliturowanden haated ysed by
X- Ray bl uoiasse85&rd (1ho%0 1defh @l A heniwp concentration. The
conposition of St he synt he%rlrdts)fe'éj c:)atr rgjr?)} g?] %n;léterr‘e}ggltﬂ‘i{%’ﬁ %Id}lﬁ??ed’nlrﬁ“s gi ven in
Tabl e A Thesdlng sxutisrswad alldvedar pepi weeds tBineS (9C Vesprdsburl Al (F mcessdyper i ment

| Experinent. Hwas reg d except .that a synthesised catal yst recycle
sol ution ?W“Wé%edtfggg&fwubfﬁc?em&u‘%ﬁ SYRPRESQIAB TesBitBg HgIusioh sras r eact i on

Given in Taneog ) B0 Hho epa e R R B AR b Bt LR iR o 5.
g 4. p g
25 30 20 composition of the synthesised carbonylation reaction solution is given in Table 4. The
15 results of the experiment are given in Table 3. -
Experiment I
Experiment H was repeated except that a synthesised catalyst recycle.solmion
(CRS) was used in place of a synthesized carbonylation reaction solution. The

composition of the synthesised catalyst recycle solution is given in Table 4.

20  The results of the experiment are given in Table 6. .
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-0 9 JAN 2007 WO 03/106396 PCT/ GB03/02347 Table 4 Conposition (q)glJ
% wW w Reaction CRS Reaction CRS Reaction CRS Sol

Conposi ti

on (cm)

N &

Sol uti on Sovaws/oes39sMeOAc 63. 15 46.25 6 7.75 149.62 12. 00 9. 861/6AosH3490. 00

-440.00 31

5.316 i

419.44 76.00 85.60 H20O 26.30 20.55 26.30 20.55 5.00 4.00

Mel 36.85 7.20 16.16 3.15 ! 7.00 1.40r%qlﬂ:r§§rrpl es 24 to 26 Experinment H was

repeated except that prior to the addi

of the synthesised 5

car bonyl ati on reacCo@posbiitd)on to thempbsedielcmPPr t €l )gRp@r at us, an pnount
of lithiu iodi d S ed to the solution The results of the
experiments are gjkeastipn Ta!b¢%55. I‘r%@ﬂcéomrmquﬁERSf LiJ'IRd%zicnai IGRSFi na| Ru
added to the conc] | on concentrigi;0n  synt hesi sed éﬁ r%b ppm reaction
solution | (Q Expgg‘%;lprg% Hlo 170 83%%‘51 anpl el 24 0.02 @“ O Exanp|le 25
0.03 250 jMED3Q Exanple 26 405 50062310 10, &xempl €522 t 0] 4YpEXpef i ment
| was rep ; t brior tolthe addition of the synthesised
cat al yst r2e§€| e bﬁ 449 on t:.0"4OHY Fi sElifet!oPor t etl%fhar|atoud] ansambunt | of
l'ithium iogid as, guded oy fe—sorgttom—The resutts—pt—the—experinent s
are gi venollqﬁé]'e}abl e“66‘.%115 2:0’(%1“ 2630 20.55 5.00 T-fo?)
Mel 36.85 | 7.20 16.16 313 17.00 | 1.40 !
1 |
Examples 24 to 26
Experiment H was repeated except that prior to the addition of the synthesised
5  carbonylation reaction solution to the Fischer Porter apparatus, an amount of lithium
10dide was added to the solution. The results of the experiments are given in Table 5.
Table 5
Amount of Lil | Final Ir Final Ru
added to the concentration | concentration
synthesised i (ppm) (ppm)
reaction !
solution
(2)
Experiment H 0 . 170 330
Example 24 0.02 | 170 900
Example 25 | 0.03 ! 250 1230
Example 26 { 0.05 ! 500 2310
10
Examples 27 to 29
Experiment I was repeated except that prior to the addition of the synthesised
catalyst recycle solution to the Fischer Porter apparatus, an amount of lithium iodide
was added to the solution. The results of the experiments are given in Table 6.
15
20



