woO 2007/085790 A1 |10 0 00O 0O O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T OO OO

International Bureau

(43) International Publication Date
2 August 2007 (02.08.2007)

(10) International Publication Number

WO 2007/085790 Al

(51) International Patent Classification:
CO7C 51/12 (2006.01) B01J 23/656 (2006.01)
CO7C 53/08 (2006.01)

(21) International Application Number:
PCT/GB2007/000054

(22) International Filing Date: 10 January 2007 (10.01.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0601865.9 30 January 2006 (30.01.2006) GB
(71) Applicant (for all designated States except US): BP
CHEMICALS LIMITED [GB/GB]; Chertsey Road,

Sunbury on Thames, Middlesex TW16 7BP (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MILLER, Andrew,
John [GB/GB]; 720 Beverley Road, Hull, Kingston upon
Hull HU6 7JG (GB). PAYNE, Marc, John [GB/GB]; 25B
Duke Street, Henley-on-Thames, Oxfordshire RG9 1UR
(GB).

(74) Agent: BROOKE, Caron; BP International Limited,
Patents & Agreements, Chertsey Road, Sunbury on
Thames, Middlesex TW16 7LN (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

Published:
with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PROCESS FOR THE PRODUCTION OF ACETIC ACID

(57) Abstract: A process for the production of acetic acid by carbonylating methanol and/or a reactive derivative thereof with
carbon monoxide in the presence of a promoted iridium carbonylation catalyst wherein the promoters are indium and rhenium.



10

15

20

25

30

WO 2007/085790 PCT/GB2007/000054

PROCESS FOR THE PRODUCTION OF ACETIC ACID

This invention relates to a process for the production of acetic acid and in particular
to a process for the production of acetic acid by the carbonylation of methanol and/or a
reactive derivative thereof in the presence of a promoted iridium catalyst.

The production of acetic acid by the carbonylation of methanol in the presence of
an iridium catalyst and a promoter such as ruthenium is described, for example, in EP-A-
0752406, EP-A-0849248, EP-A-0849249, and EP-A-1002735.

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 promoter selected from
ruthenium and osmium. ‘

EP-A-0 749 948 describes a process for the carbonylation of an alkyl alcoholysuch
as methanol and/or a reactive derivative thereof to produce the corresponding carboxylic
acid and/or ester in the presence of an iridium catalyst, an alkyl halide, water and at least
one promoter selected from cadmium, mercury, zinc, gallium, indium and tungsten,
optionally with a co-promoter selected from ruthenium, osmium and rhenium.

In a carbonylation process employing an iridium catalyst promoted with ruthenium,
it has been found that the highér the concentration of promoter, the greater the rate of
reaction. However, it has also been found that under certain conditions precipitation of the
catalyst system may occur. ‘

Thus, there remains a need for an iridium-catalysed promoted carbonylation
process in which the afore-mentioned disadvantages are mitigated.

The present invention solves the technical problem defined above by employing a
non-ruthenium promoted iridium catalyst system wherein the catalyst system comprises
iridium, indium and rhenium.

Accordingly, the present invention provides a process for the production of acetic
acid by carbonylating methanol and/or a reactive derivative thereof with carbon monoxide
in at least one carbonylation reaction zone containing a liquid reaction composition
comprising an iridium carbonylation catalyst, methyl iodide co-catalyst, a finite
concentration of water, acetic acid, methyl acetate, and as promoters indium and rhenium.

It has now been found that by using an indium and rhenium promoted iridium
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catalyst system, the need for a ruthenium promoter is avoided whilst maintaining the
carbonylation rate. In addition, there are environmental benefits associated with the present
catalyst system as it has reduced toxicity compared to a ruthenium promoted iridium
catalyst system. |

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. Water is required as co-reactant for ether or ester reactants. 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
the carboxylic acid product or solvent. Preferably, the concentration of methyl acetate in
the liquid reaction compositio;l is in the range 1 to 70% by weight, more preferably 2 to
50% by weight, most preferably 3 to 35% by weight

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

be introduced to the carbonylation reaction zone together with or separately from other

- components of the liquid reaction composition. Water may be separated from other

components of the liquid reaction composition withdrawn from the reaction zone and may
be recycled in controlled amounts to maintain the required concentration of water in the
liquid reaction composition. Preferably, the concéntration of water in the liquid reaction
composition is in the range 0.1 to 20% by weight, more preferabiy 1 té 15% by weight, yet
more preferably 1 to 10% by weight.

Preferably, the concentration of methyl iodide co-catalyst in the liquid reaction
composition is in the range 1 to 20% by weight, preferably 2 to 16% by weight.

