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PROCESS AND CATALYST FOR THE MANUFACTURE OF ACETIC
ACI D The present invention relates to a process for

w0 b@efsadtict i on of acetic acid and in parti cul BET/GBR00&/004438
process for the production of acetic acid by
carbonylation in the presence; of a rhodi um catal yst
system The production of acetic acid by the
carbonyl ati on of methanol in the presence of a rhodi um
catalyst is known and is described, for exanple in, US
SPROTCIEGS ARTICER AT s FFOR %}Eﬁl\@m‘iﬁs&é@u@@ﬁé@ AEETIC ACID
proOcCess tor tne productton car boxylTc aclds such as
acetic acid by the reaction of an al cohol or the

o T Ao alet ot Dot St B plbd gy SRRt acid and in

p&AERAL & Drodess TOthY P CRPRANT et 4Lid bl eé@glgmatmrm@&emsence of
such as nethyl iodide, hydrogen iodide, iodine or

athw&ynluﬁﬂsﬂzzﬂﬂsug descrlbes a process for the

f d h
R A RO e
rHoBﬁﬁh LHRIG i akySin ardis Abdeyibed, Pl &@ 1n| Djﬂlﬁﬂimmandfm’ A-0

a trihal oacetic acid pronDter EP-A-A 6 1874
16l8déri bes a process for the production of a carboxylic

aci dU%fe{) 3@9%3&%&9 Q%&ocgﬁ%r ﬁl% &qg&&ﬁpg b éa?bdg&ﬂg L&Hs such as

w t h " ¢ar boii nonoxi
acedioteid iynige I&aottimr.bﬂalm adxm)hall qrshe Ssttabeﬂhbizmdl haiilddaivatives w1th

|od|de salt ch as Ilghlun1|od|de al ong.wit n alk
carbef la@n%ée %pmncs@ # s3talysiiyysteny anr@lwqrg@ﬁ nent
aRf 3 WSS cohdpoP@s sﬂﬂi"éd{lgﬁﬂy(ﬁ&}éhﬁé I@dﬁgéeyl ifQun b dikadr tﬁé‘ like.

usi ng ertarn non ogenol € racl ds In'a
r hodUSrﬁZQétSdDykambcaammwssfbr the ppodictiss of carbaxydic acids by the

G t.ic.acid inprove carbonlatlo rat
Rhgiiondh e okl G ttiea i MRy RtRE TP T StRlyst, an
alk?l‘ﬁ%&ifdb Ofh lséﬁaé Salt $nd ﬁihhléﬁ&:t@ Rl pbidtersystem for the
production of acetic acid which catal yst system

conpEP <816l §7Hddsanibee a prooessifar the preductipy of a carkaxyyic acid wherein
i aqdi.d nd at st._one n- hydr ohal ogenoj ¢_agi d . .
ST e, ool B B TR0 SRR BOPGPAE A fiif sfagrion medium
cdr@zﬁhﬁi?% rh@dikidl dafiyse stabillizd skl @8 iodidd sullt saelmi 1ekRSn iodide along
capabl e of generating | , and salts capabl e of

with g byl ingide and prallpl eestaie anchy Enite ePncaREYIBREVIARES a
PT O ﬁg‘ssncfv? Beeh@ﬁrp[%{sﬂg;ll'}g folugﬁl th%t b? ﬁghé %er@eﬁh ﬂo@-}{ydrohalogenow acids

in a thodium-catalysed carbonylation process for the production of acetic acid improved

carbonylation rates may be achieved.

Thus, according to the preseﬂt invention there is provided a catalyst system for the
production of acetic acid which catalyst system comprises a rhddium carbonylation
catalyst, methyl iodide, and at least one non-hydrohalogenoic acid promoter in the
substantial absence of alkali metal iodides, alkaline earth iodides, metal complexes capable
of generating I', and salts capable of generating I'.

The present invention also provides a process for the production of acetic acid by
reacting carbon monoxide with methanol and/or a reactive derivative thereof in the
substantial absence of alkali metal iodides, alkaline earth iodides, metal complexes capable
of generating I, salts capable of generating I" in a liquid reaction composition comprising

methyl acetate, a finite concentration of water, acetic acid and a catalyst system comprising
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reacting carbon nonoxide wi th nethanol and/or a
reactive derivative thereof in the substantial absence

wokooaléalrd netal i odi des, al kaline earth iodi dBGT/GBRI08I004438

conpl exes capabl e of generating | , salts capabl e of

generating | in a liquid reacjion conposition

conprising nethyl acetate, a finite concentration of

wat er, acetic acid and a catal yst system conpri si nga

rhodi um carbonyl ation catal yst, nmethyl iodide and at
R e R R B ahd e BT o I Eghalogenoie acid
pmmm&hyst system for the production of acetic acid

cﬂal st s s..a rhodi um
o R Rt s B PR e diar & SHTRyshevpigmdpr the
pRAE:RART BYAIORA RERA thﬁly@t%ygteﬁf s 4 fhddifn carbonylation
substanti al absence of alkali netal iodides, alkallne

catalystimetbyl ivdile, anst %tlleaemmlrwnds'dadww@n@amg@n@natﬂ mgth¢
oo SRR B oBR Rl i i complees capa

oPgeas@n dglnéé@t@fchﬁdble’f@ﬁ/geﬁé«fhﬁ Iy be at |east one of an
oxoaci d, a superacid and a heteropol yacid. M xtures of

nonfgdosHaidseheterenoig arid gosen @@aﬁ@S%premm fnsteatien pygy guitably
bgﬁXealgPo of an c#;%?mﬁ {qpxltagilgea?lfl %fh ﬁ?[tr éo tﬁlxlefs fo? {l&{lt
oxoacl ds or | eren er ac S Or

hydeetedogenoicaicids if et sale toe diffeaént agpedaapobe wedisuéiasemixfturad of at
| east one oxoacid and/or at ] east one superaC|d andéé¥ ont
€T

legst tye differgri ©xRatids it lopstdivg. dlﬁf%rew juperg@dy, Aaleasb e
hét%gocl?%d an% PRESER JF Qtal asatl Bn@Sk apfétclg{ ocﬁfe sh a01d and/or at

oxoac a super aci . oaC| S are conpounds
leasttohe MetEdpghyaosls ITodvill lb'ﬁsntdym&)ddrﬁyﬁhe vitiBedeperson that an acid may be
and.n and mare integers. Exanples

nonpet al
bR oLk asRed Gat A qur il paPor | paor rhes and o1

Sui (haabRis B Snb O With SCOHNbliEs HIRCEDE I—Pﬁ(d h&herein X is a non-
present invention include the oxoacids’ of ‘the el enents

