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VR L et e rer et 1l 000002 PROCESS FOR THE PRCDUCTIO\IG:A Tl[g
ACED. The present invention relates to a process for the production of
acetic acid. by the carbonylation of methanol and in particular to a
process for the production of acetic acid by t he carbonyl ation of nethanol
in the presence of an iridiumcarbonylation catalyst and a pronoter. 5 The
production of acetic acid by the carbonylation of %t—h&ﬁel—kﬁ—t—he—presence
of an-iridiumcatalyst and ruthenium pronoter is descr| rrpl ein
US 5672743, EP-A-0752406, EP-A-0849248, EP-A-0849249, @@ﬂw

EP- A- 0999198 and EP-A-1002785. In such liquid phase c

processes, the acetic acid product may be recover%HuMhe

i quid carbonyl ati on conposition fromthe, 10 carbonyl ation reactor

subj ecting the conposition to one or nore separation Mﬁ%ﬁﬁ cover the
acetic acid product and returning other conponents of I WHMMMMMion:tO

t he carbonyl ation reactor. EP-A-0728729 relates to a proceggof0or purifying
a carboxylic acid fraction obtained by Iiquid phase carbonylation in which
volatile iridiumand/or volatile co- 15 pronoter (such as ruthenium osm um
and rhenium contam nants are converted to involatile fornms by contacting

with an iodide in the absence of carbon nonoxide .or at a partial pressure
of carbon nonoxi de | ess than that of the carbonylation reaction. It is

stated therein t‘hat EEEwFICHIj!@BRMGﬂTONOFmGEm@iAdHDmy be fromO

to 5 bar, prefe ss..t han 25br addi ti.on. of phosphonat e

conmpounds to the i e‘ﬁﬂvcrngg s WSE?SF%% FB“’HB’I’“ &t aé&ﬁ”i’ﬂ'é use

of- pol ydent mopﬁmﬁmeﬂamjmwﬁa& th & pFOEREH ﬂfH(}irEfucﬁon $P2R68 heigwhi ch
by earbonyl ation of

relates to ocess for e productjon of acetl
net hanol g’ﬁ’é’tr‘ ?@M;WD&QPW%&“PVQ HRERCE Ofag H@l‘ﬂﬂéé‘éﬁﬂé‘“éﬁn ##elysti di um

cat al yst anqmik1 Mindd] 208@ a pol ydentate phosphene oxide conpound in an
amount of less than 10 nol per gramatomiridium There renmains a need for
an al terfative af®egrodusiemokarebapreid Ry the dagronypation of methanol in the presence

of an iridium catalyst and ruthenium promoter is described for example in US 5672743,
EP-A-0752406, BP-A-0849248, EP-A-0849249, EP-A-0849250, EP-A-0999198 and
EP-A-1002785. u such liquid phase carbonylation processcs, the acetic acid product
may be recovered by withdrawing the liquid carbonylation composition from the

10  carbonylation rcactor subjecting the composition to one or more scparation stages to
recover the a_cetic actd product and rcturning other components of the composition (o
the carbonylation reactor. ’

* EP-A-0728729 relates to a process for purifying a carboxylic acid fraction
 obtained by liquid phase carbonylation in which volatile iridium and/or volatile co-

15 promoter (such as ruthenium, osmium and rhenium) contaminaats are converted to
involatile forms by contacting with an iodide in the absence ol carbon monoxide or. at a
partial pressure of carbon monoxide less thun [hat of the carbonylation reaction. It is
stated therem that the partial pressure of carbon monoxide may be from O to 5 bar,
preferably less than 0.25 bar. The addition of phosphonate compounds to the liquid

20  rcaction composition is not considered.

The use of polydentate phosphine oxide compounds is known from EP-A-
1099681, which rclates to a process [or the production of acetic acid by carbonylation

of methanol and/or reactive denvative thereof in the presence of an iridium catalyst and
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in‘which the partial pressure of the carbon nonoxide during the acetic acid
" recovery 5 stage and optional further reaction zone(s) may be redueddDCR 2008
reduction in the partial la "A OCT 2006 WO 03/104179 PCT/ GB03/ 02352
pressure of carbon nonoxi de during product recovery allows an increase in
the carbon efficiency of the carbonylation process. It has now been found
that by using certain bis-phosphonate conmpounds in an iridiumcatalysed
car bonyl at i GrPPYHEELEPHYSPhING OxHicsamPERBdH ivdn ale@mk of lgss than 1hwoppertgram 5
pressure of L6 bQgugpnoxide during the acetic acid recovery stage may be
decreased. In addition, the use of certain bis-phosphonate conpounds in an
iridium catalyséthecarcbming aded fopmodessative and/beinprocidattonyRfiod pRide aci d,
al l ows high. ngentrati ons of moter to be..used resulting.in the reduced
formation of" %&o@éﬁﬁhnﬁr}e %“”%gfi‘g%mﬁfaﬂmmé‘ﬁ%ﬁ?%ﬁetﬂge%'%wm eased
react i on sr atseage 58d dhticnal farde edabfort forlells) nRtyeRaBduckdY AttdRBon ik Gatthl

provi ded a process for the production of acetic acid by carbonylati ng

nmet hanol and/or a reactive derivative thereof 1in a carbonylation reactor
in aliquid reacti.on conposition conprising an iridium carbonylation

catal yst; nethyl iodide, nethyl acetate, water, acetic acid and at | east
one pronoter selected fromthe group consisting of ruthenium rhenium and
osm um 15 characterised in that there is also present in the reaction
.conposition a bis-phosphonate- conmpound having the fornmula : R2-0 Y OR3

RL -O\P/ \P/ OR4 Il Il .0 wherein R, R2, R3, R4 are independently

hydr ogen or an organic functional group; Y is 20 an optionally substituted
Ci-C o alkylene or C6-Cio aryl group. The present invention also provides a
proocess for the production of acetic acid which process conprises the
steps of (1) carbonyl ating nethanol and/or a reactive derivative thereof
in a carbonylation reactor in a liquid reaction conposition conprising
iridiumcarbonyl ation catal yst, nethyl iodide, nethyl acetate, acetic acid,
wat er, at |east 25 one pronoter selected fromthe group consisting of
ruthenium rheniumand osm um and a bis-phosphonate conpound havi ng the
formula : 30 : ' -

la



"2 .4 OCT 2006 WD 03/104179 PCT/ GB03/02352 R2-O Y~ OR3 RI1-O P.B' 8—6]5?%

LT Q&oien®i N R, R2, R3,"R4 are independently hydr 0
functional group; Yis an optionally substituted C 1- C %ag)lék@f/oe%gz or

C6- C10 aryl group; (2) withdrawing liquid reaction conposition together
with dissolved and/or entrained 5 carbon nonoxide and other gases from

sai d car BEPIreef GrPandrenaxide quiing predusheecoery adewsnen ingreassrinttheieasben | i qui d
reacti on.@Ros b thel b r nmore further reaction zones to consunme

‘at Ieasteal po?’tﬂl)on o?lrbp{?g di s@gﬁsg'd and/ or entrained carbon nonoxide; (4)
passi ng sai d kdaaposw beanfolindthas by psif pertamt bisgthospimhatgtcompoddsiima® one or
nore flash. 10 sspa(ilati)on stages to formgi% a v?,pou.r fraction, conprising
condens abi @ ESABEREN Y %Wéff“qn _%?F%goéﬁt?eep'r fctign of agqtic acish therpesisl e

- C0”p'oﬂﬁePﬁ&ssﬁ%da?ddﬁgn&?&tidecd\ﬁﬁx'th@i&gb'Qéid"i‘%verg/@?ag %ﬁee&%}ga?edpf f-gas
conprisiing carbon nonoxi de and Ot her gases dissolv g{ and/or- entrained with

‘the wi t hdr awnln adgitiaa, thenise nf/¢eatairobispbasphonate composnds iannaridiuf-i ) a |i qui d

fraction pr,i si.ng j r.i di um carbonyl ati on cat al.yst. ompter and acetic
“‘acid sol ?Fgﬂ?}}%dféfb(’g}’faé%B’P&Fﬁs%r_‘?‘ﬁérﬁ?ﬁﬁ‘é‘hgfga&fﬂéé’é%ﬁpﬁ{?&gﬁ’é&f romthe | ow
pressur ecéictntBaidns 8figtofdler 16 BY GdedHesul i ihithletuddddbirhflbn| JraiBE, f | ash
separati on stagg)ato the carbonylation Teactor. AdvantageousSly, the use of

t he bi s-pdgpameatdoxdepraradycsand aeinsreasedneactionvetst i on in a process for

t he oduct i f ' Ljon in.the anoun 20 of

pr opgﬁnoi C ac?gh'%yg%%g%%{oatg% g?ﬁ%‘&ﬁ@\?@ﬂﬁ’gﬁé}ﬁE)‘Wrﬁglpﬁi ﬁlpropclpéssféﬁb‘és of carbon
nonoxi deprobuctaadiftatetit dciebyicebaiylatiapingdtiandl sndibosRAGHRI R ivaRAHAESf | N an
iridium_ catal ysed carbonyl ation process for the production of acetic acid
provi des!f arﬁi’l’%ﬂﬂé( tiop 1¢agfqrdn a LiguiddRaction campesitionhePPRsRE & riditmbi | ity at | ow
car bon oren [ r; I L p t he

pr esent %@3&1 ti gﬁ%gfag%hﬁwdgcgagﬁe tt gb%’tgté:, {é,?@ gggftgce%ﬁd(;%% %rlﬁi tlégﬂecorrpound
of f or nupmmotes selected from the group consisting of ruthenium, rhenium and osmium,

I5  characterised in that there is also present in the reaction composition a bis-phosphonate

compound having the formula :-

2 3
R-O Y O-R
RN

” P—O-R
0

wherein R', R%, R?, R* are independently hydrogen or an organic functional group; Y is

|
o

20  an optionally substituted C,-C;o alkylene or C¢-Cy aryl group.
~ The present invention also provides a proéess for the production of acetic acid
which process comprises the steps of (1) carbonylating methanol 'and/or a reactive
derivative thereofin a carbonylation reactor in a liquid reaction composition comprising
iridium carbonylation catalyst, methyl iodide, methyl acetate, acetic acid, water, at least
25 one promoter selected from the group consisting of ruthenium, rhenium and osmium

and a bis-phosphonate compound having the formula :-

30



-:4 OCT 2006 WO 03/104179 PCT/ GB03/02352 R2-0 Y O R3 R1-O \P/-R/ 0CF RA6
I I ¢ in RL, R2, R3, R4 are independently hydrogen_or_ an aqrganic
functi ongﬁwwfg%)rg)(’%ﬁ“ﬁ?9 Yis an optionally substituted Cl-Cl0 EFEW@N&Z%% Co6- C10
aryl group, in a process for the production of acetic acid to reduce the
anount of b%- product propanoic acid and/or to 5 stabilise the catal yst
system sagdoprocegs compur“si ng the steps of: (a) carbonyl ati ng net hanol
and/ or a reactN\vg degi ¥ative thereof in a carbonylation reactor in a
liquid rdhc®ronPconpoitierR conprising an iridium carbonyl ation catal yst,
met hyl i odi de, B’Et hyl{[acet ate, water, acetic acid and at | east one pronoter
sel ected from ghe greup consisting of ruthenium rheniumand osm um
wi thdrawi ng |iguyid reacgtion 10 conposition together wth dissolved and/or

