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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, methyl iodide co-catalyst and a promoter.
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,
EP-A-0657386 and WO-A-95/31426
WO-A-95/31426 discloses a process for the production of carboxylic acids

or their esters having (n+1) carbon atoms by the liquid phase reaction of carbon
monoxide with at least one alcohol having (n) carbon atoms in the presence of a
catalytic system based on a compound of iridium and a halogen co-catalyst. The
process is characterised by maintaining in the reaction medium water in a volume
between greater than 0 and 10%, typically between 0.5 and 8%, preferably between
2 and 8%; the ester corresponding to the carboxylic acid and the alcoholin a |
volume varying between 2 and 40%; and iodides in soluble form of such a nature
that the atomic ratio of the iodides to iridium is between greater than 0 and 10,
typically between greater than O and 3, preferably between greater than 0 and 1.5.
The volume of halogen co-catalyst in the reaction medium is between greater than
0 and 10%; typically between 0.5 and 8%, and preferably between 1 and 6%.
Suitable iodides include alkaline earth metal and alkali metal iodides, and
speéiﬁcally lithium iodide. The process of WO-A-95/31426 is otherwise
unprorhoted.

- 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, methyl acetate and a
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"Rl f)l M 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 the

presence of an iridiumcatalyst, nethyl iodide co-catalyst and a pronoter.
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- ApldifidtepSbledrdt floMGheiim dnt-odmifed.SB&th alPcdtiDGddklkPeriments
EP- A- 0657386 and V\D-

process for t e §556d : %ﬁé‘%‘%’g]ﬁg dhs sEpHoys eéB?'EV}\lg%n%g fh witer conSAntiBtioR s
low as 6.8 % by weight. B
Our published European Patent Application No. 0752406 filed on 18.04.96
5  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 comprising an
iridium carbonylation catalyst, methyl iodide co-catalyst, a finite concentration of
water, acetic acid, methyl acetate and at least one promoter; (2) contacting the
10  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 there is continuously
maintained in the liquid reaction compositioh throughout the course of the reaction
(a) water at a concentration of no greater than 6.5 % by weight, (b) methyl acetate
15  ata concentration in the range 1 to 35 % by weight and (c) methyl iodide at a
concentration in the range 4 to 20 % by weight.
In the promoted processes of EP-A-0643034 and European Application
No. 96302734.7 it is said that ionic contaminants such as, for example, (2)
corrosion metals, particularly nickel, iron and chromium and (b) phosphines or
20  nitrogen-containing compounds or ligands which may quaternise in situ should be
keptto a minimum in the liquid reaction composition as these will have an adverse
effect on the reaction by generating I” in the liquid reaction composition which has
an adverse effect on the reaction rate. Similarly, it is said, contaminants such as
alkali metal iodides, for example lithium iodide, should be kept to a minimum.
25 In WO-A-96/237757 which is directed to the preparation of iridium
carboxylates and their use in inter alia carbonylation reactions, the use of

promoters not being mentioned, it is stated in contrast to WO-A-95/314326 that
alkaline or alkaline earth ions are preferably eliminated, since their presence may
have a harmful influence on the kinetics and selectivity of subsequent reactions in
30  which the iridium carboxylate will be used as catalyst.
There remains a need for an improved iridium-catalysed promoted
carbonylation process. _
The technical problem is solved by the use in an iridium-catalysed promoted
carbonylation process of a liquid reaction composition defined in terms of water
35  composition and containing a co-promoter selected from alkali metal iodides,
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~«0r theéir esters having (n+l1l) carbon atons by the |iquid phase reaction of

" carbon 10 nonoxi de with at |east one algohol having (n) carbon atons in

t he presence of a catal ytic system based on a conpound of iridium and
a hal ogen co-catal yst. The process is characterised by maintaining in
t he reaction nmediumwater in a vol une bet ween greater than 0 and 10%
typically between 0.5 and 8% preferably between 2 and 8% the ester
corresponding to the carboxylic acid and the alcohol in a 15 vol une

varying bet m%ﬂcaﬂn@%lﬂi@%de@@ﬂ’etél%h?fé‘teé& Hh‘é?k&efrﬁfn?"l@fsaﬁy%aﬁlewt ure
that the atom c ratio_of ihe iodi to iri ween greater than O

and 10, geperating Iy andomixbuss of e rmensd eran‘land 3, preferably between
greater than 0 and Alco'érdmgly the pFegny@bertionProviadsagmoces farahapssluction she

0.5 and 8% adils it EP B SO R RSt Aiihn monovits ROl Eho/b FEGRI Prcl e
al kal i ne eArt Werwatie therdofin laaarbonpatidn reactiod esntaining a liquid reagmmi fi cal | y
lithium i_-Odi d&ompBitiBh 865 5sifd an'fiafin? 24rBdfiAftionTaliyiE MR iodide co-UNPY orot ed.
- catalyst, a finite concentration of water, acetic acid, methyl acetate and at least one
promoter wherein the water concentration is at or below that at which the
maximum in the graph of carbonylation rate versus water concentration occurs and

10 there is employed in the liquid reaction composition a co-promoter selected from
alkali metal iodides, alkaline earth metal iodides, metal complexes capable of
generating I", salts capable of generating I-, and mixtures of two or more thereof.

The process of the present invention provides several technical advantages.
Thus, the requirement for using an ion exchange resin bed for the purpose of

15  treating the liquid reaction composition to remove corrosion metals, alkali and/or
alkaline earth metal contaminants may be reduced.

The increased carbonylation rate at the low water concentration of the
present invention may allow operation at a reduced iridium catalyst concentration
whilst maintaining the rate of cafbonylation. This has benefits of reduced

20  production rate of by-products such as propionic acid. -

The rate of production of by-products propionic acid, methane, hydrogen
and carbon dioxide may be reduced.

Increased catalyst and promoter stability, particularly at low water
concentrations, may also be advantageously achieved.

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

30  liquid reaction composition. Water may be separated from other components of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction
composition.

With reference to the aforesaid published European Application No.

35 0752406 the rate of the carbonylation reaction is said to increase as the water
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‘EP- A- 0643034 describes a process for the carbonyl ati-on of nethanol

and/ or a reactive derivative thereof in t4he presence of acetic acid, an
iridium 25 catal yst, nmethyl iodide, at least a finite concentration of
wat er, nmethyl acetate and a

2 pronot er sel ected fromrutheniumand osm um Batch and conti nuous
experinments are described therein. In the continuous experinents the
wat er concentration is as | ow as 6.8 % by wei ght .

concentration in the liquid reaction composition is reduced from a concentration of
greater than 6.5% by weight, passes through a maximum at a water concentration
of no greater than 6.5% by weight and then declines as very low water 3
concentrations are approached. In Figure 8 of the aforesaid application there isa

5  plot of reaction rate versus water concentration which clearly shows a maximum.
The water concentration at which the carbonylation rateis a maximum is said to
increase as the concentration of methyl acetate in the liquid reaction composition is
increased. It is believed that the water concentration at which the carbonylation
rate is a maximum decreases as the concentration of methyl iodide in the liquid

10 reaction composition is increased. For the purpose of the present invention the
water concentration in the liquid reaction composition is preferably maintained
below 6%, more preferably below 4.5% by weight. Operating at such a low water
concentration according to the present invention gives rise to the advantage that
recovery of acetic acid from the reaction composition withdrawn from the

15 carbonylation reactor is facilitated 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.

In the process of the present invention, suitable reactive derivatives of

20  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

- required to produce acetic acid. At least some of the methanol and/or reactive

25  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
% by weight, more preferably 5 to 40% by weight.

30 In the process of the present invention, the concentration of methyl iodide
co-catalyst in the liquid reaction composition is suitably in the range from 1 to 30%
by weight, preferably in the range from 1 to 20% by weight.

An advantage of achieving high carbonylation rates at low methyl iodide
and water concentrations by the addition of co-promoters according to the present

35 invention may be reduced corrosion, an alternative method of increasing the rate
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Qur .publ | shed European Patent Application No. 0752406 filed on 18.04.96 5
di scl oses a process for the production ofsacetic acid conprising (1)

conti nuously f eedi ng net hanol and/or -a reactive derivative thereof
and carbon nonoxide to a carbonyl ati on reactor which contains a

| iquid reaction conposition conprising an i ridium carbonyl ati on

catal yst, nethyl iodide co-catalyst, a finite concentration of wat er,

acetic acid, nmethyl acetate and at |east one pronoter; (2) contacting the

10 met hanol b%ﬂxg/ternnc"r@ﬁémevlﬁetﬁﬂﬁbd’l&é bdr?ceﬂt‘i‘ﬁfo%%hx&ﬂ t4h dallGe iR&feR@R monoxi de

in the liquid reaction conposition to produce acetic acid; and (3)
recovering ac&OMesigdi d from the |iquid reacti on conposition

characterised in thakhd ﬂsr@e&s 3 tlféQﬁédeﬂtJﬂU&{thén the 1r1dlﬁmlc€fb%h9lﬁﬂoﬂ catilhg id i qui d
O oD B B £ 850 ok s RSB el 11
15 at a &ondéftto 500@ppmméahged asyidivin,tpref8fablp 1byhamng¢'|50(hjrmd5_ Q0O)ppnet hyl
0L B ey SISO B s A0SO il
mdxum In the process of the present invention, 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 -
10  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
composition or is convertible to a soluble form. Examples of suitable iridium-
containing compounds which may be added to the liquid reaction composition
15 include IrCl3, Irl3, IrBr3, [Ir(CO);1]9, [Ir(CO),Cl]3, [Ir(CO)9Brly, [Ir(CO)2In]-
H*, [Ir(CO),Bro]-H, [I(CO)l41"HT, [Ir(CH3)I3(CO)]"HY, Irg(CON 2,
IrCl3.3H70, IrBr3.3H70, Irg(CO}j 7. iridium metal, IrpO3, IrO2, Ir(acac)(CO)y,
Ir(acaé)3, iridium acetate, [Ir30(0Ac)g(Hp0)31[OAc], and hexachloroiridic acid
[HaIrClg], preferably, chloride-free complexes of iridium such as acetates, oxalates
20  and acetoacetates which are soluble in one or more of the carbonylation 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.
In the process of the present invention one or more promoters are present
25  in the reaction composition. Suitable promoters are selected from ruthenium,
osmium, tungsten, rhenium, 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 an effective amount up
to the limit of its solubility in the liquid reaction composition and/or any liquid
30  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 to iridium of [0.5 to 5]:1, preferably [2 to 10]:1, more
preferably [2 to 7.5]:1. A suitable promoter concentration is 400 to 5000 ppm.
The promoter may comprise any suitable promoter metal-containihg
35  compound which is soluble in the liquid reaction composition. The promoter may
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[Ru?CO)ZIZ]n?PRu(COMIz] [Ru(CO)3Iz % ¥etra acetogc ororuthemum(II IIT),

ruthenium (I1I) acetate, tuthenium (III) propionate, ruthenium (III) butyrate,
ruthenium pentacarbonyl, trirutherniumdodecacarbonyl and mixed ruthenium -
halocarbonyls such as dichlorotricarbonylruthenium (II) dimer,
dibromotricarbonylruthenium (II) dimer, and other organoruthenium complexes
such as tetrachlorobis (4-cymene)diruthenium(II),
tetrachlorobis(benzene)diruthenium(Il), dichloro(cycloocta-1,5diene) ruthenium
(IT) polymer and tris(acetylacetonate)ruthenium (III).

Examples of suitable osmium-containing compounds which may be used as
sources or promoter include osmium (III) chloride hydrate and anhydrous, osmium
metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)412], [Os(CO)312]2,
[0s(C0)313]"H+, pentachloro-p-nitrodiosmium and mixed osmium halocarbonyls
such as tricarbonyldichloroosmium (II) dimer and other organoosmium complexes.

| Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WClyg, WClg, WBr5, Wlp, or  CoHjo
W(CO)3 and any tungsten chloro;,bromo- or iodo-carbonyl compound.

Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Rep(CO)j0, Re(CO)sCl, Re(CO)5Br, Re(CO)sl,
ReCl3.xH70, [Re(CO)4l]y, Re(CO)4lo]-H and ReCls.yH,O.

