1 PROCESS FOR THE CARBONYLATI ON OF -ALKYL ALCOHOLS The present inve%%fgﬁaaFﬁé -
relates to a process for the carbonyl ation of al kyl al cohols and/or
reactive derivatives thereof in the presence of a rhodium catal yst.

Car bonyl ation processes in the presence of rhodiumcatal ysts are known and
are described, for exanple, in US 3769329 gnd EP-0055618-A. 5 J.

Mol ecul ar Catal ysis, 39 (1987) 115-136 relates to addition of iodide salts
to rhodi um catal yst solutions for nethanol carbonylation at | ow water
concentrations (<2M to pronote the rate of carbonylation and stabilise the
rhodi um catal yst. The rate of methanol carbonylation in the presence of
[err] was reported together with the rates for a | arge nunber of other
iodide salts at a total 10 reaction pressure of 400 psig. W believe that
under such conditions, the rate of the carbonylation reaction is not
limted by the partial pressure of carbon nonoxide. Furthernore, the nolar
rati o of nmanganese : rhodiumin the reported experinent using nmanganese is
very high and is estimated to be (> 90): 1. Operation of carbonylation
processes at Iom1part|al pressure of carbon 15 nonoxi de is desirable

because it | eads t g £ 6%
reactant, for exanpre eaucr T €_gadses
vented fromthe react'%he PfﬁeﬁF WP@W\KF@WS F%bﬂﬂ%ﬁﬁsé‘&fttm%réﬂnﬂ%%b?fﬁnﬁﬂl on

reactions is thafcohblslsad/opaédckioé devaEPdstRer8If it tHelPPEehdy 6P hBdiuth éal&ﬂyst
car bonyl ati on react or

Is at less fhan t he
rate of the carbonyl a (P”rrg?l“ TRICEESTRS £ GWS?W(S"Bngi“g?cW‘&%&F It ar bon
nmonoxi de. The t enHnareddscribe) famaxamplepinddf ¥#932% andEP10055618-A. pr ocess f or

the carbonyl gtion of gkl @ fJPngf%é?fs-néﬁ%?ahé%t@dﬂ fih tRiddide e eof

In the presence of a r |um c OVer cones
this probl em 230 rhodium catpﬂu;gso amrf@rrnq angl ?ﬂﬁbﬂf}yirﬂél%ﬁt aqwWhwateti on there is

provi ded a procefcdndfatibhe€(<2M) to promote the rate of carbonylation and stabilise the

rhodium catalyst. The rate of methanol carbonylation in the presence of Mnly was
reported together with the rates for a large number of other iodide salts at a total

10 reaction pressure of 400 psig. We believe that under such conditions, the rate of
the carbonylation reaction is not limited by the partial pressure of carbon
monoxide. Furthermore, the molar ratio of manganese : rhodium in the reported
experiment using manganese is very high and is estimated to be (> 90) : 1.

Operation of carbonylation processes at low partial pressure of carbon

15  monoxide is desirable because it leads to an increased utilisation of the carbon
monoxide reactant, for example, by reducing loss of carbon monoxide in the gases
vented from the reactor.

A problem with rhodium-catalysed carbonylation reactions is that at low
partial pressure of carbon monoxide in the carbonylation reactor, that is at less than

20 or equal to 7 bar, the rate of the carbonylation may be limited by the partial
pressure of carbon monoxide. .

The technical problem to be solved is to provide a process for the
carbonylation of an alkyl alcohol and /or a reactive derivative thereof in the
presence of a rhodium catalyst and an alky! halide which overcomes this problem.

25 Thus, according to the present invention there is provided a process for the
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2 carbanyl ation of an al kyl al cohol and/or a reactive derivative thereof
whi ch process conprises the steps of (i) contacting, in a carbonylation
reactor, said al cohol and/or a reactive derivative thereof with carbon
nonoxide in a liquid reaction conposition conprising (a) a rhodium
catalyst, (b) alkyl halide, and (c) at leastz a finite 5 concentration of
water and (ii) recovering carbonylation product fromsaid liquid reaction-
conposition characterised in that there is present in the carbonyl ation
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composition at a partial pressure of carbon monoxide in said reactor of less than or

20  equal to 7 bar, in which the liquid reaction composition comprises (a) a rhodium
catalyst, (b) alkyl halide, (c) at least a finite concentration of water and (d)a
stabiliser for the rhodium catalyst comprising manganese in a form active for
promotion of the carbonylation reaction at a molar ratio of manganese : rhodium of
(0.2t020): 1.

25 In the carbonylation process of the present invention it has been
unexpectedly found that the manganese stabiliser has a beneficial effect on the
carbonylation process at a much lower concentration than is described in J,

- Molecular Catalysis, 39 (1987) 115-136. The beneficial effect on the carbonylation
reaction of manganese in the process of the present invention has been found to

30  occur at a low partial pressure of carbon monoxide of less than or equal to 7 bar
partial pressure, which would be carbonylation rate limiting in the absence of the
manganese stabiliser whereas iodide salts such as lithium iodide have been found
not to increase the carbonylation rate under such conditions.