ent r ai ned’heEiBBEN RroRol dee Hnlgpendeatly bedregen drap ergamicifupationahgloap;i Bis r eact or ;
(b) opti ] I hg sapd i Jquid reaction conposition through
one or n%?gbh?rhap?ﬁgésgrg‘gg%tbﬂ o(\r’:l'lot?o (Eaegi\é\?{)b&%%ﬂ fgré)f'p’l east a portion of the
di ssol veq2)anididawiep tiaidreacticmatohposioiongethe: with dssdlve@ssd/fer®indd
conposition from step é)a%l]eand oPti onal step (b) into one or nore flash
separ at i GAFOSP Mpaexide and,pihey ggses romsaIdrcarhonylation reastasr i si ng condensabl e
conponen Anall QL& sSYNE it FviPBSuid LAk I ent s conprising
acetic at((:iﬂd@gr ’Sﬂd@tﬁ San t he H%I(-)VV pl?cg"slsuéragn&o? - asﬂggﬁph%?g? ﬁg"' (gralﬁ%rgn’

nmonoxi de fiamitkr o¢akton ZEse © chirssme atktastiaghoction «fithe dissvbvkduindfortehgainéd hdr awn

i quid carbon Iati.(an_ reaction conposition and (ii) a liquid 20 fraction
conpri si MAPPPRPE¥ Ear bonyl ati on catal yst, pronoter and acetic acid

sol vent ; (4)ghksipesad eémmiti&iﬁfrsm%r@?&}{d%p%ﬂmwg§.infnf G SRork QMsHPT essur e

of f-gas; (e) recycling the liquid fraction fromthe f separation stage
to the caemerignatagento e (braganbw fragtion compitising conglengaRle, coRhonéBs ard, R4) i s

i tabl - i $ut tituted hyd bon. h
onsubst | 180 BRSPSt e Blaenpitiloniatygils BRESERE Sl dofPoasibam = °"
Sui t abl y the loe prysdiire odf-Barrcogipsing cartivn rddoxidedndWihes Yades AssCibed shdlok5 al kyl

or an aryl group such as C6 to Ci10 arél_. The .hydrocarbon group may be
subst i t utBERIBgd Witk therwighdraws ligyidicathenyation Baftietheomnadsisionand (it aliquid

hydr ocar BB SH Qibri¥E iRGivdn Carbby15tidh Atdkt, pPémBtefBnd Letic acid solvent;
15  (5) separating the condensable components from the low pressure off-gas; and
(6) recycling the liquid fraction from the flash separation stage to the carbonylation
reactor.

Advantageously, the use of the bis-phosphonate compounds of the present
invention in a process for the production of acetic acid allows a reduction in the amount

20  of propanoic acid by-product produced even at low partial pressures of carbon
monoxide. '

In addition the use of certain bis-phosphonate compounds in an iridium-
catalysed carbonylation process for the production of acetic acid provides improved
catalyst system (catalyst and prorﬁoter) stability at low carbon monoxide partial

25  pressure during product recovery.
Thus, the present invention also provides for the use of a bis-phosphonate

compound of formula :-



30 'C10 aryl group substituted by one or nore of -NH2, -NO2, -SH, hal og?n
" - CO2R5, eﬂlo-o's/ﬁ? 2006 WO 03/104179 PCT/ GB03/ 02352 CORE -%0 /'643%%%, 006
-CsX', -CN, - or -NCO wherein R5, R6 and R7 are indepgﬁy ?yz §/drogen,

an unsubstituted or substituted hydrocarbon group such as a C1-Cl10 al kyl
or a C6 to C10 aryl, optionally substituted with one or nore heteroatons
such as oxyfgen, niyrogenp sul phur; X and X1 are independently sel ected
from-NH2,, 5N\NQ27 N\SH/ hydrpogen, -CH3, -(CH2)n X2, hal ogen, -CO2R8, - COR9,
-COX3, -BSA—RN, -RES-O0rR-NCO wherein R8 and R9 are as defined for R5 or
R6 or R7 and X2f| X3 d X4 are defined as for X or X 1; nis 1-10.
Suitably, the sygbstityted hydrocarbon group may be -(CH2)nX5 where n is
.1-10, - CHX6X'  CX8XOX10 where XS X6 X' Xg X9 and X10 are as defined for X
or X1. 1@h¥teen Br.danks R arcindepradenilyduysirogen o emprdasis funetionglegroum X gen,

sul phur atq Q 1 [ ereof . Suitably the organic functional group
ooy bo - SRRl slsthitESe Sl e Rt BN 2 Bl e anese RO
R', R ' 2prodatsonest adedd dteditd reducethe ool of byBlodulipropartbicdeld adoxe def i ned
for X or X1. Suitably, where the organic functional group is an aryl group,

such &s eebibispthepatabyisysystent, spidyproresssepmanrising teistps ofie or nore het er oat ons,
S S GBIy 1aBAY e hanolHhlt/ R U ucile SO DRHRDS i DELESlyleel o 2P

R1- R4 are ‘each gen, or are eac group ‘such as - CH3 or
a - CH( CHBga2tog iroaiquid réastiam cappositial doynsishptantitidieech Grborglfioalcktalyene group
such as a (3-C10 cycloal kyl 20 group or, Y is an optionally substituted -
C6- C10 am%émf&, X’FH&’?E‘E‘%}/%‘FD‘)’%IF’EVF“‘SPC'é‘rW at [t fRe RERMYsEr Selpsteditfamed by
one or MyfeSrSiPSdnsistEb Srutniur ShidtaA Snd 85 WifldrdkiR 1t . Yis
pr ef er abl yeegarn&ﬁdnsabs??t uted C1-C10 al k)r/lﬁene gr’oulp éuclﬁgggaqﬁé%i%?(a—m 2-,
C3- C10 cyaipeditiad together witlibdissalvedeand (06 e@tdined gdrborsmohoxide andsathertgatest ed
benzene. _Mbst 'cﬁS greﬁ%rabl tY.is a 1,2 disubstituted benzene or a C3-Cl10
cycl oal kfPrhsaldgar %\?f"‘[‘&ﬁlrﬁ%/c ®1-R4 are each hydrogen, or are each a C, -Cl5

al kyl gr gmyphbdllydfassing5idd Nithdrawa H(etBiledciniompRtioN thidugott kst t ut ed
C -C10 a??ylpgne grapc?up és:%;&(’?:h as - CH2I -(CH2)2-, pc%))r@ 1an opltl?ag(r)\al |y substituted

C3- C10 cYwihsardegtiongzangptaorongeme pt leeshappgrionnfiths dissolved apd/ocedraamedl such as a
substi t uted NaRAGRRe, fOr exanple, a 1,2 disubstituted

15 (c) passing said composition from step (a) and optional step (b) into one or more flash
separation s'tag'es to form (1) a vapour fraction comprising condensable components and
low pressure off-gas, the condensable components comprising acetic acid product and
the low pressure off-gas comprising carbon monoxide and other gases dissolved and/or
entrained with the withdrawn liquid carbonylation reaction composition and (i) a‘liquid

20  fraction comprising iridium carbonylation catalyst, promoter and acetic acid solvent;
(d) separating the condensable components from the low pressure off-gas;

() recycling the liquid fraction from the flash separation stage to the carbonylation
The organic functional grqup_(RI, R% R’ or,RY) is suitably an unsubstituted or
substituted hydrocarbon group, such as an unsubstituted or substituted alkyl, aryl, or

25  cycloalkyl group.

Suitably, the hydrocarbon group is an alkyl group such as C; to C;s é]kyl or an
aryl group such as C¢ to Cyg aryl.
The hydrocarbon group may be substituted by one or more substituents.
Suitably the substituted -hydrocarbon group may be a C to Co alkyl or a Cg to
30  Cg aryl group substituted by one or more of ~NHj, -NO,, -SH, halogen, -CO;RS, -

4



30 benzene ring. Suitable bis-phosphonate conpounds are tetraisopr o_pylbcjr', 3006

" ethyl ene i onate , nethyl ene di phosphonic acid and _bjs 1,2 °
di net hoxy%ﬁé’%ﬁ%%l benzene. 5 - .4 0 C T 2006 WD 03/ 10£??§;‘3"3’°2352

PCT/ GB03/ 02352 The bi s- phosphonate conpound nmay be present in the reaction
conposition in .an anount such that catalyst activity is maintained as the

amount oEORSr ¥, @8 iGRX |, rCN{-MNCS oneNG @ seherein BE,R'gad R'are educed.

Sui t abl y, e tio o L S+Rhosphanat onpound : iridiumis in the
Fange SRRty ey unspb a0 SPHARER e IR iy SRR S 16 2
1 and esped,@ilkyl drla Co 2], aryll optidhalyBubstivites phavak or aRPR&tEdatosRP! oyed in
the present invention nmay be added asX?uch to the liquid reaction

conposi t U5 2 OXFERR, BEroeer predlniyL X apd Xt are indepepdaantlyisgleetnd frgattiNHon of t he

conj ugat i LI Cj . i r 8 on y rd.se a
convg%t [ gr?% %ﬁgg;&@@%ﬂagg% g@gg?\;?? éﬁ%lé%én’ lgéf eagtl)%ﬁ ;8%1 C‘Cﬁ%gpgi'ssur e of
t he car beW@s$ at - G0 whatin®f and R hee 4s desined 6a® i @R 20 BE ahd X2 ¥l dnaliy i n t he

range 15 to, 200, b raferaply 15 to 100 barg, nore preferably 15 to 50
bar g andarﬁéjF%ﬂ?ﬂ%sa%?gfcg bP)}Sa{i'égto 35 barg. The tenperature of the

car bonyl at i ongy ke thOfbstituted Byliictatboh @Rkl ! i i 1.y the range
100 to 300 C,6 Elr%%grga y i n_.t ?1’9 0r7an0e%9158 t%&%—g@gzﬁfg‘%ﬁg’% Fby t wo
react i on—CHXeX . {E% XNiedwherh & r ¥a0t i En X oanslsX maxe dselefined foe Xsae'. or separate

vessels. Pref ly.. the first and second reaction zones, are nmaintained in
sepafdat e reac?ﬁ%ﬁr%glggﬁlfcgo\’}\?lt%ouﬁergﬁ%C?TBP“WIP %eé?v\?’ﬁ'éef”rsb'm%ﬂ"ﬁ%tomsroét

react i onmvagfe theaedd, saascﬁ'yﬂﬁdrgwarﬁ&]ﬂmaﬁ@mgrdugaﬁdyw-@@fasé,l-sogkqw d reaction
conposition fromthe first reaction vessel wth disgolved and/or entrained

car bon nBRBdE0XucRSY s ehlr AES eed¥ng wirre didR OrR Vs ad defimgd &onpri se a
section gf phoe ﬁetﬁveg khearélisr@etﬁnr ik gpxvessel and a liquid reaction
? ’ &1 ve. Typi caie?y t)%

conposition tlashi’ng va e pipe's length to dianeter ratio

may be about $@itdbly, Wirrgihe bepgicdfuhaichiabg@ug s danairyiagoln shicthisahier,,and | ower
than this m be enpl.oyed. Typi call}zl, at least a portion of the liquid
react? on2WorpBay bs sbstivitfd: tyeqneqr mpre betergatoms, vech asselpbyr, exyseai ned car bon

