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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 the carbonylation
of methanol and/or a reactive derivative thereof in the presence of an iridium
catalyst. '

5 Acetic acid is a well-known commodity chemical which has many industrial
'uses.

Processes for the production of acetic acid by liquid phase, iridium-
catalysed carbonylation reactions are known and are described in, for example,
EP-A-0616997; EP-A-0618184; EP-A-0643034; US-A-3,772,380;

10  GB-A-1234641 and GB-A-1234642. -

The construction and operation of carbonylation plant for the production of
acetic acid is a competitive business and clearly any saving in capital expenditure
and operating costs by eliminating plant is an economically desirable objective.

The technical problem to be overcome by the process of the present invention is

15 - that of reducing the capital expenditure and/or operating costs of a plant for the

' production of acetic acid by the liquid phase carbonylation of methanol and/or a

reactive derivative thereof using an iridium catalyst. We have found that by
opefating with a defined liquid réaction composition it is possible to produce acetic

_ acid of a quality sufficient in terms of water and propionic acid content for its

20  ultimate industrial applications using a single distillation column to separate and

' recycle the light ends from the acetic acid product. - '

Accordingly the present invention provides a process for the productlon of
an acetic acid process stream comprising less than 400 ppm propionic acid and less
than 1500 ppm water which process comprises the steps:-

25 (a) feeding methanol and/or a reactive derivative thereof and carbon
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| Rk DI UM CATALYSED CARBONYLATI ON PROCESS FOR THE

PRODUCTI ON OF. ACETI C 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 the carbonylation of

met hanol and/or a reactive derivative th&eof in the presence of an iridium
catalyst. 5 Acetic acid is a well-known commodity. chem cal which
has many industrial uses. Processes for the production

of acetic aci ghoRxilie t'4 Garﬁbﬁﬁéhon' rehélbtitwhich thereqﬁlhfahifﬁﬁéﬂ duirngahy bauirbeon
reactions are nown and described in, for exanp EP- A-0616997;

EP- A- 0618184; OHBe RIQfE5%Y Si“‘ B?CW%"?"?E“%UW%‘EP"S‘%B A— 1234641 and
GB- A-1234642. (i) an iridium carbbhglatimnaitalysty i on and operati on of carbonyl ation

pl ant for the.grod cetic acid is a conpetitive business and
clearly angl sgl@l nnglcé%Hygg)p ({ I %a)gad %’dl ture
(iii)  optionally one or more promoters selected from the group consisting of

ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and
tungsten;
(iv)  a finite amount of water at a concentration of less than about 8% by
weight;
10 (v)  methyl acetate;
(vi)  acetic acid; and
(vii) propionic acid by-product and its precursors;
(b)  withdrawing liquid reaction composition from the carbonylation reactor and
introducing at least part of the withdrawn liquid reaction composition, with
15 - or without the addition of heat, to a flash zone to form a vapour fraction
comprising water, acetic acid product, propionic acid by-product, methyl
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and water;
20 (c) recycling the liquid fraction from the flash zone to the carbonylation
reactor; |
(d)  introducing the vapour fraction from the flash zone into a first distillation
Zone;
(e) removing from the first distillation zone at a point above the introduction
25 point of the flash zone vapour fraction a light ends recycle stream
comprising water, methyl acetate, methyl iodide, acetic acid and propionic
 acid precursors which stream is recycled in whole or in part to the
carbonylation reactor, and
® removing from the first distillation zone at a point below the introduction
30 point of the flash zone vapour fraction, a process stream comprising acetic
acid product, propionic acid by-product, and less than 1500 ppm water and,
(g) ifthe process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the introduction point of the stream from (f)
35 propionic acid by-product and from a point above the introduction point of
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aﬁd operating costs by elimnating plant is an econom cally desirable

obj ecti ve. . *The technical. preblemto be overcone by the process of the
present invention is 15 that of reducing the capital expenditure and/or
operating costs of a plant for the production of acetic acid by the
i qui d phase carbonyl ation of nethanol and/or a reactive derivative

t hereof using an iridiumcatalyst. We have found that by operating
with a defined liquid reaction conposition it is possible to produce acetic

acid of a quality gefstresim$im (fPah 8¢ abid prEdess stidath guntaiming less andooont ent
for its 20 ultimate | ndustrl.al @P%I | catll s using a single distillation
col um to separ at ePBIA@ropionic acid apd fess than P?‘SHP“‘ “fromthe acetic acid
]E)r oduEt. duct i Ad;/antdgemslyl,i the byocessaofithemeertionallews therprodustiod®f a process
or the produgcti.qn . . i i DE oS | ess
than 400" ppm BB g conaining R AEELOF bR ForltaliflpIe ANT0GRRPbiopldi:
process cdnpr aciésnd less thar p500 pprg water, for exqraple fesethand ORR PRREINGIINGIND OF a
reactive deripgal iv@atBR26/s 8F the 8£i8 Blirification rather than the three generally

employed in carbonylation purification systems.

Suitably, hydrogen present in the carbonylation reactor, present for

example, as a result of the water gas shift reaction and optionally as part of the gas
10 feed, is maintained at as low a partial pressure as possible, typically a partial

pressure of less than 0.5 bar, preferably less than 0.3 bar. By maintaining as low a

partial pressure of hydrogen as possible in the carbonylation reactor the amount of

hydrogenation by-products (methane and propionic acid) is reduced. Preferably,

hydrogen in the carbon monoxide feed gas is maintained at less than 0.5 mol %,
15  more preferably less than 0.3 mol % and most preferably less than 0.1 mol %.

Suitably, the concentration of methyl iodide co-catalyst in the liquid
reaction composition is greater than 4% by weight, typically from 4 to 20% by
weight, preferably from 4 to 16% by weight. As the methyl iodide concentration in
the liquid reaction composition is increased, the amount of propionic acid by-

20  product decreases.

Suitably, the molar ratio of methy! iodide : iridium in the liquid reaction
composition is [greater than 20]:1, preferably [up to 400]:1, more preferably [from
20 to 200]:1. As the molar ratio of methyl iodide : iridium catalyst in the liquid
reaction composition is increased, the amount of propioric acid by-product

25  decreases. '

The flash zone is preferably maintained at a pressure below that of the
reactor, typically at a pressure of 0 to 10 barg. The flash zone is preferably
maintained at a temperature of 100 to 160°C.

The vapour fraction from the flash zone may be introduced to the first

30 distillation zone as a vapour or the condensable components therein may be
partially or fully condensed and the vapour fraction may be introduced as a mixed
vapour/liquid or as a liquid with non-condensables. _

The first distillation zone preferably has up to 40 theoretical stages. Since
distillation zones may have differing efficiencies this.may be equivalent to 57 actual

35  stages with an efficiency of about 0.7 or 80 actual stages with an efficiency of
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2°. ) monoxi de to a carbonyl ation reactor in which there is maintained

durlng the course of the process a liquid reaction conposition
conpri si ng: - (1) an iridiumcarbonyl ation catalyst; (i)
met hyl iodide co-catalyst; 5  (iii) optionally one or nore pronoters
selected fromthe group consisting of 4 rut-heni um osm um
rhenium cadm um nercury, zinc, gallium indium and

t ungst en; (1v) a finite anobunt of water at a concentration of |ess
t han about 8%pbyt 0.5. wei ght ; '

Preferably, the product acid stream may be removed at the base of the first
distillation zone or at a point one or more stages above the base of the distillation
zone. The process stream containing acetic acid may be withdrawn as a liquid or

5 - asavapour. When the process stream is withdrawn as a vapour, preferably a small
liquid bleed is also taken from the base of the distillation zone.

It will often be the case that the vapour stream passing overhead from the
first distillation zone will be two phase when it is cooled. When the overhead
stream is two phase it is preferred that the reflux to the distillation zone be

10  provided by separating the phases and using only the light, aqueous phase; the
heavy, methyl iodide-rich phase being recycled to the carbonylation reactor. At
least a portion of the aqueous phase may be recycled to the carbonylation reactor.

In the process of the present invention, suitable reactive derivatives of
methanol include methyl acetate, dimethyl ether and methyl iodide. A mixture of

15  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 also
required to produce acetic acid. At least some of the methanol and/or reactive
derivative thereof will be converted to, and hence present as, methyl acetate in the

20 liquid reaction composition by reaction with acetic acid product or solvent. The
methyl acetate concentration in the liquid reaction composition is suitably in the
range from 1 to 70% by weight, preferably from 2 to 50% by weight and more
preferably from 5 to 40% by weight.

The carbon monoxide fed to the carbonylation reactor may be essentially

25  pure or may contain inert impurities such as carbon dioxide, methane, nitrogen,
noble gases, water and Cq to Cy4 paraffinic hydrocarbons. The partial pressure of
carbon monoxide in the carbonylation reactor is suitably in the range from 1 to 70
bar, preferably from 1 to 35 bar, more preferably from 1 to 20 bar.

The carbonylation reactor is suitably maintained at a pressure in the range

30 from 10 to 200 barg, preferably from 15 to 100 barg, more preferably from 15 to

- 50 barg. )

The carbonylation reactor is suitably maintained at a temperature in the
range from 100 to 300 °C, preferably in the range from 150 to 220 °C.

The process of the present invention is preferably performed as a

35  continuous process but may be performed as a batch process.
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10- (v) - nmethyl acetate; (vi) acetic acid; and (vii)
pr.opi oni ¢ acid by-product and its-:precursors; (b) W t hdr awi ng
| iquid reaction conposition fromthe carbonylation reactor and

i ntroducing at |east part of the withdrawn liquid reaction comnposition,

with 15 _ or without the additidn of heat, to a flash zone to form
a vapour fraction conprising water, acetic acid product,
propionic acid by-product, nethyl acetate, nmethyl iodide and

propionic acid prevhs Fdiia c@tﬁ@sﬁn khetibuill fenetin @ﬁhposmon may compris€aiypr i si ng

| ati | al N1
Ipp\(;ﬁo'? elr se | rfé‘ﬂl‘{lfjnrpﬁ‘g‘? amgéd:o\i;%ogpgwgtyh 18 fog@}l n@%{}@‘f‘? 'F%cﬁée&%m%osntdo %raction
fromthe fl asTheividiin cathlyst may troaddedito the liquid reaction compositiertfogithe (d)
|t roduci ng. t g YRRGHG rLicaGh Py SR .‘gﬁw RGGesif 1Al febbrion

distillation novi n
di stillatin msmonaprps)c@nvea@éﬁﬁ@ a gpduby dlﬁi‘ﬂ“ﬁh’w suitable md1um- poi nt of

the flash zongnaR@EcombatidsAhich mhPbé added o HRCHbiEreattiona®mposition

include IrCl3, Irl3, IrBr3, [Ir(CO)21]p, [Ir(CO)2Cl]2, [Ir(CO)Brly, [I(CO)212]"
HT, [Ir(CO),Brp]"HY, [I(CO)2141-H, [Ir(CH3)I3(CO)2] HY, Ir4(CO)12,

~ IrCl3.3H,0, IrBr3.3H30, Ir4(CO)12, iridium metal, Irp03, IrO2, Ir(acac)(CO)2,

10  Ir(acac)s, iridium acetate, [Ir3O(0Ac)g(H20)3][OAc], and hexachloroiridic acid

' [HyIrClg], 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

15  solution. The concentration of iridium is suitably less than 2500 ppm, preferably
from 400 to 2000 ppm.

In the process of the present invention optionally one or more promoters
may be present in the reaction composition. Suitable promoters are preferably
selected from the group consisting of ruthenium, osmium, rhenium, cadmium,

20  mercury, zinc, gallium, indium and tungsten, and are more preferably selected from
ruthenium and osmium and most preferably is ruthenium. 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 process streams recycled to the
carbonylation reactor from the acetic acid recovery stage. The promoter is suitably

25  present in the liquid reaction composition at a molar ratio of promoter : iridium of
[from 0.5 to 15] : 1.