.0 9 JAN 2007 WO 03/106396 PCT/ GB03/0234 7 Table 6 Amount of Lil P niiN g7

Final Ru a .to.the concentration concentration synthesi )I7)
(ppm 10O Egggﬂﬂﬁ%ﬁ%pl 0 120 550 Example 27 0.02 310 1260 Eggﬁgﬁg“égpo.oz
300 1280 Exanple 29 0.05 570 2290 From an i nspection of Tables 4 and 5 it
can be seen that the addition of lithiumiodide to 5 the carbonylation and
catal yst recycle solutions aids in thel2B&ifssol utj on of catalyst system
precipitatle in both the| eamdumafdil on ndaealilon (TabFieaRuand catjal yst
recycle solutions (Tabl edd¢d tBhanpl es | 30n¢em ti33ionx p&nice®nfitidn vvai r epeat ed
except that prior to thesafttedisaahCBE t Qppmmthesiskqmnﬁo cat al yst

sol ution tio the Fischer Reyter apparatuys, an amount of an i odidg

recycl e

stabi |l i zi NEGREBRINE Was—added §o The solutigy. Deral I's Ofy e tabilizing
conpound e ane—grvenm i e 7. The tRyuttsiof nlu%(f;cperi ments are
al so give ““nmlpa%ﬂﬁ F—fable—StabirtHsinghess—ef—Fnat=+—FRal Ru

1 ; L I P

conpound s st | ak. at f (ppm
added (g) (Ex#ERRIe230 Sodium | ai¥de 0 03 35021400 ExanpP@9B1 Pot'assi um 0. 03
400 1600 | odide Exanple 32 Ml ybdenum 0.07 200 850 (I1) lodide 15 A
conpar i son IobmExanpleesoB01f Tablg24and b itaperiseenthat thdaddinsh batigsurh hédide o
~tabiiizing, compounds ot her than |ithiumiodide can also assist the

sol ubi | Psat PHRUGPRY E%?%T‘%Tat%lygtrg‘fﬁcifrsf?g‘f%n? 18 B gpe redissolution of catalyst

system precipirtate in both the carbonylation reaction (Table 4) and cartalyst recycie

solutions (Table 5).

Examples 30 to 32

Experiment | was repeated except that prior to the addition of the synthesised
10 catalyst recycle solution to the Fischer Porter apparatus, an amount of an iodide
stabilizing compound was added to the solution. Details of the stabilizing compound

added are given in Table 7. The results of the experiments are also given in Table 7.

Table 7
| Stabilising Mass of | Final Ir Final Ru
. compound stabilising ’ concentration | concentration
compound (ppm) (ppm)
added (g)
Example 30 Sodium Jodide | 0.03 350 1400
Example 31 | Potassium 0.03 400 1600
I Todide
Example 32° | Molybdenum ! 0.07 200 850
(II) Iodide |
15 A comparison of Examples 30 to 32 with Experiment I demonstrates that

Otabilizing compounds other than lithium iodide can also assist the solubilisation of

cartalyst system precipitate



~-7? 0 9 JAN 2007 WD 03/106396 PCT/ GB03/02347 C anps : process fo& ngf"
producti on of acetic acid by carbonviating nethanol and/or a rea lgi 2007
derivativg thereof with carbon nonoxide in a carbonviation reaction zone
“-cont ai ni n\ﬁoé“/luf"gﬂﬁ d reaction conposition conprising an iriBCueBe3/02347
carbonvi ation cataivs-, nethyl iodide co-cataivst, a finite concentratioa
of water, acetic acid, nethyl. acetate. at 5 | east one pronoter selected
from rutheajurn osm um and rheniumand a stabiiising conpound sel ected
fromthe group consisting of alkaii netal iodides. alkaline earth netal

i odi des. netal conpl exes canabie of generating ;-. salts capable of
generating |-, and mxtures of two or nore thereof wherein the nolar ratio
of promoter to iridiumis greater than 2 : ' . and the nolar ratio of

stabi | i si Bgimonpound to iridiumis in the range 10 [greater than O to 5]