mefal @rmcﬂalsarmn wed m7areintegars. Pampdiscof Tamen ®orcidhiare HsPOs,
el enents of Group 13 include the
Hﬂ%@%@@&i’ ]%gﬁ%h such as H3BO3. G oup 14 oxoaci ds
I nduitdBletdreaddofor@es MBRE pidessd Off tiSprekiieiadtent{gndtfludSthe
oxoaci ds include the oxoacids of nitrogen, phosphorus

oxgugidg pEdgictemenis obBIoaphl 3 too]g7e¢fdb¢1 Paiiosiin abdroaci ds
SR DRRPS: 1105 B s pron s
H@Bl(d3 IEBB’@BM bxeatidsdaclode thosasti germatituaisutings 2@, dGsoup 15
oxoacids include the oxoacids of nitrogen, phosphorus and arsenic. Suitable nitrogen-
containing oxoacids include HINO; and HNO,. Examples of phosphorus-containing
oxoacids include H3POy4, H3PO5 and H3PO,. Examples of arsenic-containing oxoacids
include H3AsOs. Group 16 oxoacids include the oxoacids of sulphur such as HySOq,
H,S0;3, triflic acid, p-toluenesulphonic acid, selenium, for example HSeO; and H,SeO4
and tellurium such as HgTeQg. Group 17 oxoacids may be oxoacids of bromine, iodine
and chlorine such as HBrO, HCIO, HsIOg, HCIO, and HCI1Oq,
Preferred oxoacids are HySO4, HNO3 and H3PO4 or mixtures thereof. .
Acidity can be measured in a wide variety of solvents. Typically the acidity of a

substance is measured in water and the hydrogen ion concentration generated by the

substance therein is often given in terms of the pH scale. Solutions of a substance having a
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i nclude H3AsO3. G oup 16 oxoacids include the oxoacids

of sul phur such as H2ZSO4, H2SO3, triflic acid,
w@2aoeloeamesul phoni ¢ aci d, sel enium for exanpl BCHEB2@08/004438

and H2SeO4 and tel lurium such as H TeG6. G oup 17

oxoaci ds may be oxoaci ds of bgyom ne, iodine and

chl orine such as HBrO HO O H51 06, HO 2 and HA (4.

Preferred oxoacids are H2SO4, HNCG3 and H3PO4 or

m xtures thereof. Acidity can be neasured in a w de

plY &Fvhe@ it¥anOf 0 2R 68NE;ThosEYRhiphb YH bRQiliadind] Howved the concepts of
subst ance is measured in water and the hYdrogen ion

hydeagse meomn @ancgntr@meaanépébmbylem@g@m pialy dpicdilutp aqugons sajutions of

o SRt el e b R0y oy Ol e e

cotentiaibey isRht HafnfktealdithFundiondiie The tbiditg dngtiphsHQ fis deﬁned as
hydrogen i on concentration _an pH are meani ngful only

for dilute aqudotudXsst utle®¥df [Bki ds. Thus, a widely
wﬂeﬁgﬂagﬁa”&m&{t a‘?% %thl?g%%ghga%@t” other media and

concen ions t acidity function

Hilb1s The &mweﬁtpatibmﬁthewbnjug&e abid of éfd weak e HO = PKBH+
é)%B] where [B] is concentration of a weak
Plﬁwés(l noﬁ’ gidjicalqum wWater concent rati on of the

conj Haaie,Aas dr 8 acIuh RO Srﬁeagé@ sing iRdfcQbrs that are weak

i ndi cator 1n water e HO val ue an aci di ¢ subst ance
bases (@ aselr m.b-ustrdagllnnn dF 2Atdnigoutitine. dFle wealkbasa seipaytlp) converted

S B ST B BT A AR S O 164
yFiQ@ll)fﬁ@béﬁQ&i By Wcﬁloxﬂfot&ﬂ&n@ #8ny E}ﬁ"ﬁsmg fﬂéﬁkn\éﬁ\]nliﬁ( Rfwater for the-

is typically neasured
baspdtitoan emestieuilafedrisuitlae, acsixc s@stagcet he known pK in ,
wat er. ..for, t he bas al cul-at .
b e St Sees ST b Y BpDE ApeiE S BieRh g Yo 2F Frfiics.
Slgiéﬁh‘éﬁis abOUbwid oA e° finkeiy Bdnk as a3 nﬁﬂ&ﬁé[q@@d)ﬂﬁsolutlon of a strong
uperaci ds are upward of 106 tinmes as strong

- aoirh mdsaqml@éuﬁo ebggetroiani2.d (Repwrry aééh@jpurA@mﬂ% ap ﬁlntahle for use
,mt epr%[,e ag?{ eérege%?ﬂwéﬁnolnt(”easured as the pure acid),

use i he process of the present
| NViHetsupsracidl €orausp br the iptivedsaf thsgresent invenfisrohasmonicoordinating
the present inventi on .have nor] cqQor di natj ng ani.ons. by

anjgns by Whichrisameant that Liftlerqrng cgyalpry ipterpgiien petivsen theapjogipnd
Reiyeen the anion and iridium

Suitable superacids for use in the process of the present invention include acids
which have the following anions BF4, PFg, (CF380,),N". CBH¢Brs , CF3S05’, SbFs,
FSO;™ or mixtures thereof.

Specific examples of suitable superacids include HBF4, HPF¢, (CF3S0,)NH and
HCBH¢Brs .

Heteropoiyacids are well known. The term "heteropolyacid" as used herein

and throughout the specification means the free acid and/or the associated metal salts
thereof. Typically, the heteropolyacid anion comprises from two to eighteen oxygen-
linked polyvalent metal atoms, which are generally known as the "peripheral" atoms.
These peripheral atoms surround one or more central atoms in a symmetrical manner. The
peripheral atoms are usually one or more of molybdenum, tungsten, vanadium, chromium,

niobium, tantalum and other metals. The central atoms are usually silicon or phosphorus
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Sui tabl e superacids for use in the process of the
present invention include acids which have the
wo edobowdimg) ani ons BF4 , PF6 , (CF3SOR2) 2N , CBHBGI/6B2005/004438
CF3S3 , SbF6 , FSO3 or m xtures thereof. Specific
exanpl es of suitable superacigds include HBF4, HPF 6,
(CF3SM2) 2NH and HCBH6Br6 . Heteropol yacids are wel |
known. The term "heteropol yaci d* as used herein and
t hroughout the specification neans the free acid

bud B Qmpriie aﬁ? SRCHRY ResdWirRty Srakdnss frH@r@@hps TYRIIe@ihe Yeriodic
t he het'eropol yacid anion conprises fromtwo to