The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The promoter may
be added to the liquid reaction composition for the carbonylation reaction in any

30  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 (III) formate, [Ru(CO)3131-HY,

35  [Ru(CO)2lzln, [Ru(CO)4l5], [Ru(CO)31z]2, tetra(aceto)chlororuthenium(ILIII),

5
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conmpri sing water, nethyl acetate, nmethyl iodide, acetic acid and propionic
aci d precursors which streamis recycled in whole or in part to the

car bonyl ati on reactor, and () renmoving fromthe first distillation
zone at a point below the introduction 30 poi nt of the flash
zone vapour fraction, a process stream cénprising acetic - acid
product, propionic acid by-product, and | ess than 1500 ppm wat er and,

(9) if the process streamrenoved in step (f) conprises greater than 400
ppm rutheniym Ql) anetateqnithieniiuth (B ypeopignae rdtheninen(iil) butgrase,second

st o) S et e AR L
by- product ankplecashanylsgorinas dipkjorotricasbonyiruthgnivm @ dimennt of
' dibromotricarbonylruthenium (II) dimer, and other organoruthenium coir_l-plexes
5 suchas tetrachlorobls(4-cymene)dlruthemum(II)
tetrachlorobis(benzene)diruthenium(II), dlchloro(cycloocta-l 5-diene)ruthenium
(II) polymer and tris(acetylacetonate)ruthenium (III).
Examples of suitable osmium-containing compounds which may be used as
sources of promoter include osmium (III) chloride hydrate and anhydrous, osmium
.10 metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)415],
[0s(CO)312]p, [0s(CO)313]1"HT, and mixed osmium halocarbonyls such as
tricarbonyldichloroosmium (II) dimer and other organoosmium complexes.
Examples of suitable rhenium-containing compounds which may be used as
sources of promoter include Re7(CO)1g, Re(CO)5Cl, Re(CO)5Br, Re(CO)s1,
15  ReCl3.xH0 [Re(CO)4llo, [Re(CO)4l5]"HT and ReCl5.yHO.
Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, Cdl,, CdBr,, CdCl,, Cd(OH),, and cadmium acetylacetonate.
Examples of suitable mercury-containing compounds which may be used
as sources of promoter include Hg(OAc),, Hgl,, HgBr,, HgCl,, HgyI,, and
20 Hg,Cl, | |
Examples of suitable zinc-containing compounds which may be used as
sources of promoter include Zn(OAc),, Zn(OH),, Znl,, ZnBr,, ZnCl,, and zinc
acetylacetonate. |
Examples of suitable gallium-containing compounds which may be used as
25  sources of promoter include gallium acetylacetonate, gallium acetate, GaCls,
GaBr3, Gal3, GayCly and Ga(OH)3. -
Examples of suitable indium-containing compounds which may be used as
sources of promoter include indium acetylacetonate, indium acetate, InCl3, InBrj3,
Inl3, Inl and In(OH)3.

30 Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WClg, WClg, WBrs5, Wiy, or  CoHjgp
W(CO); . '

Preferably, the iridium- and promoter-containing compounds are free of
impurities which provide or generate in situ ionic iodides which may inhibit the
35  reaction, for example, alkali or alkaline earth metal or other metal salts.
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the stream from (f) an acetic acid process stream containing | ess than 400
ppm propioni c:- aci‘d and | ess than 1500 ppm wat er.

Advant ageously, the process of the invention allows the production of
acetic acid containing | ess than 400 ppm for exanple |less than 300 ppm
propionic 5 acid and |l ess than 1500 ppmi water, for exanple |ess than 1000
ppm using two or |l ess distillation zones for the basic purification
rather than the three generally . enpl oyed in carbonyl ation
purification syst ebmic contaminants such asSfoir ezdvhple, (Y chrogsem mpetelseparticularishe

car bonyl ati on C I e water
gas shift reactl %hﬁ-grE] @?@ﬁﬁ? {“9{(5@ phOSIp P ﬁég‘gfpﬁﬁ(%&{sc 1ﬁiﬁ€ CBIC?%UME

mai nt ai ned at onkigandswhich amm watqsme%mtu sheuld be keptite a mipigiumm in ‘Qeélqwrt i al

pr els sure of | Fe'iétlér?@d?nlsbsftldﬂ% thé3e ﬁfazrgéﬁér)ﬂl)} K& ah Qai?erﬁb é‘l’fééﬁ()n Hﬁyreﬁﬁiidﬂt ai ni ng
2; bg\rllvy?atq onb¥ Eeir{g%}ﬁlgtl fiﬁgrﬂﬁ@?’acﬂon cor%posmon \F»)/gncﬁ ay%a ve an verse

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,

10  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
use of a suitable ion exchange resin bed to treat the reaction compositioh, 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

15  generate less than 500 ppm I-, preferably less than 250 ppm I in the liquid
reaction composition.

Water may be formed in situ in the liquid reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid
product. Water may be introduced to the Carbonylation reactor together with or

20  separately from other components of the liquid reaction composition. Water may
be separated from other components of the reaction composition withdrawn from
the carbonylation reactor and may be recycled in controlled amounts to maintain
the required concentration of the water in the liquid reaction composition. |
Suitably, the concentration of water in the liquid reaction composition is in the

25 range from 0.5 to 8% by weight. _

In a further embodiment of the present invention, liquid reaction
composition may be withdrawn from the carbonylation reactor and introduced,
with or without the addition of heat to a preliminary flash zone. In this preliminary
flash zone, a preliminary flash vapour fraction comprising some of the methyl

30 acetate, methyl iodide, acetic acid, water, methanol and propionic acid precursors
in the introduced liquid reaction composition, is separated from a preliminary flash
liquid fraction comprising the remaining components. The preliminary flash vapour
fraction is recycled to the carbonylation reactor. The preliminary flash liquid
fraction is introduced to the flash zone of the present invention with or without the

35  addition of heat, in the same way as if the preliminary flash zone had not been used.
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hydrogénation by-proaucts‘(nethane and propionic acid) is reduced.

. Pr.eferably,

| ess than 0.5 nol
preferably less than 0.1 nmol % Sui tably, the concentration
of nethyl iodide co-catalyst in the Ii qui& reaction conposition is
greater than 4% by weight, typically from4 to 20% by wei ght ,
preferably from4 to 16% by weight. As the nmethyl iodide concentration in
the 1iquid rehcthissembxaimens;] the preliniindrp flashezond is prioferablpoprrated apa pm'ssnnéc aci d

by- 20 pr OdUQIdec

nmet hyl 1 odi de:

Iri

g&rﬁﬁglseaﬁtor ty;alcallg ata grefsﬁHJe to??'tg 9 btaﬂt r{a‘}h?ﬁasrhai ng

hydr ogen in the:carbon nonoxi de feed gas is naintained at

% 15 nmore preferably less than 0.3 nmol % and nost

rumin t IS greater

than 20]: 1, ppesedabpprgssyrebelomothpt ofﬁhe nwhmnpneﬂ@amnss tymmilmata 20 to
200]: 1. As tBpsdRbar] E@h'b‘ﬂraOfPr%HB}SJ th@ﬁi’eﬂﬁuna ﬂéyh%héﬁtlﬁélﬂtﬁfneﬂ Rthhe

l'i quid reaction co
acid by- produtem

he, unt ) nic

BRcRtire, g D 42 JE0°C and the fesh zone i IEAH 3 SHEPSFEA 4 or bl

mai nt ai ned at 100 py 40 e bel ow that of the reactor, typically at a

pressure of 0 to 10 .barg.  Th Elash zone

a tenperature of 1
catalyst which is to be recycled to the carbonylation réactor contains a water

fu@l process Stream Borﬁammg méﬁum carbon% pjai ned at

concentration of at least 0.5% by weight to stabilise the iridium catalyst.

10

In a preferred embodiment of the present invention the reaction conditions

are selected to give an acetic acid process stream from step (f) containing less than

400 ppm propionic acid and less than 1500 ppm water.

The invention will now be illustrated by reference to the following examples

and Figures in which Figure 1 represents in schematic form apparatus for

15  performing a preferred embodiment of the process of the present invention having

- a single flash zone, Figure 2 represents in schematic form apparatus for performing

another preferred embodiment of the process of the present invention having a

preliminary flash zone and Figure 3 represents in schematic form a further

embodiment of the present invention wherein further purification with fespect to

20  propionic acid is effected.

Referring to Figures 1 and 2 a carbonylation reactor (1) is provided with a

stirrer (2), an inlet for carbon monoxide (3) and an inlet for methanol and/or a

reactive derivative thereof (4). The reactor is also provided with an outlet (5) for

withdrawing liquid reaction composition from the reactor and an outlet (6) for

25  withdrawing gas from the head of the reactor. In Figure 1, the-outlet (5) is

connected by line (7) through flashing valve (8) directly to flash zone (9).

In Figure 2 the outlet (5) is connected by line (7) and flashing valve (27) to

preliminary flash zone (28). In Figure 2 the preliminary flash zone (28) is provided

with a vapour outlet (29) for recycling to the reactor, preliminary flash zone

30  vapour fraction comprising some of the methyl acetate, acetic acid, methyl iodide,

water, methanol and propionic acid precursors in the liquid reaction composition

introduced into the preliminary flash zone. This is condensed and pumped back or

fed back to the reactor (1) using a pump (31). In Figure 2 the preliminary flash

zone is also provided with an outlet (30) for passing preliminary flash zone liquid

35  comprising the remaining components of the introduced liquid reaction

8
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The vapour fraction fromthe flash zone may be introduced to the first 30
di-stillation zone as a vapour or the condensabl e conponents therein may be
partially or fully condensed and the vapour fraction nmay be introduced as a

m xed vapour/liquid or as a liquid with non-condensabl es.
The first distillation zone preferably h&s up to 40 theoretical stages.
Si nce distillation zones nmay have differing efficiencies this my be

equi valent to 57 actual ‘35 stages with an efficiency of about 0.7 or 80
act ual st agescompdbsition ®@f the dashzone ¢9).

4 In Figures 1 and 2 the flash zone (9) is an adiabatic flash zone without heat
input and is provided with an outlet (10) for a vapour fraction and an outlet (11)
for a liquid fraction formed in use therein. In an alternative embodiment,-ﬁeat can

5  be supplied to the flash zone (9) to alter the ratio of vapour and liquid fractions.
The flash zone is also provided with a scrubbing section (12) and optional wash
through line (13). The liquid outlet (11) from the flash zone is connected to
recycle pump (14) for recycling the liquid fraction to the reactor. At least part of
the flash zone liquid fraction may be passed through an ion exchange resin bed (15)

- 10 to remove corrosion metals therefrom and maintain the concentration of corrosion
metals in the liquid reaction composition at less than that which would generate
less than 500 ppm I-. The vapour outlet (10) from the flash zone is connected to a
first distillation zone (16) provided with an overhead condenser (17) and decanter
(18). In use, the vapours from the distillation zone are condensed into the decanter
15  and form two phases, a methyl iodide-rich phase and an aqueous phase. The heavy
methyl iodide rich phase is recycled to the carbonylation reactor and the lighter
aqueous phase is divided; part being used as reflux to the distillation zone and part
being recycled to the carbonylation reactor. The distillation zone is provided with
an optional methanol feed (19) to convert hydrogen iodide to methyl iodide which
20  isreturned to the carbonylation reactor from the distillation zone in the overhead
recycles. The distillation zone is provided with a base liquid take-off (20) for
removing a process stream comprising acetic acid containing less than 1500 ppm
water and less than 400 ppm propionic acid. Alternatively, the distillation zone
(16) in Figures 1 and 2 may be provided below the feed point with a take-off for a
25  vapour stream comprising acetic acid product containing less than 1500ppm water
and less than 400 ppm propionic acid and with a base liquid take-off suifably for
recycle to the reactor. |
An advantage of using a preliminary flash zone as depicted in Figure 2 is
that the decanter (18) may be dispensed with because the overhead from the
30 distillation zone (16) will generally be single phased. Not only does this result in a
capital saving but it also offers operational advantage in that it avoids any problems
associated with consistently obtaining and maintaining two phases.
In Figure 3, (1) to (19) are identical to Figure 1. Thereafter the distillation
zone (16) is provided with an optional base liquid bleed outlet (21) for
35  withdrawing and recycling involatile iridium and other high-boiling impurities, if

9
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about 0.5. Preferably, the product acid stream may be renoved
at. the base of the first ~distillation zone or at a point one or nore
st ages above the base of the distillation - zone. The process stream -
containing acetic acid may be withdrawn as a liquid or 5 as a vapour.
Wien the process streamis w thdrawn as &0vapour, preferably a small

liquid bleed is also taken fromthe base of the distillation zone.

