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IRIDIUM CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID _
The present invention relates to a process for the production of acetic acid

and in particular to a process for the production of acetic acid by carbonylation in
the presence of an iridium catalyst and methyl iodide co-catalyst.

Preparation of carboxylic acids by iridium-catalysed carbonylation
processes is known and is described, for example in GB-A-1234121, US-A-
3772380, DE-A-1767150, EP-A-0616997, EP-A-0618184, EP-A-0618183 and
EP-A-0657386. _

EP-A-0618184 describes a carbonylation process for the production of
carboxylic acids and/or their esters in the presence of an iridium catalyst. The
reaction composition is characterised as comprising between 0 exclusive and 10 %
water; between 0 exclusive and 10 % halogenated co-catalyst; between 2 and 40 %
ester and carboxylic acid solvent. The total pressure is stated to be in the range
generally between 5 and 200 bar and more particularly between 5 and 100 bar
whllst all the Examples were performed at 30 bar.

EP-A-0643034 describes a process for the carbonylatlon of methanol
and/or a reactive derivative thereof in the presence of acetic acid, an iridium
catalyst, methyl iodide, at least a finite concentration of water, methyl acetate and a .
promoter selected from ruthenium and osmium. Batch and continuous experiments
are described therein. In the continuous experiments the water concentration is as
low as 6.8 % by weight.

Our unpublished European Patent Application No. 96302734.7 filed on
18.04.96 discloses a process for the production of acetic acid comprising (1)
continuously feeding methanol and/or a reactive derivative thereof and carbon

monoxide to a carbonylation reactor which contains a liquid reaction composition
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“1 R DI UM CATALYSED CARBONYLATI ON PROCESS FOR THE

PRODUCTI ON OF ACETIC ACI D The present invention relates to a
process for the production of acetic acid and in particular to a
process for the production of acetic acid by carbonylation in t he

presence of an iridiumcatalyst and nethyl iodide co-catalyst.
Preparation of carboxylic acids by iridiumcatal ysed carbonylation 5
processes is known and is described, for exanple in GB-A- 1234121, US-A-

3772380, DE- Acdrdehfralon &Rvdier) @cdUi, nicthyfaéitdtd 2itd at 168t Hnd PEEhSRraRY
EP- A- 0657386.
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(c) methyl iodide at a concentration in the range 4 to 20 % by weight.
The carbon monoxide partial pressures in European Patent Application No.
10 96302734.7 are said to be in the range 1-70 bar, preferably 1 to 35 bar, more
preferably | to 1S bar. Total pressures are in the range' 10 to 200 bar, preferably
15 to 100 bar, more preferably 15 to 50 bar. All the batch carbonylation
experiments reported were carried out at 28 barg total pressure and the continuous
experiments were carried out at 24 to 30 barg total pressure.
15 There remains a need for an improved iridium-catalysed carbonylation
process. '

We have now found that the carbon monoxide partial pressure has a
significant effect upon the carbonylation reaction rate, depending upon the water
concentration in the liquid reaction composition. Under high water conditions

20  (greater than 5% by weight water at 30% by weight methyl acetate) using an
unpromoted iridium catalyst increasing the total pressure from 16.5 to 22 bar
(estimated CO partial pressures of greater than 0 to 6 bar respectively) results in an
increase in the reaction rate, whereas under low water conditions, for example 1%
by weight, decreasing the total pressure from 22 to 16.4 bar (estimated CO partial
25  pressures of 6 to greater than O bar respectively) increases the reaction rate. A
similar trend is also observed for data at 15% by weight methyl acetate and the
data from ruthenium promoted iridium catalysts. To express the foregoing
observations in an alternative manner, the position of the rate maxima in a graph of
carbonylation rate versus water concentration moves to lower water concentrations
30  asthe carbon monoxide partial pressure is reduced.
Accordingly the present invention provides a process for the production of
acetic acid which process comprises (1) continuously feeding methanol and/or a
reactive derivative thereot and carbon monoxide to a carbonylation reactor
containing a liquid reaction composition comprising an iridium carbonylation

35  catalyst, methyl iodide co-catalyst. a finite concentration of water, acetic acid,
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95 EP- A- 0643034 descri bes a process for the carbonyl ation of

met hanol and/or a reactive derivative thereof in the presence of
acetic acid, an iridium catal yst, nethyl iodide, at least a finite
concentration of water, nethyl acetate and a pronoter selected from
rut heni um and osm um Batch and conti nuows experinents are descri bed
therein. In the continuous experinments the water concentration is as 20

| ow as 6.8 % by wei ght . Qur unpubl i shed European Patent

Application Nﬁldl?/@@&?it@ém? cf]jtlbﬁadly% least one pF8mBfer@) Garﬁéﬁﬂa&ﬁfg the process for

t he production etjc acid I nuqusl y fee
ot hanol - and B SCAAI e FEATALYE Hepeatatih e grbar Bisnoxde i thelBBI da ¢ o
a carbonyl at i cracti@acdmoposititinctb prodiicaianaticeacid; gnd (B )rream/eting acetivjaosli fromn

the liquid reaction composition, there being continuously maintained (a) in the

5 liquid reaction composition water at a concentration of no greater than 4.5% by
weight, and (b) in the reactor a carbon monoxide partial pressure in the range from
greater than O to 7.5 bar.

~The present invention solves the techhical problem defined above by
continuously maintaining a defined carbon monoxide partial pressure and a liquid

10  reaction composition having a defined water concentration. This provides several
technical advantages.

Thus in the preSent invention the position of the rate maxima moves
towards lower water concentrations as the carbon monoxide partial pressure is
reduced. The use of low carbon monoxide partial pressures also leads to the

15 advantage that the production of by-products, e.g. propionic acid and its
precursors, is also reduced.

-Also, in the process of the present invention, by operating at a water
concentration of no greater than 4.5% by weight, recovery of acetic acid from the
reaction composition withdrawn from the carbonylation reactor is facilitated

20  because the amount of water which has to be separated from the acetic acid is
reduced; separation of water from the acetic acid is an energy-intensive part of the
recovery process and reduced water concentration results in reduced processing
difficulty and/or costs.

The increased carbonylation rate at the low water concentration of the

25  present invention may allow operation at a reduced iridium catalyst concentration
whilst maintaining the rate of carbonylation. This has benefits of reduced
production rate of by-products such as propionic acid.

Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid

30 product: Small amounts of water may also be produced by hydrogenation of
methanol to produce methane and water. 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
reaction composition withdrawn from the reactor and may be recycled in controlled

35  amounts to maintain the required concentration of water in the liquid reaction

W
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‘toncentration of wat er, acetic acid, nethyl acetate and at | east one

pronoter; (2) - contacting the methanol and/or reactive derivative
thereof with the carbon nonoxi de in the liquid reaction conposition
to produce acetic acid; and (3) . recovering acetic acid fromthe

liquid reaction conposition characterisedgin that 5 there is -
continuously nmaintained in the [iquid reaction conposition throughout the
course of the reaction (a) water at a concentration of no greater than 6.5
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methanol and reactive derivatives thereof may be used as reactants in the process
of the present invention. Preferably, methanol and/or methyl acetate are used as
reactants. If methyl acetate or dimethyl ether are used, water co-reactant is
10 required to produce acetic acid. At least some of the methanol -and/or reactive
derivative thereof will be converted to, and hence present as, methyl acetate in the
liquid reaction composition by reaction with acetic acid product or solvent. In the
process of the present invention the concentration of methyl acetate in the liquid
reaction composition is suitably in the range 1 to 70% by weight, preferably 2 to 50
15 % by weight, preferably 5 to 50% by weight, preferably 5 to 40% by weight, more
preferably 10 to 40% by weight.
In the process of the present invention, the concentration of methyl iodide
co-catalyst in the liquid reaction composition is preferably in the range 1 to 20 %
by weight, more preferably 4 to 16% by weight. As the methyl iodide co-catalyst
20  concentration is increased, the rate of production of by-products such as propionic
acid, carbon dioxide and methane is generally reduced. Also, as the concentration
of methyl iodide is increased, phase separation of aqueous and methyl iodide
phases in the acetic acid recovery stage may be facilitated.
In the process of the present invention, the iridium carbonylation catalyst is
25  preferably present in the liquid reaction composition at a concentration in the range
400 to 5000 ppm measured as iridium, more preferably in the range 500 to 3000
ppm measured as iridium, yet more preferably in the range 700 to 3000 ppm
measured as iridium. In the process of the present invention, the rate of the
_ carbonylation reaction increases as the concentration of iridium is increased.
30 The iridium catalyst in the liquid reaction composition may comprise any
iridium contai'ni!ng compound which is soluble in the liquid reaction composition.
The iridium catalyst may be added to the liquid reaction composition for the
carbonylation reaction in any suitable form which dissolves in the liquid reaction
composition or is convertible to a soluble form. Examples of suitable iridium-

35  containing compounds which may be added to the liquid reaction composition
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iis Sheet Has Been Replaced Tt

(T




“’éxperii' ments were carried out at 24 to 30 barg total pressure. 15

There remains a need for an inproved iridiumcatal ysed carbonyl ation
process. W have now found that the carbon nonoxi de parti al
pressure has a significant effect upon the carbonyl ation reaction
rate, dependi ng upon the water concentration in the liquid reaction
conposition. Under high water conditions 20 (greater than 5% by wei ght
wat er at 30% by wei ght nmethyl acetate) using an - unpronoted iridium

cat al yst : ncr amaldegrclbﬁlrlpﬂﬁqpﬁmemﬁlqzf[ﬂntQ(tO)fClqg t[n(CQ) B, [Ir(CO)jI?]tsti mat ed
CO results in an
e ease i n 1 fo i neeo P ER %@3@&?@&&2@?&#@2@%&%@”%, f or
exampl e 1%  IrCl3 Bi@eilngs. 31{1@:&&1&1@001@ irfdiurn aneddl, Jip@3sluOe, Ir(asac)(20)n 16. 4
bar (estimateg; ggcflamdlﬁ’lh age:tate tﬁ(‘?ﬂgg(fﬂjo&(j][mcﬂra?x%tlﬁf(aéhi@&rﬁ Par|

respectively) |ncr gases rea ar tren IS al so
observed for SdelClgl. H’Eﬁﬁf%wy whlogHe-fice capplexessefdfidiuaysych pracetates, oxalatgs f r om

rut heni um prognd @@émelfdeﬂuwma{ Ak Xsluble il Qn@&plhﬁfesoﬁth@czfr% ioﬂ?eactlon A
ObSerVaLT 1S Lty SERAL e NG RERY L S0P BB, L
wat er concent gedenandiu@Gcetateswhible mag bb aredinno et goal ¢ ajuemrsastic acid s
reduced. solution.

10 - In the process of the present invention at least one promoter is optionally
present in the reaction composition. Suitable promoters are preferably selected
from ruthenium, osmium, rhenium, tungsten, zinc, cadmium, indium, gallium and
mercury, and are more preferably selected from ruthenium and osmium.
Ruthenium is the most preferred promoter. Preferably, the promoter is present in

15 an effective amount up to the limit of its solubility in the liquid reaction
composition and/or any liquid process streams recycled to the carbonylation
reactor from the acetic acid recovery stage. The promoter is suitably present in the
liquid reaction composition at a molar ratio of promoter : iridium of [0.5to 15] :
1. A~suitab1e promoter concentration is 400 to 5000 ppm.

20 The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The promoter may
be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the lliquid reaction composition or is convertible to
soluble form. Examples of suitable ruthenium-containing compounds which may

25  be used as sources of promoter include ruthenium (III) chloride, ruthenium (III)
chloride trihydrate, ruthenium (IV) chloride, ruthenium (IiI) bromide, ruthenium
metal, ruthenium oxides, ruthenium (111) formate, [Ru(CO)313]-HT,
[Ru(CO)212]h. [Ru(CO)4l2]. [Ru(CO)3l5]s. tetra(aceto)chlororuthenium(ILIII),
ruthenium (I11) acetate, ruthenium (I1I) propionate, ruthenium (III) butyrate,

30  ruthenium pentacarbonyl, trirutheniumdodecacarbonyl and mixed ruthenium
halocarbonyls such as dichlorotricarbonylruthenium (II) dimer,
dibromotricarbonylruthenium (I1) dimer, and other organoruthenium complexes
such as tetrachlorobis(4-cymene)dirutheniiun([]),
tetrachlorobis(benzene)diruthenium(1I), dichloro(cycloocta-1,5-diene)ruthenium

35 (1) polymer and tris(acetylacetonate)ruthenium (II1).
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“Accordingly the present invention provides a process for the production of
acetic acid which process conprises (lI) continuously feeding nethanol

and/ or a reactive derivative thereof -and carbon nonoxide to a

car bonyl ati on react or containing a liquid reaction conposition
conprising an iridiumcarbonylation 35 @atal yst, nethyl iodide
co-catalyst, a finite concentration of water, acetic acid,

nmet hyl acetate and, optionally at |east one pronoter; (2) carbonylating the

Examples of suitable osmium-containing compounds which may be used as
sources of promoter include osmium (III) chloride hydrate and anhydrous, osmium
metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)4l5],
[0s(CO)312]p,  [0s(CO)313]"H*, pentachloro—y-nitrodiosmium and mixed
osmium halocarbonyls such as tricarbonyldichloroosmium (II) dimer and other

Lh

organoosmium complexes.

~ Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Rep(CO)1g, Re(CO)5Cl, Re(CO)sBr, Re(CO)sl,
ReCl3.xHp0, [Re(CO)41]5. [Re(CO)415]"HT and ReCls.yH,O.

10 Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WCly, WClg, WBr5, Wiz, or  CgHjpo
W(CO)3 and any tungsten chloro-,bromo- or iodo-éarbonyl compound.

Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc);. Cdly, CdBrp, CdCly, Cd(OH),, and cadium acetylacetonate.

15 ' Examples of suitable mercury-containing compounds which may be used as
sources of promoter include Hg(OAc),, Hglp, HgBrg, HgCly, Hgoly, and
HgoCly.

Examples of suitable zinc-containing compounds which may be used as
sources of promoter include Zn(OAc), Zn(OH),, Znly, ZnBry, ZnCl, and zinc

20  acetylacetonate.

Examples of suitable gallium-containing compounds which may be used as
sources of promoter include gallium acetylacetonate, gallium acetate, GaCls,
GaBr3, Gal3, GapClg and Ga(OH)3.

Examples of suitable indium-containing compounds which may be used as

25 - sources of promoter include indium acetylacetonate, indium acetate, InCl3, InBr3,

‘Inl3, Inl and In(OH);.

The carbon monoxide reactant may be essentially pure or may contain inert
impurities such as carbon dioxide, methane, nitrogen, noble gases, water and Cjto
C4 paraffinic hydrocarbons. The presence of hydrogen in the carbon monoxide

30  feed and generated in situ by the water gas shift reaction is preferably kept low as
its presence may result in the formation of hydrogenation products. Thus, the
amount of hydrogen in the carbon monoxide reactant is preferably less than 1 mol
%, more preferably less than 0.5 mol % and yet more preferably less than 0.3 mol
% and/or the partial pressure of hydrogen in the carbonylation reactor is preferably

35 less than 1 bar partial pressure. more preferably less than 0.5 bar and yet more

: . 0
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‘fret hanol and/ or reactive derivative thereof with the carbon nonoxide in the

liquid reaction conposition to produce acetic acid; and (3)
recovering acetic acid from the liquid reaction conposition, there
bei ng continuously maintained (a) in the 5 liquid reaction conposition
water at a concentration of no greater than 4.5% by wei ght, and (b)
in the reactor a carbon nonoxide partial pressure in the range from
greater than 0 to 7.5 bar. The present invention solves the

techni cal probjrefershtyf iefethadbOMSAr byrhg paltlal gwasuraupwiboh ﬁtﬁhd%@é mltn@ a defined
car bon nonoxi artla pressure an ac on

havi ng a defi 688‘9\%%? *Eofﬁa%%ﬁfF%PFﬁ %‘ﬁ“ OSLJlﬁrOt\ypl&%ly L%‘P‘O totia hni cal
advant ages. bar. Thus in the present i nvention the position of the

rate maxim noves ppe toteh %Y@s&mﬂ% of e c}%&lg{io&rﬁé%ﬁ&{ irs@éiita[%@a;nQRe tﬁge%r bon

nmonoxi de partial_ press nmonoxi de
partial pr@ssueedidasg W@a@blﬁlé tPHQOiEFg meae prefesgfly dhse 5@ bargprldguct i on of

by-products, eefipeRti® bpﬂie(i:a%iinsjldﬁ&@réabﬁon is suitabBy AGKE HAES 100 fo FdGC,r educed.
Al'so, in t he pro %@E of . the F gﬁ 5%¢(%ent|on by operafing at a water
concentrati on BSEERPIyindhe EAnse | by wei ght, recovery of acetic acid
fromthe The process of the present invention is performed as a continuous process.
The acetic acid product may be recovered from the liquid reaction
10 composition by withdrawing vapour and/or liquid from the carbonylation reactor
and recovering acetic acid from the withdrawn material. Preferably, acetic acid is
recovered from the liquid reaction composition by continuously withdrawing liquid
reaction composition from the carbonylation reactor and recovering acetic acid
from the withdrawn liquid reaction composition by one or more flash and/or
15 fractional distillation stages in which the acetic acid is separated from the other
components of the liquid reaction composition such as iridium catalyst, methyl
iodide co-catalyst, promoter it present, methyl acetate, unreacted methanol, water
and acetic acid solvent which may be recycled to the reactor to maintain their
concentrations in the liquid reaction composition. To maintain stability of the
20  iridium catalyst during the acetic acid product recovery stage, water in process
streams containing iridium carbonylation catalyst for recycle to the carbonylation
reactor should be maintained at a concentration of at least 0.5 % by weight.
A particularly preferred liquid reaction composition comprises about 0.5 to
2.5% by weight water, about 8% by weight methyl iodide co-catalyst, about 15 %
25 by weight methyl acetate, iridium catalyst at a concentration in the range 400 to
3000 ppm measured as iridium to give a rate of carbonylation reaction in the range
of 5 to 40 mol/l/hr at a carbonylation reaction temperature of about 190 °C and a
carbonylation reaction pressure of 16 to 24 barg and carbon monoxide partial
pressure of greater than 0 to 7.5 bar, ruthenium promoter at a concentration in the
30  range 400 to 4000 ppm measured as ruthenium to give a molar ratio of ruthenium :
' iridium of approximately [2.0 to 2.5]:1 and the balance of the reaction composition
comprising substantially acetic acid. Higher or lower concentrations of catalyst
and/or higher or lower temperatures and/or higher or lower partial pressures of
~ carbon monoxide may be used to obtain higher or lower rates of reaction.

(3}
¥,

The invention will now be illustrated by way of reference to the following
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‘reaction conposition withdrawn fromthe carbonylation reactor is
facilitated 20 because the anobunt of water which has to be separated from

the acetic acid is reduced; separation of water fromthe acetic acid
is an energy-intensive part of the ~ recovery process and reduced wat er
concentration results in reduced processi$g difficulty and/or costs.

The increased carbonylation rate at the | ow water concentration of the 25
present invention nay allow operation at a reduced iridium catal yst

concentration experimenvwvhieh ammtaaccnﬂing tds hﬁ p"rédeﬁt mf/emi@hlbew:lsaaﬂep are Thi s has
benefits of r Qduct i ch_as pi oni c
ioc BRteR Spepigenss. B RGeS BT seiinlL el RhEFHIAE b BeitBinbrf,
conposi tion, foevidea leasmmﬂectduwntdfevias taghithappeniina cpetamousprdsess.f\een

met hanol r eaCtﬁQEeb%@rl ﬁtts'lﬁ“/ﬂﬂ:theg\?ater cMcQﬁWaftLon |§gl%5ier HRUNKSR v 2et wat er

al so be producec rogenati on roduce hane and
wat er. Water ms%enql Af Hedathon menoxide partial pressure st it f»hs fangedtamp gregtsfet her

with or separ e Ot 7. emp&m{clmmmE fheQPurpdie of comparlsbAUi d reaction
conposi tion. Water be sqpi)ara g:fro ot her onents of reaction

conposi tion withdr tradFT'P‘[ BPLUCTHEICRA P ngé’ recycled in controlled 35

anounts to mai nt ai Figune | iegplot eﬂreaotﬁmaratermrswr% ofatenat 80%i methylecttiatplH d

reaction effect of CO partial pressure for unpromoted Ir-catalysed reactions.

10 Figure 2 is a plot of reaction rate versus % water at 15% methyl acetate-
effect of CO partial pressure for unprofnoted Ir-catalysed reactions,

Figure 3 is a plot of reaction rate versus % water at 30% methyl acetate -
effect of CO partial pressure for ruthenium - promoted Ir-catalysed reactions.

_ Figure 4 is a plot of reaction rate versus % water at 15% methyl acetate -
15  effect of CO partial pressure for ruthenium - promoted Ir-catalysed reactions.

Figure S is a plot of % selectivity to propionic acid and its precursors
versus % water at 30% methyl acetate - eﬁ'e& of CO partial pressure for
unpromoted Ir-catalysed reactions.

Figure 6 is a plot of % selectivity to propionic acid and its precursors

20  versus % water at 30% methyl acetate - effect of CO partial pressure of ruthenium
- promoted iridium-catalysed reactions.

In these experiments at a total pressure of 16 barg we estimate that the CO
partial pressure would be approximately zero. At higher total reaction pressure the
CO partial pressures rise correspondingly depending upon the liquid composition

25  up to a total reactor pressure of 24 barg which is estimated to correspond to
approximately 7.5 bar partial pressure CO.

In the experiments reaction rates are quoted as number of moles of
product/reactant produced/consumed per litre of cold degassed reactor
composition per hour (mol/(l. hr)). _

30 In the experiments the concentration of components and in particular
of water and methyl acetate, during the carbonylation reaction was
calculated trom the starting composition, assuming that one mole of water is
consumed for every mole ot carbon monoxide that is consumed. No
allowance was made for the organic components in the autoclave

35  headspace.
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4 ~conposition. The water concentration in the liquid reaction
conposition is no greater than 4.5% by weight that is |less than or
equal to 4.5% by wei ght and preferably no greater than 3% by wei ght.
The water concentration is preferably at | east 0.1 % by wei ght, nore
preferably at least 0.5 % by wight. 5 9 In the process of the
present invention, suitable reactive derivatives of nmet hanol i ncl ude
nmet hyl. acetate, dinethyl ether and nethyl iodide. A m xture of

Experimental Method

A 300 mi Hastelloy B2 autoclave equipped with a magpnetically
driven stirrer with gas dispersion impellers, a ballast vessel and a liquid
catalyst injection system was used for a series of batch carbonylation

5 experiments. A gas supply to the autoclave provided from a gas ballast
vessel, feed gas being provided to maintain the autoclave at a constant
pressure and the rate of gas uptake being calculated (with an accuracy
believed to be + 1%) from the rate at which the pressure falls in the ballast
vessel.

10 At the end of the experiment liquid and gas samples from the
autoclave were analysed by gas chromatography.

For each batch carbonylation experimént the autoclave was charged
with typically 10 g of acetic acid. For Ru promoted reactions the solid
ruthenium promoter was also charged at this stage. The autoclave was then

15 sealed and flushed three times with carbon monoxide. After this the main
liquid charge (water, methyl acetate, acetic acid and methyl iodide was
added to the autoclave via a funnel. The autoclave was then pressurised
with carbon monoxide to a suitable pressure (see Table A) and heated with
stirring (1500 r.p.m.) to 190°C. Once stable at this temperature a small

20 amount of carbon monoxide was fed forward from the ballast vessel to give
a suitable pressure (see Table A). The catalyst solution consisting of ca.
1.30g of a water solution of H,IrCl, dissolved in acetic acid and water was
then added from the injection vessel using an overpressure of carbon
monoxide. The overpressure (see Table A) was such that after injection the

25  desired reaction pressure was attained. After catalyst injection the autoclave
pressure was kept constant (+ 0.5 barg) using carbon monoxide fed from
the ballast vessel. . '

After gas uptake from the ballast vessel had ceased (i.e. no gas
consumed from the ballast vessel for 6 minutes) the autoclave was isolated

30  from the gas supply and the reactor contents cooled to room temperature.
The autoclave was vented and the vent gases sampled and analysed. The
liquid reaction composition was discharged from the autoclave, sampled and
was analysed for liquid products and by-products.
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‘met hanol and reactive derivatives thereof may be used as reactants in the

process

acetate are used as

of the present invention.
reactants. If methy
are used, water co-reactant is 10
| east sonme of the nethanol and/or reactive
and hence present as, nethyl

converted to,

t he

acetate in the liquid

Pref erably, nethanol
acetate or dinethyl ether
required to produce acetic acid. At

derivative thereof wll
acetate in the
reaction conposition by reaction with acetic acid product or solvent.

process of the present invegpsle@n the concentration of nethyl
reaction conposition is suitably in the range 1

and/ or net hyl

liquid
I n

to 70% by wepght—p+eferably-2 tg 50 15 Uy —weight—preferably 5 o 50%
by wei ght, p[ BesctivalBressuieqbdfgdo by weijghg, norleis m2eferallag 10 td 40%
by wei ght. In the process of the preserft invent}ion, thg
concentr at i op—ef—rethy—+odide o—eat-ahHyst—hr—the—-guHe—eaetHon
conposi tion | BopmeFampiatyrd Pressuee r ange0.b t o 201.% 3 by wei|lgh$, norje
preferably 4 E&rg})G% by weight.. As thel nethyl |i odi de qo-catal yst 20
concentrati ofr s rrcreased;,—therate-pof—proddctiomrofrby=proquets—stgqh as
propi oni ¢ Presgie @t 198000ATdi oxi de jaHY nethal®e is geh%ral | | 2educed.
Al so, as thejconcentration of methyl iddide is|increasdqd, phasqg g
separati on of _aqueous and Iethyl—Todrde trases i the—geetittayqi
regovery st apEatplpt Buectigp iQvetpigssre | 26 36 34 40

(barg)

[V,

10

20

Component charges are given in Table 1. Reaction rates at 30% methyl

acetate and 15% methyl acetate in the reaction composition and selectivity to

propionic acid precursor are given 1

n Table 2.