MONOXi denjnggg\q bOdWMatlon®Metddg first reaction zone and at |east a portion

of the wthdrawn | qui ld gnd di ssol ved and/or entrai ned carbon' nonoxide

passed to a sBraferablyeRceR( am cadnkydregenf erabkschsaBsCarnikydigrqupasuth ae | i qui d
CHj or a -CH(CH3), group. _ _
Y is an optionally substituted C,- Cyo alkylene group such as a C3-Cyg cycloalkyl
20  group or Y is an optionally substituted C¢-C)p aryl group. The (cyclo)alkyl or aryl
group may be substituted by one or more substitqenté such as those defined for X or X'
above.
Y is preferably an unsubstituted C,-C, alkylene group such as -CH,, «(CH,),-,
C3-Cyo cycloalkyl or a substituted Cs-C)p aryl, such as a substituted benzene. Most
25  preferably Y is a 1,2 disubstituted benzene or a C3-C, cycloalkyl group.
Suitably, R'-R* are each hydrogen, or are each a C,-Cs alkyl group such as -
CHj; or a -CH(CH3), group and Y is an unsubstituted C;-C,, alkylene group such as —
-CHa, {CH,),-, or an optionally substituted C3-C,o cycloalkyl group or an optidnally
substituted Cs-Ci aryl such as a substituted benzene, for example, a 1,2 disubstituted
30  benzene ring.
Suitable bis-phosphonate compounds are tetraisopropyl 1,2 ethylene
diphosphonate , methylene diphosphonic acid and bis 1,2 dimethoxyphosphory!

benzene.



redction composition together with dissolved and/ or entrained carbons 0CT 2006
" nonoxi de WWOB/Q&r%vm fromthe first reaction zone is passed to the second
reaction zone. é The second reaction zone nmay be operat eHCHEBINBEt i on
tenperature in the range 100 to 300C, preferably in the range 150 to 230C.
The second reaction zone may be operated at a tenperature higher than the
first reacti ofdhgbisephosghonatgicPyppowng maBbETPIsheh & the rifictios eoopositi@riot i on zone

may be opel ' GL i, QL re | range 0200 6, -.40CT
2006 \,\D&Séﬁﬁ%f%h %&ﬁ‘?%%%%?ﬁ‘é@%’zeﬁ%%#fg‘?mg?% e%sﬁf’ﬁnti%%ﬁ?@nsa%&é*dfsnt o 100
barg. Pr eéfedoabpryssutehdf-gadstédutedr essure in the second reaction zone is
equal to or I%ss than the reactjon pressure in the first reaction zone.

The resi dence SEIBRRY:GRe mpln raio ffes PRasphentsromposnd ; indive isiadbatngeact i on
i i .y . , 0, 100
seconts. (BV1H AN, ARy 3G o3 A el FREQNAIS SRR KoL o

monoxi de in dddbisiphosphonsthgbmpnundscugéayeti dn theprasentandemi@achiybe zone as

di ssol ved d/ or .entrai.ne car bon nmonoxi de. Such addj ti onal carbon

MONOXi dea?lf%{‘}_aﬁéu‘é’otojté‘? ir\‘b‘ﬂgﬁﬁafﬂori FRERISHLD °rlr'?ad§1°c}g?’é%5c‘t“i'sétﬂ+ tB3HERIE on prior
to introdyeid Mition dfitie BRPAR ViepRdspRMIZRNE and/or may be fed separately
to one or nore |ocations within the second reacti on zone. Such 10

addi ti onal carfbefrsraskenizongayaycemptisa aicapyantionad siquiskptesasarbarylaioanpl e H2,

2, . [ L1 I i d i sed of high
or s S o @PforGithe. R ARl bP R oo RO Rl DBt BPEA0AR ageous y

al | ow t heuifabiysin thef@gé 0N tazZ0lebdr®, préferabPET Bload0 dhrgd mdr& PRFerSly RE &SS6Ir € Wi th
the resulting higher flow of carbon nonoxi de bei nfg fed to the second
react i onb3@ARd yabrPte repfarably 1§ tocdsihame. eTheempgrature of the gatboapietien 15 for a
hi gh pre - f gz - 1t [ aTalo} nexi.de. my al so be
conpri sege%gaf"&]a{r?]lotﬁﬁg?& E%thﬁ]%%%%ulﬁgﬁg%et gﬁ%a inoé’qgé? BSF pgrae%r%bﬂ% ' as for
exanpl e thecangporbOno R34 PAe-ri ch stream from another plant. Preferably
greater than 109% re preferabl reater than 25% even nore 20

pr ef Lf abl'y gré#@?%ﬁ%rﬁﬁf%"nﬁe% %%“%@Th%?ac@?%ﬁﬁ]eé may hedpdhe B5% of the
di ssol vegdr sepathtVes@ld. I B REHIF IPRR ARNQLbHErehdliohRndd JrBdlAWMAnELRACT | ON
conposition fromthe first Teaction zone is consuned in the second

react i onSeRsFAse reaptiqrhesiplow sl snegns fonavithdesarg frombafirso reacton vakdlend eact i ve

derivati - of t | 1.ncl nethyvl acetate, . di nethyl ether and net hyl
Codi de.  ReuinR o e %?&%e‘%ééﬁgﬂ’%gsﬁl HE‘%@?*‘%é%’l cPsiton FERT sd s B may be
used as wveselwith disiolvddudior esesifedEarbditmpiics@NtSuch a separate second

20  reaction vessel may comprise a section of pipe between the first reaction vessel and a
liquid reaction composition flashing valve. Typically the pipe's length to diameter ratio
may be about 12:1, though length to diameter ratios both higher and lower than this may
be employed. .

Typically, at least.a portion of the liquid reaction composition together with

25  dissolved and/or entrained carbon monoxide is withdrawn from the first reaction zone
and at least a portion of the withdrawn liquid and dissolved and/or entrain_ed carbon’

~ monoxide passed to a second reaction zone. Preferably substantially all the liquid
reaction composition together with dissolved and/or entrained carbon monoxide
withdrawn from the first reaction zone is passed to the second reaction zone.

30 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
operated at a temperature higher than the first reaction zone, typically up to 30°C higher.

The second reaction zone may be operated at a reaction pressure in the range 10 to 200
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invention. Water is required as co-reactant for ether or ester reactanfes- 206

" Preferabl nol and/or nethyl acetate are used as r nts. At |east
sonme of t‘vﬁgoﬁe@%?ﬁol and/ or reactive derivative thereof V\Fef/%ﬁgglg%?%verted

to, and hence present as, methyl acetate in the liquid reaction conposition
by 30 reaction with the car boxgéi c acid product or solvent. Preferably,
t he conce#grRIeicebly ipfthereangg L5 s HdQbasg.i Rroferablyi dairerctiempressime indhposi ti ons in

the firs i independent.l y, i he range 1 to
70% by viO eaeAnt BAGRAND of SF BanGhErcGRTRIER iphed Bt BBaldPY 3 1
35% by wedrgh(The Tesidefic€iGe Bf RGQIA reddfof 3orhPdsiiich MERé B0Rd Radteh Mkkey nay be
formed in. s uid reaction ositions, for exanple, by the

. e ||
esterifi %?LBE?“:‘%&@?E%# : @Pwrﬁ%ﬁ%ﬂ?ﬁ%%l%ﬁ“%- acetic acid product.
vaters my berpgt ragueestrdgapRfeMobd kclififaddel bl MbRsRRIM

ely ' tTrom ot her

carbonyl ation reactfon zones together wth or separat
conponenadditodn tohkatlintcpduded ©abe¢ sagnnd maptiei zdneras disSolVéd and/sreentrbiged epar at-ed

from ot her, conponent s, of r.eacti.on conpositjons withdrawn . fromthe reaction
zones antdf’ %BBO’%%y%ngd‘d? OBQJr‘F?FbBPIr‘IE‘H’OéHJ&dHTYSbet ‘if"i‘?ﬂ?em"i’a}%th‘? St required
concent r R&i@ Realfio\@dripositibntpRdr td MitodudtRAGH LRSI tidn 3B Re ald/ & BRI Y, the

concentrations of water in the liquid reaction conpositions in the first
and secobrifedsepasatelyrio ponesmaredo¢aivap witdianthe gedond repstiommene. Butht o 20% by

wei ght , . € ferably 1.1 %. b i ght t nore eferaply 1 to 10%
by o gnfCd Gl GG ToYerlad deh St mbultits Sienalir PBRUERESEEPAT ot T
the |i quasli CHar DiesgddétidnancareatiibadkiGOmRpy bt tompasddrofhiyh fredste (ﬁﬂgass econd
reaction_zones is independently in the range | to 20% by wei ght,

pr ef er abffgmzhe §rsi gactagn Zane gyhich capdd adviagtagequsht alloysthe ifisstireactipn genedor eact i on
conposi tj i Ly - J | se any

T am B R Bk O B S e SRR BB A0 BT S BB mERRAL °F

conposi t bang fedfthé¢hd secatideaamhabyst Addiyiohs!yaid dadd elimiraee the eeguitememct i on
conpgositions.i,n any sui.table form which dissolves in the liquid reaction
conposi tfoéﬁj“g}bﬁ’re?sﬁrec#lﬁ%sr??a&?@tt o a soluble form Preferably the iridium

nmay be used aghdaddMidial 8fbod MBRoGAIRAY AR DEEHmPR s S AbMEr Walgh are sol uble
in one or nore of the liquid reaction 20 conposition conponents, for

exanpl e Wapexidegentyningeas pecant sushas forsxample drarbeidoanaxide-righestresact i on as

sol ution r el anpl es of suitable iridiumcontaining conpounds which
may be ag'g@gb%f’glefﬁlgﬁi qui d reaction, conposition include Ird3, Irl3,.

| rBr3, [ | r(CO) PiFeably breateOr2nl0%, nhdre pfeBrabiylg2eatdrth4rX3o4) eXkn Hibre
[ (2(%9 zgge%e]rébl_ll; greater than 50%, such as 85%, 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
include methyl acetate, dimethyl ether and methyl iodide. A mixture of methanol and
25  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
converted to, and hence present as, methyl acetate in the liquid reaction composition by
30  reaction with the carboxylic acid product or solvent. Preferably, the concentrations of
methy] acetate in the liquid reaction compositions in the first and second reaction zones
are independently in the range 1 to 70% by weight, more preferably 2 to 50% by weight,
most preferably 3 to 35% by weight.



[17r(CO 212]-H+, [Ir(CH3)13(CO2]-H+ 1r4(CO 12, IrC13.4H20, IrBr3. AH20CT 2806

' 1r3(CO) 13y mrretal Ir203, 1r02, Ir(acac)(CO 2, Ir( i.ridium
acet at e, ?I %@%k c) 6( H20) 3][OAc], and hexachloroiridic a@fﬁa@f/??a 6],

preferably, chloride- free conplexes of iridiumsuch as acetates, oxal ates

and acetoacetates. Preferably, the concentration of the iridiumcatalyst in
the |iquid red¥ateomay befrosi in ghsinglie Hguid r¢acton emdpcsemms;cfor eamiplgrbyzones i s

i ndependept e t 0] ht of iridium The
liquidr g}le%:céts|Ye(r)¥irfl—lIa 8{5& r&é?t gbr?é\g ‘lQerII] r??%hﬁ%l?sfg ggﬁ%‘ s%%%%ﬁ“‘?%@&lllft r}{/ ¥Ghes

addi ti onaidyweommmuCe@&xdapeddemﬁ toahefif¥t ahdiRbnS EdrB&iHt Cﬁ%loﬂrr@iﬂt&ﬂ‘%oﬂé’soup
consi sting O CT 2006 WO 03/104179 PCT/ 3/ 02352 rut heni um

8 -:4
rheni um é‘fﬁﬁaﬁé Rt A Sffl}‘?éatﬁltycf?ﬁﬁ@ athepggmraeneptsios thedinpid readtioni aompositions.um

