2 6 SEP 2006 I100LEEEEREEETIETTETTT *166166 IIIIIIIIIIIIIIIIIIh{HhEPJPPB

. *@00002* PROCESS FOR THE PRODUCTI ON OF ACETI C ACI D The present i

relates to a process for the production of acetic acid by the

carbonyl ati on of nethanol. and in particular to a process for the
production of acetic acid by the carbonylation of nethanol in the presence
of an iridium carbonylation catalyst and a rutheniumpronoter. 5 The
production of acetic acid by the carbonylation of nethanol in the presence
of an indium catalyst and ruthenium pronoter is described for exanple in

" US 5672743, 6, EP-A-0849248, EP-A-0849249, EP-A-0849250,
EP—A—09991QQWQWMﬂM&Hmmmﬁ 002785. In such liquid phase carbonyl ation
processes, the cetlc acid product nay be recovered by w thdraw ng the
liquid carbonylatlon conposition fromthe 10 carbonyl ati on reactor

subj ecting the conposition to one or nore separation stages to recover the
acetic acid product and returni ng ot her conponents of the conposition to

t he carbonyl The stability of the iridiumcarbonylation

cat al yst durjmmr]mmmmm recovery stage has been the subject of several
pat ent appllcatlons such”as for exanple WD 96/ 14286 15 and EP- A-0616997. US
5,237, 097 rel at es”P8%a carbonyl ation process in which the liquid
carbonylatlon product solution is conveyed to a separation zone nai ntained
at a l.ower total pressure than is the pressure in the reaction zone and

si mul taneously, there is introduced a carbon nonoxide-containing gas
contributing a parti aL@M‘EERQDBWONﬁ)F&@MDﬁtmf 20 the total

B a Lo be pr of dinrs Rt AR L1 SRER ot o eS8 Bharete avibribeke  of
whi ch  rhodi Lﬁﬁ'boéﬂb'afl"wfam!hampbheﬂ in paricsiar 0 allﬁodé& foatht B@ah@frohxbfpécﬂé ghaed and
onl rhodi um le and i ect of the clains. 1
2 eys EP 200kl °&J"’It')°g‘%§%§‘gmg%‘i‘}°éﬁbn@?6‘i%§§° ofan i um Cﬂjfb(‘ﬂylﬂmm catalyst

and a ruthenium promoter.

5 The production of acelic acid by the carbomylanon of methanol in the presence of
an indium catalyst and ruthcnium promoter is described for example in US 5672743,
EP- A 0752406, EP-A-0849248, EP-A- 0849249 EP-A-0849250, EP-A-0999198 and
EP-A-1002785. In such liquid phase carbonylation Processes, the acchic acid product
may be recovered by withdrawing the liquid carbonylation composition from the
10 carbonylation reactor subjecting the composition to one or more separation stages-to
recover the acetic acid product and returning other components of the composition to
the carbonylation reactor. :
~ The stability of the iridium carbonylation catalyst during the product recovery stage
has been the subject of severul patent applications such as for example WO 96/14286
15  and EP-A- 0616997
US 5,23 7,097 relates to a carbonylation process in which the h'qﬁid carbonylation
product solution is conveyed to a separation zone maintained at a lower total pressure
than is the pressure in the reaction zone and simultaneously, there is introduced a ¢arbon
monoxidc-cont_aining gas contributing & partial .prc.ssure of up to 30 psia (0.21 MPa) of
20  the total pressure in the separation zope. The Group VIU metal-containing catalyst is
snid to be preferably rhodium, ruthenium, palladium, cobalt and nickel; of which
-rhodium, cobalt and nickel are said to be particularly preferred and only rhodium is
illustrated by cxample and is the subject of the claims.



EP- A- 0728729 relates to a process for purifying a carboxylic acigdgfgeRchjpn
obtained by |iquid phase carbonylation in which volatile iridium and/or
volatile co-pronoter (such as ruthenium osmum and rheniun) contam nants
are conve?b%glo fc nvolatile forms by contacting with an jodide in the
absence of carbon nonoxide or at a partial 5 pressure of BGVEBFH8¥oxi de

| ess than that of the carbonylation reaction. It is stated therein that

the partial ER-AsGN822Dfelatartdaprovessofor pearifyie HerbdaMt AcliGra2tibRbbtab&f er abl y

| ess thag} ﬁ 25 bl%r. The i ssue of ,%egaiﬁi_tat_i on in the catalyst recycle | oop

is not CHguLphase carponylatiogdn which yolpttle, midivm gad/o welatile so-rsprestst i ng

condi t i OSudhrhs Mithéditel] okwiGRAlaAN YRGTum L OnEARRAY hldoBPerRIiqE S 1dtRd d.t he
I'ridium

production of acetic acid, the catalyst system (that is the

cat al yst Tares bxeaniactingith apvedidy inthg absenes qf carhon mendxidsranatia partiald.

Typi cal | Yyrece hl ' - ] ronoter. and is usually
red of r ERGER G RebfmloRoRaRlest Haf ik of e SukBhyRin RBE, Tisdliied vnen ¢ he
l'i quid rebereinghatdmpatidl pressure of pabsechonotidomgh ba foec o a5 begpief@iblzone in
whi ch -at lles%qggndd 250/%z9rf th].gsudi §sol ved .and/t r entraine 5 carbon nonoxide is
reacted to prodize Bdiit THir PRELuaHon 1 e caplyrt gy HelooPinel i n EP-

A- 084667 4ondiiersdt here remains a need for an inproved carbonyl ati on process

in which propoter and/qr catalyst |osses due . to the formation of solids
during acet il&g%aea" &”Bﬁgb’f ““#%6%‘\‘7@?-91’%{?%“&%&68@6? pen rdiagatatyiedeen found
that 1oy reaftdhialbmprodesd bri the ProalBii of AbetfcAHcRD e WARAN: g?st rﬂ‘d&lhﬂg i€ acetic
acid recovery stage and optional further reaction zone 33, the stability

of the cdfidiuyseatalyst padiuthanivyse piomater) Bty Presinitatsans fograselid. Typiss)ly,accor di ng
to the PrRSE i BYARGFYT aliRfsEard | degh [ Qiche oBl,OfluCt i on of
acetic acid V\/nilch pr oces_sc c r?pﬂd:rgg&tgﬁééq%?gglssg%&%ﬁ)%r Ecgirdbc'érllrflf%lg‘i“n 25
met hanol rarithular, lid éeroratior ockars wher the lighidrestion nompbsitiet isqagseany| at i on

reacti on i iquid reactio si,ti.Qn conprisi iridium
Car bony 1 APRUEn b dedind Kbl drE R bhOh of BB cr s et et vt
met hyls acatt@henome ileiicreaatditoaprddwita@ditiond)ackid A6k, auings dek&titied ifi BACT T ON

conposi ti oggéé)ég]gt her with dissolved and/or entrained carbon nonoxi de and
ot her gafé’ om sai d carbonyl ation reaction zone; 30 (3) optionally

passi ng sai drhus thees @wiainsiaGiged for@aGinp@ived 0ABOS1AtidN prbédsO HOWhieRE Or nore
further reaction d;one.s to consune at |east a portion of the dissolved
and/ or emPEPSEARd/QrLaRalyst WB??&)@PEI&D, the formation of solids during acetic acid product

recovery are reduced.

20 It has now been found that by maintaining a defined amount of carbon monoxide
during the acetic acid recovery stage and optional further reaction zone(s), the stability
of the catalyst system may be improved and losses reduced.

Thus, according to the present invention ihere is provided a process for the
production of acetic acid which process comprises the steps of (1) carbonylating

25  methanol and/or a reactive derivative thereof in a first carbonylation reaction zone in a
liquid reaction composition comprising iridium carbonylation catalyst, ruthenium
promoter, methyl iodide co-catalyst, methyl acetate, acetic acid and water;

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

30 (3) optiohally 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;

(4) passing said composition from step (2) and optional step (3) into one or more flash
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(4) passi ng said conposition fromstep (2) and optional step (3) into one

. or more flash 2 2 6 S E P 2006 WD 03/097567 PCT/ GB03/ 01592 sepab axtiPo#lb
stages to form (i) a vapour fraction conprising condensabl e conponents and

| ow pressywbes@éisoas, the condensabl e conponents conpri Si p@r/@§§§/31g9zelci d
product and the |ow pressure off-gas conprising carbon nonoxi de and ot her

gases dissol ved and/or entrained with the withdrawn |iquid carbonylation
react i on SERATHINH stagsh taxformy(i);a vagoyr fipgtiem somprging epndensable compgnénts alidum

car bony! gb|, oResGb Bk 1th%%5@&'ﬁ§%ﬁg&ﬁ'r§mﬂk iGhE bt ag yept: (5
separating ?hé? conde%;ssébl e conponent fr%?ncgﬁgnﬁgglg%eﬁggglg &’ hrbd;s; and
(6) recydhd ley prhssute offtigds ¢oraprisingrafhoprmentxidd andiotixegaseatdissolvat agigort 0 t he
first car ; ! | an: rein the concentration of carbon
ronoxi do FaRpEL v e bERGHLA G ol Rtk lon RimS QU A B 4 e

f or mulsa :fravtioed@npriieg gidiuny carbotiaionodagalyst,autheniubrpioaidted ind addiie Aci@onoxi de
in the Iovaressure off-gas, X is. the concentration in ppm by wei ght of
r ut heni urﬁol M he | quid reaction conposition, 15 in is about 0.012 and C

i's about (5Psefaratif€ thRIc@AEERLIE coriiforiRh® TRM tHenM@ryrés@ﬁkewt-%ﬁ,saﬂdﬁe techni cal
probl em defi ned above mai nt ai ni ng t he amount of carboh nonoxi de in

. > by e !
cont act WPt IscYdigesholigtia fraghen oy th h serpratipestageto the fistcathwamlationnd t o
reduce the,diggsese, of pronoter and/or catalyst due to instability during
the acetic acid product recovery stages. 20 Wthout wi shing to be bound by
any tlfeorwher¢in thescope¢riteation of parbont menqxidecinghe biw pressuresoff-ghs iseastainad par t

due to t | Qlynmeric fornms of the rutheniumpronoter in the
flash se%gg({a{?{ngﬁ(ggh%r?g%?l?'has been found that whilst a certain anount of

i nstabi | iYy m¥AChe tol erated since any precipitated solids can be

re-dissolved.og return to the carbagnylation reactor, 25 if the instability
exceeds aW}Z:eé?Pg{i ﬁ?‘i*eevglaf ceRrEradion ng’xr P’égtﬂnﬁf“idSh“ﬁ@l?‘@ﬁesﬂﬁéﬁfft&?@}f{ate of

preci pi t 4§ iRroatitrhties @ ppin By deipheaSatheRivnlR BERERY rea‘ctiw&&ﬁfg‘t&smnpr onot er
and iridium catalyst in_the reactor. This requires the addition of nore

pronoPer TAitRbOHt @P{&en] @ inekawt 8o maintain overall reactor activity.