Tablaybftedespents: y Hease invkusts, foo linstance suptieioas; divelast berfliwn, zinc, cobalt

at ener.al | nown_as .the "peripheral'. at . T
or BickePRBF At FORE kvt B NS Feriufl AfPnis R ooy,
ph@sSHORIE bishued, chivatigm. or thedipariémsheiratalaitailicoal gertaniatn, yin,
~one or_ nore of nolybdenum tungsten, vanadium _ . )
titeHiRnzitapnivm.onediDs apphiryielluwm.granganesetisks], piafipum, thorium,

r . S . S . .
hafiflly S B A0S oA SuPUR; cbuibh e o P BABEABHIS BniE Hnadium,
an€Bneup $ors; Mxavalem telhaide iomspac heplak dlenfiodine @it Suchfhese

i ncl yde, . for jnstance, pric .ions; divalen

1o,

C 1 " M
hefrapRalyacifs arg plse kneiyh at tPobYoxepras', Pg Q}O{I}E{é\ﬁ,lg}eé'nqr metal oxide

RN TR s’tﬁ%ﬁkéé"gf s9fk |0EH{@wélL18BwnCa%'idﬂé'Bre AsmEDAffer the original
ant1 nmony, phosphorus, bisnuth, chrom um or rhodi um
researchprstie thisfieldench ad the soustuge kmewn askKeggin, Wiells-Bhaiveon and

Zzj rconium _vanadi u sul phur, tellurium manganese
Aﬁ‘fieﬁﬁf’é‘%vaﬁ?'gfﬁﬂﬁﬁ{m%ﬁ upm haf ni um ceriumi gns and

other rare earth jons; pentaval ent ph of.us, )

ar $Egrepolyagidmebe E?M?Sﬁ%tﬁéf by _@wsfmfﬁ% SERFiek O whore M i mesten
m{;}l@?&énuﬁp ghﬁﬁﬁg@y%&ﬁfulrﬂ tR8ml R RRbirH GAd X is I%)hosphorous or silicon.

1Q
eropol yaci are al So known as "pol yoxoani ons",

P A BUE 5 S Bt s Wpmgoi

acitfs] ftiosplhdtugdstigiatids, phesgiritiigidic dcidstsatls af ihel fdllewiab aeids:
the structures known as Keggin, Wl |l s-Dawson n(g
12AmBeT oS ERERACr | of f st ructur es.H3}L%We2966]-’§}§% ds may

2R um chr om m . VAT GROSEIAL um or
iy i 0 1 5 sel act od fromer | Pomanactic
pol yacid is selecte romsilicotungstic
12amblybdosili¢ic acidol ybdi ¢ aci ds, phos HgSMgsOid xHgOds,
ph ?{S’esc)yrgg.(;ll}fgc? sI Esugl }If ggvesaulg:igh %%lf:tcglgr Izvgléh?,\l}dop gxé%?pilg, S1n the range
from 700-8500 and include dimeric complexes. They have a relatively high solubility in
polar solvents such as water or other oxygenated solvents, especially if they are free acids.

The non-hydrohalogenoic acid for use in the process of the present invention may
be introduced directly into the reactor, together with or separately from a reactant feed
stream. The non-hydrohalogenoic acid may be used in the form of an aqueous solution of
the acid.

The amount of the non-hydrohalogenoic acid to be used in the process of the present
invention should be sufficient to provide a promotional effect on the carbonylation rate.
The exact amount will depend on the specific non-hydrohalogenoic used and, in particular,
on the nature and concentration of the anion of the acid. Without wishing to be bound by

any theory, it is believed that certain anions, such as those of oxoacids, may co-ordinate to
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12-tungst ophosphoric acid - H3[ PWM2q 4q] . xH2q
12- nol ybdophosphoric acid - H3[PM 12040] . xH20

wa2e06/064338 osilicic acid - H4A[SiW120 ].xH20  PCT/GB2005/004438

12-nol ybdosilicic acid - HA[Si Mo 12040] . xH20

Het er opol yaci ds usual | y have & hi gh nol ecul ar wei ght,

for exanple, in the range from 700-8500 and i ncl ude

di meric conpl exes. They have a relatively high

solubility in polar solvents such as water or other
tHOFHSBRA RIS H MBS, SF tHR TBRGhBhtioh difthdsB@%o@insfiE &S high, a

aci ds. The non-hydrohal ogenoic acid for use in the
dgfriveebeitdct ohibe gabopylatipmatamay ensvayHowevent if Subansdh is non-
directly into the reactar, together wi or.separate
c{opfffipeo i Spty ERE et bSHRROTn oy e i BBE o paplbyed.
aci shifagly, R aHvREt biMa §liRrdcRI Whieh nRf HRALEQLS tROligit @hcBbn
the acid. The anpunt of the non-hydrohal ogenoic acid
cqrapeséfionge suchrihatike wolas eafip offthe srdoptoadediun wve Hieirerge [greater
e SuffiGi 0._Pravi r ti.onal _effec

438 Bt 2 121 ST R e B AR Rl PRt e T the range
[Gepwradsiant.t he speci fic non-hydrohal ogenoic used and,

in particular, on the nature and concentration of the

ani brPiglyy the amepnt of\gpropeidvhyghsraybe adsleddo Bsdinuidrpagtian

PORR . ta : ’

cHERi0nt BuchTThd BN LAY R0 i M Mo Bieater than 0
tonedal 1. Whekettieusnion fs S(Dez',dﬁihﬁ enPOzi-| derivedl ftolnesdphuric, nitric and

oxoanions,is too high, a detrinental effegct of the. .
PRasp %rmcglsirsi?e?%*fegyaﬁﬂ?n@ké ffo Jsispep the Pty rythe
raRPO (&4 (hat & RYo 4P I,h;%itmg f’grn%féxgﬁ&@b to BBSNEL, such as i the range

concentrations of” the aci : e enpl oyed. ‘Suitably
[GCfetodh#udt of a superacid which may be added to the

li i. ti iti i, h t hat- | .
b P amapERr T B pioatend rEihi e st e P tiauics,
SR Sl L 58 R
[Peatdr thanl0 toTD5PE: Q,a#)ﬂeYera‘tgp,einM_ %e %ﬁ‘ea@éﬂﬁﬁi Qtov‘fﬁgc. ) e@ﬁéﬁially, in the
he suc .