The iridium catalyst in the liguid 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 in any suitable form which
dissolves in the liquid reaction composition or is convertible to a soluble form. Preferably
the iridium may be used as a chloride free compound such as acetates which are soluble in
one or more of the liquid reaction composition components, for example water and/or

acetic acid and so may be added to the reaction as solutions therein. Examples of suitable
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iﬁdium-containing compounds which may be added to the Hquid reaction composition
include IrCl3, Irl3, IrBr3, [Ir(CO)p1]9, [Ir(CO)2Cl]a, [Ir(CO)2Brl2, [Ir(CO)4Ip) HY,
[Ix(CO),Bro]"H*, [I(CO)2Ip]"HY, [Ir(CH3)I3(CO)] HY, Irg(CO)12, IrCl3 4H)0,

IrBr3.4H>O0, Ir3(CO)1 7, iridium metal, Irsz,, IrO9, Ir(acac)(CO)2, Ir(acac)s, iridium
acetate, [Ir30(OAc)g(H20)31[OAc], and hexachloréiridic acid Hp[IrClg], preferably,

chloride-free complexes of iridium such as acetates, oxalates and acetoacetates.

Preferably, the concentration of the iridium catalyst in the liquid reaction
composition is in the range 100 to 6000 ppm by weight of iridium.

The liquid reaction composition additionally comprisés indium and rhenium
promoters. The promoters 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 soluble form.

Examples of suitable indium-containing compounds which may be used include
indium acetylacetonate, indium acetate, InCl3, InBrs, Inls, Inl and In(OH)s.

Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Re,(CO)1o, Re(CO)sCl, Re(CO)sBr, Re(COjsI, ReCl;3.xH0,
[Re(CO)al]2, Re(CO)L,]H' and ReCls.yH,O. : ’

Preferably, each promoter is present in an effective amount up to the limit of its
solubility in the liquid reaction composition and/or any liquid process streams recycled to
the carbonylation reactor from the acetic acid recovéry stage. Each promoter is suitably
present in the liquid reaétion compositions at a molar ratio of promoter to iridium of
[greater than O to 15]:1. such as in the range [2 to 10] : 1, for example [2 to 5] : 1. Each
promoter is suitably present in the liquid reaction composition in a concentration less than
8000 ppm. |

Suitably, the molar ratio of iridium : indium : rhenium may be in the range 1 :
[greater than 0 to 15] : [greater than O to 157, such as 1 : [2 to 10] : [2 to 10], for example 1:
[2to 5] :[2to5].

Preferably, the iridium, indium and thenium containing compounds are free of
impurities which provide or generate in situ ionic iodides which may inhibit the reaction,

for example, alkali or alkaline earth metal or other metal salts.
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Ionic contaminants such as, for example, (a) corrosion metals, particularly nickel,
iron and chromium and (b) phosphines or nitrogen containing compounds or ligands which
may quaternise in situ; should be kept to a minimum 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. Some corrosion metal
contaminants such as for example molybdenum have been found to be less susceptible to
the generation of I'. Corrosion metals which have an adverse affect 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, should be
kept to a minimum. Cotrosion metal and other ionic impurities may be reduced by the use
of a suitable ion exchange resin bed to treat the réaction composition, or preferably a
catalyst recycle stream. Preferably, ionic contaminants are kept below a concentration at
which they would generate 500 ppm T, preferably less than 250 ppm I in the liquid
reaction composition. ‘

The.carbon monoxide reactant for the carbonylation reaction may be essentially
pure or may contain inert impurities such as carbon dioxide, methane, nitrogen, noble

gases, water and C1 to Cy4 paraffinic hydrocarbons. The presence of hydrogen in the

carbon monoxide and generated in situ by the water gas shift reaction is preferably kept
low, fof example, less than 1 bar partial pressure, as its presence may result in the
formation of hydrogenation products. The partial pressure of carbon monoxide is suitably
in the range 1 to 70 bar, preferably 1 to 35 bar and more preferably 1 to 15 bar.

The total pressure of the carbonylation reaction is suitably in the range 1.0 to 20.0
Mpag (10 to 200 barg), preferably 1.0 to 10.0 Mpag (10 to 100 barg), more preferably 1.5
to 5.0 Mpag (15 to 50 barg). The carbonylation reaction temperature is preferably in the
range 150 to 220 °C.

The process of the present invention may be performed as a batch or a continuous
process, preferably as a continuous process.

The acetic acid product may be removed from the carbonylation reaction zone by
withdrawing liquid reaction composition and separating the acetic acid product by one or
more flash and/or fractional distillation stages from the other components of the liquid

reaction composition such as iridium catalyst, indium and rhenium promoters, methyl
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iodide, water and unconsumed reactants which may be recycled to the carbonylation
reaction zone to maintain their concentrations in the liquid reaction composition.

The process of the present invention may be carried out in a single reaction zone or
it may be carried out in two or more reaction zones. Where two or more reaction zones are
employed, the liquid reaction composition and reaction conditions in each reaétibn zone
may be the same or different.

The invention will now be illustrated by way of example only by reference to the
following examples.

General Reaction Method

All experiments were performed in a 300 cm® zirconium autoclave equipped with a
stirrer and a liquid injection facility. The autoclave was pressure tested to a minimum of 30
barg with nitrogen and then flushed three times with carbon monoxide up to 3 barg. A
charge consisting of methyl acetate, acetic acid, methyl iodide, water and promoter was
placed in the autoclave and a small amount of carbon monoxidé was placed over the
charge. A ballast vessel was charged with an overpressure of carbon monoxide.

