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

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

The 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-96/11179.

GB-A-1234121, US-A-3772380, DE-A-1767150 and WO-A-96/11179,
like the present invention, are concerned with iridium-catalysed carbonylation
processes which do not use promoters.

In particular WO-A-96/11179 discloses a method for preparing carboxylic
acids having (n+1) carbon atoms, or the related esters, by liquid phase
carbonylation of an alcohol having (n) carbon atoms in the presence of a catalyst
comprising at least one iridium compound and at least one halogenated co-catalyst
characterised in that there is maintained in the mixture during the reaction the ester
corresponding to the carboxylic acid and the alcohol in an amount between 15 and
35%, the halogenated co-catalyst in an amount between 10 and 20% and a partial
pressure of carbon monoxide between 40 and 200 bar, which latter pressure
corresponds to a total pressure of from 50 to 250 bar.

1t is known from for example EP-A-0643034 that a promoter selected from
ruthenium and osmium can have a beneficial effect on the carbonylation rate of the
iridium-catalysed, methyl iodide co-catalysed carbonylation of methanol in the
presence of acetic acid, a finite concentration of water and methyl acetate.

Nevertheless there remains a need for an improved iridium-catalysed
carbonylation process in the absence of a metallic promoter, such as ruthenium
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+ | RI DI Uvt 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 -Ln particular, to a
process for the production of acetic acid by ca,bpn .»@.LJ on“mrﬁ t he
presence of an iridiumcatal yst and rret,zhyl i odi gle CO@%%WH\ |
The preparation of carboxylic acids by“ridi umcat—aky d" onyl at ion 5
processes is known and i s described, for exanple in GB-A-123412T, US A-
3772380, DE-A-1767150, EP-A-Q616997, EP-A-0618184, EP-A-0618183
EP- A- 06573881407 ST 451 or prragnic iodide co-promoter SHchhas) quaiaraary anunoliumy 2350,

DE- A- 17671 5ghdephdspMoniund ddldek 7 9,

Thus, according to the present invention there is provided a process for the

production of acetic acid comprising carbonylating with carbon monoxide

5  methanol and/or a reactive derivative thereof in the substantial absence of a metal
promoter and/or ionic iodide co-promoter in a carbonylation reactor containing a
liquid reaction composition comprising an iridium carbonylation catalyst, methyl
iodide co-catalyst, water, acetic acid and methyl acetate
characterised in that

10  there is maintained (i) in the liquid reaction composition:-
(a) water at a concentration of less than 5.0% by weight and
(b) methyl iodide at a concentration greater than 12% by weight and
(it) in the carbonylation reactor a total pressure of less than 50 barg.
The present invention solves the technical problem defined hereinabove by
15  maintaining a liquid reaction composition having defined water and methyl iodide
concentrations and a defined total pressure in the carbonylation reactor. This
provides several technical advantages.
Thus increasing the methyl iodide concentration at relatively low water
concentrations has a beneficial effect on the carbonylation rate. A further
20  advantage of the use of high methyl iodide concentrations at relatively low water
levels is that there can be achieved a reduction in the rate of production of one or
more of the by-products propionic acid, methane, hydrogen and carbon dioxide.
Methanol and/or a reactive derivative thereof is carbonylated in the process
of the present invention. Suitable reactive derivatives of methanol include methyl
25  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. At least some of
the methanol and/or reactive derivative thereof will be converted to, and hence
present as, methyl acetate in the liquid reaction composition by reaction with acetic
30  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 from 1
to 70% by weight, for example from 1 to 50% by weight, preferably from 5 to 50%
by weight, more preferably from 10 to 40% by weight. Using reactive derivatives
such as methyl acetate and dimethyl ether it is necessary to use water as co-
35 reactant.
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i ke the present invention, are concerned with iridiumcatal ysed

carbonyl ation 10 processes which do not use pronpters. . I n
particular WO A-96/11179 discloses a nethod for preparing carboxylic
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met hanol i n2Ppunt of%ydrogen i t?xe carbon monoxide reactant is preferab¥y 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
10 more preferably less than 0.3 bar. The partial pressure of carbon monoxide in the
carbonylation reactor is suitably that pressure which corresponds to the total
pressure being less than 50 barg, typically less than 40 barg, preferably less than 30
barg. The temperature at which the process is operated is suitably in the range
from 100 to 300°C, preferably in the range from 150 to 220°C.
15 In the process of the present invention, the iridium carbonylation catalyst is
preferably present in the liquid reaction composition at a concentration in the range
from 400 to 5000 ppm measured as iridium, more preferably in the range from 500
to 3000 ppm measured as iridium. In the process of the present invention, the rate
of the carbonylation reaction increases as the concentration of iridium is increased.
20 The iridium catalyst in the liquid reaction composition may comprise any
iridium containing compound which is soluble in the liquid reaction composition.
The iridium catalyst may be added to the liquid reaction composition for the
carbonylation reaction in any suitable form which dissolves in the liquid reaction
composition or is convertible to a soluble form. Examples of suitable iridium-
25  containing compounds which may be added to the liquid reaction composition
include IrCl3, Irl3, IrBr3, [Ir(CO);1],, [Ir(CO),Cl], [Ir(CO)2Br]y, [Ir(CO) 15"
H*, [Ir(CO),Bry]HY, [1r(CO),14]"H™, [Ir(CH3)13(CO),]"H, Irg(CO); 5.
IrCl3.3H0, IrBr3.3H30, Ir4(CO)j2, iridium metal, Irp03, 1rO-, Ir(acac)(CO),,
Ir(acac)s, iridium acetate, [Ir30(0Ac)g(H20)3][OAc), and hexachloroiridic acid
30 [HalIrClg], preferably, chloride-fee complexes of iridium such as acetates, oxalates
and acetaoacetates 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.

35 It is a feature of the process of the present invention that the methyl iodide
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concentration in the liquid reaction composition is greater than 12% by weight.
Preferably the methyl iodide concentration is greater than 14% by weight. The
upper limit of the methyl iodide concentration may be as high as 20% by weight ,
typically as high as 18% by weight.

5 Another feature of the process of the present invention is that the water
concentration is less than 5% by weight.

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

10 methanol to produce methane and water. Water may be introduced to the
carbonylation reactor together with or separately from other components of the
- liquid reaction composition. Water may be separated from other components of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction
15  composition.

The water concentration in the liquid reaction composition is less than 5%
by weight, preferably less than 4% by weight.