Also, in the process of the present invention, the presence of a manganese

35  stabiliser in the liquid reaction composition stabilises the rhodium catalyst when



30 . occur at a low partial pressure:of carbon nonoxi de of |ess than or
equal to 7 bar partial pressure, which would be carbonylation rate limting
in the absence of the nanganese stabiliser whereas iodide salts such as '
| ithiumiodi de have been found not to increase the carbonylation rate under
such conditions. Also, in the process of th® present invention, the
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the al cohol havigigrefibRACPEICF My alcdHbSarid Rt more preferably methanol. Preferably,
the alkyl alcohol is a primary or secondary alkyl alcohol. The product of the

carbonylation of an alcohol having n carbon atoms and/or a derivative thereofis a
carboxylic acid having n+1 carbon atoms and/or an ester of a carboxylic acid

20  having n+1 carbon atoms and the alcohol having n carbon atoms. Thus the
product of carbonylation of methanol and/or a derivative thereof is acetic acid
and/or methyl acetate. _

Suitable reactive derivatives of the alkyl alcohol include the corresponding

alkyl ester of the alcohol and the corresponding carboxylic acid product, dialkyl

25  ethers and alkyl halides, preferably iodides or bromides. Suitable reactive
derivatives of methanol include methyl acetate, dimethyl ether and methyl iodide.
A mixture of alkyl alcohol and reactive derivatives thereof may be used as reactants
in the process of the present invention. Preferably, methanol and/or methyl acetate
and/or dimethyl ether are used as reactants. At least some of the alkyl alcohol

30  and/or reactive derivative thereof will be converted to, and hence present as, alkyl
esters in the liquid reaction composition by reaction with carboxylic acid product
or solvent. The concentration in the liquid reaction composition, of alkyl ester is
suitably in the range 0.1 to 70% by weight, preferably 0.5 to 50% by weight, more
preferably 0.5 to 35% by weight.

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



product..of carbonyl ati on of methanol and/or a derivative thereof is acetic
acid and/or nethyl acetate. Suitable reactive derivatives of the alkyl

al cohol include the correspondi ng al kyl ester of the al cohol and the
correspondi ng carboxylic acid product, dialkyl 25 et hers and al kyl
hal i des, preferably iodides or brom des. Sui4t able reactive derivatives of
nmet hanol include nethyl acetate, dinethyl ether and nethyl iodide. A
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15  which dissolves in the liquid reaction composition or is convertible to a soluble
form. Examples of suitable rhodium-containing compounds which may be added
to the liquid reaction composition include [Rh(CO),Cl]2, [Rh(CO),1]9,
[Rh(Cod)Cl]y, rhodium (III) chloride, rhodium (III) chloridetrihydrate, rhodium
(ITI) bromide, rhodium (III) iodide, rhodium (III) acetate, rhodium

20  dicarbonylacetylacetonate, RhCl3(PPh3)3 and RhCI(CO)(PPh3),.

Preferably, the rhodium catalyst concentration in the liquid reaction
composition is in the range 50 to 5000 ppm by weight of rhodium, preferably 100
to 1500 ppm.

The manganese stabiliser may comprise any manganese-containing

25  compound which is soluble in the liquid reaction composition. The stabiliser may
be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to
soluble form.

Examples of suitable manganese-containing compounds which may be used

30  include Mny(CO)¢. manganese (II) acetate, manganese (III) acetate, manganese
(I1) bromide, manganese (II) bromide tetrahydrate, manganese (II) chloride,
manganese (II) chloride hydrate, manganese (II) iodide, manganese (II) oxide,
manganese ([1I) oxide, 1nangaﬁese (IV) oxide, Mn(CO)5Br, Mn(CO)s1.

It is believed that the manganese stabiliser is active for promotion of the

35  carbonylation reaction when it comprises manganese in a low oxidation state such



may .conpri se any rhodi um contai ni ng conpound which is soluble in the liquid
~eaction conposition. The rhodi um conponent of the catal yst may be added to.
the liquid reaction conposition for the carbonylation reaction in any
suitable form15 which dissolves in the liquid reaction conposition or is
convertible to a soluble form Exanples of $§uitable rhodi um containing
conpounds which nmay be added to the liquid reaction conposition include
[err] [err] rhodium (111) chloride, rhodium (l111) chloridetrihydrate,
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An iodide salt may also be present in the liquid reaction composition as a
15 catalyst stabiliser. Such an iodide salt can be any metal iodide, quaternary
ammonium iodide or quaternary phosphonium iodide salt. Preferably, the metal
iodide is an alkali iodide or alkaline earth metal iodide, more preferably an iodide of
lithium, sodium, potassium or cesium, Suitable quaternary ammonium iodides
include quaternised amine, pyridine, pyrrolidine or imidazole for example NN
20  dimethyl imidazolium iodide. Suitable quaternary phosphonium iodides include
methyl tributyl phosphonium iodide, tetrabutyl phosphonium iodide, methyl
triphenyl phosphonium iodide and the like. Such iodide salt stabilisers are
described, for example in EP-A-0573189.
The carbon monoxide reactant may be essentially pure or may contain inert
25  impurities such as carbon dioxide, methane, nitrogen, noble gases, water and Cp to
C4 paraffinic hydrocarbons. The presence of hydrogen in the carbon monoxide
and generated in situ by the water gas shift reaction is preferably kept low, for
example, less than 1 bar-partial pressure, as its presence may result in the formation
of hydrogenation products. The partial pressure of carbon monoxide in the reactor
30  and/or product recovery steps is less than or equal to 7 bar, under which conditions
it has been found that the use of a manganese stabiliser according to the process of
the present invention in the reactor has a beneficial effect on the carbonylation
reaction by stabilising the catalyst and maintaining the rate of reaction.
The pressure of the carbonylation reaction is suitably in the range 10 to 200
35  barg, preferably 10 to 100 barg, more preferably 15 to 50 barg. The temperature



exhibit .a pronoting effect for the carbonylation reaction unless or until

Lt is converted to a | ower oxidation state, for exanple by contacting with .
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reactants is withdrawn from the reactor and passed to a flash separation zone at a

total pressure less than of the carbonylation reactor, wherein with or without the

20  addition of heat, vapour and liquid fractions are formed from the liquid reaction
composition; the vapour fraction comprising carboxylic acid product, alkyl halide,
water, unconsumed reactants and ester and the liquid fraction comprising
carboxylic acid product, rhodium catalyst, manganese stabiliser, and water together
with some alkyl halide and ester. The liquid.fraction is recycled to the

25  carbonylation reactor and the carboxylic acid product is recovered from the vapour
fraction by one or more distillation stages, with the alkyl halide, water, ester and
unconsumed reactants being recycled to the carbonylation reactor. The partial
pressure of carbon monoxide in the flash separation zone is less than that in the
carbonylation reactor, for example, less than 0.25 bar.