Composi {1 e mEERE S pRLAs AOMRANT EMBRY SRR bR g S "

conposi t fomsthe meagtiyn sonds abi ma@rcbemuyﬁlevvnn chntebliRd aeests ikdmbliaih kieui d reacti on
conp03|t|ons (g is convertible to sol bIe form Preferably, the pronoter

conpound "HRAeH SORAERTALRAN Ynyater g therlf RHILGRIRPOsTiiORs. Brefegetdy.dhes which are

sol ubl e iconceRRatitins M@ watefin fh@‘?lthd}’éhd@xoﬁu%ﬁ@bﬁﬂ ﬁ’esﬁrts{ seﬁ&{H’C’”e”t s, for
exanpl e water and/or acetic acid ed to € reaction as

sol uti onsea@h@r 2ngs amn@mn@r&v inthegangeabl éo ZQ%IbgnvdughmnmtceprEﬂeﬂgl)Canounds
ncl ude ru chl r|de rutheni um (111)

© whi d
ch: g?(l) de ({ gsxéetl%ht YOIHER PG retfqy/;f%éh %‘33{%{8@ Y ut henium (111) broni de,

rut heni um (I I P}eﬂx@m &ccbﬂédﬂ&ﬁ&éﬂ%ﬁfﬁétﬁkl iofidL BERhM st ﬂ%hedﬁ&m?r utheni um (111)
formate, [Ru(CO 3I3]-H+ tetra(aceto)chl ororutheni"un(l rut heni um

(111) ac&irherylatiqn rﬁéﬁloarﬁomppm}lmpﬁr igshefiest and mom@aumn(mnm) is but yrate,
rut heni umy ;]7.?8 SUC ﬁ%gp ,1 tgﬁbcr{%}{}grlg n?&?ﬂ&c; 11}3avgcezlilig xed rut heni um

hal ocar bon chloro

d| bronotri car [Fbelmmmhfwmilysmn(thé Jiquit redctioR Benp 6¥i s 1@&@&&9& zk'ﬂaf&@&in'dm
L{xes such as tetrachl orobis(4-cynene)dirutheniun(ll),
tet r

hi BREBIEIBER E‘@p{‘gymppﬁﬁ ﬂyﬂpgm fontaining compound which is soluble in the
di chl or 0(1&1)48|r9&ﬁ'bﬁt3m§osq|ﬁ@rﬂe)ﬁheym%%agyslt )nayﬁ?)g N %qu%lb? reaction

tris(acetyl acetonate)rutheni um (111 Exafpl es of suit
osmi um cBYMReSHigng e enpsuiabls foum (WIhIQhaSrSSbb/estethe|hquiduda£tlomsmnpml(1d>ﬂsl )

chloride ta osmu tetraox
i osm uRsaRRPE a8 P ik R TR e B Pae iy h e argice
free compound such as acetates which are soluble in one or more of the liquid reaction
20 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 liqu_id reaction. composition include IrCl3, Iﬂ3,
IIBT3,[1r(C0)21]2, [Ir(CO)2Cl]2, [Ir(CO);Brly, [I(CO)4Ip)"HY, [Ir(CO)Bry-HY
[I(CO)pI]-H, [I(CH3)I3(CO)p]-H, Irg(CO)p 3, IrCl3.4H50, IrBr.3.4H20,

25 Ir.3(CO>)l12, indium metal, Irp03, _Ir02, Ir(acac)(CO)y, Ir(acac)3, iridium acetate,
[Ir30(0Ac)6(H20)3][0Ac]), and hexachloroiridic acid Hp[IrClg], preferably, chloride-

free complexes of iridium such as acetates, oxalates and acetoacetates.
Preferably, the concentration of the iridium catalyst in the liquid reaction
compositions of the first and second reaction zones is independently in the range 100 to
30 6000 ppm by weight of iridium.
The liquid reaction compositions in the first and second reaction zones

additionally comprises at least one promoter selected from the group consisting of

8



~tricarbonyl di chl oroosm um (11) di mer and other organoosm um conpl ¢xgsr 2006
" Exanpl es ,tabl e rheni um contai ni ng conpounds whi ch used 25

i ncl ude &é@{%@gﬁ% 'Re(CO)5CL, Re(CO)5Br, Re(COI, ReCls.gﬁé@%&gﬁf%?szo
and [{Re(CO41}2} Preferably, the pronoter- containing conpounds are free
of inpurities which provide or generate in-situ ionic iodides which may

i nhi bi t titleniwacherdnm @hdoseiampTies proaddtalmayorongdrisahhy euteariih, fifesiain or ot her

nmetal salts. 30 Preferably, the pronoter is present in an effective anount
up to th¥%Y%nit of its solubility in the |iquid reaction conpositions

and/ or agimilirOitinthiRing eBMmBodHdREE is'sBRMIE BAhs Aquiti REachih bORYAdRN reaction
- zones fromthe aceticCc acid recovery stage. The pronoter is sultably

present The pregotgrauaycberasided foghe bigwig deaction semaositionsrinlany switabledfoafi each

pronod er; : - PCT/ GB03/ 02 i ridi in the range
[O. T)%o YB@P:dlS?OISrgIe- éggﬁﬂ%} %aggé%gcﬁ%g%%o 91 T,nvf‘fﬁgé tBrsglI"hE;PBW' [ gr eat er
t han 1] : Preferablpythé prontdtsr doipotind My bd usedcds dhsorldd-fied cbpounds subBad 0 8] © 1
or [4to6] : 1. Suitably, where the nolar ratio of promoter : iridiumis

in the raasheeshigharegplublelin opgar meresf theligwidseactps compesitiemat e : iridiumis
inther : T i f omter in.the liquid
reaction c nﬁ%gﬁsﬁoggéﬂpr%egégﬁggy&teﬁgggg ?:atsagl agé]ﬁggﬁggﬁéedr’[{géﬁﬁeé}%mfones IS,
i ndependassolutiont geseinhan 8000 ppm A suitable pronoter concentration is

400 7000 p uch. as 2000, t o 5000 m Al thoygh in general it is

pr ef ’te(fr ed to gggé?éf%oﬁsﬁlétaléf:%B%UWT?OPWE‘BQ%B%‘P&?H gl‘”h‘%@h'éf‘eu%fj added

| odi de s@klude rutReniBmY AN chif ¥Rl RtHenmn? (1Y cERAGE ﬁ%ﬂﬁ&r@,%ﬁ%hﬁﬁ‘@?m 't may
10 be possible under certain conditions'to tolerdte such a salt:

Accor di n¢jligride, sitheniem(HBrhreraidesrusheniuna §IIT) fiodide xathpiiem roetpl, coherdwnon net al s,
particularly nickel, iron and__chrom um and (b) phosphines or

ni t r ogenXees Bithemigm dBhdemmale [Br(GQ)3isidE Mwinira@catedphloruutheninméB, 1B, si t u,
shoul d be kept klﬁ a mni nym or *'m’nated in the Iiguid reaction

conposi t KD B 2ECIRtg, FUHER Y Iﬁ‘?‘?&%“‘&m“&ﬁ?ﬂé‘?@éll foubaate otheniin eact i on

by genergdntdedrbbayl, 'u_i&ﬂaehi'isﬁqdbhéuébé}b&?ﬂ%h Hﬂxé‘d)xlmﬁﬁiuhl 8&108%4?6&15(1%% gh adverse

effect on the reaction rate. ome corrosion netal contam nants such as for
exanpl e $ishlppiaearberyinuticpaan(Ih)siimer, dibsoetricasbongngbepem§ie dimers dne

generat i N .1 OS] i.ch, have an adverse, effect on the
Peact ort Reireman R AT OABIGES BUR B R A BN eyl  an
mat er i al wtrachlcrobis{YengéneydiruttBhiun (&), dichl6 N RIGRANE, S-dfenefuteniatdka@l)i et al
i odi des, for 20 ex-arzr%)l e lithiymijodide, should be kept to a m ni mum

Cor r osi RPEELINdHa(agE HiareIpPRABthenium (11D).

20 Examples of suitable osmium-containing compounds which may be used include
osmium (III) chloride hydrate and anhydrous osmium_mé_tal, osmium tetraoxide,
triosmiumdodecacarbonyl and mixed osmium halocéfbonyls such as. | |
tricarbonyldichloroosmium (II) dimmer and other organoosmium complexes.

Examples of suitable rhenium-containing compounds which may be used

25 include Rey(CO)yo, Re(CO)sCl, Re(CO)sBr, Re(CO)I, ReCly.xH,0, ReCls.yH,0 and
[{Re(CO)al}2] '

Preferably, the promoter- containing compounds are free of impurities which
provide or generate in-situ ionic iodides which may inhibit the reaction, for example,
alkali or alkaline earth metal or other metal salts.

30 Preferably, the promoter is present in an effective amount up to the limit of its
solubility in the liquid reaction compositions and/or any liquid process streams recycled to
the carbonylation reaction zones from the acetic acid recovery stage. The promoter is

suitably present in the liquid reaction compositions at a molar ratio of each promoter:
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impurities may be reduced by the use of a suitable ion exchange resi0AT bab

" to treat &8%3/164‘??9“ ion conposition, or preferably a catal ¥§t/ffBﬁ§/?{2§%%ec

stream ch a process is descri bed in US 4007130. Prefef
contam nants are kept bel ow a concentration at which they would generate

| ess than 500 p{) , preferably | ess than 25 250]p ml- inthe liquid
react i onirsium htelr@rrxge [Rdrte 190kt enrefsraply [greater han G5 gﬂmrﬁ preferablydgrsatar

onox| ey 953 A gl BT Lk Ao oL DY S ERETY 1Y, pure

nobI e gases, Suidbly, mﬂetﬁelndl@nﬁfio papadrhoted eram{ paatioatge [Ehslp]esence of
hydrogen in the carbon npnoxi de and generated in S|tu by the water gas

shift rehdhf Biwlargaty ektis-Rhespherase - migiyrg s mftmraeg%l[ppw J'dss than | bar
partial pressypeeoAintitRnrpeense: iae fiGaH kdacki Jn?an@% LR o?ihe

hydr ogenati on products. The partial pressure o car on nonoxi de I n
first anﬂrssend)srmtomémacmmmmmssmldspmdémt@blqss thad 8060 dpmt |Aysuitabliehe range lto

70 bar, referably 1.to. d nore pr ra | to 15 bar. 10 -.,4 0
CT 2006leO t?5§PT ‘?@0‘?’51‘17% %?@g%%’ﬁ Sﬂﬁlég? 26 ?OéQBB'E}ct may be recovered
fromthe secopghé@arhi g@ﬂeraplmes ;ﬁ@fém@w bpRpak e ;ﬁ@&%& hﬁdhems&nem separ atel y
fromthe first reaction zone | ash separation. In flash separation

| i qui d r esenterf addeipdideisali, iies apdswmwtmg@rﬂisa@mmg amn@dwm, # nidyashi ng
val v The separ at. i fone b di tic.flash vessel or may
navels adaperBIoMTRE R ShdflS TPleAl S ERE Rt SeneR Sate a1 1 qui g
fract i oncémaminagis 8ack maforrmhm?le; (6) obrrésich metaldl paRic@bAY Mitkel2itéh e Maj ority
of the pronoter is separated froma vapour fraction corrpr|5| ng acetic

aci d, caﬁlyeﬁwataa%(@ nheml%ﬁstor N{{EAZER- cawammmpquaéﬁ Qfdligapdy whish mayi on
co- cat al éiéah ﬁcar%%ﬁ" g?&(}g?gé ﬁ@ét% %ﬁﬁﬁmgﬂﬁgpelﬂﬁmmehru‘i’ﬂﬁrhqru?oa{e%{bg monoxi de,

hydr ogen "a raction bern ecyc to the
first 1000rapmsutlmmsztbm naaa}cgdnbmllyhpmﬂn ddvarst effacthoai thgrqaetscﬁﬂcy gedeqtigg Or nore
[ a first distillati nzon acetic acid product is

disti]ll at.i one
Conalht ol if Ths bR catian COosRRe SSOh RasapaTersaicHoon e TRRER) Pt ot ot ¢)