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

Examples of suitable mercury-containing compounds which may be used as
sources of promoter include Hg(OAc),, Hgly, HgBry, HgCly, Hgolp, and
Hg,Cly. '

'Examples of suitable zinc-containing compounds which may be used as
sources of promoter include Zn(OAc);, Zn(OH)y, Znly, ZnBry, ZnCly and zinc
acetylacetonate. |

Examples of suitable gallium-containing compounds which may bé used as
sources of promoter include gallium acetylacetonate, gallium acetate, GaCls,

. There

-
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‘car bohyl ati on process. The technical problemis solved by the
use in an iridiumcatal ysed pronoted 7 carbonyl ation process of a
liquid reaction conposition defined in terns of water 35 conposition and
containing a co-pronoter selected fromal kali netal iodides,

3 al kaline earth iodides, netal conpl exes capable of generating
I[err], salts capable of generating I[err], and m xtures of two or
nor e t her eof

GaBr3, Gal3, GayCly and Ga(OH)3. ]

Examples of suitable indium-containing compounds which may be used as
soui'ces of promoter include indium acetylacetonate, indium acetate, InCl_;_:,, InBrs,
Inl3, Inl and In(OH)j3.

5 There is employed in the liquid reaction composition a co-promoter
selected from alkali metal iodides, alkaline earth metal iodides, metal complexes
capable of generating I-, salts capable of generating I', and mixtures of two or -
more thereof. Suitable alkali metal iodides include lithium iodide. Suitable alkaline
earth metal iodides include calcium iodide. Suitable metal complexes capable of

10  generating I include complexes of the lanthanide metals, for example, lanthanum
and cerium, and nickel, iron, aluminium and chromium, typically Al(OAc)(OH)
and Ce(OAc)s. hydrate. Salts capable of generating I include, for example,
acetates which are capable of conversion in-situ to I" and organic salts, such as
quaternary ammonium iodides and phosphonium iodides, which may be added as

15  such. A preferred co-promoter is lithium iodide. |

The co-promoter selected from alkali metal iodides, alkaline earth metal
iodides, metal complexes capable of generating I, salts capable of generating I-,
and mixtures of two or more thereof, is suitably present in amounts such that it is
effective in increasing the carbonylation rate. The amount of such co-promoter

20  introduced to the liquid reaction composition should be selected to take account of
the presence of I from other sources because it is believed that an excessive
amount of I" in the liquid reaction composition may be detrimental. Using lithium
as the co-promoter at a ruthenium to iridium molar ratio of about 2:1, the molar
ratio of lithium to iridium may-suitably be in the range {0.1 to 2]:1, preferably in

25  therange [0.5to 1.5]:1. Similar ranges may also be used for the quaternary
ammonium and phosphonium iodide co-promoters. At high molar ratios of
ruthenium to iridium, e.g. 5:1 or greater, still higher ratios of lithium may be
employed and a bromotional effect obtained. Typically, for example when using
lithium as the co-promoter when the ruthenium to iridium molar ratio is about [2:1]

30 the molar ratio lithium to iridium is suitably in the range [0.5 to 1.5]:1. Uncertainty
regarding, amongst other factors, the oxidation state of the metal centre in the
reaction solution render it difficult to specify suitable concentration rangés for
other sources of jodide ions. -Typically, however for divalent and trivalent metal
salts a suitable co-promoter range may be [0.1 to 1]:1 molar equivalents to iridium

35  with a promoter ratio of [2 to 10]:1 molar equivalents to iridium.
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Accordingly the present invention provides a process for the production of
acetic acid by carbonylating with carbon gronoxi de net hanol and/or a
reactive 5 derivative thereof in a carbonylation reactor containing a
liquid reaction conposition conprising an iridium carbonyl ation
catal yst, nethyl iodide co- catalyst, a finite concentration of

wat er, acetic acid, nethyl acetate and at | east one pronoter wherein
the water concentration is at or below that at which the maxi mum i n

t Ee graph of carbormpeahibon nicHoRideGEfetit WAy BE essenialIRtpupd dranayesntgis irmd 10
from - o ar Rapfted us Sl diotsg TR aarbheatf B e ey B
conpl exes cap#&l paraffinic hydrocarboas. aTherygresenee of hydsegensn teatbop ménoxideer at i ng
LTt ond TRyt s SRS S At ot s ot Dot o
the requi r&neifs presenagsnaygrest indhe Exmationel hydsogengian predudth dhysthese of 15
treating the binguhCofi§arddeRh HRFRMDhindHAxIde réRIMY R prefefaB 1843 thli Rhfol al kal |
and/ or %,@éé%?efg%uyqesﬁﬁg 0. ?rpotl %nat?f %t ?norlrg\t;re?eeralgl)? elég gh%'n 0.3 mol
% and/or the partial pressure of hydrogen in the carbonylation reactor is preferably
less than 1 bar partial pressure, more preferably less than 0.5 bar and yet more
10  preferably less than 0.3 bar. The partial pressure of carbon monoxide in the
reactor is in the range greater than 0 to 40 bar, typically from 4 to 30 bar.
The total pressure of the carbonylation reaction is suitably in the range 10
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,
15  preferably in the range 150 to 220 °C. .
The process of the present invention may be performed as a batch or as a
continuous process, preferably as a continuous process.
The acetic acid product may be recovered from the liquid reaction
composition by withdrawing vapour and/or liquid from the carbonylation reactor
20  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
fractional distillation stages in which the acetic acid is separated from the other
25  components of the liquid reaction composition such as iridium catalyst, methyl -
iodide co-catalyst, promoter, methyl acetate, unreacted methanol and/or reactive
derivative thereof, 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 iridium catalyst during the acetic acid product recovery
30  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. '
The invention will now be illustrated by way of example only and with

reference to the following examples and Figures 1 to 5 which represent in graph
35 form, the carbonylation rate at different water concentrations for ruthenium '

//"_.
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‘The ihcreased carbonylation rate at the | ow water concentration of the
present invention may all ow operation at ¢ reduced iridium catal yst

concentration whi |l st maintaining the-rate of carbonylation. This has
benefits of reduced 20 production rate of by-products such as propionic
acid. The rate of production of by-products propionic acid,
nmet hane, hydrogen and carbon di oxi de nmay be reduced.

I ncreased catal yst and pronoter stability, particularly at | ow water

concentrati ongrofEéd ?éa%ﬂo&edt %ﬁ?@éﬂtm SoddSE1d RURA-acétdte concentrationd/at €r  may

be formed in situ in the |qU| reactlon co 05|t|on for : exanpl e, by
the esterifica™ 1Dese ; DY PR ' and acetic acid

product. Smal |- aﬁDlMIécp@ﬁmBﬂkWeréTpetfcﬁh\%@uhﬁgﬁBOdhtﬂQﬁcdﬁ)iunh)&dfdmmaat i on of

ot hanol  t h f. Mat dito.th
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the 30 ti§ui dauab'annjeommfanqhgsartdl aooling/eilsr Angas supplsé@dmugwlwemt her

components of grovided from a ballast vessel, feed gas being provided to maintain the autoclave at

a constant pressure. The rate of gas uptake at a certain point in a reaction run was
used to calculate the carbonylation rate, as number of moles of reactant consumed
per litre of cold degassed reactor composition per hour {mol/l/hr}, at a particular

10  reactor composition (reactor composition based on a cold degassed volume).

The methyl acetate concentration was calculated during the course of the
reaction from the starting composition, assuming that one mole of methyl acetate is -
consumed for every mole of carbon monoxide that is consumed. No allowance
was made for organic components in the autoclave headspace.

15 For each batch carbonylation experiment the catalyst, H2IrClg, dissolved
in a portion of the acetic acid / water liquid reactor charge, was charged to the
liquid injection facility. The reactor was then pressure tested with nitrogen, vented
via a gas sampling system, and flushed with carbon monoxide several times (3 x 3-
10 barg). If a promoter or additive was used this was placed in the autoclave and

20  covered with a portion of the acetic acid charge (ca. 10g) prior to the pressure test.
The remaining liquid components of the reaction composition were charged to the
autoclave via a liquid addition port. The autoclave was then optionally pressurised
with 5 barg of carbon monoxide and slowly vented. The autoclave was then
pressurised with carbon monoxide (typically 6 barg) and heated with stirring (1500

25  rpm) to reaction temperature, 190°C. The total pressure was then raised to '
approximately 3 barg below the desired operating pressure by feeding forward
carbon monoxide from the ballast vessel. Once stable at temperature (about 15
minutes) the catalyst was injected using an over pressure of carbon monoxide. The
catalyst injection facility has an efficiency of > 90%. The reactor pressure was

30 maintained at a constant value (& 0.5 barg) by feeding gas from the ballast vessel
throughout the experiment. Gas uptake from the ballast vessel was measured
using datalogging facilities throughout the course of the experiment. The reaction
temperature was maintained within + 1°C of the desired reaction temperature by
means of a heating mantle connected to a Eurotherm (Trade Mark) control system.

35  Inaddition, excess heat of reaction was removed by means of cooling coils. Each

_
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reaction conposition withdrawn fromthe reactor and may be recycled in

controll ed

anopunts to maintain the reequired concentration of water in

the liquid reaction conposi tion. Wth reference to the
af oresai d published European Application No. 35 0752406 the rate of the
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carbonyl ation reaction is said to increase as the water

run was conducted until the gas uptake had ceased, i.e. until less than 0.1 bar per
minute of gas was consumed from the ballast vessel. The ballast vessel was then
isolated and the reactor crash cooled by use of the cooling coils. B
H)IrClg (aqueous solution) was supplied by Johnson Matthey. The acetic acid
was obtained from carbonylation of a mixed methanol/methyl acetate feedstock and
contained very low amounts of propionic acid and its precursors. Methyl acetate,
water and methyl iodide were supplied by Aldrich. [Ru(CO)412] was synthesised
from [Ru3(CO)12] (STREM Chemicals) and iodine (Aldrich). Chromium (III)
iodide, gallium (III) iodide, indium (III) iodide and iron (II) iodide were supplied
by STREM Chemicals. Charge compositions are given in Table 1.
EXAMPLES 1 to.13 and EXPERIMENTS A toJ

‘The general procedure described hereinabove was employed. The charge

composmons are given in Table 1.

Experiments A to J are not according to the present invention for the
reason that either no promoter was employed or no co-promoter was employed or
the water concentration was above that at which the maximum in the graph of
carbonylation rate versus water concentration occurs.

Experiments D and Examples 1 and 2 in Table 2 demonstrate the effect of
the addition of chromium, added as chromium (III) iodide, on carbonylation
activity using a ruthenium promoted iridium catalyst (ca. two molar equivalents of
ruthenium to iridium) at 190°C and 28 barg total pressure. Rate data, at various
methyl acetate (MeOAc) and water concentrations, are given in Table 2.