The results in Figures | and 2 show that at 30 and 15% methyl acetate

concentration in the reaction composition respectively for the un-promoted

carbonylation, as total pressure, and hence carbon monoxide partial pressure, is

reduced, the reaction rate maxima for the graphs of rate versus water concentration

move to lower water concentration.

The results in Figures 3 and 4, show the same effect as Figures 1 and 2 but

for the ruthenium promoted system.

The results in Figures S and 6 show the beneficial effect of reducing total

pressure, and hence carbon monoxide partial pressure, on the formation of liquid

by-products; propionic acid and its precursors ethyl iodide and ethyl acetate. Also

in Figure 3 the results show that at low water concentration (for example 1%) the

reaction rate is almost independent of total pressure, and hence carbon monoxide

partial pressure, which can be beneficial under conditions approaching total carbon

monoxide consumption.

1is Sheet Has Béen RerlaoedTr .
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n the process of the present_ invention, the iridiumcarbonylation catalyst
Is 25 preferably present in the liquid reaction conposition at a
concentration in the range 400 to 5000 ppm neasured as iridium nore
preferably in the range 500 to 3000 ppm neasured as iridium yet nore
preferably in the range 700 to 3000 ppm 1l neasured as iridium In the
process of the present invention, the rate of the car bonyl ati on

reaction i ncr cRubisl. Reattish cs_ugcﬂﬁduat(wm@i iniGriaflisyym i s i ncreased. 30
The iridiumcatalyst in the Iiquid reaction conposition may conprise any

i ridium contaigjjng comQupdayhi ch 'Shﬁﬁk?hh% in the Ilgah {$¢§%6 _
composi tion. The I um, en~a d ction
conposition for the C‘H'al ar béﬁé at ﬁ)enoggaclg?% dﬁ%P ?2%1,” ﬁ (ﬁﬁwhl ch
di ssolves in the qum(f' ction conp05|t|on or @'%ﬂhvertlble to a
soluble form Exanples of suitable iridium 35 contalnlng cquounds whi ch
may be added t@90p%e | i §LRH reaBti®n cHPPBsiti-on 13.36 1.30
090596A 11.41 53.12 60.03 13.36 130 6.51 422
100596 12.71 51.78 60.00 - 13.33 1.31 6.50 4.24
130596 10.64 53.83 59.98 - 13.35 130 6.50 425
170596 11.77 54.08 60.05 - 1336 1.31 5.13 422

210596A 11.40 51.50 60.48 225 1335 130 6.26 4.30
200596 10.02 52.63 60.46 225 1332 131 6.50 431
170596A  10.00 52.63 60.48 225 1335 130 6.50 4.30
210596 10.15 52.63 60.48 225 1334 131 6.50 4.30

150596 951 50.64 60.06 396 1336 1.30 6.51 5.00
140596 7.15 53.03 60.06 396 1332 130 6.50 5.00
160596 7.58 52.55 59.96 396 1335 1.30 6.52 5.01
170696 9.51 50.64 59.99 3.96 1336 1.30 6.50 5.00

060896 10.00 47.30 60.52 6.16 1337 1.30 7.00 4.52
120896 9.99 47.30 60.51 6.24 1343 131 7.00 455
130896 9.99 4734 60.52 6.19 1337 130 6.99 4.51

030796 10.00 46.34 60.00 7.55 1339 130 7.00 4.50
040796 10.00 46.37 60.05 7.55 1338 1.30 7.00 4.50
170796 10.02 46.37 60.04 7.56 13.38 1.3] 7.00 4.50

250796 10.07 43.
260796 10.05 43,

0 60.50 10.24 1342 131 7.02 4.50
0 60.50 1023 1342 131 = 7.00 4.50

-~
D)
-
2}

uJ v.)

230596 10.03 39.97 60.52 14.51 13.38 1.30 7.00 | 4351
050696 10.10 39.99 6048 1451 13.38 1.31 7.00 4.50
140696 10.00 39.52 60.47 1390 1337 1.30 7.00 4.50

* HplrClg solution in water contains 24.39% Ir

"1is Sheet Has Been Reﬁlac ed
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I ncl ude IrCI[err],,IrI[err], lrBrlerr], [Ir(CO[err]l][err],
[Ir(CO[err]d][err], [Ir(COferr]Br][err], [Ir(CO[err]l[err]][err]
Herr], [Ir( )[err]Br[err]][err]H[err] [Ir(CO)[ err]i[err]][err]Herr],
[Ir(CH[err])I[err](CO)[err]][err]H[err] Irferr](CO[err],
IrC[err].3Herr]O IrBr[err].3Herr]O Irf{2err](COJerr], iridiumnetal,
Ir[err](err], IrCIerr], Ir(acac)(COf[err], Ir(acac)[err], iridium
acetate, [Ir[ dableQéinhalr] (Herr]OQferr]][OAc], and hexachloroiridic acid
5 [H err]IrC[err]], preferably, chloride-free conplexes of iridiumsuch

as acetates, gl at egutoclave and acet oacq@lﬁh%ﬁ] fch are é&w@g cﬂ pne or

nore of the car bonyl react I on t C hoI
and/ or carboxylic a%\ § uI ar IAcopl_# e?/lerred %P Mt pl ? {)& %*%

]
whi ch Wzcet d tic acid
Ut IC 2%g9é3 ﬁgt he (r:?e)'cé%l Csag@ ?Or a?ggwou% ?f}?félnt i oré%& | 8%

sol ution.

one pronot er 260&35 il 4981 | 9/69 P Wenf0.00 t h'e r ebk39 oh3tonpo$i-3Q on4.26

Sui tabl e prom3BeeW Ap&0pr &f68r abl y 4electedl2 - 1336 131 6.52 428 .
040696 10.01 1.69 51.00 60.50 226 1336 131 6.50 4.30
030696 10.01 1.69 51.5] 60.48 2.26 1330 1.30 5.94 4.30
300596 10.15 1.69 51.24 6048 226 1334 130 6.02 4.29
120696 7.15 1.69 51.34 60..03 3.96 13.40 130 6.50 5.00
07069 7.15 1.69 51.34 60.05 3.96 1339 1.30 . 6.50 5.01
110696 7.15 1.69 51.37 60.05 398 13.34 1.34 6.50 5.00
020796 13.63 1.69 4538 6043 7.37 13.66 1.31 4.15 476
050796 10.02 1.69 44 68 60.00 7.54 13.39 130 7.00 4.50
080796 10.02 1.69 4472  60.00 7.55 13.40 1.31 7.00 451
140896 999 .69 42 55 60.51 946 13.35 131 7.05 4.53
190796 10.05 1.69 4248  60.50 944 1334 130 7.01 4,50
160896 999 1.69 4249  60.51 9.42 13.30 1.31 7.02 452
120796 10.05 1.69 40.95 60.50 10.81 1341 1.31 7.01 4.50
090796 10.06 1.69 4092 6049 10.80 13.40 1.31 7.00 4.50
180796 10.05 1.69 4095 60.60 1081 1342 1.31 7.03 4.50.
110796 10.05 1.69 39.35 | 60.50 1231 13.44 132 7.01 4.50
150796 10.05 1.69 3995 60.50 1231 1345 1.32 7.02 _ 4.50
240796 10.00 1.69 3994 6050 1241 13.38 1.31 7.00 4.41
180696 10.55 '1.69 3952 06047 1391 13.36 1.30 5.31 4.50
160796 10.56 1.69 3842 6049 1450 1336 1.31 531 451
200696 199 1.69 2040 60.53 14.71 13.33 1.30 - 6.00 4.60
210696 10.02 1.69 38.29 6048 1450 13.35 1.30 7.00 4.50

* HalrClg solution in water contains 24.39% Ir
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“from rut henium osmum rhenium tungsten, zinc, cadmum indium gallium
and mercury, and are nore preferably selectéd from rutheni um and
osm um Rut heniumis the nost preferred pronoter. Preferably, the
pronoter is present in 15 an effective anount up to the limt of its
solubility in the liquid reaction. dénposi tion and/or any liquid
process streans recycled to the carbonyl ation : reactor fromthe
acetic acid rEawRry stage. The pronmoter is suitably present in the

l'iquid reaction conposition at a nolar ratio of pronoter iridiumof [0.5 to

15]: lir OnRrEf M iflets ONOt €r concentration is 400 to 5000 ppm 20
The pronoter TRy conprise any suitable pronoter rret al - cont ai ni ng

conmpound which is solub |nthe I id reaction osition. I ter
may be addgﬁact“8“ qui d :‘ﬁgctl on conpos n for th ¢ Wedtiui
carbonyl ati on reacti on(haﬁg any (mol/(L.BE )t apl e th di doqreignicacid,e
liquid reaction conposition or @30&Me&AG bl e @B % MeOAcSO|qg1§l|1ésp1@glpf§ors *
Exanpl es of .suitable rutheni umcontaining conpounds which may 25 be used

as sources of 1%neiwivater an80%dde@AtB%INeh (111) chloride, ruthenium (I11)
chloride trihydrate, ruthenium (IV) chloride, ruthenium (111) brom de,
rut heni um 090598Et apg rut heni um gxyijdes, ruthenium (111) formate,(.48

[Ru(CO [err] | f&ido }\[e glHerr], 591 [Ru(COTferr]l[err])n, 051
[Ru(COJ[err]l Bu(CO)[err]I[?()r])[err] 040
tetra(aceto)c Oc%rgrut Il um(II,II 3 032

170596 16.4 ]4.8.) 0.22

2.4% w/w water at 30% MeQAc, 8% Mel

210596A 28 ' 15.72 0.48

200595 22 ' 1825 - 0.41
170596A 18.1 20.18 : 0.28
210596 17.0 14.75 0.17

4% wiw water at 30% MeOAc, 8% Mel
0.5% w/w water at 15% MeOAc

150596 28 21.66 6.32 0.44

140596 22 22.53 8.34 0.31
160596 18.5 : '19.40 7.59 0.21
170696 16.8 8.11 4.88 0.16

5.1% w/w water at 30% MeQOAc, 8% Mel
1.55% w/w water at 15% MeQAc

060896 28 | 20,99 10.28 0.40

120890 22 16.13 10.13 0.32
130896 18 11.62 9.63 0.22

6% w/w water at 30% MeQOAc, 8% Mel
2.4% wiw water at 15% MeQAc

030796 28 22.32 11.52 : 0.52

040796 22 19.26 11.87 0.34

170796 18 13.56 0.24 0.20
7.7% w/w water at 30% MeOAc, 8% Mel :
4.0% wiw water at 30% MeOAc

250796 28 18.73 11.98 0.60
260796 22 16.40 10.64 0.46

13

ns Sheet Has Been Replaced Tt




Tuthenium (111) acetate, ruthenium (I11) propionate, ruthenium(111)
butyrate, 30 rut heni um pent acar bonyl, trirutheni undodecacarbonyl and

m xed rut heni um hal ocar bonyl s such as dichlorotricarbonyl rutheni um
(rr) dinmer, di bronotri carbonyl rut henium (11) dimer, and ot her

or ganor ut heni um conpl exes such as |4

tetrachl orobi s(4-cynene)diruthenium (11),

t et rachl or obi S{abeneihded ut heni un(lI1),

di chl oro(cycl ooct a- 1, 5- dlene)ruthenlun135 (I1) polynmer and

tris(acetyl aceioopatohwiteni 09 MddAc. 8% Mel
6 6.6% w/w water at 15% MeOAc

230596 28 14.83 11.38 0.20
050696 22 -11.68 _ 9.49 0.18
140696 19 71.74 7.03 0.14

Ir/Ru Experiments
Reaction Pressure Rate Rate % selectivity

(barg) (mol/(l.hr.)) (mol/(1.hr.) to propionic acid
@ 30% MeQAc @15% MeOAc  and its precursors *

1% w/w water at 30% MeOQAc. 8% Mel

270696 28 16.50 0.29
260696 22 18.58 0.24
280696  18.0 18.38 0.19
2.4% w/w water at 30% MeOAc. 8% Mel '

040696 28 22.83 0.36
030696 22 23.54 ‘ 0.30
300596  18.0 22.00 0.21
310596  18.0 23.19 0.21

4% w/w water at 30% MeOAc. 8% Mel
0.5% w/w water at 15% MeOAc. 7.6% Mel

120696 28 33.54 6.44 0.29
070696 22 32.39 ' 7.19 0.29
110696 18.2 26.21 10.64 0.19