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

In the Further Experiments described befow manganese was found in the
liquid reaction composition at the end of a batch carbonylation without the addition
of manganese stabiliser at a concentration of about 6 ppm, due presumably, to

35 corrosion. This corresponded to a molar ratio of manganese : rhodium of



reaction by stabilising the catal yst -and maintaining the rate of reaction.
The pressure of the carbonylation reaction is suitably in the range 10 to
200 35 barg, preferably 10 to 100 barg, nore preferably 15 to 50 barg.
The tenperature 6 of the carbonylation reaction is suitably in the range
100 to [err] preferably in the range 150 to7[err] nore preferably in the
range 170 to [err] Carboxylic acid and/or ester thereof may be used as a
solvent for the reaction. 5 The process of the present invention
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15  reaction from the starting composition, assuming that one mole of methyl acetate is
consumed for every mole of carbon monoxide that is consumed. No allowance
was made for organic components in the autoclave headspace.

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

20 For each batch carbonylation experiment the autoclave was charged with
the manganese stabiliser (where applicable), the liquid components of the liquid
reaction composition excluding part of the methyl acetate and/or acetic acid charge
in which the rhodium catalyst was dissolved. '

The autoclave was flushed twice with nitrogen and was then heated with

25  stirring (1000 rpm) to 185°C. On attaining a temperature of 185°C nitrogen was
introduced into the autoclave to achieve a desired pressure, less than the final
reaction pressure. The gas feed lines were then vented free of nitrogen and filled
with carbon monoxide. After allowing the system to stabilise for about 30 minutes,
the rhodium catalyst dissolved in methyl acetate and/or acetic acid was injected

30  into the autoclave using an over pressure of carbon monoxide. The autoclave
pressure was subsequently maintained at a constant pressure by feeding carbon
monoxide gas on demand from the ballast vessel through the liquid injection-
facility, this pressure being between 27 and 28 barg. The initial partial pressure of
carbon monoxide employed in the experiment was then calculated by subtracting

35  the observed pressure when nitrogen was introduced to the autoclave from the



with sonme alkyl halide and ester. The liquid fraction is recycled to the 25
carbonyl ati on reactor and the carboxylic acid product is recovered fromthe
vapour fraction by one or nore distillation stages, with the al kyl hali de,
wat er, ester and unconsuned reactants being recycled to the carbonyl ation
reactor. The partial pressure of carbon nonagxide in the flash separation
zone is less than that in the carbonylation reactor, for exanple, |less than
0.25 bar. 30 The invention will now be illustrated by way of

exanpl e only by e follow ng exanples. In the Further
Experiments desc?ﬁ lgéﬁ'ﬁ%f%&vgﬁ?hganese was found in the liquid reaction

conposi tion at the en&asuptakpfioshthe baliashyessal was mepgures ievern 30 seronds a of
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reaction conposi HeQnd(pBA%HS pPRIAR Ltion based on a cold degassed

vol une). The nethyl acetate %oncentra I on was cal cul ated during the course
of the n the batch autoclave experiments and examples, the concentrations o

15 components changed during the experiment as the reaction proceeded. Thus, the
methyl acetate derivative of the methanol reactant decreased in concentration as
did the water concentration. Methyl iodide promoter concentration decreased
slightly as the volume of the liquid reaction composition increased due to formation
of carboxylic acid product. The initial methy! acetate concentration (about 18% by

20  weight) was higher than might be expected to be used in a typical continuous
process (for example about 0.1 to 5% by weight) which concentration would occur
in the batch experiment as methyl acetate conversion progressed to completion.

The autoclave charges, carbon monoxide partial pressures and reaction
pressures for Experiments A-G and Examples 1-3 are-shown in Table 1.

25 The results of the analyses of the non-condensable gases vented at the end
of the experiments are given in Table 2. Analyses of the liquid reaction
compositions showed that acetic acid is the major product (>99%) in all cases. All
reactions were undertaken at 185°C.

Experiment A

30 A baseline experiment was performed at a relatively high water
concentration ranging from 17.1 to 11.7% by weight during the course of the
reaction. The initial partial pressure of carbon monoxide in the carbonylation
reactor was 4.8 bar.

The reaction rate was calculated to be 3.6 mol/l/hr after 5 minutes, based

35  upon uptake of carbon monoxide. The reaction ceased after only 104 mmol of



15 ,reaction fromthe starting conposition, assum ng that one nole of

net hyl acetate is consuned for every nole of carbon nonoxide that is
consuned. No al | owance was nade for organic conmponents in the autoclave
headspace. At the end of each experinent liquid and gas sanples fromthe
aut ocl ave were anal ysed by gas chromat ography. 20 For each batch
carbonyl ati on experinent the autoclave was charged wth the manganese
stabiliser (where applicable), the liquid conmponents of the |iquid reaction
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the stability of the rhodium catalyst could be low.

Experiment B
A further baseline experiment was performed at a lower carbon monoxide

partial pressures than that used in Experiment B.

20 The reaction rate was calculated to be 2.4 mol/l/hr after S minutes, based
upon uptake of carbon monoxide. The reaction ceased after only 56 mmol of
carbon monoxide had been fed from the ballast vessel. This corresponded to
carbonylation of 23% of the methyl acetate substrate. On opening the autoclave
there was evidence of significant catalyst precipitation.

25 This is not an example according to the present invention because no
manganese stabiliser was added to the liquid reaction composition. This again
indicated a low rate of reaction, early cessation of the reaction and the potential for
catalyst instability during separation of carboxylic acid product from rhodium
catalyst.