The process of the present invention is operated in the substantial absence
of metallic promoters such as for example, ruthenium and osmium and/or ionic

20  iodide co-promoters such as for example quaternary ammonium and phosphonium
iodides. For the avoidance of doubt the term ‘substantial absence of metallic
promoters and/or ionic iodide co-promoters’ means the absence of deliberately
added metallic promoters and/or ionic jodide co-promoters, for it is possible that
there may inadvertently be present by, for example corrosion of the carbonylation

25  reactor, metals which if deliberately added may function as promoters.

A particularly preferred liquid reaction composition comprises about from 1
to 5% by weight water, from 14 to 18% by weight methyl iodide co-catalyst, from
14 to 31% by weight methyl acetate, iridium catalyst at a concentration in the
range from 400 to 3000 ppm measured as iridium and the balance of the

30 composition comprising substantially acetic acid, and preferred reaction conditions
are a carbonylation reaction temperature of from 185 to 200°C, a carbonylation
reaction total pressure of up to 40 barg and a carbon monoxide partial pressure of
from 1 to 12 bar.

[onic contaminants such as, for example, (a) corrosion metals, particularly

35  nickel, iron and chromium and (b) phosphines or nitrogen-containing compounds
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and/ or osm um and/or an ionic iodide co-pronoter such as quaternary
anmoni um and phosphoni um i odi des. Thus, according to
the present invention there is provided a process—for—the pFoduct i on
of acetic acid conprising carbonylatlng with cafbﬂnmnnnﬁX|de“ oBEN methanol
and/or a reactive derivative thereof g t he substantlﬁEPbﬂéénce of la nmetal
pronoter and/or ionic iodide co-pronotér in a carbonylatlon-reacror
containing a I|qU|d reactlon conp05|t|on conpr|5|ng an iridium

car bonyl ati on_ cat al met h i odi de co-cataly water, acetic acid
and met hyl efcligeadew ich may 3 aa%eem.sgwhpwdtbﬁ Ptl’@*“i‘ﬁ‘é?‘é‘“ll%ﬂ}?d}%‘t% ned (i)
in the li quiedct[cﬁladb'fmpwltﬁﬁri@ﬂfdsé magagenerauy havé an awwef&bt@uﬁﬁﬁéﬁ:mbhat i on of
| ess t han de.at a %fncentratlon

% h
greater tha oﬁ/el‘?y% 8&3&“&% P‘&LHQI reaction %‘PP?S”?% ‘?’tﬂgh B4y BAYSAAYVER®r eact or a

total presseffeet ofi thearesctionante5 S ologeraprrosion metal contaminafitsssuph esfart i nventi on
solves tge é)fa?tﬂ)ﬁ]é &Sibeér%l Fd0 B Refla behe ie@?&?&ﬁniﬁ% to the generation of

I-. Corrosion metals which have an adverse effect on the reaction rate may be

minimised by using suitable corrosion resistant materials of construction. Similarly,
contaminants such as alkali metal iodides, for example lithium iodide, may be kept
to a minimum. Corrosion metal and other ionic impurities may be reduced by the

10  use of a suitable ion exchange resin bed to treat the reaction composition, or
preferably a catalyst recycle stream. Such a process is described in US 4007130.
Ionic contaminants may be kept below a concentration at which they would
generate 500 ppm I-, preferably less than 250 ppm I- in the liquid reaction
composition.

15 The process of the invention is preferably operated as a continuous process
but may be operated as a batch process if desired.

The acetic acid product may be recovered from the liquid reaction
composition by withdrawing vapour and/or liquid from the carbonylation reactor
and recovering acetic acid from the withdrawn material. Preferably, acetic acid is

20  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
components of the liquid reaction composition such as iridium catalyst, methyl

25  iodide co-catalyst, methyl acetate, unreacted methanol, water and acetic acid
solvent which may be recycled to the reactor to maintain their concentrations in the
liquid reaction composition. To maintain stability of the iridium catalyst during the
acetic acid product recovery stage, water in process streams containing iridium
carbonylation catalyst for recycle to the carbonylation reactor should be maintained

30  at a concentration of at least 0.5% by weight.

The process of the present invention will now be illustrated by reference to
the following Examples and Figures 1 & 2 which represent in graph form, reaction
rates versus water concentration at different methyl iodide concentrations. In the

Examples the following experimental procedure was employed
35
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15 mai ntaining a liquid reaction conposition having defined water and

met hyl 1 odi de concentrations and a defined total pressure in the
carbonyl ation reactor. This provi des several technical advantages.
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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, HyIrClg, 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). The remaining liquid components of the reaction composition were charged

20  to the autoclave via a liquid addition port.The autoclave was optionally flushed
once more with carbon moxide (1 x ca. 5 barg). The autoclave was then
pressurised with carbon monoxide (typically 6 barg) and heated with stirring (1500
rpm) to reaction temperature, 190°C. The total pressure was then raised to
approximately 3 barg below the desired operating pressure by feeding forward

25  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
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

30  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.
In addition, excess heat of reaction was removed by means of cooling coils. Each
run was conducted until the gas uptake had ceased (i.e. less than 0.1 bar per minute

35  of gas consumed from the ballast vessel). The ballast vessel was then isolated and
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present as,

met hyl acetate in the liquid reaction conposition by reaction

with acetic 30 acid product or solvent. In the process of the present

i nvention the concentration of methyl acetate in the |iguid-reqction
conmposition is suitably in the range from1 rr’rv"”iﬁF/_:ﬁy \AB_ch‘hL,,\if\Dr
exanple from!| to 50% by weight, preferably from 5iltg? %0%“ noepby wgight

nore preferably from 10 to 40% by wei ght. Using rea_gw“
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such as methyl acetate and dinethyl ether it is neféssary to use water as
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or crash cooled by use of the cooling coils.

H7IrClg (22.2 % w/w or 10.6% w/w Ir 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 (29, 699-6), water (32, 007-2) and methyl
iodide (I-850-7) were supplied by Aldrich.

EXAMPLES

Experiments 1 to 9 demonstrate the effect of water concentration,
expressed in % w/w, on carbonylation activity using an iridium catalyst at 190°C
and 28 barg total pressure for reactions which pass through 16.9% w/w Mel at
30% w/w MeOAc . Charge compositions are given in Table 1. Rate data, at 30%,
25%, 20% ,15% ,10%, 7.5% and 5% w/w MeOAc, are given in Table 2.