6% w/w water at 30% MeQOAc. 8% Mel
2.4% wiw water at 15% MeOAc. 7.6% Mel

020796 28 38.47 20.93 0.36
050796 22 34.61 20.50 0.27
080796 18 23.29 18.48 0.20

7.2% w/w water at 30% MeQOAc. 8% Mel
3.5% w/w water at_15% MeQAc. 7.6% Mel

140896 28 _ 38.23 27.61 0.46

190796 22 31.065 26.59 0.26

160896 I8 16.91 17.09 ' 0.19
14
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‘Exanpl es of suitable osmi um containing conpounds which may be used as
sources of pronoter include osmum (l11) chloride hydrate and anhydrous,
osm um nmetal, osm umtetraoxide, tri-osm undodecacarbonyl,
[Cs(CO[err]lferr]], - [Cs(COerr]l[err]][err], .
[Gs(CO[err]l[err]][err]H err], pentachlorb[err]-nitrodi osm um and m xed
5 osm um hal ocarbonyl s such as tricarbonyl di chl oroosmum (I1) dinmer and

ot her oFapded osntinued conpl exes. Exanpl es of suitable
rheni um cont ai ni ng conpounds whi ch may be used as sour ces of
pronoter include Re[err](CO]Jerr], Re(CO)[err]CI Re(CO[err]Br,

Re(COf[err]l,

Re( CO I
Sptesdfal D e )

Exanpl es of s teT- Cot |g wnpounds ch may be used

. as sources of ter- 1 ncl ude V\(C% rr] V\Cl[err4 [err], V\Brge‘ur]
W(err], or 1 H%r ] )[err] and &Nk ungsten
chl or o-, br omo-1879¢ odd8car bonyl colpdlnd. 18.38 Exanpl.es 6f18

sui t abl e cadm um cont ai ni ng conpounds whi ch may be used i ncl ude

Cd(OAc) [err], 9% m/erwiter £BBES MeaOAc, @Meerr], Cd(OH)[err], and cadi um
acet yl acet onat®2%M/w water at 15% I\Eem,lﬁ@%mflelsui tabl e nercury-containing
conpounds whi choney besgused as 28:08 Sources of pyoppter include o6

Hg(OQAc)[err], {Hakbgrrlrg HaBrerr] 27ng 2, Hg[err]l 1‘5‘5‘3” and 0.37
Ho[err]d [errlpg7096 22 22.26 21.93 0.21

10.0% w/w water at 30% MeOAc, 8% Mel
6.3% w/w water at 15% MeOAc. 7.6% Mel
180696 28 25.40 22.03 0.27

10.4% w/w water at 30% MeOAc. 8% Mel
6.6% w/w water at 15% MeQOAc, 7.6% Mel

160796 28 23.77 21.65 0.30
200696 22 15.08 16.86 0.12
210696 18.0 9.18 11.20 0.10

(* Based on MeOAc consumed. Precursors are ethyl iodide and ethyl acetate)
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‘Exanpl es of suitabl e zinc-containing conpounds which may be used as
sources of pronoter include Zn(QAc)[err], Zn(OH[err], Znl[err], ZnBrf[err],
ZnCl[err] and zinc 20 acet yl acet onat e. : Exanpl es of

sui tabl e gal | i um cont ai ni ng conpounds whi ch may be used as sour ces
of pronoter include gallium acetylacetonate, gallium acetate, Gd [err],
GaBr[err], Glferr], Glerr]C[err] and Ga(OH)[err].

Exanpl es of suitabl e indi um containing conmpounds whi ch nay be used as 25
sources of pronoter include indium acetylacetonate, indium aCases875(2)
InCl[err], InBr[err], Inl[err], Inl and In(OH)[err]. o

The carbon nonoxi de reactant nay be essentially pure or nay contain inert

i mpurities such as carbon di oxi de, nethane, nitrogeﬂ—ﬁobl—e~gases——wa{-er
and Cferr] to Clerr] paraffinic hydrocarbongg g, HBL B8

hydrogen in the carbon nonoxi de 30 feed and gene 17: fHe
water gas shift reaction is preferably kept |ow as ,"uUﬁ ence nmay
result in the formation of hydrogenati on products. am)unt
of hydrogen in the carbon nonoxi de reactant is pref erably | ess than |

% nore preferably less than 0.5 nol % and yet nore preferably |ess than
0.3 nol % and/ or the partial pressure of hydrogen in the

carbonyl ation reactor is preferably

Claims: .

L Process for the production of acetic acid which process comprises (1)
continuously feeding methanol and/or a reactive derivative thereof and carbon
monoxide to a carbonylation reactor containing a liquid reaction composition
comprising an iridium carbonylation catalyst, methyl iodide co-catalyst, a finite

5  concentration of water, acetic acid, methyl acetate and, optionally at least one
_promoter; (2) carbonylating the methanol and/or reactive derivative thereof with
the carbon monoxide in the liquid reaction composition to produce acetic acid; and
(3) recovering acetic acid from the liquid reaction composition, there being
continuously maintained (a) in the liquid reaction composition water at a

10 concentration of no greater than 4.5% by weight, and (b) in the reactor a carbon
monoxide partial pressure in the range from greater than 0 to 7.5 bar.
2. A process as claimed in claim | in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction a water
concentration of no greater than 3 % by weight.

15 3. A process as claimed in claim | or claim 2 in which there is continuously
maintained in the liquid reaction composition throughout the course of the reaction
a water concentration of at least 0.1 % by weight.
4. A process as claimed in claim 3 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction a water

20  concentration of at least 0.5 % by weight.
5. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the liquid reaction composition throughout the course
of the reaction methyl acetate at a concentration in the range 2 to 50 % by weight.
6. A process as claimed in claim -5 in which there is continuously maintained in

25  the liquid reaction compaosition throughout the course

16
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'35 ‘[ess than 1 bar partial pressure, nore prererabl ytess—than 0.5 bar

and yet nore . . 1is Sheet Has Been Repldced Tt
preferably | ess than 0.3 bar. The partial pressure of c - I N

t he reactor is in the range greater than 0 to 7.5 , ml nyfrom
about 0.6 bar to 7.5 bar . 17 The -t ot al he

carbonyl ation reaction is suitably in the range 10 5 to 200 barg,
preferably 15 to 100 barg, nore preferably 15 to 50 barg. The
of the reaction methyl acetate at a concentration in the range 5 to 50 % by weight.

7. A process as claimed in claim 6 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction methyl
acetate at a concentration in the range 5 to 40 % by weight.

5 8 A process as claimed in claim 7 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction methyl
acetate at a concentration in the range 10 to 40 % by weight.

9. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the liquid reaction composition throughout the course

10 of the reaction methyl iodide at a concentration in the range 4 to 16 % by weight.
10. A process as claimed in any one of the preceding claims wherein the iridium
carbonylation catalyst is present in the liquid reaction composition at a
concentration in the range 400 to 5000 ppm.

il A process as claimed in any one of the preceding claims wherein the iridium

15  carbonylation catalyst is present in the liquid reaction composition at a
concentration in the range 700 to 3000 hpm.

12. A process as claimed in any one of the preceding claims in which the at
least one promoter is selected from the group consisting of ruthenium, osmium,
rhenium, and tungsten. ' |

20 13, A process as claimed in claim 11 in which the molar ratio of
promoter:iridium is [0.5 to 15]:1.

14. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the reactor throughout the course of the reaction a
carbon monoxide partial pressure in the range 0.6 to 7.5 bar.

25 - 15. . A process as claimed in any one of the preceding claims in which there is
continuously maintained in the reactor throughout the course of the reaction a
hydrogen partial pressure of less than 0.3 bar.

16. A process as claimed in claim | in which there is continuously maintained in
the liquid reaction compaosition throughout the course of the reaction about 0.5 to

30 2.5 % by weight water, about & % by weight methyl iodide co-catalyst, about 15 %
methyl acetate, iridium catalyst at a concentration in the range 400 to 3000 ppm,
ruthenium promoter at a concentration in the range 400 to 4000 ppm and the

balance of the reaction composition comprising substantially acetic acid.

* c L N s *



‘tenperature of the carbonylation reaction is suitably in the range 100 to -
300 [err]C, preferably in the range 150.to 220 [err]C.
The process of the present invention is perforned as a conti nuous process.
The acetic acid product may be recovered fromthe liquid reaction 10
conposition by w thdraw ng vapour and/or liquid fromthe carbonyl ation
react or and recovering acetic acid fromthe withdrawal material.
Preferably, acetic acid is recovered fromthe liquid reaction
conposition by continuously withdrawing liquid : reacti on GRep»SI(R) on
fromthe carbonyl ation reactor and recovering acetic acid fromthe
wi thdrawn liquid reaction conposition by one or nore flash and/or 1 5
fractional distillation stages in which the acetic acid is separated from
t he ot her conponents of the liquid reaction conposition such as
iridiumcatal yst, nethyl i odi de co-catal yst, pronoter if present,
nmet hyl acetate, unreacted nethanol, water and acetic acid sol vent
whi ch nay be recycled to the reactor to maintain their : concentrations
inthe liquid reaction conposition. To naggtain stability of the 20
iridiumcatal yst during the acetic acid product recovery stage, water in
process streans containing iridiumcarbonylation catalyst for recycle
to the carbonyl ation react or should be mai ntained at a concentration
0 .
of at least 0.5 % by wei ght. ABSTRACT

IRIDIUM CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID
A process for the production of acetic acid comprises (1) continuously

feeding methanol and/or a reactive derivative thereof and carbon monoxide to a
carbonylation reactor containing a liquid reaction composition comprising an
iridium carbonylation catalyst, methyl iodide co-cataiyst, a finite concentration of
water, acetic acid, methyl acetate and; optionally at least one promoter, (2)
carbonylating the methanol and/or reactive derivative thereof with the carbon
monoxide in the liquid reaction composition to produce acetic acid; and (3)
recovering acetic acid from the liquid reaction composition, there being
continuously maintained (a) in the liquid reaction composition water at a
concentration of no greater than 4.5% by weight, and (b) in the reactor a carbon
monoxide partial pressure in the range from greater than 0 to 7.5 bar.

No figure
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+A patticularly preferred liquid reaction conposition conprises about 0.5 to
2.5% by wei ght water, about 8% by,.wei gkt methyl iodide co-catalyst, about

15 % 25 by weight nethyl acetate, irlffumcatalyst at a concentration in
the range 400 to 3000 ppm neasured as iridiumto give a rate of
carbonyl ation reaction in the range of 5to 40 nol/1/hr at a

carbonyl ation reaction tenpergdteiée (poigboutha9dP)[err]C and a
carbonyl ation reaction pressure qf 16,to 24 barg apd cgtbon nmongxi de
ba .

parti al o3 tePtha o R5 t hei um’pronot er at

a concentrafion in the 3 range 40() to 4000 ppn1neasured as rut heni um
to give a lar ratio of ruthenium iridiumof approximately [2.0 to
2.5]:1 and f§he bal ance of the reaction conposition conpri si ng

substanti at acetic aci@&_H ghem or | ower eoneentrations of catalyst

JojeM X SNBJBA 93BH uUOTIORIY

and/ or hi gheér or |ower .tenpéxatures™aQd/or Rhi ghex or |ower partial
pressures of carbon nonoxide_nay be_uged to Qbtai n hi gher or | ower
rat es of rgaction. 35 The inwvepntioMjw Il nowbe illustrated by way
of referenceg to the foll ow ng -
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‘'experi ments which are not according to the present invention because they
are batch experinents, as opposed to continuous. Nevertheless the
bat ch experi nents provi de a reasonaQIg expectation of what m ght
happen in a continuous process. Thosé experinments in which the water
concentration is greater than 4.5% by 5 weight and/or the carbon
nonoxi de partial pressure is tén(bgq/repqﬂ,ffynlgreater than 0 to
7.5 bar are included only for the purpose of cofpari son. The
data is presgnted in¥iguges % tos inmwiigh:-a e o BFigle 1is a
pl ot of red%lion'rate'veréus@GMatbr at” 30% net hylT acéfg%é -1 —ef fect

I

of CO partial pressure for unpromoted Ir-catalysed reactions. 10
Fi gure 2is§ plot of reaction rate versus %water at 15% nethyl acetate-
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‘ef fect of CO partial pressure for unpronoted |r-catal ysed reactions,