For purpose of comparison, further experiments, at 190°C and 28 barg
total pressure, were performed using a ruthenium promoted iridium catalyst (ca.
two molar equivalents of ruthenium to iridium) to determine the relationship
between the carbonylation rate and water concentration, at 30% w/w MeOAc and
2.1% methyl iodide (Mel), and at 15% w/w MeOAc and 2.0% w/w Mel. Data
from these additional experiments is displayed graphically in Figures 1 & 2 along
with data from Experiments A to D and Examples 1 and 2. The rate data in Table
2 and Figures 1 & 2 illustrate the beneficial effect of adding chromium, added as
chromium (III) iodide, 0.75 molar equivalents to iridium, to a ruthenium promoted
reaction when the carbonylation rate is declining with decreasing water
concentration. For example, at 30% w/w MeOAc, 2.1% w/w Mel and 2.0% w/w
water addition of chromium increases the carbonylation rate from 5.4 to 15.2
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‘concentration in the liquid reaction conposition is reduced froma
concentration of greater than 6.5%by wei ght, passes through a :
maxi nrum at a water concentration - of no greater than 6.5% by wei ght
and then declines as very |ow water concentrations are approached. In
Figure 8 of the aforesaid application thereis a 5 pl ot of reaction rate
versus water concentration which clearly shows a maxi num The wat er
concentration at which the carbonylation rate is a maximumis said to

i ncrease as thgygmncentration of nmethyl acetate in the quuid reaction

COmPOST 00 1 o RgmERS S e, S RebLe it B 15 MEL L peonE 2t on
concent r at i onefféct or the/¢arbargiatien Irﬂetolﬁaddmg]uonl alifled ayiearc@l)dodidep@Si tion is
i ncreased. Fofnoiali] %qlﬁ) YABRS fo R'{du} eto%rx%ﬁ%mm{ &%%Eéd%aédb% at 30% w/w
5 MeOAc, 2.1% w/w Mel and 2.0% w/w water. Addition of iron under these
conditions increases the carbonylation rate from 5.4 to 10.2 mol/l/hr.
Comparison of Experiment E and Example 4, Table 3, demonstrates the
- beneficial effect on the carbonylation rate of adding chromium, added as chromium
(IIT) iodide, 0.75 molar equivalents to iridium, to a ruthenium promoted reaction at
10  arelatively high Mel concentration of 16.9% w/w at water concentration of 2.0%
w/w at 30% w/w MeOAc. _
For purpose of comparison further experiments, at 190°C and 28 barg total
pressure, were performed using a ruthenium promoted iridium catalyst to
determine the relationship between the carbonylation rate and water concentration,
15  at 30% w/w MeOAc and 16.9% Mel. Rate data from these additional experiments
is displayed graphically in Figure 3 along with data from Experiment E and
Example 4. Figure 3 illustrates the beneficial effect of adding chromium, 0.75-
molar equivalents to iridium, to a ruthenium promoted reaction when the
carbonylation rate is declining with decreasing water concentration at 16.9% w/w
20  Mel and 30% w/w MeOAc, the carbonylation rate being increased from 31.1to
42.9 mol/\/hr. |
Comparison of Example 5 with Experiment H, Table 4, demonstrates the
beneficial effect on the carbonylation rate of adding lithium, added as lithium
iodide, 1 molar equivalent to iridium, to a ruthenium promoted reaction at 30%
25  w/w methyl acetate, 8.4% w/w methyl iodide and 2.0% w/w water. Addition of
lithium iodide under these conditions increases the carbonylation rate from 15.1 to
30.8 mol/l/hr. Furthermore cofnparison of Experiment F with Experiment G shows
that adding lithium iodide to an unpromoted iridium catalysed reaction has a
detrimental effect on the carbonylation rate under the same conditions. Rate data
30  from Experiments F to H and Example S are summarised in the Table below.

35
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wat er“concentration in the liquid reaction conposition is preferably

mai nt ai ned bel ow 6% nore preferably bel ow 4. 5% by wei ght. Operating
at such a | ow wat er concentration according to the present invention
gives rise to the advantage that recovery of acetic acid fromthe
reaction conposition wi thdrawn fromthe 15 carbonyl ation reactor is
facilitated because the anmount of water which has to be separ at ed
fromthe acetic acid is reduced; separatiop of water fromthe acetic acid

is an ener gy-iEpRAMENPERAPle P Catdlfit 5GOKET Y WREGQOS W AN T RabeGRslemPRET
concentration results in redliced processing difficulty ang?yr cggts.
In the procedqs—of the presenf invention shitable r i of

20 met hanolj includg nethyl | gegdlpt e, di me hyl epher and methyl2.1 odi degl. A

m xt ure of met hanol ang r/)galcﬁl ve der vativgz) t her eof may_ 26 used as
reactants in|the procCess he present invention. Pr ef ef bly,

met hanol and/lor nmet hHl acet af &/Rud:2ised as 210eact ants. | fl5nket hyl
acetate or dilmethyl gther areh’fﬁ&fi’il {er Co- reagtpant is 3g€quired to
produce acetijc acid. At | eas{ sone of the pethanol and/or reactive

For the purpose of comparison further experiments, at 190°C and 28 barg total
pressure, were performed using a ruthenium promoted iridium catalyst, in both the
absence and presence of lithium iodide, to determine the relationship between the

5 carbonylation rate and water concentration, at 30% w/w methyl acetate and 8.4%
w/w methyl iodide. Rate data from these additional experiments is displayed
graphically in Figure 4, which illustrates the beneficial effect of adding lithium
iodide to a ruthenium promoted reaction when the rate is declining with decreasing
water concentration. The reaction rate for these experiments was also determined

10  at lower methyl acetate concentrations, for example at 15% w/w methyl acetate.

Comparison of Experiment 1 with Example 6 in the table below demonstrates the
beneficial effect of adding lithium, added as lithium iodide, at 15% w/w methyl
acetate, 0.5% w/w water and 8% w/w methyl iodide.

Experiment/Example | Catalyst System Water/% wiw Rate/mol/hr @
_ 15% MeOAc
1 Ir/Ru 1:2° 0.5 6.5
6 Ir/Ru/Li 1:2:1 0.5 12.2

15
Figure S illustrates the effect on carbonylation rate of the molar ratio of
lithium to iridium for a series of ruthenium promoted reactions at 30% w/w methyl
acetate, 2% w/w water and 8.4% w/w methyl iodide. Under these conditions it can
be seen that the optimum molar ratio of lithium to iridium lies between 0.5:1 and
20  1.5:1 at both ruthenium to iridium molar ratios of 2:1 and 5:1.
Experiment H was repeated using various promoter and additive
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25 ‘derivative thereof will be converted to, and hence present as, nethyl

acetate in the liquid reaction conpgsition by reaction with acetic
acid product or solvent. In the process of the present invention the
concentration of nethyl acetate in the liquid reaction conposition is
suitably in the range 1 to 70%'by weight, preferably 2 to 50 % by
wei ght, nore preferably 5 to 40% by wei ght. 30 In the process of
the present invention, the concentration of methyl iodide co- cat al yst

in the |i qw dcérﬂﬁﬁiﬁ&n@ ERIMNS 1 P14 éuﬁi Eifletinfehis Ilaﬂduhpam@ﬂgﬂx&ﬁples Ttbo 30%

by wei ght, r.ably |nth ran m1lt 0%
An advant age ﬁ e’é Hﬁ@h"%‘g I3 ‘Bﬁcﬁ SQ'(‘”F%# ‘HB‘(CHW“’?’(?E? de
and wat er coneffettivats m@rdnyotbd’smndeidhé comditidnsad -t prexene investtomo rEkanpldso t he

present 35 Q}{@ 'ﬁ | @ith RMidEm a%&g&ea%dcc%[l&lﬂ%&:&&e r@s‘?;e@tk\}eﬁf A8hbYSratFiiapd of

i ncr easi ng the ra
the co-promoters may be added in their acetate form. Comparison of Experiment J

with Example 12 demonstrates that lithium, added as lithium iodide, 1 molar
equivalent to iridium, is a co-promoter for a gallium promoted iridium catalyst
under the conditions of the present invention. '
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“suitdbly present i
the range 5 400
500 to 3000 ppm
700 to 3000 ppm ne
I nvention, the rat
concentration of i
in the liquid reac
conpound which is
I ridium catal yst
carbonyl ati on reac
reaction co

Réte /

—
o

oo

hprise any 10
eaction conposition.
)l d reaction conposition for the
m whi ch di ssolves in the liquid
iple to a soluble form:  Exanpl es of

%

D

suitable iridium
liquid reaction co

malll/Br

e
1)

-
-

er

W/

mol/l/hr

@ 20%

MeOAc
114
15.6
15.7
15.6

wiw

mol/l/hr

@ 25%

MeOAc
16.6
19.6
2.7
10.1
6.3
17.1
16.8

4.4
4.4
0.9
0.9
0.9
9.6
9.6

w/w

mol/l/hr

@ 30%

MeOAc
21.2
23.6
54
15.2
10.2
18.4
17.7

5.6
5.6
2.0
2.0
2.0
10.9

wiw
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nposition at a concentration in
iridium preferably in the range
nore preferably in the range
In the process of the present
reaction increases as the
The iridium catal yst
i ridi um cont ai ni ng

ing conpoupds which may be addéd to the
rC[err], Iri[err], IrBr[err],

[Ir(CO)[err]Br][err],
riBr[err]][err]H err
err](CO)[err]][err]

;
I

ILBr[err] 3H err] O
r]

Mel concentration is adjusted slightly downwards based upon the approximation that each mole of iridi

can consume a maximum of 4 moles of methyl iodide to give [Ir(CO)2I4]".
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Tr(acac)[err], iridium acetate,
and hexachloroiridic acid
chloride-free conpl exes of
acet oacet ates which are sol uble

[Herr]lrC[err]],

in one or

[Ir[err]O(QCAc)[err](Herr]O[err]][OAc],

preferably,

iridiumsuch as acet at es,

oxal ates 20
nore of the carbonyl ation

and

16

reaction conmponents such as water, alcohol and/or carboxylic acid.
Particularly preferred is green iridiuma Fay be used in
an acetic acid or aqueous acetic acid sol In the
process. of the present invention one or nore pr resent 25 in
the reaction conposition. Suitable pronoters ar bm r ut heni um
osm um  tungsten, rhenium zinc, cadm um indiuf<g i nercury, and
are nore preferably selected from rutheni Rut heniumis
t he nost preferred pronoter. Preferably, t ronotergj s present in
an effective amount up tothe limt of it é% iiey=In the liquid
reacti on conposition and/or any liquid 30 pro st redns recycled to the
carbonyl ation reactor fromthe acetic acid recoery . sthge. Th
pronoter is suitably present in the Iid@ld react§i on conpositjon at é
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preferably [2 to 10]:

o1,
may conprise any suitable

1. A suitable pronoters concentration

The pronoter
conmpound which is soluble in the liquid

.ol ar* ratio of pronoter to iridiumof [0.5 to 15]
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~be added to the liquid reaction conposition for the carbonylation reaction

inany suitabl e formwhich dissolves in the liquid reaction
‘conposition or is convertible to sol ubl e form Exanples of suitable
rut heni um cont ai ni ng conpounds whi ch may be used as sources of

pronoter include ruthenium (I11) chloride, ruthenium(Ill) 5 chl ori de
trihydrate, ruthenium (IV) chloride, ruthenium (l11) brom de, ruthggﬂg

[retal rut heni um oxi des; ruthenium (I11) formate, Case
Ru(wl “I “ﬂ I”Irr]H[err] [Ru(CO[err]l[err]][err],

[ Ru( |g| l "Il 'I[Ru(CO)[err]I[err]][err]

tetra acét oy chl ororuthenlum(ll 1), ruthenlum(lll) acet at e,
rut henium (111) propionate, ruthenlum(lll) but yrat e, rut heni um

pent acar bonyl, trirutherniundodecacarbonyl and m xed rutheni um 10
hal ocar bonyl s such as dichlorotricarbonylruthenium(l1) diner,
di bronotri carbonyl ruthenium (I11) diner, and other organorut hen| um conpl exes

Claims:
1. A process for the production of acetic acid by carbonylating with carbon
monoxide methanol and/or a reactive derivative thereofin a carbbnylation reactor
containing a liquid reaction composition comprising an iridium carbonylation catalyst,-
methyl iodide co-catalyst, a finite concentration of water, acetic acid, methyl acetate
5  and at least one promoter wherein the water concentration is at or below that at which

the maximum in the graph of carbonylation rate versus water concentration occurs and
there is employed in the liquid reaction composition a co-promoter selected from alkali
metal iodides, alkaline earth metal iodides, metal complexes capable of generating I°,
salts capable of generating I-, and mixtures of two or more thereof.

10 2. A process according to claim 1 wherein the water concentration in the liquid

* reaction composition is below 6% by weight.