The process of the present invention solves the technical problem defined above
by maintaining the amount of carbon monoxide in contact with the promoter above a
defined level. This has been found to reduce the losses of promoter and/or catalyst due
to instability during the acetic acid product recovery stages. | |
20 - Without wishing to be bound by any theory, it is believed that the precipitation
is, at least in part, due to the formation of polymeric forms of the ruthenium promoter in
the flash separation zone. .
It has been found that whilst a certain amount of instability can be tolerated
since any precipitated solids can be re-dissolved on return to the carbonylation reactor,
25  if the instability exceeds a certain level, the rate of dissolution is less than the rate of
. precipitation and there is a decrease in the amount of ruthenium promoter and iridium
catalyst in the reactor. This requires the addition of more promoter and catalyst in order
to maintain overall reactor activity.
The precipitated solid can itself present operational problems such as loss of
30  material and blocking of process and/or instrument lines.
The first reaction zone may comprise a conventional liquid-phase c.arbonylation
reaction zone. The pressure of the carbonylation reaction in the first reaction zone is

suitably in the range 15 to 200 barg, preferably 15 to 100 barg, more preferably 15 to 50
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The preci pi'tat ed solid can itself present operational problens su%& géplzgq%s
of 30 material and bl ocking of process and/or instrunent |ines. I r
reaction zone may conprise a conventional |iquid-phase carbonyl ation

reaction w@pse7dde pressure of the carbonylation reactiond GM}ZTQM st
reaction zone is suitably in the range 15 to 200 barg, pre erabl'y 15 to

100 barg, nore preferably 15 to 50 3 2 6 S E P 2006 WD 03/097567
PCT/ GBOSb@IEE‘QQ ypamgreapiefeiably Hopedpaes elhasrypamtureofybe sabgnylatien t enper at ur e

of the canLb@sy LRt ably in
~ the ranggeraloo '{n ghé ﬁ%t&%a%g‘?‘{e*@?édbﬁ?&?ﬁ 13'{}{%%? nge tﬁggoto’r@si&?%wlﬁr ef erably,

two reacthegangecki®g0a28°Gsed, the first and second reaction zones 5 bei ng

et react | BRigangy vd SRR BnuERe fled, Wi BiE SRabrsoflion el P quia

r eact 5 onbeiogpmdithined in §epm1atetrbze;t1bn weﬁsehse\aﬂimms\f@s\sﬂidrmm@ febng gelfued and/ or

entrai ned carbon xi de. Such a arate s con reaction vessel may
conpr i sereélcg(gb‘f‘?sﬁ‘?rﬁf}gp 1S He tBBlevﬁS‘éWdtrﬁg Ftiop vegse ll“Blé [5REWONURRASI9RY a | i qui d

react i onfieANRe Firdtirdetivh REREING Y @ibsoBred e b ablived! dAfb i rRéhdx$del Gubh gui d ful | .
Typically the pi pe s length to dianeter ratio may be about 12:1, though

| engt h t &°P@rasgreqcepd F‘%&P‘i‘%"%?ﬁl Fayicgmerisemeectionef Pipp hetwern therfirst be enpl oyed.
Typi cal | Yoac@dn b&aatanaamamdl @&n% csrhgoémapﬂyshhg%weo@r&gggmg b¥d i i§ oget her

wi th dissolved and/or entrained carbon nonoxi IS Wt omthe first
r eact® onligeiddull aippigally the pipes 1qngth tosharaéter tatio wialy e abomt 1I2t1qmliuai1ghnd di ssol ved

and/ or | | d t0 a Seco action zone.

Pr eferab?kyrgg)u ta{{rfm‘tquéﬁ'gp? %ﬁ?%ﬁgﬁ“?gm&g’s‘r eac 5% c%%%qg?"fcfon together with
di ssol ved andfgpiceity,raaleasch poaidmmf theohiqid ekactiovi Ednaso’ittonfts gethdr hathf i r st
reactlond one l}gf? § 5) Ee secong rea dlﬁé?n #zrone he second reaction
zone may ‘B&° ?5?)49? pingd carbon mgpoxide s ayithdravn ﬂmtth% IShgEomERTet o 300C,

pr ef er abhiyd itledshe poaidaef lwitairasd fquidAtd SREAIVE iRAR heMindPofbsRYybe 20
operated at a tenperature higher than the first reaction zone, typically up

to 26T hiprexideppassed gtwao%r&emoar@%nBreﬁeagfblbéutts&@ﬂalﬂ:ew the liguideact i on

pressureréa@tn&rh@orﬁl%lgﬁmjtggétﬁ)er%ggl dif813d aRE/BE E{tARM chibohhordognge 15 to 100
bar g. Preferably the reaction pressure in the second reaction zone is

equal t oWathdrazgisirem Ahe firskreaeionzopnispassed e theisecandaeactips zoneeact i on  zone.
The resi dencerht fEoflfi rdacbl £onk GG HeUpeFRIPRASIEdcBBN tetnefiut s Aidahgact i on

zone is
100 to 300°C, preferably in the range 150 to 230°C. The second reaction zone may be

20  operated at a temperature higher than the first reaction zone, typically up to 20°C higher.
The second reaction zone may be operated at a reaction pressure in the range 10 to 200
barg, preferably in the range 15 to 100 barg. Preferably, the reaction pressure in the
second reaction zone is equal to or less than the reaction pressure in the first reaction
zone. The residence time of liquid reaction composition in the second reaction zone is

25  suitably in the range 5 to 300 seconds, preferably 10 to 100 seconds.

There may be introduced to the second reaction zone carbon monoxide in
addition to that introduced to the second reaction zone as dissolved and/or entrained
carbon monoxide. Such additional carbon monoxide may be co-joined with the first
liquid reaction composition prior to introduction to the second reaction zone and/or may

30  be fed separately to one or more locations within the second reaction zone. Such
additional carbon monoxide may contain impurities, such as for example H;, N,, CO,
and CH,. The additional carbon monoxide may be comprised of high pressure off-gas

from the first reaction zone which could advantageously allow the first reaction zone to
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25 suitably in the range 5 to 300 seconds, preferably 10 to 100 geggadsys
There may be introduced to the second reaction zone carbon nonoxide in
addition to that introduced to the second reaction zone as dissol ved and/ or
ent r ai nedyvo@#idresy nonoxi de. Such addi tional carbon nonoxiger,&Ry; %2co
joined with the first 1liquid reaction conposition prior to introduction to
the second reaction zone and/or nay 30 be fed separately to one or nore

| ocat i onbe eperdtedattataglye € preseae With thezendtingSigher fiobd of ¢ab@l moroxtiden nonoxi de

may contal.n i [ td such as fo | e H2 2, . and. CH4. The

addi t i ona?m%%rggg%her%ﬁ%%r aecglr(r’ﬁfggeé é%‘f%ﬁ?‘@édt Coofu%'ila\fﬂhmggégg[f’rqg‘r%f??"-tgas from
t he fir sforadagh pressumeante gadtredtmeniul d advant ageously all ow the first reaction
zone to 4 26SEP2006 WD 03/ 097567 PCT/.GB03/ 01592 be operated at a higher
00 pressure. i EHAAHIPnELGEON HGVRIGHERY FFOR SITBReON RUNBAAGE™ bei ng fed t o
the sgc Oﬂﬁnéﬂa&hérﬂﬂnﬂ?%@s sttt fucBRAkdriexarhple AQWathodl hoRdA@deCridN@reh@qUi r enent
for a high pressure off-gas treatnent. The additional carbon nonoxi de may

al so. be HOMAPYEHPIBRL anot her carbon 5 nonoxi de- cont ai ni ng gas stream such

as for exanpl inge | .ant .
Preferably gr grae?e é?(ﬁ? gg&‘%teggd%ﬂﬁgo%g{ dﬁf@?ﬁ’é@?g} e&‘ﬁ%ﬁ?@%@ﬁ%ﬁ&égﬁ’f@ even nore
pr ef er abprefegatdngraater Han 59U/ forfexpmpleaatidast H00,lof et digBIgedahdiohentdiiregol ved

and/ or e i . i i.N .t hd reacti on conposition
fromt heQ%’Pﬂ{ﬁgg%xégﬁngg&ggﬁg&%qgfb oré%%ﬁﬁgrgé%‘b I iLrrrlglr\f/\lﬁlé@ {:“es f?ﬁ&t“?nezé’g? Son zone.
I n the prasemsd of tht kecopd esmetion zaneent i on, sui tabl e reactive derivatives of

met hanol i nclude nethyl. acetate, dinethyl ether. and.nethyl iodide. A

m xture of neirhtgﬁBfocﬁﬁ‘?(fftl?ee%fﬁiqnb’é‘vﬁfg}q“vﬂ'i{faglggeac%i’ BB‘FV‘WH?S B@“ﬁg%‘ﬂ’_‘ as
react ant gnclude iktehyd Ot SdidethyN@h e HIREthyl 16UEN A AitxtuMBrGhethahol SfiUI red as
co-reactant for ether or ester reactants. Preferably, 15 nethanol and/or

met hyl  abe@styecdegivatives pread mayRerused as repgtante isthe penessoff thpresast hanol  and/ or
[ eact | veifyehtot W ate: it RELAES ailo fealifint (6PANE U Bl x%a%g&g ﬂ}sﬂ&%ggr esent as,

met hyl acetate in the liquid reaction conposition reacti with the

car bbxy| imgthaneldingfon enethy! ecetato brecised areedtantabl y, the concentrations of
oY) oSt R L AL EATA 00, SNBSS0 BRIt oL o secone
pr ef er abtgnvertedtosand lepcevpiegént as, methyl acetate in the liquid reaction composition by
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
20  are independently in the range 1 to 70% by weight, more preferably 2 to 50% by weight,
most preferably 3 to 35% by weight
Water may be formed in situ in the liquid reaction compositions, for example,' by
the esterification reaction between methanol reactant and acetic acid product. Water
may be introduced independently to the first and second carbonylation reaction zones
25  together with or separately from other components of the liquid reaction compositions.
Water may be separated from other components of reaction compositions withdrawn
from the reaction zones and may be recycled in controlled amounts to maintain the
required concentration of water in the liquid reaction compositions. Preferably, the
concentrations of water in the liquid reaction compositions in the first and second
30  reaction zones are independently in the range 0.1 to 20% by weight, more preferably 1
to 15% by weight, yet more preferably 1 to 10% by weight.
Preferably, the concentration of methyl iodide co-catalyst in the liquid