30 Examplel )

Experiment B was repeated except that Mnp(CO) g (1.97 mmol) was also
charged to the autoclave.
The carbonylation rate after 5 minutes was calculated to be 8.0 mol/i/hr.
The rate of uptake of carbon monoxide (mol/hr) from the ballast vessel was
35  constant until more than 90% of the methyl acetate had been consumed during the



gases in the head space of the autoclave were cautiously vented fromthe
aut ocl ave, sanpled and anal ysed. The |iquid reaction conposition was _
di scharged fromthe autoclave, sanpled and anal ysed for |iquid products and’
by- products. 10 To obtain a reliable baseline a nunber of identical
basel i ne runs may have to be perforned to comdition the autoclave such that
consistent rates are achieved. This conditioning period is often different-
from aut ocl ave to autoclave and nay depend upon its previous history. In
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Example 2
Example | was repeated except that the reaction was performed at a

constant pressure of 27.4 barg and an initial carbon monoxide partial pressure of

20 4.7 bar. The carbonylation rate after 5 minutes was calculated to be 7.5 mol///hr.
The rate of uptake of carbon monoxide (mol/hr) from the ballast vessel was
constant throughout the course of the reaction (run to completion based on uptake
of carbon monoxide from the ballast vessel). Again, there was no evidence of
catalyst precipitation on opening the autoclave at the end of the reaction.

25 This example is according to the present invention and further
demonstrated that addition of manganese stabiliser Mny(CO) g to the
carbonylation reaction composition afforded benefits of carbonylation rate
promotion and catalyst stabilisation and the benefit of catalyst stabilisation during
separation of the carboxyhc acid product from the rhodium catalyst in the reaction

30 composition.

Experiment C

An experiment was performed at a lower water concentration than
employed in Experiments A and B ranging from 5.1 to 0.5% by weight during the
course of the reaction. The reaction was performed at a constant pressure of 27.3

35  bargand at a initial partial pressure of carbon monoxide of 4.3 bar.



9 carbon nonoxi de had been fed fromthe ballast vessel. This corresponded
to the carbonyl ation of 43% of the nethyl acetate substrate. On opening the,
aut ocl ave evi dence of extensive catalyst precipitation was found. This is
not an exanple according to the present invention because no 5 manganese
stabiliser was added to the liquid reactionitonposition. This experinment
showed that at |ow partial pressure of carbon nonoxide in the carbonyl ation
reactor, the rate of reaction was only 3.6 nol/|/hr after five mnutes
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This is not an exabilike).according to the present invention because no
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again indicated a | ow'rat et | On and
t he potenti al5 f owithin experimental error, is the same asin Expenment C. The reaction ceased

after only 40 mmol of carbon monoxide had been consumed. This corresponded to
carbonylation of 16% of the methyl acetate substrate. There was no evidence of
catalyst precipitation an opening the autoclave at the end of the reaction.
This experiment is not an example according to the present invention since
20  no manganese stabiliser was added to the liquid reaction composition. This
experiment shows that, whilst lithium iodide stabilised the rhodium catalyst against
precipitation, it did not provide the benefit of increasing the carbonylation rate
under conditions of low partial pressure of carbon monoxide.
Example 3
25 Experiment D was repeated except that manganese stabiliser Mny(CO)1¢
(2.00 mmol) was added to the autoclave instead of the lithium iodide. The
carbonylation rate after 5 minutes was calculated to be 4.9 mol/V/hr, The
carbonylation rate decreased progressively during the course of the reaction and
the reaction, which was still proceeding, was stopped after 40 minutes.
30 Some solid formation was observed at the end of the experiment, this was
believed to be manganese salt rather than rhodium catalyst because it was different
in character to typical rhodium precipitate observed in Experiments A and B.
This example is according to the present invention. It demonstrated that
addition of manganese stabiliser Mny(CO)|q to the carbonylation mixture at a low
35  partial pressure of carbon monoxide increased the rate of carbonylation reaction.



catalyst instability during separation of carboxylic acid product from
rhodi um catal yst. 30 Exanpl e 1 Experinment B was repeated except that
[err] 10 (1.97 nmmol) was al so charged to the autoclave. The carbonyl ation
rate after 5 mnutes was calculated to be 8.0 nol/I/hr. The rate of uptake
of carbon nonoxide (nol/hr) fromthe ballast2vessel was 3 5 constant
until nore than 90% of the methyl acetate had been consumed during the

10 course of the reaction (based on carbon nonoxi de uptake). Furthernore,
there was no evi denceAlb, ssgralipsily fisanksdd, takiofa rksdinentaligt precipirate ocl ave at
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t hose that m ght,general lﬁ( be expected during separation of carboxylic acid
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pressure of car GaessiiRyedadson Mefoida thdudftnoPEalduled, G ippéaterTiaPbar. The
Bxanple 1 was repgal el ok G R anb S iluls 826 b o ME SRS St Btiof atd was
not constant during the reaction, and decreased progressively until the reaction was
stopped after 40 minutes. This indicated a progressive deactivation of the rhodium
15  catalyst as the water concentration decreased during the experiment.
This is not an example according to the present invention because no
manganese stabiliser was added to the liquid reaction composition.
Experiment F

Experiment E was repeated except that lithium iodide (3.81 mmol) was
20  added to the reaction composition. The carbonylation rate was not constant during
the reaction, but decreased progressively from an initial rate of 6.8 mol/V/hr,
measured after 5 minutes, until the reaction was stopped after 40 minutes.
This is not an example according to the present invention because no
manganese stabiliser was added to the liquid reaction composition. This
25  experiment demonstrated that addition of lithium iodide (a known carbonylation
catalyst stabiliser) to the liquid reaction composition, did not overcome the
disadvantage of decreasing rate of carbonylation (and hence catalyst activity)
during the course of this experiment. Neither was the rate of carbonylation
reaction after 5 minutes increased.
30 Experiment G
Experiment E was repeated except that Mny(CO) ¢ (1.95 mmol) was also
charged to the autoclave.