e added to iquidreactio onposition |
ranpaf8 toHd] mbl ar ratio of anion to rhodiumis in the

rang reater than Q to 0,4] : 1. \Wiere the anion is .
50 5he Rgiacqieitan the i iheiopiomATR e, S, IR Rp g3y rhodium
coifniAB @SR PO dowRieh GSsd1 @S BLthe M§hiM redciBn BBnPbsificd. | Phdfhodium
anionto rhodiumis preferably in the
catalyst may be added to the liquid reaction composition in any suitable form which
dissolves in the liquid reaction composition or is convertible to a soluble form. Examples
of suitable rhodium-containing compounds which may be added to the liquid reaction

composition include [Rh(CO)7Cl]p, [Rh(CO)>1I]2, [Rh(Cod)Cl]y, rhodium (IIT) chloride,

* rhodium (III) chloridetrihydrate, rhodium (IIT) bromide, rhodium (III) iodide,

rhodium (III) acetate and rhodium dicarbonylacetylacetonate.
Preferably, the rhodium catalyst concentration in the liquid reaction composition
is in the range 50 to 5000 ppm by weight of thodium, preferably 100 to 1500 ppm.
Where the non-hydrohalogenoic acid is a superacid and/or a heteropolyacid, there
may be optionally employed in the liquid reaction composition a co-promoter selected

from 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.
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range [greater than O to 0.4] : 1, suitably [greater
than 0 to 0.35] : 1, such as in the range [0.05 to
w@2®p/064118 Sui tably, the anmount of a heter opol BEUGH2005/004438
whi ch nmay be added to the |liquid reaction conposition
is such that the nolar ratiogf the anion to rhodi um
is in the range [greater than O to 15] : 1,
preferably, in the range [greater than 4 to 12] :1,
especially, in the range [8 to 11] : 1. The rhodi um
cat ak %stdidly e prekoitiifehBSE bictes QRR@B/sE dydenRY the production of
conpri se any rhodi um contai ni ng conpound which is
acsti¢ atd which cttabyst syytana conaprises e mhedivp seibonylationrepsalyst, methyl

B S R Bl T .

hefté}@pdlj(é&w Shd' BRGIrkOthefRMRABOticARIIPE cb-prafstveseldchderdm atkali
sol ub form Exanples of suitable rhodi um containing

metehipdided glk%hn@car&m?dtd@s apdd pomplaxke capablgiod gprasgiingoh and salts
t 2, [Rh(CO21]2
CaP%ﬂF&ﬁ' | OFEgT'C%%JS L'B%(tﬁ%ggh% ori Eje (thJdi Lm (ren)

chITipgatrtiiiveitioh alsorpiadddsm frbédsy farthsprodyctionadi iatettic acid by
“(I'11) i odide, rhodi um&l 1) acetate and rho dl&‘&
regRtEgCHBRY masekide Fdth Bagerol ami/@¥ aFemstiye deryatiysidgreghin 2 hquld
I
SR SO ST A Rl 0L U BERAD oy s i
andfa datubybt shstenpe@hprisibg y _rh‘tﬂﬁhrh oatbﬁﬂﬁlammatalvma,rmeﬁlnblodlde and at

non- hydr ohal ogenoi ¢ acjd is cid and/or, a
LeARd 0Bs SR ISFRRR OB R GBSt SPETIEh P2 SREPGLe hfgropolyacid
m{df}ﬁlxhhgs%&ewﬁfat dp%nawwaﬁpfdnme@sereema ERMPAIRAL Hitke GoEes,
fromal kali metal” i1 odi'des, al kaline earth netal
alkajibie ¢exsh iodistea) metahpineplexss @a}paéﬂﬂ of gehergiing f ataltn gapable of generating
?ﬁrts ca bI e.of generating I , and m xtures of two or
néuxtt‘ffg Slfeogccordi ngly, the present invention
pr ovéigslealledtAiiBlodfMs Ineidk GithitMEo@ae dSgitablalRiline earth metal
acetic acid which catal yst system conprises a rhodi um
'IOddpbmWawl@wnt@dmw Sitahle miefal cpogleses capeblp ehgenegpfing I include

R

al@Ririen ahd yhrémeem piypivatle Al©A QL0 ahd OR@AKR! liydiEt aBalts capable
i odi des, al kaline earth iodides, netal corrgtl exes
oﬁﬁpgqg’p@ binchedsefaexagPle, acetpirs whirh areCapAR gppversion in-situto I
] I hich
DAL 519 o L b i T O G3ER s i
may baadiet @s sudhd Abprafmezltdoqgomatdn anlithhmoiddete. wi t h

nmet hanol and/ or t|v rivati reof in a,,. .
li qu co-promoter se ecte om aelkaﬂle met }Od\ll s afh‘(3 line earth nietal iodides,

metal complexes capable of generating I-, salts capable of generating I", and mixtures of

two or more thereof is suitably added to the liquid reaction composition in an amount such

that the amount of ionic iodide (I-) generated is in the range 5 to 20 wt%.

In the process of the present invention, the concentration of methyl iodide co-catalyst
in the liquid reaction composition is preferably in the range 5 to 16 % by weight.

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

invention. Water is required as co-reactant for ether or ester reactants. Preferably,

- methanol and/or methyl acetate are used as reactants.
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reacti on conposition conprising nmethyl acetate, a
finite concentration of water, acetic acid and a

W@ a60al0yaT8 syst em conpri sing a rhodi um car bonyl BCT/GB2005/004438
catal yst, nethyl iodide and at |east one
non- hydr ohal ogenoi ¢ acid pronpter selected froma
superacid, a heteropolyacid and m xtures thereof and
optionally a co-pronoter selected fromalkali neta
i odi des, al kaline earth iodides, netal conplexes

ca f I I : in

OB Qi 6S Rchflor ang/ R R CBAAR G BlrcdPOR B 09
confétddde, dndtheheopresetit ghe meBuyil hedihte imthediguideresaionivongpbsition by

i odi des include cal cjum i odide. Suitable t al )
reaqsiop Mathabe saparylic asid Rradut of soiyent: PW@%‘&Q@B FpRespisatiogrof

' eight,

ki 2B RO Bl [ RIRI EEOA 90hy ei
mbnepirefatably 006 (P df Gdjgland Ce( OAc) 3. hydrate. Salts

capabl e of nerating J include, f.or exanple, .acetates
wnEheepey baRaBIed r e b fatidTeadion PTG Srigumple by the
esBIRdh R& o befWsh n?e‘%héﬂéﬂe%&ﬁﬁg éehdzdmcwpﬂoad&td SSnalinghounts

phosphoni um 1 odi des, which ma dded as” such. A
ofprasérenayedlscbe prodnedédy hydragenstiamofineethane! tomyeduce methane and

co- promot er .sel ected, from al kal.i.. netal i.odi .
P B RREGY A PFare B Lo RaniP S S qpspperately
fréth o8RP EsBpdRets! of theSlduli® reaeR@btempdsitiAN av &bt Mgy be separted from

m xtures of two or nore thereof Is suitably added to
otherecompquemds plrgactionsonpapien witdrawn fom hargaetosipdinanbg recycled
. the i oni- G . odi s i . .
i BBl Bl {30057 Sl oIS By i acin
conipoeifioh O The tater coneamiticat inahe buidedadotién ¢amipadition is suitably in the

co-catalyst in the |iquid reaction c%@osio ion is
rapgeet-eP 267y such asHal ¢ wivgesush gy i e gangg 2 . In the

or . _ . "