carbonylation reaction compositions in the first and second reaction zones is
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nmost preferably 3 to 35% by weight Water may be formed in situ i”g%thP :

|l iquid reaction conpositions, for exanple, by the esterification®reacti

bet ween net hanol reactant and acetic acid product. Water nay be introduced
I ndependeyd bifoobgs7t he first and second carbonyl ati on react@rr9ae®2 25
together with or separately from other conponents of the liquid reaction
conpositions. Water may be separated from other conponents of reaction
conposi t ingerendgnthydp hgrange bia 0ve by ssight.gnetembbs2 bRy Weightecycl ed in

cont rol | ed arvpht R £1RlyHifiufk i reh G doRtboSRBACI the kiR ndlecdipf €7 1 Lhe
i quid reaction conpositrons. Preferably, the concentrations of water in

t he | i quredctiopazonésomay oomppssetany medinm-contaifing sompowhdsetvcnth s8libleaathd on zones

are independently in the.ran Q.1 % by wei ght re preferably 1 to
oo by Wi rere s STl 2 fiefm Codhstte € e PRURRLRATRD” Y e
concent r edrhp3itivhs ireddyysuithibldifeten whick disadly&d inithe lified rdagtiblcormushtiony | ati on
reaction conpositions in the first_a econd reaction_ zones i, 52 6 SEP
VO 03/ og?@é%p@ﬁ}%&? 6)?3‘9‘2??% 5&%@5&@9 i UWHB.abf%wgS_@dfseahlgaézﬁ by wei ght,
pr ef er abl¥e orhigbuhfl ¥adtyasRE@MEs whidhearé §d16b16 R 6 G isre -of kHe 1fARd debdignd T eaction
conpositions in the first and second reaction zones may conprise any

i ri di um egnReEItiINREMPERESETEr Ample Waersad(nsiagetiqroidhand Soirgan b addedtd on
COMPOSI t hANS, i Gs ddhtihnd cfr@ih?@k%%@?%ﬁmaﬁﬁqﬂfi@iuﬁpc&n@ﬁ ihgquxhgod ggction 5
conpositions 1 n any suitable formWwhich dissolves In  he ' q V' reaction
conpb&i t wbivh mayrbe alded tovtbe tighidaeactiomcanpeditian iholude IRipfldgabl y the iridi um
may be used as a chloride free conpound such as acetates which are sol uble

in one ofrBrpeCENUhdICON ], EutEPoBrlc Ol ot , (btG@n8n s f or exanpl e

wat er and/or acetic acid and so may be added to the reaction as solutions

t her ei n. [IECOYPI@H G {IreCH 1 AHICO)p ) Hlj InptC)nd ArGlsri iRy Al 010 whi ch may be
added to the liquid reaction corroposi tion include 1rC13, Ir13,

1o i P e e
1 Ci. b periaolitAd greE sl abCIsh Pyl glarice-

' r(agﬁc) @r@):&npllai&e(s%&‘%(%_igr[nl é'rugl gé' DR 88 R fes ankilae3BL&I0RIS( H20) 3] [ GAc], and

hexachl oroiridic acid |, preferably, chloride 15 free conpl exes of
i ri di um such Besferalyathe soncsatiatianeof thesidiwe caalysttinthesliquidreattionabl y, t he

concentr @5&18&&%113 to'?ﬂwi ﬁrgtdzjnld%&%ﬁL%ﬁgn %‘neg h@xnhé&%ﬂ%tfﬁﬂ?ﬁé rq}?ge 100 to
' 6000 ppm by weight of iridium.

The liquid reaction compositions in the first and second reaction zones
20  additionally comprise at least one ruthenium promoter. The promoter may comprise
any ruthenium-containing compound which is soluble in the liquid reaction
compositions. The ruthenium promoter may be added to the liquid reaction
compositions in any suitable form which diséolves in the liquid reaction compositions
or is convertible to soluble form. Preferably, the ruthenium promoter compound may be
25  used as chloride-free compounds such as acetates which are soluble in one or more of
the liquid reaction composition components, for example water and/or acetic acid and
so may be added to the reaction as solutions therein.
Examples of suitable ruthenium-containing compounds which may be used
include ruthenium (II) chloride, ruthenium (IIT) chloride trihydrate, ruthenium (IV)

30  chloride, ruthenium (III) bromide, ruthenium (III) iodide, ruthenium metal, ruthenium
oxides, ruthenium (III) formate, [Ru(CO)313]-H™, tetra(aceto)chlororuthenium(1l, I1I),

ruthenium (III) acetate, ruthenium (III) propionate, ruthenium (IIT) butyrate, ruthenium
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conpositions of the first and second reaction zones is independently in the
range 100 to 6000 ppm by weight of iridium The liquid reacti on% 6 SEP 2006
conpositions in the first and second reaction zones 20 additionally

conpri se vab ob/grsg7 one rut heni um pronoter. The pronoter NpcGERRIdISR any
rut heni um cont ai ni ng conpound which is soluble in"the liquid reaction
conpositions. The ruthenjum pronoter may be added to the liquid reaction
conposi t PEHacarionyh jrigthepiamdedecaearb ol and arxesigmthesivmhalpearbanyis sych esact i on
conNposi t hRARr&FicdrBorBAMRhMP{S difess eiwﬁem_fch;b%ylﬁhﬁérﬁ&rﬁggx8irﬁéa,ea:{qut heni um

pronoter conpound nay be 25 used as chloride-free conpouhds such as
acet at es othhi enganprethemhmiomplexes push@s tetmackloibis(fHegmieng)dirathemant Hn

it . . / £ i d be
aded t o HRcBRBRNRE e\ Bn TR SRl RRECAT PefE e R S ™ P
rut hefi upelymet andris@cetghpetomds)rutientdm EAY). be used i nclude ruthenium (111)
hl ori de, t ' [ 1 hl oride. trihydrate, t heni 3 hl ori de,
Ut heni um (111 PRI e Rty Bt ie SO HegaR e B R HPAIH kAR, r ut hen um
oxi des,  pivitRUr gBhdratk lin-si®fofRt i8didésRMiCPhdly3hhibit the reaction, for example, .

tetra(aceto)chl ororutheniun(l!l, II I% ruthenium (111) acetate, ruthenium
(111) pr 8kabantkaline paph meighor pihes meal saltst e, rut henium 6 2 6 SEP 2006 WO

03/ 097567 PCThRAMI) RS 2utRERA GRSRRES prdsks riHTaH%H*:eé{{Ué%%&?fﬂ{ ﬁQHé’ | and

t
m xed rut heni um hal ocar bonﬁl s Such as di chlorotricarbon entum (I1)
di med0 diipvigrats spliehiisy iythe ligwidmeagtion ¢ompapitinns andieranyliqgud prcgsnor ut heni um
conpl exe C L - kr Ut Lyl
tetrachl gtrr Ogl 2 ¢ ﬂg}letggthélfed‘% %ﬁnﬁ%ﬁ%?ﬁa?ﬁ?&%?h&ﬁ 6 Bbet¥labldrecovery stage.
di chl or o(Tby citbonivra piigreteli is meifablyt presenuin the lijjuid rpatipmeomposdtions at a

tris(acetylacetonate)ruthenium (111). Preferably, the rutheni ont ai ni ng
corrpoundg}/oéefréatfor eeaeql “# Yrer Ot%frlfjﬁumb? ﬁ\?ira%éécllo'lgt(gr}gﬁtr’é’r?é%&u i oni ¢
i odi des \frearbr timy 0.5y tabie ;iréterab@a[gfeh@mhaﬁqF:1%arﬂsmfaablye[hi$ed 2019 madekal i ne
earth _nmetal or other netal salts. Preferably, the rutheniumpronoter is :
preséht PrefeablyluRi }3ld andyamnospreferabydup 10195hit of its solubility in the

liquid reacti @he CSHERRSAHIUTSutBAHA préidie! indHl HqRh QERESH cShh &R iBhs hECyCl ed to
the carbonyl ati on reaction zones fromthe acetic acid recovery stage. The

r ut heni ufRr itk faist and sscondsacfiop zangsat. pdependently JessdhaeeR00irpm.cdnposi ti ons

at a nol - . i bt be tange L0 1 1g
100] : 1, B@Eeafbfae?ﬁégrﬁo@; cEiiteRer&tkin £ 80043 V00 FBEE Such! 4s2806'T8 Addoldpth.

Although in general it is preferred to operate the process in the substantial

20  absence of added iodide salt, i.e. a salt generating or dissociating an iodide ion, it may
be possible under certain conditions to tolerate such a salt. Accordingly, ionic
contaminants such as, for example, (a) corrosion metals, particularly nickel, iron and
chromium and (b) phosphines or nitrogen-containing compounds or ligands which may
quaternise in situ, should be kept to a minimum or eliminated in the liquid reaction

25  composition as these may generally have an adverse effect on the reaction by generating
I' in the liquid reaction composition which has an adverse effect on the reaction rate.
Some corrosion metal contaminants such as for example molybdenum have been found
to be less susceptible to the generation of I'. Corrosion metals which have an adverse
effect on the reaction rate may be minimised by using suitable corrosion resistant

30  materials of construction. Similarly, contaminants such as alkali metal iodides, for
example lithium iodide, should be kept to a minimum. Corrosion metal and other ionic
impurities may be reduced by the use of a suitable ion exchange resin bed to treat the

reaction composition, or preferably a catalyst recycle stream. Such a process is
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[greater than 0.5]: 1, nore preferably [greater than 1]:1 and pref eralEF 2006
[up to 20]:] nore 15 preferably [up to 15]:1 and yet nore preferably [up to
10]: 1. The concentration of rutheniumpronoter in the liquid reaction
conposi t iwoasksrsecach of the first and second reaction zopeschssnise:

i ndependently, less than 6000 ppm A suitable pronoter concentration is
400 to 5000 _gpm such as 2000 to 4000 ppm Although in general it is

pr ef er r edescsbep iy @2 4,.00Rd 3 Breferablyjopissoniaminantiara ket delivsence of added

i odi de s i t tJ Mol inal l an-iodide ion, it may
be possi g{)%ceﬁérﬁa gorn a?gﬁl ?é al;ll tﬁgbgg%l?tqeg%g@tl%Sqtt%%&?gﬁ’éh{;g’ refgra%g)f %.SS th%’éor di ngly,
i oni ¢ c@h® ppindainttke Kquidh reastiorf cmmsaivpl morg @ fecably lesd than 5@ ppin;.