3. A process according to claim 2 wherein the water concentration in the liquid
reaction composition is below 4.5% by weight.
4. A process according to any one of the preceding claims wherein methanol

15  and/or methyl acetate are carbonylated.
5. A process according to any one of the preceding claims wherein the
concentration of methyl acetate in the liquid reaction composition is in the range 5 to
40% by weight.
6. A process according to any one of the preceding claims wherein the

20  concentration of methyl iodide co-catalyst in the liquid reaction composition is in the
range from 1 to 20 % by weight.
7. A process according to any one of the preceding claims wherein iridium
carbonylation catalyst is present in the liquid reaction composition at a concentration in
the range 500 to 3000 ppm measured as iridium. _ '

25 8. A process according to any one of the preceding claims wherein at least one |
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rut he lymer and tris(acetylacetonate)ruthenium (l11). 15
Exanpl es of swtab e osm um contai ni ng conpounds whi ch may be used as
sources or pronoter include osmum (111) chloride hydrate and anhydrous,
osm um metal, osmumtetraoxide, triosm umjod?‘cacar hony|

[Os(CO)[err] |Pr@mqtefr is F@qtqij)’rta@rrpl]hp{ugw P}'{"él‘“ﬁ fungsten, rhenium, zinc, cadmium,

[Cs(CO Lelrr] I{ngruh] }gﬁﬂiﬁﬁﬂd‘&]eﬁé‘rku rypentachl oro-[err]-ni trod| osm um and m xed
osm um hal ocagbon s ' s . t.rigarbon dICh| 1) dinmer and
ot her organooé y séﬁ‘écé’r&%? clalmgwherelré)llgg%(f €53 o %?’Eﬁhé‘ :

t ungst en- cont ¥.ni ng procqsmao:mbsdmgltcctnyrmy df¢hepreckding claima vhernin ti@spr@moter

promoter iqcl H%?es%\%?&f (Ll]ld e\églch'?&rrﬂ osmgn[a?ﬁrn]ol \éﬁfuﬁ 6f %ﬂomo\ﬂr[lﬁﬂlﬁln ofor

“such* I orob| s (4- cyrrene) di rut heni un(I1),
t et raam m ? d| rut heniunm(l1), dijghl oro(cycl oocta-1, 5di ene)

Cerr]Herr] tungsten c | or o-, brono- or

i odo- car bony! [t b, Exarrpl es of suitable

rﬂg{" gm %OF'[ agpi ngACﬁH&%HB&%rgﬁ ] CI R (Coc):e[’ﬂ&n ci,l%ms vgﬁl(:a’é%?tﬁ d@f-] pror2mt er:
gl ude Referr err r e err]Br e err]l 5
ReC [err]. xH[BJQ("]OG;‘I' %’@S@}R['g q[df‘{ rr] Re(CO)[err]I[err]][err]H[err] and

ReC [err] . yH #2.r] OA process according to claim 11 wherein the alkali metal iodide is lithium

10 iodide.
13. A process according to any one of claims 1 to 10 wherein the co-promoter is
an alkaline earth metal iodide.
14. A process according to any one of claims 1 to 10 wherein the co-promoter is a

metal complex capable of generating I".

15 15. A process according to claim 14 wherein the metal is lanthanum, cerium,
aluminium, nickel, iron or chromium.
16. A process according to claim 15 wherein the metals are in the form of their
iodides.
17. A process according to any one of claims 1 to 10 wherein the co-promoter is a

20  salt capable of generating I'.
18. A process according to claim 17 wherein the salt is a quaternary ammonium or
phosphonium iodide.
19. A process according to any one of claims 1to 12 wherem the co-promoter is
lithium, the ruthenium to iridium molar ratio is about [2:1] and the molar ratio of

25  lithium to iridium is in the range [0.5 to 1.5]:1.
20. A process according to any one of the preceding claims wherein the
carbonylation reaction temperature is in the range 150 to 220°C and the total pressure

is in the range 15 to 100 barg.

30
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Exanpt es of suitable cadm um contai ni hg corrpounds V\:hl ch may be used
i nclude Cd(QAc)[err], Cdl[err], CdBr[errf; CddC[err], Cd(OH)[err], and

cadm um acet yl acet onat e. Exanpl es of suitable

mer cury- cont ai ni ng conmpounds whi ch nay be used as sources of pronoter
include Hg(OAc)[err], Hgl[err], HgBr[err], HgCl [err], Hg[err]l[err], and 30
Hg[err]derr]. Exanpl es of suitable zinc-contai a§88817(2)
conpounds whi ch may be used as sources of pronoter inclu
Zn(OAc)[err], Zn(OH)[err], Znl[err], ZnBr[err], ZnC[err] and zinc

acetyl acet onate. Exampl es qf suitable galliumcontaining

conpounds whi ch nay be used as 35 sourc of pronoter include gallium
acetyl acetonate, galliumacetate, GaCl[err],
ABSTRACT

IRIDIUM-CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID

A process for the production of acetic acid by carbonylating with carbon monoxide
methanol and/or a reactive derivative thereof in 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 at least one
promoter wherein the water concentration is at or below that at which the maximum in
the graph of carbonylation rate versus water concentration occurs and there is '
employed in the liquid reaction cbmposition a co-promoter selected from alkali metal
iodides, alkaline earth metal iodides, metal complexes capable of generating I-, salts
capable of generating I~, and mixtures of two or more thereof.

No figure
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© 7 GaBr[err], Gal[err], G2C [err] and Ga(CH)[err].

Exanpl es of suitable indiumcontaining conpounds which may be used as
sources of pronoter include indium acetylacetonate, indium acetate,
InCl[err], InBr[err], “Inlferr], Inl and In(OH)[err]. 5
.There .is enployed in the liquid reaction conposition a co-pronoter
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‘selec¢ted fromalkali netal i odi des, al kaline earth netal iodides, netal

conpl exes ~ capable of generating I[err], salts capable of generating
1, and mixtures of two or nore thereof. Suitable alkali netal
i odides include lithiumiodide. Suitable alkaline . earth netal

iodides include calciumiodide. Suitable nmetal conpl exes capable of 10
~generating I[err] include conplexes of the | anthanide netals, for exanple,
| ant hanum and cerium and nickel, iron, alumniumand chrom um
typically Al (OAc)[err] (OH) and Ce(QAc)[err] hydrate. Salts capable
of generating I[err] include, for exam%;a acetates which are
capabl e of conversion in-situ to I[err] é%d organic salts, such as

quat ernary amoni um i odi des and phosphoni um i odi des, whi ch nay be added as-
15 such. A preferred co-pronoter is lithiumiodide. - The
co-pronoter selected fromalkali netal. iaodides, alkaline earth netal

i odi des, netal co M . bl e of
generating l[err], and m xtures of two or nore thereof, i{s suitably
_ present in anounts| such that it is - effective in increasing fhe
carbonylation ratg The amount of such co-prd@bter ' BRa
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*20 introduced to the liquid reaction conposition should be selected to
t ake account of the presence of I[err] from other sources because it
is believed that an excessive amount of I[err] inthe liquid
reaction conposition may be detrinmental. Using |ithium as the
co-pronoter at a rutheniumto iridiumnolar ratio of about 2:1, the nolar -
ratio of lithiumto iridiummay suitably be in the range [0.1 to 2]:1, :
preferably in 25 the range [0.5 to 1.5]: 1. Simlar ranges rmay al so be
used for the quaternary anmoni um and phosphoni um i odi de
co-pronoters. At high nolar ratios of 35 rutheniumto iridium e.g. 5:1
or greater, still higher ratios of lithiumnmay be enpl oyed and a
pronotional effect obtained. Typically, for exanple when using :

lithiumas the co-pronmoter when the rutheniumto iridiumnolar ratio is
ratio lithiumto iridiumis suitably in the

about [2:1] 30 the nolar
range [0.5 to 1. 5}=2- Srt-ainty Legarding, anongst other factors,
t he oxidatiop, sttate of the netal centre i-n the reaction sqlution
render it @gl ult to specify suitable concentration ranggs for . :
ot her sour 8eSe of iodide ions. Typically, however for dival ent afd 8 val ent
met al — o ' ' : _
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“The carbon nonoxi de reactant may be essentially pure or may contain inert
inpurities such as carbon di oxi de, nethane, nitrogen, noble gases, water
and Clerr] to Clerr] paraffinic hydrocarbons. The presence of
hydrogen in the carbon nonoxide =~  feed and generated in situ by the
water gas shift reaction is preferably kept low as 5 its presence may
result in the formati on of hydrogenation products. Thus, the - anount
of hydrogen in the carbon nonoxi de reactspg is preferably |l ess than 1 nol
% 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 :
carbonylation reactor is preferably | ess than | sg partial pressure,
nmore preferably less than P.'5 bar and yet nore 10 prlefeérabl y | ess than N
0.3 bar. The partial presspre of carbon nonoxide in the reactor is in
the range gregter than 0 tp 40 bar, typically from4 tlo 30 bar.
The tot al pressqge of the ,arbonylatlon reaction is sditably in t he range
10 to ibotbarg, prefgrably 15 to 100 barg, nore preferably 15 to 50
barg. The EE, | )
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tenperature of the .carbonylation reaction is suitably in t@(é; gair%ggiﬁ)q'to
300 [err]C, 15 preferably in the range 150 to 220 [err]C. PO

The process of the present. inveai By gg Peiforned as a batch or as a
conti nuous process M§ nt' q8s process. The
acetic acid prodﬁchmmcm@qg 855%]1“3 Ili qui d reaction

conposition by w rﬂ*@mﬂ(g) vamagﬁ B 'W

} fromthe carbonyl ation
reactor 20  and ey Q‘}lﬁg(s)acprtg,ed dp%egm,'t W t hdrawn material .
Preferably, aceti f?g}\ Sthapt  : paged £ o)

the liquid reaction
conposition by cor uously wi t hdr awi L.QUId reaction conposition
fromthe carbonyl dti on_react Eﬁq'ﬂéggﬁ Eebel) etic acid fromthe
wi t hdrawn | i quid red%b ' one or nore flash and/or
fractional distillation stages in mhlch the acetic acid is separated from
the other 25  conponents of the liquid reaction conposition such as
I ridiumcatal yst, nethyl L odi de co-qatal yst, pronoter, nethyl
acetate, unreacted nethanol and/or reactive derivative thereof, water
and acetic acid solvent which may be recycled to the :

Q

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, methyl iodide co-catalyst anda promoter.
Preparation of carboxylic acids by iridium-catalysed carbonylation
5  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,
EP-A-0657386 and WO-A-95/31426
WO-A-95/31426 discloses a process for the production of carboxylic acids
or their esters having (n+1) carbon atoms by the liquid phase reaction of carbon-
10  monoxide with at least one alcohol having (n) carbon atoms in the presence of a
catalytic system based on a compound of iridium and a halogen co-catalyst. The
process is characterised by maintaining in the reaction medium water in a volume
between greater than 0 and 10%, typically between 0.5 and 8%, preferably between
2 and 8% the ester corresponding to the carboxylic acid and the alcohol in a
15 'volume varying between 2 and 40%; and iodides in soluble form of such a nature
that the atomic ratio of the iodides to iridium is between greater than 0 and 10,
typically between greater than 0 and 3, preferably between greater than 0 and 1.5.
The volume of halogen co-catalyst in the reaction medium is between greater than
0 and 10%; typically between 0.5 and 8%, and preferably between 1 and 6%.

20 Suitable |od:de§ include alkaline earth metal and alkali metal iodides, and
specifically hﬂnum iodide. The process. of WO-A-95/31426 is otherwise
unpromoted.

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
25  catalyst, methyl iodide, at least a finite concentration of water, methyl acetate and a
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reactm*t—e—ml—m—al_n_mﬂ\concentratlons inthe liquid reaction

orrposllh mai ntain stability of the iridiumcatal yst during the
acetic a é@ﬁdery 30 stage, water in process streans

cont ai ni B R bonyl ation catal yst faor ‘recycle to t he

car bonyl shoul d be maintai ned at a cQuéee -

| east 0.5 % by wei ght. The inventi or} TH rat ed
by way of exanple only and with reference tjo theREBUi.@ixD ng edanpl es

and Figures 1 to 5 which represent in graph 35 f
rate at different water concentrations for ruthenium

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 wemht |
Our pubhshed European Patent Application No. 0752406 filed on 1 18.04.96
5  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 comprising an
iridium carbonylation catalyst, methy! iodide co-catalyst, a finite concentration of
water, acetic acid, methyl acetate and at least one promoter; (2) contacting the

10  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 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

15  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.

