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a process for purifying a carboxylic acid produced by |iquid phase” *“
carbonyl ati on of an al kyl al cohol and/or a reactive derivative thereof in

- the presence of an iridiumand/ or rhodiumcatalyst, an al kyl halide
pronoter and an optional co-pronoter selected from5 ruthenium osm um and
rhenium Carbonyl ation processes in the presence of iridiumcatalysts are
known and are described, for exanple, in US 3772380, European patent
publ i cation nunber EP 0618184-A UK patents GB 1276326, GB 1234641 and GB -
1234642. 10 Eur opean Patent application nunber EP-0643034-A

publi shed after the priority date of the. present invention relates to the
use of ruthenium and/or osmum-as a co-pronoter for the iridiumcatalysed
production of acetic acid by carbonylation of nethanol and/or a reactive
derivative thereof. It is said that under sone conditions small anounts of
the iridiumcatal yst may be 15 volatile.and-that the presence of at | east
rut henium may reduce the volatility of the iridiumcatalyst. US 4102921
relates to a process for forming carboxylic acids and esters by the
carbonyl ation of alcohols, esters, ethers and organo halides in the
presence of a catalyst conprising an iridium conpound conplexed with a 20
pol ydent at e chel ati ng phosphorous or arsenic |ligand. The presence of a
chel ati ng phosphorus |igand, as opposed to a nonodentate |igand, in the

[ ri dium compound i s SapRACESEUGR BURIMANG N EARBEXYINE A um compound
and t hereby reduce_the T - nus e.continu usxlyy. added
to the process forfhg/presest nventienrelalas to@ pracess foPwiyinga cga‘oq ic -
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conposi ti on tcatalystapaulkydidlide promoterrand aroptiondleccaprtindten setectedfromo
produce g5 nythenium, osmium and rhenium. .
Carbonylation processes in the presence of iridium cafalysts are
known and are described, for example, in US 3772380, European patent
publication number EP 0618184-A, UK patents GB 1276326, GB 1234641
and GB 1234642. :

10 European Patent application number EP-0643034-A published after
the priority date of the present invention relates to the use of ruthenium
and/or osmium as a co-promoter for the iridium catalysed production of acetic
acid by carbonylation of methanol and/or a reactive derivative thereof. ltis
said that under some conditions small amounts of the iridium catalyst may be

15 volatile and that the presence of at least ruthenium may reduce the volatility - '
of the iridium catalyst. '

US 4102921 relates to a process for forming carboxylic acids and
esters by the carbonylation of alcohols, esters, ethers and organo halides in
the presence of a catalyst comprising an iridium compound complexed with a

20 polydentate chelating phosphorous or arsenic ligand. The presence of a
chelating phosphorus ligand, as opposed to a monodentate ligand, in the
iridium compound is said to reduce the volatility of the iridium compound and - _
thereby reduce the amount of catalyst that must be continuously added to the
process for synthesis of carboxylic acids and esters. '

25 European patent publication EP-06169.97—A1 déscribes_ a process for



vapour and liquid fractions in which the liquid fraction has a water 5
goncentration of at least 0.5% by weight to stabilise the iridiumcatalyst.
Several product separation/recovery schenes are described,- but the problem
of volatile iridiumand/or volatile optional co-pronoters is not

consi dered. The co-pronoters may al so be ol atile when used with a rhodi um
carbonyl ation catal yst. 10 The technical problemto be solved
therefore, is to provide a process for purifying an iridium and/or
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20 selected from the group consisting of ruthenium, osmium and rhenium which
process comprises (a) contacting said carboxylic acid fraction contaminated
with volatile iridium and/or volatile co-promoter contaminants with an iodide in
the absence of carbon monoxide or at a partial pressure of carbon monoxide
less than that of the carbonylation reaction for sufficient time to convert the

25  volatile iridium catalyst and/or volatile co-promoter contaminants to an

| involatile form, and (b) separating the involatile iridium catalyst and/or
involatile co-promoter from the carboxylic acid fraction.
Also according to the present invention there is provided a process for
production of a carboxylic acid which process comprises:

30 (a) contacting in a reactor; carbon monoxide at elevated pressure with a
carbonylation reactant comprising an alkyl alcohol and/or a reactive -
derivative thereof in a liquid reaction composition in the presence of
carboxylic acid carbonylation product, an iridium and/or rhodium catalyst, an
alkyl halide promoter, water and an optional co-promoter selected from the

35 group consisting of ruthenium, osmium and rhenium; (b) withdrawing from the



3 réactor, liquid reaction conposition conprising a carboxylic acid
fraction tontam nated with volatile iridiumand/or volatile co-pronoter
contam nants; (c) contacting said contam nated carboxylic acid fraction
wi.th am iodide in the absence of carbon nonoxide or at a partial pressure
of carbon nonoxide Iess 5 than that of thg carbonylation reaction for
sufficient tinme to convert the volatile iridiumcatalyst and/or volatile
co-pronmoter to an |nvolat|Ie form and (d) separating the involatile
|r|d|un1catalyst
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catalyst. The rhodium carbonylation catalyst is generally not volatile.

20 A suitable residence time for the process of the present invention may
be from 1 minute to 24 hours, preferably from 1 to 600 minutes.. A suitable
partial pressure of carbon monoxide for the process of the present invention
may be from O to 5 bar, preferably less than 0.25 bar. The iodide may be an
ionic iodide species such as hydrogen iodide or an iodide salt or may be a

. 25 neutral iodide species such as an alkyl iodide. Preferably, the iodide is
derived from the alkyl halide promoter of the carbonylation reaction.
Preferably, water is present, for example at greater than 0.5%, particularly if
an alkyl iodide is used. The process of the present invention may be
performed as a batch or a continuous process, preferably as a continuous

30 process.

~ In one embodiment of the present invention, liquid reaction
composition comprising carboxylic acid product, alkyl halide promoter, iridium _
(the majority being involatile but with some in a volatile form) and/or rhodium
carbonylation catalyst (involatile) and optional carbonylation co-promoter (the

35 majority being involatile but with some in a volatile form) is withdrawn from a



(the majority being involatile but with some in a volatile form) and/or
rhodi um carbonyl ation catal yst (involatile) and optional carbonylation
co-promoter (the 35 nmajority being involatile but with sone in a volatile
form is withdrawn froma 4 carbonyl ation reactor, contacted with the

i odide in the absence of carbon nonoxide or,at a partial pressure of carbon
nonoxi de | ess than that of the carbonylatioh reaction for sufficient tine
to convert the volatile iridiumcatal yst and/or volatile optional
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involatile but with some in a volatile form) is fed to the flash vessel and is
20  subjected to a reduced pressure whereby a portion of the liquid composition
is vaporised to form a vapour fraction comprising carboxylic acid product
which is separated from a liquid fraction comprising involatile iridium and/or
rhodium catalyst and/or involatile optional co-promoter. it is particularly
preferred that the concentration of water in the liquid fraction comprising
25 involatile iridium catalyst be at least 0.5 % by weight. Preferably, the flash
vessel is provided with a scrubbing section and wash liquid, through which
the vapour fraction passes. Preferably, the scrubbing section is packed with
Raschig rings or other suitable packing material. This optional scrubbing
section may also reduce the entrainment of iridium and/or rhodium catalyst
30  and optional co-promoter from the flash vessel. Such a wash liquid may be
provided from a downstream distillation column for example a water-
containing process stream. Such a wash liquid may also comprise carboxylic -
acid, iridium and/or rhodium catalyst and/or optional co-promoter recovered .
from downstream purification processes. The liquid fraction comprising
35 involatile iridium and/or rhodium catalyst and/or involatile optional co-



Raschiig rings or other suitable packing material. This optional scrubbing
séction may al so reduce the entrainnment of iridiumand/ or rhodium catal yst
30 and optional co-pronmoter fromthe flash vessel. Such a wash |iquid may
be provided froma downstreamdistillation colum for exanple a water-
cont ai ni ng process stream Such a wash liquid nmay al so conprise carboxylic
acid, iridiumand/or rhodium catalyst and/or optional co-pronoter recovered
from downstream purification processes. The liquid fraction conprising 35
involatile iridiun1?nd/or égqg%un1Catalyst and/or jinvolatile_ optional co-
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rhodium catalyst and the majority of the optional co-promoter is separated
from a vapour fraction comprising carboxylic acid, carbonylation reactant,

20  water, alkyl halide carbonylation promoter, volatile iridium contaminant and/or
volatile optional co-promoter contaminant; the liquid fraction being recycled
to the carbonylation reaction and the vapour fraction being passed to a
distillation column wherein the volatile iridium andfor volatile optional co-

- promoter contaminants are contacted with iodide in the absence of carbon

25  monoxide or at a partial pressure of carbon monoxide less than that of the
carbonylation reaction, to convert them into involatile forms. In this
‘embodiment, the distillation column has the advantagé of providing a
residence time with the iodide greater than may be achieved with just the
flash separation vessel and optional scrubbing section. The iodide may be