The autoclave was heated with stirring (1500 rpm) to 190 °C. The catalyst injection
system was primed with an iridium acetate solution (approx 5% iridium, 26% water, 62.7%
acetic acid) and acetic acid and injected with carbon ménoxide to bring the autoclave
pressure to 28 barg |

The reaction rate was monitored by a drop in the carbon monoxide pressure from
the ballast vessel. The autoclave was maintained at a constant terriperature 0f 190 °C and
pressuré of 28 barg throughout the reaction. After uptake of carbon monoxide from the

ballast vessel had ceased, the autoclave was isolated from the gas supply and cooled. After

cooling, a gas analysis sample was taken and the autoclave vented. The liquid components

were discharged, and analysed for liquid by-products by known established gas
chromatography methods. Detected components were quantified by integration of the
component peaks relative to an external standard and expressed as parts per million (ppm)
by weight. The major product obtained in each carbonylation experiment was acetic acid.
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/h) at a particular reactor composition (total react;r

composition based on a cold degassed volume)
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The methyl acetate concentration was calculat_ed duﬁng the course of the reaction
from the starting composition, assuming that one mole of methy! acetate was consumed for
every mole of carbon monoxide that was consumed. No allowance was made for organic
components in the autoclave headspace. The gaseous by-products were analysed by gas
chromatography and results calculated in terms of % selectivity based on methyl acetate

consumption for methane and CO consurnption for CO,.

Examples

Experiment A
A baseline experiment was performed with the autoclave charged with an iridium

écetate solution and a ruthenium acetate solution (5% ruthenium, 18% water and 72%
acetic acid). The amounts of the components charged to the autoclave are given in Table 1
below. The rate of reaction at a calculated reaction composition of 12% methyl acetate is
shown in Table 2.
Experiment B

Experiment A was repeated except that the autoclave was charged with indium
acetate solution instead of a ruthenium solution. The amounts charged to the autoclave are
given in Table 1 and the results of the experiment are given in Table 2.
Experiment C

Experiment A was repeated except that the autoclave was charged with dirhenium
decocarbonyl solution instead of a ruthenium solution. The amounts charged to the
autoclave are given in Table 1 and the results of thel experiment are given in Table 2.

Examples 1 and 2

Experiment A was repeated except that the autoclave was charged with indium
acetate solution and dirhenium decocarbonyl solution instead of a ruthenium solution.

'The amounts charged to the autoclave are given in Table 1 and the results of the
experiment are given in Table 2. 4

The results in Table 2 show that a combination df indium and rhenium promote an
iridium catalysed methanol carbonylation process with no detriment to the carbonylation

rate.
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Claims

1. A process for the production of acetic acid by carbonylating methanol and/or a
reactive derivative thereof with carbon monoxide in at least one carbonylation reaction .
zone containing a liquid reaction composition comprising an iridium carbonylation
catalyst, methyl iodide co-catalyst, a finite concentration of water, acetic acid, methyl
acetate and as promoters indium and rhenium.

2. A process according to claim 1 wherein the indium promoter and rhenium promoter
are each present in the liquid reaction composition at a molar ratio of promoter to iridium
of [greater than O to 15] : 1.

3. A process according to claim 1 wherein the molar ratio of iﬁdium : indium :
rhenium is in the range 1 : [2 to 10] : [2 to 10]. ,

4. A process according to claim 3 wherein the molar ratio of iridium : indium :
rhenium is in the range 1 : [2 to 5] : [2 to 5].

5. A process according to any one of claims 1 to 4wherein the concentration of each
promoter in the liquid reaction composition is less than 8000 ppm.

6. A process according to any one of claims 1 to 5 wherein the concentration of
iridium in the liquid reaction composition is in the range 100 to 6000 ppm. '

7. A process according to any one of claims 1 to 6 wherein water is present in the
liquid reaction composition at a concentration in the range 0.1 to 20% by weight.

8. A process according to claim 7 where the water concentration is in the range 1 to
15% by weight.

9. A process according to claim 8 wherein the water concentration is in the range 1 to
10% by weight.

10. A process according to any one of claims 1 to 9 wherein the methyl acetate is
present in the liquid reaction composition at a concentration in the range 1 to 70% by
weight.

11. A process according to any one of claims 1 to 10 wherein the methyl iodide is
present in the liquid reaction composition at a concentration in the range 1 to 20% by
weight.

12. A process according to any one of claim 1 to 11 wherein the carbonylation reaction

is carried out at a total pressure in the range 1 to 20 Mpag.
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13. A process according to any one of claims 1 to 12 wherein the carbonylation
reaction is carried out at a temperature in the range 150 to 220 °C.

14. A process according to any one of claims 1 to 13 wherein the carbonylation
reaction is carried out in a single carbonylation reaction zone.

15. A process according to any one of claims 1 to 13 wherein the carbonylation

reaction is carried out in at least two carbonylation reaction zones.

16. A process according to any one of claims 1 to 15 wherein the process is carried out

as a continuous process.
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