The |1 ghtomeUBRBSHY fedl okiERmAaM sgaeamag(amgmoim&drﬁ@la\t@oefen@anw st
and/ or second reaction zones. Al so removed overheéad is a | ow pressure

of f - gas torplesssiusierptible tadhe epauting abl e Cgaretion m&ﬂs wbwhlhtav@geadversar bon 15
MONOXi deeffg@f %é Q%}ﬁa@t’i-'()gl r%f%rrg edfn% %%d biéglpgg gor %?oglé'ﬁ%é} f gas stream

may be passe an o -gas— reat "tcondensabl e
mat er i al fasatial cﬁ'&:onﬂ”ﬁtchyh il g, cqtar@ihaite snbfhlaﬁglkaﬂnﬁaﬁﬂ ib@ided, f@sphere, for

exar‘rgq es g{éx&plgilmlgrragmﬂlgg Is%glllolld%e kte;?teto g(x)r“glerr%nrl atCl:)Prgm(o)Ix rrfeitaarl gr?c? otggrnl?)il(xlcde 'n the
- impurities may be reduced by the use of a sultable ion exchange resm bed to treat the
reaction composition, or preferably a catalyst recycle stream. Such a process is
described in US 4007130. Preférgbly, ionic co’ntaminénts are kept below a .-
concentration at which they .would generate less than 500 ppm I', preferably less than
25 250 ppm I’ in the liquid reaction composition, more preferably less than 50 ppm I'.
The carbon monoxide reactant for the carbonylati'on reactions may be essentially

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

gases, water and C to C4 paraffinic hydrocarbons. The presence of hydrogen in the

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

30  low, for example, less than 1 bar partial pressure, as its presence may result in the
formation of hydrogenation products. The partial pressure of carbon monoxide in the
first and second reaction zones is suitably independently in the range 1 to 70 bar,

preferably 1 to 35 bar and more preferably 1 to 15 bar.
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| ess than 40 nol 9% preferably |less than 20 nol % and the pronoter-4 O0CT 2006
" concentrat,j n.the 20 liquid reaction conposition is up to 8000 ppm by
wei ght . %Q%Q&(gﬂ% acid produced by the process accordi ngg?ycpﬂé(oﬁﬁgsent
i nvention may be further purified by conventional processes, for exanple

further distillation to renmove inpurities such as water, unreacted
car bonyl at i onAcgieoacihprodnet/may rsteegverhelr fram thesecondwenaai zanelaid gher - boi | i ng

by- product,s. 25 Th rocess of th resent. i nvention i referably

por for medPwafy tostfheP AR ET Sesonrtid TRt R T ok R Gy Rl oo be

|11 ust r atieflashepuastiddf ligi@raat o&dmpositidn W pdised @fLAABAGES zbhe (G da@hilngwi ng
Exanpl es and Figures 1 and 2. Figure 1 is a schematic ™ diagramof the
appar at u¥alyg ebhg Pashiseparationrans may bganadmbadc Hashreessel of manbaws f ects of a 30

bi s- phos - : o] st@abi.li.ty.for ca.. 1200 ppm
el ot kR BIHORMh SRR bRt SRR ioaXonieRing it | on

Met hod f emajoxpef theerdiamAatadgst Bndithd nizfeiny|of shelprombtes e piratel He@h um

autocl ave, equipped with a stirrer and ljquid injection 11 4 OCT 2006 WO
03/ 10417Y2RO8T. #@éﬁ@/@?ﬁ%@“’fg{%?‘i‘? 194, radopylatbiegeactant ey atesandimeshyldndidat ocl ave

exper i MepfGonylfRon26lQE Y%n%én-cM£§§BLe%aE&E§ggg at Ritr%glel%%bg%nﬂ Wi th

nitrogen, thén flushed three times wth car - nonoXi de up to 1x106N n2.
An i niti alonetide,dedgnas asd carbomflioneletht liguidtfetcaol hpipg cecyckd tdthe faset i ¢ aci d

(apptox 38.0 nmet h i.odi de ox 13.3 and water,. (approx 5 12.5g) was
pl acL@ i e nﬁﬁ?%bea‘(?g?um%%ﬁg&ﬂggPﬁ%sﬁg%%%‘lﬁﬁ'éﬂorﬁddﬁg‘ﬂg‘g?’b@?e%%xi de
and vent g¢rss dRWINtidzde ey adi®s R ivRbaatddadfom G IR0 camg&fehge (approx
6-7x 105 Mn 2) was placed in the autoclave, which was then heated, with

sti rri ng(natbyoodigepnd methyd actaty). e dighteomprinestsiavrrespyedavearbedpandred wi t h

approx 5 I FLdium ate tal yst solution . 25% | r w) and acetic
aci d (apf)eﬁé ‘5(18%@7‘3?%5#3“%?%%{) E%re\%mg‘f%‘ %Orqeﬁoxk\%?%?‘éeggﬂ’lﬁ 68‘% ‘Séyp%n nonoxi de
to the hptesaid Off gay Comphisihg tHethohRenduibslE A¥Rs RSB WittodeR, caoddX 106 N n2.

The reaction rate was nonitored by drop in carbon nonoxi de pressure froma

bal | b5t Tweeede. hydiseenppy cyper diorids. Buchyx iyepiessire offtgas sieastmay be
t ermper at it iitbughaGSHIER ABhARBLAbAO Gl BrEaRShE Mt ANGAN4, 2. 8X 108

N n2 throughout the reacCtion 15 by pressure an control valves. The
react i onmathy! todidei paortd befnervented talatopsplere,fat éxamtplgvessilare. became | ess than
I x 104 N2 pgtrlita%lyrptgeuéo%%éntration of carbon monoxide in the low pressure off gas is

less than 40 mol %, preferably less than 20 mol% and the promoter concentration in the
20 liquid reaction composition is up to 8000 ppm by weight. |

The acetic acid produced by the process according to the present iﬁyention-may
be further purified by conventional processes; for éxafnplé fuﬁher distillation to remove
impurities such as watér, unreacted carbonylation réactant and/or ester derivative
thereof and higher-boiling by-products.

25 " The process of the present invention is preferably performed as a continuous
process.

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

30  bis-phosphonate compound on catalyst system stability for ca. 1200 ppm iridium with

ca. 20% CO in the low-pressure off-gas.

General Reaction Method for Experiments A and B and Examples 1-3

A 300cm’ zirconium autoclave, equipped with a stirrer and liquid injection

11



~ After cooling, a gas analysis sanple was taken, and the autocl ave ¥gnp et 2006

The 1iqyyd.seimanents were di scharged, and anal ysed for h&g{&q%ﬁ(?é—a?roducts

by gas chromatography. Detected conponents are quantifie ation
of the component 20 peaks relative to an external standard and expressed as
parts per mllion (pfpn) by weight. In the experinents, "Total' propanoic
aci d wasfagdity wasjused fona seripmobbatph apaciaycexpsemgnisndhe astoplase wesor s (et hyl
acetate o)l Q r i o] i.c_aci. etected in the
quenchedﬁ‘r:a ?Scl]lg%%yt%(rj g%ﬁ%ﬂg)f%ﬁl ?‘Xh@ r&@%&’ trhggg%j %ﬁ@@g?‘ segévdgll)cr?rb(p%ﬁm 25 The
rate of gasoxipé ake htl10ANGET tAn mitkdchdrge tormistia@of in@thyl béktaefapgtRd t 0
cal cul at t.he carbonyl ation rate, as_nunber.of noles of reactant consuned
per i ¢ 83.09) Boed am‘@@éﬁ%’o&?@a’&iﬂwl l%‘é}ﬁb@é’m%lr%-%ﬂélan%@rer&mmlxh) at a
partigul g sHRMt a% d 4 I (A on a cold
)R e GRBAR hitBllavd bttch! wisafit RbuGRATARI R ARGt

degassed vol'une) e nethyl acetate concentra n was cal c during the
cour se ofnd veated3towlyde prayantflosmfsvhtildsn §admmposidxiden(apmres 6Fix1g° t hat one

nol e of thyl acet at e, was ons d for. eyery,nmole of c n noxi de t hat
o cons b tax Bt d i i airos 08 MR wSfhef hEila Ot Rtme L0 o o

aut ocl avegheadsgad st i@éctﬁm{ﬂéﬁt@ﬂ'ﬂ Wi 6§rhﬁed’ witE aPprok 3IRAT@LkORefagact i On and
calculating the 12 -: 4 O T 208 WO 03/ 104179 PCT/ (B03/ 02352

concent r a3yt selutipn €5.2 2%dt WHW) aisetieatid (abprdxng7g)raddxjpeted mithtap it i s

possjibl e erdn t r tion reaction which uld be
ex pe%: edo‘?e?p rg&?éer%or?;}fo a lﬁgrﬁgﬁ%ﬁggﬁees@q\ﬁg&g%% g’ B HB%g}eaafuéQfl%VSr?ﬁsﬁlﬂf\gﬁ%l y

whi | st naBridiNimig under steady state, a liquid reaction conmposition which

is the sane a,f the total reaction conposition calculated at 5 any
particul ar pof i reAfHan Tt MasTRORIgsed bydiep in parbemmoaqyide pressire fromed t er m

“reactio htdon. { 2al Lt t he conponents
in the aﬁlgﬁgy’i*ﬁ? ?11}9}; @%ﬁi‘%&tgé’ss‘gfﬁ é’ﬂ[i atTél.e %8@%2% ?ér@r%{ﬁke&n asel i ne

exper i mepressneswprerhantiwdat & horshent $20°GcAnad\2eBxdNENgrtkthdughourehdnehctich) acet at e
(48.0bg), acetic acjd (53.00 rut hepni um acetate (6.94g) water (13.5Q)

e T~ PORedTe A5l PSIART oTHEN ATy Lhe 1SRG G (EORAEL MhooehoR 1 d um

SOl Ut i ONbfifist3bsstid RBAE Sess WaWl YO nfGRE 5 GniAGledd (8. 700). The appr oxi mat e
nolar ratio of iridiumto rutheniumwas 1:2 The rate of reaction, based on

car bon nonoxi A&CLGROARE, eas analysis sEAple gvas éakeo, and the autoclave vented. The
liquid components were discharged, and analysed for liquid by-products by gas

chromatography. Detected components are quantified by integration of the component

20 peaks relative to an external standard and expréssed as parts per million (ppm) by
weight. :

__ In the experiments, ‘Total’ propanoic acid was defined as the sum.of propanoic.
acid and its precursofs (ethy! acetate and ethy} iodide) converted to ppni prop.an.oi.c acid)
detected in the quenched liquid products of the batch reaction expressed in ppm.

25 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/(Ixh) at a particular reactor composition
(total reactor composition based on a cold degassed volume)

The methyl acetate concentration was calculated during the course of the

30  reaction from 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.