In the promoted processes of EP-A-0643034 and European Application
No. 96302734.7 it is said that ionic contaminants such as, for example, (a)
corrosion metals, particularly mckel iron and chromium and (b) phosphines or

20  nitrogen-containing compounds or ligands which may quaternise in situ should be
kept to a minimum in the liquid reaction composition as these will have an adverse
effect on the reaction by generating I* in the liquid reaction composition which has
an adverse effect on the reaction rate. Similarly, it is said, contaminants such as
alkali metal iodides, for example lithium iodide, should be kept to a minimum.

25 In WO-A-96/237757 which is directed to the preparation of iridium
carboxylates and their use in inter alia carbonylation reactions, the use of
promoters not being mentioned, it is stated in contrast to WO-A-95/314326 that
alkaline or alkaline earth ions are preferably eliminated, since their presence may
have a harmful influence on the kinetics and selectivity of subsequent reactions in

30  which the iridium carboxylate will be used as catalyst.

There remains a need for an improved iridium-catalysed promoted
carbonylanon process. _

The technical problem is solved by the use in an iridium-catalysed promoted
carbonylation process of a liquid reaction composition defined in terms of water

35  composition and containing a co-promoter selected from alkali metal iodides,

This is the replacement sheet

Date: Z B FEB oS8



5

9 MOns at different nethyl iodide and nethyl

acet at-e Ebmseedmaés General Description of the Carbonylation
Experi _mant cﬁﬂ'l experinments were perforned using a 300 m

Zi rconi um I”ﬂul equi pped with a Bragnetlcally driven stirrer with
gas dlsper5|on | liquid 5 cat al yst ~and

cooling coils. A gas supply to the autoclave om a

bal | ast vessel, feed gas being provided to nal_'a
a constant pressure. The rate of gas uptake at §
reacti on run-was

alkaline earth iodides, metal complexes capable of generating I, salts capable of
generating I°, and mixtures of two or more thereof. .
Accordingly the present invention provides a process for the productlon of
acetic acid by carbonylating with carbon monoxide methanol and/or a reactive
5 derivative thereof in 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 at least one
promoter wherein the water concentration is at or below that at which the
maximum in the graph of carbonylation rate versus water concentration occurs and
10  there is employed in the liquid reaction composition a co-promoter selected from
alkali metal iodides, alkaline earth metal iodides, metal complexes capable of
generating I-, salts capable of generating 1-, and mixtures of two or more thereof.
_ The process of the present invention provides several technical advantages.
Thus, the requirement for using an ion exchange resin bed for the purpose of
15 treating the liquid reaction composition to remove corrosion metals, alkali and/or
alkaline earth metal contaminants may be reduced.
The increased carbonylation rate at the low water concentration of the
~ present invention may allow operation at a reduced iridium catalyst concentration
whilst maintaining the rate of cerbonylation This has benefits of reduced
20  production rate of by-products such as propionic acid.
The rate of production of by-products propionic acid, methane, hydrogen
and carbon dioxide may be reduced. _
Increased catalyst and promoter stability, pariicularly at low water
* concentrations, may also be advantageously achieved. | |
25 Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid
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
30  liquid reaction composition. Water may be separated from other components of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction
composition.
With reference to the aforesald published European Application No.
35 0752406 the rate of the calbonylanon reaction is said to increase as the water
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used 'to cal cul ate the carbonylation rate, as nunber of noles of reactant
consuned per litre of cold degassed reactor conposition per hour
{mol /1 /hr), at a particular 10 - reactor conposition (reactor conposition
based on a col d degassed vol une). 4 The. net hyl acetate
concentration was cal cul ated during the course of the reaction from
the starting conposition, assum ng that one nole of nethyl acetate is
consuned for every nole of carbon nonoxide that is eonsuned. No al | owance
was nade for organi c conponents in the autoclave headspace. 15

For each batch carbonyl ation experinent the catalyst, Herr]lrd[err],

Char oe Saas crranbaiBR il (8ol bRfioR Eahpoud i reaubd fibmd, &Hki_ﬂxtfaﬁgtgé?gr o
t hen pressure gresteethani6t3% by we@lerpasszeﬂtr@ugh a maximyneat 4 \gﬁsr cOARIILIaGN sy st em

and fl UShEd Wﬂ&ﬁ C@'Eﬁgpth%’@%? gﬁw%%ﬁrﬂi'tﬁd 5@5:%453:15)%%/ low water 10 barg). If a

pr onot er € was I n_the aut ocl ave-r and 20
covered wi t h aopeentrasionparetapproaghad; dn Et.‘,—'iufp % phihgafaresaid applsatiopithpre 5@ ¢ he

g{)rer;g glr tel E,?,’St rkét %f rgartégfbgn r%u%rvtéh%k Qéter cStteftrARIRAIENEISardf sHolh am@airhuRN
The water concentration at which the carbonylation rate is a maximum is said to
increase as the concentration of methyl acetate in the liquid reaction composition is
increased. It is believed that the water concentration at which the carbonylation
rate is a maximum decreases as the concentration of methyl iodide in the liquid

10  reaction composition is increased. For the purpose of the present invention the
water concentration in the liquid reaction composition is. preferably maintained
below 6%, more preferably below 4.5% by weight. Operating at such a low water
concentration according to the present invention gives rise to the advantage that
recovery of acetic acid from the reaction composition withdrawn from the

15  carbonylation reactor is facilitated 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.

In the process of the present invention, suitable reactive derivatives of -

20  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-

~ required to produce acetic acid. At least some of the methanol and/or reactive

25  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, more preferably 5 to 40% by weight.

30 In the process of the present invention, the concentration of methyl iodide
co-catalyst in the liquid reaction composition is suitably in the range from 1 to 30%
by weight, preferably in the range from 1 to 20% by weight. |

An advantage of achieving high carbonylation rates at low methyl iodide
and water concentrations by the addition of co-promoters according to the present
35 invention may be reduced corrosion, an alternative method of increasing the rate
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aut ocl ave vi a
pressurised.

aut ocl ave was
barg) and:heat

a liquid addition port. The autoclave was then optionally
with 5 barg of carbon nonoxide and slowy vented. The

t hen pressurised with carbon nonoxide (typically 6
ed with stirring (1500 25 4 pm to reaction tenperature.

190[err]C. The total pressure was then rai sed to approximately 3 barg

bel ow t he desi
monoxi de from
m nutes) the c
nonoxi de. The
The reactor

by feeding gas

facilities thr

t enper at ur e by suitably presenh in the hamﬂmpuwgcmqsu@n@bnnemeetratm ia tRurapgher m

(Trade Markg c

renoved by neans of

red operating pressure by feeding forward car bon
t he ball ast vessel. Once stable at tenperature (about 15
atal yst was injected using an over pressure of carbon

catalyst injection facility has an efficiency of > 90%

L L R T S e e

upt ake from t heotrasibmst vessel was’ rreasur ed usi ng dat al oggi ng

terper at ur e was v 0 A pEe Brepll dERREL Ryl OFa AR Rl i

206 E&BO@O’ ?ﬁxﬁ meaﬁﬁfd as 1ﬂdnﬁﬁ\d bief&ibly FXRE $angRSRb t9B06EAM | On was

col

: measure as mdlum more preferably in the range 700 to 3000 ppm measured as

10

IS5

20

25

iridium. In the process of the present invention, the rate of the carbonylation
reaction increases as the concentration of iridium is increased.

The iridium catalyst in the liquid reaction composition may comiprise 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
composition or is convertible to a soluble form. Examp]es of suitable iridium-
containing compounds which may be added to the liquid reaction composition
include IrCl3, Irl3, IrBr3, [Ir(CO),1}, [Ir(CO),Clla, [Ir(CO),Brly, [I(CO)sI5]~
H*, [Ir(CO),Bra]"H™, [Ir(CO)l4]-H, [If(CH;3)I3(CO) 1 HY, Irg(CO)1 2,
IrCl3.3H,0, err3.3H20, Ir4(CO)1 2, iridium metal, Ir03, Ir05, Ir(acac)(CO),,
Ir(acac)3, iridium acetate, [Ir30(0Ac)g(H20)31[OAc], and hexachloroiridic acid
[HIrClg], preferably, chloride-free complexes of iridium such as acetates, oxalates
and acetoacetates which are soluble in one or more of the carbonylation 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.

In the process of the present invention one or more promoters are present
in the reaction composition. Suitable promoters are selected from ruthenium,
osmium, tungsten, rhenium, 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 an effective amount up

30

35

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 to iridium of [0.5 to 15]:1, preferably [2 to 10]:1, more
preferably [2 to 7.5]:1. A suitable promoter concentration is 400 to 5000 ppm.
The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The promoter may
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10

15

20

25

30

35

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
soluble form. Examples of suitable ruthenium-containing. compounds which may
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 (I1I) formate, [Ru(CO)3131-H,
[Ru(CO)112]5. [Ru(CO)4l2], [Ru(CO)31]5, tetra(aceto)chlororuthenium(ILIII),
ruthenium (III) acetate, ruthenium (III) propionate, ruthenium (III) butyrate,
ruthenium pentacarbonyl, trirutherniumdodecacarbonyl and mixed ruthenium
halocarbonyls such as dichlorotricarbonylruthenium (II) dimer,
dibromotricarbonylruthenium (I1) dimer, and other organoruthenium complexes
such as tetrachlorobis (4-cymene)diruthenium(Il), _
tetrachlorobis(benzene)diruthenium(ll), dichloro(cycloocta-1,5diene) ruthenium
(II) polymer and tris(acetylacetonate)ruthenium (III).

Examples of suitable osmium-containing compounds which may be used as
sources or promoter include osmium (1II) chloride hydrate and anhydrous, osmium
metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)41,], [0Os(CO)312]2,
[0s(CO)313]"H™, pentachloro-p-nitrodiosmium and mixed osmium halocarbonyls
such as tricarbonyldichloroosmium (I1) dimer and other organoosmium complexes.

Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WClyg, WClg, WBrg, Wiz, or  CoHjo
W(CO)3 and any tungsten chloro-,bromo- or iodo-carbonyl compound. |

Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Rey(CO)| g, Re(CO)5Cl, Re(CO)5Br, Re(CO)s5l,
ReCl3.xH,0, [Re(CO)41l2. Re(CO)412]"HT and ReCls.yH,O0.

Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, Cdly, CdBry, CdCly, Cd(OH)7, and cadmium acetylacetonate.

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

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

Examples of suitable gallium-containing compounds which may be used as
sources of promoter include gallium acetylacetonate, gallium acetate, GaCls,
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run Wwas conducted until the gas uptake had ceased, i.e. until less than 0.1
bar per m nute of gas was consuned fromthe ballast vessel. The

bal | ast vessel was then i sol ated and the reactor crash cool ed by use
of the cooling coils. Herr]lrd[erry (aqueous. solution) was supplied
by Johnson Matthey. The acetic acid 5 was obtained from carbonylation of
a m xed net hanol / net hyl acetate feedstock and contai ned very | ow
anounts of propionic acid and its precursors. Methyl -acetate, wat er
and nethyl iodide were supplied by Aldrich. [Ru(COJ[err]lf[err]] was

synt hesi sed from[Ru[err](COJ[err]] (STREM Chem cal s) and iodi ne

(Al drich). ChroghBf,Qd14)G Cly d'GEtUllﬂ' gal lium (111) iodide, indium(ll1)
i odi de andiron(llf% a%)zg ranes IFed 1Q by STREM Chem cal s. Charge

conpositions are gi v@ﬁam Plesrafugable in '“m'CO“E‘)OlRPE@'SPqU"{dé“ﬂ?@ APRY bEXSERRVENTS A
to J  sourdd3@f gedirstal inblu@ediiaceigheétbRAe, iNENRY dt3RRY MOIRInBAP! oyed.