30 present in the vapour fraction and/or other recycle streams introduced to the
distillation column and/or may be generated in situ from alkyl halide
promoter. In this embodiment, the flash separation vessel may also be -
provided with a source of iodide and sufficient residence time to function in
part as hereinbeforedescribed to convert volatile iridium andfor volatile

- 35 optional co-promoter contaminants to involatile forms according to the



distillation colum wherein the volatile iridiumand/or volatile optional
€0- pronofer contaminants are contacted with iodide in the absence of
carbon 25 nonoxide or at.a partial pressure of carbon nonoxide | ess than
t hat of- the carbonylation reaction, to convert theminto involatile forns.
An this enbodinent; the distillation colu has t he advantage of providing
a residence tine with the iodide greater than nay be achieved with just the
fl ash separation vessel and optional scrubbing section. The iodide nay be
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temperature, pressure and other operating parameters of the vaporiser, such
as ratio of liquid to vapour fractions and residence time will depend upon
20  such parameters as the composition, temperatuire, pressure and flow rate of
the carboxylic acid fraction and involatile iridium and/or optional co-promoter
contaminant fed to the vaporiser. Suitably, the vaporiser may be operated at
a pressure of up to 3 barg, preferably in the range 0 to 2.0 barg. Preferably,
the vaporiser is operated at a temperature in the range 90 to 160 °C,
25 preferably 100 to 140 °C. Suitably, the vaporiser may be operated with a
mass ratio of vapour fraction to liquid fraction in the range 500:1 to 10:1,
preferably 200:1 to 20:1. Suitably, the residence time of liquid in the
vaporiser, calculated as the mass of liquid in the vaporiser divided by the
liquid fraction flow rate, may be up to 24 hours, preferably in the range 1 to
30 600 minutes. Heat may be supplied to the vaporiser by means of a heat |
exchanger such as a thermosyphon reboiler. Preferably, heat is supplied to
the vaporiser by feeding steam or a suitable process stream to the heat
exchanger. The steam or process stream may be fed to the heat exchanger
at atmospheric, elevated or sub-atmospheric pressure. The process stream
35 used to supply heat may be a vapour and/or.a hot liquid. The feed to the
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tenperature pressure and other operating paraneters of the vaporiser, such
as ratio of liquid to vapour fractions and residence tine will depend upon
20 such paraneters as the conposition, tenperature, pressure and flow rate
of the ctarboxylic acid fraction and involatile iridiumand/or optional
co-pronoter contam nant fed to the vaporiser. Suitably, the vaporiser may
be operated at a pressure of up to 3 barg, preferably in the range 0 to 2.0
barg. Preferably, the vaporiser is operated at a tenperature in the range
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to 15 % by wei o, Of at least 0.5 %by weight. It -t
particularly p?P%erre %at\tﬂgbﬁ%/concentratlon of water in the Ilqwd

fractions fromthe {mpdurtber eabadirnentiafdbé psesent mvam’momehqmld carbpnylatiog _
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concentrati ons of each r‘on

carboxylic aci 8°WEJ0& VP Pﬂlﬁf%‘ﬁ) ek shedium GlﬂYQlﬁ’é'e» pqqhqm atwe catalyish t he
vaporiser are opﬂmmdﬁptdruotbﬁ%metméjbnﬂﬂb&ﬁlgfm\id!étlIéfﬁlﬁ iR $6tHe GRE Wilatile
co-promoter ingd s Lepdnl RtonGeldfiit! watet, alkyl halide promoter and carboxylic acid -
product is fed to a flash separation vessel wherein a liquid fraction
20  comprising rhodium catalyst and/or the majority of the iridium catalyst and the
majority of optional co-promoter is separated from a vapour fraction
comprising carboxylic acid, carbonylation reactant, water, alkyl halide
carbonylation promoter, volatile iridium contaminant and/or volatile optlonal
co-promoter contaminant; the hqwd fraction being recycled to the
25  carbonylation reaction and the vapour fraction being passed to a distillation
column wherein the volatile iridium and/or volatile optional co-promoter
contaminants are contacted with an iodide in the absence of carbon
monoxide or at a partial pressure of carbon monoxide less than that of the
- carbonylation reaction, to convert them into involatile forms. In this
30 embodiment, the flash separation vessel may also be provided with a source
of iodide and sufficient residence time to function in part as _
hereinbeforedescribed to convert volatile iridium and/or volatile optional co-
promoter contaminants to involatile forms according to the process of the
present invention. In the distillation column an overhead fraction comprising
35 carbonylation reactant and alkyl halide is separated from one or more bottom



preferably less than 5% In a further enbodi ment of the present invention,
bTquid carbonyl ation 15 reaction conposition conprising iridium(the
majority being involatile but with sone in a volatile form and/or rhodi um
(involatile) . carbonylation catal yst, opt i onal co-pronoter (the majority
being involatile but with some in-a vol atige forn) carbonyl ati on reactant,
wat er, al kyl halide pronoter and carboxylic acid product is fed to a flash
separ at | on vessel wherein a liquid fraction 20 conpri si ng r hodi um cat al yst
and/ or the majori. f the.irjidi.umc th pti onal
co- pronoter | fa&bf}éﬁﬁf’mﬁ’“ﬁmf‘& 'U&‘fﬁ'@ﬁfe 'F%S&HP %Eﬁ’ %’dﬁlﬁﬂgﬁ %ﬁ%lb“gyl I c acid,
car bonyl at i on premoterrand carbexylicahcig! Intthis embodinnenty the molapte)mdmn and/or

vol atile iridi t
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ab@
t he present f1.on ISt atrLon col u an ove fraction

- conpri sing 35 'it 'laBBH)ﬂo m’&n%h@eﬂi’te&h?a%ﬁécﬁ@'ﬂma Qfé(°|e§n§’et &rated from
one or nore bearisonylatidh faaatibho PsvaSOU fradtion ddmepriging catbdxglic acit haviagd/ or
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fromthe carbofihe teattiothe\distillatiog adhempas takeyl framansiad the baseiqﬁtﬂm fraction
fromthe gist 'c'ohﬁﬁhO’A lél' Wécﬁon %Bﬂngr{é‘ﬁwcﬁji?mg%aﬁé lrglurﬁ (?qiidi'&‘ lﬁOQ{

I nvol atil e optignal tream in
thi s enmbodi mep! ‘Of‘ﬁbc‘?rEHHFPt@ér's remeyed geparaigly fronh theypase Pﬂéilei‘éiﬁt"&ﬂqnm and

vapori sation icahfhh et 8fls Bnbddiimehs the hapoanfrastidimay be removed
' immediately above the liquid in the base of the distillation column or may be
removed about one or two trays from the base of the distillation column to

20 prevent entrainment of liquid fraction. Methods known in the art to reduce

-entrainment may be used, for example, the vapour fraction may be passed
through a small section packed with a suitable packing material. It is
particularly preferred that the concentration of water in the liquid fraction from
the flash separation vessel and in the distillation column base bleed

25 comprising involatile iridium catalyst be at least 0.5 % by weight. Preferably,
the concentrations of each of the iridium and optional co—promdier in the
carboxylic acid vapour fraction removed from the distillation column are
independently less than 10 % of the iridium and optional co-promoter in the
feed to the distillation column, preferably less than 5%.

30 The carboxylic acid produced by the process according to the present
invention having reduced iridium and/or optional co-promoter contamination
may be further purified by conventional processes, for example distillation to
remove impurities such as water, unreacted carbonylation reactant and/or |
ester derivative thereof and higher boiling carboxylic acid by-products and

35 may be treated with ion exchange resins optionally loaded with suitable

%



reboi'T er rather than by neans of a separate heat sour ce. Thus, in this
efrbodi ment an overhead fraction conprising reactant and al kyl halide 10
together with some acid, water and ester derivative is removed fromthe
distilFation.colum. The overhead fraction may be recycled to the

carbonyl ation reaction. A vapour fraction gonprising carboxylic acid havi ng
reduced iridium and/or optional co- pronoter contam nation conpared to that
~of the feed to the distillation colunn is taken from near the base of the