Figure 3 is a plot of reaction rate versus % water at 30% nethyl acetate -
effect of CO partial pressure for rutheni gpe pronoted Ir-catalysed
reactions. Figure 4 is a plot of reaction rate versus %

wat er at 15% net hyl acetate - 15 effect of CO partial pressure for
ruthenium - pronoted Ir-catal ysBdteeatto /€1 .hr) ) Figure 5is a

pl ot of@bselqpt|V|;y ;o.preplonhc a£|d pd J tS P eﬁg 2@ % " versus %
wat er at 30%-fre : & OM oF: al re*fo{ 9
unpronoted Ir catalysed reactlons Figure 6 15 a plot of %
selectivity tp propionic acid and its precursors 20 versus % water at 30%
met hyl acetatfe - effect of CO partial pressure of ruthenium -
pronoted i.rtdrum catal ysed reactlong‘ﬁi In these experlnents at
a total pressjure of 16 barg we esti that the CO partial pressure
woul d be appr xi mtely zero. At higher tﬁua] reaction pressure the CO

parti al presspres ri se correspondingly pending upon the liquid
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« product/reactant produced/ consuned per litre of cold degassed reactor

conposition per hour (nol/(l.hr)). 30 In the experinents the
concentration of conponents and in particular of wat er and net hyl
acetate, during the carbonylation reacti odpgs calculated fromthe
starting conposition, assum ng that one nole of water is consuned for
every nol e of carbon nonoxi de Rate¢ i(modohElned..) No al | ownance was nade
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‘Exper’i ment al Met hod ' A 300 ml Hastell oy B2 autocl ave equi pped

with a magnetically driven stirrer with gas dispersion inpellers, a
bal | ast vessel and a liquid ' catal yst injection systemwas used for a
series of batch carbonylation 5  experisBgeéts. A gas supply to the

aut ocl ave provided froma gas ball ast vessel , feed gas bei ng provided

to maintain the autocl avkset ez tcoOPst§nto PropP6ﬁ§§w%Efﬁm the rate of gas
upt ake being cal cul ated (with Qnugcggga@$ecup?ﬁ l'ieved to be [err] 19

fromthe ratg at gvhigh the pressyre falls in t al last . vessel. 10
At the end of the experluent I|q d S qanples1uwnnjhe 2 °
aut ocl ave we iaph? % %or gachobatch
carbonyl ati on experinment the autocl ave mas char ged ' hnth typrcally 10
g of acetic gcid. For Ru pronoted reactions the solid . rut heni um
pronot er was {al so charged at this stage. The autocl ave was then 15 seal ed
and flushed ffhree tines with cBir bon noyroxi deMAfter tis the main
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1iqui'd charge (water, nethyl acetate, acetic acid and nethyl iodide was
added to the autoclave via a funnel. The autoclave was then pressurised
wi th carbon nonoxide to a suitable pressure (see Table A) and heated with
stirring ( 1500 r.p.m) to 190[err]C. Oncegpgable at this tenperature a
smal | 20 anount of carbon nonoxi de was fed forward fromthe ball ast

vessel to give a s tabhedyPssty etbSepoHumid) Aclile catal yst

sol ution consisting of ca. and0gt 8f pR eWiredorS®! uti on of
Herr]lrc[errd di sgol ved,in acgtic gcid ang water was t hen added

fromthe |njeéi|on gesselw. usi ng. an omerpr ur egof C  bon - fonoxi fe.
The overpress S sﬁch tﬁgt af#er ectldh t he ®5 ;
desired reactipn pressure was attained. After catalys |nject|on the '
aut ocl ave pressure was kept constant ( 0.5 barg) usi ng carbon
nonoxi de fed fyom .~ the ballast vessel. After gas uptake
fromthe bal Fast vessel had ceased : consuned fromthe

bal | ast vessel|{for 6 mnutes) the au 6clav: 'solated 30 fromthe gas
The

anal ysed. The
t he ®ut ocl ave, sanpled and

conposition was di schgrged fro
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10
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IRIDIUM CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID _
The present invention relates-to a process for the production of acetic acid

and in particular to a process for the production of acetic acid by carbonylation in
the presence of an iridium catalyst and methyl iodide co-catalyst.

Preparation of carboxylic acids by iridium-catalysed carbonylation
processes is known and is described, for example in GB-A-1234121, US-A-
3772380, DE-A-1767150, EP-A-0616997, EP-A-0618184, EP-A-0618183 and
EP-A-0657386. |

EP-A-0618184 describes a carbonylation process for the production of
carboxylic acids and/or their esters in the presence of an iridium catalyst. The
reaction composition is characterised as comprising between 0 exclusive and 10 %
water; between 0 exclusive and 10 % halogenated co-catalyst; between 2 and 40 %
ester and carboxylic acid solvent. The total pressure is stated to be in the range
generally between § and 200 bar and more particularly between 5 and 100 bar
whilst all the Examples were performed at 30 bar.

EP-A-0643034 describes a process for the carbonylation of methanol
and/or a reactive derivative thereof'in the presence of acetic acid, an iridium
catalyst, methyl iodide, at least a finite concentration of water, fnethyl acetate and a
promoter selected from ruthenium and osmium. Batch and continuous experiments
are described therein. In the continuous experiments the water concentration is as
low as 6.8 % by weight.

Our unpublished European Patent Application No. 96302734.7 filed on
18.04.96 discloses a process for the production of acetic acid comprising (1)
continuously feeding methanol and/or a reactive derivative thereof and carbon

monoxide to a carbonylation reactor which contains a liquid reaction composition

This is the replacement shee_t',
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'Reaction Pressure (barg) 16 18 - 22 - 28
Room Tenperature Pressure _ 0.5 - 1.3 .3 6.5
(barg) Pressure at 190[err] C (barg) 10 12 _ 16

22 Cat al yst Injection Overpressure 26 - . 26 34

40 (barg) Conponent charges are given in Table 1.
Reaction rates at 30% nethyl 5 acetate and 15% nethyl acetate in the
reaction conposi electivity 1o are

ezt on CoresLLLan 3Rth SR kb hek et s BaSEATERE e B SRHIE S S
30 and 15% net hygbntactirigadthe methanol and/or reactive derivative thereof with the carbon
monoxide in the liquid reaction composition to produce acetic acid; and (3)
recovering acetic acid from the liquid reaction composition characterised in that
5  there is continuously maintained in the liquid reaction composition throughout the
course of the reaction (a) water at a concentration of no greater than 6.5% by
weight, (b) methyl acetate at a concentration in the range 1 to 35 % by weight and
(c) methyl iodide at a concentration in the range 4 to 20 % by weight.
The carbon monoxide partial pressures in European Patent Application No.
10 96302734.7 are said to be in the range 1-70 bar, preferably 1 to 35 bar, more
preferably 1 to 15 bar. Total pressures are in the range 10 to 200 bar, preferably
15 to 100 bar, more preferably 15 to 50 bar. All the batch carbonylation
experiments reported were carried out at 28 barg total pressure and the continuous
experiments were carried out at 24 to 30 barg total pressure.
15 There remains a need for an improved iridium-catalysed carbonylation
process. _

We have now found that the carbon monoxide partial pressure has a
significant effect upon the carbonylation reaction rate, depending upon the water
concentration in the liquid reaction composition. Under high water conditions

20 (greater than 5% by weight water at 30% by weight méthyl acetate) using an -
unpromoted iridium catalyst increasing the total pressure from 16.5 to 22 bar
(estimated CO partial pressures of greater than 0 to 6 bar respectively) results in an
increase in the reaction rate, whereas under low. water conditions, for example 1%
by weight, decreasing the total pressure from 22 to 16.4 bar (estimated CO partial

25  pressures of 6 to greater than O bar respectively) increases the reaction rate. A
similar trend is also observed for data at 15% by weight methyl acetate and the
data from ruthenium promoted iridium catalysts. To express the foregoing
observations in an alternative manner, the position of the rate maxima in a graph of
carbonylation rate versus water concentration moves to lower water concentrations

30  asthe carbon monoxide partial pressure is reduced.

Accordingly the present invention provides a process for the production of
acetic acid which process comprises (1) continuously feeding methanol and/or a
reactive derivative thereof and carbon monoxide to a carbonylation reactor
containing a liquid reaction compuosition comprising an iridium carbonylation

35 catalyst, methyl iodide co-catalyst, a finite concentration of water, acetic acid,

This is the replacement sheet
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‘toncentration in the reaction conposition respectively for the un-pronoted
carbonyl ation, as total pressure, and hence carbon nonoxi de parti al '
pressure, is 10 reduced, the reaction rate maxima for the graphs of rate

versus water concentration nove to | ower water concentration.
- The results in Figures 3 and 4, show the safe effect as Figures-1 and 2 but
for the ruthenium pronoted system The results in Figures 5

and. 6 show the beneficial effect of reducing total 15 pressure, and hence
‘carbon nonoxi de methyli tetaps /IS dptonally at legst bae prRimater; ¢2) darlioriytating the

Dy produet S, PSR o B d BB i b PR S s
concentration (freactemampipsitivh to peoduce acetic @eidf drain(3) adoeveringdoetis icid from
ndependent, f g B g Eon 0505 BAROEBTRBIR Pt O B4 ., o
20  ronoxi d& cdiquidweaction composition water at a concentration of no greater than 4.5% by
weight, and (b) in the reactor a carbon monoxide partial pressure in the range from |
greater than 0 to 7.5 bar. _

The present invention solves the technical problem defined above by
continuously maintaining a defined carbon monoxide partial pressure and a liquid

10 reaction composition having a defined water concentration. This provides several
technical advantages.

Thus in the present invention the position of the rate maxima moves
towards lower water concentrations as the carbon monoxide partial pressure is
reduced. The use of low carbon monoxide partial pressures also leads to the

15 advantage that the production of by-products, e.g. propionic acid and its
precursors, is also reduced.

Also, in the process of the present invention, by operating at a water
concentration of no greater than 4.5% by weight, recovery of acetic acid from the
reaction composition withdrawn from the carbonylation reactor is facilitated

20  because the amount of water which has to be separated from the acetic acid is
reduced; separation of water from the acetic acid is an energy-intensive part of the
recovery process and reduced water concentration results in reduced processing
difficulty and/or costs. |

The increased carbonylation rate at the low water concentration of the

25  present invention may allow operation at a reduced iridium catalyst concentration
whilst maintaining the rate of carbonylation. This has benefits of reduced
production rate of by-products such as propionic acid. ‘

Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid

30 product. Small amounts of water may also be produced by hydrer‘nation of
methanol to produce methane and water. 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
reaction composition withdrawn {rom the reactor and may be recycled in controlled

35 amounts to maintain the required concentration of water in the liquid reaction

This is the replacement sheet
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.25 fy
Aut ocl ave

Tabl e 1. Reaction .Conpositions (Wights in Grams) Run

Mai n Char ge Catal yst Injection Char ge

AcOH MeOAc Herr]O Ml Herr]lrd[err] AcOH Herr]O

10

15

20

4

composition. The water concentration in the liquid reaction composition is no
greater than 4.5% by weight that is, less than or equal to 4.5% by weight and
preferably no greater than 3% by weight. The water concentration is preferably at
least 0.1 % by weight, more preferably at least 0.5 % by weight.

In the process of the present invention, suitable reactive derivatives of
methanol include methyl acetate, dimethyl ether and methyl iodide. A mixture of
methanol and reactive derivatives thereof may be used as reactants in the process
of the present invention. Preferably, methanol and/or methyl acetate are used as
reactants. If methyl acetate or dimethyl ether are used, water co-reactant is
reqinirec’l to produce acetic acid. At least some of the methanol and/or reactive
derivative thereof will be converted to, and hence present as, methyl acetate in the
liquid reaction composition by reaction with acetic acid product or solvent. In the
process of the present invention the concentration of methyl acetate in the liquid
reaction composition is suitably in the range | to 70% by weight, preferably 2 to 50
% by weight, preferably 5 to 50% by weight, preferably 5 to 40% by weight, more
preferably 10 to 40% by weight.

In the process of the present invention, the concentration of methyl iodide
co-catalyst in the liquid reaction composition is preferably in the range 1 to 20 %
by weight, more preferably 4 to 16% by weight. As the methyl iodide co-catalyst
concentration is increased, the rate of production of by-products such as propionic
acid, carbon dioxide and methane is generally reduced. Also, as the concentration
of methyl iodide is increased, phase separation of aqueous and methyl iodide
phases in the acetic acid recovery stage may be facilitated.

| In the process of the present invention, the iridium carbonylation catalyst is
preferably present in the liquid reaction composition at a concentration in the range
400 to 5000 ppm measured as iridium, more preferably in-the range 500 to.3000
ppm measured as iridium, yet more preferably in the range 700 to 3000 ppm
measured as iridium. In the process of the present inveﬁtion, the rate of the
carbonylation reaction increases as the concentration of iridium is increased.