B R e S
inthunisthytches babondobxive; mpthahe diittegennablexgasess vatter and Cq to Cy

met hanol and reactive derivatives thereof may be used
paasfiinsdrydeovathons  Theprpsepee 986 hydrogenein shecashan manesids fsad and

Vater .is.r i red as co-yeactant f h
ssngi o S SFef By SR EAEAA priray AEb S £dlsHipsgnoe may
refilEinUBE thrstibe aEhyRiid endfiod g@diicts. OMBuspihe bhvuiedfigmodgen in the
and/ or reactive derivative thereof will be cony Hed

carbnn merpxidaeactpntds pisferahly lose thap 1 meltaerd preterably jegythan 0.5

r eaCl | EL Gt.| | {WR d
oGP GBI PG iy RS ety on
intthe cabdnyllativpatadter it prefdrably il ittchnr lewa £6° Nim’qoantizd prdsswe, more

is i h . 9 [
prletserellbrl]y fesse thga.glrSngel Oq I\%mt2 (e:)mc?r g)fe/’gn?grem}gel:fgmﬂy less than 3 x 10* N/m?. The
partial pressure of carbon monoxide in the reactor is suitably in the range 1 x 10° N/m?® to 7

x 10° N/m?, preferably 1 x 10° N/m? to 3.5 x 10° N/m?*, more preferably 1 x 10° N/m? to

1.5x 10° N/m?.

The total pressure of the carbonylation reaction is suitably in the range 1 x 10° N/m?
to 2 x 107 N/m? , preferably 1.5 x 10° N/m? to 1 x 107 N/m?, more preferably 1.5 x 10°
N/m? to 5 x 10° N/m®,

The temperature of the carbonylation reaction is suitably in the range 100 to 300 °C,
preferably in the range 150 to 220 °C.

The process of the present invention may be performed as a batch or as a continuous
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nore preferably 0.5 to 30% by weight. Water may be

formed in-situ in the liquid reaction conposition, for
wex@apba7s by the esterification reaction bet weRCI/GB2005/004438

nmet hanol reactant and acetic acid product. Snall

amounts of water may al so be produced by hydro

genation of nethanol to produce nethane and water.

Water nmay be introduced to the carbonyl ation reactor

together with or separately from other conponents of

pxtolagssl bty ﬁfﬁ?ﬁ% io oRARE S chh@flou %Aﬁfo%éssmay be

epaf ated fromother conponent's of “reaction
conplsacetioacidiptdidramay be creptdred fremdheliqeiddeactiyn bemposition by

[ cl.ed in contrqll ed anpunts to nmaintain t ) .
B AP G B Lt EpOTORGC A ahl reeaxgringapetic
aGQTRAP IHe MR dralREmURHES. P‘r@f%%ﬁl %@étic%ld R rdd3erkd ﬁ‘éhfjthe liquid

reaction conposition is suitably in the range 1-2
reattion sungosiion by kontin@suskyurithdaawing lighiel reactige c@nposmpﬂ/ﬁom the

e t bon rmno i de reactant be .ess. i al
PO BT oR AET eF Hp EPE PG B R Bl Bl etion
céthpoditilsh bmfehﬁﬁm)re PlagH W frAQ6hA dSHNeEon W8 n WARhGhe acetic
to C4 paraffinic drocarbons. The presence of

amm@g@ﬁwd rfronhtine enmpori efdhe Hewidaerttigeermpasétipn such as
rh,glal ?%{\%9%’[ Y\ﬁ)td?c{e gl%ﬁlﬁ héeft'c{t c{egn énﬁangf %\Ia?f{r%gh%cetlc acid

presénce

sdlffedﬁy?dﬁﬁgﬁibalbe Qﬁyﬂé@dﬂt&h& $eact'6h ttSmaIrifﬁn ﬂmtti@hcdhfratmns in the liquid
hydrogen in the carbon nonoxide reactant is preferably
reaglien ¢QFEResHiofp| 9% nore preferably |ess than 0.5 mol %

andryel, aRhLE wAleh f@filllg\stka‘%éisbyl R Pex% QM("}&B rbfifence to

partial pressure o rogen |n Re”’¢a ony ation
thedaltdwingiesamples:er abl y Iess than 1 x 105N/ nR parti al

pressure, . no preferably less than 5 x 104 N n2 and
QQBMMy | ess than 3 x 104 N n2. The
%)éf?ﬁlelﬂ hﬁe?fo%e& 8 P00 SRMAXd AR QutBé]@ver cﬁwﬁﬁféﬁ wWith a stirrer,

SUI In the range 1 x 105 NNmto 7 X
hgméﬁ:acettﬂnfadhw bﬂfast\wermltand gaﬁfexd oG, I\"Vhw%as artmlncgud feed inlet

f bl 05 N to
v ELEHR bt Heashetl wbesgird e ishneer pintsR b 39 bare ).
Thé]ﬁmrog&geaaslvehtéep@orhvm@uﬁl@a& 1180¢d DY Mshin@wih @Eﬁ)@h)(nonomde 3

to 1 x 107 NNn2, nore preferably 1
X idv@rg\rt)mzesi 0T1$ autqml@@ WSr@enerH@ Vteehp?meatf@d@mﬂms & methyl iodide

fo%l%&gg’r%b%té Irga:kggf? a4 Ei'ag{l‘ ee%l%}g ﬁ&eggt? cffagzaéaﬂ%ﬁeljbe?org Phe
autoclave was resealed. Spemﬁed amounts of rhodlum, non-hydrohalogenoic acid, acetic
acid and lithium iodide (when used) were placed into the catalyst injector. The autoclave
stirrer was switched on (1500 rpm) before pressurising With carbon monoxide. The
assembly was heated to reaction temperature (190 °C). The temperature in the autoclave
was kept constant by controlling the flow of cooling water. The reaction was monitored
until the gas uptake had ceased. On completion of the run the autoclave was cooled to
below 30 °C. The autoclave was then vented. The major component in each batch
carbonylation was acetic acid.

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.dm™.hr) at a particular reactor composition (total

reactor composition based on a cold degassed volume).