By monitoring the rate of carbonylation reaction and calculating the

12



15 mol /1/h at a calcul ated reaction conposition of 15% nethyl acetaf ggang“
" steadily L until virtually all the nethyl acetate .
Conver si ﬁ?%hd(}g@ti c acid was 98. 9% based on net hyl acet afég?@;gﬁ@%{jm '
Anal ysi s of propanoic acid precursors gave a total propanoic acid make of
460 ppm Gaseoqus béi?pr oducts in the cold-vented off-gas were H2 2.8 mmol ;
cop 3. 2 qareentragipp of thy reackiopgpmpanants Jusingdhe expesimentlitds aesidieliong to t he.
present | i | S - h .to the

Pl qui d 1St B0 e R LR R udt Yot SRARAL A T TRAUIC K T BURTI O

per f or mestowdst Wetdte beuiperatahM@ntbwsugydw st maireaihing undr aewlyatate, @4iquidcg)

acetic acid, (48.42g). ruthenium acetate (12.28g) water. (13.86g) nethyl

i odi de (Té?@f@f!np?%iwe&tﬁﬂéq 3 es%mtaﬁétﬁ‘é@ﬁéﬁagft‘@ﬂc%ﬁpcﬁﬁlanﬁa&“&ﬁﬁ%l ution

(6.150) éré;p%?%u[a}tpo%m }?\é’ib?aflh%\%gér.hﬁerﬁ‘.‘:i d (8.71g). The approxi mate nol ar
rri S

rati o of Ium to ruthenium 1:4 The rate of reaction, based on

car bon nonoxi bieheptpkementsstherteamureadtidrocdngpd@Bios’ re3érs bmthetdteh) at a

cal cul ated reacti conposition,of 15% nethyl acetate and steadily

decl i ned"XMROSIUOY; tr&EFa(fqr‘r@DponF’?ts {ihie groRlave H’c@gﬁ?@ q%ﬁ%“%ﬁ%‘ﬁrred. Conversi on to
aceti c agiskrivaentd®. 2% based on nethyl acetate consuned. Analysis of

propi onic acrd precursors gave a total propionic acid make of 460 ppm 13

-.4 O C T 2004 basghne 3xpaumend waeprripusdoptsthe autwslaye charget witiotethyl n t he

col drve Of 4o~ - I T, 0ol i m re showed a
cl eam yn%c%%(taer@gggg?%éﬁg@éﬁfﬂagﬁ'%Q@cr?{%?ﬁgfn e&gt%@sﬁgg%ﬁg %laﬁgl%ﬁ%%ﬁle accordi ng
to the piodiien3.B3peMhieatabecalstivpnontised opAwidan 8bkti6R (OIL)TY.288sIradded to
the Iiquid reaction conposition. 5 Exanple 1 Experinment A was repeated
except tWAY) Witk a%tlﬁéﬁﬁcr}giﬁ%sﬁwwoxﬂéﬁtié‘waf el phiidiys tapkaaivm Waphe base

of the appoclave in a molar ratio to Ir of 1:1. This is an exanple of the
use of a bis-phosphonate conpound according to the present invention. No
preci pitate cBhd tedef refrsionyeaded on tdrborc mohexdde eptake was mieasursdaodezo3st rat i ng

10 ipcreas catal yst stability under , carbon nonoxi de, free
condl 1 anali 6% Edtiiod i3Biien {amoRon el 15 meR U R eelRd steadily drdined
di met hoxyRhQsRhek i1 (REREBNEadBSe was consumed.

Conversion to acetic acid was 98.9% based on methyl acetate consumed.

Analysis of propanoic acid precursors gave a total propanoic acid make of 460 ppm.
Gaseous by-products in the cold-vented off-gas were H; 2.8 mmol ; CO, 3.2 mmol; CH,
20 5.2 mmol |
.~ This is not an example according to the present invention. because no bis-
phosphonate compound was added to the liquid reaction composition.

Experiment B

A baseline experiment was performed with the autoclave charged with methyl
25  acetate (48.05g) acetic acid (48.42g) ruthenium acetate (12.28g) water (13.86g) methyl
iodide (13.31g). The catalyst solution consisted of an iridium solution (6.15g) (5.25% Ir
w/w) with acetic acid (8.71g). The approximate molar ratio of iridium to ruthenium was
1:4
The rate of reaction, based on carbon monoxide uptake was measured to be 23.4
30 mol/(Ixh) at a calculated reaction composition of 15% methyl acetate and steadily
declined until virtually all the methyl acetate was consumed.
~ Conversion to acetic acid was 99.2% based on methy! acetate consumed.

Analysis of propionic acid precursors gave a total propionic acid make of 460 ppm.

13



added to the base of the autoclave in a nolar ratio to Ir of 1:2. -TDiEFCTi 006

" an exanpl . use of a bis-phosphonate conpound according to the
present |‘§9§§/11#4329 No precipitate 15 could be observed iﬁcﬁﬁ%"y%%d

reaction m xture. Exanple 3 Experinent B was repeated except that the nolar
ratio of Ir to Ru was increased to 1:6 and bis- di nethoxyphosphoryl
benzene @assonsibegraductshe theawdd-véntedaff-gest weleaneanalysed. nol ar ratio to Ir of

1:2. This is ex | e of the use of, bi.s-. di.met hoxyphosphoryl 20 benzene
according to ?ﬁ%c ?eggrgﬁ?thwg‘ﬁfr%?ﬂweﬁc? drakyi %S_F%{?@é uBﬁ%toé’F ey t he

cool ed react TR ighotlaH eRamplRAcERab kS tHRpréstREnHY SRIbh DefurBHo Bisand Exanpl es
1-3 are summarized in Table | below Table 1 Experinent/ % cony. Rate at

H2 Ccoz TPasPhnaikemnound mas aadad thilmdquidraneapeontmesition) (% /v) aci d nol /

Ixh /s mp(A) |rf2Ru 98.9 20.3 2.8 3.2 460 (B) Ir: 4Ru 99.2 23.4 n/a n/a
460 (1)%7—2%%. 1: dnpb 98.5 20.4 2.7 2.8 420 (2) In 4Ru: 2dnpb 99.1 23.3
3.0 3.0 390 Egperifient BRwas Rpequdd ex%ptzhﬂBiscniaxealoayﬁho%ﬁ@orylz&nﬂér@ - data not

avai | abl e, e results ijn Table 1 denonstrate that the use of a

bi s- phosMSﬁ"’é‘S éaéjﬁ‘&da ﬁﬁe base 8f gxeﬁgt“laﬁ% iy} Bt rafip e ktaf dil - Thisis an

iridium | Ak ' L d..al lows 14
4 aor 200y ol S8 o0 pEk) ERe R 05 R5 R LR BerkenPlihiod: 0anoi o
aci d by- Nopdeatitatd ¢dubdibe elsbesredeh theabbled réangon hextumademanstrataige 0 anount  of

hydrggen. or _car bon di oxide by-prqducts. General Reaction Method for

Expeti melfEaE cgpallysgﬁtaé’ég%%%ég(’(ﬁ’ ﬁagb%“owéea%ﬁa?oggﬂéon&sed i s shown in
Figure l1ExMhplezeference to Figure 1 the 5 apparatus conprised a stirred
primary carbonylation reactor (1), a secondary carbonylation reactor (2), a

flash tank (3Fxposnent B was repeatedorxcensithanbist donethoryphdsphoo bemzens whs gr ade
e el i s, BSA0 B0 B FpHRobRSa T TG AR AT 1 the
use of a bis-phosphonate compound according to the present invention. No precipitate
15 could be observed in the cooled reaction mixture.
Example 3
Experiment B was repeated except that the molar ratio of Ir to Ru was increased
to 1:6 and bis- dimethoxyphosphoryl benzene was added to the base of the autoclave in
a molar ratio to Ir of 1:2. This is an example of the use of bis- dimethoxyphosphoryl
20  benzene according to the present invention. No precipitate was observed in the cooled

reaction mixture.

The results of Experiments A and B and Examples 1-3 are summarized in T_able

I below. :
Table 1 :

Experiment/ % conv. | Rate at H, CO, | Total propanoic
Example MeOAc | 15% MeOAc| (%v/v) | (%v/v) | acid

mol/(Ixh) /ppm
(A) Ir: 2Ru 98.9 20.3 2.8 3.2 460
(B) Ir: 4Ru 99.2 23.4 n/a n/a 460
(1) Ir: 2Ru: dmpb | 98.5 20.4 2.7 2.8 420
(2) Ir: 4Ru: 2dmpb| 99.1 233 3.0 3.0 390
(3) Ir: 6Ru: 2dmpb|’99.2 27.0 2.9 3.4 440

25 n/a - data not available.

The results in Table 1 demonstrate that the use of a bis-phosphonate compound according

the present invention in an iridium-catalysed carbonylation process to produce acetic acid, allows
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. carbonyl ation catalyst and a rutheniumpronoter at a pressure of 2.76 getl
N n2 and 3914 erature of 190C. The primary reactor (1 pited wt
a stirrer probe“ﬁggr (4) and a baffle cage (not shown) to)’%n uPe(b2|t3%1 i mat e
m xing of the liquid and gaseous reactants. Carbon nonoxi de was supplied
to the primary reactor n%1) via a sparge (5) fitted beneath the stirrer

(4). To FRdAcHANSR the Apoyny: propagoir agig by tprodct Withputasyensely affegtingttbe actmnrate o

nonoxi de ﬂq@ﬁ] . i r (not shown). A jacket (not
shown), ?LS t ‘ngﬁ’S‘ﬁg%ﬁrﬁ&ﬁ?ﬁ%g’?a%@rp‘fdgh@?r cul ated,. enabl ed the reaction
liquid i Gehéral ReactimyMetent for Expédimientsi€ torl sidERSRpRE 430 2anst ant reaction
tenperature. Jhe |iquid reaction.c osjtjon was analysed by near
infra-red analJ%3RP2 ‘b‘&g‘s(ﬁa?f)ﬁ’ﬁé? gg‘éﬁ) y{"ll’ﬁ1 istpreneeitaEigtes 1 tegh pressure
of f- gaS YRR ERURRsE 9@@iﬁg@prﬂﬁkﬁ%ﬁ%ogﬁl%ﬁxuﬂfeaegoﬁg)tQE&UQ&I&' ne (6). It was

passed t hrough a condenser (‘not Shown ef-ore pressure’was 20 dropped

across vedrhenylatipnaeasteri(Rba@ figsh rnk KB andw distdsion eolofrin-(gatsshben).it to be fed

into the scrufpbi St i qui,d r.eacti,on conpositio s withdrawn from
the primary ?ge)%gg{)cﬁm(q?&g%%%é) l’s‘ﬂ“&f ﬁ?/\sletﬁcn P%%’q)totsﬁwgﬁgﬁg\@’rgés ¥8ondary

react or ¢athonyéunell inhke6 Vit printey feddtor (1Nt tHNRedehasbf dnaRkiuf3) under reactor
| evel control. In the flash tank (3) the liquid reaction _conposition was

fl ashed ¢RBRRNYIasion catabssenda pitheniugpsomaler ayappessarsef 2J6ul 10°Agm28ndvd xt ur e of

vapo a | AUl rated: Slar iqui d S turned to
t he H{)ri%glpyaﬂggg{g?@ﬁ?ﬁ%f%%m%%s @tﬁ‘?}*ﬁ{ﬁs_‘%‘n& étlsa%\%(}p\gﬁ?fa@f € vapour
was passebafflelageu@bt shoseyitsteure(if@hatanmixtnpeof thh HQod bivd patusdestitsid, | | ati on
col um ({:}oﬁ) shown). as Vﬁﬁgur. he secondary reactor ( congri sed a pipe
of di amet@P0oBMepRTide ¥gSHPPIGd Epths REMasYIagtse( heta FRaiEaSs Setedbeasathi pewor k

had a volhdRBr&f (4RPPS tihitREEhdh Rgrld; il . The pipe was
pl aced in paIrTaI(I ZI to tlhe fléénsh%@%{%@%@ﬁﬁg%%c%@gf#é;%rﬁ ed with a

suppl y omoneilit wWespdssebihbmgh mwatbon didtey (rot khoven)1 4 jathe (sechowha) y reactor (2)
was perat e t. .approxi.mat el e s ressure.as, the primary reactor
(.45 iftyee Hioh BB ol Betelle ol B S e in % PR €8st he

deni st er (1) 2be RBinefised N @hsthtlrbRtibO riRrAtiR. (1H1iqS Rk on WhRpEsiAGSt i ¢ aci d
is recovered fromthe vapour and a | ow pressure off-gas conprising carbon

nonoxi deVpsanshsed By peardngeredasalysic 4ad sahewpmatestaphy bei ng vented. The
degree of cat e’ j < i junction wth.the
liquid 5 reag% ?‘ gﬁe%ﬁ%b@%?gﬁaﬁg&ﬁ}g?%i%%? ‘Kfrggvreé‘g‘°§%<{aﬁ€tprf§‘§sa&bi?a%ﬂk2 i ncrease
in the btiswighhiee (Gbdowbapassediasougbarofidanser (not showal béfreabe pekatrewni t h t he