Experiments 1-6 (a), 1-5 (b), 1-4 (c)and 1 and 2 (d) (e) and (f) and 1 (g)
are not according to the present invention because the water concentration is not
less than 5.0% by weight. They are included for the purpose of comparison only.

Experiments A to N demonstrate the effect of water concentration,
expressed in % w/w, on carbonylation activity using an iridium catalyst at 190°C
and 28 barg total pressure for reactions which pass through 8.4% w/w Mel at 30%
w/w MeOAc. Charge compositions are given in Table 3. Rate data, at 30%, 25%,
20%, 15% , 10%, 7.5% and 5% w/w MeOAc, are given in Table 4.

Experiments A to N are not according to the present invention because the
methyl iodide concentration is not greater than 12% by weight. Moreover the
water concentration is not less than 5.0% by weight in Experiments A-J (a), A to F
(b), A-E (c), A and B (d), (e) and (f) and A (g). They are included for the purpose
of comparison only.

The results are illustrated in graph form in Figures 1 & 2.

Figure 1 illustrates the beneficial effect of increasing the Mel concentration
from 8.4% w/w to 16.9% w/w at 30% w/w MeOAc and a water concentration less
than 5% w/w at a total pressure of 28 barg.

Figure 2 illustrates the beneficial effect of increasing the Mel concentration
from 8.0% w/w to 16.0% w/w at 15% w/w MeOAc and a water concentration less
than 5% w/w at a total pressure of 28 barg.

Based on Figures | and 2, increasing the methyl iodide concentration to
greater than 12% w/w is particularly beneficial when, at 12% w/w methyl iodide,
the reaction rate is declining with reducing water concentration at any particular

7
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.3 The carbon nonoxi de react ant may be essentially pure or

may contain I mpurities such as carbon di oxi de, nethane, nitrogen,
nobl e gases, water and Cerr] to Cerr] parg@_&%_ﬁy&rm;&%s The
presence of hydrogen in the carbon nonoxi de i fﬁ,qag sandt gﬁﬁertai\qu in

situ by the water gas shift reaction '58 preferablri keptRGmW(HS) 5 its
presence may result in the formation of” hydrogena (?t—s——"‘l’h"s t he

anount of hydrogen in the carbon nonoxide reactant is preferably | ess than

1 nol % nore preferablyy | ess than 0.5 npl % and rrare preferably
| ess than 0.Mmsthyl acetaterﬁﬁr‘%“érﬁﬂ%rtortah%reﬁ%ﬁ g capRQIERRQX paw POYEWE n t he
carbonyl ati on reactor i s pref erably less than 1 bar parti al
pressure, efer | ess t r ranplef erably
Peos than oLsBiEl 3 i é’é‘ p 3l APt sl R ORC
car bonyl ati on reactor %‘ oYM V€pressure which corresponds to the
t ot al
Experiment RunNo. | MeOAc/ AcOH/ Mel/g Water/ HyIrClg/g
g g g a

1 684 60.02 34.07  27.03 28.26 0.643

2 624 59.98 42.26 27.03 20.22 0.643

3 685 60.00 46.34 27.04 16.00 0.642

4 702 60.07 47.48 27.04 14.88 0.644

5 696 60.00 48.74 27.05 13.56 0.641

6 614 60.02 50:43 27.01 11.90 0.642

7 683 60.01 52.86 27.03 9.47 0.642

8 686 60.00 54,40 27.03 7.96 0.641

9 682 60.03 55.92 27.03 6.40 0.641

a) Weight expressed as pure Hp1rClg.

10
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Rate data for iridium catalysed reactions in 300 m! autoclave; effect of water
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include IrCJferr], Irl[err], IrBr[err], [

[Ir(CO[err]C][err], [Ir(CI»[err]Br][er [1r(

[Ir(CO[err]Br[err]]-H+, [Ir(CO[err]l]e ] - H+,
[Ir(CHerr])I[err](CO[err]]-H+ Ir[err](COJ[err = A
IrC[err].3Herr]O IrBr[err]r.3Herr]Q Ir[err](CI»[err] i riditmret al,
Ir[err](err], Irgerr], Ir(acac)(CO]Jerr], Ir(acac)[err], I ridium
acet at e, [Ir[err]CXCM@)[err](H[err]C»[err]][Cﬁc], and hexachloroiridic acid

30 [H err]IrC[err]], preferably, chloride-fee conplexes of iridiumsuch

as acetates, .oxal ates and acet aoacetates which arg soluble in one or
nore of the carbonylation reaction conponent s sucb as water, al cohol
and/ or carboxylic acid. Particularly preferred is —green i ridi um
acetate which nay be used in an acetic acid or aqueous %petlc acid
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4 concentration in the liquid reaction conposition is greater than
12% by wei ght. Preferably the nethyl iodide concentration is greater
t han 14% by wei ght. The upper limt of the nethqul S
concentration may be as high as 20% by wei ght, t yipi ¢4 Fﬁﬁas H1 el
18% by weight. 5 Anot her feature of the procéess_¢ I”%ﬁké»pTesent;'
I nvention is that the water concentration is |ess than 5% by Werghe:
Water nmay be formed in situ in the liquid reaction conposition, for
exanple, by the esterification reaction between nethanol reactant and

acetic acid
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product. Small anounts of water may al so be produced by hydrogenation of 10
nmet hanol to produce nethane and water. Water may be introduced to the

car bonyl ation reactor 1og t her ith or sepak tely from ot her Conpon_en‘t_s_“oj_____]i
t he liquifl {eaction|conpogitfi dn. tler| mpy| b $eparjgted g:r(pther N
; \ % EL !
conmponent s of ~ £esckon corhgrcsml t hdf ajn | f forh tl Hr‘ y i
b led in ¢ | Pe@| (2112 BB 8 | It Ak ht i+ 1 —t
e recycled in ¢o % | ==& 5| & i g _____,'___:.__-..:_--_—:;:-:_-:
concentration of \&’t@f@E theflilqui d rleactj on [L5 cq)m;os"f“ on.
The water concepation in tthe Ili quild i pn} cpnmpogitlion is | ess than 5%
by weight, pref¢rabl'y Tess than (4% by ht The process of
the present invéngfon is opgrgted |in t bpt pnti @l |aldsence of
netal lic pronot ¢rggsdch agd|&| wxamyce DED| um:and «qsmi um and/ or ionic
. . [Prerf rﬁ(‘} — A .
20 i odi de co- pr gFofers sugh’|ag Hor| e e| quat efnary amoni um and
phosphoni um odi des.| Kor] tlhg ava ce| of doubt] tthe term ' substanti al
absence of netalTic prionotjer|s {an I pnfc|i odijdg co-pronoters' neans
t he absence of dielt)bggt@}/\N.m.[\m.o.mc\m__1<<r
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added netallic pronmoters and/or ionic iodide co-pronoters, for it is