et ol ar 1y g Bbon 0 A0 BT AR R BOSRERLER e 1,

)
ni t rogen-cont ai ning conpounds

shoul 8 beuteaptmdyccoatairi inemimporities|such aadagsbrl diodite nhétBiHenitRa&t, hetle 25
conposition as these may generally have an adverse effect on the reaction

by gener &5g"ater and 1 04 pagefiian & vdracamong o iyoRIeEGGR OhRYdrRENAS thin adver se
effect o | t . corrosjion t.al cont.am nants . such as for
exanpl ¢ PR aEEkE SHLbak et BIIE oS Y Rl B TRl iealB PR
gener at i dow,dbr éxampBgigsothanrl b padiial prbésate, haitepesenaeaysesulightiect on the
reaction rat(i: maﬁ bcﬁ m nj.m Seﬂ'ﬂbé Si nagg?s]ui tabl e corrosion resistant 30

et er | al BIER AL EYREBHOR RioH TS The PRSI R SSIOR FMORGKIAF KEPE ot al

i odi des, firfifand eecanP teaclidr FindgNsisafaule indepédest PR theRingt @ t8 70T, Mum

Corrosion netal and other_ionic irrPurities may be reduced by the use of a
sui t abl e PrdFraRYdHangdar & morsauelersbly ki 1398  reacti on conposition, or

preferably a ogbad Y38 pfRENGThE B b3 e G 1R REQRESSct S E P 2006
WO 03/ 097567 POT GO rE0s" Hoacrt barr s o di st action bnéalt y, ionic

cont ani naptienally dogedisr With| a5 Reperately divamthedfirstapaction whiely flashysepwatiah. gener at e

| ess tha STy o] 0 . than 250 1" inthe liquid
react i onrf%gfgrép%osgpﬁa%%q hcﬁ%&ée%%t?ﬂ %orrﬁéi%?ﬁlo%éggasf %dgtﬂ a%%‘ﬁﬁ*@ R tiaéﬁ%n
nmonox b de vakvac Taeflashoseparhgorczumb oimayl tetancidisbede flashnessehyr ey swential ly 5
pure or ..contain inert jnpurities such as carb di oxi de, . net hane,

ni t rogen?gym Tagthe%tg?e"ée,an\?vat"ggrg © A SéPWS%ﬁ“ﬁér‘é‘k“ffﬁ?%f'mmea%d‘?&. The

pr esence mofority df tgeridium daradyst and the majorite>of de rathdn@ansioniots i4 sepsiated by the
wat er gag shift reﬁction IS .;S)referabl}/ kept Ion, for exanple, less than 1
bar part QM HY WO FRCHRLOMPLISIR AERCAS qrﬁ@‘%f’%’é]'t‘f?‘? eireactanh WateaRdt i on of

hydr ogenaidtian igti@sesbchylaliol cBRhaiyd! addl RHSIohBerRhblE 3Ad20 BudtPAM -SRI N t he

20  carbon monoxide, hydrogen and carbon dioxide; the liquid fraction being recycled to
the first reaction zone and the vapour fraction being passed to one or more distillation
zones. In a first distillation zone acetic acid product is separated from the light
components (methyl iodide and methyl acetate). The light components are removed
overhead, and recycled to the first and/or second reaction zones. Also removed

25  overhead is a low pressure off-gas comprising the non-condensable gases such as
nitrogen, carbon monoxide, hydrogen and carbon dioxide. Such a low-pressure off-gas
stream may be passed through an off-gas treatment section to remove condensable
materials such as methyl iodide, prior to being vented to atmosphere, for example, via a
flare.

30 In accordance with the present invention, the concentration of carbon monoxide
in the low pressure off-gas must be greater than a concentration defined by the
concentration of ruthenium according to the formula Y > mX +C.

Suitably, the concentration of carbon monoxide in the low pressure off gas is at
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10 first and second reaction zones is suitably independently in trkeB rggpgﬁ%al
to 70 bar, preferably 1 to 35 bar and nore preferably 1 to 15 bar.  Aceti
acid product may be recovered fromthe second reaction zone and optionally
t oget her wobkomssrseparately fromthe first reaction zone fyyéEb@daisoz
separation. In flash separation |iquid reaction conposition is passed to a
flashing zone via a flashing 15 valve. The flash separation zone may be an
adi abat i €2fY395Rolasih a0 1080 male fongmple F8t40Heelts ryl theawtlenivm t he 1 ash
separati g iof ih BRUE b ' Y t W Eiynof the iridium
cat al yst ghncgﬁt?ﬁg%rmj%?il ;J%?&Edﬁgaﬁﬁgg?ﬁdﬁpggg?g?ﬂggé %t?at ed froma
vapour fract i Breferabiprthe consentationofgatben mompkidayn tiedow preseure offigas isnvat er and
met hyl i Qgdi %) L, GO ngN: bl e gases such as
nitr ogen?ﬁf%?gg%%rﬁééﬁgﬂfﬁl e",q(ahe&gégég%ozgoa@ %lar/%%lﬁlaqggggﬁe e the |i qui d

f r act $ on ctusienigationay theddjuicdoreattivm dompssition &cip 6020 ppmaydwéibkt. vapour fracti on
bei ng passed one .or anle distillat ifon zones..dl na first di st% | ation
zone acetic aliodc BrEEARY: e cdissaralion PELpham Moaokidg i the JQRpEsSHE ST et hy|

i odi de amgsk gt leydt 566:ed186,8hch 3@ the GRge SHPSHABE % aidEthe eiR¥EGm over head, and
recycled to the first and/or second reaction zones. Al so renoved 25

over head SPRECAIRNR ip thediqupd regetonompositign issimig AR PRERYCWsigRhsabl e gases
such as it r qgeRsetie ALRAPROARBPYKY AR prédd KLU (REHRON: Hiv¥idEmapuch a

| ow E)ressure of f-gas stream may be passed through an off-gas treatnent
sect 19n Pe fyrtheppenfzasiiyctesugntionalpipensses) for sxampledurther igtillatonitdegmewei or t o
bei ng ver -1 Q r ) i r .l n_accordance

w th the B SR T BARIE Swei Rka SRR Fon Kl pd & s A T the

| ow. pr esmweod and highersbarling bipprognetat er than a concentration defined by the

concentrati on.l.gf rroutsréeo i um gCCﬁJ‘ (‘j’lfﬂg’ t.0 tEe flor la ¥ > nmX +C. Suitably,
the concent r atPOR GF*> A S RICTHB Y FHEom; ip Prefrial 5Wn%?ré'b°§lffé‘°8f’?m’é’3§ is at 8 2
6 . SEP 2@gdessWWO 03/ 097567 PCT/ GB03/ 01592 | east 30 nmol % such as 30 to 60
nol %1 for exanple, 30-40 nol %_iand t he ruthenium concentration in the

li quitd react i GRC PR &vepten WHl pgy be iisheted Bywgy ofexajprle onbyaaf &fithhl v, t he

concent r afe@AcOb theHoPBWidFNAKHI& dnd FifiRed PRI ESS1E ¢ 9 Eclasis at |east 50
mol % preferablt){1 in the range 50 to 60 nol. % and the ruthenium 5

concent r tagEM Phihe gRPArtEyEd i etExgmplesmbimre 2 s graplypf the effecoohpm by

wei ght.  carbon monoxide and ruthenium concentration on solids precipitation.

20 Experiment A and Examples/Experiments 1 -18.

The apparatus used is shown in Figure 1. With reference to Figure 1 the
apparatus comprised a stirred primary carbonylation reactor (1), a secondary
carbonylation reactor (2), a flash tank (3) and a distillation column (not- shown).

Commercial grade methanol, which has been used to scrub the off-gas was

25  carbonylated in the 6 litre primary reactor (1) in the presence of an iridium
carbonylation catalyst and a ruthenium promoter at a pressure of 27.6 barg (2.76 x 10°
N/m?) and a temperature of 190°C. The primary reactor (1) was fitted with a
stirrer/propeller (4) and a baffle cage (not shown) to ensure intimate mixing of the liquid
and gaseous reactants. Carbon monoxide was supplied from pressure bottles, to the

30  primary reactor (1) via a sparge (5) fitted beneath the stirrer (4). To minimise iron
ingress into the primary reactor (1) the carbon monoxide was passed through a carbon
filter (not shown). A jacket (not shown), through which the hot oil is circulated,

enabled the reaction liquid in the primary reactor (1) to be maintained at a constant

9



Mor e preferabl y, the concentration of car bon nonoxi de in the | og.g ggpmre
off gas is at least 55 mol % such as in the range 55 to 65 nol. %and the
rut henium concentration in the liquid reaction conposition is up to 5500

ppm by wewghbioo7kére acetic acid produced by the process acg@fdisgnits t he
present invention may 10 be further purified by conventional processes,

for exanple further distillati.on gﬂ_&rem)ve . r%urltl es such as water,
unr eact edeaCHPH SHPCEIISn As@dBtaswre Of Hig/rate of splids tqapatips; thegate of pling and

hi gher - bk laif3gr id¥ra REPERICToSate OB R RT SafbleliBEy RAESLA! ThRRWERIIpLAtddS
preferably performed as a continuous process. 15 The present invention

wi |l nowab °¢ pnswasloeaiedgn theyeastor oxdetdflasting lingnamediately pp-tesammet to the -
fol I ow ”%ﬁﬂ&ﬁﬂ!ﬁg%“%{f&gﬁgﬁ%m@mre’r} astaibd J%‘Bﬁor}mln&/@a schematic di agram of

the apparatus u Figure IS a gra h of the effects of
car boA nonoxi (T@mmghmattShbrghmwssme@éﬁagasa?tfascrnmom$fnbmdbe puireanypedcadri(bn. 20

Experi ne a a es/ Ex e apparatys used is shown in
Figure 1Qhr\%"$}hp?e'%i gﬁ”épﬁﬁegﬁﬁﬁ% ‘1“%?8““&8‘8&5‘1“{@%8@% CPLFHC A r ed
primary ciadgped utmts mver(e;xsﬁmpm(rla belagS@Dlﬁf&i@éycmBﬁhQ@WérﬁtDQﬁIdr eactor (2),

a flash tank (3) and. a distil atlg_n colum (not shown). Commercial grade
met hanol Fe3RHPR ROMBS T Was ihfirgn Top ePﬂ@a@f%eagag(laaewnzﬁnﬁwdﬁm ated in

the 6 |i tv'iaethHG%TWtU tHeGRsh ink () urldBr fehQoPle®SR0RE010fIn & fidsh HkTB) th
carbonyl ation catal yst and a ruthenium pronoter at a gﬁessure o 27 6 barg