It will often be the case that the vapour stream passing overhead fromthe
first distil Ipltebemn, tocthecambblhylzttizmtmtqn’r(a$eThtldistilﬂaiiohszono()lGédk alsthen t he

over head egaﬂgl%\ﬁ tﬁé"féecppgngg %Eh 4 fakRoR @51 R a%%uﬁsﬂ}gcegﬁﬁﬂr% to the

distillation go separati ng using only
the Iight, aqmﬂlﬂ%‘%c a‘é‘ﬂ@deUCt an%@rapgwmcm@tdrhm -piodugtd drpmdhe BIYE bei ng
recycl ed to t ProcesaIshem liake-6f (229 Qﬁ]@r poufs fed to an infAnbdiateRirti® B s€fontihe
agueous o, the c re

'n the pr e @”@fatpnéowéﬁ?wmémma Sithehsed Wt 4 racetisarides of
net hanol i ncI cattaining sk thanelt5a0 pmowacet imd lesstthart 4@0ppmptdpidnic addde. A
e e o m AR, Yoo hid ESHRLNG 165 laH Y G iRl 1B nfP b o0 2

reactants in
ppm propionic acid may be taken off the second distillation column (23) as a side-

draw above the vapour feed point, with recycle of at least a part of the heads take-
10  off after condensation thereof, either to the reactor (1) and/or the first distillation
column (16). This alternative is not shown in Figure 3.
The second distillation column (23) is provided with a base take-off (25)
for by-product propionic acid removal.
The process conditions used in the carbonylation reactor (1) may typically
15 be:- |
temperature : 181 to 195°C;
total pressure 22 to 32 bar gauge;
carbon monoxide partial pressure : 8 to 10 bar;

hydrogen partial pressure : 0.05 to 0.3 bar; and
20  liquid reaction composition component concentrations:-
iridium : 700 to 1500 ppm;
ruthenium : 1500°to 2500 ppm,;
methyl acetate : 10 to 25% by weight;
methyl iodide : 6 to 12% by weight
25 water : 3 to 8% by weight.

In the apparatus shown in Figure 1, the flash zone and distillation zone may
be operated at a pressure of 1 to 3 bar gauge. In the apparatus shown in Figure 2,
the preliminary flash zone (28) is operated at a higher pressure (for example 2 to 8
bar gauge) than the flash zone (9) and first distillation zone which may be operated

30 ata pressure of O to 3 bar gauge. |

Examples 1-5

The apparatus illustrated in Figure 1 was used to produce acetic acid
employing the conditions shown in the following Table.

35
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of ‘the present invention. Preferably, methanol and/or nethyl acetate are

used as reactants. If nethyl acetate or dinmethyl ether are used water

co-reactant is also required to produce acetic acid. At |east sone of .
t he met hanol and/or reactive derivative thereof will be converted to,

and hence present as, nethyl acetate in the 20 liquid reaction

conposition by reaction with acetic acid product or solvent. The
nmet hyl acetate concentration in the liquid reaction conmposition is suitably

in the Tablge from1 to 70% by weight, preferably from2 to 50% by
wei ght and nore preferably from5 to 40% by wei ght The
carbon nonoxg-de—ed—te—the—earboryattenr—feactor—fayrheessentia-tyT25
pure or may |cRedctoreondigions i npurities sluckxds ¢afixch (i &&He! nBxMang, ExS
nitrogen, [po., NGBS AaSG% copter and Cigys] [t 9ofhelr ispar #f Figde | 189.0
hydr ocar bonsp—Hhe—parttat—pressure—of cCqr-bom—mproxT defTIT_tiTe
car bonyl at i onReastartRyessiiee suj tably in the 27#ngé {37%fm | t29.%70) 300 par 29.6
preferably f|r p]arﬁ re prefera@llyfrog)glio 3Q bar. gg " 83
The car bonyl a?la]un léc?apﬁts}?@:f(bbarggl tabty e Tt e redat 41“p'r'€??$re 1T e Tange
30  from 10 Hopartid psessure (badferably fir o® 185 1o 420 har®yl8 mpr eOdoef dr at9:
fromi15 to 50 barg. '
Liquid reaction composition
Water (% by weight) 78 | 4.7 5.1 4.6 5.7
Methyl iodide (% by weight) 7.1 6.6 9.6 10.0 10.3
Methyl acetate (% by weight) 18.2 14.3 19.8 21.9 22.3
Ir (ppm) 1320 1170 930 840 870
Ru (ppm) 1760 1610 2040 2330 2870
H> in feed (%v/v) 0.86 0.06 0.30 0.30 0.29
Carbonylation rate (mol/l/hr) 17.8 17.3 20.3 19.8 19.8
CO» rate (% of carbonylation rate) 0.88 0.98 0.68 0.63 0.67
CHy rate (% of carbonylation rate) 1.02 0.83 0.89 0.81 0.84
Process stream from step (f)
Water in process stream (20) 510 780 790 920 930
Propionic acid in process stream(20) 380 390 390 360 290

1is Sheet Has Been ReplacedTh
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The car bonyl ati on reactor'is suitably maintained at a tenperature in the
range from 100 to 300 [err]C, preferably in the range from 150 to 220

[err] C. The process of the present invention is preferably
performed as a 35 continuous process but nmay be perforned as a batch
process. 5

The iridiumcatalyst in the Iiquid reaction conposition may conprise any
i ridium containing compound which is soluble in the liquid reaction
conposi ti on. , : Case 8644(2)

i

1. A process for the production of an acetic acid process stream comprising

Claims:

less than 400 ppm propionic-acid and less than 1500 ppm water which process
comprises the steps:- | :
-(a) feeding methanol and/or a reactive derivative thereof and carbon
5 monoxide to a carbonylation reactor in which there is maintained during the
course of the process a liquid reaction composition comprising:-
@ an iridium carbonylation catalyst;
(i) methyl iodide co-catalyst;
(iii)  optionally one or more promoters selected from the group consisting of
10 ruthenium, osmiunﬁ, rhenium, cadmium, mercury, zinc, gallium, indium and
tungsten; -
(iv)  afinite amount of water at a concentration of less than about 8% by
weight; '
(v) - methyl acetate;
15 (vi) acetic acid; and
(vii)  propionic acid by-product and its precursors;
®) withdrawing liquid reaction compoéition from the carbonylation reactor and
introducing at least part of the withdrawn liquid reaction composition, with
or without the addition of heat, to a flash zone to form a vapour fraction
20 comprising water, acetic acid product, propionic acid by-product, methyl
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and watér;
(c) recycling the liquid fraction from the flash zone to the carbonylation
25 reactor;

12
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The irjdiumcatal yst nmay be added to the |iquid reaction comnposition for
t he carbonyl ation reaction in any suitable figcheapasBesH RSMcees i n
the liquid reaction 5 conposition or is converti l'-e form
Exanpl es of suitable iridium cont ai ni ng conp %mw lﬂ wy be added
to the liquid reaction conposition 13 nclude Ir ) rrj, '
IrBrerr], [Ir(COferr]l]ferr], [Ir(COferr]C][err], [Ir(CO[err]Br][err],
[Ir(CO[err]l[err]][err] Herr], [Ir(CO[err]Br[err]][err]Herr],
[Ir(CO[err]I{drr]intredudih ererfapoll fidctith éifotr dhe [flash dne@tbarfiryd distillatibh err |,
r[err](CO)I[err],zone. IrC[err].3Herr]O IrBr[err].3Herr] O
COf[err], Tridiummetal, Ir[err](err], IrJerr],

I
Ir[err
| { E ac a]c§ (CO [@r] , renwving fremdbefiosf distillation zpuk atra poinstaboes the introduction
Ir[err OAc) [err} L kdd e aci d
%H[ [err] ]I ro(cl [e”] ] &%ﬂ?@%?}iﬂ%%@%ﬁ@ﬁg&gag@ﬁ gife%g)%%hﬁa?%u um such as
acet at es, oxal at escomprisingawafer aqthyl @eetatecmethpl iodids, acetio peid prd PYOPEIEC or nore

-of the carbonyl ati gtid prRGisof which strea@Pi¥REEICIRE $n HH6IR oRn Pt & theal cohol
and/ or carboxylic ac{)d. Particularly preferred is green iridium

acet at e whi ch” may QrydationTeafior,a8d i ¢ acid or aqueous acetic acid 15
sol uti on. The(fyoncemavatg foomadhe first distiltation zens atalpomt|beksv theamtrah@tioppm

preferably f & (A)IIQLQF Flgshz&gg ggﬁ’érplgrfreactio% 2 process streahpcéré@isg{gqa%rgéé of the

present invention Optiona one or, pr ent in
the reactibn conposid peducsprepignieaqid bmpredust, gné lgss #ran 1480 ppm water and,

(g)  if the process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the introduction point of the stream from (f)
propionic acid by-product and from a point above the introduction point of
15 the stream from (f) an acetic acid process stream containing less than 400
ppm propionic acid and less than 1500 ppm water.
2. A process according to claim 1 wherein methanol and/or methyl acetate is
(are) fed to the carbonylation reactor.
3. A process according to either claim | or claim 2 wherein the concentration
20  of methyl iodide co-catalyst in the liquid reaction composition is from 4 to 16% by
weight.
4, A process according to any one of the preceding claims wherein the methyl
acetate concentration in the liquid reaction composition is in the range from 5 to
40% by weight.
25 5. A process according to any one of the preceding claims wherein the
concentration of water in the liquid reaction composition is in the range from 0.5 to
8% by weight.
6. A process according to any one of the preceding claims wherein the
concentration of iridium catalyst in the liquid reaction composition is from 400 to
30 2000 ppm.
7. A process according to any one of the preceding claims wherein the molar
ratio of methyl iodide:iridium in the liquid reaction composition is [from 20 to
200]:1.
8. A "process according to any one of the preceding claims wherein hydrogen
35  present in the carbonylation reactor is maintained at a partial pressure less than 0.3

13 -
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sel'ected fromthe group consisting of ruthenium osmum_rhenium cadm um
20 mercury,:zinc, gallium indiumand tungsten, and are nore preferably

sel ected from rut heni um and osm um and nost p ien ReplabaxiTt um

Preferably, the pronoter is present in an effe to the
limit of its solubility in the liquid 14 reaction d/ or any
| i quid process streans recycled to the carbonyl ation reactor fromthe

acetic acid recovery stage. The pronoter is suitably 25 present in the
l'iquid reactihan corrposition at a nolar ratio of pronoter: iridium of

from0.5 togl ek ui tabl e
[ process accordmg to an -U?l@ o? EW&%&I o]I% %e i )?cﬁXg

pronoter net aI cont I nin I qui d
reaction conpB#he sashen mﬁ@’ﬂﬁi%ﬁéﬂ SFS Wmtamed at Ipss thand@d ma %-he | qui d

reaction conp@sitiAprédess td&ercﬁﬁgmwloa\te 'o‘Pﬂtertﬁ@&le@rbldn'ﬂs Wreﬁptherezt\% fPlblee

d I t
to | C 3ol Fah oS Ro Hionciie s P SHFEEH Eoh TR BBhounds
whi ch may consistirg efetheamng @smivas rhéniym,coudintum,i mercugezineltdatimym (1 11)

chl ori de, rut chloride trihydrate, ruthenium(1V)
chl ori de, rut eﬁilntfwrﬂd(wés%enbrom de, ruthenium metal , ruthenium

oxi des, r ut hedi um A Precess ascaeding tof i) Wherein theproploterris futheniur,
12. A process according to either claim 10 or claim 11 wherein the promoter is

10  presentin the liquid reaction composition at a molar ratio of promoter:iridium of
[from 0.5 to 15]:1.