. The carbonylation rate during the reaction was not constant, but decreased
progressively from an initial rate of 6.8 mol/l/hr, measured after 5 minutes, until the
35  reaction was stopped after 40 minutes.



constant pressure of 27.4 barg and an initial carbon nonoxide parti al
pressure of 20 4.7 bar. The carbonylation rate after 5 m nutes was
calculated to be 7.5 nol/I/hr. The rate of uptake of carbon nonoxi de
(rmol/hr) fromthe ballast vessel was constant throughout the course of the
reaction (run to conpletion based on uptake3of carbon nonoxi de fromthe
bal | ast vessel). Again, there was no evidence of catalyst precipitation on
openi ng .the autoclave at the end of the reaction. 25 Thi s exanpl e

is according to the prigsRiot af it wﬁhoafningwm@ esdﬁliiwwférﬁbaﬁuﬁd‘tﬁé

addition of man e stabil.s rbo at i on action
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of the carboxylig,@ghd product fromthe rhodiumcatalyst in the reaction 30
conposi tion. Experlnent C An experinment was perfornmed at a | ower water
concentratiofl than enpl oyed in Experinments A and B ranging from5.1 to 0.5%
by wei ght during the course of the redction. The reaction was performnmed at
a constant pressure of 27.3 35 'barg and at a initial partial pressure of
car bon nonoxi de of 4.3 bar. The reaction rate was calculated to be 0.9
nmol /1 /hr after 5 m nutes, based upon uptake of carbon nonoxi de. The
reaction ceased after only 14 mmol of carbon nonoxi de had been fed fromthe
bal | ast vessel. This corresponded to carbonyl ation of 6% of the nethyl
acetate subdbrate. On opening the autoclave 5 evi dence of extensive

catal yst precipitation was found. This is not an exanple according to the
present invention because no manganese stabiliser was added to the liquid_
reaction conposition. This experinment indicated that a | ow rate of

reaction, early cessation of the reaction and the potential for catalyst
instability occurred when the concentration of water in the 10 liquid
reaction coqgosition and the partial pressure of carbon nonoxi de were | ow.
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i ndi cated that the presence of the nenganese stabiliser wll
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Nei t her was the rate of carbonyl ation reaction after 5 ninutes
Experiment G Expebili®Ricomprisig haiegére@otmeated)hat [err]

Experiments were performed in an analogous manner to those described in
Experiments A-G and Examples 1-3, using a 300 ml Hastelloy B2 (Trade Mark).

15

Gas uptake from the ballast vessel was measured every 2 seconds (rather than

every 30 seconds as described previously) and from this was calculated the rate of

carbonylation. Reactions were performed at constant pressures of between 26 and

28 barG.

The autoclave charges are given in Table 3 below.

20



charged-to the autoclave. The carbonylation rate during the reaction was
not constant, but decreased progressively froman initial rate of 6.8
nmol /I /hr, measured after 5 mnutes, until the 35 reaction was stopped
after 40 m nutes. 13 This is not an exanple according to the present

I nventi on because the partial pressurd of carbon nonoxi de was greater than
7 bar. The experinment showed that under these conditions, nanganese did not
pronote the carbonylation reaction. 5 10 15 20 25 30 5 14 Tabl e 2
Anal yses of non-condensabl e gases [err] (%vVv/v) [err] (%v/v) Experinment A
9.8 4.4 Experinment B 9.5 3.8

E o o
2 T 9ol oo o
= om Blwnl el nl <
:::oE.—t-—--—-r—‘-—-
N R N
= [}
ol of o o] of © -
g = BRI g
= g|lo| ojojolo g
w ] o
@ =S
=
=
s = N =] & B
it ol ] = s
9 | = E &l 3| 2 5
> ~ )] ] &~ =)
5 :
=) O o o
- ;—UOI\\DNWQ ~—
= 0 5 g|l2l2lelv e o
o © ni vl ) | o
A
[1r} <3
2 = 8
= o o
'?: 2 G O el &| o] ea] 0 0
[ B o E|lQlelol o =
S E| N N A 3
E"‘\_/ <
° .
. o £
L ¢ ni ol ] 5] v £
< £ SUEY I I
35 ) | n EveY =
— —
8
_— o -
= <3
2 " o ¢ =~ n| o o
G IR =t N B N s BN =
8 ] | ) <} | < o)
2&\':/ @
=
S
o =
[ -~ O e
o S| &1 Y| o 9
g 2 gl gl 2| 2| 2 o QL
= & el & & & u,q‘;(..é‘
o £ o| o} €] Bl E =
o < ol o &) <] < éEE
¥ X =1 %] »} x| X
m ;| M m| M) M| o

[1]
(2]
(3]



Exanpl e. 1 5.1 2.3 Exanpl e 2

: 8.5 7.7
Experinent C 0.4 0.5 Experinment D 2.4 0.7
Exanpl e 3 4.7 1.0 Experinment E - trace
Experiment F - trace Experinment G 4.0 0.8

a. bal ance conprising hydrogen (not measured}, 5

nitrogen and carbon nonoxi de 10 Further Experinments Experinents were
performed in an anal ogous manner to those described in Experinments A-G and
Exanpl es 1-3, usExperim8@0Hn Hastelloy B2 (Trade Mark). 15 Gas upt ake

f the bal | ast . ' : i i 30
romthe ballast vessagl Obrgﬁg%?gﬁ?ﬁﬁé&'m%vmqﬁﬁﬂ&1659%%?’3#&%13%y

seconds as descrj bed prev . romthis was cal cyl ated the rate of
car bonyl at i on. FRiqid reasEOMEPMPORIgNHAL AR dnikel copgeatration 1) d%shy weight Therwalen 26

and 28 bar G Thec@iééﬁl%tﬁ)\ﬁn@ﬂf@lﬁcﬁ@@reﬁét%:ﬂédﬁg:’bsiitiﬁnfzﬁigb& fRnDS/1900 ®8% by 16
C