(2. 7d0x 1umid repetiop camposition peflaghed down tappessurnef AP 2y 148ad®r (1) was
fitted I t
ensure | MY Tk D RebiiFhg BHARE Shncfin 1B wh8 St P bR S ST ©
nonoxi de Immsd wagoe tunesd tbnhﬁprpnmsmcmrbb)tw lm; (IObaxtdtmmﬁiﬂ(npt $hosuny andtbet or (1)

via a spar e (5 d e th th e seir |ngress
into the V6 %73?%568?139 FREL rzz 5{% %fg' Otwﬁgksgh%m{“hﬁp

carbon f(hot showhax vapburan) . A j acket (not shovvn) t hrough which the hot oi |
is circulated,, enabled the rea<1:t|onll in t prlrrar reactor (1) to

be maPnt ai ned ‘FecandasKEsasior (B vohpnegyps d‘ﬁﬁ"bg?%‘ 101592

reacti on &g RekLabMUAves AMcRHAEAS Yot &ﬁnﬂghtﬁe F)ah@?o;ga&e} (t 1 %mﬁé?rpafs%a on, t Ihe
OoCa on reactor_ sanpl e

|r gt)g \a/;s fqgéléé)? Pom? g %égge%%elr %I %ctrl}? t g\?glh the secon ary reactor ?2) to the flashing
valve. The secondary reactor (2) comprised a pipe of diameter 2.5cm, length 30 ¢cm and
together with associated pipework had a volume of either apprdximately 4% or 8% of
20  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 the same pressure as the primary reactor (1)..
The vapour from the demister (12) entered the distillation column (not shown)
where aqueous acetic acid was recovered from the vapour through a side draw-off (not
25 shown) of the distillation column (not shown) and was further purified and dried in a
purification system (not-shown) and a low pressure off-gas comprising carbon
monoxide was passéd to a scrubber (not shown) before being flared.
Experiment A
Using the apparatus and method as described with reference to Figure 1 and
30  wherein the flow exiting the primary reactor (1) passes directly to the flashing valve
(that is no secondary reactor was employed) methanol was carbonylated in the primary
reactor (1) at 190°C and a total pressure of 27.6 barg (2.76 x10° N/m?). A liquid reaction

composition was withdrawn from the pnmary reactor (1) through line (9). The liquid
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at 90 'C and was | ocated on the reactor outlet (flashing line) imediately
up-streamof the flashing valve. The fouling was neasured as aBSoSpr i
units/day. 5 To purge inerts, high pressure off-gas was renoved fromthe
primary kageddFsegl) through line (6). It was passed thr h«jﬁ,%g@genser
(not. 'shown) before the pressure was dropped across val vé’)@?? prior to
being fed into the scrubbing system Liquid reaction conposition was

wi t hdr awsagtiopraofrtpesision imthy prigwex wactern §1) gemnrisedsppraximetely 798Py weight | i ne (9)
into the 1 A / S : g ank (3)
the. 10 Pithane DB dpBlodRaRly 10FPG Rick ey nehilicsfle, sbfol ML B8LY 571 ' 2
barg (1.48ight dfOgatdt, agproxifitaeely %% |byiwmghtiof tacete aoid, Vafloppm ahidiimandl was

separated:_the catalystari.ch. liquid was returned ta the pri react or
(1) by 0 me RRBGR i i e MR R irences R adet b ough
demi s$ er p4sict) toanelfiishadpathti@Cidssel () topetated i prdsbhrabl 048 Gatgmas x 108t shown)
as vapour. 15 ﬁxA secotri_dalgl%‘/ig reactor (2). volune_was attached to_the flashing
line (9)N4Rd- Thg Rt Igpking vasgnepspist usinenedr iafiamed anatysisise descsRed xi ti ng t he
primary geRehAd tellkbsiisthRehoRass ¢ebledi rectly to the flashing valve or
directly through the secondary reactor (2) to the flashing valve. The
secondar Exampletlr (2) conprised a pipe of dianeter 2.5cm length 30 cm and
t oget her w t hya i i | L imately 4%
o 8% of 20t RaVBeyapatanE A Mk eCcribel Sy IR DncE s PRl R RAIBTLE Y e
f 1 ash® ngwhs ceeb¢iBliatedimtbeps maprreaatatdd) @i 199°@ asdippital podssad df 27.6batg car bon
nonoxi de Vi J . . The. secandar r.eact or was operat.ed at the sane
b essur et s h S i JOPOTEEPR Binfros RN BV R BRPTRE BHERR o1 (12)
entered gdafetod'(ls)ttirl]ﬂobgh iiﬁ&ﬁ(Q().OEHMqlﬂﬂﬁﬁacﬁngUﬂﬁpost?;iﬁ tHRCpHEedTy r@ﬁeir'(g,) a;:i dhwas
recovered from.the vapour ough a si raw-of f (not. 25 shown) of the
distill aﬁ%?ﬂ%?&l@aﬂthﬂﬁ%?lyg% Yg%hboﬁiagtﬁvk}Pf‘wé,rlldmgy peight ehme®i ed in a
puri fi cahicpfie S b§Weighobf HRRIAPpRRI78, bWt oBatehc alili- 929 ppR B | Si ng
carbon nonoxi de was passed to a scrubber (hot shown) before being flared.
Exped$ neiridivn @nd Ad1Q pem agtheniamu d hem dheriqid ceagiondensepasition withdrawref er ence to

Figure 1fr@&qhﬁg9ﬁ‘9@¢{$§&& Eﬁl%aﬁ hﬂ\é&?ﬁﬁﬁé 49 sL QG aRLdc a@ 93648l (1) passes

directly tot shing val ve I'S no secon react’'or was enpl oyed)
met hanol reassorcenmipnsitiontveas fumher lgarbprylad yn thesegond reactor (Atat 2@0E and a tot al

B s 2t 290¢ and a
W nar ok reiR 3000 ol B 27 Qe B PR YT o' 20

residence time of 40-50 seconds.

20 The liquid reaction composition from the second reactor (2) was passed to the
flash separation vessel (3) operated at a pressure of 1.48 barg (1.48 x 10° N/m?).
The rate of fouling was measured using near infra-red analysis as described above and
the results are shown in Table 2.
Examples 2 to 4
25 The process of Example 1 was repeated with the operating conditions as shown
in Table 1. The concentrations of ruthenium and carbon monoxide in the low pressure
off-gas were varied as shown in Table 2.
Experiments 5 to 18
The process of Example 1 was repeated with the operating conditions as shown
30  in Table 1 except that either the concentration of ruthenium was greater than 6000 ppm
or the concentration of carbon monoxide in the low pressure off-gas was less than
50mol%. The concentrations of ruthenium and carbon monoxide in the low pressure

off-gas are shown in Table 2.
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2 6 SEP 2006 WO 03/ 097567 PCT/ GB03/ 01592 reaction conposition i
(1) conprised approximately 7% by wei ght
approxi mately 10% by wei ght of et hyl
of wat er ,waeppiPxéimately 79% by wei ght of acetic acid,

pl’l mary

react or

acet at e,

of met ﬂy‘l? rg|?8dg[’9§e
approxi mately 4% by wei ght

145 1heBdsphsdzr | di um

and 4450 ppmruthenium The liquid reaction conposition fromthe primary

reactor (1) was 5 passed to the fla separation vessel (3) operated at a
pressure of 1.48 barg (1.48 x 105 . The rate of fouling was neasured
usi ng near TNiTa-Tefgag a3 (NReOAd PFfr @ tRT £ shown
in Tabl g 2. Exanple E Usng tH f&pparatusﬁa]nd rreltﬁhod descrijbed wth
referenge to Figure| %t%ret mdbol | Wthe was fRPImOhpbmt preactert hg yolumery I eact or
(1) at 190C and a t¢tal pressure of 27.6jbarg| (2. 766%%96 I\l}nﬂ) A liquid
reacti oh conpositiop was Wi thdrawn fromfhe pfimary reactdr (1) through
line (9). The liqui¢ reaction conpositiop in |he prg/rlnary rgactor (1)
conpri sed-approxiately—7%-by—wei-ght—of—fethyt—todi-de—11-96-by wei-ght of
net hyl g(‘f%?ré[f’"é“ A0 By wei &rﬁ of 9\7éater, 31 %(445708% by wei ghit of acefic
acid, 15E0.RB@0T Ibgizri difgm and 14410 ppmasd hesagimogi nen, [tge 1iquid
reactiop conpositionp withdrawn |fromthelprinhry reactor (1) was diverted
into th<=E$mphdZ reag #dr (2p.1 The A7 quid |A46ct #3090 £adositilch was fullt her
car bony te6—- the a cot OL,o.L,L "6 (2—\[ a I R U(Fi' atdresof—196€|and a
total p §§§'BP]§ of 2728 bard{ 2. 716%" 106 \l}ﬁ% 120 esi déhce time|of
40- 50 se¢gqRdsle 420 Thq,ll I qui7co r edqipleon compex) { 4ern [ 1oon t he [second react or
(2) waslpassed to the flash separation Vessel (3)loperated at a pregsure
of 1. 48| Bapgrimantfg x 4105 N7r). | TR rate (552(} ha#ithy- was neastired usi g near
infra-re i ESUTIPEU [GOPVE amit 382355V are sgrowT 1T {abl e
2. Examp 2 064 ?# L?r'ocess'of Exai ?9 \/\/2;; r%%eat ed %vith t he
oper at i NExperideritiTong 4e6 srCMh i|n0kabl e 1140h¢42TNcéd@rati on& of rut heni um
and car bop—rpnoxidetARthet-ow Pmssu,ue of-—Has—wet UafLeJd—a-s—s-hew in
Tabl e 2| EERffé‘F‘F'Ffégn 4§ to foThe 1Br cess 39695 §Z&ﬂ aqowas riebeat ed wilth the
oper at i MG,CORALTIPNS 485 SHN@H 30 gi41 Tabl §4do EXSRPY ophat eifgier tne
concentnatfon of rutltheni umwas dreater u%]an 6000 p