13. A process according to any one of the preceding claims wherein the
carbonylation temperature is in the range from 150 to 220°C and the carbonylation
pressure is in the range from 15 to 50 barg.

15 14. A process according to any one of the preceding claims wherein in the
liquid reaction composition methyl acetate is present in an amount from 10 to 25%
by weight, methyl iodide is present in an amount from 6 to 12% by weight, water is
present in an amount from 3 to 8% by weight, iridium is present in an amount of
from 700 to 1500 ppm, ruthenium is present in an amount of from 1500 to 2500

20  ppm, the carbon monoxide partial pressure is from 8 to 10 bar, the hydrogen partial
pressure is from 0.05 to 0.3 bar, the carbonylation temperature is from 181 to
195°C and the carbonylation total pressure is from 22 to 32 barg.

15. A process according to any one of the preceding claims wherein the first
distillation zone has up to 40 theoretical stages.

25 16. A process according to any one of the preceding claims wherein liquid
reaction composition is withdrawn from the carbonylation reactor and introduced
with or without the addition of heat to a preliminary flash zone in which a
preliminary flash vapour fraction comprising some of the methyl acetate, methyl
iodide, acetic acid, water, methanol and propionic acid precursors in the introduced

30  liquid reaction composition is separated from a preliminary flash liquid fraction
comprising the remaining components, the preliminary flash vapour fraction is
recycled to the carbonylation reactor and the preliminary flash liquid fraction is
introduced to the flash zone of step (b). -

35
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5 [Ru(CO[err]iferr]][err] [RU(CIiLéfr]I[err]],
Ru(CO[err]l{err]][err]

, tetra(aeeto)chlororutheniun(ll,111), .
ruthenium (111) acetate, ruthenium (I11) propionate, ruthenium
1) butyrate, rut heni um pent acar bonyl, trirutheni undodecacar bonyl

I
nd m xed rut heni um hal ocar bonyl s such as _ _

i chlorotricarbonyl ruthenium(11) diner, di bronot ri car bonyl rut heni um
Iel ) diner, and ot her organorutheni um conpl exes 5 such ASryce 8644(2)

3
[
6
(
a
d
(
tetrachl orobi s(4-cynene)di rut heniun(Il1),

15
ABSTRACT

IRIDIUM-CATALYSED CARBONYLATION PROCESS FOR THE
PRODUCTION OF ACETIC ACID

A process for the production of an acetic acid process stream comprising less than

400 ppm propionic acid and less than 1500 ppm water comprises the steps:-

(a) feeding methanol and/or a reactive derivative thereof and carbon
monoxide to a carbonylation reactor in which there is maintained during the
course of the process a liquid reaction composition comprising:-

) an iridium carbonylation. catalyst;

(i)  methyl iodide co-catalyst;

(i)  optionally one or more promoters selected from the group consisting of
ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and
tungsten;

(iv)  afinite amount of water at a concentration of less than about 8% by
weight;

(v)  methyl acetate;

(vi)  acetic acid; and

(vii)  propionic acid by-product and its precursors;

(b) withdrawing liquid reaction composition from the carbonylation reactor and

* introducing at least part of the withdrawn liquid reaction composition, with
or without the addition of heat, to a flash zone to form a vapour fraction
comprising water, acetic acid product, propionic acid by-product, methyl
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and water; _

(© recycling the liquid fraction from the flash zone to the carbonylation
reactor;
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tét rachl or obi s(benzene) di ‘r'ut heni un(I1),

di chl oro(cycl oocta- 1, 5-di ene) r ut heni um (I'l') polyner and
tris(acetylacetonate)ruthenium (111). Exanpl es of suitable
osm um cont ai ni ng conmpounds whi ch nay be used as : sources of pronoter

include osmum (I11) chloride hydrate andénhydrous, osm um 10 met al ,
osmumtetraoxi de, triosm undodecacarbonyl, [Gs(COIJ[err]l[err]],

[ Cs(CO[err]I{d@rr]intredoting tHeQmp o) fraxtioh fijojrethe jflaflezone, intoradfinst distillatieni um

hal ocar bonyl s suchz&'?e tricar bonyl di chl oroosm um (11) dimer and ot her
or ganoosm um conpl exes. npl es- of suitable

rheni um cont alehi ngremnving fhierm thmﬁzshdmuiatnbe zoRreeat aappmt above theunizeductipn pr onot er

Rodl Lerr] ki of 1] O ELrite B%mﬁk%?‘l‘ﬁf’af% i | Ej:Z‘r"r B L Tand
ReCl [err].yH err] cromprising water feemethyl iodideatn é‘éﬂ#ﬂ@lﬁf‘tﬁ!ﬂw(ﬁl ni ng
conmpounds whi ch maycid@recasdrs which stlrélﬂ“ﬂ idqec g@léﬂ@ﬁﬁ/hbﬁrdr]m phidtd gher 1,

CdB Cdd d tyl t t

Beanpl s of su iié%%bw@?%mﬁ 55 809 g “conpounds. whi oh may. be. used

as sources of(fpr onmemmvingfromdee figt disidl)ation zppe aigl jedntrlelowitiRridtrodigtbherr]
Hglerr]l[err], andﬂ%ﬂt of;f'ﬁ‘gmﬁgl{;ho%[vgﬁ%dr fraction, 2 process stredm BSRpAsingdcefit! table

zi nc-containing co
acid product, propionic acnd by-product, and less than 1500 ppm water and,

(2) if the process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the introduction point of the stream from (f)
propionic acid by-product and from a point above the introduction point of
the stream from (f) an acetic acid process stream containing less than 400
ppm propionic acid and less than 1500 ppm water.

FIGURE 1
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sources of prdnﬁter incluae Zn(OAc)[err], Zn(OH)[err], Znl[err], ZnBr[err], -
ZnCl[err], and zinc acetyl acet onat e. . Exanpl es of

suj table gal | i um cont ai ni ng conpounds which may be used as 25 sour ces of
pronnter i ncl ude gal | i um acetyl acetonate, galliumacetate, Gad[err],

GaBr[err], Gal[err], Ga[err]C[err] and Ga(OH)[err]. Exanpl es
of suitabl e i ndi um contai ni ng conpounds whi ch may be used as sour ces
of pronoter include indiumacetyl acetonate, indiumacetate,-InCJ[err],
InBrerr], Inl[err], Inl and In(OH)[err]. 30 Exanpl es of .
sui t abl e tungst en-cont ai ni ng conpounds whi.ch may be used . as sources
of pronoter. include WCO|[err], V\O[err],l\ﬂél_[err],_ VBrerr], W[err], or
Cerr]Herr] - . WCO [err]. - Preferably, the iryidium and
pr onot er - contalnlng conmpounds are free. of . i mpurities which provide or

generate in situ ionic iodides which may inhibit the 35 reaction, f'or. _
exanpl e, alkali or alkaline earth nmetal or other netal salts.

re C.\n_)ckes‘ Yo 'I‘Qca.c»'ov-

7
.’\—lg'
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* ) Ionlc contan1nants such as, for exanple,- (a) corrosion

-net al s, partlcularly ni ckel ; iron and“chron1un1and .(b) phosphlnes or
nijrogen cont ai ni ng conpounds . or ligands which may quaternise in situ
shoul d be kept to a minimumin the |iquid: reacti on conposition as

these may generally have an adverse effect on the reaction 5 by
generating I[err] in the liquid reaction caAposition which nmay have an.

adver se effect on the reaction rate. Sone corrosion nmet al
contam nants such as for exanpl e .mol ybdenum have been found to be
| ess susceptible to.the gerfgration of I[err]; Corrosion netals which

have an adverse affect on e reaction rate nay be

Faves =
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m ni msed by using suitable corrosion resistant materials of construction.

Simlarly, 10 *contam nants -such as al kali netal iodides; for exanple
l'ithiumiodide, may be kept to a minimum Corrosion netal and ot her
ionic-inpurities may be reduced by the use of a suitable ion exchange
resin bed to treat the reaction conposition, or - preferably a catal yst
recycl e stream Such a process is described/i3h US 4007130. l oni c

contam nants may be kept bel ow a concentration at which they would 15
generate |l ess than 500 ppmlI[err], preferably less than 250 ppmli[err] in
the liquid " reaction conposition. I~ Water may be formed in
situin the liquid reaction conposition, fog exanpl e, by the
esterification reaction between nmethanol reactant and acetic acid

product. Water nmay be introduced to tRe carkbnylation reactor together with
or 20 separately from ot her conpoants_of' he Iiquid reaction

conposition. Water may - . be separated frjom ot her conponents of the
reaction conposition wthdrawm from t carbonyl ati on reactor and may

be recycled in controlled a uqts*ﬂg_gg%g' Hn t he requi r4ed
concentration of the water g tlhe |1qui eaction conposi tilan.
Sui tably, the concentratiof of jwater in the liquid reacti ofNco

in the :E'

osition is

recbc\er h I*Q(.\c\’
N\ 23

al’
g—i9
2

FIGURE 3

iis Sheet Has Been RerlacedTl' '

(WA




25 ‘range from0.5 to 8% by wei ght. “"In a furtm@g@gigﬂar@

of the present invention, liquid reaction conposi tion

wi t hdr awn| f r RERLACEMEND rSHERTSoN Seact r and introduced, 180€h or
wi t hout  tjhd Eeséription : pagdtb@ 16 pageddbl | mi nary flash zone. In this

pr.el i m nar & Claim(s)f | apagad¥ik to da pédi4.mfnary flash vapour fraction
conpri si g&mgwﬁa%(sl)h9aga{nglto gqg ate, nmethyl iodide, acetic acid,
wat er, EARk ABstradtd RIpg ?é éhpre ursors in the introduced
L' qui d rgaction corrp03| epara ed froma prelimnary flash

liquid frla i ni-hg conponents. The prelininary flash
vapour %A@iaﬁg Eé\éﬁtﬂ?wmﬁm +q the carbonyl ation reactor. The
prelim nary flash | iquid fraction is introduced to the flash zone of

the present invention with or without the 35 addition of heat, in the
same way as if the prelimnary flash zoneg-had not .been used. '

IRTDIUM-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 productioh of acetic acid by the carbonylation
of methanol and/or a reactive derivative thereof in the presence of an iridium

catalyst. _
S Acetic acid is a well-known commodity chemical which has many industrial
uses. | -

Processes for the production of acetic acid by liquid phase, iridium-
catalysed carbonylation reactions are known and are described in, for example,
EP-A-0616997; EP-A-0618184; EP-A-0643034; US-A-3,772,380;

10 - GB-A-1234641 and GB-A-1234642.