E;]Se(rzlhﬁlrag?s A t@l@qgfg'%r%@gi]:g; gl glgv;a(r; ![ ReTSPLEenf i nvention for the
There is employed in the liquid reaction composition a co-promoter
selected from alkali metal iodides, alkaline earth metal iodides, metal complexes
capable of generating I-, salts capable of generating I', and mixtures of two or
more thereof. Suitable alkali metal iodides include lithium iodide. " Suitable alkaline
earth metal iodides include calcium iodide. Suitable metal complexes capable of
10  generating I include complexeé of the lanthanide metals, for example, lanthanum
and cerium, and nickel, iron, aluminium and chromium, typically Al(OAc),(OH)
and Ce(OAc);. hydrate. Salts capable of generating I' include, for example,
acetates which are capable of conversion in-situ to I' and organic salts, such as
quaternary ammonium iodides and phosphonium iodides, which may be added as
15 such. A preferred co-promoter is lithium iodide.
' “The co-promoter selected from alkali metal io'dides, alkaline earth metal
iodides, metal complexes capable of generating I-, salts capable of generating I,
and mixtures of two or more thereof, is suitably present in amounts such that it is
effective in increasing the carbonylation rate. ‘The amount of such co-promoter
20 . introduced to the liquid reaction composition should be selected to take account of
the presence of I~ from other sources because it is believed that an excessive -
amount of 1~ in the liquid reaction composition may be detrimental. Using lithium
as the co-promoter at a ruthenium to iridium molar ratio of about 2:1, the molar
" ratio of lithium to iridium may suitably be in the range [0.1 to 2]:1, preferably in
25  therange [0.5 to 1.5]:1. Similar ranges may also be used for the quaternary
ammonium and phosphonium iodide co-promoters. At high molar ratios of
ruthenium to iridium, e.g. 5:1 or greater, still higher ratios of lithium may be
employed and a promotional eftect obtained. Typically, for example when using
lithium as the co-promoter when the ruthenium to iridium molar ratio is about [2:1]
30  the molar ratio lithium to iridium is suitably in the range [0.5 to 1.5):1. Uncertainty
regarding, amongst other factors, the oxidation state of the metal centre in the
reaction solution render it difficult to specify suitable concentration ranges for
other sources of iodide ions. Typically, however for divalent and trivalent metal
salts a suitable co-promoter range may be [0.1 to []:1 molar equivalents to iridium
35 with a promoter ratio of {2 to 10]:1 molar equivalents to iridium.
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15 reason that either no pronoter was enployed or no co-pronoter was

enpl oyed or t he- wat er concentrati on was above that at which the

maxi mumin the graph of . carbonyl ation rate versus water concentration
occurs. - Experinents D and Exgywples 1 and-2 in Table 2
denonstrate the effect of the addition of chrom um added as chrom um
(I'1'1) iodide, on carbonylation 20 activity using. a rutheni um pronoted
iridiumcatal yst (ca. two nolar equival ents of “rutheniumto iridium
at 190[err]C and 28 barg total pressure. Rate data, at various met hyl
acetate (MeQOAc) and water concentrations, are given in Table 2. '

For purpose of conpafye onfdf%ﬂd}ﬁfe rEdotdnt 'n{}iﬁ BE Ssseifially PorEor thiy @nthirfheRar 9

total pressure, were perforned using a ruthenium pronoted iridiumcatalyst
(ca. 25 two nompuriesuolpeerrborodioxide. Heaihang RIOEET BPRIARALS %Frear“chiemt hg

relationship ¢, parRfnVERArddafoRa" ’Wé\?@e_?én'tieaf Ky Szedifl thedatbonaaoroRide r at i on,
at 30% w w MeQAc” and 2. 1% pethyl iodide.(Ml),.and.a 5% w w MeQAc
and 2.0% w w Mifed gndhgenerated in PV‘&)H?W?&%""&?& g‘?'ﬁ%ﬁ%ﬂt%g%ﬁe@m]]%ep(i 't‘\’//w Sspl ayed
gr aphi cal | ysi n ifsipedeqge thaykredul@irothg 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
less than 1 bar partial pressure, more preferably less than 0.5 bar and yet more
10  preferably less than 0.3 bar. The partial pressure of carbon monoxide in the
reactor is in the range greater than 0 to 40 bar, typically from 4 to 30 bar.
~ The total pressure of the carbonylation reaction is suitably in the range 10
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,
15  preferably in the range 150 to 220 °C. |
The process of the present invention may be performed as a batchor asa

continuous process, preferably as a continuous process.
The acetic acid product may be recovered from the liquid reaction
composition by withdrawing vap.our and/or liquid from the carbonylation reactor
20  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 -
‘fractional distillation stages in which the acetic acid is separated from the other
25  components of the liquid reaction composition such as iridium catalyst, methyl
jodide co-catalyst, promoter, methyl acetate, unreacted methanol and/or reactive
derivative thereof, 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 iridium catalyst during the acetic acid product recovery
30  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.
The invention will now be illustrated by way of example only and with |
reference to the followiﬁg examples and Figures 1 to 5 which represent in graph

(7%
N

form, the carbonylation rate at different water concentrations for ruthenium
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with‘data from Experinents Ato D and Exanples 1 and 2. The rate data in .
Tabl e 30 2 and Figures 1 & 2 illustrate the beneficial effect of adding

chrom um added as chromum (I'1l) iodide, 0.75 nolar equivalents to
iridium to a ruthenium pronoted - reagtion when the carbonylation rate -
I's declining with decreasing water ~concentration. For exanple, at 30%

ww MeQAc, 2.1% ww Mel and 2. 0% w w wat er addition of chrom um
i ncreases the carbonylation rate from5.4 to 15.2

promoted reactions at different methyl iodide and methyl acetate concentrations.
General Description of the Carbonylation Experiments '

~ All experiments were performed using a 300 m! zirconium autoclave
equipped with a magnetically driven stirrer with gas dispersion impellers, liquid
5 catalyst injection facility and cooling coils. A gas supply to the autoclave was
provided from a ballast vessel, feed gas being provided to maintain the autoclave at
a constant pressure. The rate of gas uptake at a certain point in a reaction run was
used to calculate the carbonylation rate, as number of moles of reactant consumed -
per litre of cold degassed reactor composition per hour {mol/l/hr}, at a particular

10  reactor composition (reactor composition based on a cold degassed volume).

The methyl acetate concentration was calculated during the course of the
reaction from the starting composition, assuming that one mole of methyl acetate is
consumed for every mole of carbon monoxide that is consumed. No allowance
was made for organic components in the autoclave headspace.

15 For each batch carbonylatidn experiment the catalyst, H2IrClg, dissolved
in a portion of the acetic acid / water liquid reactor charge, was charged to the
liquid injection facility. The reactor was then pressure tested with nitrogen, vented
via a gas sampling system, and flushed with carbon monoxide several times (3 x 3-
10 barg). If a promoter or additive was used this was placed in the autoclave and

20 covered with a portion of the acetic acid charge (ca. 10g) prior to the pressure test.
The remaining liquid components of the reaction cbmposition were charged to the
autoclave via a liquid addition port. The autoclave was then optionally pressurised
with 5 barg of carbon monoxide and slowly vented. The autoclave was then

‘pressurised with carbon monoxide (typically 6 barg) and heated with stirring (1500

25  rpm) to reaction temperature, 190°C. The total pressure was then raised to
approximately 3 barg below the desired operating pressure by feeding forward
carbon monoxide from the ballast vessel. Once stable at temperature (about 15
minutes) the catalyst was injectéd using an over pressure of carbon monoxide. The
catalyst injection facility has an efficiency of > 90%. The reactor pressure was

30 maintained at a constant value (+ 0.5 barg) by feeding gas from the ballast vessel
throughout the experiment. Gas uptake from the ballast vessel was measured
using datalogging facilities throughout the course of the experiment. The reaction
temperature was maintained within £ 1°C of the desired reaction t.emperature by
means of a heating mantle connected to a Eurotherm (Trade Mark) control system.

35 In addition, excess heat of reaction was removed by means of cooling coils. Each
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mol / hr. " Conpari son of Exanple 3 with Experinent B denpbnstrates

the benefici al ef fect on the carbonylation rate of adding iron, added
as iron (Il) iodide, 0.75 nol ar equivalents to iridium to a ruthenium
pronoted reaction at 30%ww 5 MeQOAc, 2.,4% w w Mel.and 2. 0% w w wat er.

Addi tion of iron under these. condi tTons i ncreases the carbonyl ation
rate from5.4 to 10.2 nol/1/hr. Conpari son of Experinment E and
Exanpl e 4, Table 3, denonstrates the beneficial effect on the

carbonyl ation rate of adding chrom um added as chrom um

run was conducted until the gas uptake had ceased, i.e. until less than 0.1 bar per
minute of gas was consumed from the ballast vessel. The ballast vessel was then
isolated and the reactor crash cooled by use of the cooling coils. _
H2IrClg (aqueous solution) was supplied by Johnson Matthey. The acetic acid
5  was obtained from carbonylation of a mixed methanol/methyl acetate feedstock and -
contained very low amounts of propionic acid and its precursors. Methyl acetate,
water and methyl iodide were supplied by Aldrich. [Ru(CO)4I2] was synthesised
from [Ru3(CO)12] (STREM Chemicals) and iodine (Aldrich). Chromium (III)
iodide, gallium (III) iodide, indium (III) iodide and iron (II) iodide were supplied
10 by STREM Chemicals. Charge compositions are given in Table 1.
' EXAMPLES 1 to 13 and EXPERIMENTS A to J
The general procedure described hereinabove was employed. The charge
composmons are given in Table 1.
Expenments A to J are not according to the present invention for the
15  reason that either no promoter was employed or no co-promoter was employed or
the water concentration was above that at which the maximum in the graph of
carbonylation rate versus water concentration occurs.
Experiments D and Examples 1 and 2 in Table 2 demonstrate the effect of
the addition of chromium, added as chromium (II1) iodide, on carbonylation
20  activity using a ruthenium promoted iridium catalyst (ca. two molar equivalents of
ruthenium to iridium) at 190°C and 28 barg total pressure. Rate data, at various
methyl acetate (MeOAc) and water concentrations, are given in Table 2.
“For purpose of comparison, further experiments, at 190°C and 28 barg
total pressure, were performed using a ruthenium promoted iridium catalyst (ca.
25  two molar equivalents of ruthenium to iridium) to determine the relationship
between the carbonylation rate and water concentration, at 30% w/w MeOAc and
2.1% methyl iodide (Mel), and at'15% w/w MeOAc and 2.0% w/w Mel. Data
from these additional experiments is displayed graphically in Figures:1 & 2 along
with data from Experiments A to D and Examples 1 and 2. The rate data in Table
30 2 and Figures 1 & 2 illustrate the beneficial effect of adding chromium, added as
chromium (III) iodide, 0.75 molar equivalents to iridium, to a ruthenium promoted
reaction when the carbonylation rate is declining with decreasing water
concentration. For example, at 30% w/w MeOAc, 2.1% w/w Mel and 2.0% w/w
water addition of chromium increases the carbonylation rate from 5.4 to 15.2
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(111) 1odide, 0.75 nmolar equivalents to iridium to a rutheniumpronoted
reaction at 10 a relatively high Mel concentration of 16.9% w w at water
concentration of 2.0% ww at 30%ww MeQACc.. ' For purpose
of conparison further experinents, at 190[err]C and 28 barg total

pressure, were perfornmed using a rutheni gm pronoted iridiumcatalyst to
determ ne the relationship between the carbonylation rate and wat er
concentration, 15 at 30% w w MeOAc and 16.9% Mel . Rate data fromthese
addi ti onal experinents i s displayed graphically in Figure 3 al ong
with data from Experinent E and Exanple 4. Figure 3 illustrates the
beneficial effect of adding chromum 0.75 nmol ar equi valents to
iridium to qngvkmeniun1pronoted reacti on when the ~carbonyl ation rate
is declining w decreasing water concentration_at 16.9% w w 20 Vel and

30% w w MeQAc, t heCompetissn efibxsmple8eviluExperiment Bxlemprystrates the bengficial
42.9 ol /1 /01 effact on the carbonyldtiARAeoF R8diAG irbX HBAEE a9irdh (1T) loeRR! 078Nt H
Tabl e 4, denonstrates t%e . _ ) -
molar equivalents to iridium, to a ruthenium promoted reaction at 30% w/w
5 MeOAc, 2.1% w/w Mel and 2.0% w/w water. Addition of iron under these
conditions increases the carbonylation rate from 5.4 to 10.2 mol/l/hr.
_ Comparison of Experiment E and Example 4, Table 3, demonstrates the
beneficial effect on the carbonylation rate of adding chromium, added as chromium
(III) iodide, 0.75 molar equivalents to iridium, to a ruthenium promoted reaction at
10 arelatively high Mel concentration of 16.9% w/w at water concentration of 2.0%
w/w at 30% w/w MeOAc.