Experiment 10 | 4.4 6.8 10.6 1450 | 3210 | 50 8

Experiment 11 | 4.4 6.8 10.8 1420 [ 2980 | 10 8

Experiment 12 | 4.4 6.5 10.1 1490 [ 6210 | 200 8

Experiment 13 | 3.8 6.5 9.7 1480 { 6110 | 150 8

Experiment 14 | 3.9 6.7 10.5 1420 | 5750 | 100 8

Experiment 15 | 3.8 6.5 10.2 1510 {4830 | 10 4

Experiment 16 | 5.1 6.9 12.6 1830 12430 | 0 8

Experiment 17 | 4.6 7.5 13.5 1970 | 2490 | 0 8

Experiment 18 | 4.6 6.9 9.7 1550 | 2880 | 0 8
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or the concentration of carbon nonoxide in the | ow pressure off-gas was

| ess than 50nol % The concentrations of rutheni umand carbon nﬂ)goSﬁPd@U’f' n
the |l ow pressure off-gas are shown in Table 2. 11 26SEP2006 WD 03/ 097567
PCT/ GBO3/va59®™73@bl e | [H20] [Mel] [MeOAc] [Ir] [Ru] 2" netmweBssioassz W % wt %
wt % ppm ppm reactor volune CO feed %g/h Experinent A 4.4 6.5 9.6 1450

4450 - - Exanple 1 4.3 6.9 11.2 146 3%0 200 8 Exanple 2 4.1 6.1 7.7 1460
4300 200 8 Exanple 3 4.2 7.0 10.1 3370 200 8 Exanple 4 4.1 7.0 10.6
1530 4920 100 4 "E{pru) "barbofyidtion PppCcd [D2MiigdD [ Rite drXPeIdd¥eattop | 3- 8
6.2 8.8(1390 4220 130 8 |Experiment 1 4.5 7/6 10.6 14p0 4270 120 8
Experimgnt 8 4.2 6./PPM. Qratec0 3230 1kars HEAIi nent | fuling 6 ExitBemp1460
3220 90{8 Experingnt 10| fhefnM- 8 10. 6 1450 3219050 8 %}%ﬂ 11 4.4 6.8
10.8 1420 2980 10 § FExperinent 12 414 6.5 0.1 . 1490 200
Exper i mgixpdriamént@\ 6.43850. 722480 6110 183 8 Eaperinent|0413.9 (6.7 10.5 1420
5750 10Q—8—FExperHent—15—3-8—6-5—104+2-15101433010-4 Experipnent 16 511
6.9 12. ¢ Exameledsso |80 ERPeriment 17748 6 7]8913.5 10fB%a90 [01%-7
Exper | metHxahfled 6 §.4308. [23%50 2880 098 12[¢36 SE P PEEP 194.0

Example 3 3370 | 26.2 11.5 57 0.01 195.9

Example 4 4920 | 27.2 11.8 57 0.00 188.5

Experiment 5 {4410 | 25.2 8.2 32 0.11

Experiment 6 | 4220 |23.9 8.2 45 0.11 193.5

Experiment 7 | 4270 |28.9 9.7 45 0.20 195.4

Experiment 8 {3230 | 26.8 11.2 42 0.06 196.3

Experiment 9 | 3220 | 24.9 10.7 31 0.08 | 195.7

Experiment 10 | 3210 | 24.4 10.2 23 . 0.06 194.6 |

Experiment 11 | 2980 [ 23.5 9.9 13 0.15 193.0

Experiment 12 | 6210 | 28.9 9.8 55 0.02 196.0

Experiment 13 | 6110 | 30.1 10.1 47 0.22 196.2

Experiment 14 | 5750 | 29.2 10.3 39 0.42 195.6

Experiment 15 | 4830 [ 27.4 11.7 42 0.02 189.3

Experiment 16 | 2430 | 25.3 9.7 18 0.05

Experiment 17 | 2490 | 24.6 6.2 7 0.30

Experiment 18 | 2880 [ 17.7 8.1 10 0.08
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WO 03/ 097567 PCT/ GB03/ 01592 Table 2 (Ru] Carbonyl ation ppCO LP off-gas Rate
of 2nd reactor ppmrate bara [CO fouling Exit Tenp nol/|/h noj gogke gy C
Experinment A 4450 22.0 8.3 48 0.01 - Exanple 1 4430 24.2 7.8 56 0.01 192.7
Exarrpl e vdgafi18s. 6 9.5 63 0.01 194.0 Exanple 3 3370 26.prpdBi/03d020- 01
195. Exanple 4 4920 27.2 11.8 57 0.00 188.5 Experinent 5 4410 25.2 8.2

32 0 11 eri men 220 45.0. 11 3 5 Experinment 7 4270 28.9
9.7 45 0%‘8“ theges Ets&éé?'f‘ﬂéﬁg'@"g%@‘ﬁe@@e@sf1982t952"tﬁ?5(96“ gk when thgperi nent 9
3220 24. Qordentfatidh oI ritBedi@f pfombep RI1Es¥RREn MO%Wa%héc&Qe@nﬁn%nnyOG 194. 6
Experinment 11 2980 23.5 9.9 13 0.15 193.0 EXE)EI’I ment 12 6210 28.9 9.8 55
0.02 196%% OEﬁlﬁ@?%'ﬁ%mthE@%ﬂ@S%Oﬁgf@lSlatzlqaso ®mol’gathere iEvisapliyrent 14 5750
29. 2 10.

Exper | meb Po g ddme]. paRichiRgh op e N A dronBet IR % 0 50
Exper f medine whmmmorr oecmlmmh@avserl@ of 26se8HRaPOBECtoNEY X3/ tHO 756 7

PCT/ GBO3/, rrent 5-18 it can
be  seen ¢ ALNGHsh® BE hitfech 8 Borhor®s an B8 SRorki e A R TR L8
6000 ppmfahchttitiethesmmegxs; tieiraa of precipéation(foming) oflsolids is fignifigant.pr essur e
off-gas is at least 50 nol% there is virtually no precipitation
(fouling). In addition it can be seen that the degree of precipitation is
in 5 | i nExainplespoas i2R] Expériem3Urri ng i n the absence of a secondary
reactl8r. en the

The process of Example 1 was repeated with the operating conditions as shown in Table
3. The concentrations of ruthenium and carbon monoxide in the low pressure off-gas

were varied as shown in Table 4.

Table 3
[(H20] | [Mel] |[MeOAc] |[Ir] |[Ru] [2™ 2" reactor
wt% wt% wt% pPpm | ppm | reactor volume
COfeed | %
g/
Example 19 53 7.0 12.9 1370 | 4160 | - -
Example 20 49 6.2 12.5 1750 {3980 | 0 4
Example 21 5.0 6.9 12.8 1270 | 3790 | O 4
Example 22 4.8 6.7 13.0 1180 | 3490 | - -
Experiment23 (5.0 6.8 12.6 1750 { 3850 | O 4

15
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Examples 24 to 26 and Experiments 27 to 34.

The process of Example 1 was repeated with the operating conditions as shown in Table

5. The concentrations of ruthenium and carbon monoxide in the low pressure off-gas

were varied as shown in Table 6. The rate of fouling was determined by the

accumulation of solid on a filter placed in the catalyst recycle line.

Table 5
[H20] | [Mel] | [MeOAc] |[Ir] |[Ru] |2™ 2" reactor
wt% wt% wt% ppm | ppm | reactor volume
COfeed | %
g/h
Example 24 4.9 6.8 12.1 1530 | 3440 | 90 8
Example 25 4.7 59 [122 1390 | 3220 { 80 8
Example 26 52 6.7 11.7 1580 | 3370 | 40 8
[Experiment27 |48 |72 | 112 |1670 | 3650 | 60 8
Experiment28 | 5.0 |71 [11.9 1570 | 3380 | 20 IE
Experiment 29 | 5.2 6.6 11.9 1570 | 3380 | 0 8
Experiment 30 | 4.4 6.5 11.5 1650 | 4360 | 60 8
Experiment 31 | 4.9 6.1 11.8 1680 | 5130 | 60 8
Experiment 32 | 4.8 6.7 12.3 1480 | 4910 | 60 8
Experiment 33 | 5.0 6.9 11.8 1410 | 5780 | 60 8
Experiment 34 | 4.3 6.2 9.8 1590 | 6260 | 60 8
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were varied as shown in Table 6. The rate of fouling was determ nedg kypt jags
accunul ation of solid on a filter placed in the catalyst recycle |1ne.
Table 5 [H20] [Mel] [MeQAc] [Ir] [Ru] 2" 2" reactor w % wt % wt % ppm ppm
react or @b WHse0 feed % g/h Exanple 24 4.9 6.8 12.1 1&},39/@%4%15%2 8
Exanple 25 4.7 5.9 12.2 1390 3220 80 8 Exanple 26 5.2 6.7 11.7 1580 3370
40 8 Experinment 27 4.8 7.2 11.2 1670 3650. 60 8 Experinent 28 5.0 7.1
11:9 1570 3380 20 8 Experinment 29 %able§ 6 11.9 1570 3380 0 8 Experi ment

30 4.4 675 15 163GR43P caPbahvl eT 1 Philos 1 BA 80 5130 60 8
Exper i mbnt 32 4.8 4.5 o) SAbdyb | ppED  Prpofites BACDTg 0.0 11 8 1410
5780 60|8 Experinempng4|ratd 6.2 9. 8| bs80 6PBUOF0 8 [euing SEP 2006 WO
03/ 097567 PCT/ GB03/{01592| Ta 6 [ Ru]l] Carbohyl ation pp LP qgff-gas Rate of
ppmrate bara [CO |foul i 1b“°mr{§|/|/h ol % g/ h*ei‘%nm e 2&93440 22.1 9.5 57
0. 0038 |Example@425 3220 P123 9.3 52 09(3034 | Exanpl e 2608630 41.0 9.8 35
0. 0037 |Experinent {27 3650 21.5 9 3 45 0 0088 Experiphent 2813380 20.9 9.6
27 0. 004Fxamplsedi ng2299( 8880 20.2 98312 0| 863  ExpgfPPEht (30 4360 21.5
9.2 43 OEJhlgle26 | 3370 |21.0 9.8 35 0.0037

Experiment 27 | 3650 |21.5 93 45 0.0088

Experiment 28 | 3380 | 20.9 - 19.6 27 0.0043

Experiment 29 | 3380 | 20.2 9.9 12 0.0063

Experiment 30 | 4360 | 21.5 9.2 43 0.0112

Experiment 31 | 5130 | 22.6 9.9 42 0.0123

Experiment 32 | 4910 | 22.6 8.2 43 0.0116

Experiment 33 | 5780 |21.9 9.0 40 0.0090

Experiment 34 | 6260 | 23.9 9.9 41 ~ [o.0143

From a comparison of the results of Examples 24 to 26 with Experiments 27 to 34 in
Table 6 it can clearly be seen that where the concentration of carboﬁ monoxide in the

5  low pressure off-gas is maintained according to the formula:
Y>mX+C
wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X
is the concentration in ppm by weight of ruthenium in the liquid reaction composition,
m is about 0.012 and C is about —8.7 the rate of fouling is significantly reduced.