possi bl e t hat there may inadvertently be present by, for exanple
corrosion of the carbonylation 25 reactor, mnetals gish= ' |y
added may function as pronoters. A par iTeU$ SHey T praf BrR e

| i quid reaction conposition conprises about from1 tREB%ARD wei g t

water, from 14 to 18% by wei ght nethyl iodide co-cataryst, fromr——==14 to
3 1% by wei ght nmethyl acetate, iridiumcatalyst at a concentration in the
range from 400 to 3000 ppm neasured as iridiumand the bal ance of the 30
conposition conprising substantially acetic acid, and preferred reaction

condi tions are a carbonylation reaction tenperature of from 185 to
200[ err] C, a carbonyl ation reaction total pressure of up to 40 barg
and a carbon nonoxi de partial pressure of from1l to 12 bar.
l oni ¢ contam nants such as, for exanple, (a) corrosion netals, particularly
35 ni ckel, iron and chrom um and (b) phosphlines or nitrogen-contai ning
conmpounds
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or ligands which may quaternise in situ; should be kept to a mninumin the

liquid reacti on conposition as these nay geserally-have-an-adverse
effect on the reaction by generating |- if The $khrprikas ggaeki on
conposition which may have an adverse ef fgct onrthes reactlonlrate
Sonme corrosion netal contam nants such as for -

Case 8813(2)

10

15

20

25

* c L M s *

Claims:

1. A process for the production of acetic acid comprising carbonylating with
carbon monoxide methanol and/or a reactive derivative thereof in the substantial
absence of a metal promoter and/or ionic iodide co-promoter in a carbonylation
reactor containing a liquid reaction composition comprising an iridium
carbonylation catalyst, methyl iodide co-catalyst, water, acetic acid and methyl
acetate '

characterised in that

there is maintained (i) in the liquid reaction composition:-

(a) water at a concentration of less than 5.0% by weight and

(b) methyl iodide at a concentration greater than 12% by weight and

(i1) in the carbonylation reactor a total pressure of less than 50 barg.

2. A process according to claim I wherein methanol and/or methyl acetate are
carbonylated.

3. A process according to claim | wherein the concentration of methyl acetate
in the liquid reaction composition is in the range from 1 to 50% by weight.

4. A process according to claim 3 wherein the concentration of methyl acetate
in the liquid reaction composition is in the range from 10 to 40% by weight.

5. A process according to any one of the preceding claims wherein the methyl
iodide concentration in the liquid reaction composition is greater than 14% by
weight.

6. A process according to claim 5 wherein the upper limit of the methyl iodide
concentration is 20% by weight.

7. A process according to any one of the preceding claims wherein the water
concentration in the liquid reaction composition is less than 4% by weight.

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

14
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.5 exanpl e nol ybdenum have been found to be | ess susceptible to the

generati on of | -. Corrosion netals V\hl,ch_haxLe-an_adv-eLs%:effect on
the reaction rate may be i ni m sed by | snungggimt;ahlcec;cp{rom on
resistant materials of construction. Simlarll Yy, REPL QOIS am ndnts such as
al kali metal iodides, for exanple lithjym i odi-te;= =praypekept—- to a

m ni mum Corrosion netal and ot her |on| C |rrpur|t|es may be reduced by the
10  use of cancentrdtivhlof theoiidRxcbailgs i griliquidadadii@nicoepbsitibeisriealed | on

conmposi tion t al recycle stream Such a process

I s descri be@ng%fr&@ "29(9(@1 B@ B'l?] lxea%ﬁ’%ﬁag"gﬂ?)&n' am nants may be kept below a
concentrati®n at Avibesss a¢roydingtd elaim 8 whergantde sorcepuatigrpediiridiunpr ef er abl y

| ess than 2g0 19§%riatmm' ‘R‘)OttB@uObd) gfﬁh%&?@ﬁ%h?ﬂldmm conposi tion. 15

The process or 1 I nvention | refera operated as .a ¢onti nugus process
but may be &per aﬁéﬂogsss acwadla&tqﬁrayc@s%ofﬂfe xaé%qdf@odalms wherein the total The  aceti ¢

aci d producpresdiye hehé eﬁ@uﬁaﬂﬁcbnflémﬁ i9Gesh tHaHi4d bﬁ@,act ion conposi tion by

Wi t hdr aw N9, Yapoxrpx ocess accorélgg, 0 clau el wperem he 90QX1 pargssgrne is 3¢ Eh%% 30

barg.
12. A process according to any one of the preceding claims wherein the
10  temperature at which the process is operated is in the range from 150 to 220°C.
13. A process according to any one of the preceding claims wherein the amount
of hydrogen in the carbon monoxide reactant is less than 0.3 mol %.
14. A process according to any one of the preceding claims wherein the partial
pressure of carbon monoxide in the carbonylation reactor is less than 0.3 bar.
15 15, A process according to claim 1 wherein the liquid reaction composition
comprises:-
from 1 to 5% by weight water,
from 14 to 18% by weight methyl iodide,
from 14 to 31% by weight methyl acetate,
20 from 400 to 3000 ppm iridium catalyst measured as iridium, and
the balance comprising substantially acetic acid,
and the reaction conditions are a carbonylation reaction temperature of 185 to
200°C, a carbonylation reaction total pressure of up to 40 barg and a carbon
monoxide partial pressure of from | to 12 bar.
25 16. A process according to any one of the preceding claims when operated

continuously.
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.and recovering acetic acid fromthe withdrawpmaterial. Preferably, acetic
acid is 20 recovered fromthe liquid reactnon}_,pogp,o,m [I Qi Dby ¢ont i nuously
wi t hdrawi ng liquid reaction conpositi of P or y’l dtion
reactor and recovering acetic acid frod _ligliid reaction
conposition by one or nore flash and/or fracti onal “distillation
stages in which the acetic acid is separated fromthe other

conmponents of the liquid reaction conposition such as iridCasnd8ase)yst,

met hyl 25 i odi de co-catal yst, nethyl acetate, unreacted nethanol, water
and acetic acid sol vent which nmay be recycled to the reactor to

mai ntain their concentrations in the |l iquid reaction conposition. To
mai ntain stability of the iridiumcatahyst during the acetic acid
product recoveiy stage, water in process streanms containing iridium
carbonyl ation catalyst for recycle to the carbonyl ation reactor should be
mai nt ai ned 30 at a concentrati on ABSERACFast 0. 5% by wei ght.