The process of the present
as a batch or as a continuousprocess,

i nvention may
bu

be perforned
t is

w@e@beedals y perfornmed as a conti nuous process.PA6B2005/004438
acetic acid product may be recovered fromthe liquid
reaction conposition by w thdyaw ng vapour and/or
liquid fromthe carbonyl ati on reactor and recovering
acetic acid fromthe withdrawn material .
acetic acid is recovered fromthe liquid reaction

C ORI dcORtnE AR AHBH WS bl ciYateA A ANE B dolifdlbflthe reaction from

reaction conposition

Preferably,

fromthe carbonyl ati on reactor

thastirtirecompositign asething et dné mo offreethit dectrtevivias Gogsirded from

react

e Pa| g SR Srmer s o V2 S

orggﬁie chfipsRRAS it RInft6 Qe REdphérer conponents of the
iquid reaction conposition such as rhodi um catal yst,

5 Examnhles i odi de,

858 i AR S oo
acet ate, unreacted nethanol,

met hyl

wat er and acetic acid sol ve{n%bl%lgl ch may

the reactor to maintain the

ncentr at

be recycled to
ions in the

[Tdquid reacti on chmp@IPAI|oN. The Aderetwarer MMEI NHRADERKh @ | Lil
illfustrated by way of exdriyethydnly and with|refefence
t o |t etéroPplydoid bxamiones: GeneraAcieact®bn | M@ hpden | @ | (®
Examplejor nangsAvvere be O?rrrredé“feﬁatﬁ 30& cm zi rconi un
autiocl a equi pped W 3 sgé)rrer, Picuid i mj ectjon
fagility, ballast|veuasiel |and gag feed|lines. The| gas
and-ligquid feed inlet vallves wer ned_and-the ,
A assenbl yNopessure|t eded (wi 3R nilt r%er (#4 ni| g 300 | 015 1 0
bargy) e It ogen gvay verted T Epmt sy umni |
Lol f‘ﬂoﬂ%‘g%@ﬂﬁ?& ngll'v%ith car bor] n%%)oxi @ (3 2[362 g;'rsg 01510
B cydl es). Nbge auto¢l aye wds gpendd g® ven®. Spes@fied | 0.15 | 0
amgunts _of methyl |iodide foll owed by vater lacetlc
2 aci | @ IsibQut et A0 vier 80added?li 4 a8f unRdi6 hdférp 0.15 | 0
the—auteclave—was+resealed—Spegit-Hedramuntrsof
CrhodiumNﬁ’Bﬁ-hydrnhaﬁ@genoiéUacid,7gceti ac?&' hg0 | 015 | 163
T i @8l nen ed) re[praged | gt o |Hhe } . 3
3 cat §F3$§Wlfvﬁ4fg’??or Tﬂ]}gsaut o\gpave s??:rrer%vvas 2?\% tézgd 015 1 16

on (1500 rpn) before pressurising with carbon
The assenbly was heated to reaction

() e Bpaddad asd REEYE D)2 The tenperature in the autocl ave

was kept constant by controflhirg the flow of cooling

nmonoxi de.

wat er .

The reacti on was nonitored until

t he gas upt ake

had ceased. On coppl etion

cooled to below 3
The maj or conponept

10

OfL
D C. The au
Exampl

t Rate an12%e
ocl

bat cﬁ'i/goxg >

(mol.dm™.hr?)

gh

aut ocl ave was
t hen vent ed.

11.2

17.8

6.4

17.7

12.3

w| Q| p| W o~

18.3,

As can be seen from a comparison of Examples A and B (not according to the

invention) and Examples 1 and 2 a significant increase in the carbonylation rate can be
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carbonyl ati on was acetic acid. The rate of gas uptake

at a certain point in a reaction run was used to
w@alosnbare t he carbonylation rate, as nunber 0PCTGB2®S5/004438

of reactant consuned per litre of cold degassed

react or conposition per hour jpmol.dmt. hf 1) at a

particul ar reactor conposition (total reactor

conposition based on a cold degassed vol une) . Met hyl

acetate concentration was cal cul ated during the course

aQfieeldfh e "i‘)?és'eﬁ& & a"rf@térgﬁolﬁcﬁf ih REJiEONTRAShdrEARB in rate can also be
assum ng that one nole met hyl acet’ate was consuned

a¢hiowl by grejadditien offa mmymm lithivrhipdidgggometed whedium
Nﬂ %Ilomance was made for the organic conmponents in
“Y#H&aut ocl ave headspace. Exanples Table 1 (a) : Rh
added as [Rnd (CO 2]2 Table 2 As can be seen froma
conpari son of Exanples A and B (not according to the
invention) and Exanples 1 and 2 a significant increase
in the carbonylation rate can beachieved in the
presence of a heteropolyacid. In addition, an increase
in rate can al so be achieved by the addition of a

het eropolyacid to a |ithiumi odi de pronoted rhodi um
catalyst. 10 15 20 25.Clains: 1. A catalyst systemfor
the production of acetic acid which catal yst system
conpri ses a rhodi um carbonyl ati on catal yst, nethyl

i odi de, and at | east one non-hydrohal ogenoic acid
pronoter in the substantial absence of al kali netal

i odi des, al kaline earth iodides, netal conpl exes
capabl e of generating | , and salts capabl e of
generating I . 2. A catalyst according to claiml
wher ei n the non-hydrohal ogenoic acid is selected from
the group consisting of oxoacids, superacids,

het er opol yaci ds and mi xtures thereof. 3. A catal yst
according to claim 2 wherein the non-hydrohal ogenoic
acid is a
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superacid, a heteropolyacid or mxtures thereof. 4. A

catal yst according to claim2 or claim3 wherein the
waapenaarsl i s sel ected from aci ds havi ng an anP@NGB2005/004438

sel ected fromBF4 , PF6 , (CF3SG )2N , CBH6Br6 ,

CF3SG8 , SbF6 , FSB or m xtynes thereof. 5. A

catal yst according to claim4 wherein the superacid is

sel ected from HBF4, HPF6, (CF3SCOR2)2NH, HCBH6Br 6 and

m xtures thereof. 6. A catalyst according to claim?2

£laim 3 wherein the heteropolyacid is selected from

S|ni1| cotungstic acids, siliconolybdic acids,

1.phosphkatalysgsitstem for nhtsproﬂmwﬁ)phxﬁ awtiy ladidovizch da;tahrsrtclsystem comprises

o g srrond wemebist iy pd3 e a bt org on By drofaiSgenoic acid
prBh‘lB&? 'iﬂ’fﬂ%%ﬁﬁ{i&rﬁia‘? a@%h& ofefkMh % PAeRaes RIALHE e8] Bdides, metal

12-tungstosilicic acid, 12- nolybdosilicic acid and
camplexes eapaw@obgﬁlcraﬁngﬂ gk salty sapable of gatnaratingl .cl ai m 2
vvher oxoacid Is ted, f
e N S e st P
fr&n the %@ha Wﬁstistﬁﬁ%(b‘f bﬁld)z{wdst SupetRId) topbEsIfAdIdd 4R rﬁ?ﬁﬁﬁ!&d tlereof.