1 except that when the stablising conpound is lithiumacetate or lithium

i odi de, the not@FO%FHtPo NS DpRBeANIERe! dcatit nbidivuTSaitongl8Ak SlerlhAN, 5o; .1 and
the nol arfatitq 9‘]} nvLiﬂ%J}Lgf%%%t ate or lithiumiodide To rridiuamis 0.05 :
1to 5 : 1, such that 1058 & A CLRIPHES Danzirennvidten peapnot enef rom t he

li quid r emotdimng etomaskidtion MR - rocess streams is reduced.
A process accordi.ng to claim'__ wherein the %ﬁ%ﬁ@éﬁﬁﬁﬂ%@ CEREStur t her
steps of {EY RUARA-SHRAGLI 4 BRIRICoRsanTatm CONReS b&éd@%c{@&%{ﬂ%ﬁ%co%et h,

di ssokved.andh o fRtLabned,; ~carhon monoxi de and ot her gases fronvsaid

car bonvi at i on r‘ei%ict?éfr%I ‘%6%8?%%?%5%%%%@@%@@@@ whitilmiawn | i quid
reacti on woippusd $sicmed homugb R Odnsi¥One of £ e[ ..reaction zones to
consunme at_|east. a portion of the .di §55I0\I/§'%91Lr¥(f}%rlo%ﬁ%§a#§°r@b°° &Gk bon

monoxi de;BFe) OPESS MRl AP ISRt SeRbIF OR chuamist e palatarabl @RLIRAL St ep (b)
into one Qf KMRRE-drdgh ion stages tq form (i" j a vapour =fdction
conpri sing condensabl eogﬁﬁ%g%%%éggﬂﬁ“qg% ¥5ay 61 phmysss 1o tikame andensabl e
conponentgseoTHhan 3i hgnacke bbiaciatoRF 98uG ki misoukBE, L.oW pressure of - gas
conprj si ng carbon nonoxi de and ot her gases di g}sn&u\%ggp ]51881/“855 N @S TERGSned wit h
the W't hd®5T then it St at bovept ttar wihet GROINRINGOERABIA RRNL L &9 3 '-‘Pg“‘ d
fracti oni&gg@lstﬂes&lggrirrli difum car bonvi ation catal yst. pronoter ahd Y 5}31

acid solvent: 230 g JAN PHgpoter to indium 1s greater than 5 : 1 and the molar ratio of

lithium acetate or lithium iodide to iridium is 0.05 110 5: 1, such that loss of the catalyst

and/or the promoter from the liquid reaction composition and/or subsequent process streams

1s reduced.
IS o it iai herei
o, A process according o ciaim ! wherein the Process comprises the further steps
of: |
(a) withdrawing iiquid reaction composition together with dissoived and/or entrained
carbon monoxide and other gases from said carbonyiation reacton zone;
- 3.
(b) optionally passing said withdrawn liquid al A
(b) or g g 1quid r c ! I
y ] caction compositon through one or more

Turther reaction zones 1o consume ar least a porton of the aissoived -and/or =nfrained

carbon monoxide;
(c) passing said composition from step (a) and optionai step (b) into one or more fiash

separanon stages 10 form (1) a vapour fracton comprising condensabie components and

low pressure off-gas. the condensabie ¢ ents c 1SIng acer 1d i i
g : gas, T 1€ COmMDONents comprising acetic acid product and

the low pressure ofi-gas COMPIISINgE carbon monoxide and other gases dissoived and/or

enmramed with the withdrawn liquid carbonyviarion reaction composition and (ii) a liquid
racuon comprising irdium carbonyiaton cataiyst. Promoter and acsnc acid solvent:

2
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~-WD 03/ 106396 PCT/ GBI ) 3/02347 (dl separating the condensabl e corrporﬁegrmaNferMm
the | ow pressure o=-gas: and (e recycling the liquid fraction fromthe
fl ash sep&oatilodssst age to the carbonviation reactor. 3. AP@:IE{O)C[C%?S"S’""
“~according to claimor claim2 wherein the nolar ratio of pr 023475 di um
s in the range [greater than 2 to 1 ~1 : _. 4. A process according to claim
', or clidi sap2rannertied sontietwoieodcemp aretisoTah Py RS @Esure offldadli Hpis in the
range [qr\.eatmehr..thﬁ n.2 ta 5. A.arocess according to 3. wierein the nolar
rati o of “prGHoter™e FAFGTATPS HO MeseAsn Saprrgieprastacel©the cadrpodarion A pr ocess
accordi ngad:e-. cl aim 3 wherein the nolar ratio of pronoter : iridiumis in
t he range [6 to 12; : 1 7. A process according to claim3 or claimd4
wher ei n the nblpsecessaccordoie t @lin i o nfpmcorpaYRthe mdlddhidhi Soldddhe range
[0.05 to 31 : 1. .S A process. acqorqll:ﬁ]g_to claim?7 wherein the nol'ar ratio
of stabiTFEFhy B80S DrF FdP dm i & in the range [0.05 to 1.5 : 1. 9.
A process accQieddass ok ¥ Haitd ; 6k 2l AL6 whetgin.the nolar ratio of
st abi | i si ng _cgrrpound Cirdi un119£|[ s%ilr nlat1 e‘%%ﬁ% 0. ST RQOBFOmOEr 110, A
process BEBS HitAdhaengd Ereater teRepnithe noiar ratio of stabilising conmp_
ound indium j sDrci)Cr; 1 hcg range {0.15.tg 21 . 1. 20 11. A process according
any one 0f cl'aPht T 160 Swer &P ThECSRABT T318] i gremersouimidium & mehect ed
from t heaggouprconsiisti ng of alkali netal iodide, alkaline earth netal
i odi de, alkali netal salts capabl e of generating iodide ions and al kali ne

eartA. rfetal Aaracssscaspatsiieg toofiaige Aevmatinghd mdiad@dmroégfe;ﬁrgﬁ%ﬁfs -

according.to_ cl arér?olalij,-\_/\/qerei n the stabilising conpound is an
if 2

metal io ithdeera%g“3 kalt metal salt capabl e of generating iodide ions. 13.

A process accQheddags dc8ofdimd 1 chaidd 3 AP¥i NS ¢l ai 7 to.10.wherein the
stablisincr conpound is selected ??%xr%%lﬂi 't‘ﬁgleJFn‘nia%g?nd)a,r‘?I?cEWi%?ﬁ%%’é% at e,

sodi um ie8IYEnGHTiGwdium the sanged0.0514 .31 Alpr ocess accordi ng toanv one of

cl ai ns to 13 wherein the stabilising conpound is introduced directly into
the reaction -Zgﬁ%:-%sraqugr%pqc%lgéd VORI St QL FTe of stadlismmamnna one. | 5.
A pnecessrawa0isdh M2 thfeLloaismoldswherein the wherein the stabilising
corrpound0 is i'ntroduced into the reaction zone via a recycle stream