15 colum. Al %il d frr]act on ngr 8@'&nvol a.l:ri.l e iridiumand/ or

i nvol ati | e optTiaP SUG arso*ﬁ'ﬂ% 9"8&8 TSP el y from the base of the -
distillation col umThe narbo)qlreﬂbnﬂdnapb’e a CQetO\iappoaruoo(aliG aoid, pegfetably anoved
i medi ately a e t bl d or may
‘be renoved abg§¥q%%% Cé'lb%v\xﬁﬁé&d Hﬁ ﬁﬁ?ﬁght% *ogf'\he ?git&mﬁ%#(%dcol um
to.20 preventmest prafenabii lscﬂceltlprﬁﬁldsl fraction. Methods known in the art to
reduce ent rsai nment Sﬁﬁalﬂ ﬂ'ﬁﬁ@ac{faﬁf fcﬁ%ﬁ%bﬁboﬁ rdrﬁfééé:'hohrrﬁé} bé%rﬁaﬂ(ylbe

dth t |ta ckrn terial . It
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ase ee t y
wei ght . Pref erﬁﬁgngﬁgnggﬁé%m 4!’@'{9@&’ 8‘1 %%cﬁ?otg?y %ﬁ@l Qf“ﬁ*’h&ﬁ d opt i o(hal
co- pronot er i nprefierably & pximary aigohol.v&pisablys thecalkgiraleeheihas 1 taiDicasbon
distillatiy e |
ot i onar (" orSoH) pRéfRraly ?“d‘%‘%‘ym%@%siﬂ?@at rcfaly 1 2! ‘fjfg‘?’é??‘?g
| ess than 5% ajtd is most preferably meihianol Suitablereagtivds yvatr%es;r? dge@kv
according to téleoh@leraemrdelthwstercmth@alc@@or afd tiesl carboXylicagiidproduet foonal

roneases. 1 orAnAho L ARYARE ik bR Eadib iled gl Yol bRl o
unr eact ed car bdlmethylr ether; mdthatcomespondregt%kyl dalide afarexaniple mﬂthwnddideg her
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exchange resi ns OF I onal s’ suc Si |l ver
to renove i odil@actanis in theprocess of Henregentinyentionfsr exanplea mixtare of

carboxylic acifeti¥r @hdtheth§l acetate. Preferably, methanol and/or methy! acetate
are used as reactants.
At least some of the alkyl alcohol and/or reactive derivative thereof will

20 be converted to, and hence presént as, the corresponding ester with the
carboxylic acid product in the liquid carbonylation reaction composition by
reaction with the carboxylic acid product or solvent. Preferably, the
concentration of alkyl ester in the liquid reaction composition for iridium-
catalysed reaction is in the range 1 to 70% by weight, more preferably 2 to

25 50% by weight, most preferably 3 to 35% by weight. Preferably, the
concentration of alkyl ester in the liquid reaction composition for rhodium-

| catalysed reactions, is in the range 0.1 to 50% by weight, more preferably up
to 35% by weight, yet more preferably up to 15% typrcally up to 5% by
weight.

30 Water may be formed in S|tu in the liquid reaction composition, for
example, by the esterification reaction between alky! alcohol reactant and
carboxylic acid product. Water may be introduced to the carbonylation
reactor together with or separately from other components of the liquid
reaction composition. Water may be separated from other components of

35 reaction composition withdrawn from the reactor and may be recycled in




[err]"*to [err] carboxylic acid, nore preferably a C2 to C3 carboxylic acid
and nost ‘preferably is acetic acid. 5 Suitably, ‘the reactant. for the
~carbonyl ation reaction may be an al kyl al cohol  having one carbon atom | ess
that the carboxylic acid product or may be a reactive derivative of such

al cohol . Preferably, the alkyl alcohol carfgonylation reactant is a primary
or secondary al kyl al cohol, nore preferably a primary al cohol. Suitably,
the al kyl al cohol has 1 to 10 carbon 10 atons, preferably, 1 to 5 carbon

atons, nore preferably 1 to 2 carbon atons and is . pr l, t hanol .
Sui t abl e reacﬁpﬂgoﬁl@ﬁ’ anaynis to graIRtRIn tZ\e-I{?ﬂuﬁ?‘g898?&%%“%?@%@&} of the
al cohol .and t guithrdzetivhiconisusitian. ofiteférablyy the canpeéntratiarhef watestimthe t he
correspondi ng

correspondi ng Iigbakg%ggfwg:@?nqog%%féﬁﬁﬁhg Fr%ﬁ?quﬂg@ &’Ei{yﬁé@ﬁt,%ﬁgﬁﬂ e of

al kyl al cohol preférakiyct iovt5%eany weight,ewst merequefarallyseta,t@% Risweights ants in
the procesg of the F%Férgpb, tﬁ%?ﬁgln H%Iidé)ifn A% I ShylatiBrFatctiofthaseamangt and

met hyl acetate. Prefera . 0 nd/ or hyl acetate are used, a
reactants. At Megitt crpeepAding to H]e@lkﬁdT‘E@%gF%ﬁ@Bﬁ qﬁg@yﬁirggc@gﬁi @Qﬁzfve
‘thereof Wihl ! h%?efé?ﬁbwpweeémméélme.ierrdethynmder. eRreférably, théellyb halidg isidnng
~ester wiwth the garbo I c,acid product, In t I gl r ' : I on
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Preferably, ttakyldatidetin sheé tiquidicazbéyylatien ezadtiontaempasiiionis indbeirgnge 1
~conposi ti f Iob Gl ; - L 0@ 1 SailkAt t he range 1 to 70% by
“wei ght, rrgpe gg’ejrde")?gﬁﬁ’gé'gﬁg?%%m%&f@g%%’rﬁe'bﬁ%st preferably 3 to 35% by
wei ght . Pref er abl y, Thenisidiumsatalystindhe FMQ WP?'%E@F‘%“M@OF ﬂﬁ%i d reaction
Corfpﬁts' tion f %ar?&ﬁsﬂ%tlm r@@éttmmérgg gbﬁﬁﬁsb;ﬁ?ﬁj,iridmm aomlammgwmﬁlbuhdwhm‘imsgy
wei ght, nore prefer up,.tQq 0 Wei .. yet. nor.e. k to 15%. .4
typically up t'® sgﬁdbgg, l%g]eglmqldggactla/n COITIB@?IE?X.WE{)GBI&&P@‘F %%I)FSR niﬁlfgei N the
liquid reacti caddeehtocthietliouiy réamtioercompasitidryfor tize eathenylatiomn ieastioad 8N¥n
bet ween al kyl Al 0 . i " o@,ﬁ%g ; may be
I ntr oduceollgt o] ﬁquﬁ%%%at%@ﬁ@ﬁ%ﬁ%%@g%%m&%ﬁo d('a(g; Réégrdt'\%n% r s'té?)eé\regﬁel y from
ot her conponermanveftiblado b splubklerfern: iPoaf &g iridivm rog@y be YA 8% asepar at ed
fromother corgogds fref oﬁ?odlﬁaﬁdrpés 6681R0sd Whith aFetstitsterin onerartere of
reactor and may he rec cﬁ,e In . .
- _ t%e liquid rgactlon composition components, for example water and/or acetic
acid and so may be added to the reaction as solutions therein. Examples of
'20 suitable iridium-containing compounds which may be added to the liquid
reaction composition include IrCl3, Irlz, IrBr3,[Ir(CO)2l]2, [Ir(CO)2Cl]2, |
[Ir(CO)2Br]a, [I(CO)4lo]-H?, [Ir(CO)2Br2]'H"', [ir(CO)olo]-HY,
[Ir(CH3)I3(CO)2]"H, Ir4(CO)42, IrCl13.4H20, IrBr3.4H20, Ir3(CO)q2, iridium
" metal, Irp03,.Ir02, Ir(acac)(CO)2, Ir(acac)z, iridium acetate,
25 [Ir30(0Ac)s(H20)3][OAC], and hexachloroiridic acid H[IrClg], preferably,
chloride-free complexes of iridium such as acetates, oxalates and
acetoacetates. '
_ Preferably, the concentration of the iridium catalyst in the liquid
reaction composition for the carbonylation reaction is in the range 100 to
30 6000 ppm by weight of iridium.

The liquid carbonylation reaction composition may comprise rhodium
carbonylation catalyst instead of iridium or in addition thereto. The rhodium
catalyst may be added to the liquid reaction composition in any suitable_ form
which dissolves in the liquid reaction composition or is convertible to a

35 soluble form. Examples of suitable rhodium-con.taining compounds which

A



10 control |l ed ampbunts to maintain the required concentration of water in-
the |iqui'd reaction conposition. Preferably, the concentration of water in
the liquid reaction conposition is in the range 0.1 to 20% by wei ght, nore
preferably 1 to 15% by weight, yet nore preferably 1 to 10% by weight. 5
Preferably, the alkyl halide in the carbonylation reaction has an al kyl
noeity corresponding to the alkyl noiety of the al kyl alcohol reactant.
Most preferably, the al kyl halide is nethyl halide. Preferably, t he al kyl

halide is an iodide or, bromnjde, st preferabl an | Preferably, the
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any 15 suitable es in ﬂ&g react | on corrp05| lon or
i s  converti bl deggtian sempesitionds in ther @ngea0 PPMyPY, weight afshoditm. as a
chloride free grefaraplyt GORNM GO0 gt at es whi ch are soluble in one or nore of

he | d f d/
2ci d and S0 may. bo BRIIABN, ‘e HaVABRF AT SRmeRFBr JE R oY B8 o5 of

20 suitabl e ircadtiomadditicaaty ngmpusps)aadm prionudtenapne loe naardaxf asmiumme | i qui d