é: esE)ég'? ' : nrre? t eH vAingﬁ_g( Rﬁgﬂgntﬁgtcox\&g of t(?mrefrgarcrirlgn. The r\e’:\itqcltioxq V\lra!stprél"tgm\éé) aq‘l adc%n%r?t
pressure of 28.2 barG and at an initial carbon monoxide partial pressure of 5.5 bar.
The reaction rate was calculated to be 2.6 mol/l/hr at a water concentration
of 4,5% by weight. The reaction was stopped after only 11 mmol of carbon
monoxide had been feed from the ballast vessel.

10 This is not an example according to the present invention because no
manganese was added to the liquid reaction composition, This experiment showed
that, even in the presence of a high concentration of lithium iodide, a poor
reaction rate was obtained at a low carbon monoxide partial pressure.
Experiment I

15 Experiment H was repeated except that hydrogen (1 bar) was introduced to
the autoclave prior to warming to 185°C. The reaction was performed at an initial
constant pressure of 26.1 barG and with an initial carbon monoxide partial pressure
of 5.3 bar.

The reaction rate was calculated to be 3.5 mol///hr measured at a water

20  concentration of 4.5% by weight. The reaction was stopped after 320 mmol
of carbon monoxide had been consumed from the ballast vessel.

Experiment I is not according to the present invention but demonstrated
that hydrogen had some limited beneficial effect on reaction rate at the low
carbon monoxide partial pressure.

25 Exampled

Experiment H was repeated with the addition of Mn,(CO);0 (3.90 mmol).
The autoclave pressure was 27 barG and the initial partial pressure of carbon
monoxide was 4.7 bar. _

The reaction ran until completion. At a water concentration of 4.5% by

30  weight, the carbonylation rate was be 8.0 mol//hr.

Example 4 is according to the present invention. It demonstrated that
the addition of the manganese stabiliser Mn,(CO),¢ enhanced the
carbonylation rate at low carbon monoxide pressure in the presence of
lithium iodide. Also, it showed that this manganese stabiliser was superior

35  to the beneficial effect of hydrogen (1 bar measured at ambient



l'iquid. reaction conposition at an initial concentration 10.4% by wei ght.

Fhe water concentration in the liquid reaction conposition ranged fromb5. 1%
to 0.5% by 5 weight during the course of the reaction. The reaction was
performed at a constant pressure of 28.2 bar. G and at an initial carbon
nmonoxi de partial pressure of 5.5 bar. The r&ction rate was calculated to
be 2.6 nol/1/hr at a water concentration of 4.5% by weight. The reaction
was stopped after only 11 nmmol of carbon monoxi de had been feed fromthe
bal | ast vessel . aquditions) in profijoting thisgsrbanylaiomemdetionaccording to the present
invention becausgxswiplgganese was added to the |iquid reaction
conposition. This experinent showed that, even in the presence of a high
concentration of lithiumiodide, a poor reaction rate was obtained at a | ow
car bon nonoxi de Baampld S(py essure. Experinent | 15 Experiment H was

repeat ed except that i u l.ave prior
to warm ng t(?p[err]. ?ﬁ%‘t“?‘ g‘g‘gﬁ%rﬁp %/ggsd éé)\%%%té&&mbgfﬁéﬁ g%&ﬁlélfﬁgfﬂ%gﬁgﬁent
pressure of 26. 1mbegagesersiabilisen The reasitar pitsseravins 28/fraoiiand theipartiall pressure
of 5.3 bar. The pRaGd 8fcdrBbPmbR iGN Lnfhffs bPape 3.5 nol /1 /hr neasured at
a water 20 concentrﬁhl on Qf 4.5% by |%ht. The reagti 0{3 S@S sto& ed
after 320 mmol of car DBRTEIEHEATARMARIESEA Halsr SOREAURRRRPL Havok Walght was
vessel . Experi nend molflhrnot according to the present invention but
denonstrate hat hyd 0. h | hdte nef | g £ n, I tion
oo et the 1w car boRtenpd et S il G GetEEN Glbeatlider Shos R LBRGH °0
H was repeat ed wintpiomptingithei carbonyletion reaetjorn(diripg therpeiripd ofitkis batch eutaelave
pressure was 27 Ragferand the initial partial pressure of carbon nonoxide

was 4.7 bar. The_reaction ran until conpletion. At a water concentration of
4.5%by 30 weiXxampled(b}arhonyl ation rate was be 8.0 nol/1/hr. Exanple 4

is according to the pEg&fple S(a)MeRtresdated dkcdle B fjdraga(1tine) whdimtaddédditen of
the manganesg staBlllRfive pior to SAMARS &rehdfn temperature. The reactor

pressure was 26.5 barG and the initial partial pressure of carbon monoxide was

calculated to be 5.1 bar.

The reaction rate was 4.2 mol/l/hr measured at a water concentration of
4.5% by weight.
20 This example is according to the present invention as it showed that

hydrogen could be used to activate the manganese (II) stabiliser at the low carbon

monoxide partial pressure. Furthermore, the reaction rate was superior to

that which was observed in Experiment 1.