4 and mi xtures thereof. 10.
3. pr oc/é@gtafyst acrcnednpﬁ W@m Zawhetfelratben@mhﬁ@mhal@genow acidis a

S@%rrgggogh%{q&gga?@ho%%lxtu?% gereoia reactive derivative

on nbnoxi ih aliquid reaction

4.conpAshfalyenaceofdifig & GnEbhdihing® ehatedh the sﬁpeﬁra(tlé is selected from
concentratl on of water, acetic acid and a_catalyst

hauinZAaEEIQ -ﬁ%ée%eé me@mePlaf ((EsS Qe {BHyBrg 3 CFR05, SbFe,
8ﬁﬁl§)€t&%§% L&yg to claim10 wherein the
o%- y

al'ogenoi c pronoter in the catalyst systemis
5.an oXeatalydt acvdrdihetoariminnd whéreoxthe superavdd sdeteotetl Hipm HBF,, HPFG,

B PSR R ot 1t (e, ol

oL ARl ooy s BT RS oGt
fr@ﬁ)&ﬂ;cot\mgstanammglhaomnkybdlhetcmleJ roosphatingsaé acids, ghogpbomolybdic -
o soa%ldlﬁrlrllxlcures '%ereo? range [greater than O to 0.35] : 1.

7. A catalyst according to claim 6 wherein the heteropolyacid is selected from 12-
tungstophosphoric acid, 12-molybdophosphoric acid, 12-tungstosilicic acid, 12- |
molybdosilicic acid and mixtures thereof.

8. A catalyst according to claim 2 wherein the oxoacid is selected from the oxoacids
of the elements of Groups 13 to 17 of the Periodic Table.

9. A catalyst according to claim 8 wherein the oxoacid is H,S 04, HNO;3, H3PQ4 and
mixtures thereof. |

10. A process for the production of acetic acid by carbonylating methanol and/or a
reactive derivative thereof with carbon monoxide in a liquid reaction composition
_comprising methyl acetate, a finite concentration of water, acetic acid and a catalyst system
according to any one of claims 1 to 9.

11. A process according to claim 10 wherein the non-hydrohalogenoic promoter in the
catalyst system is an oxoacid and the amount of oxoacid added to the liquid reaction

composition is such that the molar ratio of oxoacid anion to rhodium is in the range

[greater than O to 0.4] : 1.
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13. A process according to claim10 wherein the

non- hydr ohal ogenoi ¢ pronoter in the catal yst systemis
wa:2@aperizei d and the anmount of superaci d addedP€DGBR@®5/004438

liquid reaction conposition is such that the nol ar

rati o of superacid anion to HIOO” umis in the range

[greater than O to 2.5] : 1. 714. A process according

to claim13 wherein the nolar ratio of superacid anion

to rhodiumis in the range [greater than O to 1] : 1.

15. rocess accordjn o,claimild wherein. I 2-
127 i o B oS GReraede ShBA cuerRb e ol g8 iRt Mg Rim s0”
NOULERPO hikPihe Gadd& rho Of Bion tokhodifim A i THRA8ES [greater than 0 to

according to claim10 wherein the non-hydrohal ogenoic
0.3odoter in the catalyst systemis a heteropol yacid

dth t of .h ol QL .
0 D B AR e R e oo
caliBfsEERRAN ¥ACiuPerabidand tige dhedt ofupsrachl ddded tathg diquid reaction

[greater than 0 to 15] '

at er . 1. 17. A proces ccording to
cogipapition 65 sueb that fherpelaiwgtigof F@@raﬁldoffm%%ﬁiegi&wa&? t%il% range
[g%%eg[}m%q)%?ﬁ)ﬁi.qm is in the range [greater than 4 to

A process according to claim17 wherein
14t he Aplaesytordingfto bkiimriGpdieysde it molaprativef siyegicidanien to
inthe . range [8 to Ul{a :1...19. A process according to
rhadipmgs & te Tanggilgsate the 048 lhkrein the concentrati on
f rhodiym ] ok 41 if Piotdfefpdracid fnion to
15?he ‘?ggdézggg5d5@?lgng6%8&%g%4 %%fﬁg{pérrgglggs accoirj%li ng to
rhadiymois én thie rangei[gratkOtitan 01 e eiln t he concentrati on

2L TR 25031 g SRR b n

caBFR s id @hé&fbpélﬁ}ﬁ‘ci@fan@ tRiafRuAloft Rte2Opohasi®hdiet ke the liquid

concentration of water in the Iiquid reaction,

resgiopesinposition i suph that theanejar ratie of bejerppolyacid anjgnie gadiyn is in
accordi ng to clai : wherein the concentration of

th%?’@ﬁ?ﬁg%@‘afllbg%ﬁ%ﬁr%acti on conposition is in the

17.andg plodess addondirl to 2BimA (PWiEEEs sheanohr eitivgofthetecd i yacizanion to
wherein the concentration of water in the liquid

rhediggy is o thegapgsdrraatsn thag 4 19 12hel-range 2 to 10 w % 24,

18\?‘,h 2 :g%ﬁéci%ﬁsz&é&g@%g:@ rcgeﬁrlnif;?yvg?&eﬁn e MmbRk HRioldt Hefércﬁa%lyacid anion to
rhodium is in the range [8 to 11] : 1.

19. A process according to any one of claims 10 to 18 wherein the concentration of
thodium in the liquid reaction composition is in the range 50 to 5000 ppm.

20. A process according to any one of claims 10 to 19 wherein the concentration of
methyl acetate in the liquid reaction composition is in the range 0.5 to 40 wt%.

21. A process according to any one of claims 10 to 20 wherein the concentration of

water in the liquid reaction composition is in the range 1 to 20 wt%.

22, Aprocess according to claim 21 wherein the concentration of water in the liquid

reaction composition is in the range 1 to 10 wt%.

23. A process according to claim 22 wherein the concentration of water in the liquid
reaction composition is in the range 2 to 10 wt%.

24. A process according to any one of claims 10 to 23 wherein the concentration of
methyl iodide is in the range 5 to 16 Wi%. '

25. A process according to any one of claims 10 to 24 wherein the reative derivative of
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methyl iodide is in the range 5 to 16 w% 25. A
process according to any one of clains 10 to 24
wob@ee64178 he reative derivative of met hanol i s BEl/6eBR@®d/004438

frommethyl acetate, dinmethyl ether and nethyl i odide.