For purpose of comparison further experiments, at 190°C and 28 barg total
pressure, were performed using a ruthenium promoted iridium catalyst to
determine the relationship between the carbonylation rate and water concentration,

15  at30% w/w MeOAc and 16.9% Mel. Rate data from these additional experiments
is displayed graphically in Figure 3 along with data from Experiment E and
Example 4. Figure 3 illustrates the beneficial effect of adding chromium, 0.75
molar equivalents to iridium, to a ruthenium promoted reaction when the
carbonylation rate is declining with decreasing water concentration at 16.9% w/w

20  Mel and 30% w/w MeOAc, the carbonylation rate being increased from 31.1 to
42.9 mol/l/hr. | | |

Comparison of Example 5 with Experiment H, Table 4, demonstrates the
beneficial effect on the carbonylation rate of adding lithium, added as lithium
iodide, 1 molar equivalent to iridium, to a ruthenium promoted reaction at 30%

25  w/w methyl acetate, 8.4% w/w methyl iodide and 2.0% w/w water. Addition of
lithium iodide under these conditions increases the carbonylation rate from 15.1 to
30.8 mol/l/hr. Furthermore comparison of Experiment F with Experiment G shows
that adding lithium iodide to an unpromoted iridium catalysed reaction has a
detrimental effect on the carbonylation rate under the same conditions. Rate data

30  from Experiments F to H and Example.S are summarised in the Table below.

35 This is the replacement sheet

2 0 FEB 1998

Date:



‘beneficial effect on the carbonylation rate of adding |ithium added as
l'ithium lodide, | nmolar equivalent to iridium to a ruthenium '
pronoted reaction at 30% 25 ww nethyl acetate, 8.4% w w nethyl iodide
and 2. 0% w w wat er. Addition of - litpiumiodide under these conditions
I ncreases the carbonylation rate from15.1 to 30.8 mol /1 /hr. -
Furthernore conparison of Experinment F with Experinment G shows t hat
adding lithiumiodide to an unpronoted iridiumcatalysed reaction has a
detrinmental effect on the carbonylation rate under the sane conditions.
Rate data 30 from Experinents F to H and Exanple 5 are summarised in the

Tabl'e bel ow Experiment/Example | Catalyst System | Water (% w/w) Rate/mole/hr at
| ' 30% MeOAc
F Ir only ' 2.1 121
G Ir/Li 1:1 2.0 6.3
H Ir/Ru 1:2 .20 151
5 Ir/Ru/Li 1:2:1 2.0 30.8

For the purpose of comparison further experiments, at 190°C and 28 barg total
pressure, were performed using a ruthenium promoted iridium catalyst, in both the
absence and presence of lithium iodide, to determine the relationship between the

5  carbonylation rate and water concentration, at 30% w/w methyl acetate and 8.4%
w/w methyl iodide. Rate data from these additional experiments is displayed
graphically in Figure 4, which illustrates the beneficial effect of adding lithium
iodide to a ruthenium promoted reaction when the rate is declining with decreasing
water concentration. The reaction rate for these experiments was also determined

10  at lower methyl acetate concentrations, for example at 15% w/w methyl acetate.

Comparison of Experiment 1 with Example 6 in the table below demonstrates the
beneficial effect of adding lithium, added as lithium iodide, at 15% w/w methyl
acetate, 0.5% w/w water and 8% w/w methyl iodide.

Experiment/Example | Catalyst System | Water/% w/w Rate/mol/hr @

15% MeOAc
1t/Ru 1:2 0.5 6.5

6 Ir/Rw/Li 1:2:1 0.5 ' 12.2

15
Figure 5 illustrates the effect on carbonylation rate of the molar ratio of
lithium to iridium for a series of ruthenium promoted reactions at 30% w/w methyl
acetate, 2% w/w water and 8.4% w/w methyl iodide. Under these conditions it can
be seen that the optimum molar ratio of lithium to iridium lies between 0.5:1 and
20 1.5:1 at both ruthenium to iridium molar ratios of 2:1 and 5:1.
Experiment H was repeated using various promoter and additive
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12 - Experinent/Exanpl e Catal yst System  Vater (% w w)
Rat e/ nol e/ hr at ' o

30%-MeQAC - F “1r only 2.1
12. 1 G Ir/Li 1:1 _ 2.0
6.3 H lr/Ru 1: 23 2.0
15.1 5 Ir/Ru/Li 1:2:1 2.0

30.8

combinations, Examples 7 to 14 and Experiments I and J, Table 5. Examples 7 to
11, 13 and 14 show that various additives, which are all sources of ionic iodide, are-
- effective as co-promoters under the conditions of the present invention. Examples

8 and 11, with aluminium acetate and cerium acetate respectively, demonstrate that

5  the co-promoters may be added in their acetate form. Comparison of Experiment J
with Example 12 demonstrates that lithium, added as lithium iodide, 1 molar
equivalent to iridium, is a co-promoter for a gallium promoted iridium catalyst
under the conditions of the present invention.

10

15

20

25

30
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For the iourpdse of conparison further experinents, .at 190[err] C and 28 barg

t ot al pressure, were perfornmed using a ruthenium pronmoted iridium
catalyst, in both the absence and presence of lithiumiodide, to
deterimine the relationship between the 5 rbonyl ati on rate and water
concentration, at 30% w w nethyl acetate and 8. 4% w w et hyl i odi de.
Rate data from these [@ddiftiorfal exgerinenty s [di sgl ayed graphically
in Figure 4, which illl%stfrategs the |bendficilal gqffeqt of adding |ithium
i odide to a rutheni umwromotd reghti @1 WMSHn e Bite is declining with
decreasi ng wat er| Zonjckntlr att or.' Yie' rgacg onYate for these
experinments was al so (%t rmfed A8 &| | Ser et ﬁyl acetate
concentrations, for gx | e 15%|w w|met Hyl 4dcet gt e. Conpari son of
Experinment 1 with Exgnple 6 ijn the |tablie bgl ow|dengnstrates the
beneficial effect of aqgldi ng l§ithiun added |as I|ithijumiodi de, at 15% w w
met hyl acetate, |25% Wl et | agg 8%|w w metliyl iodide.
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Experinment H was repeated using various pronoter and additive

13

16

" [FIH(0D)41] 2A18 03 9p1pot [AYIaw JO SI[OW { JO WNUWIXEW B SWNSUOD |
ued wnipul Jo ajow yaes Jey3 uonewixoidde ayj uodn paseq spsemumop AySys paisnlpe S1 UOHEIIUIIUOD [N
DV OSN M/m %0€ 18 [OIN M/M %p°8 'BD
‘wdl 00S 1 JO paads Jauns B yim D061 pue ainssaid (8103 Sieq gz 1 suondeds [y (e

01z 6’0 8°0¢ 0T A RTINS (018) ¢
S'L 60 'Sl 0T T ML (1S9 H
vy 60 €9 0T I 111 (L18) O
6'S 60 A 1'Z AJuo Jy (zv9) 4
VO %ST . VO %0€ . .
MM .X. Jale M\ @ .E: \_OE\vuaM MM 94 JIBM Eoum\nm umh_ﬁwu v_mmem\EvEtoaxm

© /1 /1owperey

¢ PARJO0INE YO1Bq WNILOJIIZ [W OQE € Ul SUOLIEaL PasA[eIed Wniput 10} Blep djey

b olqe L

*["15(0D)41] 2AIB 03 3pIpO! {AYIow JO SI[OUI { JO WINWIXBL B JLUNSUOD ULd
wnipui Jo ajow yoed jeys uonewixoidde ay) uodn paseq spiemumop L[IySis paisnipe si UOLBIIUIIUOD [
_ VORI %0€ 1 [9IN %6791 8D
‘wd1 0o [ Jo paads Jouns & ylim D,061 pue ainssaid 210y Sieq gz 18 suondeal [y (¢

6'97 60 6'Ty 0T (c08) ¥
yLl 60 I'1€ 0T (669) 1
YOI %ST ) VO %0E ® MM
Jy/i/jows /a8y MM O/ IS1BM | Jy/|/jow / a1y % / Jalepy

Ul SUOIIOB3I PasAJRIRD WNJUSYINI/WNIPLIL 10] BIRP )8y

uawitadxy

g 9ABJOOINE jW 00€

£91qEL

This is the replacement sheet

2 0 FEB 19%

Date



sour ces

Table 5. Exanples 7

whi ch are all
the co-pronoters may

with alum nium acet at e

5.

and J,

and 11,
ate that

f

effective as co-pronoters under the conditions
denonstr

Exanpl es

Examples 7 to 14 and Experinents |
are

13 and 14 show that various additives,
i nvention.
and cerium acetate respectively,

conbi nati ons,-
11,
i oni ¢ iodide,
of the present

to
of

=5 m " [*12(00)31] 2A18 03 3p1poi [AY1aw JO SI[OW { JO WNLIIXBW € AWNSUOD
W. m 5 ueo wnipLi Jo sjow yoes jey; uonewixosdde sy uodn paseq spremumop AySys pajsnipe st UOKEIUIIUOD [SN
=9 "M/ IV OIN %0E 18 PN M/M o418 "D
—.— \ ‘wd1 00 [ JO paads JoLINS © Yim D061 Pue ainssaid [e10) B1eq gz e suonoral [y (e
I _ £82 EXH e I'T ar o0 [ (L16) vl
— (@)
138 m = 902 | I B 1z ur ] (ss) €1
q W o < . .
m_ SEE 9Ll L] I | [ e | (ss8) Tl
o C
ZZE 0'pl | - - §4 QL) (1s8)
0o
- ﬂl v e ."o .
M © 9ZE 60 2wphyi(ov0)eD | g a0y | (8$8) 11
28 L'9T Il [lenngd] I' o) | (9s8) ol
4 © — : . : :
O w . : ‘e : . .
e €67 1:5°0 : fe] [T - gr(od)ny (¥$8) 6
S5 . . |
2006 I've 1:$°0 (HOX(evOhv : 1'T 2100y (€68) 8
haieatw apipot wnuipuAd :
-3 = gL Bt -ng,-y-3N-N | 1 (00)ny (zs8) L
m © 9 | _
< v 161 - ~ dUON 4 I*(00)ny (1$9) H
M 0w~ DVON onel - onel a|dwexg
%og @ 4 :\:_oE\oﬁm Je[OW/J] :SALIPPY AARIPPY. Jejow/J] 1Jojowold Ioj0Wwod Auswiadxyg
=N .m w . N . .
~9.-c . ‘SI9j0woid snoLeA Suisn Jajem aym
O ¢ '8 pue 2123908 [AYjows M/m 940¢ 18 uone[AuoqJed Joueylow pasA[eIes wnipLy; ._om 9121 UO SSALIPPE SNOLIEA JO 1935 SEICTA
=8¢
c
— AN =
— C
© [«b I}
OO—_»
T— @ >
SEZ®
858E

This is the replacement sheet
"2 0 FEB 199

Date




15

20

Thns Sheet Has

10

15

20

25

iy .

18

Claims: _

L. A process for the production of acetic acid by carbonylating with carbon
monoxide methanol and/or a reactive derivative thereof in 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 at least one promoter wherein thie water concentration is at or below that at which
the maximum in the graph of carbonylation rate versus water concentration occurs and
there is employed in the liquid reaction composition a co-promoter selected from alkali
metal iodidés, alkaline earth metal iodides, metal complexes capable of generating I°,
salts capable of generating I-, and mixtures of two or more thereof.

2. A process according to claim 1 wherein the water concentration in the liquid
reaction composition is below 6% by weight.

3. A process according to claim 2 wherein the water concentration in the liquid
reaction composition is below 4.5% by weight.

4, A process aécordi-nv to any one of the preceding claims wherein methanol
and/or methyl acetate are carbonylated.