25

30



carbonyl ation rate at | ow carbon nonoxi de pressure in the presence of
Hthiumiodide. Also, it showed that this nmanganese stabiliser was superior-
35 to the_beneficial effect of hydrogen (1 bar neasured at anbient 18
conditions) in p?ﬁﬁﬁrrng“%h+3-carbonylation reaction. Exanple 5 Exanple
5(a) 5 I repeated except that [err] (7.84 nmmol) was
used as the %ﬂtﬁﬁilser. The reactor pressure was 28.5 barG and
the partial pressurenofs on nonoxide was initially 6.0 bar. The reaction
rate nmeasured at a water concentration of 495% by weight was 2.0 nol/|/hr.
10 Thi s experinment shows that this nmanganese (11) stabiliser was
not effective in pronoting the carbonylation reaction during the period of
this batch autocl ave reaction. Exanple 5(b) Exanple 5(a) was repeated
except that hydrogen (1 bar) was introduced to 15 the autoclave prior to
warmng to reaction tenperature. The reactor pressure was 26.5 barG and the
initial partial pressure of carbon nonoxi de was-calculated to be 5.1 bar.
The reaction rate was 4.2 nol/1/hr nmeasured at a water concentration of
4.5% by wei ght. 20 This exanple is according to the present

I nvention as it showed that hydrogen could be used to activate the
manganese (11) stabiliser at the | ow carbon nonoxi de partial pressure.
Furthernore, the reaction rate was superior to that which was observed in
Experinment 1. 2%jaims:

1. A process for the carbonylation of an alkyl alcohol and/or a reactive
derivative thereof which process comprises the steps of (i) contacting, in a
carbonylation reactor, said alcohol and/or a reactive derivative thereof with carbon
monoxide in a liquid reaction composition comprising (a) a rhodium catalyst, (b)

5  alkyl halide, and (c) at least a finite concentration of water and (ii) recovering
carbonylation product from said liquid reaction composition characterised in that
there is present in the carbonylation and/or product recovery steps a partial
pressure of carbon monoxide less than or equal to 7 bar and a stabiliser for the
rhodium catalyst comprising manganese, at a molar ratio of manganese : rhodium

10 of(0.2t020): 1.

2. A process as claimed in claim 1 in which the molar ratio of manganese :
rhodium is (0.5to0 10 ) : 1.
3. A process as claimed in claim 1 which comprises contacting, in a

carbonylation reactor, an alcohol and/or a reactive derivative thereof with carbon
15 monoxide in a liquid reaction composition at a partial pressure of carbon monoxide

in said reactor of less than or equal to 7 bar, in which the liquid reaction

composition comprises (a) a rhodium catalyst, (b) alky! halide, (c) at least a fmlte

concentration of water and (d) a stabiliser for the rhodium catalyst comprising

manganese in a form active for promotion of the carbonylation reaction at a molar
20  ratio of manganese : rhodium of (0.2 to 20) : 1.

4, A process as claimed in claim 3 in which the manganese stabiliser is present

in the liquid reaction composition as manganese (I).

5. A process as claimed in claim 3 or claim 4 in which the liquid reaction

composition comprises water at a concentration below 14 % by weight, preferably
25  below 11 % by weight, more preferably below 8 % by weight.



30" 19 dains: 1. A process for the carbonylation of an al kyl al cohol
and/or are lﬂimmmul t hereof which process conprises the steps

of (i) cont azﬂ"mm nyl ati on reactor, said al cohol and/or a
reactive deri*vafi ve ther’eof* with carbon nongxide in a liquid reaction
conposition conprising (a) a rhodium cat al fgt, (b) 5 al kyl halide, and
(c) at least a finite concentration of water and (ii) recovering

carbonyl ation product fromsaid |iquid reaction conposition characterised
in that there i 5 prestifodess asdaimad incanyloae pbelaimsd ©rS mw@ehtherlm@@wum eps

a partial pressiogpabitiea fieHer fé@ﬁiﬁﬁie‘éﬁn iRfde staB%fhbﬂirser%l&{edther thAgroap d
stabiliser for therhodlumag st co ri sing % nese, ,at a nol ar ratlo
of manganese : raP88sHNG ofomet f‘%ﬁfy"%t‘lﬁ’ﬂfﬁ ay arﬁmm‘“’“ﬂ gﬂﬁﬁé%‘%q‘é?éeré‘?%ﬁ med in
claim1 in whi cfphbhqﬁxom:hmfodicwsl o of manganese rhodiumis (0.5 to 10 ): 1.
3. A procgss as cl ' . i 1 [

car bonyl at i o% re’)gct or/'il % ?Anﬁe olt 60' rea&?the%eg%‘ﬁg@/g??a@teggq%ﬁ'eébsf wth
carbon 15  nonoxledied |fwnathe| gqguxmcm@atmg Ofralkfdinpéldts andrallealing egrgh mietdl pressure

Of (C21 00N TONOXIilGieés Ry T4 B dud ERBAANAT iSNiABAURILR, Todighy [ Whi on

thellqwdreactlon CcO i on comprises (a) a rh |um at al (b) al kyl
halide, (c) at ROSASPIU 20K, Fep e HIRAEFREY BIMBRULPdide Jpael aeslected o thargbrger
for the rhodi Umdbﬁilﬁlrbgsdfa&ﬁﬁ&l’rhﬁ¢d‘!ﬁmﬁwgﬁﬁm p)rmﬂxdim ﬁh@nﬁxumléspand is