' f precipi j L
armu% Odro peedca!cpc;sts %Elfvg ?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 still well (8), through the secondary reactor (2), and then via line (9)
into the flash tank (3) under reactor level control. In the flash tank (3) the liquid
reaction composition was flashed down to a pressure of 1.48 x 10° N/m®. The resulting
25 mixture of vapour and liquid waé 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. |
The secondary reactor (2) comprised a pipe of diameter 2.5cm, length 30 cm and
30 together with associated pipework had a volume of approximately 8 % of the primary
reactor (1). The pipe was placed in parallel to the flashing line (9), and was provided
with a supply of additional carbon monoxide via line 14. The secondary reactor (2) was

operated at approximately the same pressure as the primary reactor (1).
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- Experinent C Using the apparatus and method as described with ref eregee

Figure 1, ol was carbonylated in the primary react a rate
of 20 ml‘y?ﬁﬁ/h?‘ ased on 10 cold degassed reaction vol une?&T@éyﬁ:‘aﬁi d

reaction conposition in the primary reactor (1) conprised approximtely 7%

by wei ght of nethyl iodide, 12% by weight of nethyl acetate, 5% by weight
of water, appFlexvappeesrom theedephistentl2hentersthe distillationGOlymm{ngt shawr)di um and

2940 ppm rut henium..The |iqgui.d reactio osition further.

car bony| ¥beSt Srdteni isafoaef et BF gt sFO TR sl St Eahfingoc ana o
total 15apsdRshocxidd isPReaXd MBirether btsAdbn)¥efde beink venteési dence tinme of
40- 60 seconds. Additional carbon nonoxi de was fed Into the secondary

reactor to mallhmdagrea ofcatabyshpieppHatiqroyaomeasiradon capnexiodevitnthe iguid =
non- vol at | C 1] - 1.%. .;The results are
Chowt | ek by Bl BE < NBe ARG T inbasty HE MeaS [ CRYL 2

r epeat edabe¥bande Hasdeanrfount todirady komrel atwink ttdanfordt ofidrecipiteionecondar y
carbonyl ati on reactor was reduced in stages, until in Experinment E, there
was no HXRerimeiCcar bon nonoxide fed into the secondary reactor. The

results are sHQnR dbpbathe aAd iihddl & dsaHRAMNA RrcAEMPuNAE added to the
carbonyl ation re ct0|P|n Experinents Dto E. 25 Experinents F to H The

pr ocess emethindweasphimnglated if thegprenary peastard 1t aapte of A6 niRl/r(basadioo in the

carbppyl atiqn reactor. was. i ncreased to a nolar ratio of 6:.1. The results
are Chouipis Aol sosionNgusr. TR SRITaREoR sptmietladhe BB s e

car bonyl gt b&'ﬂgfé%quﬁfoﬂirﬂate@q% by WRIEHE of niethytiodde, XA weight dfenetidyl The
processes’ of periments Cto H were repeated except various anounts of
dnpb wer zcetatki 880 by weight pf water, aaproynia atby oreighd € aestic atidel14Wsppm of are shown

in Table. 2. 16 cCT / - bl e 2.
Experi rreﬁ%h rEﬁ]d ?%&H%rﬁgﬁ g?ngumy\? Eggﬂ%%%gcho&%ﬁgg%rg&?gﬁ%% pressure off
Preci pi t arbsyl{t8PinRat eecdfd Beabiof (B)/adt nidudrApergate ofal9dbRanda (dalcar bn) /ppm C
1290 4.1 0.0 30 -0.001 0,9 510, , . i _
15  pressure of approximately 27 x10” N/m” with a residence time of 40-60 seconds.
Additional carbon monoxide was fed into the secondary reactor to maintain the
concentration of carbon monoxide in the non-volatile components exiting the flash tank

at 30 mol%. The results are shown in Table 2.

Experiments D to E

20 The process of Experiment C wés repeated except the amount of carbon
monoxide fed into the secondary carbonylation reactor was reduced in stages, until in
Experiment E, there was no additional carbon monoxide fed into the secondary reactor.
The results are shown in Table 2. No bis-phosphonate compound was added to the
carbonylation reactor in Experiments D to E.

25 Experiments F to H

The processes of Examples C to E were repeated except the Ru:Ir ratio in the
carbonylation reactor was increased to a molar ratio of 6:1. The results are shown in
Table 2. No bis-phosphonate compound was added to the carbonylation reactor in
Experiments F to H.

30 Examples 4 to 23.

The processes of Experiments C to H were repeated except various amounts of

dmpb were added to the first carbonylation reactor. The results are shown in Table 2.
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D 1380 4.0 0.0 21 0.014 0.8 550 E 1270 4.0 0.0 11 0.190 0.8 560 FE {
6.0 0.0 3%oQsQdf-P- 8 520 G 1180 6.1 0.0 20 0.141 0.8 540
20 0.287 0.9 540 4 1390 4.1 0.3 31 0.002 1.0 5 1330 4.2

gH R s o

¥§9 2006

6 1230 6.0 0.5 20 0.132 0.9 7 1210 5.9 0.5 16 0.246 0.8 8 1200 6.0 0.5 30
0.007 0.8 9 1190 6.0 1.0 30 0.007 0.9 460 10 1170 5.9 1.0 19 0.061 0.9 490

11 1220 5.6 0.9 17 0 074 0.8 490 Wablokpo 5 7 2.7 31 0.002 0.9 470 13 1190
6.2 2. 80%5‘3“0569‘33 (1) 8 500 14 1119()98\253%"’8 17 (% 04%30 8 égggng 11@??’“4. 0 1.9
X r : reoip 1

5,036 118 gZo i ﬁ"‘a"’ iﬁgﬁ% og‘gi ‘?@ 9 52&“?9@121?%@“’;)5 * 1Ty o 030
0.9 500—2C146b 1290243 0" Plyad 1 o Bag” Ay 18I, o o 892010 gHA 11y 540
22 14504.0R0. 7 iﬁéW\lﬁﬁﬂ gl 23 2d1g 411 008142 g 04881 § 5680 + Jata
not availabfe Thd2Wesyu4% §rdf Table Algenny str8t80 t hat whire dmljﬁohaq been

added tp_th®_ 5| d&%oni%t i oY eactor 3lthe part 0416 prelssuf® of catbon
monoxi de_inGt hel 1168 prédsure G fJ gas Pan bel de@déhsed who-Bst | mmi #Pai nj ng
catal yst stHbi | | th20and S@rovi dihgla reddction i n0-28he anpu®? of pr#Pancj c
aci d bytpro#tiuct | ge¥duced. Fildei?2 shdhs the befldPl cial effect of * he
addi tion _of5dnpb 1839 cat4d yst G ahility20 at |jow &&tbon jnoneXi d¢ parti al
pressurg inéthe|llaw pregsute ©f f {gas faoom the flodsh tank 040 At 20% cal bon
nonoxi de i n7the|llow pressuite @f f {gas, leatal yist stabilifty 08 i ncreased las
the noljar rati o| aboodppls.o. Ir 0.5 ilncreased. Hachodat a poi nb.son|t he xgraph
represepts ¢he ratm 6.0 1.0 30 0.007 0.9 460

10 1170 5.9 1.0 19 0.061 0.9 490

11 1220 5.6 0.9 17 0.074 0.8 490

12 1240 5.7 2.7 31 0.002 0.9 470

13 1190 6.2 2.8 23 0.036 0.8 500

14 1190 6.1 2.8 17 0.046 0.8 480

15 1560 4.0 1.9 29 -0.005 0.9 510

16 1570 4.0 1.9 20 -0.004 1.0 530

17 1525 4.1 1.9 12 0.036 1.0 540

18 1265 6.0 1.1 21 0.012 0.9 520

19 1210 5.7 1.1 17 0.039 0.9 500

20 1460 4.2 0.7 28 0.001 1.0 530

21 1500 4.2 0.7 20 0.004 1.0 540

22 1450 4.0 0.7 13 0.034 1.0 530

23 1510 4.1 0.3 12 0.045 1.1 560

10

15

* data not available

The results from Table 2 demonstrate that where dmpb has been added to the

carbonylation reactor, the partial pressure of carbon monoxide in the low pressure off-

gas can be decreased whilst maintaining catalyst stability and providing a reduction in

the amount of propanoic acid by-product produced.

Figure 2 shows the beneficial effect of the addition of dmpb on catalyst stability

at low carbon monoxide partial pressure in the low pressure off-gas from the flash tank

At 20% carbon monoxide in the low pressure off-gas, catalyst stability is increased as

the molar ratio of dmpb : Ir is increased. Each data point on the graph represents the rate

of build-up of precipitate derived over 24 hours of experimentation.
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of "build-up of precipitate derived over 24 hours of experinentatiog.ochd 2008
-.4 OCT 03/104179 PCT/ GB03/02352 Clains: 1. Ap t he
producti ﬁgg:%/w\é\?gti c acid by carbonyl ati ng nmet hanol and/ oﬁgggiﬁsé@?gﬁ ve
derivative thereof in a carbonylation reactor in a liquid reaction
conposition conprising an iridiumcarbonylation catalyst, nethyl iodide,
net hyl acetate, water, acetic acid and at |east one pronoter selected from
the group consisting of ruthenium 5 rheniumand osm um characterised in
that there is also present in the reaction conposition a bis-phosphonate
conpound having the fornula R2-OY OGOR3 RL1-O\P/ \P/ OGR4 ii wherein R,
R2, R3, R4 are independently hydrogen or an organic functional group; Y is
10 an optionally substituted Ct-C o al kylene or C6-Cio aryl group. 2. A
process according to claim| wherein the process conprises the further
steps of: (a) withdrawing liquid reaction conposition together with

di ssol ved and/or entrained carbon nonoxide and other gases fromsaid
carbonyl ation reactor; 15 (b) optionally passing said withdrawn |iquid
reacti on conposition through one or nore further reaction zones to consune
at least a portion of the dissolved and/or entrained carbon nonoxide; (c)
passi ng said conposition fromstep (a) and optional step (b) into one or
nore flash separation stages to form (i) a vapour fraction conprising
condensdBlaimgonponent s and 20 | ow pressure of f-gas, the condensabl e
conponent.s cofpracsssiyr tegirbduction df gretidacid yndridnglatiaynreeaslind/dff - gas
conpri si ng carban nonoxi de and ot h]gr. l?as'es di ssol ved and/or 18 -.4 OCT
2006 WO° Wfé‘&&‘?‘ﬁwﬁg%féﬁg‘élaﬁ'ﬁéy Hew R i HAVE FeACHPR FRMRRFHIAN qui d

car bony!| @213i GHiRim 625B834tld ih M i8dik G f t] conpri sing
iridium catﬁgfglr)r{/gl%gt %.lgn cg?al ys%t?ng:rg tg?gg’ géétg%ldaggg’?ﬁ Jgggcﬁcéﬁg%bhgl%ﬁt ; (d)
separ at ia¢gtie #ad enthaldngst bhe promtaselactsd froonthetgeoupownpistssefiretheffirgas;  and

5  rhenium and osmium, characterised in that there is also present in the reaction

composition a bis-phosphonate compound having the formula :-

3

\ /Y\ /O-R )

R.0—p P—0-R

I
0

wherein R', R, R?, R* are independently hydrogen or an organic functional group; Y is

R2 -0

o)

10 an optionally substituted C,-C,qalkylene or C4-C g aryl group.