The construction and operation of carbonylation plant for the production of
acetic acid is a competitive business and clearly any saving in capital expenditure
and operating costs by eliminating plant is an economically desirable objective.
The technical problem to be overcome by the process of the present invention is

15  that of reducing the capital expenditure and/or operating costs of a plant for the
production of acetic acid by the liquid phase édrbonylation of methanol and/or a.
reactive derivative thereof using an iridium catalyst. We have found that by

- operating with a defined liquid reaction composition it is possible to produce acetic
acid of a quality sufficient in terms of water and propionic acid content for its

20  ultimate industrial applications using a single distillation column to separate and
recycle the light ends from the acetic acid product. '

Accordingly the present invention provides a process for the production of
an acetic acid process stream comprising less than 400 ppm propionic ac1d and less
than 1500 ppm water which process comprises the steps:-

25 (a) feeding methanol and/or a reactive derivative thereof and carbon

This is the replacement sheet
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g8 In this enmbodiment, ‘the prelininary flash zone'is preferably

operated at a pressure bel ow that of the reactor, typically at a
pressure of 3 to 9 bara and the flash zone is ' operated at a pressure
bel ow that of the prelimnary flash zone, typically at a pressure of

1 to 4 bara. Preferably,. the prelimnary flash zone is maintained at a 5
tenperature of 120 to 160[err]C and the flash zone is naintained at a

t enper at ure of 100 t npor.tant that
an3r/Tp process st rEaRO¥IgRI0R ﬁ‘?’h@“ J}t;oa,llgqﬁtgdpwtg@rpdﬁmamtamedccigpag thercoprsech i s

to be recycled dﬁlhé peocesy bmfmﬂ aéacﬁ@n EsasdsiionGeRipfising:-a wat er
concentration o | eas é wei htl to stabilise the iridiumcatalyst.
10 a p?"é?r ‘f'@&a HB%@H‘WB‘%{ A%E the present invention the .
reacti on condi t(ugpns methyl iodide cmectamlj'zsed to give an acetic acid process
stream fromgst e(%l)( t) oﬁt?@naﬁj'/ gn@ & mgrsesprtomopers selected from the group consisting of
ruthenium, osmium, rhemum cadmium, mercury, zinc, gallium, indium and
_ tungsten;
(iv)  afinite amount of water at a concentration of less than about 8% by.
weight; '
10 (v)  methyl acetate;
(vi)  acetic acid; and
(vii) 'propionic acid by-product and its precursors;
(b)  withdrawing liquid reaction composition from the carbonylation reactor and
introducing at least part of the withdrawn liquid reaction composition, with
15 or without the addition of heat, to a flash zone to form a vapour fraction
comprising water, acetic acid product, propionic acid by-product, methyl
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and water; _
20 (c) recycling the liquid fraction from the flash zone to the carbonylation
reactor; .
(d) introducing the vapour fractlon from the flash zone into a first distillation
zone;
(e) - removing from the first distillation zone at a point above the introduction
25 . point of the flash zone vapour fraction a light ends recycle stream
comprising water, methy! acetate, methyl iodide, acetic acid and propionic
acid precursors which stream is recycled in whole or in part to the
carbonylation reactor, and _
3] removing from the first distillation zone at a point below the introduction
30 point of the flash zone vapour fraction, a process stream comprising acetic
acid product, propionic acid by-product, and less than 1500 ppm water and,
(g) if the process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the introduction point of the stream from (f)
35 propionic acid by-product and from a point above the introduction point of

This is the replacement sheet
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400 bb_m propionic acid and | ess than 1500 ppm wat er. The
invention will now be illustrated by reference to the follow ng exanples
and Figures in which Figure 1 represents in schematic form apparatus for 15

performng a preferred enbodi nent of the pyocess of. t-he present invention
havi ng a single flash zone, Figure 7 represents in schematic form
apparatus for performng anot her preferred enbodi nent of the process

of the present inventi hayi . i i f1 ash. :
represents in scheﬁgﬁl %?Peﬁﬁ‘r%'g%gf‘taﬁ%tfc a"R{Ig'&%nﬁg@?rﬁ%}@%%aslglpé?%gﬂ%?gggh?ure 3

! nvep; i 0[‘ \é\,herei n f ppinprbpidHiciatidemidiles thint 1500 ppmaedtet.o 20  propionic acid
is effected.

reactor (1) is prov Mé(ﬁln%?cﬁ%&?{h%Iprr]gcetéﬁo?tlr:tbgw"?%o}l @ﬁg\ﬂs ﬁ?eg?r%%ér?@gélrfgglnon
”ﬁnOXi ?e El ?) _?_ihb‘g:tiragcidtrdc?mgixﬁiﬁg lesethan @00 ppund forexample lesslthm'aitﬁ(l ppm propionit i ve
ool (O | a1 B ML A LRI B R,
for 25  wi t hdlessudistillation Zonesor ke tasiagudification ratbercthan theithrepiggnerallyl, the
SUELEL, (5], 3 sopopsdBPBGRGMB bubyklgush 1 2sh na vl ve ()
connect ed by |ine ( 8pitably, liydsegenpgeseat in the @rjonylation reactor, present for
example, as a result of the water gas shift reaction and optionally as part of the gas
10  feed, is maintained at as low a partial pressure as possible, typically a partial
pressure of less than 0.5 bar, preferably less than 0.3 bar. By maintaining as low a -
partial pressure of hydrogen as possible in the carbonylation reactor the amount of
hydrogenation by-products (methane and propionic acid) is reduced. Preferably,
hydrogen in the carbon monoxide feed gas is maintained at less than 0.5 mol %,
15  more preferably less than 0.3 mol % and most preferably less than 0.1 mol %.
Suitably, the concentration of methyl iodide co-catalyst in the liquid
reaction composition is greater than 4% by weight, typically from 4 to 20% by
weight, preferably from 4 to 16% by weight. As the methyl iodide concentration in-
the liquid reaction composition is increased, the amount of propionic acid by- |
20  product decreases. ,
Suitably, the molar ratio of methyl jodide : iridium in the liquid reaction
composition is [greater than 20]:1, preferably [up to 400]:1, more preferably [from
20 to 200]:1. As the molar ratio of methyl iodide : iridium catalyst in the liquid
reaction composition is increased, the amount of propionic acid by-product
25  decreases.
| ' The flash zone is preferably maintained at a pressure below that of the
reactor, typically at a p'ressure of 0 to 10 barg. The flash zone is preferably
maintained at a temperature of 100 to 160°C.
~The vapour fraction from the flash zone niay be introduced to the first
30 distillation zone as a vapour or the condensable components therein may be
partially or fully condensed and the vapour fraction may be introduced as a mixed
vapour/liquid or as a liquid with non-condensables. _
The first distillation zone preferably has up to 40 theoretical stages. Since
- distillation zones may have differing efficiencies this may be equivalent to 57 actual
35  stages withan éfﬁciency of about 0.7 or 80 actual stages with an efficiency of
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prel i m nary flash zone (28). In-Figure 2 the prelimnary flash zone (28) is
provi ded with a vapour outlet (29) for-recycling to the reactor,
prelimnary flash zone 30 vapour fraction conprising some of the met hyl
acetate, acetic acid, nethyl iodide, gWat er, nethanol and propionic
acid precursors in the liquid reaction conposition I ntroduced into
the prelimnary flash zone. This is condensed and punped back or fed
back to the rean%]togogl) using a punp (31). In Figure 2 the prelimnary:

fl ash fso provided with an outlet (30) for passing
prelimnary flash zoPeférabjy, the pioducicemitostieamgay beerensoved it thg basengfthefitss of

t he introduced &iétﬂﬂh

8n 26REE &% point one or more stages above the base of the distillation
9 P 5

zone. The process stream containing acetic acid may be withdrawn as a liquid or
5 asavapour. When the process stream is withdrawn as a vapour, preferably a small
liquid bleed is also taken from the base of the distillation zone. _

It will often be the case that the vapour stream passing overhead from the
first distillation zone will be two phase when it is cooled. When the overhead
stream is two phase it is preferred that the reflux to the distillation zone be

10  provided by separating the phases and using only the light, aqueous phase; the
heavy, methyl iodide-rich phase being recycled to the carbonylation reactor. At
least a portion of the aqueous phase may be recycled to the carbonylation reactor.

In the process of the present invention, suitable reactive derivatives of
methanol include methyl acetate, dimethyl ether and methyl iodide. A mixture of

15  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 also
required to produce acetic acid. At least some of the methanol and/or reactive
derivative thereof will be converted to, and hence present as, methyl acetate in the

20  liquid reaction composition by reaction with acetic acid product or solvent. The
methyl acetate concentration in the liquid reaction composition is suitably in the
range from 1 to 70% by weight, preferably from 2 to 50% by weight and more
preferably from 5 to 40% by weight.

The carbon monoxide fed to the carbonylation reactor may be essentially

25  pure or may contain inert impurities such as carbon dioxide, methane, nitrogen,

" noble gases, water and Cy to Cy4 paraffinic hydrocarbons. The partial pressure of
carbon monoxide in the carbonylation reactor is suitably in the range from 1 to 70
bar, preferably from 1 to 35 bar, more preferably from 1 to 20 bar.

The carbonylation reactor is suitably maintained at a pressure in the range

30  from 10 to 200 barg, preferably from 15 to 100 barg, more preferably from 15 to
50 barg.

The carbonylation reactor is suitably maintained at a temperature in the
range from 100 to 300 °C, preferably in the range from 150 to 220 °C.

The process of the present invention is preferably performed as a

35 continuous process but may be performed as a batch process.
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‘Conposition to the flash zone (9). In Figures 1 and 2 the
flash-zone (9) is an adiabatic flash zone w t hout heat i nput and is
provided with an outlet (10) for a vapour fraction and an outlet (11)

for a liquid fraction formed in use thereiq. In an alternative enbodi nent,
heat can 5 be supplied to the flash zone (9) to alter the ratio of
vapour and |iquid fractions. The flash zone is also provided with a
scrubbing section ( The

liquid outlet (11) f SWEﬁ@O(gF%EmZtB%ﬁW' ’%"SH%E{’]@H&%“ may 08?1§(§§fc 3N punp
(14) for recycilrdigmtdoatdining compoumdtwhich is soluble in eeediqmid reactxdneqzrnpqsam of
L0 125", 5o Mo B BBy 4R BIRCRI oo campiEsripre resir
concentration oarbooylatnm action in anymsutitable form whichl dispolves irethetliquid rcmfrlpoSl tion
3;pgﬁf S OL{'?% . t P%f&@ht‘}# oﬁ%%ﬁ}'é}ﬁlﬂg E@ﬁ ?oluble é’%rrq* eﬁ?ar%ﬁl@@oﬁ%aﬂ@ %41&|ﬁr r]. The
distillation zoartainirg) cqmmnmdwhwhmyém ﬂdd%drﬂ@etéﬂ liguid Teagtion comppsition
decant e o ,(c@e ), HEE IBHCIMERNINS, fIHeD)500, FIRCA),BHLME)3IY ©
[Ir(CO)zBrz]'H+ [Ir(CO)a14]"H™, [Ir(CH3)13(CO)2]"H', Ir4(CO)2,
IrCl3.3H50, IrBr3.3H30, Ir4(CO)j2. iridium metal, Iro03, IrO7, Ir(acac)(CO)y,
10  Ir(acac)s, iridium acetate, [Ir30(0Ac)g(H20)3][0OAc], and hexachloroiridic acid
| [H,IrClg], 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
15  solution. The concentration of iridium is suitably less than 2500 ppm, preferably
from 400 to 2000 ppm.
In the process of the present invention optionally one or more promoters
may be present in the reaction composition. Suitable promoters are preferably
selected from the group consisting of ruthenium, osmium, rhenium, cadmium,
20  mercury, zinc, gallium, indium and tungsten, and are more preferably selected from
ruthenium and osmium and most preferably is ruthenium. 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 process streams recycled to the
carbonylation reactor from the acetic acid recovery stage. . The promoter is suitably
25  present in the liquid reaction composition at a molar ratio of promoter : iridium of
" [from0.5t0 15]: 1.
The promoter may comprise any suitable promoter metal-containing
compound which is soluble in the liquid reaction composition. The 'promoter may
be added to the liquid reaction composition for the carbonylation reaction in any
30  suitable form which dissolves in the liquid reaction composition or is convertible to
soluble form. Examples of suitable .rutheni'um-containing compounds which may
be used as sources of promoter include ruthenium (111) chloride, ruthenium (III)
chloride trihydrate, ruthenium (IV) chloride, ruthenium (III) bromide, ruthenium
metal, ruthenium oxides, ruthenium (I1I) formate, [Ru(CO)313]"H*,
35  [Ru(CO)7Iz)5 [Ru(CO)4la], [Ru(CO)3la]s, tetra(aceto)chlororuthenium(ILIII),
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15 ‘and formtwo phases, a methyl iodide-rich phase.and an aqueous phase.