10 Figure 2 illustrates in a graph the relationship between carbon monoxide
concentration in the low pressure off-gas and the ruthenium concentration and the
formation of solids. The data points in the graph are the results of the 'Examples and
Experiments in Tables 1 to 6 above. From the graph a correlation was developed (dotted
line) which indicates that solids formation is mitigated if the carbon monoxide |

15 concentration Y in the low pressure off-gas is maintained according to the formula

Y >mX +C _
wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X
1s the concentration in ppm by weight of ruthenium inthe liquid reaction composition,

m is about-0.012 and C is about —8.7. Where the fouling rate is greater then 0.01
16



Experiment 31 5130 22.6 9.9 42 0.0123 Experinment 32 4910 22.6 8.2 43 :
0.0116 Experinment 33 5780 21.9 9.0 40 0.0090 Experinent 34 626Q 3£8 Hoed
41 0.0143 From a conparison of the results of Exanples 24 to 26 with
Experi me 34 in Table 6 it can clearly be seen that where the
concentrg%ﬁgﬁz% g%arbon nonoxide in the 5 |ow pressure cﬁéﬁﬁﬁgﬁp§n
mai nt ai ned according to the formula: Y>nX+C wherein Y is the nolar

concent r a{Ui/day af0.@erdiv it hae been adeurmed thimsolidsfopmessuseunt f - gas, X is the
concentration in ppmby weight of rutheniumin the liquid reaction
conposition, mis about 0.012 and Cis about -8.7 the rate of fouling is
significantly reduced. 10 Figure 2 illustrates in a graph the relationship
bet ween carbon nonoxi de concentration i.n the | ow pressure off-gas and the
rut heni um concentration and the formation of solids. The data points in
the ggaph are the results of the Exanples and Experinents in Tables | to 6
above. Fromthe graph a correl ation was devel oped (dotted |ine) which

i ndicates that solids fon-nation is mtigated if the carbon nonoxi de 15
concentration Y in the | ow pressure off-gas is nmaintained according to the
formula : Y>nX+C wherein Y is the nolar concentration of carbon nonoxi de
in the |ow pressure off-gas, X is the concentration in ppm by wei ght of
rutheniumin-the liquid reaction conposition, mis about 0.012 and Cis
about -8.7. Were the fouling rate-is greater then 0.01 16 2 6 SE P 2006
WO 030097567 PCT/ GB03/01592 AU/ day or 0.004 g/h it has been assuned that
solids formation occurs. 5 10 15 20 25 30 17

15

20

25

30

17



2 6 SEP 2006 WD 03/097567 PCT/ GB03/01592 Clainms 1. A process fcy tgyﬁ
production of acetic acid which process conprises the steps of (19 2006
carbonyl ati ng net hanol and/or a reactive derivative thereof in a first
carbonyl ayb@seo7seaction zone in a liquid reaction conposigd0fg ,i Sing
iridiumcarbonylation catalyst, ruthenium pronoter, nethyl I odide
co-catalyst, nethyl acetate, acetic acid and 5 water; (2) w thdraw ng

|l iquid reaction conposition together with di ssol ved and/or entrained
carbon nonoxi de and ot her gases from said carbonyl ati on reaction zone; (3)
optionally passing said withdrawn |iquid reaction conposition through one
or nore further reaction zones to consune at |east a portion of the

di ssol ved and/or entrained 10 carbon nonoxi de; (4) passing said
conposition fromstep (2) and optional step (3) into one or nore flash
separation stages to form (i) a vapour fraction conprising condensabl e
conponents and | ow pressure off-gas, the condensabl e conponents conprising
acetic acid product and the | ow pressure off-gas conprising carbon
nonoxi de and ot her gases dissolved and/or 15 entrained with the w t hdrawn
| i qui d carbonyl ation reaction conposition and (ii) a liquid fraction
conprising iridiumcarbonylation catal yst, ruthenium pronoter and acetic
acid solvent; (5) separating the condensabl e conponents fromthe | ow
pressure off-gas; and (6) recycling the liquid fraction fromthe flash
separ at i @laismsage to the first carbonylation 20 reaction zone, wherein the

concent 191 on ihoph RETIBORR 5l B SIS bl ™
PCT/ GBO3/( DXafbdnwhatiigmeth¥nslsantilog a peactve dahadan theidodin ©firse sarbodylatnoxi de in
the |l ow pressure off-gas, X.is the.concentration.in m by. wei ght of -
r ut heni uRFacHOR FRIC|IR aﬂ;ﬂaldrrg%f&ppaﬂmem?qmqmng ‘ﬁ‘ﬂiuén %\‘gg‘ﬂﬁy?%‘."@lz and Cis
about - 8.cftalyst, ruthenium promoter, methyl iodide co-catalyst, methyl acetate, acetic acid and
S  water;
(2) withdrawing liquid reaction composition together with dissolved and/or entrained
carbon monoxide and other gases from said carbonylation reaction zone;
(3) optionally passing said withdrawn liquid reaction composition through one or mdre
further reaction zones to consume at least a portion of the dissolved and/or entrained
10 carbdn monoXxide;
(4) passing said composition from step (2) and optional step (3) into one or more flash
separation stages to form (i) a vapour fraction compﬁsing condensable co_mponehts 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
15  entrained with the withdrawn liquid carbonylation reaction composition and (i1) a liquid
fraction comprising iridium carbohylation catalyst, ruthenium promoter and acetic acid
solvent;
(5) separating the condensable components from the low pressure off-gas; and
(6) recycling the liquid fraction from the flash separation stage to the first carbonylation
20  reaction zone,
wherein the concentration of carbon monoxide in the low pressure off-gas is maintained

according to the formula :
Y>mX+C

18



2. A process according to claim1 wherein the liquid reaction co og‘_.ﬂrgi ﬁ@
together 5 with dissolved and/or entrained carbon nonoxi de with 208 m
the first reaction zone is passed through a second reaction zone 3. A

process a¢g04/6b75¢ to claim 2 wherein substantially all thgdé&gdledssreaction
conposition together with dissolved and/or entrained carbon nonoxi de -

w thdrawn from the first reaction zone is passed to the secaond reaction
zone. 1owl_asrc'A%Pd&é@@laéewairﬁg)w% CEIRAPN Gnogde ip tiejew presgurg offheaseXn car bon
nonoxi dejg ky co"fl(%'éh‘txtatilé‘x'i‘int}SimgI B?-twel EBPHMFe%ﬂx_rﬁthfhgﬁgﬁ‘écré‘d}ﬁoﬁ%@ﬁbbs‘?ﬁbréone as

di ssol ved and/or. entrai ned "~ carbon nonoxide is introduced into the second
react i ormapafwus0.0N2 pndedsabautcdrdi ng to cl aim 4 wherein the additional

car bon noxi [ .S COd 10 i t £l b L Lk ' sition
i or o2 nt rogusts GRconeNg ol uheplin thd Fhuid K Adh SBAEHLRR SURE

separsat evith tissanel o/ erengaihet crbanmonditi withdrews doonthe firgtaedction zone. 6. A
process accordin 'tguo cLai m 4 .or g wherein the additional carbon nonoxide
cont ai ns“IRfBLRAsTedarough a secend feacon zone i ng t o any one of clains 4 to 6
‘wher ei n 3.he ag@rddesymcoditighorlaimQ wikreisdisstaGiany al afe Ihjuddreastemsur e of f - gas
fromthe first reaction zope. 8. A process according to any one_of clains 4
to 6 wheSWTRpstioa tegsther Mathsisselyed and/ongiBined 2R FranesKle yvithidraygnfrom

MoNoXi demg @iRd: fbdeliBd z8RSs PAdsEPI the sedond rddERGERReaccOr ding to any one of
clains | to 8 wherein greater than 10% of the dissolved and/or entrained

car bh mbnoxi d@reagss aseonding tp @ny eaeef damsdripdsharein carbopimdngkiggn f r om t he
first reaggt.d i i . . I 10, A process
R s i S e S A

di ssol vechrieondhonoxade is antrisldcehintyothe semoost radetiomzdniee | i qui d reacti on
conposition 'thdrsav\(/:@ frnongtpe f4i rﬁt xr gﬁlctcjﬁon zpn i s _consuned in the
second r&act i ISR inEL0 slaim douherein theadditiqng %?ﬁe?/o%rﬁgn?f‘f‘ &P | to 8
wher ei n jgiRdtveith the fifst 314 bidatactibe codpPodiiiasgrioras irtrvdhetionadithadebast car bon
nonoxi de in the liquid reaction conposition wthdrawn fromthe first
reactd onreaging z08¢ E’Efﬁ%ﬁﬁé JeRAANGY OG0 MOERIOCRENDS 2ithen ths segondr gcess
accor di ngatinddtyieone of clains | to 11 wherein nethanol and/or nethyl

acetate are carbonylated wth_ carbon npnoxi de d n.the first reaction zone.
19 2 6 SEP 20f@rocess according to claim 4 or 5 wherein the additional carbon monoxide

contains impurities.
7. A process according to any one of claims 4 to 6 wherein the additional carbon
20  monoxide comprises high pressure off-gas from the first reaction zone.
8. A process according to any one of claims 4 to 6 wherein the additional carbon
monoxide comprises a carbon monoxide-containing gas stream.,
9. A process according to any one of claims 1 to 8 wherein greater than 10% of the
dissolved and/or entrained carbon monoxide in the liquid reaction composition
25. withdrawn from the first reaction zone is consumed in the second reaction zone.
10. A process according to any one of claims 1 to 8 wherein greater than 25% of the
dissolved and/or entrained carbon monoxide in the liquid reaction composition
withdrawn from the first reaction zone is consumed in the second reaction zone.
11. A process according to any one of claims 1 to 8 wherein greater than 50% of the
30 dissolved and/or entrained carbon monoxide in the liquid reaction composition
" withdrawn from the first reaction zone is consumed in the second reaction zone
12 A process according to any one of claims 1 to 11 wherein methanol and/or

methyl acetate are carbonylated with carbon monoxide in the first reaction zone.