SRR, T A Rl Rotlopdy

|r|d|umacetate exac brolrrdic acl ably,
chl ori de- f r ee GUNPNIS@RY gsmiumcrf@mtm@n ratbenium goptainipg gompaunghwhich is

acet oacet at es.gdfjisteqh ¥ i uH%aéW@&hb@&hn@ﬁ ofhd E&pkémgté#%éyabéﬁdifed' tB t he
I|qu1dreact|88 cg5|t|onfor ts fa?h?néﬂtlo rearctlgnlsm n l
100 to 30 6000eSHIGGEaRIPG rommositian o e aibariation TeacHSR? a0Y SHIARSCt i or
conposi ti on nefprmavhich sissolvadiinithe liquid reaction composition or is convertible to
15  soluble form. Pfefe‘rably, the co-promoter compound may be used as
chioride 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
20  used include ruthenium (111) chloride, rutheniumIlt) chloride trinydrate,
ruthenium (IV) chloride, ruthenium (ill) bromide, ruthenium (lll) iodide,
ruthenium metal, ruthenium oxides, ruthenium (lll) formate, [Ru(CO)3l3]"H,
tetra(aceto)chlororuthenium(ll, l1), ruthenium (1) acetate, ruthenium (lil)
propionate, ruthenium (lll) butyrate, ruthenium pentacarbonyl,
25 trirutheriiumdodecacarbonyl and mixed ruthenium halocarbonyls such as
| dichlorotricarbonylruthenium (ll) dimer, dibromotricarbonylruthenium (11)
dimer, and other organoruthenium complexes such as tetrachlorobis(4-
cymene)diruthenium(ll), tetrachlorobis(benzene)diruthenium(ll),
dichloro(cycloocta-1,5-diene)ruthenium (11} polymer and
30 tris(acetylacetonate)ruthenium (Il1).
| Examples of suitable osmium containing compounds which may be
used include osmium (lll) chloride hydrate and anhydrous, osmium metal,
osmium tetraoxide, triosmiumdodecacarbony!, pentachloro-p-
nitrododiosmium and mixed osmium halocarbonyls such as
35 tricarbonyldichlorcosmium (il) dimer and other organoosmium complexes:
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carbonylatlon catalyst instead of iridiumor in addition thereto. The
rhodi um ¢atal yst nmay be added to the liquid reaction conposition in any
suitable formwhich dissolves in the liquid reaction conposition or is
convertible to a 35 soluble form Exanples of suitable rhodi um containing
conpounds whi ch may be added to the liquid reaction conposition include
[err] rhodium (Il11) chloride, rhodium (I11) chloridetrihydrate, rhodi um
(1) bromde, rhodium (111) iodide, rhodium (ll1) acetate, rhodium

di b | ac I . d 5 Pr ef b h h
o e acet ! S BABRRE of SIohE e o by SO BRDs vV RS o
50 to 5000 ppused inaudiRex{CO)pgli MCQWleRetﬂ?@)éBm RefCO)gh Reiz.xH20
Preferably, - tﬁ"edl$‘}|‘lg;b 5333@#9@%4{@5' tion for the car bonyI ation reaction

additional ly conpYi one or nore of osmum 10 rhenium
and rut heni um ThePssferably, iheet?ﬁrmmurhemumew whenigroee-promotes derfrepfeorany

osm um rheni Hlﬁaﬁrarfdlélkﬁnhé'Ehﬂﬁ%ﬁtd?hlﬁﬁn&o%ﬁélﬂ'é@ SHHieh, WheAUsell it Ant he
liquid reacti gngﬁr%(r}%?sm The co-pronoter may be added to the |1quid

reaction conp 2l¥stt he carbonyl ation reaction in any suitable form
whi ch di ssol ves i nTheanblafuatib ofeath co-promptesi(ivhen presénnt) to irdiumi dridfot o 15

free. comound ol Galist e f8aict BiboSRBR M M BRERHAGH rB3oN o'
liquid reacti maycsmm be omthaorangech 5, tof t00: ¢ xpreferabhageaatamitvanr0.8det i ¢

d d g9 t es of
20 Lanl'o 9, HerBDrafnssly (fostef 0L A pRRrBr LGRS PP hE prétefaly

rut heni um (11HP teriSet Apd yet mQﬁErﬂr%fﬁ(ﬁtPY)Jpéﬁl"@r?de trihydrate, ruthenium
(1V) chloride, rutlTeeidamén Mondxideiedetarit fémiri cérbohylblioh eaction mal i um

ot ra( acet o) c RSPV ake D, Poitain gt a-ReS FHef as.sarben dipidfeni um -~
(1'11) propi onmahame;tmtmgelm rjoblé pabes,ywatee and @ htnCyrpareffinic hy drmearhorss .
i choran 1 oSSR S SO BE
di mer, and ot W@ @ﬁ%ih'ﬁéﬁ@ﬁlﬂ%@r%ﬁ@k@@%@@h layy fPé?K%RﬂﬁlQa ﬂ%ﬁﬁ
bar partial pressure, as its presence may result in the formation of
hydrogenation products. The partial pressure of carbon monoxide in the
reaction is suitably in the range 1 to 70 bar, preferably 3 to 35 bar and more
20  preferably up to 15 bar. -
The pressure of the carbonylation reaction is suitably in the range 15
to 200 barg, preferably 15 to 100 barg, more preferably 20 to 50 barg and yet
more preferably up to 35 barg. The temperature of the carbonylation reaction
is suitably in the range 100 to 300 °C, preferably in the range 160 to 220 °C.
25 . Carboxylic acid may be used as a solvent for the carbonylation
" reaction. | | |
Corrosion metals, particularly nickel, iron, molybdenum and chromium
should be kept to a minimum in the liquid reaction composition catalysed by
iridium as these may have an adverse effect on the reaction.
30 In a particularly preferred embodiment, the present invention provides
a process for the production of acetic acid which process comprises:
(a) contacting in a reactor, carbon monoxide at elevated partial pressure with
- methanol and/or a reactive derivative thereof, in a liquid reaction composition
in the presence of an iridium and/or rhodium catalyst, methyl iodide and
35 optional co-promoter selected from the group consisting of osmium, rhenium



cynene) di rut heniun(l1), tetrachl orobis(benzene)dirutheniun(ll),

di-chl oro(cycl ooct a- 1, 5-di ene) rut heni um (11) pol yner and 30
tris(acetylacetonate)ruthenium (111). Exanples of suitable osm um
cont ai ni ng conpounds which may be used include osmium (111) chloride
hydrate and anhydrous, osm um netal, osm uptetraoxide

tri osm undodecacar bonyl, pentachl oro-p- nitrododi osm um and m xed osm um
hal ocar bonyl s such as 35 tricarbonyldichloroosniun1(|I) di mer and ot her
or ganoosm um co S of .sui tabl e rheni um cont ai ni ng

conpounds whi & %ﬁg@uu&@cpmﬁypﬁgge €AAd err] and [err]. Preferably, the
osm um .r heni yis) owitidriainmg fmm:tbnep'eactmﬁhqund réactiorf campasitiah kafmiprising

al kal i ne eart

Shtalyer. *The IFGRED LR ShagiuibedBRy RRE IV Boliaha) o bitnittel hEWTT
and/ or rhodi unacetate, water, methy iodidet a@atl@aﬁlﬁcmd hmlfogen iedide andderding: i on
R 'd’ér*"é%"??aﬁ: ?"Wﬂf‘ed?a ﬁ{a}gg%@ﬁ%&ﬁ%@?’“ﬁm 0 1
nor e pr ef er abl fagpn eprmprising catalyst apdfpr he majqyt MBar bo
g‘;; 0>é l)g tea|r ﬁaf ;?”tblyévén?/ﬂe th?@fria(jtmty of tienoptiardlicorpromotoreand pesferably hapinge " or
nobl & gases, debiafiof o7 At st B 9oy Welinfie e 2861y St 5 et
presence of hylsrsapanated ftdmaompwnfmhoammmtsmggae@m@d methyl @getafet he
wat er gasalli)h' f\fvafe‘?aﬁ\bﬂﬁfl‘ |6£d@r\f3|§ﬂ‘ I@l?llldluh?%ntlaﬁ\’iharﬁt%nc%laﬁm&ﬁle dpstiohal han 1

bar parti pressute presence or mat,i on of

hydr ogenat i on posRiet §ontamén%tr thedlash é@éf?@oﬁfvet?%&tﬂﬂw?ﬂ)ﬁefﬁﬁt%m n the
reaction is. suiopbkidel dt éb@rbbﬁﬁﬁ@ndxnﬁ@ §&|é1wressmreﬂ@¢satbiaﬁ tBat of thie bar and

T 2 Pl gt lfioh Sedob B0 oSy AD5 BN 8 schIBuAFSRAA BN "
bar g, nore prebpticrdlly Ring préaidédwithasudfigient residence time and iodide

15 concentration to function at least in part to convert volatile iridium and/or
volatile optional co-promoter to involatile forms;
(c) recycling the liquid fraction from step (b) to the carbonylation reactor;
(d) passing the vapour fraction from step (b) to a fractional distillation column
wherein volatile iridium contaminant and/or volatile optional co-promoter

20 contaminant in the vapour fraction are contacted with an iodide in the
absence of carbon monoxide or at a partial pressure of carbon monoxide less
than that of the carbonylation reaction, for sufficient time to convert, them into
involatile forms.
(e) removing from the dlstlllat|on column (i) an overhead fract|on comprising

25 methyl acetate, methyl iodide and optionally some water, acetic acid and
methanol and (ii) one or more bottom liquid fractions compfising involatile
iridium, and involatile optional co-promoter and acetic acid, optionally some
methyl acetate and optionally some methyl iodide and preferably if iridium is

~present having at least 0.5% water; and

30 (f) recycling the overhead fraction from step (e) to the carbonylation reactor;
(g) feeding the one or more bottom liquid fractions from step (e) comprising
acetic acid and involatile iridium and/or involatile optional co-promoter toa
further flash vaporiser wherein acetic acid having reduced iridium and/or
optional.co-prdmoter contamination compared to that of the feed to the

35 vaporiser, is separated asa vapour fraction from a liquid fraction comprising



rrp_re‘ preferably up to 35 barg. The tenperature of the carbonyl ation
reaction is suitably in the range 100 to 300 [err], preferably in t he range
160 to 220 [err]. 25 Carboxylic acid nmay be used as a solvent for
the carbonyl ation reaction. Corrosion netals, particularly nickel, iron,

nmol ybdenum and chrom um shoul d be kept to agm nimumin the |iquid reaction
conposition catalysed by iridiumas these nmay have an adverse effect on the

reaction. 30 In a particularly preferred enbodi nent, thg \%_esﬁnt
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As previously described, the base vapour fraction may be withdrawn at

about one or two trays from the base of the distillation column to reduce-
entrainment.