The heavy - methyl iodide rich phase is recycled to the carbonyl ation
reactor and the lighter aqueous  phase is divided; part being used as
reflux to the distillation zone and part 6 being recycled to the
carbonyl ati on reactor. The distillation zone is provided with an

- optional nethanol feed (19) to convert hydrogen iodide to methyl iodide
whi ch 20 is returped.tQ the carbonylation reactor fromijfhe distillation
zone in the oveuthieapm (Ih) ac?‘é@yﬁ#t’é“é‘.'um’a@)&F@I‘?'Palt%tm'&‘ﬁ"‘i' H? Butyral’si ded with

a b?_se i qgi d tr?kl’fbnﬁfnfx pé:ﬁﬁ’aaﬂ%cﬁfyl, tr{rg(t)hgnfuﬁiﬂéﬂédﬁﬁar@oﬁ}‘lQﬁéﬁié@c{ mﬂféﬁ{tﬁﬂﬁp%g i ng
acetic acid containing |ess m . r,.,and | ess than ppm
propi oni ¢ aci d%ai‘?‘iaét? {siS\VS}Pﬁ&aH%mHi‘@F%“UHﬁhBW“% dimer,  (16)_in Figures
1 and 2 may be dib@mdtacarbehyditichiint (alladiimai, ahd mhbhogahmﬂalsnﬁﬁn éﬁflpl&ieggo .
vapour stream conprising,aceti ¢ aci roduct containing | ess than ppm
wat er %anosulrégﬁ%ﬁtﬁgh%ﬁ%(%'ﬁmnﬁ‘?%gpgﬁ?%mﬁ@ﬁd and Wi th a base liquid

t ake- of f sui t ableyraéldorobis(benzereddinitieniim(Iadiclda@(@ycloocta-1,5-diene)rutheniém

civantage of U TR L SRR L o e0 0 P e 2 s
30 distillation zoBRearpley ofsuithblgesmiuai-tontdining compeundsaskich mapbe usedyasdoes
this result in gurcesof promoter include osmium (ITI) chloride hydrate and anhydrous, osmium
10 metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO)415],
[0s(CO)3I5]2,  [Os(CO)3131"HY, and mixed osmium halocarbonyls such as
tricarbonyldichloroosmium (II) dimer and other organoosmium complexes.

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

sources of promoter include Rey(CO} . Re(CO)5Cl, Re(CO)sBr, Re(CO)s],
15  ReCl3.xH70 [Re(CO)4lly; [Re(CO)4l2]"H and ReCls.yH2O.

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

Examples of suitable mercury-containing compounds which may be used
as sources of promoter include Hg(OAc),, Hgl,, HgBry, HgCl,, Hgyl5, and

20 Hg,Cl,.

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

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

25  sources of promoter include gallium acetylacetonate, gallium acetate, GéCl3,
- GaBrs, Gal3, GayClg and Ga(OH)j3.

Examples of suitable indium-containing compounds which may be used as
sources of promoter include indium acetylacetonate, indium acetate, InCl3, InBr3,
InI3, Inl and In(OH);3.

30 Examples of suitable tungsten-containing compounds which may be used
as sources of promoter include W(CO)g, WClg, WClg, WBrs, Wiy, or  CgHjo
W(CO);3 .

Preferably, the iridium- and promoter-containing compounds are free of
~ impurities which provide or generate in situ ionic iodides which may inhibit the
35  reaction, for example, alkali or alkaline earth metal or other metal salts.
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‘capi tal savi ng but it also offers operational advantage in that it avdi"ds

any probl ens associated wth consistently obtaining and mai ntai ni ng
two phases. In Figure 3, (1) to (19) are identical to Figure
1. Thereafter the distillation -zone (716) is provided with an optional

base liquid bleed outlet (21) for 35 ~wthdrawi ng and recycling involatile
i ridiumand other high-boiling inpurities, if :
10 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 may generally have an adverse effect on the reaction
5 by generating I" in the liquid reaction composition' which may have 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,
10  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
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
15  generate less than 500 ppm I-, preferably less than 250 ppm I- in the liquid
reaction composition. |
Water may be formed in situ in the liqui& reaction composition, for
example, by the esterification reaction between methanol reactant and acetic acid
product. Water may be introduced to the carbonylation reactor together with or
20  separately from other components of the liquid reaction composition. Water may
be separated from other components of the reaction composition withdrawn from
the carbonylation reactor and may be recycled in controlled amounts to maintain
the required concentration of the water in the liquid reaction composition.
Suitably, the concentration of water in the liquid reaction composition is in the
25  range from 0.5 to 8% by weight.

' In a further embodiment of the present invention, liquid reaction
composition may be withdrawn from the carbonylation reactor and introduced,
with or without the addition of heat to a preliminary flash zone. In this preliminary
flash zone, a preliminary flash vapour fraction comprising some of the methyl

30  acetate, methyl iodide, acetic acid, water, methanol and propionic acid precursors
| in the introduced liquid reaction composition, is separated from a preliminary flash
liquid fraction comprising the remaining components. The preliminary flash vapour
fraction is recycled to the carbonylation reactor. The preliminary flash liquid
fraction is introduced to the flash zone of the present invention with or without the
35  addition of heat, in the same way as if the preliminary flash zone had not been used.
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preseéent, to the car bonyl ation reactor (1). The distillation zone (16) S

al so -provi ded, bel ow the feed point, wi.th a take-off (22) for a _
vapour process stream conprising acetic acid product and propionic
acid by-product. Fromthe vapour - . procgss stream-take-off (22) the

vapour is fed to an internmediate point in a second 5 distillation colum
(23) which is provided with a head take-off (24) for acetic acid

taini I t 150 t and th 00 [ Qpi. oni ci d.
A ternativel y. - 1iHE eBRSeR Heraimignydesh saners sdu PR Ere S e aE
ol (23) a5 b e e ot (e Bt i T ecyal e
of at least a pgpfrag%qtﬁé)rﬁﬁg%be\l%ﬂgla}/‘i%ﬁ]e pg%fqrﬁgqryg@sﬁ%%?{%ehggﬂl%at her eof ,
ei.ther to the r pesssure of 1)todshrar Preferatily,r the. paélsindry dlastozone is maintaidedrat a ( 16) .
This al . ; : ) Ay
distitl at o coftierta ST e Bott g fietesh soneis puinssngd diSeieaRfe of |

by- product propil6@ite 1487G@ renoval . - The process conditions

;JZ rGrgeir' 2 . LPg car b?”i’g?t isgﬂxfggﬁrgﬁtﬁt 8_(1}}”&5@% o4 Rth BhlahingiridiBf carbonylation
catalyst which is to be recycled to the carbonylation réactor contains a water

concentration of at least 0.5% by weight to stabilise the iridium catalyst.

10 In a preferred embodiment of the present invention the reaction conditions
are selected to give an acetic acid process stream from step (f) containing less than
400 ppm propionic acid and less than 1500 ppm water.
The invention will now be illustrated by reference to the following examples
and Figures in which Figure 1 represents in schematic form apparatus for
15  performing a preferred embodiment of the process of the present invention having
a single flash zone, Figure 2 represents in schematic form apparatus for performing
another preferred embodiment of the process of the present invention having a
preliminary flash zone and Figure 3 represents in schematic form a further
embodiment of the present invention wherein further purification with respect to
20 prbpionic acid is effected. _
Referring to Figures | and 2 a carbonylation reactor (1) is provided with a
stirrer (2), an inlet for carbon monoxide (3) and an inlet for methanol and/or a
reactive derivative thereof (4). The reactor is also provided with an outlet (5) for
withdrawing liquid reaction composition from the reactor and an outlet (6) for
25  withdrawing gas from the head of the reactor. In Figure 1, the outlet (5) is
connected by line (7) through flashing valve (8) directly to flash zone (9).
 In Figure 2 the outlet (5) is connected by line (7) and flashing valve (27) to
preliminary flash zone (28). In Figure 2 the preliminary flash zone (28) is provided
with a vapour outlet (29) for recycling to the reactor, preliminary flash zone
30  vapour fraction comprising some of the methyl acetate, acetic acid, methyl iodide,
water, methanol and propionic acid precursors in the liquid reaction composition
introduced into the preliminary flash zone. This is condensed and pumped back or
fed back to the reactor (1) using a pump (31). In Figure 2 the preliminary flash
zone is also provided with an outlet (30) for passing preliminary flash zone liquid
35  comprising the remaining components of the introduced liquid reaction
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‘t'otal pressure : 22 to 32 bar gauge; car bon nonoxi de parti al

pressure: 8 to 10 bar; hydrogen partial pressure : 0.051t0 0.3
bar; and 20 l'i quid reaction conposition conponent concentrations: -

i ridium : 700 to 1500 ppmyg - rut heni um

: 1500 to 2500 ppm - . methyl acetate :10 to 25% by
wei ght ; met hyl i odi de 6 to 12% by wei ght 25 -

wat er : 8% hy wei ght. In the
appar at us shomcqrﬂp%l rtgtheﬁ?%ezopfggh zone and distillation zone may
be operated at a prehsEngeresfl ahdt2cth8 flastr zopa (@)ds anh admbmwﬁashzamm:tbdmﬂmw n

oSt ror RN BPROR il Wl 0 ot FRERH B Al )5

first distillat fomralmrdeframoorfommﬁ ih @seothereirt. duladlternativecerpboslirsent cheaf ¢ t o 3
bar gauge. s i Ft?thl:'tﬁsh zgne (9) to alter the T80 BP0 URd i Bl '

Figure 1 was used produce acet|
The flash zone is also prov1ded thh a scrubbing section (12) and optional wash

through line (13). The liquid outlet (11) from the flash zone is connected to
recycle pump (14) for recycling the liquid fraction to the reactor. At least part of
the flash zone liquid fraction may be passed through an ion exchange resin bed (15)
10 to remove corrosion metals therefrom and maintain the concentratior of corrosion
metals in the liquid reaction composition at less than that which would generate
less than 500 ppm I-. The vapour outlet (10) from the flash zone is connected to a
first distillation zone (16) provided with an overhead condenser (17) and decanter
(18). In use, the vapours from the distillation zone are condensed into the decanter
15  and form two phases, a methyl iodide-rich phase and an aqueous phase. The heavy
methyl iodide rich phase is recycled to the carbonylation reactor and the lighter
aqueous phase is divided; part being used as reflux to the distillation zone and part
being recycled to the carbonylation reactor. The distillation zone is provided with
an optional methanol feed (19) to convert hydrogen iodide to methyl iodide which
20  isreturned to the carbonylation reactor from the distillation zone in the overhead
recycles. The distillation zone is provided with a base liquid take-off (20) for
removing a process stream comprising acetic acid containing less than 1500 ppm
water and less than 400 ppm propionic acid. Alternatively, the distillation zone
(16) in Figures 1 and 2 may be providéd below the feed point with a take-off for a
25  vapour stream comprising acetic acid product containing less than 1500ppm water
* and less than 400 ppm propionic acid and with a base liquid take-off suitably for
tecycle to the reactor. | _
An advantage of using a preliminary flash zone as depicted in Figure 2 is
that the decanter (18) may be dispensed with because the overhead from the
30  distillation zone (16) will generally be single phased. Not only does this result in a
capital saving but it also offers operational advantage in that it avoids any problems
associated with consistently obtaining and maintaining two phases.
In Figure 3, (1) to (19) are identical to Figure 1. Thereafter the distillation
zone (16) is provided with an optional base liquid bleed outlet (21) for
35  withdrawing and recycling involatile iridium and other high-boiling impurities, if
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enpl dyi ng the condi tions shown in the foll owi ng Tabl e. 35