5. A process according to any one of the precedmg claims wherein the
concentration of methy! acetate in the liquid reaction composition is in the range 5 to
40% by weight. '

6. A process according to any one of the preceding claims wherein the

concentration of methyl iodide co-catalyst in the liquid reaction composition is in the
range from 1 to 20 % by weight. |

7. A process according to any one of the preceding claims wherein iridium
carbonylation catalyst is present in the liquid reaction composition at a concentration in
the range 500 to 3000 ppm measured as iridium.

8. A process according to any_ one of the preceding claims wherein at least one

* ¢ L M S %
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promoter is selected from ruthenium, osmium, tungsten, rhenium, zinc, cadmium,
indium, gallium and mercury.

°. A process according to claim 8 wherein the promoter is ruthenium.

10. A process according to any one of the preceding claims wherein the promoter
is present in the liquid reaction composition at a molar ratio of promoter:i-ridium of
[0.5 to 15]:1.

11. A process according to any one of the preceding claims wherein the co-
promoter is an alkali metal iodide.

12. A process according to claim 11 wherein the alkali metal iodide is lithium .
iodide. '

13. A process according to any one of claims 1 to 10 wherein the co-promoter is
an alkaline earth metal iodide.

14." A process according to any one of claims 1 to 10 wherein the co-promoter is a
metal complex capable of generating I'. |

15. A process according to claim 14 wherein the metal is lanthanum, cerium,
aluminium, nickel, iron or chromium. . |

16. A process according to claim 15 wherein the metals are in the form of their
iodides.

17. A process according to any one of claims 1 to 10 wherein the co-promoter is a
salt capable of generating I'.

18. A process according to claim 17 wherein the salt is a quaternary ammonium or
phosphonium iodide.

19. A process according to any one of claims 1 to 12 wherem the co-promoter is
lithium, the ruthenium to iridium molar ratio is about [2:1] and the molar ratio of
lithium to iridium is in the range [0.5 to 1.5]:1.

20. A process according to any one of the preceding claims wherein the
carbonylation reaction temperéture is in the range 150 to 220°C and the total pressure
is in the range 15 to 100 barg. . ' '

‘) O ORI This s the replacement sheet
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Date: 2 0 FEB 1988



35

14

20

ABSTRACT

IRIDIUM-CATALYSED CARBONYLATION PROCESS FOR.THE
PRODUCTION OF ACETIC ACID

A process for the production of acetic acid by carbonylating with carbon monoxide
methanol and/or a reactive derivative thereof in 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 at least one
promoter wherein the water concentration is at or below that at which the maximum in
the graph of carbonylation rate versus water concentration occurs and there is
employed in the liquid reaction composition a co-promoter selected from alkali metal
iodides, alkaline earth metal iodides, metal complexes capable of generating I-, salts

- capable of generating I-, and mixtures of two or more thereof.
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.15 and/ or nethyl acetate are carbonyl at ed. ' 5.5)-:)‘@

according to any one of the preceding clains wherein the ' 43%®qu
concentration of nmethyl acetate in the liquid reaction corrposilt'\iogr&i s in
the range 5 to 40% by wei ght . ' 6. A process
according to any one of the, preceding cl aidns erein . the. 20 .
concentration Fromaiensalectesfiom “t'}g@'?i'é.' éf‘?f@f““f"ﬂ%é&i g FOGUUOLS ERRRfIments
conposi tion is grdddsBfbed therein. In the doAliRUE eRYErilehd tROwatebyovengition is as

7. A process accqrding tQ any one of the preceding clains wherein’
iridium 1_0“’_35 6&6{%%%‘1’%&‘{ on catalyst is present in the liquid
reaction conpositi omygtnylished EQFpeat P&t Application No. 0752408filediog $8.8806t o
3000 ppm neasured as i1ridium 25

: Co di t
one of the Pprechssloses &prress foribe eradugtion ééft’c(ﬁ?@ domprising (1) continuodsly® "

feeding methanol and/or a reactive derivative thereof and carbon monoxidetoa -

omprising (1) continuo
carbonylation reactor which contains a liquid reaction composition comprising an
iridium carbonylation catalyst, methyl iodide co-catalyst, a finite concentration of
* water, acetic acid, methyl acetate and at least one promoter; (2) contacting the
10  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
- theliquid reaction composition characterised in that there is continuously
. maintained in the liquid reaction composition throughout the course of the reaction
 (2) water at a concentration of no greafer than 6.5 % by weight, (b) methy! acetate
| 15  ataconcentration in the range 1 to 35 % by weight and (c) methyl iodide at a
concentration in the range 4 to 20 % by weight. | -
In the promoted processes of EP-A-0643034 and . EP-A-0752406
| * it is said that ionic contaminants such as, for example, (a)
corrosion metals, particularly nickel, iron and chromium and (b) phosphines or
20  nitrogen-containing compounds or ligands which may quaternise in situ should be
kept to a minimum in the liquid reaction composition as these will have an adverse
effect on the reaction by generating I~ in the liquid reaction composition which has
an adverse effect on the reaction rate. Similarly, it is said, contaminants such as
alkali metal iodides, for example lithium iodide, should be kept to a minimum.
25 In WO-A-96/237757 which is directed to the preparation of iridium
carboxylates and their use in inter alia carbonylation reactions, the use of

promoters not being mentioned, it is stated in contrast to WO-A-95/31426 that
alkaline or alkaline earth ions are preferably eliminated, since their presence may
have a harmful influence on the kinetics and selectivity of subsequent reactions in
30 which the iridium carboxylate will be used as catalyst.
There remains a need for an improved iridium-catalysed promoted
carbonylation process. | _ |
The technical problem is solved by the use in an iridium-catalysed promoted
carbonylation process of a liquid reaction compusition defined in terms of water
35  composition and containing a co-promoter selected from alkali metal iodides,
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zinc, cadm um

pr-érmter Is selected fromruthenium osm um tungsten, rhenium

I ndium galliumand nercury. 9. = A process

according to claim8 wherein the pronoter is ruthenium _ 10. - A
process according to any one of the preceging claims wherein the pronoter

10

15

20

25

30

alkaline earth iodides, metal complexes capable of generating I, salts capable of
generating I, and mixtures of two or more thereof. | _

- Accordingly the present invention provides a process for the production of
acetic acid by carbonylating with carbon monoxide methanol and/or a reactive
derivative thereof in a carbonylation reacto_r containing a liquid reaction
composition comprising an iridium cérbony_lation catalyst, methyl iodide co-
catalyst, a finite concentration of water, acetic acid, methyl acetate and at least one
promoter wherein the water concentration is at or below that at which the
maximum in the graph of carbonylation rate versus water concentration occurs and
there is added to the liquid reaction composition a co-promoter selected _fro'm
alkali metal iodides, alkaline earth metal iodides, metal complexes capable of
génerating I", salts capable of generating 1, and mixtures of twoor more thereof,

The process of the present invention provides several technical advantages.
Thus, the requirement for using an ion exchange resin bed for the purpose of
treating the liquid reaction composition to rémove corrosion metals, alkali and/or
alkaline earth metal contaminants may be reduced.

~ The increased carbonylation rate at the low water concentration of the

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. |

The rate of production of by-products propionic acid, methane, hydrogen
and carbon dioxide may be reduced.

Increased catalyst and promoter stabilify, particularly at low water
concentrations, may also be advantageously achieved.

 Water may be formed in situ in the liquid reaction composition, for

example, by the esterification reaction between methanol reactant and acetic acid
product. Small amounts of i\_'ater_ may also be produced by hydrogenation of
methanol to produce methane a_ﬁd water. Water may be introduced to the
carbonylation reactor together with or separately from other components of the
liquid reaction composition. \Water niay be separated from other components of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction

‘composition,

With reference to the aforesaid published European Application No.
0752406 the rate of the carbonylation reaction is said to increase as the water
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) |s pr esent in the liquid reaction conp05|t|on at a nolar ratio of
pronDter iridiumof . = 0.5:1 to 15:4. 11. . A process according to
any one of the preceding clains mhereln t he co- pronoter is an al kal i
nmetal iodide. 12. A process according to claim 1l wherein the
alkali metal iodide is Iithium 10 i odide. 13. A process according
to any one of clains 1 to 10 wherein the co-pronoter is an al kal i ne
earth nmetal i odide. 14.- A process according to any one of clains 1
'to 10 wherein the co-pronoter is a nmet al conpl ex capabl e of
generating I[err]. 15 15. A process according to claim 14 wherein the
metal is |anthanum cerium al um nium nickel, iron or chromum

16. A process. according to claim15 mhereln the netals are in the form of
their | odi des.

18

Claims: . |
1. Aprocess for the production of acetic acid by carbonylating with carbon
monoxide methano! and/or a reactive derivative thereofin a carbonylatxon reactor
- ~ containing a liquid reaction composition compnsmg an iridium carbonylation catalyst,
methyl iodide co-catalyst, a finite concentration of water, acetic acid, methyl acetate
5 and at least one promoter wherein the water concentration is at or below that at which
" the maximum in the graph of carbonylation rate versus water concentration occurs and
thereis added to _ the liquid reaction compositibn a co-promoter selected from alkali
metal iodides, alkaline earth metal iodides, metal complexes capable of generating I°,
salts capable of generating 1", and mixtures of two or more thereof.

10 2 A process according to claim 1 wherein the water concentration in the liquid
reaction composition is below 6% by weight.
3. A process according to claim 2 wherein the water concentration in the liquid
reaction composition is below 4.5% by weight.
4, A process according to any one of the preceding clalms wherein methanol
A 15  and/or methyl acetate are carbonylated.
5. A process according to any one of the preceding claims wherein the
concentration of methyl acetate in the liquid reaction composition is in the range 5 to
40% by weight. ' ' '
6. - A process according to any one of the preceding claims wherein the

20  concentration of methyl iodide co-catalyst in the liquid reaction composition is in the
range from 1 to 20 % by weight. '
7. A process according to any one of the preceding claims wherein iridium
carbonylation catalyst is present in the liquid reaction composition at a concentration in
the range 500 to 3000 ppm measured as iridium. o

25 8. A process according to any one of the preceding claims wherein at least one
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17. - A process accordi ng to any one of cl ains 1 to 10 \/\herel n tﬁF"OQS&—fY -7
co-pronoter_is a 20 sal t capabl e«of - ‘g&nér ati ng I[err]e
process accordi nE to claim17 wherein the salt is a qu

phosphoni u “m A process accordi ng to jarfy one ot
i s

to 12 V\,her [ithi um theruhnlu '.i
nolar ratio |s about 2 1 and the nolar rati% of 25 lijtHi mmt%PFrzﬂmju S
in the range 0.5:1 to 15:1. 20. A process accordia

t he preceding clains wherein the carbonyl ation rgaction tenperatur
Is in the range 150 to 220[err]C and the total pressure 5T

range 15 to 19&11%&&3 selected from ruthenium, osmium, tungsten, rhenium, zinc, cadmium, 4

indium, gallium and mercury.
9. A process according to claim 8 wherein the promoter is ruthenium.
10. A process according to any one of the preceding claims wherein the promoter
5  is present in the liquid reaction composition at a molar ratio of promoter:i-ridium of

0.5:1 to 15:1.
11. A process according to any one of the preceding claims wherein the co-
promoter is an alkali metal iodide.
12. A process according to claim 11 wherein the alkali metal iodide is lithium

10 iodide. |
13. A process according to any one of claims 1 to 10 wherein the co-promoter is
an alkaline earth metal iodide.
14, A process according to any one of claims 1 to 10 wherein the co-promoter is a
metal complex capable of generating .

15 15. A process according to claim 14 wherein the metal is lanthanum, cerium,
aluminium, nickel, iron or chrom:um
16. A process accor dmcr to claim 15 wherein the metals are in the form of their
iodides.
17. A process according to any one of claims 1 to 10 wherein the co-promoter is a

20  salt capable of generating I".
18. A process according to claim 17 wherein the salt is a quaternary ammonium or
phosphonium iodide.
19. A process according to any one of claims 1 to 12 wherein the co-promoter is
lithium, the ruthenium to iridium molar ratio is about 2:1 and the molar ratio of

25 lithium to iridium is in the range 0.5:1 to 15:1.

20. A process according to any one of the plecedmg, clalms wherein the
carbonylation reaction temperature is in the range 150 to 220°C and the total pressure
is in the range 15 to 100 barg.