20 In these embodlments an aqueous phase separated in the distillation
column may be used as wash liquid to the prehmlnary flash vaporiser.

In a suitable process for the production of acetic acid by carbonylation
of methanol in step (a) the carbonylation may be performed at 185 to 195°C,
typically 189°C to 180°C; 22 to 40 barg, typically 27.6 barg pressure with a

25 hydrogen partial pressure of less than 0.5 bar and a reaction composition
comprising' by weight 500 to 3000 ppm, typically 1000 to 2500 ppm iridium;
500 to 6000 ppm, typically 1000 to 3000 ppm ruthenium; 2 to 20%, typically
about 4 to 8% methyl iodide; 1-10%, typically about 4 to 8% water; 5 to 35%,
typically about 12% to 18% methyl acetate and the balance acstic acid. The

30  liquid reaction composition may be passed in step (b) to a flash separation
vessel operated at up to 3 barg, typically 1.48 barg and having an optional
wash liquid and suitable residence time to effect, at least in part, the process
of the present invention. The vapour fraction produced therein may be
passed in step (d) to tray 3 counted from the base of a 36 tray distillation

35 column having a suitable residence time to effect the process of the present



(d) passing the vapour fraction fromstep (b) to a fractional distillation
col utm wherein volatile iridiumcontam nant and/or vol atile optional
co-pronmoter 20 contam nant in the vapour fraction are contacted with an

i odi de-in the absence of carbon nonoxide or at a partial pressure of carbon
monoxi de | ess than that of the carbonylatipn reaction, for sufficient time
to convert, theminto involatile fornms. (e) renoving fromthe distillation
colum (i) an overhead fraction conprising 25 nethyl acetate, nethyl
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iridiumis preseall bleadadf acid from the base of the distillation column. Operating with
' .. this process gives acetic acid leaving the base of the drying column with very
low levels of higher organic iodides and other iodide species. As a resulit
20  acetic acid can be obtained from the heavy ends column containing less than
20 ppb, preferably less than 8 ppb and more preferably less than 5 ppb total
iodides which is saleable without further purification.
The invention will now be illustrated by reference to the following
Examples and by reference to Figures 1 and 2 in which Figure 1 is a
25  simplified flow diagram of the relevant part of the apparatus for the process
for the manufacture of acetic acid from methanol and/or a reactive derivative
thereof and Figure 2 is a modification of the apparatus of Figure 1 with the
vaporiser being integral with the distillation column.
Referring to Figures 1 and 2, in use the liquid reaction composition
30 ' comprising acetic acid, water, unreacted methanol and/or a reactive
derivative thereof, iridium catalyst, methyl iodide and optional co-promoter
selected from osmium, rhenium and ruthenium is passed from the
carbonylation reactor 1 by line 2 to the flash separation vessel 3. A vapouf
fraction comprising acetic acid, water, methyl iodide, unreacted methanol
35 and/or reactive derivative thereof, volatile iridium contaminant and volatile

~



(f*) recycling the overhead fraction fromstep (e*) to the carbonylation
reactor; 15 (g*) recycling the base bleed streamfromstep (e*) to the
carbonyl ation reactor. As previously described, the base vapour fraction
may be wi thdrawn at about one or two trays fromthe base of the
distillation colum to reduce entrai nnent. ;g0 In these enbodi nents
an aqueous phase separated in the distillation colum may be used as wash
liquid to the preI|n1nary flash vaporiser. In a suitable process for the
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.t he colum. A Vo aE Pe |r|%|um \éng%o?aqlle optlon¥| co-promoter are contacted with iodide
derived from the alkyl iodide in the feed to the column at a partial pressure of
carbon monoxide less than that of the carbonylation reactor, for sufficient
time to convert the iridium and optional co-promoter to involatile forms.

20 . In Figure 1, a liquid fraction conéisting of-predominantly iridium- and
optional co-promoter-contaminated acetic acid is withdrawn from the bottom
of the distillation column and is fed via line 8 to a further flash vaporiser 9.
The further flash vaporiser is heated by means of an external thermosyphon
_ reboiler 10. A vapour fraction of acetic acid having substantially reduced

25  iridium and optional co-promoter contamination is taken from the further flash

vaporiser 9 via line 11 and may be further purified by conventional means
“such as distillation (not shown) to remove water, methanol, methy} iodide,
methyl acetate, and propionic acid. A liquid fractionis taken from the further
vaporiser via line 12 and recycled to the reactor 1.

30 Figure 2 shows a modification of the apparatus of Figure 1 in that the
further flash vaporiser is integral with the distillation column, the remaining
apparatus being the same. From the base of the distillation column is taken
via line 13 a vapour base fraction comprising acetic acid having a reduced
iridium and optional co-promoter content than if a liquid fraction were taken

35 as aliquid from the base of the distillation column. A liquid bleed fraction is



have "about 28 trays with feed at tray 20 fromthe base and nethanol feed at
tray 6 nunbered fromthe base. Water, nethyl acetate and nethyl iodide is
10 taken fromthe head of the drying colum and recycled to the reactor.
Dry acetic acid is taken fromthe base and is then purified of propionic
acid in a heavy ends distillation colum, jf;or exanple having 45 trays, to
produce sal eabl e acetic acid. In the heavy ends col umm. resi dual hydrogen

i odide may be renoved by the addition of potassium acetate and purified
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derivative thdnedalétile formsum cat al yst, nethyl iodi de and optional

co- pronoter seghest f romosm um rhenium and rutheniumis passed f rom t he
carbonylationqé g11 by line 2 to the flash separation vessel 3. A

vapour fraction corpsingiarpaseiusisimian tg thakshown ietigure ildiitauth 8Ar eact ed

net hanol 3§ ~ aflgétficallepehiedevdifirisen rielfarndl vePtarbvnlRited i ihe éactor 1 at
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~conprisi ng theomprised yater, methyl iodide,rmethyl acetate, iridium catalyst at 2250 ppm
and ruthenium promoter at 2300 ppm. The calculated carbon monoxide
partial pressure in the reactor was 8.2 bara and the calculated hydrogen

20 partial pressure was 0.35 bara based on analysis of the combined off-gas
streams (high and low pressure) vented from the system. Liquid reaction
composition was withdrawn from the reactor and passed to the flash
separation vessel 3 operated at a pressure of 1.48 barg. Vapour fraction
from the flash separation vessel cdmprising water, methyl iodide, methy!

25 acetate, acetic acid, 0.38ppm iridium and 0.73 ppm ruthenium at an
estimated flow rate of 9.0 kg/hr was passed along line 4 to the distillation
column 6 operated with a reboiler temperature of 136.4 °C, a reboiler
pressure of 1.46 barg and a residence time for the catalyst/co-promoter in the
reboiler of 0.6 hours. In the distillation column volatile iridium catalyst and

30 volatile ruthenium co-promoter were contacted with iodide derived from the
methyl iodide in the feed at a partial pressure of carbon monoxide less than
that in the carbonylation reactor for a residence time sufficient to convert the
volatile catalyst and volatile co-promoter to involatile forms. The organic
phase in the distillation column decanter comprising 29.3% by weight methyl