10

present, to the carbonylation reactor (1). The distillation zone (16) is also
provided, below the feed point, with a take-off (22) for a vapour process stream
comprising acetic acid product and propionic acid by-product. From the vapour
process stream take-off (22) the vapour is fed to an intermediate point ina second -
5  distillation column (23) which is provided with a head take-off (24) for acetic acid
containing less than 1500 ppm water and less than 400 ppm propionic acid.
Alternatively, acetic acid containing less than 1500 ppm water and less than 400
ppm propionic acid may be taken off the second distillation column (23) as a side-
draw above the vapour feed point, with recycle of at least a part of the heads take-
10  off after condensation thereof, either to the reactor (1) and/or the first distillation
column (16). This alternative is not shown in Figure 3.
The second distillation column (23) is provided with a base take-off (25)
for by-product propionic acid removal.
. The process conditions used in the carbonylation reactor (1) may typically
15 be:- '

temperature : 181 to 195°C;
total pressure  : 22 to 32 bar gauge;
carbon monoxide partial pressure : 8 to 10 bar;
hydrogen partial pressure : 0.05 to 0.3 bar; and
20  liquid reaction composition component concentrations:-
iridium : 700 to 1500 ppm;
ruthenium : 1500 to 2500 ppm;
methyl acetate 1 10to 25% by wéight;
methyl iodide : 6 to 12% by weight
25 water : 3 to 8% by weight.

In the apparatus shown in Figure 1, the flash zone and distillation zone may

be operated at a pressure of 1 to 3 bar gauge. In the apparatus shown in Figure 2,
~ the preliminary flash zone (28) is operated at a higher pressure (for example 2 to 8
bar gauge) than the flash zone (9) and first distillation zone which may be operated
30 ata pressure of 0 to 3 bar gauge.

Examples I-§

The apparatus illustrated in Figure 1 was used to produce acetic acid
employing the conditions shown in the following Table.

35
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Table  Reactor conditions : Ex 1 Ex 2 Ex 3 . Ex 4

Ex 5 Reactor Tenperature ([err]C . 189.0 191.2 189.0 189.0
189. 0 Reactor Pressure _ 27. 4 27.6 29.9 30.0
29.6 CO partial pressure (bar) 8.1 8.9 9.1 8.8
8.3 Hpartial pressure (bar) 0.18 0.21 0.18 - 0.15
0.12 Li quid reaction conposition Water (% by wei ght) ' 7.8
4.7 - 5.1 4.6 5.7 Methyl iodide (% by weight) : 7.1
6.6 9.6 10.0 - 10. 3 Methyl acetate-(% by wei ght) 18.2
14. 3 19.8 21.9 22.3 ' -
- Table

Reactor conditions . Exl |. Ek 2 | Ex3 Ex 4 Ex 5

Reactor Temperature (°C) _ 189.0 191.2 189.0 189.0 189.0

Reactor Pressure _ -27.4 276 | 299 30.0 29.6

CO partial pressure(bar) - | 81 | 89 9.1 8.8 8.3

Hspartial pressure (bar) 0.18 021 | 0.18 0.15 0.12

Liguid reaction composition .

Water (% by weight) 7.8 4.7 5.1 4.6 5.7

Methyl iodide (% by weight) 7.1 6.6 9.6 10.0 103

Methyl acetate (% by weight) 182 |: 143 19.8° 21.9 22.3

Ir (ppm) _ 1320 1170 930 840 870

Ru (ppm) | 1760 | 1610 | 2040 | 2330 2870

H» in feed (%v/v) . 0.86 006 | 030 0.30 0.29

Carbonylation rate (mol/l/hr) 17.8 17.3 20.3 19.8 19.8

CO1 rate (% of carbonylation rate) 0.88 0.98 0.68 0.63 0.67

CHy4 rate (% of carbonylation rate) 1.02 0.83 0.89 081 | 0.84

Process stream from step (f)

Water in process stream (20) 510 780 790 920 _ 930

{ Propionic acid in process stream(20) 380 390 390 360 290
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't Cppm 1320 1170 930 . - 840

870 Ru (ppm 1760 1610 2040 2330
2870 Herr] in feed (W/v) 0. 86 0. 06 0. 30 0. 30
0.29 Carbonylation rate (nmol/1/hr) 17.8 - 17. 3 20.3 . 19.8
19.8 CJerr] rate (% of carbonylation rate) 0.88 0.98 0. 68 0. 63
0.67 CH err] rate (% of carbonylation rate) 1.02 0.83. 0. 89 0.81
0.84 Process streamfromstep (f) Water in process stream (20) . 510
780 - 790 920 930 Propionic acid in process strean(20) 380
390 390 360 290

- 1is Sheet Has Been ReplacedTr
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Claims:

1. A process for the production of an acetic acid process stream comprising

less than 400 ppm propionic acid and less than 1500 ppm water which process

comprises the steps:-
(a) feeding methanol and/or a reactive derivative thereof and carbon
5 monoxide to a carbonylation reactor in which there is maintained during the
course of the process a liquid reaction composition comprising:-

@) an iridium carbonylation catalyst;

(ii)  methyl iodide co-catalyst;.

(i)  optionally one or more promoters selected from the group consisting of

10 ruthenium, osmium, rhemum, cadmium, mercury, zinc, gallium, indium and
tungsten; |

(iv)  afinite amount of water at a concentration of less than about 8% by
weight;

W) methyl acetate;

15 (vi) aceticacid; and _

(vii)  propionic acid by-product and its precursors;

(b) withdrawing liquid reaction composition from the carbonylation reactor and
introducing at least part of the withdrawn liquid reaction composition, with
or without the addition of heat, to a flash zone to form a vapour fraction

20 comprising water, acetic acid product, propionic acid by-product, methy!
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
‘comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and water;

(c) recycling the liquid fraction from the flash zone to the carbonylatlon

25 reactor,
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1.

(d)  introducing the vapour fraction from the flash zone into a first distillation

12 C ai ns: 1. A process for the productio
aci d process stream conprising | ess than 400 p S
| ess than 1500 ppm wat er whi ch process conpri sei
(a) feeding nmethanol and/or a reactive derjyative the

zone;
(e) removing from the first distillation zone at a point above the intro_guction
| point of the flash zone vapour fraction a light ends recycle stream
5 - comprising water, methyl acetate, methyl iodide, acetic acid and propionic
acid precursors which stream is recycled in whole or in part to the |
carbonylation reactor, and
® removing from the first distillation zone at a point below the introduction
point of the flash zone vapour fraction, a process stream comprising acetic
10 acid product, propionic acid by-product, and less than 1500 ppm water and, |
(g)  if'the process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the‘introduction point of the stream from (f)
propionic acid by-product and from a point above the introduction point of
15 the stream from (f) an acetic acid process stream containing less than 400
ppm propionic acid and less than 1500 ppin water.
2. A process according to claim 1 wherein methanol and/or methyl acetate is
(are) fed to the carbonylation reactor.
3. A process according to either claim 1 or claim 2 wherein the concentration
20  of methyl iodide co-catalyst in the liquid reaction composition is from 4 to 16% by
- weight. .
4. A process according to any one of the preceding claims wherein the methyl
acetate concentration in the liquid reaction composition is in the range from 5 to
40% by weight. '
25 5. A process according to any one of the preceding claims wherein the
~ concentration of water in the liquid reaction composition is in the range from 0.5 to
8% by weight. _
6. A process according to any one of the preceding claims wherein the
concentration of iridium catalyst in the liquid reaction composition is from 400 to
30 2000 ppm. '
7. A process according to any one of the preceding claims wherein the molar
ratio of methyl iodide:iridium in the liquid reaction composition is [from 20 to
200]:1.
8. A process according to any one of the preceding claims wherein hydrogen
35  present in the carbonylation reactor is maintained at a partial pressure less than 0.3

THIS SHEET HAS BEEN |

L L LT k2

2 0 APR 1998

Nata-«



5 nonoxi de to a carbonylation reactor in which there is

mai nt ai ned during t he ~course of the process a |iquid reaction
conposi tion conprising: - (i) an iridi um car bisiPheettHasBecaReplgeedTt
(ii) methyl iodide co-catalyst; (i{d) opti onaT"IH!"Hﬂ'IMl
pronoters selected fromthe group consisting of 10 um

osm um rhenium cadmum nmercury, zinc, galli I ndi um an

t ungst en; b gl V) a finite anount of vvater at a concentration of 8% or
| ess by wei ght ; (v) nmet hyl acetate; 15 (vi) acetic
acid; and 9. (V| |Apr@cre@9amrdin§w ﬁymmfdmmcm a:lamspﬁmm hydregen

(b) vmthdravmn reac ylation
react or and ghe carbon mf’ﬂ?’f’é%%ﬁi eitmﬁ' glg?d é\’??s %Fn le’?hdr awn liquid
reaction corrposl|0t| OonA prodelss according to any onerofwhdmacﬁdmgleiammvhemmﬂmfe seat, to

a flash zong 3) ik ,{T}ngtpg g&gﬁ{;,& Eé@ﬁ#@@(ﬁ%oo& Jagre pﬁ%lpﬂ@i?%ﬁéc?éd%ﬁ{\ﬂ}eeé’mup |

acetic aci d pr
consisting of ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium,

()1

indium and tungsten.

11. A process according to claim 10 wherein the promoter is ruthenium.

12. A process according to either claim 10 or claim 11 wherein the promotef is
10 present in the liquid reaction composition at a molar ratio of promoter:iridium of -

[from 0.5 to 15]:1. | o

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

carbonylation temperature is in the range from 150 to 220°C and the carbonylation

pressure is in the range from 15 to 50 barg.

15 14, A process according to any one of the preceding claims wherein in the
liquid reaction corhposition methyl acetate is present in an amount from 10 to 25%
by weight, methyl iodide is present in-an amount from 6 to 12% by weight, water is
present in an amount from 3 to 8% by weight, iridium is present in an amount of
from 700 to 1500 ppm, ruthenium is present in an amount of from 1500 to 2500

20  ppm, the carbon monoxide partial pressure is from 8 to 10 bar, the hydrogen partial
pressure is from 0.05 to 0.3 bar, the carbonylation temperature is from 181 to
195°C and the carbonylation total pressure is from 22 to 32 barg.

15. A process according to any one of the preceding claims wherein the first
distillation zone has up to 40 theoretical stages.

25 16. A process according to any one of the preceding claims wherein liquid
reaction composition is withdfawn from the carbonylation reactor and introduced
with or without the addition of heat to a preliminary flash zone in which a
preliminary flash vapour fraction comprising some of the methyl! acetate, methyl
iodide, acetic acid, water, methanol and propionic acid precursors in the introduced

30 liquid reaction composition is separated from a preliminary flash liquid fraction
comprising the remaining components, the preliminary flash vapour fraction is
recycled to the carbonylation reactor and the preliminary flash liquid fraction is
introduced to the flash zone of step (b).