19



WO 03/ 097567 PCT/ GB03/01592 13. A process according to any one of clains |
to 12 wherein the concentration of nethyl acetate in the |'i qui 416 r¥&c2008n
conpositions in the first and second reaction zones are independently in

t he rangeg,; % by weight. 14. A process according t f clains
1to 13 @%dé?}é@&z"?he concentration of 5 water in the quﬁ%@r)érﬁé%@tq?s‘gn

conpositions in the first and second reaction zones are. independently in
t he rang#3.0. 1Atpro@694adogrdmeg tghany ofd of daiprsdcted? wlareindhecpricenteatipn ofie  of

clainms 1 t 4 wherejn,.the concentration of thyl, iodi.de co-catalyst in
the 11 quratyEdce e bE S FRERE SmAR e Pl te T e ke oA Yones i s
i ndependa@tihdepdndet] R HPthb yanpeilgbt70 %4 By #&ighd process according to any one of
claims | _to 15 wherein the concentriati.on of i {ldi.ur’ri]car bon}ll.ati gn cat al yst

Un the | 10i qRrRECEST ASORIREOAMY o8R ol IR ator 13 where dhe EneRRITAOR BE | on 2omes

is indepaadet ¥ lighidirbftiba eRpddiorsan BRARstRMsedohd réadloAEBEE agcCcording to
any one of clains 1 wherein the ruthenium pronoter is present in the

to 16 ]
liquid rdepsngantboipbaianesfd tp A0ty Weigkt and second reaction 15 zones at
a mol ar fat ;BOA oGRS oM MER 4P JRE BFDLEHS | tol 14 WhétBini the E(lg}i%telgt?a‘%i%ﬁo 0.1 to

100] : 1.718. process accordrng to any one of clains erein the
r ut heni umethyl meidesao-datalynt e thatliquid redpsioh icompesitiensanitmfissbangestandons i n t he
first and _second reactiaon r rati o of each ruthenium

pr onot er [ |nﬁ?ﬁ%ilrr’1&e(p§rédern§§g§g[’zg%’tﬁ'o‘@%?": 1 19. A process according to
any ome 06. cl A prscdss aczoidBnguveangidane bfielatmnconts whérein thé céientudtivafum i n t he

liquid reaction conpositiqns.in the. first and second. reagtion, zones i s
| ndepend BN RLOBVIRROMCHHNG B iR 19 reaction GERRESTER NIRRT LSO Nhe of

cl ai M5 1 dagtididzoMee isghdepei@enti9 i Eidlrame 100 1906000 pgrhieni um in the |iquid
reaction conpositions in the first and second reaction zones is

i ndependdhit | y ARrocess acrehing fpnanyssie o1 clajms} tockswhefedhg riBentynany one of

clains | : I+ . i - de:~hn t he
i e R e

bar . 15 22 zoutspt 8 0@z ratorefradchgithaivm prasegerofiridiual mgthd range §0.1 Whid0dic b t he
I I e
any one oforgdten inpreteritan £ liguat eactionivempositienst indhd Hrst arid second reaction
zones at a molar ratio of each ruthenium promoter : iridium in the range [up to 10] : 1
19. A process according to any one of claims 1 to 18 wherein the concentration of
20  ruthenium in the liquid reaction compositions in the first and second reaction zones is
indepeﬁdently léss than 6000 ppm. _ o
20. A proceés according to any one of claims 1 to 19 wherein the concentration of
ruthenium in the liquid reaction compositions in the first and second reaction zones is
independently 400 to 5000 ppm.
25 21 A process according to any one of claims 1 to 20 wherein the partial pressure of
carbon monoxide in the first and second reaction zones is independently in the range 1
to 70 bar.
122, A process according to any one of claims 1 to 21 wherein the partial pressure of
carbon monoxide in the first and second reaction zones is independently in the range 1
30 to 15 bar.
23. A process according to any one of claims 1 to 22 wherein the concentration of
carbon monoxide in the low pressure off-gas is at least 30 mol% and the concentration

of ruthenium in the liquid reaction composition is up to 3000 ppm by weight.

20



carboh nonoxide in the | ow pressure off-gas is at |east 30 nol % and the
concentration of rutheniumin the |liquid reaction conposition 2 $pPt 2606
3000 ppm by weight. 20 2 6 SEP 2006 WD 03/097567 PCT/ GB03/01592 24. A
process I to claim23 wherein the concentration qf noxi de
in the I?V\(/?%@Z%gure off-gas is 30 to 40 nol % and the co%ggn rog{a:;gggoof
rutheniumin the |liquid reaction conposition is up to 3000 ppm by wei ght.
25. A pr2tessApomesshicagrding tarrjaimi?d vdferah ghenndertatia? ofiberbeni mondrade
concentratjion of 5 carbon. oxhde.d, n t | ow pressure of f-gas,i s at |east
50 ot 6 Db vEPresesCatr Ry oo 16 4P Wit SRR R A Brerp e B s

conposi t jiguid reactigh dodnfa3idnppop ky3000ippht by ReightA process according to claim
25 wherejin the concentra’;i on of car&gn m)no>§igd i.n the | ow Pres ure

of f-gas £3 SOMPEOEE AFGPUHREY 3K QN BT RS, LI BnVRsreip theheancemiatiAn fhe 1 qui d

reacts oncLEAPRAShGKI@ inithe 16 SresRROGH BRI BY 14 0ho19d Shdhie cOhdRAPRRRS

according to.any one of clains 1 to 22 wherein the concentration of carbon
nonoxi deof mthehiain ivithe ligud geastion Forgpesition i up teel0 pn hpweightind t he rut heni um
concent r 3 i onai i defiea deb it ol RARLI MG ATRASL dnk Strakin WP cd by

wei ght . g% AA r%c%gas Cgcccgi[gicng to c a‘lgm 27 ot\;\]/ner edltlnnt E‘é rg%rgrzlgﬁ?)?g{q on of

car bon nortbsiakepressurd dfE-ghoiy Srte $8 umad%ecinid tiyasoncentiration lod ruthergem fbthieo 65 nol .
% and the r.ythepium 15 concentratlion i . ljquid reaction conposition is
up to 55 @u'gﬁ?ﬁcgé/n%r?%%ﬁl_mﬂpp% %Ogrpgéngbs%aglugé{or ding to any one of clains |

t o 280 whe7.ei nAtpieceps axcesiing © any@nabclainas] @ 220mhdrainahscgiconasion oB0. Use of

carbon nonoxide in a |ow pressure aff-gas, t carbon. nonoxi de bei ng
i nt ai nEoonmoRoRgs Rt 1t P of ke ¥ atepios g ard TBdeheRERy di ng ¢ o
the for mybent2fioX i tH¥Miqnfd MAGIR ddmpokifioh Beup®I5800 ppMasWEight on of carbon

nmonoxi de in the |l ow pressure off-gas, X 1is the concentration in _ppm by

wei ght oR8r ut AMPeERS ageordieg 10 daimd2 /ebrreindhe easspriation of carbpn menepddet 0. 012
and C i s;afew pfsslre bft AR R Snde s th/¥8 AN ARl Ritini@g et i ¢ acid which
process gg{‘}pﬁﬁgssst ﬁee stg_gTos lo. (11)1gecar bonyl at?t’ng met an(gll1 and/or a reactive
25 défi vaoncestritive e tife liquichreaétrant coomositing isatp tor$ 508 apmityrweighte in a |i quid

react | 026 OMPASKAhecsSRTRY 5Ll bF HalD PR AAIKL BH R0 BALENY SleragL el um

pronot er, e 1 odi C acet a cefic and
wat er;  as acontinuous process.

30. Use of carbon monoxide in a low pressure off-gas, the carbon monoxide being
maintained at a concentration in the low pressure off-gas according to the formula:
20 Y>mX+C
* wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X
is the concentration in ppm by weight of ruthenium in the liquid reaction composition,
m is about 0.012 and C is about —8.7, in a process for the manufacture of acetic acid
which process comprises the steps of (1) carbonylating methanol and/or a reactive
- 25  derivative thereof in a first carbonylation reaction zone in a liquid reaction composition
' comprising iridium carbonylation catalyst, ruthenium promoter, methyl iodide co-
' éata]yst, methyl acetate, acetic acid and water;
(2) withdrawing liquid reaction composition together with dissolved and/or entrained
carbon monoxide and other gases from said carbonylation reaction zone;
30 (3) 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;
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(2) withdrawi ng liquid reaction conposition together with di ssolzv§§ a;ﬂq or
entrai ned carbon nonoxi de and ot her gases from said carbonyl ati®o Fe [Gi on
zone; 30 (3) optionally passing said withdrawn |iquid reaction conposition
t hrough YR0¥M7$Gre further reaction zones to consune atPOTéGBI3/0a5980rti on
of the dissolved and/or entrained carbon nonoxide; 21 2 6 SEP 2006 WO
03/ 99756@%914%%% QRPN RASEh (B BaloPtGAUTBRS (1) i Jrednir€Rad?) and

opti onal “st'ep Into one or nore flash separati'on stages to form (i) a
vapour f sepatatiomstagasyie formm() T vapduniadiion comppoing serdeapable ¢cappqrenissnd e

of f - gas, , the cond I S I cl t and the
| ow pr eslé)l‘jvr%esg"fl ¥e_o§§§§sg(lt)}%pc%$§%%§rﬁgg%gﬁ%n%%gﬂgﬁg&%t%gdrSr og{é(gg}sl&di ssol ved
and/ or 5thendéw piessde viftdas comprisitgcarbemnmmbohepidelarchothorpabatdissnlved asd/pon
conposition and (ii) a liquid .fraction.conpr.ising iridi umcarhbonylation
ot a5 st SR St S Sy S erbHiol FPRHoR biFabuch 4 GERRARE 7o' Phe
CondenSaﬂb&idﬁ%ﬁﬂ?ﬂ@iﬂgSricﬂi[lﬁhr'ﬁaiﬂmﬂaﬁﬁh pateiysfehedidm pRsnotaNhd(@6gtid R4/ cl i ng the
liquid fraction fromthe flash separation stage to the first carbonyl ation
10 react fA¥EDEone, to reduce | oss of catal yst and/ or pronoter during acetic

acid progyGloarRrH\RE Yonderdshble components from the low pressure off-gas; and

(6) recycling the liquid fraction from the flash separation stage to the first carbonylation

10 reaction Zone,

to reduce loss of catalyst and/or promoter during acetic acid product recovery.
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