35 iodide, 53.1% by weight methyl acetate, and lesser amounts of water and



cat al yst and optional co-pronoter is renoved via line 5 and recycled to the
carbonylatlon reactor 1. The vapour fraction fromthe flash separation
vessel 5 is fed vialine 4 to a distillation colum 6. Fromthe head of
the first distillation colum is taken an overhead vapour fraction

conpri sing nethanol / net hyl acetate reactants, nethyl iodide, water and sone
acetic acid. The overhead vapour fraction is cooled by condenser 16 and
passed to decanter 17 where it phase separates to give an aqueous phase and
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col.um. A2bi quirdi 88 ek dedpentivelyn T acetic acnd vapour fraction from the vaporiser
comprised approximately 0.06% of the iridium and approximately 0.06% of
the ruthenium fed to the distillation column. The acetic acid may be dried in a
distillation column with methanol feed to remove hydrogen iodide and purified
of propionic acid in a heavy ends column with potassium acetate additionto
25 remove residual hydrogen iodide to produce saleable acetic acid having less
than 20 ppb total iodide. ' '
Example 2 . _
Using apparatus similar to that shown in Figure 2 but with an
electrically heated reboiler, methanol was carbonylated in the reactor 1 at
30 189.7°C and a total pressure of 27.6 barg. The liquid reaction composition
comprised water, methyl iodide, methyl acetate, iridium catalyst at 2200 ppm
and ruthenium promoter at 2530 ppm. The calculated carbon monoxide |
partial pressure in the reactor was 8.1 bara and the calculated hydrogen
partial pressure was 0.37 bara based on analysis of the combined off-gas
35 streams (high and low pressure) vented from the system. Liquid reaction
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17 al'so taken fromthe base of the distillation colum and is recycled to
the reactor via line 14. The vapour fraction may be renoved about one or
two trays fromthe base of the distillation colum. The vapour fraction nmay
be further purified by conventional neans such as distillation (not shown)
to 5 renove water, nethyl iodide, nethyl jacetate, nethanol and propionic
acid. In Figures 1 and 2 the flash separation vessel is also provided with
a scrubbing section 20 with optional |iquid wash through line 21. This wash
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- of the distillation column comprising 67.2% by weight water together with
lesser amounts of methyl iodide, methyl acetate and acetic acid comprised
0.02 ppm iridium and 0.01 ppm ruthenium. Reflux rate of the aqueous phase
20 to the distillation column was 1.5 kg/hr and recyele rate to the reactor was
0.18 kg/hr.
A base acetic acid vapour fraction comprising 81.1.% by weight acetic
acid, 0.3 % by weight methyl iodide, 5.6 % by weight methyl acetate, 9.3 %
by weight water, 0.0005 ppm iridium and 0.001 ppm ruthenium was removed
25 vialine 13 at a rate of 4.5 kg/hr. The acetic acid may be.dried in a distillation
column with methanol feed to remove hydrogen icdide and purified of
“propionic acid in a heavy ends column with potassium acetate addition to
remove residual hydrogen iodide to produce saleable acetic acid having less
than 20 ppb total iodide. ' '

30 A bottom liquid fraction comprising 22 ppm iridium and 40 ppm
ruthenium was removed from the bottom of the distillation column at a rate
120 g/hr. '

Mass accountabilities of iridium and ruthenium in the distillation
column were 103 % and 101 % respectively. The purified acetic acid vapour
35 fraction from the vaporiser comprised approximately 0.08% of the iridium and



“that 'in.the carbonylation reactor for a residence time sufficient to

convert the volatile catalyst and volatile co-promoter to involatile forns.
The organi ¢ phase in the distillation colum decanter conprising 29. 3% by
wei ght -methyl 35 iodide, 53.1% by weight nethyl acetate, and | esser
amounts of water and 18 acetic acid, cggprised 0.04 ppmiridiumand 0.1
ppm rutheniumand was recycled to the reactor at a flow rate of 4.8 kg/hr.
The aqueous phase in the decanter of the distillation colum conprising 68%

by wei ght water together w l.esser,. amount s, of . et il ..i-0di nmet hyl
acetate and a@@Pf@g@@P YQ%%rﬁiﬁﬁgé‘é‘hgf‘%@‘F&ﬁ?@'%%’ﬁﬁ%“bpm
ruthenium Reflux rate of the aqueous phase to the distillation colum was
1.5 kg/hr and recycle rate to the reactor was 0. 15 kg/hr. A liquid fraction
conmprising 0.75 ppmiridiumand 1.25 ppm rutheniumwas renoved fromthe
bottom of the distillation colum at a rate of 4.3 kg/hr 10 and fed to
vaporiser -9. The vaporiser was operated at a tenperature of 111.4 [err], a
pressure of 0.0 barg with a residence tine of 5.5 hours. In the vapori ser,
a vapour fraction conprising 84.1 % by wei ght acetic acid, 0.1 % by wei ght
met hyl iodide, 5.1 % Dby weight nethyl acetate, 9.4 % by wei ght water,

0. 0005 ppm 15 iridiumand 0.001 ppm rutheniumwas separated at a rate of
4.2 kg/hr froma liquid fraction conprising 36.8 ppmiridiumand 59.0 ppm
rut heniumrenoved at a rate of 90 g/hr. Mass accountabilities of iridium
and rutheppumin the distillation colum were 101 % and 96 % respectively
and in thé vaporiser were 102 %20 and 98 % respectively. The acetic acid
vapour fraction fromthe vaporiser conprised approxi mately 0.06% of the

i ridiumand approximately 0.06% of the rutheniumfed to the distillation
colum. The acetic acid may be dried in a distillation colum w th nethanol_ .,
feed to renove hydrogen iodide and purified of propionic acid in a heavy -
ends colum with potassium acetate addition to 25 renove residual hydrogen
i odi de tolgroduce sal eabl e acetic acid having | ess than 20 ppb total

i odi de. - '
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Exarrple 2 Usi ng appar at us S|mlar to that shown in Figure 2 but with an
el'ectrically heated reboil er, nethanol was carbonylated in the reactor 1 at

30 1 89.7[err] and a total pressure of 27.6 barg.~;2:£LLQELQ~LQQQLLon
conposi-tion conprised water, nethyl iodide, nethyl iridium

catal yst at 2200 ppm and rut heni um pronoter at 2530 m‘wmg\ed
carbon nonoxide partial pressure in the reactor was gﬂ“ﬁg \“

cal cul at ed hydrogen partial pressure was 0.37 bara b com-aﬁaly5|s of the.
conbi ned off-gas 35 streans (high and | ow pressure) vented fromthe
system -Liquid reaction 19 conposition was withdrawn fromthe reactor
and passed to the flash separation vessel 3 operated at a pressure of '1.48
barg. Vapour fraction fromthe flash separation vessel conprising water,

met hyl iodide, nethyl acetate, acetic acigh 0.3 ppmiridiumand 0.54 ppm
rutheniumat an estimated 5 flow rate of 9.3 kg/hr was passed along line 4
to the distillation colum 6 operated with a reboiler tenperature of 145.6
[err], a reboiler pressure of 1.46 barg and a residence tinme for the

catal yst/co-pronmoter in the reboiler of 20 hours. In the distillation
colum volatile iridiumcatal yst ‘and vol atile ruthenium co-pronoter were
contacted with iodide derived fromthe nethyl 10 iodide in the feed at a

partial pressure of carbon nonoxide |ess than that in the carbonylation .
reactor for a residence time sufficient to convert the catal yst and

co- pronot er toC Jatile forms. The organic phase in the distillation
col um decant er co rising 29.2% by wei ght methyl iodide, 55.3% by weight
met hyl acet at el. andAIpseerss fanpurifyingan irdism- and/eres-promater-gontamioatest i sed

0.06 ppmiri diéﬁ?bé |(9ac9<?fd&léﬂbﬁ sbhanéd ase.qﬂﬁﬁaié%ﬁoﬁg{ééan% Es%hm at

a flowrate of eca

. ueous
distillation JHPUW 8@&]9??"9 SHER, ﬁwr&ﬁﬂy\ﬁ&%ﬁe@@@@f REMPHSING asser ..
amounts of metalikyl alwhdanwmalséawveWﬁaﬁthebfmt@@lp)‘esemﬁ os&d i@ ppm

TS SRR BRI el A BBl 100
kgl hr. promoter selected from the group consisting of ruthemum osmium and
rhenium which process comprises :
(a) contacting said carboxyllc acid fraction contaminated with volatile
iridium and/or volatile co-promoter contaminants with an iodide in
10 the absence of carbon monoxide or at a partial pressure of carbon
monoxide less than that of the carbonylation reaction for sufficient
time to convert the volatile iridium catalyst and/or volatile co-
promoter contaminants to an involatile form, and
(b) separating the involatile iridium catalyst and/or involatile co-
15 - promoter from the carboxylic acid fraction.
2. A process for production of a carboxylic acid which process comprises:
(a) contacting in a reactor, carbon monoxide at elevated pressure with a
carbonylation reactant comprising an alkyl alcohol and/or a reactive
derivative thereof in a liquid reaction composition in the presence of
20 carboxylic acid carbonylation product, an iridium and/or rhodium catalyst,
alkyl halide promoter, water and an optional co-promoter selected from the
group consisting of ruthenium, osmium and rhenium; (b) withdrawing from the . |
reactor, liquid reaction composition comprising a carboxylic acid fraction
contaminated with volatile iridium and/or volatile co-promoter contaminants.
25 - (c) contacting said contaminated carboxylic acid fraction with an iodide in the