The process of the present invention will now be illustrated by reference
to the follow ng Exanples and Figures 1 & 2 which represent in graph
form reaction

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

A process for the production of acetic acid comprising carbonylating with carbon
monoxide methanol and/or a reactive derivative thereof in the substantial absence
of a metal promoter and/or ionic iodide co-promoter in a carbonylation reactor
containing a liquid reaction composition comprising an iridium carbonylation
catalyst, methyl iodide co-catalyst, water, acetic acid and methyl acetate wherein
there is maintained (i) in the liquid reaction composition:-

(a) water at a concentration of less than 5.0% by weight and

(b) methyl iodide at a concentration greater than 12% by weight and
(i) in the carbonylation reactor a total pressure of less than 50 barg.

No figure This Sheet Has Been R

LT



rates versus wat er’ concentration at different met hyl i odi de concentrations.

In the Exanpl es the foll ow ng experinental procedure was enpl oyed 35
6 EXPERI MENTAL PROCEDURE
. ic PE .
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. General Description of the Carbonyl ati on Experinents Al
experinments were perforned using a 300 m zirconi um aut ocl ave

equi pped with a magnetically driven stirrer with gas di spersion inpellers,
liquid 5 catalyst injection facility and cooling cd{ﬁ%ﬁ“ﬁ?¥§§=§aﬁ§#¥=ﬁo
t he autocl ave was provi ded from a ball ast vessel , S A4S RGN |
provided to nmaintain the autoclave at a consta r-\CEfhe raﬂk
of gas uptake at a certain point inSQJr action run was use '
calcul ate the carbonylation rate, a er of noles of reactant consuned
per litre of cold degassed reactor conposition per hour {mol/Il/hr}, at a
particul ar 10 reactor conposition (reactor conposition based on a cold

degassed vol une). The net hyl acetate concentration was
cal cul ated during the course of the reaction fromthe starting
conposition, assum ng that one nole of nethyl acetate is consuned for
every nol e pof carbon nonoxide that is consumed. No al | owance was made
for organi cqconponents in the autoclave headspace. 15 For each
bMChcmbq?lmicnfywrnmm the catalyst Herr]lrd[err] dissolfed in
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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 sanpling system and flushed with

car bon nmonoxi de several times (3 x 3-10 barg) . —Hhe—remmining liquid

conponents of the reaction conposition were charged EIQEPLA@:MENTaSHm ve
via a liquid addition port.The autocl ave was optionall y—ft+ushed QL nce

nore with carbon noxide (I x ca. 5 barg). The autocl
pressurised with carbon nonoxide (typically 6 barg) ngggftﬁ 3?%
DOo{err]1C._The t |

stirring (1500 rpm) to reaction tenperature, 1
pressure was then raised to approxi mately 3 baJg bel ow the desirjed
operating pressure by feeding forward 25 car bon noi | | ast
vessel. Once stable at tenperature (abo&t 15 - m nut es) the catal yst
was i njected using an over pressure of carbon nonoxi de. The cat al yst
i njection facility has an efficiency of >90% The reactor pressure was
mai nt ai ned at a constant value ( 0.5 barg) by feeding gas fromthe ball ast
vessel t hroughout the experinent. Gas uptake fromthe ball ast vessel
was measured '

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

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

The 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-96/11179.

GB-A-1234121, US-A-3772380, DE-A-1767150 and WO-A-96/11179,
like the present invention, are concerned with iridium-catalysed carbonylation

10  processes which do not use promoters.

In particular WO-A-96/11179 discloses a method for preparing carboxylic
acids having (n+1) carbon atoms, or the related esters, by liquid phase
carbonylation of an alcohol having (n) carbon atoms in the presence of a catalyst
comprising at least one iridium compound and at least one halogenated co-catalyst

15  characterised in that there is maintained in the mixture during the reaction the ester
corresponding to the carboxylic acid and the alcohol in an amount between 15 and
35%, the halogenated co-catalyst in an amount between 10 and 20% and a partial
pressure of carbon monoxide between 40 and 200 bar, which latter pressure
corresponds to a total pressure of from 50 to 250 bar,

20 It is known from for example EP-A-0643034 that a promoter selected from
ruthenium and osmium can have a beneficial effect on the carbonylation rate of the
iridium-catalysed, methyl iodide co-catalysed carbonylation of methanol in the
presence of acetic acid, a finite concentration of water and methyl acetate.

Nevertheless there remains a need for an improved ir'idium-catalysed

25  carbonylation process in the absence of a metallic promoter, such as ruthenium



: 30 * using datal ogging facilities throughout the coursg; 0k e ] ment .
The reaction *?Lg 3 @ﬁ%ﬁg T

desired reaction tenperature by means of a hegti
to a Eurotherm (Trade Mark) control system A
of reaction was renoved by neans of coolimng coils. Hac
conducted until the gas uptake had ceased (i.e. |ess} ttan~o I bar per

m nute 35

tenperature was nai ntai ned wthin 2

ng mantl| e conneq
ddiqt3 ppB M98ess
h run wgs

Q) —

of gas consuned fromthe ballast vessel)| The ballast vess

was then i sol gh&Mr 88ium, and/or an ionic iodide co-promoter such as quaternary ammonium

10

15

20

25

30

(V3
N

and phosphonium iodides.

Thus, according to the present invention there is provided a process for the
production of acetic acid comprising carbonylating with carbon monoxide
methanol and/or a reactive derivative thereof in the substantial absence of a metal
promoter and/or ionic iodide co-promoter in a carbonylation reactor containing a
liquid reaction composition comprising an iridium carbonylation catalyst, methyl
iodide co-catalyst, water, aceti¢ acid and methyl acetate
characterised in that
there is maintained (i) in the liquid reaction composition:-

(a) water at a concentration of less than-5.0% by weight and
(b) methyl iodide at a concentration greater than 12% by weight and
(ii) in the carbonylation reactor a total pressure of less than 50 barg.