35
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acet a"_te_, met hyl iodide and propionic acid precursors, and a liquid fract I on
conprising involatile iridiumcatalyst, involatile optional pronoter or

pronoters, acetic acid and water; (c) recycling the liquid fraction
fromthe flash zone to the carbonylation 25 reactor;
13 o (d) I ntroduci ng the vapour fraction fromthe flash zone into a
first distillation
15
ABSTRACT

IRIDIUM-CATALYSED CARBONYLATION PROCESS FOR THE PRODUCTION
OF ACETIC ACID

A process for the production of an acetic acid process stream comprises the steps:-

(a) feeding methanol and/or a reactive _derivative thereof and carbon monoxide to a
carbonylation reactor

(b) withdrawing a liquid reaction composition from the carbonylation reactor and
introducing at least part of the withdrawn liquid feaction composition, with or without the
addition of heat, to flash zone to form a vapour fraction

(¢) recycling the liquid fraction from the flash zone to the carbonylation reactor

(d) introducing the vapour fraction from the flash zone into a first distillation zone;

(¢) removing from the first distillation: zone at a point above the introduction point of the
flash zone vapour fraction a light ends recycle stream which is recycled in whole or in
part to the carbonylation reactor, and

(f) removing from the first distillation zone at a point below the introduction point of the
flash zone vapour fraction, a process stream comprising acetic acid product, propionic acid
by-product, and less than 1500 ppm water and,

(g) if the process stream removed in step (f) comprises greater than 400 ppm propionic
acid introducing said stream into a second distillation column, removing from a point
below the introduction point of the stream from (f) propionic acid by-product and from a
point above the introduction point of the stream from (f) an acetic acid process stream

containing less than 400 ppm propionic acid and less than 1500 ppm water.
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'Zone, (e) renoving fromthe first distillation zone at a point
above the introduction ‘poi nt of the flash zone vapour
fraction a |ight ends recycle stream 5 conpr|5|ng wat er, met hyl
acetate, nethyl iodide, acetiic acid and propionic - aC|d
precursors which streamis recycled in whole or in part to the

car bonyl ati on reactor, and () 775’Dving fromthe first distillation
zone at a point below the introduction poi nt of the flash
zone vapour fraction, a process stream conprising acetic 10 acid
product, propionic acid-by-product, and | ess than 1500 ppm wat er and,

(9) if the process streamrenoved in step (f) conprises greater than 400
ppm p ionic acid introducing said streaminto a second

distillation colum, r&ovi ng from a point bel ow t he
i ntroduction ppint of lt he stream frog)y propionic acid
by- product an romja ppipht above thbl-l roduction point of 15

the stream fronmy(f) lan acﬂnﬂrTHHTFp s stream containing | ess than 400
ppm pr opi oni id gnd %1 wat er . 2. A process
t hano /or@et hyl acetate is

according t g5 wh
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(are)'fed to the carbonyl ation reactor. 3. ~ A process according to
either claiml1l or claim2 wherein the concentration 20 of nethyl i odide
co-catalyst in the liquid reaction conpositionis from4 to 16% by

wei ght . 4, A process according to any one -of the preceding clains
wherein the nethyl - acetate concentgation in the liquid reaction
conposition is in the range from5 to: gl 40% by wei ght. 25 5. A

process according to any one of the preceding clains wherein the :
concentration of ter in the I|qU|q§2eact|on conposition is in the range
fromO0.5 to Ny wei ght. . A process according to any one
of the precedi g cl &f erein the qu— concentration of |r|d|un1catalyst
in the liquid rgactilon _'2j5§§n1400 to 30 2000 ppm 7.

A process ac ' to ceding cl ai ns wherein the nolar
ratio of ne ilde:| in t hE\=qui ¢y eacti on conp05|t|on is from
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‘8. * A process according to any one of the preceding clains wherein
hydrogen 35 present in the carbonylation reactor is nmaintained at a
partial pressure of 0.3 : _ _ '

14 bar or |ess. 9. A process accor.ding to.any one of the
precedi ng cl ai ns wherein hydrogen - 3/3
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isn the carbon nonoxide feed gas is maintained at |ess t
10. A process according to any one of the preceding CW@]%I n—t here.

is 5 present in the reaction conposition one or nore probhB¥Ds sel ect ed
fromthe group consi sting of ruthenium osmum rhenium cadmum
mercury, zinc, gallium I ndi um and tungsten. 11. A process
according to claim 10 wherein the pronoter is ruthenium 12. A .

process according to either claim10 or claim 11l wherein the pronoter is 10
present in the liquid  reaction conposition at a nolar ratio of
pronoter:iridium of fromO.5:1 to 15: 1. . 13. A process
according to any one of the preceding clains mhereln t he
- carbonyl ation tenmperature is in the rargge from 150 to 220[err]C and the
car bonyl ati on pressure is in the range from1l5 to 50 barg. 15 14.
A process according to any one of the preceding clains wherein in the
|l iquid reaction conposition nethyl acetate is present in an anmbunt from 10
to 25% by weight, nmethyl iodide is present in an amount from®6 to 12%
by weight, water is present in an amount from3 to 8% by weight,
iridiumisgqgyigsent in an anount of
1. A process for the production of an acetic acid process stream comprising
less than 400 ppm propionic acid.and less than 1500 ppm water which process
comprlses the steps:-
(a) feeding methanol and/or a reactive derivative thereof and catrbon
5 monoxide to a carbonylatlon reactor in which there is maintained during the
course of the process a liquid reaction composition comprising:-
(i) an iridium carbonylation catalyst;
(ii)  methyl iodide co-catalyst;
(iii)  optionally one or more promoters selected from the group consisting of
10 ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium and
tungsten; ' '
(iv)  afinite amount of water at a concentration of 8% or less by
. weight; '
(v)  methyl acetate;
15 (vi) acetic acid; and
(vii) propionic acid by-product and its precursors;
(b)  withdrawing liquid reaction composition from the carbonylation reactor and
introducing at least part of the withdrawn liquid reaction composition, with
- or without the addition of heat, to a flash zone to form a vapour fraction
20 comprising water, acetic acid product, propionic acid by-product, methyl
acetate, methyl iodide and propionic acid precursors, and a liquid fraction
~comprising involatile iridium catalyst, involatile optional promoter or
promoters, acetic acid and water; '
(c)  recycling the liquid fraction from the flash zone to the carbonylation

25 reactor;
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. f,;rom 700 to 1500 ppm rutheniumis present in an amount of from 1500 to
2500 20 . ppm the carbon nonoxide partial pressure is from8 to 10 bar,

t he hydrogen ‘parti al pressure is fromO0.05 to 0.3 bar, the
carbonyl ation tenperature is from 181 to 3 195[err] C and the
carbonyl ation total pressure is from22 to 32 barg. . 15. A process

according to any one of the preceding clains wherein the first

distillation ne 40 t retli Si.ages...25. 1 « A.PLocess
according to @2y ong’%(‘)q;i 8{1%gllep‘?aggggﬁﬂﬁxoacfg+:préﬂ;,\ﬁ%s'ﬁ&oﬂe fqtaaﬁ'ﬁst d'St.'uE“cf“eact i on
conposition is w tzahawn fromthe carbonyl ation reactor and introduced

with or with t I‘I?Cgﬁll‘; nag Y e in which a
prelimnary RF %shhl\e?a ou?”’ Er?{l}ctﬁ |£ g%?g%nﬁ@:o?zﬁ)&%gh% %‘éea‘f}ﬂ'ﬁ&ﬂ@“%{t"é‘t ate,

met hyl i odi oneqmtac%tthcéladczme ‘wapoer frationtalight emdsdepyaiqostmanc aci d .
precursorg in the i I N, 1s .separate
Lot prg i i nary c#}fn%@ﬁh@%té%n?thgl’ {éﬂiage il 19&%%@%9%%:4%@ Qréwg{u i ng
conponents, the pragid HTQ%IFSPFSWh@hSVaqmwretydedmovholsormpartnoetbtycl ed to the

car bonyl ati on reacéa%o@?ﬂdn%a?&?'ah@ nary flash liquid fraction is
i ntroduced tg_ the flas ste (,
® removing from the first dlstll ation zone at a point below the introduction

point of the flash zone vapour fraction, a process stream comprising acetic
10 acid product, propionic acid by-product, and less than 1500 ppm water and, -
(g)  ifthe process stream removed in step (f) comprises greater than 400 ppm
propionic acid introducing said stream into a second distillation column,
removing from a point below the‘introduction point of the stream from (f)
propionic acid by-product and from a point above the introduction point of
15 the stream from (f) an acetic acid process stream containing less than 400
ppm propionic acid and less than 1500 ppm water. '
2. A process according to claim 1 wherein methanol and/or methyl acetate is
(are) fed to the carbonylation reactor.
3. A process according to either claim 1 or claim 2 wherein the concentration
20  of methyl iodide co-catalyst in the liquid reaction composition is from 4 to 16% by
- weight. _ _ |
4, A process according to any one of the preceding claims wherein the methyl
acetate concentration in the liquid reaction composition is in the range from 5 to
40% by weight. | _
25 5. A _process according to any one of the preceding claims wherein the
concentration of water in the hqutd reaction composition is in the range from 0.5 to
8% by weight. .
6. A process according to any one of the preceding claims wherein the
concentration of iridium catalyst in the liquid reaction composition is from 400 to
30 2000 ppm.
7. A process according to any one of the pxecedm" claxms wherein the molar
ratio of methyl |odtde iridium in the liquid reaction composition is from 20:1 to
200:1,
8. A process according to any one of the preceding claims wherein hydrogen
35  present in the carbonylation reacto: is maintained at 3 partial pressurerof 0.3
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- introduced to the flash zone of step (b).

14

bar -or less. o _ _

9, A process according to any one of the preceding claims wherein hydrogen
in the carbon monoxide feed gas is maintained at less than 0.3 mol %.

10. A process according to any one of the preceding claims wherein there is
present in the reaction composition one or more promoters selected from the group
consisting of ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium,
indium and tungsten. _ _

11. A process according to claim 10 wherein the promoter is ruthenium.

12, A process according to either claim 10 or claim 11 wherein the promoter is
present in the liquid reaction composition at a molar ratio of promoter:iridium of
from 0.5:1 to 15:1. | |

13. A process according to any one of the preceding claims wherein the
carbonylation temperature is in the range from 150 to 220°C and the carbonylation
pressure is in the range from 15 to 50 barg. -

14. A process according to any one of the preéeding claims wherein in the

- liquid reaction corﬁposition methyl acetate is present in an amount from 10 to 25%

by weight, methyl iodide is present in an amount from 6 to 12% by weight, water is
present in an amount from 3 to 8% by weight, iridium is present in an amount of
from 700 to 1500 ppm, ruthenium is present in an amount of from 1500 to 2500
ppm, the carbon monoxide partial pressure is from 8 to 10 bar, the hydrogen partial
pressure is from 0.05 to 0.3 bar.. the carbonylation temperature is from 181 to
195°C and the carbonylation total pressure is from 22 to 32 barg.

15. A process according to any one of the preceding claims wherein the first
distillation zone has up to 40 theoretical stages.

16. A process according to any one of the preceding claims wherein liquid
reaction composition is withdrawn from the carbonylation reactor and introduced
with or without the addition of heat to a preliminary flash zone in whicha
preliminary flash vapour fraction comprising some of the methyl acetate, methyl

- iodide, acetic acid, water, methanol and propionic acid precursors in the introduced

liquid reaction composition is separated from a preliminary flash liquid fraction
comprising the remaining components, the preliminary flash vapour fraction is
recycled to the carbonylation reactor and the preliminary flash liquid fraction is
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