A base acetic acid vapour fraction conprising 81. 1 % by weight acetic
acid, 0.3 % by wei ght nethyl iodide , 5.6 % by

te
by wei ght water, 0.0005 ppmiridiumand 0.001 ppm S rem)ved 25
via line 13 at a rate of 4.5 kg/hr. The acetic aci Mg&ﬁiﬂn
distillation colum wth nethanol feed to Jemove hy:

purified of propionic acid in a heavy ends %col um with pot assi um acet ate

addition to renove residual hydrogen i odi de to produce sal eabl e acetic aC|d

h | th 20 b tot al odi A bottom liquid fr,
Lo ﬁészz e ol Hron B il CaTtiahPURRS. re A RO BAReHAS 18 om

of td he di std i | Ithan dnatooflthercarsorylatitnerebzfion for suffibient megumomehlthe es of
et vary, BB RGBS oot Oieflh 62V AP Bytidtb L afs
vapori ser congdd) §eﬂa@lﬂgdlﬂe invodatile ridism catalyst andlatiinvolatile co-promoter from

approxi mat gl y tﬂe(&%rﬁ&f iERRid Hh&IH. um fed to the distillation colum. 5 10
15 20 25 30 35 éﬁ ocess for, purifying. an iridium

and/ or co- pr onbt er - BFﬂ%rﬁa&éG'W lﬁ’o@!?!m@ igwhich the iqdige isderivacfrem thequi d
phase car bO”Y'éikﬂQﬁlwetmomtmtﬁ@@gmdjﬁ’lﬁtorﬁl{'e@bﬁbﬁd pressure, of a

~carbonylation 4 factg proé:e%rsmas Qaimedih claim 3 in which liquid carbonylation reaction |
- composition comprising iridium and/or rhodium carbonylation catalyst, alkyl

10 halide promoter, water, carboxylic acid product and optional co-promoter
selected from the group consisting of ruthenium, osmium and rhenium is fed
to a flash separation vessel wherein the volatile iridium catalyst andfor
volatile optional co-promoter are contacted with the iodide in the absence of Lo
_carbon monoxide or at a partial pressure of carbon monoxide less than in the

15  reactor, the flash separation vessel having sufficient residence time to effect
at least in part, the conversion of the volatile iridium catalyst and/or volatile
optional co-promoter to involatile forms, and is subjected to a reduced
pressure therein whereby a portion of the liquid composition is vaporised to
form a vapour fraction comprising carboxylic acid product which is separated

20 from a liquid fraction comprising involatile iridiurh and/or rhodium catalyst
and/or involatile optional co-promoter.

5. A process as claimed in claim 4 in which the flash vessel is provided
with a scrubbing section and wash Jiquid, through which the vapour fraction
- passes.

25 6. Aprocess as claimed in claim 2 in which liquid carbonylatlon reaction
composition comprising iridium and/or rhodium carbonylation catalyst,
optional co-promoter, carbonylation reactant, water, alkyl halide promoter,
and carboxylic acid product is fed to a flash separation vessel wherein a
liquid fraction comprising rhodium catalyst and/or the majority of the iridium

30 catalyst and the majority of the optional co-promoter is separated from a
vapour fraction comprising carboxylic acid, carbonylation reactant, water,
alkyl halide carbonylation promoter, volatile iridium contaminant and/or
volatile optional co-promoter contaminant; the liquid fraction being recycled
to the carbonylation reaction and the vapour fraction being passed to a

35 distiliation column wherein the volatile iridium and/or volatile optional co-

%




al kyi' al cohol and/or a reactive derivative thereof in the presence of an
itTidium5~ and/or rhodium catal yst, an al kyl halide pronoter, Wwater and—an

.optional co- pronoter selected fromthe group consisti [ le m _
ogm' umand r hgni um whi ch process conprises: (a) cont acm"m ,ml ﬁmltu lic
acid. fraction contam nated with volatile iridiumand/or*vdl atile s =
co-pronot er contami nants with an i odide in230 the absence of
carbon nmonoxide or at a partial pressure of carbon nmonoxide |ess than that
of the carbonylation reaction for sufficient tine to convert the volatile

i ri di um cat al yRfOrB@i8r epniasinantsarecontacied mdth iodidedinitharsence afi carborl ati | e
form and (b) AonokRel dicatidiBartial Ble¥slie of dioHEAMALY WedPdhGhat BMERL 1! ©
co- 15 %ro ter fromthe carboxylic aci raction.” Z. A :
for producti onCHP nggpﬁéﬁ??ti"?ﬁ’é@iCB“Mﬂité’l‘ﬁfﬁr"@f@éggméb!ﬁpfﬂ@éﬁnd(whemaact| ng
in.a reactor, owerhead mm‘mhdnnﬁarisaﬁjeuamd/ yt@ti@ﬁ&éé@tta‘ﬁ{t/ Ehdga}u%g{agggltt %@gg f
react ant canpry, g4 vyl . ohol, and/.or,. a .reacti . .

in a liqui ?T]rje‘g@t[] {ggﬂﬁgg?r{peg‘s%?'laéﬁ"aﬁ% t?ﬂg-er;ﬁYaéQ’f?HééeB?raéﬁd Q4R RBR\A'iMBOIE: | d
car bonyl at i on Betterne fractien comprrisingthey involalitediridiars anafgritvolatikydptioral ¢o-

ronoter, wat egronmst '553@,- ioromot er selected fromthe group
0 P e@én@légfsm_ uh{;g%léﬂr heniunmy (b) withdrawing fromthe-

(r:ggilt 3? I n|gi SLi fqu ee ﬁé@?%ﬁ'@m%m P IS isy wigich anererongre 8qtadihottqnact i on
cont ami nat ed Wradtions! cwm;br%ih? !irﬁUdMﬁl_@dm’diQﬁlt é(lﬁrr’c]ﬂ/@girivglagg? %ggaﬁlélgéoa-g{odn?tregct on
' | ng _sai on .ed.,

W th an o ad R sBbarBde R e T He ARkidicn pokimna pessed to a
ressure of cavapsmisediowhivh thedevalatile itidm ahdidnénvoiatiersptishapSo presibtetn

1? fficientghl lﬁf‘a J,‘ ITJI {: i cat.al.yst and/qr_ .. :

vglratS :JI e co-prao'br}ot 3 P%)tce)egﬁ\élelifiluc'){jat F}"g ?@r m&?éan%_%f)g?“%%%gr'étai .\@Jqqqgract.lon._ .

i nvol ati | e -i ri%i umA BIetepsasplained imolaimd inevtioh pryapsus fractiomcdmprising -

car boxy| [ ¢ aciakrboskias having 1688 AR SBbAd) SLafofidil n Y ch the

reacti on. 11 SRanlBlieb Coharés 18inat s P farcia taaistiitian palem s taken
car bonyl at i on fraradhe distidlatipn solunumand mpliquid stream coriprising/ivolatiediibm
carbonyl at i on e ikbiatifd E¥fional co-promoter is taken as a base bleed stream from
the column. ' ' :
9. Aprocess as claimed in any one of claims 6 to 8 in which the flash

20  separation vessel is provided with a residence time, and iodide in the
absence of carbon monoxide or at a partial pressure of carbon monoxide less
than in the reactor sufficient to effect at least in part conversion of volatile
iridium and/or volatile optional copromoter to involatile forms.

10.  Aprocess for the production of acetic acid which process comprises:

25 (a) contactingin a reac{or, carbon monoxide at elevated partial pressure with
methanol and/or a reactive derivative thereof, in a liquid reaction composition
in the presence of an iridium and/or rhodium catalyst, methyl iodide and
optional co-promoter selected from the group consisting of osmium, rhenium
and ruthenium to produt:e acetic acid, _ ,

30 (b) withdrawing from the reactor, liquid reaction composition comprising
iridium and/or rhodium carbonylation catalyst, optional co-promoter, methyl
acetate, water, methy!| iodide, acetic acid and hydrogen iodide and feeding
the liquid reaction composition to a flash separation vessel wherein a liquid
fraction comprising the rhodium catalyst and/for the majority of the iridium

35  catalyst and/or the majority of the optional co-promoter and preferably having

rocess -



10 'halide promoter, water, carboxylic acid product and optional

co- pronoter selected from t he group consisting of ‘rut—hem—u-m_osm_umnd
rheniumis fed to a flash separation vessel vvherel ile i r| di um
.catalyst and/or volatile optional co-pronoter are ﬂ,@w i odi de
I n the absence of carbon nonoxide or - at a parti al pr*essu

nonoxi de | ess than in the 15 reactor, the?flash separ at i on vessel havi ng
sufficient residence tine to effect at least in part, the conversion of the
vol atile iridiumcatalyst and/or volatile optional oronoter to -

i nvol ati | e for&watameoneeniigtiossf &l |Qasté)5§/d8b!&ﬁl9|ﬁ@§§ Wncstalgstis preseny a

portion of thejgld ere@qFﬂﬂﬁsd Vé r'f@ﬂdt"éﬁ(i{ lﬁé’aEQFcffhéidVﬁfMWI éobPélé' on

b I t
D o S ona Wtr,med idibe cvalatii: MR GPBREMIAB ShH/Pevalpli@ o
L\Evolhat ihl ef opt pmmdateclcenramnam‘ thebflash Separetionyesselchaving Aoicarisomi m 4 in
I C t he as QV
liquid, t hrgoug&omﬁi% Q'Jh%("s@r?&ﬁgg?)é{g%%@ﬁ %%gggurgggéseﬁ-@notﬂaﬁggﬁgaess as
claimed in cl aCanbnylatiahirebcior andprefersblyyhaving a scasbhing sectiorpandt i on
' |
CO T, " LSt g RO SRRLAL IR grREAINg anatglibena!