EGA AN TR T L A s
t he manganese stiadid¢ isselecied fpmethergroupcdnkisting ofimethyldebutybphospgrasm iodide, as
rnOese | it EOES R EL BR phey oo toplil e ) 1 1
% by wei ght, pr&fer atfh process as clalmed in any one of claims 3 to 7 in which the molar ratio of
manganese : rhodium in the liquid reaction composition is (0.5t0 10 ) : 1.
15 9. A process as claimed in any one of claims 3 to 8 in which the manganese
stabiliser is converted to an active form by contacting with hydrogen.
10. A process as claimed in any one of the preceding claims which comprises
contacting, in a carbonylation reactor, methanol and/or methyl acetate with carbon
monoxide in a liquid reaction composition at a partial pressure of carbon monoxide
20  in said reactor of less than or equal to 7 bar and in which the liquid reaction
composition comprises (a) a rhodium catalyst at a concentration in the liquid
reaction composition of 100 to 1500 ppm by weight of rhodium, (b) 2 to 16 % by
weight methyl iodide, (c) less than 8 % by weight water, and (d) a stabiliser for the
rhodium catalyst comprising manganese in a form active for promotion of the .
25  carbonylation reaction at a molar ratio of manganese stabiliser : rhodium catalyst of
(0.5t0 10) : 1. -
11. A process as claimed in claim 1 which comprises the steps of (i) contacting,
in a carbonylation reactor, said alcohol and/or a reactive derivative thereof with
carbon monoxide in a liquid reaction composition comprising (a) a rhodium
30  catalyst, (b) alkyl halide, and (c) at least a finite concentration of water; (ii)
recovering said carbonylation product from said reaction composition at a partial
pressure of carbon monoxide of less than or equal to 7 bar in the presence of a
stabiliser for the rhodium catalyst comprising manganese, at a molar ratio of
manganese : rhodium of (0.2 to 20) : 1; and (jii) recycling from step (ii), said
35  rhodium catalyst and said manganese stabiliser to said carbonylation step (i).
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25. bel ow 11 % Dby wei ght, nore preferably bel ow 8 % by wei ght . 20 6
A-process as clﬂ““ﬁm Lgf clainms 3 to 5 in which the liquid
reaction corrposli ml'lmmmﬂm rises an iodide salt stabiliser selected
fromthe group consistiny of rdetal iodides,vguaternary ammoni um i odi des and

guat ernary phosphoni um i odi des. 5 7. A"process as clained in claim6
in which the netal iodide salt stabiliser is selected fromthe group

consisting of alkali iodides and .al kaline earth, al iodides, preferably
fromthe group consi st“lgﬂ?éo"ﬁﬁs‘i‘ pipned pglaim Uh‘l'“mth‘c@ﬁf’lﬂw ralR akmpRganessd
cesium the quat ghodiuny irnsteP (i)Us10.9¢b t@) i 6. sel ected fromthe group
consisting of a ater,ni sed am npes, . .pyrtidines olidi nes and .im dazol es,
and is 10 pr ef erabl <}"Ri°ﬁess&r‘r?@t‘w§ﬂ lp'ic "HaH&'Hﬂﬁe{ﬁ%m ‘Hg’;(:ﬁghecmrﬁgp&?ﬁ?r& nary
phosphoni um i odi afcarborsmiosoxidel irf stem(ii) heelesprtban0.29bari sti ng of nethyl tributyl
phosphoni um idi ge, 1 at faBMYL ci%ﬂ{?édoih%{t’ HHe bﬂgé P'%cé’d}@’g Hﬁﬁﬁw#\ ﬁrﬁé}ﬂh@ﬁ%&l'
phosphoni um i odi de. 8. ‘A process as tlainmed [n any one of claimgs 37to 7.
in which the nol @Fohalcpapgsestaeyancd gad therrgihonyiation prRAuGticQIPHSIsAgHS 25id.
conpositionis (0.5to 10 ): 1. 15 9. A process as clained in any one
of claimse 3 to 8 in which the nanganese stabiliser is converted to an
active formby contacting with hydrogen. 10. A process as clained in any
one of the preceding clains which conprises contacting, in a carbonylation
reactor, netppnol and/or nethyl acetate with carbon nonoxide in a liquid
reaction conposition at a partial pressure of carbon nonoxi de 20 in said
reactor of less than or equal to 7 bar and in which the liquid reaction
conposition conprises (a) a rhodiumcatalyst at a concentration in the

| iquid reaction conposition of 100 to 1500 ppm by wei ght of rhodium (b) 2
to 16 % by weight nethyl iodide, (c) less than 8 % by wei ght water, and (d)
a stabiliser for the rhodium catal yst conprising nanganese in a formactive
for pronotioyx of the 25 carbonyl ation reaction at a nolar ratio of
manganese stabiliser: rhodium catal yst of

20

25
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(076 tor10): 1. 11. A process as clained in claiml| which conprises the
steps of (i) contacting, in a carbonylation reactor, said al cohol and/or a
reactive derivative thereof with carbon nonoxide in a liquid reaction
conposition conprising (a) a rhodi um 30 catalyst, (b) alkyl halide, and
(c) at least a finite concentration of water; (ii) recovering said
carbonyl ati on product fromsaid reaction conposition at a partial pressure
of carbon nonoxide of less than or equal_to 7 bar in the presence of a
stabiliser for the rhodi um catal yst conﬁ?%sing manganese, at a nolar ratio
of manganese: rhodiumof (0.2 to 20): 1: and (iii) recycling fromstep
(ii), said 35 rhodi um cat al yst and sai d manganese stabiliser to said

carbonyl ation step (i). 21 12. A process as clained in claiml | in
whi ch the nolar ratio of manganese: rhodiumin step (ii) is (0.5 to 10 ):
1. 13. A process as clained in claim1l or claim12 in which the parti al
pressure of carbon nonoxide in step (ii) is less than 0.25 bar. 5 14. A

process as clained in any one of the preceding clains in which the alkyl
al cohol conprises nethanol and the carbonyl ati on product conprises acetic
acid. 10 15 20 25 30 35

ABSTRACT
PROCESS FOR THE CARBONYLATION OF ALKYL ALCOHOLS
The use of manganese at a molar ratio of manganese : rhodium of (0.2 to 20) : 1 to
. stabilise the rhodium catalyst during the rhodium catalysed carbonylation of alkyl
alcohols and/or recovery of carbonylation product therefrom at low partial pressure
of carbon monoxide of less than or equal to 7 bar.