The present invention solves the technical problem defined hereinabove by
maintaining a liquid reaction composition having defined water and methyl iodide
concentrations and a defined total pressure in the carbonylation reactor. This
provides several technical advantages.

Thus increasing the methyl iodide concentration at relatively low water
concentrations has a beneficial effect on the carbonylation rate. A further
advantage of the use of high methyl iodide concentrations at relatively low water
levels is that there can be achieved a reduction in the rate of production of one or
more of the by-products propionic acid, methane, hydrogen and carbon dioxide.

Methanol and/or a reactive derivative thereof is carbonylated in the process
of the present invention. Suitable reactive derivatives of methanol include methyl
acetate, dimethyl ether and methyl iodide. A mixture of methanol and reactive
derivatives thereof may be used as reactants in the process of the present invention.
Preferably, methanol and/or methyl acetate are used as reactants. At least some of
the methanol and/or reactive derivative thereof will be converted to, and hence
present as, methyl acetate in the liquid reaction composition by reaction with acetic
acid product or solvent. In the process of the present invention the concentration
of methyl acetate in the liquid reaction composition is suitably in the range from 1
to 70% by weight, for example from 1 to 50% by weight, preferably from 5 to 50%
by weight, more preferably from 10 to 40% by weight. Using reactive derivatives
such as methyl acetate and dimethy! ether it is necessary to use water as co-
reactant.

ted
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el



-7 the reactor crash cool ed by use of the IR
Herr]lrdJerr] (22.2 %wW w or 10.6% wW w Ir aqueOLlﬂuLﬁgEﬁgﬁhf Eljpp!ied
by Johnson Matthey. The acetic acid was obt gi ned from carbofpylation
of a m xed met hanol / met hyl acetate feedstocK gnd{@PERI 188 Vely | ow
anounts of propionic 5 acid and its pr&cursors. thyl acetate|(29,
699-6), water (32, 007-2) and nethyl I odi de |( 1= - 7) were supplied
by Al dri ch. EXAMPLES Experinerits | to 9 denonstdate the

oot LAY ST RlEl S e Bl Rl chl b Ao e 65381
MeOAc. Char ge Cpppafinid lgrisoartengi Thapresentabf kydtogdieihaheledrbon mbn@Gde
feed and generated in situ by the water gas shift reaction is preferably kept low as
5  its presence may result in the formation of hydrogenation products. Thus, the
amount of hydrogen in the carbon monoxide reactant is preferably less than 1
mol%, more preferably less than 0.5 mol% and yet more preferably less than 0.3
mol% and/or the partial pressure of hydrogen in the carbonylation reactor is
preferably less than 1 bar partial pressure, more preferably less than 0.5 bar and yet
10 more preferably less than 0.3 bar. The partial pressure of carbon monoxide in the
carbonylation reactor is suitably that pressure which corresponds to the total
pressure being less than 50 barg, typically less than 40 barg, preferably less than 30
barg. The temperature at which the process is operated is suitably in the range
from 100 to 300°C, preferably in the range from 150 to 220°C.
15 In the process of the present invention, the iridium carbonylation catalyst is

ef fect of water corTigdatlin @onoxide reactmg(;z%%seinﬂal‘f@ pirdior fay eahtapny! at i on

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

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

25  containing compounds which may be added to the liquid reaction composition
include IrCl3, Irl3, IrBr3, [1((CO)y1]5, [Ir(CO);Cl]a, [Ir(CO)2Brly, [I(CO)In]1
H*, [I(CO)Bro] HY, [1(CO)pla] HY, [Ir(CH3)I3(CO)] HY, Irg(CO) 2.
IrCl3.3H0, IrBr3.3H30, Irg(CO)| 2, iridium metal, Irp03, IrOy, Ir(acac)(CO),,
Ir(acac)s, iridium acetate, [lr30(0Ac)s(H20)3]1[0Ac], and hexachloroiridic acid

30  [HpIrClg], preferably, chloride-fee complexes of iridium such as acetates, oxalates
and acetaoacetates 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.

35 It is a feature of the process of the present invention that the methyl iodide



25% _20% , 15% ,10% 7.5% and 5% w w MeQAc, are gi VW@T%FFLT

Experinents 1-6 (a), 1-5 (b), 1-4 (c) andland2 d 1 (9
are not according to the present invention because|the water concentiation
is not 15 less than 5.0% by wei ght. They are inclufledi B&ER H@Sptp se of
conparison only. Experinment4 A to N ¢deponstrate the pffect of
wat er concentrati on, expressed in %ww, on ¢arbonylation actiVity

using an iridiumcatalyst at 190[err]C and 28 _barg.total pressure for

reactions whi Cd&m@@ﬁﬁit'bhﬁr@ﬂﬁhﬁq@id‘l'%c%NVcMEbos@lon?@%,’eeater thanW/Z% w¥ight. Char ge

ositions T Rat e .dat a, at 2 0% 5%
SO 03 So Mty The et Sodide ropEantiarion isirestsr than | 4°;5°ywe* q“ TBS oo | et s

Ato N are notu@éﬂlﬁhdldﬁgudmethiléod)ﬂeméntraﬂmﬁﬁ\’:)aly(v& abmﬁgmseovm wewhth met hyl
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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
10 methanol to produce methane and water. Water may be introduced to the
carbonylation reactor together with or separately from other components of the
liquid reaction composition. Water may be separated from other components of
reaction composition withdrawn from the reactor and may be recycled in controlled
amounts to maintain the required concentration of water in the liquid reaction
15  composition.
The water concentration in the liquid reaction composition is less than 5%
by weight, preferably less than 4% by weight.
The process of the present invention is operated in the substantial absence
of metallic promoters such as for example, ruthenium and osmium and/or ionic
20  iodide co-promoters such as for example quaternary ammonium and phosphonium
iodides. For the avoidance of doubt the term ‘substantial absence of metallic
promoters and/or ionic iodide co-promoters’ means the absence of deliberately
added metallic promoters and/or ionic iodide co-promoters, for it is possible that
there may inadvertently be present by, for example corrosion of the carbonylation
25  reactor, metals which if deliberately added may function as promoters.
A particularly preferred liquid reaction composition comprises about from 1
to 5% by weight water, from 14 to 18% by weight methyl iodide co-catalyst, from
14 to 31% by weight methyl acetate, iridium catalyst at a concentration in the
range from 400 to 3000 ppm measured as iridium and the balance of the
30  composition comprising substantially acetic acid, and preferred reaction conditions
are a carbonylation reaction temperature of from 185 to 200°C, a carbonylation
reaction total pressure of up to 40 barg and a carbon monoxide partial pressure of
from 1 to 12 bar.
Ionic contaminants such as, for example, (a) corrosion metals, particularly