car boxylic aci @@ﬁ%ﬂ'{ﬁt'@nﬂg f‘ﬂ@@'WH@F%@FP%F%?%V%HW@@@F'QWHQ ﬂ”%(o"
l'i quid fractlOVoleﬂmspt&jnwcbtmdmmrqatuﬁwatneam%ef the majority of the

di 0 d,t f
separ ated 13 ond e e fautBirechig i alFh. BP0 K patBoVERBBBReIR at i on
react ant, wat e(d) aakgmg Iﬂaé vdpowefrdm.llmyi fevmastep l(lm)mwafractwmau” istilation c¢iolumn
cont ami nant a”\%QFe:H %éb{:ia‘ﬁ eﬂi?itd'ilﬂﬂ%n@n@%ﬂ?ﬁh&[er%l&t@b@@ﬁ?l ctohﬁro'rﬁéll# d

fraction being rec eact oy
fraction bei ngcwgawaamtdnéh%apowf§@¢t|qraareo¢pma¢t@ﬁhwm@né¢d1demthﬁm atile . ™~

iridium gnd/ OLaNﬁn’ﬁe' d)ﬁba?ﬁiﬁh PRBHOXFdE or at afbaﬂﬁélfﬁé%uré%bémd?fmbﬁoﬁlﬂé less
Cont ot e 1Y Rl e ST RRSRR ekt T w08 5o o Rk,
to convert theimvolatite formst atile forns and wherein an overhead fracti.on
conprising car agm iy romaARk UitilRH8n Folithn 17 dndsvdrR854 fSEtion comprising
methyl acetate, methyl iodide and optionally some water, acetic acid and
methanol and (ii) one or more bottom liquid fractions comprising involatile
20 iridium and involatile optional co-promoter and acstic acnd and preferably at
at least 0.5% water if iridium is present; and
(f) recycling the overhead fraction from step (e) to the carbonylation reactor;
(g) feeding the one or more bottom liquid fractions from step (e) comprising
acetic acid and involatile iridium and/or involatile optional co-promoter to a
25  further flash vaporiser wherein acetic acid having reduced iridium and/or
optional co-promoter contamination compared to that of the feed to the
vaporiser, is separated.as a vapour fraction from a liquid fraction comprising
involatile iridium and/or involatile optional co-promoter; and
(h) recycling the liquid fraction from step (g) to the carbonylation reactor.
30 11.  Aprocess as claimed in claim 10 modified in that steps (e) to (h) are
" modified to:
(e*) removing from the distillation column (i) an overhead fraction comprising .
methyl acetate, methyl iodide and optionally some water, acetic acid and
methanol; (ii) a'vapour fraction comprising acetic acid having reduced iridium
35 - and/or optional co-promoter contamination compared to that of the feed to the



5 wi'th sone water, acid and ester derivative is sepaLaLed_LLQﬂLQEF_Qr nmor e
biot t ons fraction conprising the involatile iridiu nd/ or invol ati ,
optional co- pronoter and carboxylic acid. 7. ’TkE ﬂw‘m din -
claim6 in which one or nore liquid bottomfractio ol atile
iridiumand/or involatile optional co-promgter 10 and carboxyllc acid are

removed fromthe distillation colum and passed to a vaporiser in which the
involatile iridiumand/or involatile optional co-pronoter are separated in

P ocess as of I0atPR Coldlin & e bane Bicad St 2BitrisiE s e fyoiunt

car boxyli ¢ aciaddfeninvalatiledoptinnal codiromoterdirat preferabhehaving@ waterer 15

cont am nat | oncAARBRASh Bf b1Rls0l 5By URAGh PrifiEn i Bdddriay col um is
€ drsti :

taken fromth ron columm "an m conpri si ng

i nvol ati | e ir{(fd) taaygliog #re pvedieadfractioptfram §ten:6a*b fohs @armgytaésraarreagtoa,
base bl eeds st {9 Febydling the b“aaietwlaed%treanﬁr@h@téﬁ@ﬁso%@wmbﬂyﬂmw one of
claims 6 to 8 Tn whichthe flash 20 separation vessel is prOV|ded wth a
resi dence ti mE®@GRL i odide in the absence of carbon nonoxide or at a
partial pressure of carbon nonoxide |ess than in the reactor sufficient to
effect at least in part conversion of volatile iridiumand/or volatile
optional copronmoter to involatile forns. 10. A process for the production
of acetic acid which process conprises: 25 (a) contacting in a reactor,
carbon nopgxi de at el evated partial pressure with nethanol and/or a
reactive derivative thereof, in a liquid reaction conposition in the
presence of an iridiumand/ or rhodium catalyst, methyl iodide and.optional
co-pronoter selected fromthe group consisting of osmium rhenium and

rut heniumto produce acetic acid; 30 (b) withdrawing fromthe reactor,

|l iquid reaction conposition conprising.ridiumand/or rhodlun1carbonylat|@n"

catal yst, optional co-pronoter, nethyl acetate, water, nethyl i odide,

acetic ach and hydrogen iodide and feeding the quuid reacti on conposition
to a fllash separation vessel wherein a liquid fraction conprising the
rhodi um cat al yst and/or the majority .of the iridium35 catalyst and/or the
majority of the optional co-pronoter and preferably having :

20 “
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24 a water concentration of at least 0.5 % by weight if iridiumcatalyst is’
present, is separated from a vapour -fraction conprising acetic acid, nethyl
acetate, water, nethyl iodide, volatile iridiumcontam nant and/or volatile
optional pronoter contami nant; the flash separation vessel having no carbon
5 nonoxi de or a carbon nonoxide partial pressure |less than that of the
carbonyl ati on reactor and preferably having a scrubbing section and
optionally being provided with sufficient residence time and iodi de _
concentration to function at least in part to convert the volatile iridium
and/ or volatile optional co-pronoter to involatile fornms; 10 (c) recycling
the liquid fraction fromstep (b) to the carbonylation reactor; (d) passing
t he vapour fraction fromstep (b) to 2 fractional .distillation colum
wherei-n the volatile iridiumcontamn Rt and/or volatile opti onal -
“co-pronoter contam nant -in the vapour fraction are contacted wi-th an iodide
in the absence of - carbon nonoxide or at a partial pressure of carbon
nonoxi de | ess 15 than that of the carbonylation reaction, for sufficient
time to convert theminto involatile fornms; (e) renoving fromthe
distillation colum (i) an overhead fraction conprising nethyl acetate,

met hyl i odide and optionally sone water, acetic acid and nethanol and (ii)
one or nmore bottomliquid fractions conprising involatile 20 iridium and
invol atil e optional co-pronoter. anB&IBAGT acid and preferably at at |east

R e e
bottom | 1quid I aArPeRss faramriying 3 earbestlis;acs fraction obtaines HYAAWd nyol at i | e

i ri di um aphass chrbonytatidreoban afkyédbicobobandiot its réactiveXeriviative irwHitkas h

o or oot WRBISHAIARS Bhfic? Vsiaile o i oEret i SlyerlrEnf TR Porer SR, (o 1
separ at edinwolatile fprons by caotactingfwitinaa iodideinither aksanne ow@sbeRi ng i nvol atil e’
Fridium apiirkidd\¥rheh i:)?gtiélgréé’élﬁ’b 1685 (PATRLEST thahrbSyIBaSY Péadtibri. heA

liquid fraction froms to the carbon tion reactor,. 30, 11.

pr ocess. -ashelinyolatile ¢pripainants arg dhen g@pqrﬁt%qqu@mstﬁgﬁ‘@??@syhp@qcﬂ,) are
nodified to: (e*) renoving fromthe distillation columm (i) an overhead
fraction conprising nethyl acetate, nethyl iodide and optionally sone
water, acetic acid and '



met Ranol ; (ii) a vapour fraction conprising acetic acid having reduced
i'ridium 35 and/or optional co-pronoter contam nation conpared to that of
the feed.to the 25 distillation colum; and (iii) a base bleed stream
conprising involatile iridiumand/or involatile optional co-pronoter and
preferably having a water concentration of at |east 0.5% by weight if
iridiumis present, and (f*) recycling the overhead fraction fromstep (e*)
to the carbonylation reactor; -5 (g*) recycling the base bleed streamfrom
step (e*) to the carbonylation reactor. 46215 20 25 30 35 26 ABSTRACT
PROCESS FOR PURI FYI NG A CARBOXYLIC ACID In a process for purifying a
carboxylic acid fraction obtained by |liquid phase carbonyl ation of an al kyl
al cohol and/or its reactive derivative in which volatile iridiumgand/ or
vol atile co-pronoter contam nants are.converted to involatile fo by
contacting wth an iodide in-the absence of carbon nonoxi de or ajga partial
pressure less than that of the carbonylation reaction. The £3vol m le °
contam nants are then separated fromthe carboxylig acid. 1/ :
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