The iridium catalyst in the liquid reaction composition may comprise any
iridium containing compound which is soluble in the liquid reaction composition.
The iridium catalyst may be added to the liquid reaction composition for the
carbonylation reaction in any suitable form which dissolves in the liquid reaction
compaosition or is convertible to a soluble form. Examples of suitable iridium-

containing compounds which may be added to the liquid reaction composition
This is the replacement sheet
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sAcoH - Sol uti on* 090596 11. 21 53. 38

60. 09 - 13.36 1.30 6. 50 4.21 090596A 11.41 53.12 60. 03
- 13.36 1.30 6.51 4.22 100596 12.71 ~ 51.78 60. 00 -
13.33 1.31 6. 50 4.24 130596 10.64  53.83 - -59.98 - 13. 35
1.30 6. 50 4,25 170596 11.77 54. 08 60. 05 - 13.36 1.31
5.13 4.22 210596A 11.40 51. 50 60. 48 2.25 13.35 1.30 6. 26

4. 30 200596

170596A - 10. 00O IrGls 13 depracfinc iy, iyl fiyCodhsle. irapint o506

10.15 - 52.63 HT, GB(CZKB)QBQ]ZHZS[Ii(:&‘(Béh]ﬂH*&Ilr(C H:;H@(COE]‘HJ*’ 16&069@ 52 8 é

0006 3.0 14Csp3FR0 BRI 3HE (OB ik pnetl. 62031102 JeERICOR o

3.96 13.35 1. 3b(acag)3s Hridius addtate7 6N OAC)Hp0)3]1[08¢]).exhd hex&chlddéiridic adid96

13.36 1.304 G[ﬁgerl(j]?pIQPerably, chloride-free complexes of iridium such as acetates, oxalates

and acetoacetates which are soluble in one or more of the carbonylatioh reaction
components such as water, alcohol and/or carboxylic acid. Particularly preferred is
green iridium acetate which may be used in an acetic acid or aqueous acetic acid
solution.

10 In the process of the present invention at least one promoter is optionally
present in the reaction composition. Suitable promoters are preferably selected
from ruthenium, osmium, rhenium, tungsten, zinc, cadmium, indium, gallium and
mercury, and are more preferably selected from ruthenium and osmium.

Ruthenium is the most preferred promoter. Preferably, the promoter is present in

15  an effective amount up to the limit of its solubility in the liquid reaction

“composition and/or any liquid process streams recycled to the carbonylation
reactor from the acetic acid recovery stage. The promoter is suitably present in the
liquid reaction composition at a molar ratio of promoter : iridium of [0.5to 15] :
I. A suitable promoter concentration is 400 to 5000 ppm.

20 The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The promoter may
e added to the liquid reaction composition for the carbonylation reaction in any .
suitable form which dissolves in the liquid reaction composition or is convertible to
soluble form. Examples of suitable ruthenium-containing compounds which may

25  be used as sources of promoter include ruthenium (111} chloride, ruthenium (III)

chloride trihydrate, ruthenium (1V) chloride, ruthenium (III) bromide, ruthenium
metal, ruthenium oxides, ruthenium (111) formate, [Ru(CO)313]-H,
[Ru(CO)1a]h. [Ru(CO)4la). [Ru(CO);la]s. tetra(aceto)chlororuthenium(II, 1),
ruthenium (I11) acetate, ruthenium (111) propionate, ruthenium (111) butyrate,

30 ruthenium pentacarbonyl, trirutheniumdodecacarbony! and mixed ruthenium
halacarbonyls such as dichlorotricarbonylruthenium (11) dimer,
dibromotricarbonylruthenium (11) dimer, and other organoruthenium complexes
such as tetrachlorabis(4-cymene)diruthenium(ll),
tetrachlorobis(benzene)diruthenium(ll), dichloro(cycloocta-1.5-diene)ruthenium

35 (1) polymer and tris(acetylaceionate)ruthenium (111).
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060896 ~ 10.°00 47. 30 60. 52 6.16 13.37 1.30 7.00 4,52 120896
9. 99 47. 30 60. 51 6.24 13.43 '1.31 7.00 4.55 130896 9. 99
47. 34 60. 52 6.19 13.37 1.30 6. 99 4.51 030796 10. 00 46. 34
60. 00 7.55 13.39 1.30 7.00 4,50 040796 10. 00 46. 37 60. 05
7.55 13.38 1.30 7.00 4.50 170796 10902 46. 37 60. 04 7.56
13.38 1.31 7.00 4.50 250796 10. 07 43. 30 60. 50 10. 24 13.42
1.31 7.02 4.50 260796 10. 05 43. 30 . 60.50 . 10.23 13.42 1.31
7.00 4.50 230596 Exampplgsof suitalge gymium-gmt&ning compsundsghidemay b&ased a3 . 0'0

4.51 050696 Idutés of E'rgcﬂn&%r mclu@@oﬁﬁium (Jrﬁiglﬁgc}aeg y%g%te :‘Lm% gnb}gdgou %smf}tp

ﬁ?gfi’f Ird [1gr (r)? %qaﬁﬂswm FF‘WQF@F teleﬁwmq*@dmc@b%yh[Os(C0)412]
[0s(CO)3l2la.  [Os(CO)313)-H, pentachloro-y-nitrodiosmium and mixed
5 osmium halocarbonyls such as tricarbonyldichloroosmium (II) dimer and other
organbosmium complexes.

Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Re2(CO)q. Re(CO)sCI, Re(CO)5Br, Re(CO)sl,
ReCl3. xH20 [Re(CO)41)5. [Re(CO)412] HT and ReCls.yH,O.

10 Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)q. WCly, WClg, WBrs, Wiy, or  CgHyp
W(CO)3 and any tungsten chloro-,bromo- or iodo-carbonyl compound.

Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, Cdip, CdBra. CdCly, Cd(OH), and cadium acetylacetonate,

IS Examples of suitable mercury-containing compounds which may be used as
sources of promoter include Hg(OAc),, Hgly, HgBrg, HgCly, Hgyly, and
HgyCly. | |

Examples of suitable zinc-containing compounds which may be used as
sources of promoter include Zn(OAc),, Zn(OH);, Znl,, ZnBry, ZnCly and zinc

20  acetylacetonate. _

Examples of suitable gal.lium-comaining compounds which may be used as
sources of promoter include gallium acetylacetonate, gallium acetate, GaCla,
GaBrj3, Galj, GayClg and Ga(OH);3.

Examples of suitable indium-containing compounds which may be used as

25  sources of promoter include indium acetylacetonate, indium acetate, InCl3, InBr3,
Inl3, Inl and In(OH);.

~ The carbon monoxide reactant may be essentially pure or may contain inert
impurities such as carbon dioxide. methane, nitrogen, noble gases, water and Cjto
Cgq paraftinic hydrocarbons. The presence of hydrogen in the carbon monoxide

30  feed and generated in situ by the water gas shift reaction is preferably kept low as
its presence may result in the formation of hydrogenation products. Thus, the
amount of hydrogen in the carbon monoxide reactant is preferably less than 1 mol
%, more prefereibly less than 0.5 mol % and yet more preferably less than 0.3 mol
% and/or the partial pressure of hydrogen in the carbonylation reactor is preferably

35 less than | bar partial pressure, more preferably less than 0.5 bar and yet more

-
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112 ‘Tabl'e | continued Run Aut ocl ave Mai n Char ges

Catal yst Injection Char ges - AcOH MeOAc Herr]O Mel
Herr]JlirCJerr] AcOH Herr]O . AcOH Ru(CO[err]l[err] 270696 11.02
1.69 51.72 60.03 - 13.37 1.31 6.50. 4.26 260696 11.0
1.69 51.76 60.00 - 13.36 1.31 7 6.50 4.26 '

preferably less than 0.3 bar. The partial pressure of carbon monoxide in the

reactor is in the range greater than 0 to 7.5 bar, typically from about 0.6 bar to 7.5

bar. |
The total pressure of the carbonylation reaction is suitably in the range 10

Nh

to 200 barg, preferably 15 to 100 barg, more preferably 15 to 50 barg. The
temperature of the carbonylation reaction is suitably in the range 100 to 300 °C,
preferably in the range 150 to 220 °C.
The process of the 'presem invention is performed as a continuous process.
The acetic acid product may be recovered from the liquid reaction
10 composition by withdrawing vapour and/or liquid from the carbonylation reactor
and recovering acetic acid from the withdrawn material. Preferably, acetic acid is '-
recovered from the liquid reaction composition by continuously withdrawing liquid
reaction composition from the carbonylation reactor and recovering acetic acid
from the withdrawn liquid reaction composition by one or more flash and/or
15  fractional distillation stages in which the acetic acid is separated from the other
components of the liquid reaction composition such as iridium catalyst, methyl
iodide co-catalyst, promoter if present, methyl acetate, unreacted methanol, water
and acetic acid solvent which may be recycled to the reactor to maintain their
concentrations in the liquid reaction composition. To maintain stability of the
20  iridium catalyst during the acetic acid product recovery stage, water in process
streams containing iridium carbonylation catalyst for recycle to the carbonylation
reactor should be maintained at a concentration of at least 0.5 % by weight.
A particularly preferred liquid reaction composition comprises about 0.5 to
2.5% by weight water, about 8% by weight methyl iodide co-catalyst; about 15 %
25 by weight methyl acetate, iridium catalyst at a concentration in the range 400 to -
3000 ppm measured as iridium to give a rate of carbonylation reaction in the range
of 5 to 40 mol/l/hr at a carbonylation reaction temperature of about 190 °C and a
carbonylation reaction pressure of 16 to 24 barg and carbon monoxide partial
pressure of greater than 0 to 7.5 bar. ruthenium promoter at a concentration in the
30 range 400 to 4000 ppm measured as ruthenium to give a molar ratio of ruthenium :
iridium of approximately [2.0 to 2.5]:1 and the balance of the reaction composition
comprising substantially acetic acid. Higher or lower concentrations of catalyst
and/or higher or lower temperatures and/or higher or lower partial pressures of
carbon monoxide may be used to abtain higher or lower rates of reaction.

35 The invention will now be illustrated by way of reference to the following
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‘280696 13 60 1.69 49.13 60. 12 - 13.36 1.31 6. 52 4.28
040696 10.01 1.69 51.00 60.50 2.26 13.36 1.31 6. 50 4.30
030696 10.01 1.69. 51.51 60.48 2.26 13.30 1.30 5.94 4.30
300596 10.15 1.69 51.24 60.48 2.26 13.34 1.30 6. 02 4.29
120696 7.15 1.69 51. 34 60. 03 3.96% 13.40 1. 30 6. 50 5.00
070696 7.15 1.69 51.34 60.05 3.96 13.39 1.30 6. 50 5.01
110696 7.15 1.69 51. 37 60. 05 3.98 13.34 1. 34 6. 50 5. 00
020796 13.63 1.&periments whicl38re 150 adDrding 1@thejBesebt inveidion becauist they ake 76
050796 10.02 1. 3.
080796 10.02 1. g@"'_‘ experinffie)fs "@87‘“%_8“’ °f’f’.“gé°‘il‘“1ﬁ%’(‘f}ﬂ‘%g?fhe b%‘ Rxperireny
140896 9.99 1. p®vide a reasoigble exp@tdibn of whaemight 38ppen iB & contin@ms protes3
190796 10.05 1. ter tHanils94 K- 50
T60896 o 09 1 dfose expeffeftyin wifty it wydy ‘ﬁ‘%'%?%%%" '}§'¥% er thnf5% b 27
-5 weight and/or the carbon monoxide partial pressure is not in the range from greater
than 0 to 7.5 bar are included only for the purpose of comparison.
The data is presented in Figures | to 6 in which:-
Figure | is a plot of reaction rate versus % water at 30% methyl acetate -
effect of CO partial pressure for unpromoted Ir-catalysed reactions.
10 Figure 2 is a plot of reaction rate versus % water at 15% methyl acetate-

effect of CO partial pressure for unpromoted Ir-catalysed reactions,
Figure 3 is a plot of reaction rate versus % water at 30% methyl acetate -
effect of CO partial pressure for ruthenium - promoted Ir-catalysed reactions.
Figure 4 is a plot of reaction rate versus % water at 15% methy! acetate -
15 eftect of CO partial pressure for ruthenium - promoted Ir-catalysed reactions.

- Figure S is a plot of % selectivity to propionic acid and its precursors
versus % water at 30% methyl acetate - ettect of CO partial pressure for
unpromoted Ir-catalysed reactions.