35  nickel, iron and chromium and (b) phosphines or nitrogen-containing compounds



: The results are illustrated in graph formin Figures 1 & 2.
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concentrati orpyager”batingar tr thelighid reaction composition which may have an adverse

effect on the reaction rate. Some corrosion metal contaminants such as for

5  example molybdenum have been found to be less susceptible to the generation of

I". Corrosion metals which have an adverse effect on the reaction rate may be

minimised by using suitable corrosion resistant materials of construction. Similarly,

contaminants such as alkali metal iodides, for example lithium iodide, may be kept

to a minimum. Corrosion metal and other ionic impurities may be reduced by the

10 use of a suitable ion exchange resin bed to treat the reaction composition, or
preferably a catalyst recycle stream. Such a process is described in US 4007130.
Ionic contaminants may be kept below a concentration at which they would
generate 500 ppm I-, preferably less than 250 ppm I- in the liquid reaction
composition.

15 The process of the invention is preferably operated as a continuous process
but may be operated as a batch process if desired.

The acetic acid product may be recovered from the liquid reaction
composition by withdrawing vapour and/or liquid from the carbonylation reactor
and recovering acetic acid from the withdrawn material. Preferably, acetic acid is

20  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
components of the liquid reaction composition such as iridium catalyst, methy!

25  iodide co-catalyst, methyl acetate, unreacted methanol, water and acetic acid
solvent which may be recycled to the reactor to maintain their concentrations in the
liquid reaction composition. To maintain stability of the iridium catalyst during the
acetic acid product recovery stage, water in process streams containing iridium
carbonylation catalyst for recycle to the carbonylation reactor should be maintained

30  ataconcentration of at least 0.5% by weight.

The process of the present invention will now be illustrated by reference to
the following Examples and Figures 1 & 2 which represent in graph form, reaction
rates versus water concentration at different methyl iodide concentrations. In the

Examples the following experimental procedure was employed
35
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EXPERIMENTAL PROCEDURE
General Description of the Carbonylation Experiments

All experiments were performed using a 300 ml zirconium autoclave
equipped with a magnetically driven stirrer with gas dispersion impellers, liquid
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
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.

For each batch carbonylation experiment the catalyst, HplIrClg, 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). The remaining liquid components of the reaction composition were charged
to the autoclave via a liquid addition port.The autoclave was optionally flushed
once more with carbon moxide (1 x ca. 5 barg). The autoclave was then
pressurised with carbon monoxide (typically 6 barg) and heated with stirring (1500
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
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.
In addiﬁon, excess heat of reaction was removed by means of cooling coils. Each
run was conducted until the gas uptake had ceased (i.e. less than 0.1 bar per minute
of gas consumed from the ballast vessel). The ballast vessel was then isolated and

/g
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the reactor crash cooled by use of the cooling coils.

HjIrClg (22.2 % w/w or 10.6% w/w Ir 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 (29, 699-6), water (32, 007-2) and methyl
iodide (I-850-7) were supplied by Aldrich.

EXAMPLES

EXperiments 1 to 9 demonstrate the effect of water concentration,
expressed in % w/w, on carbonylation activity using an iridium catalyst at 190°C
and 28 barg total pressure for reactions which pass through 16.9% w/w Mel at
30% w/w MeOAc . Charge compositions are given in Table 1. Rate data, at 30%,
25%, 20% ,15% ,10%, 7.5% and 5% w/w MeOAc, are given in Table 2.

Experiments 1-6 (a), 1-5 (b), 1-4 (c) and 1 and 2 (d) () and (f) and 1 (g)
are not according to the present invention because the water concentration is not
less than 5.0% by weight. They are included for the purpose of comparison only.

Experiments A to N demonstrate the effect of water concentration,
expressed in % w/w, on carbonylation activity using an iridium catalyst at 190°C
and 28 barg total pressure for reactions which pass through 8.4% w/w Mel at 30%
w/w MeOAc. Charge compositions are given in Table 3. Rate data, at 30%, 25%,
20%, 15% , 10%, 7.5% and 5% w/w MeOAc, are given in Table 4.

Experiments A to N are not according to the present invention because the
methyl iodide concentration is not greater than 12% by weight. Moreover the
water concentration is not less than 5.0% by weight in Experiments A-J (a), A to F
(b), A-E (c), A and B (d), (e) and (f) and A (g). They are included for the purpose
of comparison only.

The results are illustrated in graph form in Figures 1 & 2.

Figure 1 illustrates the beneficial effect of increasing the Mel concentration
from 8.4% w/w to 16.9% w/w at 30% w/w MeOAc and a water concentration less
than 5% w/w at a total pressure of 28 barg.

Figure 2 illustrates the beneficial effect of increasing the Mel concentration
from 8.0% w/w to 16.0% w/w at 15% w/w MeOAc and a water concentration less
than 5% w/w at a total pressure of 28 barg.

Based on Figures 1 and 2, increasing the methy! iodide concentration to
greater than 12% w/w is particularly beneficial when, at 12% w/w methy! iodide,

the reaction rate is declining with reducing water concentration at any particular
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methyl acetate concentration, total pressure and carbon monoxide partial pressure.

Table 1 Charge compositions for iridium catalysed reactions in a 300 ml
zirconium batch autoclave.
5
Experiment RunNo. | MeOAc/ AcOH/ Mel/g Water/ HolrClg/g
g g g 2
1 684 60.02 3407  27.03 28.26 0.643
2 624 59.98 42.26 27.03 20.22 0.643
3 685 60.00 46,34 27.04 16.00 0.642
4 702 60.07 47.48 27.04 14.88 0.644
5 696 60.00 48.74 27.05 13'.56 0.641
6 614 60.02 50.43 27.01 11.90 0.642
7 683 60.01 52.86 27.03 9.47 0.642
8 686 60.00 54.40 27.03 7.96 0.641
9 682 60.03 55.92 27.03 6.40 0.641

a) Weight expressed as pure HplIrClg,.