S. A procsss according to claim 5 or ciaim 6 whersin the moiar ratio of stabilising

compound : iridium is in the range [0.15 to 2.57: 1.
10. A process according 1o claim 9 wherein t 1 0 of Stabilisin '
Ap aing to claim 2 wnerein the moiar ratio of stabilising compound
: ridium is in the range [0.15 to 2] : 1.
20 1. A process according any one of claims 1 to 10 wherein the stabiiising compound
15 selected from the group consisting of alkali metai iodide. alkaitne earth meral iodide
. : ¢ K
alkali meral salts capable of generating iodide ions and alkaline earth mezal salts capabie
of generaung iodide ions.
12. A process according to ciaim 11 wherein the Stapilsing compound. is an alkaii
25 meral iodide or an alkaii meral salt capabie of generatine iodide 1ons
13. A process according to claim 1 or any one of claims 7 to 10 wherein the stablising
compound is selected from lithium 1odide, lithium acetate, sodium iodide and sodium acetate.
A ' aco L. ~ . ERrY - . . . ams
14 A process according 1o .any one of claims 1 to 13 wherein the stapiising
compound 1s inroduced directly into the reaction zone or is introduced indirectly into a
30 reaction zone.
1=, A process according to ciaim 14 wherein the wherein + :
process accoraing 1o claim 14 wherein the wherein the stabilising compound

15 inwoduced into the reaction zone via a recycle sweam.
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-24 0 9 JAN2007 VI 03/ 106396 PCT/ GBO3/ 02347 16. A process, accor df dg V% 207
¢l aim 15 PE€i%°the recycle streamis a catal yst recycle P§tT|‘(é%[hf0’147 Use
of a conmpound sel ected fromthe group consisting of alkali netal iodides,
“-al kal i ne i@rt h metal iodides, ngt aIl con})l exes capabl e of generating |-,
salts capabl e c?’fpm%esﬁéﬁcé)lmd‘flghﬁc1alm FFRERF BSYOE ST 62 FRRESIIOREROf t 0
st abi |l i sesd-hg, catal yst and/ or prom)ter under reduced | evels of carbon
nonoxi de in a process for the production of acetic acid by carbonvlating
met hanol &nd/ olsaof eaempeendiesisovedt from thhgroepicomsisimgosTalion memnodidde i n a

b | at t 1t ' | d,. ti t
Compr i 4 nit it Rt LR RERyRar, oo SRl febRFenad: e rhooekie ayst ,

finite 1060RRRRUT ahl AMixAfre 6t §Fo orda6kitkerast srg&h&% he R6GHAL @M@S at | east
one pr omofe: selected fromruthenium osm umand rhenium’

accor di ngptomatainderireducagieves af t?itreommioapxmanm ) poicbsst fﬂb[ﬂelpﬁomnﬁﬁ) ppound to

|r|d|um|sc‘|ntheb Lrat t] dp ]L Use of a conpound
sel ected P8I Vgcraf)cg)ﬁ‘ ag’r?érg‘f“ﬁrbo SP&F ﬁé?eic 1?7%9%E'Ilvai“88f‘%%°fw@5¢aé?q@al i ne
ear th net alonbQuk 4§ cariBh @hri GOFRLEXESreaRARANOh 19EREEAH Aol sﬁ@ﬁt S
capabl e of generating |-, and mixtures of two or nore th ereo?

sol ubiii séoraplcanamymdusrywmnvwr@@|<:priai\§t enethieodidt abysﬂal\syatfem:pr ecipitate
conpr | OSI ngol ridjium and/ or pronoter sel ected fromrut henl um

P L fordeh il S o2l R R o B TR O 12 B R G aT e car bon

nonoxi de EBmPrufieAf @S DshPimtang rRéMeEmct i on of acetic acid by 20 carbonyl atiog
met hanol and/or a reactive derivative thereof with carbon nonoxide in a
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generating I-, and mixtures of two or more thereof to solubilise a catalyst system

precipitate, the caralyst system precipitate comprising iridium and/or at least one
promoter selected from ruthenium, osmium and rhenium and having been formed under
reduced levels of carbon monoxide in a process for the production of acetic acid by

20 carbonylating methanol and/or a reactive derivative thereof with carbon monoxide in a
carbonylation reaction zone containing a liquid reaction composition Comprising an
iridium carbonylation catalyst, methyl iodide co-catalyst, a ﬁnité concentration of water,
acetic acid, methyl acetate and at least one promoter selected from rutheninm, osmium

and rhenium.
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20.  Use according to claim 19 wherein the catalyst system precipitate is formed in a

- second reaction zone and/or in the acetic acid product recovery section.
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