~ Figure 6 is a plot of % selectivity to propionic acid and its precursors

20 versus % water at 30% methyl acetate - effect of CO partial pressure of ruthenium
- promoted iridium-catalysed reactions.
In these experiments at a total pressure of 16 barg we estimate that the CO
partial pressure would be approximately zero. At higher total reaction pressure the
CO partial pressures rise correspondingly depending upon the liquid composition
25  up to a total reactor pressure of 24 barg which is estimated to correspbnd to
~ approximately 7.5 bar partial pressure CO.
In the experiments reaction rates are quoted as number of moles of
product/reactant produced/consumed per litre ot cold degassed reactor
-composition per hour (mol/(l. hr)).
30 In the experiments the concentration of compaonents and in particular
of water and methyl acetate, during the carbonylation reaction was
calculated from the starting composition, assuming that one mole of water is
consumed for every mole of carbon monoxide that is consumed. No
allowance was made for the organic components in the autoclave

35  headspace.
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120796 10.05" 1.69 40.95 = 60.50 10.81 13.41 1.31 7.01 4.50
090796 10.06 1.69 40.92 60.49 10.80 13.40 1.31 7.00 4.50
180796 10.05 1.69 40. 95 60.60 10.81 13.42 1.31 7.03 4.50
110796 10.05 1:69 39. 35 60.50 12.31 13.44 1.32 7.01 4.50
150796 10.05 1.69 39.95 60.50 12.392 13.45 1.32 7.02 4.50
240796 10.00 1.69 39.94 60.50 12.41 13.38 1.31 7.00 4.41
180696 10.55 1.69" 39.52 60.47 13.91 13.36 1.30 5.31 4.50

160796 10.56 IEffrimental Mt 60. 49 14.50 13.36 1.31 5.31 4.51
200696 19.9 1.69 % 4.71 . 13,33 1.30 . 6.00 4.60
210696 10.02 1.69 A 300 mdiastellog2agto CSGUIPBG@,W*‘@ mggneticallyoop  4.50 *

H err]1rd [err]drbehutifrenwith gaddigfersOninipellers 24 bARYE Vessel and a liquid
catalyst injection system was used for a series of batch carbonylation

5  experiments. A gas supply to the autoclave provided from a gas ballast
vessel, feed gas being provided to maintain the autoclave at a constant
pressure and the rate of gas uptake being calculated (with an accuracy
believed to be + 1%) from the rate at which the pressure falls in the ballast
vessel.

10 At the end of the expe'riment liquid and gas samples from the

autoclave were analysed by gas chromatography.

For each batch carbonylation experiment the autoclave was charged
with typically 10 g of acetic acid. For Ru promoted reactions the solid
ruthenium promoter was also charged at this stage. The autoclave was then

15 sealed and flushed three times with carbon monoxide. After this the main
liquid charge (water, methyl acetate, acetic acid and methyl iodide was
added to the autoclave via a funnel. The autoclave was then pressurised
with carbon monoxide to a suitable pressure (see Table A) and heated with
stirring (1500 r.p.m.) to 190°C. Once stable at this temperature a small

20 amount of carbon monoxide was fed forward from the ballast vessel to give
a suitable pressure (see Table A). The catalyst solution consisting of ca.
1.30g of'a water solution of H,IrCl,, dissolved in acetic acid and water was
then added from the injection vessel using an overpressure of carbon
monoxide. The overpressure (sec Table A) was such that after injection the

25  desired reaction pressure was attained. After catalyst injection the autoclave
pressure was kept constant (£ 0.5 barg) using carbon monoxide fed from
the ballast vessel.

After gas uptake from the ballast vessel had ceased (i.e. no gas
consumed from the ballast vessel for 6 minutes) the autoclave was isolated

30  from the gas supply and the reactor contents cooled to room temperature.
The autoclave was vented and the vent gases sampled and analysed. The
liquid reaction composition was discharged from the autoclave, sampled and

was analysed for liquid products and by-products.

35
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Tablée 2 1r Onl y Experinents ~ Reaction Pressure Rat e

Rat e % sel ectivity (barg) - (mol/(l.hr.))
(mol /(1.hr.) to propionic acid @ 30% MeQAc
@5% MeOQAC and its precursors * . 10 oo -
Table A
Reaction Pressure (barg) 16 18 22 28
Room Temperature Pressure 0.5 1.3 3 6.5
(barg)
Pressure at 190°C (barg) 1o 12 |16 22
Catalyst Injection Overpressure 26 26 34 40
(barg)

Component charges are given in Table 1. Reaction rates at 30% methyl
5 acetate and 15% methyl acetate in the reaction composition and selectivity to
propionic acid precursor are given in Table 2.

The results in Figures | and 2 show that at 30 and 15% methyl acetate
concentration in the reaction composition respectively for the un-promoted
carbonylation, as total pressure, and hence carbon monoxide partial pressure, is

10 reduced, the reaction rate maxima for the graphs of rate versus water concentration
move to lower water concentration,

The results in Figures 3 and 4, show the same effect as Figures 1 and 2 but
for the ruthenium promoted system. |

The results in Figures 5 and 6 show the beneficial effect of reducing total

15  pressure, and hence carbon monoxide partial pressure, on the formation of liquid
by-products; propionic acid and its precursors ethyl iodide and ethyl acetate. Also
in Figure 3 the results show that at low water concentration (for example 1%) the
reaction rate is almost independent of total pressure, and hence carbon monoxide
partial pressure, which can be heneficial under conditions approaching total carbon

20  monoxide consumption. '

25
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1% w-w wat er *at  30% MeOAc. 3% Mel 090596 28 | 6. 01

0. 48 090596A 28 5.91

0.51 100596 = 22 9.69

0.40 130596 18.2 16. 33 i

0.32 170596 16. 4 14. 83

0.22 2. 4% wW w t(?r at 30% MeQAc.. .8% Mel,  210596A 28 15.72

0. 48 200595 me&(wgw '

0.41 170596A 18.1 20. 18

0.28 210596 Run O Autoclave 14. 75 Main Charge Catalyst Injection

0.17 4% w w water at 30%ChEEAC, FoMe! MeGAe W H,0Rt Rielat }ﬂ%ﬁ@[ 1ﬁ9§96

28 21.66  AcOH 6. 32 . soRnddx
090596 11.21 5338 60.09 - 1336 130 650 421
090596A 11.41 53.12 6003 - 1336 130  6.51 422
100596 12.71 51.78 60.00 - 1333  1.31 650 424
130596 10.64 5383 5998 - 1335 130 650 425
170596 11.77 54.08 60.05 - 13.36 1.31 5.13 422

210596A 1140 S1.50 60.48 2.25 1335 130 6.26 4.30
200596 10.02 52.63 60.46 225 1332 131 6.50 4.31
170596A 10.00 52.63 60.48 225 1335 130 6.50 430
210596 10.15 52.63 60.48 225 1334 131 6.50 430

150596 9.51 50.64 60.00 396 1336 1.30 6.51 5.00
140596 7.15 $3.03 - 60.006 396 1332 1.30 6.50 5.00
160590 7.58 5255 59.96 396 1335 1.30 6.52 5.01
170690 9.51 50.64 59.99 390 1336 130 6.50 5.00

060896  10.00 4730 60.52  6.16 1337 130 7.00 452
120896 999 4730 6051 624 1343 131 700 455 °
130896 099 4734 6052 6.19 1337 130 699 451

030790 10.00 46.34 60.00 7.55 1339 130 7.00 4.50
040796 10.00 40.37 60.05 7.55 1338 130 7.00 4.50
170796 10.02 40.37 60.04 7.56 1338 1.3] 7.00 4.50
250796 10.07 3.

4 6050 10.24 1342 131 7.02 4.50
260796 10.05 43.;

0
0 60.50 10.23 1342 131 7.00 4.50-

J ‘wd

-

230590 10.03 39.97 60.52  14.51 1338 130 7.00 4.51
050696 10.10 3999 . 06048 1451 1338 131 7.00 4.50
140690 10.00 3952 6047 1390 13.37 130 7.00 4.50

* HalrClg solution in water contains 24.39% Ir
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140596 = 22 22.53 - 8. 34 _ 0.31

160596 18.5 - 19. 40 . 7.59 0.21
170696 16.8 - 8.11 , 4. 88 0. 16
5.1% ww water at 30% MeOAc. 8% Mel 1.55% w w water- at 15% MeOAc 060896
28 20. 99 10. 2§, 0.40 120896 22
10. 13 10. 13 0. 32 130896 18 . .
11.62 9..63 0.22 6% wWw water at 30% MeOAc.
8% Mel 2. 4@6$¢d£4é¥€¥—§ﬁ 15% MeOAC 030796 28 22.32
11.52 0.52 040796 22 19. 26
11. 87 Run Autoda®4 170796 18Main Charges 13. €aalyst Injection
9.24 Charg@ 7. 7% w wAeBHerMeDA30Bk) Ok OMel 8%2M£116 4AC0FHWHyOnat er
at 30% MeQAc AcOH Ru(CO)ly
270696 11.02 1.69 51.72 60.03 - 13.37 1.31 6.50 4.26
260696 11.00 1.69 51.76  60.00 - 13.36 1.31 6.50 4.26
280696 13.60 1.69 49,13 60.12 - 13.36 1.31 6.52  4.28
040696 10.01 1.69 51.00 60.50 2.26 13.36 131 650 430
030696 10.01 1.69 51.51 6048 226 13.30 1.30 594 430
300596 10.15  1.069 51.24 60.48 226 13.34 130 602 429
120696 7.15 1.69 51.34 60.03 3.96 1340 130 6.50 5.00
070696 - 7.15 1.69 51.34 60.05 3.96 -13.39 1.30 6.50 5.01
110696 7.15 1.69 51.37 60.05 3.98 13.34 1.34 6.50 5.00
020796 13.63 1.69 4538 6043 7.37 13.66 131 4.15 476
050796 10.02 1.69 4468 60.00 7.54 13.39 1.30 7.00 4.50
080796 10.02 1.69 4472 60.00 7.55 13.40 1.31 7.00. 4.51
140896 9.99 1.69 4255 60.51 946 1335 131 _ 7.05 4.53
190796 10.05 1.69 4248 60.50 944 13.34 -1.30 7.01 4.50
160896 9.99 .69 4249  60.51 942 13.30 1.31 7.02 452
120796 10.05 1.69 4095 6050 10.81 13.41 131 7.01 4.50
090796 10.06 1.69 4092 6049 1080 13.40 1.3l 7.00 450
180796 10.05 1.69 4095  60.60 10.81 13.42 131 7.03 4.50
110796 10.05 1.6Y 3935 6050 1231 1344 132 7.01 4.50
150796 10.05 1.69 3995 6050 1231 1345 1.32 7.02 4.50
240796 10.00 1.69 3ou4 6050 1241 13.38 1.3! 700 441
180696 10.558 1.6Y 3932 6047 1391 13.36 1.30 5.31 450
160796 10.56 1.69 3842 6049 14.50 13.36 131 531 4.51
200696 199  1.69 2040 6053 1471 13.33 1.30 6.00 460
210696 10.02 1.69 3820 6048 14.50 13.35 1.30 7.00 4.50

* HylrClg, solution in water contains 24.39% Ir
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- 950796 28" 19.73 ' 11.98 0. 60

260796 22 _ 16.40 _ 10. 64 o 0. 46
14 Tabl e 2 conti nued 10. 4% w w wat er at 30% MeQAc, 8% Mel
13 I
Table 2

Ir Only Experiments

Reaction Pressure Rate Rate % selectivity
(barg) (mol/(L.hr.)) (mol/(1.hr.) to propionic acid
@ 30% MeOAc @15% MeOAc  and its precursors *

1% w/w water at 30% MeOAc, 8% Mel

0.48

090596 28 6.01

090596A 28 5.91 0.51

100596 22 .69 0.40

130596 18.2 16.33 0.32

170596 164 14.83 0.22

2.4% w/w water at 30% MeQAc, 8% Mel

210596A 28 1572 0.48

200595 22 18.25 ' 0.41

170596A 18.1 20.18 0.28

210596 17.0 14.75 : 0.17

4% wiw water at 30% MeOAc, 8% Mel

0.5% w/w water at 153% MeOAc

150596 28 21.66 _ 6.32 0.44

140596 22 22.53 8.34 0.31

160596 18.5 ~ 19.40 7.59 0.21

170696 16.8 8.11 4.88 0.16

5.1% w/w water at 30% MeOAc. 8% Mel '

1.55% w/w water at 15% MeQAc

060896 28 20.99 10.28 0.40

120896 22 16,13 : 10.13 0.32

130896 18 11.62 9.63 0.22

6% w/w water at 30% MeQAc, 8% Mel

2.4% w/w water at 15% MeQAc¢

030796 28 2232 11.52 ' 0.52

040796 22 19.26 11.87 0.34
170796 18 13.56 9.24 0.20

7.7% w/w water at 30% MeQAc, 8% Mel :

4.0% whv water at 30% McOAc

250796 28 18.73 . 11.98 0.60

2060796 22 16.40 10.64 0.46

This is the réplacement sheet
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- 6.6%Ww water at 15% MeQAC 230596 28 14. 83

11. 38 ' : 0.20 050696 22 : 11. 68
9.49 0.18 140696 19 . 7.74
7.03 0.14 I r/ Ru Experinments -‘Reacti on Pressure
Rat e - Rat e "% sel qgtivity - (barg)
(mol /(1.hr.)) (mol /(1.hr.) to propionic acid - _
@ 30% MeOAC Tabl%S% g@%c and its precursors * 1% w w water at 30%
MeQAc, 8% Me 28 16. 50
0.29 260696 22 - - 18.58
0.24 10.4% w/w water at 30% MeOAc, 8% Mel
6.6% w/w water at 15% MeQAc
230596 28 14.83 - 11.38 0.20
050696 - 22 11.68 - 9.49 0.18

140696 19 174 - : 7.03 0.14

Ir/Ru Experiments

Reaction Pressure Rate _ Rate % selectivity
(barg) (mol/(l.hr.)) (mol/(l.hr.) to propionic acid
@ 30% MeOAc .  @15% MeOAc  and its precursors *