26. A process according to apty one of clainms 10 to 25
wherein the carbonylation is carried out at a

tenperature in the range 100 to 300 OC and at a total
pressure of 1 x 106 NNn2 to 2 x | 07 NnR 27. A

m%%‘? ?SSse%E{éQ D thelif 30Wat® %n@%y?étﬂérrﬁd 14 icfide.

erein the process’is opérated as a conti nuous o
26pr ok pcesRBccordmattakhyp bnesyfsiaims f16rto £ havheradul the tcarbonypttion is

cagrgﬁ%;dl.);t:,gt?actle%@go rcre hrgﬁﬁ%ggr?gegngﬁég@ 9(2%12(9 ayaJ tg{ai gr%ssure of 1 x10°
NAEwhudiPhal@genoi ¢ acid pronoter selected froma
superacid, a heteropol yacid and mi xtures thereof and a

27co- pk prostsracsmiingtte dny punefxlaimsil Oe 26 whersin thegprocess is operated

al kal.i ne earth iodides, netal conplexes capabl e of
a5 GSHBIROURFCCSS- sal t s capabl e of generating | and

281 XtAl _Eﬁﬁltyﬁtl'b%t@ﬂlf for &2 prédueab bl sdetid a€idIcdindeisihg aghedinm28
wherein the co-pronoter is selected fromlithjum

carhsaiy tion eaiplystumethyd iadde, afeast prapgn-BYdrehHpgmrPicHd Girgmoter
h honi um i.odi : '

R M0 55 O FRTRLE 05cH80 P80 o

sefeated|fiont alREIE predil iaides, slkalinneafh whibdsi metaheomplepesampitde of

is lithiumiodide. 31. A catalyst according to any one
gegerating | nelts ganaglexef apperating] epdmdxfyees dharePhi s sel ect ed

o AR BN IS HAEE s o i

iotlidey @bfium 3Rlide) quattalayy tmmowwingi indides pbbsphomiBmiiodides aich
the superacid is,selected from Fi BE4, HPF .

COREIRISED) BB R SEE 6 AKSH (0 LG ) hrojgiom,

3ecat al YghiyRCRebMidiBol iR WitSeif thEeAbinoAé i§ Bthdén iodide.

wherein the heteropolyacid is selected from .
31si | | Aottalygsaccording sy ont pEdaimsyAfdio 3 0aehegein the superacid is selected

h hot ti i.d h yhdi i - -
i Re s Be b apR Syt RSO B L bR TGty cysor
SHHIEFSOY dJr Afxfuedsahepef yacid is sel ected from 12-

t ungst ophosphoric acid, 12-nolybdophosphoric acid,
3212- t Asafelysisacepising tacilaim Jlowheseinyhrinperactd is selected fpe HBF4,

H{}%‘gf t(@f‘ 3%%)2}2&]?{ FfrftleHsBrs and mixtures thereof.

33. A catalyst according to any one of claims 28 to 30 wherein the heteropolyacid is
selected from silicotungstic acids, silicomolybdic acids, phosphotungstic acids,
‘phosphomolybdic acids and mixtures thereof.

34. A catalyst according to claim 33 wherein the heteropolyacid is selected from 12-
tungstophosphoric acid, 12;m01ybdophosphoric acid, 12-tungstosilicic acid, 12-
molybdosilicic acid and mixtures thereof. |

35. A process for the production of acetic acid by carbonylating methanol and/or a
reactive derivative thereof with carbon monoxide in a liquid reaction composition
comprising methyl acetate, a finite concentration of water, acétic acid and a catalyst system
according to any one of claims 28 to 34.

36. A process aécording to claim 35 wherein the non-hydrohalogenoic promoter in the

catalyst system is a superacid and the amount of superacid added to the liquid reaction
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35. A process for the production of acetic acid by
carbonyl ati ng net hanol and/or a reactive derivative
W b@oeefi78v t h carbon nonoxide in a |iquid reack@DGB2005/004438
conposition conprising nethyl acetate, a finite
concentration of water, acetilg acid and a catal yst
system according to any one of clains 28 to 34. 36. A
process according to claim35 wherein the
non- hydr ohal ogenoi ¢ pronoter in the catal yst systemis
canpoditohassdhand thh@oRMBIBlof §liperaiie biioh ¢ dddieh Isdn tikarange
liquid reactionconposition is such that the nol ar
[ereptqr shasfO @palrdei d anion to rhodiumis in the range
gr eat 3 . a) . r 4 LRY.
I R ochRardifh @t whelfin i BOBEETD AREREMARLA o
rhobidi i9 i tie ramget [aecateatige torigatter than 0 to 1] : 1. 38.

A process according tq clai g] 35 i{l\/ner ejn th . .
3hon- APREHASHERRS erpig { %@%ﬁxdé?l}a‘i?g@%réﬂmf’@f in the
oy B SRR B OpB R0 260 MR D RE ERAPRIY AR o the iquid
reattéonoolpositiat iisosueh thee thermglat satioiod hetaropnlytcid mhizei ta whedsum is in

in the ran regter than O to 15] : 1. 39. A process
ﬂ’ﬁé@@eggﬁ@te’?gagl%éf)ﬁ%EBLV\her ein the nolar ratio of

sfet ef YLl B RIT14iR TERREER the molir kMR dfHRELopolyacid anion to
[greater than 4 to 12] : 1. 40. A process according to

rhedinnoisén tfe rehge [igeea8s thap 4390 Whedei n t he concentration

f ter in the.liguid reagtion Sition s | .
4$'ang piogegs agoriing %fng{ _oneA.oﬁFlsléléssgﬁo oK Ov!ylbelr?]la tl%eoc a%gl%lt?na%on of
wARr WhBé Biiidr&e1i68 R6APSdiEdd Bin @fe raBdeel toi 19 Wwidet he range

2 to 10 wt% 42. A process according to any agne of

4Bl ai Aprawsy arcandingiorcdain 40 wherrimihe cEceRiEbion o fater dgimdhe range
2&&16@?%' iquid reaction conposition is such that the
“anount” of ionic iodide generated is in the range 5 to

420 WA%rocedSaccbietingfo dny oat af ylaimsystoeth wissreinhke amount of co-
production of acetic acid wherein, th%otﬁat | yst sysftem. di
proguojes @gded taghe Bawid yeasten eqmpesitionsis gughghy the amguytpt onic iodide

generated is in the range 5 to 20 wt%.
43.  Use of a catalyst system for the production of acetic acid wherein the catalyst

system is according to any one of claims 1 to 9 or 28 to 34.