2. A process according to claim 1 wherein the process comprises the further steps
of:

(a) withdrawing liquid reaction composition together with dissolved and/or entrained
carbon monoxide and other gases from said carbonylation reactor;

15 (b) optionally passing said withdrawn liquid reaction composition through one or more
further reaction zones to consume at least a portion of the dissolved and/or entrained
carbon monoxide;

(c) passing said composition from step (a) and optional step (b) into one or more flash
separation stages to form (i) a vapour fraction comprising condensable components and

20 low pressure off-gas, the condensable components comprising acetic acid product and

the low pressure off-gas comprising carbon monoxide and other gases dissolved and/or
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(e) recycling the liquid fraction fromthe flash separation stage 4. 00Te2006

carbonyl 9§ @hosaPror eactor. 3. A process according to clai pdregifhAaEM 2
wherein R, R2, R3, R4 are independently an organic functi ona? group

sel ected from an unsubstituted hydrocarbon group and a substituted

hydr ocar bon. group... 4. A process, according to claiml or clag.m2 wherein R,
R2, R3, eﬁ%agggwég’ctﬁe wi'@dFﬁ)"d’ﬁbcﬁ’é%c ﬁoné'ﬁl 100 JE3FU9R COmBLRY ‘E’Iﬁadé‘g]aﬂ‘;ﬂél'rdocar bon
group. SfrachoR cOEPESinAEEANAN dﬁﬂ)oh?laﬁbrﬁbml@s%%&é%%%} BAGeHSHPS IV dotit ed

hydrocarbon group is a -CH3- group or a 2- group. 6. A process
accor di ng) teparahipg drecantiensable pemponantsiromahe jow pessureseff-get;@addf rom t he  group

cunst P Bt B RIRE el nc Ay SelirafOf s i AopbliRs ey

cycl dal kighctor/. A process according to claim6 wherein the unsubstituted
G -C O alkylene group is selected fromthe group consigting of -CH2- and
(CH2) 2- .3-8. A\ prseesacearding taickymtioerCilaimy wheaser R, R tRieRoprd onal | y

substit %@é},ef;@?n(ﬁ}yom%rgini% ncoml! gﬁiélp kHedq Bonz sP%sgirﬁﬁtr:% ﬁ}«gﬁ&%&s

according to clarm1 or alm 2 eln Y is selec
unsubst i grotpeahdCl substtusdddypidesterbgn gopip. an opti onal | y substituted C3-C10

cycl oal kyl grpu and an.optional | ubstituted Co,Cl0 aryl and R, R2, R3,
R4 are each f@&?‘lfﬁ%ﬁ’?%?’%&}@o C&&EH %lﬁ%ﬁ%%ﬂb?riet lea:z’r%dgoé%ilr‘ﬁélh group. 10. A
process 13e eqloegretéacsh@hmu%stméa%ly@ro%mengmbst' tuted hydrocarbon group
is 25 a'nethyl group. 11. A proceSs according to claim1 or claim?2

wher ei n $-he bh prqsiesssasieondingtoiclaimdlevareioctath vasubstsutgd bygrocarhei gtoupds of

tetrai sopr | 1.2 et di phosphonate, nethyl ene di phosphonic acid and
bis 1,2 agi%%%&%Woasgﬁk)%srb%ﬁ?ene. 12. A process according to any one of
clainms 16.to IAlprovesy ficBrdidioRhg oRbeBNRAEAL ® I Wherd ¥ /@R tedTronh tHé 1 N the

liquid reaction conposition. 13. qurocess according to claim 12 wherein
t he bi s-PREspHGIENS of an prsuhiiuted 6mGinalkylean giryat an entiongllosybsiitites aci d.  14.

0 DeSe oI hig A BB bl e e the
react i or7.conpprddessacabrding o|chimtalh@edfthbissupstnsph ONa, galkglepOERAp: i ridium
in the rigrs]quct[e(? fr%mttge %loclup:co%s'isting of -CH>- and (CH;),-.

8. A process according to claim 6 wherein the optionally substituted Cs-Cy aryl is
a substituted benzene.

20 9. A process according to claim 1 or claim 2 wherein Y is .selected from an
unsubstituted C,;-Cyg alkylene group, an optionally substituted C;-Cjq cycloalkyl group
and an optionally substituted Cs-Cj aryl and R', R%, R®, R* are each hydrogen or are
each an unsubstituted hydrocarbon group. |
10. A process according to claim 8 wherein each unsubstituted hydrocarbon group is -

25  amethyl group. |
11. A process according to claim 1 or claim 2 wherein the bis-phosphonate is
selected from the group consisting of tetraisopropy! 1,2 ethylene diphosphonate,
methylene diphosphonic acid and bis 1,2 dimethoxyphosphoryl benzene.

12. A process according to any one of claims 1 to 11wherein the bis-phosphonate is

30  formed in-situ in the liquid reaction composition.

13. A process according to claim 12 wherein the bis-phosphonate is formed from the
conjugate bis-phosphinic acid. '

14, A process according to any one of claims 1 to 13 wherein the bis-phosphonate
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15. A process according to claim 14 wherein the nolar ratio of - 4 OCT. 2006
bi s- phosphonate conpound : iridiumis in the range [0.5 to 5] 1. Og 1%].0 A
process according to claim 14 or claim15 wherein the nolar ratio of bis-
phosphonate conpound : iridiumis in the range [0.5 to 2] : 1. 17. A
process according to any one of clains 1 to 16 wherein the pronoter is
present in the liquid reaction conposition at a nolar ratio of pronoter :

i ridiumin tKeMPPRKGE Pregpntil thediquid reactiqp cpgpogitpn slemglancatioradibisg t o cl ai m
17 whérein t e i f. ;P& e kS, in the range [3 to 10]
1. 19. Ap g((): séeﬁcéﬁ%ﬁlﬁl&t"@&g al}]ﬁﬁmgl‘ﬁg ra#mog'\l/\;her ein the nolar ratio
of bi s- phosphonatteproosspecrvdding to ¢ldinub# whetein thbieolaang® ¢ hiSpha@pbdnste 1 and
the nolar ratio of 4 :BL ot-er. iridifp{?i;m the range [3 to 10] : 1. 15
20. A procesSHRESH dilﬂgmfnolsé‘?g’ierfﬁngf ®3likerein the concentration of
carbon npnoxkde iAnprobes hesordingsstitien 04 br A&t | Swhe s thdapld Gt ¥iand the
concentration of pronoter is_up to 8000 ppm by weight. 21. Use of a

bi s-phosphon@h%spéﬁﬁf)mfﬂp%‘ﬁ‘dféﬁ‘ﬁﬂluds?ﬂthEIQER[U-@)tO/ZblR R--O\P/ \Pl OR4

[1 11 20 O Ojpwpher g : i'n&dﬁmrﬁ- l.. an
organic functlwc:nalgﬂ?%&f)?&?r?"?ma&r?@oﬁeﬁgﬁg#ﬁfsu stl%&ﬁl@eﬁgé %%%%1&15 al kyl enc
or C6-Cio ar Wcsgfrtolugl,e ligmdrepetisnecomphsition e mplrotitio oif promdtemcativon mahd t 0
“reduce the app! gt[%}p{o tg%-.@roduct propanoi ¢ acid and/or to stabilise the
cat al yst syste% al dl rocess conprising the steps of 25 (a) carbonyl ating
met hanol 1&ndA8r aArmractss vecoding wedlhivel 1 Wheremfthé moRr eatolsfipybmabdteO indiusaizt or
inaliquid reaction n'f)(ﬂs_ition conprising an iridiumcarbonyl ation

catal yst, m#l ’ﬁlmqg&ﬁ?goe, et hyl acetate, water, acetic acid and at | east

one pronoter 18el eal@dcdss BdBordihetadelaiud] 6PESInSE WhereRf thh HidMEThadryifleni um and
-~ osmum wthdrawing |iquid reaction . conposition together with dissol ved

and/ or ent r aPRRBLBEH DT RAYHE X 1T B8 iroibp ssneg Hs 2 tp 5130 dnddhe mglagratio of
carbonyl at i oBrdrgeied: Qfidiuglis fn e Tarddd} 1o Y$:Q3/ 104179 PCT/ GBO3/ 02352

15 20.  Aprocess according o claims 2 to 19 whcrein the concentration of carbon

monoxide in the low pressure off-gas is less than 40 mol% and the concentration of
promoter is up to 8000 ppin by weight.

'21. Use of a bis-phosphonate compound of formula :-

3

, R%.0 R

NN

R1 O——"r O-R4

-0 @)

wherein R!, R, R?, R* are independently liydrogen or an organic functional eroup; Y is

20

an optionally substituted C,-C,, alkylene or C-C)g aryl group, in a process for the
production of acetic acid to reduce the amount of by-product propanoic acid and/or to
stabilise the catalyst system, said proccss comprising the steps of:

25 (a) carbonylating methanol and/or a reactive derivative thereof in a carbonylation
reactor in a liquid reaction composition comprising an iridium carbonylation catalyst,
methyl iodide, methyl acetate, water, acetic acid and at least one promotier selected from
the group consisting of ruthenium, rhenium and osmium, withdrawing liquid reaction
composition topether with dissolvéd and/or entrained carbon monoxide and alher gases

30  from said carbonylation reactor;
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.(b) optionally passing said withdrawn |iquid reaction conpositioh 06F @Mgh
one or noLe )‘lg{l%’uer reaction zones to consune at |east a portion of the
di ssol ved"and’8H &nt rai ned carbon nonoxi de; (c) passing S&TERISFBi ti on
fromstep (a) and optional step (b) into one or nore flash 5 separation
stages to form (i) a vapour fraction conprising condensabl e conponents and
| ow pr esdb)eptionallyjpassing jsaid o thdeavenbauid ceastiom eompositiomthiosigh gnacethoe aci d

pr oduct : f mrising. carbon .nonoxi.de, and ot her
Gases. i oo adRub YR T8 o oLl RN SR S PR KPSy at1 on
reacti on cexboposaroxae; and (ii) a liquid fraction conprising iridium

car bonyl atj on .catal, yst, pronpter a c&aceti_c acid solvent; 10 ((Rg separati ng
the conddR<BaSHRE &4 ?th?%o”f %s{eﬁga YW qptiend skep (BY intqyens ormegre flagycl i ng t he

T qui g T rs@fiRih hdgdd fofmil) 33/Ap8ARIcRbh eema}iaggc&ﬂjehaslecc%wp%ﬁxr',@sﬁao“
low pressure off-gas, the condensable components comprising acetic acid product and
the low pressure off-gas comprising carbon monoxide and other gases dissolved and/or
entrained with the withdrawn liquid carbonylation reaction composition and (it) a liquid
fraction comprising iridium carbonylation catalyst, promoter and acetic acid solvent;

10 (d) separating the condensable components from the low pressure off-gas;
(e) recycling the liquid fraction from the flash separation stage to the carbonylation

reactor.
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