1% wiw water at 30% MeOAc, 8% Mel

270696 28 16.50 : 0.29
260696 22 18.58 0.24
280696 18.0 - 1838 - . 0.19

2.4% w/w water at 30% MeOAc. §% Mel

040696 28 2283 0.36
030696 22 23.54 0.30
300596 18.0 22.00 0.21
310596 18.0 23.19 0.21
4% w/w water at 30% MeOAc, 8% Mel
0.5% w/w water at 15% MeOAc, 7.6% Mel
120696 28 33.5 6.44 0.29
070696 22 - 32.39 7.19 0.29
110696 18.2 26.21 10.64 ' 0.19
6% w/w water at 30% MeOAc, 8% Mel
2.4% wihw water at 1 5% MceQAc, 7.6% Mel _
020796 28 38.47 20.93 0.36
050796 22 34,01 20.50 ' 0.27
080796 18 23.29 -~ 18.48 0.20
71.2% wiw water at 30% MeQAc, 8% Mel

- 3.5% w/w water at 5% MeQOAc, 7.0% Mel
140890 28 3R 27.61 ' 0.46
190796 22 RN 26.59 0.26
160890 18 69| 17.09 0.19
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280696  18.0 18. 38 | 0.19

2. 4% w w water at 30% MeQAc. 8% Mel 040696 28 22. 83
0.36 030696 22 23. 54
0.30 300596 18 22.00- 15
0.21 310596 18.0 23.19 -
0.21 4% W fMebebnfhued0% MOAC. 8% Mel  0.5% w w water at 15% MeQAc, 7.6%
Mel 120696 — 28 33.54 6. 44
0.29 070696 22 : 32. 39 7.19
0.29 110696 10. 64
0.19 6% W S/0NMAS 2 2207 2. 4% w w water at 15% MeQAc, 7 (%
Mel ) 0207964.4% water at ]5% MeOAc 6 Mel - 20.93 '
0. 36 120796 28 33.64 24.97 041
090796 22 28.46 B 27.51 0.26
180796 18 17.91 _ 18.38 _ 0.18
9% w/w water at 30% MeOAc, 8% Mel
3.2% wiw water at 15% MeQAc, 7.6% Mel
110796 28 28.08 24 .47 0.26
150796 28 27.74 - 21.68 0.37
240796 22 22.26 - : 21.93 0.21
10.0% w/w water at 30% MeOAc, 8% Mel
6.3% w/w water at 15% MeOAc, 7.6% Mel _
180696 28 25.40 22.03 0.27
10.4% w/w water at 30% MeOAc, 8% Mel
6.6% wiw water at 15% MeOAc, 7.6% Mel
160796 28 23.77 21.65- 0.30
200696 22 15.08 16.86 0.12

- 210696  18.0 9.18 - 11.20 -0.10

(* Based on MeOAc consumed. Precursors are ethyl iodide and ethyl acetate)
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- 050796 °
080796

22 ' 34. 61 20. 50 0.27

23.29 18. 48 - 0.20

7.2% wW w-wat er at 30% MeQAc, 8% Mel 3.5% w w water.at 15% MeOAc, 7.6% Mel

140896
190796
160896

10

15

20

N
“t

38. 23 - 27.61 o 0. 46
31.65 26. 59 . 0. 26
16. 91 - 17. 09 ' 0. 19
16
Claims:
1. Process for the production of acetic acid which pracess comprises (1)

continuously feeding methanol and/or a reactive derivative thereof and carbon
monoxide to a carbonylation reactor containing a liquid reaction composition
comprising an iridium carbonylation catalyst, methyl iodide co-catalyst, a finite
concentration of water, acetic acid, methyl acetate and, optionally at least one
promoter; (2) carbonylating the methanol and/or reactive derivative thereof with
the carbon monoxide in the liquid reaction compaosition to prod'uce acetic acid; and
(3) recovering acetic acid from the liquid reaction composition, there being
continuously maintained (h) in the liquid reaction composition water at a
concentration of no greater than 4.5% by weight, and (b) in the reactor a carbon
monoxide partial pressure in the range tfrom greater than 0 to 7.5 bar.

2, A process as claimed in claim 1'in which there is continuously maintained in
the liquid reaction compasition throughout the course of the reaction a water
concentration of no greater than 3 % by weight.

3. A process as clanmed in claim | or claim 2 in which there is continuously
maintained in the liquid reaction composition throughout the course of the reaction
a water cancentration of at least 0.1 % by weight.

4, A process as claimed in claim 3 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction a water
concentration of at least 0.5 % by weight.

5. A process as claimed in any one of the |5|'ecedix\g claims in which there is
continuously maintained in the liquid reaction composition throughout the course
of the reaction methyl acetate at a concentration in the range 2 to 50 % by weight.
6. A process as claimed in claim S in which there is continuously maintained in

the liquid reaction composition throughout the course

This is the replacement sheet
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Tabl € 2 ‘continued 8% w w water at 30% MeOAc, 8% Mel 4.4% w w water at 15%

MeQAcm 7.6% Mel 120796 28 33.64 24. 97

0.41 090796 22 28. 46 27.51

0.26 180796 18 17.91 17 -18.-38

0.18 9% w w water at 30% MeQAc, 8% Mel 5.2% w w water at 15% MeQAc, 7.6%
Mel 110796 28 28. 08 ' 24. 47 0. 26

%ig;gg gg of the reaction %geéﬂyg acetate at a concentratio§ %n g% range 5 to 50 % by weiggt:. :23;
10. 0% w w wat er 7at  3@opmoeeses cBvaddn claind bimmwhichshere isatontibgousty@aintained i Vel
the liquid reaction composition throughout the course of the reaction methyl
* acetate at a concentration in the range 5 to 40 % by weight.

S 8. A process as claimed in claim 7 in which there is continuously maintained in
the liquid reaction composition throughout the course of the reaction methyl
acetate at a concentration in the rahge 10 to 40 % by weight.

9. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the liquid reaction composition throughout the course

10 of the reaction methy! iodide at a concentration in the range 4 to 16 % by weight.

10. A process as claimed in any one of the preceding claims wherein the iridium
carbonylation catalyst is present in the liquid reaction composition at a
concentration in the range 400 to 5000 |5p|11. '

I1. A process as claimed in any one of the preceding claims wherein the iridium

15 carbonylation catalyst is present in the quhid reaction composition at a

concentration in the range 700 to 3000 ppm.

12. A process as claimed in any one of the preceding claims in which the at
least one promoter is selected trom the group consisting of ruthenium, osmium,
rhenium, and tungsten.

20 13. A process as claimed in claim 11 in which the molar ratio of

promoter:iridium is [0.5 to 15]:1. _

14. A process as claimed in any one of the preceding claims in which there is
continuously maintained in the reactor throughout the course of the reaction a
carbon monoxide partial pressure in the range 0.6 to 7.5 bar.

25 15, . Aprocess as claimed in any one of the preceding claims in which there is
continuously maintained in the reactor throughout the course of the reaction a
hydrogen partial pressure of less than 0.3 bar.

16. A procéss as claimed in claim 1 in which there is continuously maintained in
the liquid reaction compuosition throughout the course of the reaction about 0.5 to

30 2.5 % by weight water, about 8 % by weight methyl iodide co-catalyst, about 15 %
methyl acetate, iridium catalyst at a concentration in the range 400 to 3000 ppm,
ruthenium promoter at a concentration in the range 400 to 4000 ppm and the
balance of the reaction composition comprising substantially acetic acid.

This is the replacement sheet
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.~ 180696 * 28 - 25. 40 R 22.03 0.27
10. 4% w w wat er at 30% MeQAc, 8% Mel:-"6: 6% w w wat er at 15% MeQAc, 7.6% Mel

160796 28 . 23.77 g 21. 65. 0. 30
200696 22 15. 08 ' ' 16. 86 0.12
210696 18.0 9.18 - 11. 20 0.10

(* Based on MeQAc consuned. Precursors are ethyl iodide and ethyl -acetate)

18

ABSTRACT
IRIDIUM CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID
A process for the production of acetic acid comprises (1) continuously
feeding methanol and/or a reactive derivative thereof and carbon monoxide to a
carbonylation reactor containing a liquid reaction composition comprising an -
iridium carbonylation catalyst, methyl iodide co-catalyst, a finite concentraﬁbn of
water, acetic acid, methyl acetate and, optionally at least one promoter, (2) -
carbonylating the methanol and/or reactive derivative thereof with the carbon
‘monoxide in the liquid reaction composition to produce acetic acid; and (3)
recovering acetic acid from the liquid reaction composition, there being
continuausly maintained () in the liquid reaction composition water at a
concentration of no greater than 4.5% by weight, and (b) in the reactor a carbon
monoxide partial pressure in the range from greater than 0 to 7.5 bar. |

No_ figure
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1. " Process for the production of acetic acid which process conprises (1)
continuously feeding nethanol and/or a reactive derivative thereof and
car bon nonoxi de to a carbonyl ation reactor containing a liquid
reacti on conposition conprising an iridiumcarbonylation catalyst,
met hyl iodide co-catalyst, a finite 5 concentration of water, acetic
acid, nethyl acetate and, optionally at |east one pronoter; (2)
car bonyl ati ng the nethanol and/or react 2/ derivative thereof with
t he carbon nonoxide in the liquid reactidn” conposition to produce acetic
acid; and (3) recovering acetic acid fromthe liquid reaction
conposition, there being - continuously maintained (a) inthe liquid
reaction conposition water at a 10 concentration of no greater than 4.5%
by wei ght, and (b) in the reactor a carbon nonoxi de partial pressure
in the range fg,om ggeat ethan 0Po 7.5 bar. 2. "A process as
clainmed in cl 1&g n whech the[_gis continuously maintained in t he
liquid reacti gl ceaposi gron thremwghout the course of the reaction a water
concentration ¢gf gre r thaf;3% by wei ght. 15 3. A process as
clainmed in cl gbm im2i ich there is continuously <
mai ntai ned in e Iliquidireactiop conposition. throughout the idﬁr se of the
i i
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4, S\ process as claimed in claim3 in which there is continuously

mai ntai ned in the liquid reaction conposition throughout the course
of the reaction a water 20 concentration of at |least 0.5 % by wei ght.
5. A process as clained in any one of the preceding clains in which
there is continuously maintained in the liquid reaction conposition
t hr oughout the course of the reaction nethyl acetate at a
concentration in the range 2 to 50% by i ght . 6. A process as
claimed in claim5 in which there is ¢ nuously mai ntained in 25 t he
i quid reaction conposition throughout the course
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of tHe reactlon met hyl acetate at a concentration in the range 5 to 50 % by

wei ght . 7. A process as claimed in claim6 in which there is
continuously maintained in the liquid reaction conposition throughout
the course of the reaction nethyl acetate at .a concentration in the
range 5 to 40 % by weight. 5 8. A process as clained in claim7 in
whi ch there is continuously maintained in - the liquid reaction

conposi tion throughout the course of th action nethyl - acetate at a
concentration in the range 10 to 40 % by ‘wei ght. 9. A process as

claimed in any one of the preceding clains in which there is
continuously maintained in the liquid reaction conposition throughout the

course 10 of the reaction nethyl iodide at a concentration in the range
4 to 16 % by wei ght. 10. A process as clained in any one of the
precedi ng cl ains whergin the &nidium carbonyl ation catalyst is
present in the Iiquidg?eactionaconpositfpn at a concentration in the
range 400 to 5000 ppos 1. A pfbcess as clained in any_gne of the
preceding clains wheeain the ¢\idiuml carbonyl ation catafysl is
present in the liqui §Yeacti o conpositfon at a concentfdation in the
range 700 to 3000 ppm\ - § s R Lo '
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12, - A“procéss as claimed in any one of the preceding clains in which the

at | east one pronoter is selected fromthe group consisting of

rut henium osmum rhenium .and tungsten. 20 13. A process as
claimed in claim1l in which the nolar ratio of . promoter:iridiumis
[0.5 to 15]: 1. 14. A process as clained in any one of the
preceding clains in which there is’ continuously maintained in the
react or throughout the course of the EF tion a car bon nonoxi de
partial pressure in the range 0.6 to. bar. 25 15. A process as

claimed in any one of the preceding clains in which there is
continuously nmaintained in the reactor throughout the course of the

reaction a hydrogen partial pressure of |less than 0.3 bar. 16.
A process as clained in claim1 in which there is continuously naintained
in the liquid reaction conposition throughout the course of the
reaction about 0.5 to 30 2.5 % by weight water, about 8 % by wei ght

net hyl iodide co-catalyst, about 15 % nmet hyl- acetate, iridium

catal yst at a concentration in the range 400 to 3000 ppm rut heni um

pronoter at a concentration in the range 400 to 4000 ppm and the
bal ance of the reaction conposié%on conprising substantially acetic acid.
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