10
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C ai ns: 1. A process for the production of acetic acid conprising
carbonylating with car bon nonoxi de net hanol- and/ or a reactive
derivative thereof in the substanti al absence of a metal pronoter

and/or ionic iodide co-pronoter in a carbonylation - P neae:;q; gﬁm ni ng

a liquid reaction conposition conprising an iridium
catal yst, nethyl iodide co-catalyst, water, acetic agid and net hyl

acetate

|l iquid reaction conposition:- (a) water at a cqnaentration of liegs

55 Earhany

characterised in that there is ndintaifred@8EBI 98N 1t he

than 5.0% by wei ght and 10 (b) methyl iodide at a donCent i at Ton greater

than 12% by wei ght and
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Claims:

1. A process for the production of acetic acid comprising carbonylating with
carbon monoxide methanol and/or a reactive derivative thereof in the substantial
absence of a metal promoter and/or ionic iodide co-promoter in a carbonylation
reactor containing a liquid reaction composition comprising an iridium
carbonylation catalyst, methyl iodide co-catalyst, water, acetic acid and methyl
acetate

characterised in that

there is maintained (i) in the liquid reaction composition:-

(a) water at a concentration of less than 5.0% by weight and

(b) methyl iodide at a concentration greater than 12% by weight and

(ii) in the carbonylation reactor a total pressure of less than 50 barg.

2. A process according to claim | wherein methanol and/or methy! acetate are
carbonylated.

3. A process according to claim 1 wherein the concentration of methyl acetate
in the liquid reaction composition is in the range from 1 to 50% by weight.

4. A process according to claim 3 wherein the concentration of methyl acetate
in the liquid reaction composition is in the range from 10 to 40% by weight.

5. A process according to any one of the preceding claims wherein the methyl
iodide concentration in the liquid reaction composition'is greater than 14% by
weight.

6. A process according to claim 5 wherein the upper limit of the methyl iodide
concentration is 20% by weight.

7. A process according to any one of the preceding claims wherein the water
concentration in the liquid reaction composition is less than 4% by weight.

8. A process according to any one of the preceding claims wherein the
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wat er concent’r sition is l'ess than
4% by wei ght . pressure in the carbonylation reactor is less than 40 barg

11. A process according to claim 10 wherein the total pressure is less than 30
barg.
12. A process according to any one of the preceding claims wherein the
10 temperature at which the process is operated is in the range from 150 to 220°C.
13. A process according to any one of the preceding claims wherein the amount
of hydrogen in the carbon monoxide reactant is less than 0.3 mol %.
14, A process according to any one of the preceding claims wherein the partial
pressure of carbon monoxide in the carbonylation reactor is less than 0.3 bar.
15 15, A process according to claim | wherein the liquid reaction composition
comprises:-
from 1 to 5% by weight water,
from 14 to 18% by weight methyl iodide,
from 14 to 31% by weight methyl acetate,
20 from 400 to 3000 ppm iridium catalyst measured as iridium, and
the balance comprising substantially acetic acid,
and the reaction conditions are a carbonylation reaction temperature of 185 to
200°C, a carbonylation reaction total pressure of up to 40 barg and a carbon
monoxide partial pressure of from 1 to 12 bar.
25 16. A process according to any one of the preceding claims when operated
continuously.
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- 25 8. A process according to any one of the preceding clains wherein

t he concentration of the iridiumcatalyst in the liquid _
reaction conposition is in the to 5000 ppm measured as
i ridium 9. A process dccordpn wh
concentration of iridium SF to

Ml di um 5 10. A process accordi ng“to-me ofjthe™ % '
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ABSTRACT

IRIDIUM-CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID

A process for the production of acetic acid comprising carbonylating with carbon
monoxide methanol and/or a reactive derivative thereof in the substantial absence
of a metal promoter and/or ionic iodide co-promoter in a carbonylation reactor
containing a liquid reaction composition comprising an iridium carbonylation
catalyst, methyl iodide co-catalyst, water, acetic acid and methyl acetate wherein
there is maintained (i) in the liquid reaction composition:- |

(a) water at a concentration of less than 5.0% by weight and

(b) methyl! iodide at a concentration greater than 12% by weight and
(ti) in the carbonylation reactor a total pressure of less than 50 barg.

No figure
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and the reaction conditions are a carbonyl ation reaction

200[ err] C, a carbonyl ation reaction total
pressure of

20
iridium and
acetic acid,

tenperature of 185 to
pressure of up to 40 barg and a carbon monoxi de parti al

froml to 12 bar. 25 16. A procegﬁ/ cording to
precedi ng cl ai nr8 when oper at ed ti nuously.

ate at various \éa‘rer
e

¢ for iridium catalys

ion onr

ncentrat
w/w MeQA
1z
Water / % w/w

g Mel co
and 15%

in
2 8.0% w/w Mel
IN]

2 16.0% w/w Mel

methanol carbonylation
20

concentrations

4717100 [ 3ey

FIG. 2Ettect of increas



10

15

20

25

15

concentration of the iridium catalyst in the liquid reaction composition is in the
range from 400 to 5000 ppm measured as iridium.
9. A process according to claim 8 wherein the concentration of iridium
catalyst is from 500 to 3000 ppm measured as iridium.
10. A process according to any one of the preceding claims wherein the total
pressure in the carbonylation reactor is less than 40 barg.
11. A process according to claim 10 wherein the total pressure is less than 30
barg. '
12 A process according to any one of the preceding claims wherein the
temperature at which the process is operated is in the range from 150 to 220°C,
13. A process according to-any one of the preceding claims wherein the amount
of hydrogen in the carbon monoxide reactant is less than 0.3 mol %.
14. A process according to any one of the preceding claims wherein the partial
pressure of hydrogen in the cafbony(ation réactor is less than 0.3 bar.
15. A process according to claim 1 wherein the liquid reaction composition
comprises:-

from | to 5% by weight water,

from 14 to 18% by weight methyl iodide,

from 14 to 3 1% by weight methyl acetate,

from 400 to 3000 ppm iridium catalyst measured as iridium, and

the balance comprising substantially acetic acid,
and the reaction conditions are a carbonylation reaction temperature of 185 to
200°C, a carbonylation reaction total pressure of up to 40 barg and a carbon
monoxide partial pressure of from 1 to 12 bar. _
16. A process according to any one of the preceding claims when operated
continuously.
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