
EP 0 335 625 B1 Description The present invention relates in general to the
production of carboxylic acids and in particular to a process for the
production from an alcohol having n carbon atoms of a carboxylic acid
having n + 1 carbon 5  atoms by carbonylation of the alcohol in the
presence of a heterogeneous catalyst. In a preferred embodiment of the
invention acetic acid is producted by the carbonylation of methanol. The
carbonylation of methanol has been known for a long time. As long ago as
1953 Reppe disclosed in Justus Liebig's Ann. Chem., 1953, 582, 1 that the
carbonyls of iron, cobalt and nickel catalyse methanol carbonylation to
acetic acid at temperatures of   [err] and pressures in the range from 200
to 350 io  bar in the presence of halide promoters. Halcon have since
reported that the carbonylation of methanol is catalysed by a nickel
acetate/tetraphenyltin/methyl iodide system under relatively mild
conditions (35 bar and [err]) and other patents have disclosed that nickel
carbonyl or nickel compounds are effective catalysts in the presence of
iodide at pressures as low as 30 bar when organic amines or phosphines are
incorporated in the liquid 15  reaction media. Halcon in their publications
maintain that hydrogen stabilises the catalysts. Recently, in GB- A-2089803
it has been disclosed that molybdenum and tungsten promoted nickel
catalysts promoted with trivalent organo-phosphorus or organo-nitrogen and
iodide give high yields of acetic acid from methanol in the liquid phase
(33 bar, [err]). Again, hydrogen reportedly does not hinder the reaction
and may stabilise the catalyst. Reference is also made to the possiblity of
vapour phase operation using supported catalyst 20  components. Halcon have
also disclosed in DE-A-3335595 the high yield production of acetic acid
from methanol/methyl acetate using molybdenum/nickel/lithium iodide/iodide
catalyst components at pressures of 83 bar. Lanthanum salts have been shown
in US-A-4,426,537 to be efficient promoters of nickel catalysts in the
liquid phase. Finally, it is well known from Monsanto patents that carbonyl
complexes of rhodium are very active for methanol carbonylation in the
presence of iodide promoters under very mild conditions (35 25  bar, [err].
The conclusions to be reached from the foregoing are that both nickel and
rhodium catalysts are known to be active for the homogeneous liquid phase
carbonylation of methanol under milder conditions than those reported by
Reppe and that using nickel catalyst the presence of hydrogen can be
tolerated and may sometimes have a beneficial effect in terms of
stabilising the catalyst. However, for a number of reasons including
elimination of catalyst separation and recycle problems, there is a
preference for 30  operation in the vapour phase using a heterogeneous
catalyst. A number of supported nickel catalysts have been reported for the
vapour phase reaction. High methanol conversions to acetyls on activated
carbon supports at temperatures of between 202 and [err] and pressures of
about 14 [err] are reported in EP-A-0069514 (Toyo Engineering). A large
amount of hydrogen in the carbon monoxide feed is said to be undesirable,
however. In DE-A-3,323,654 it is reported 35 that nickel on activated
carbon together with promoters such as palladium/copper are reasonably
active catalysts at temperatures of between 280 and [err] for methanol
carbonylation. Fujimoto et al have studied nickel on activated carbon
extensively, reporting on metal loadings and reaction conditions (Ind.
Chem. Prod. Res. Dev., 1983, 22, 436; ibid 1982, 21, 429), on the features
of nickel on the carbon support (Catalytic Features of Carbon Supported
Catalysts, ACS Series, 328, 1987) and the increase in activity and 40
production of acetic acid as hydrogen is introduced into the gas feed
(Chemistry Letters, 1987, 895). Supported rhodium catalysts have also been
extensively studied. Zeolite supports have been shown to be effective
catalysts both for the Y-form (J. Catalysis, 1979, 59, 53) and for the Na-X
zeolite with [err] [err] where the rate was found to be similar to that of
the homogeneous reaction. The metal carbonyls [err] [where M = Rh, Co, Ru,
Os, Ir or Fe; x = anion, halide, hydride or alkyl) bound to an anion 45
exchange resin containing quaternary ammonium salts have also been shown to
be effective carbonylation catalysts in US-A-4,328,125. Similarly, matrix
bound rhodium (I) complexes formed by ligand exchange of [err] with styrene
divinylbenzene copolymer have been shown by Jarrel et al in J. Catalysis,
1975, 40, 225 to be active towards carbonylation, albeit at low conversions
(20%) under mild conditions (20 barg, [err]). 



50  Monsanto have investigated a very large number of modifiers (metals
from Groups IB, IIIB, IVB, VB, VIB, VIII and the lanthanides and actinides)
on supported rhodium catalysts. The supports are mainly activated carbons
and process conditions are generally low pressures (1 atmosphere), see for
example US-A- 3,717,670; EP 120631; GB-A-1,233,121 and GB-A-1,277,242.
Nickel is mentioned as a modifier (US-A- 3,717,670 and US-A-1,277,242) but
no emphasis is placed upon its use and no activation by hydrogen is 55
mentioned. It is concluded that the use of supported rhodium catalysts is
well known and that nickel has been used as a modifier therefore, though no
activation effect of hydrogen has been observed with either rhodium alone
or rhodium/nickel-containing catalysts. Hydrogen is said to activate
supported nickel catalysts in some prior art disclosures, for example
Fujimoto et al in Ind. Chem. Prod. Res. Dev. referred to 2    EP 0 335 625
B1 hereinbefore, whereas in others, for example EP-A-0069514, significant
amounts of hydrogen are said to be detrimental. We have now found that
certain carbon-supported rhodium catalysts are active for the conversion of
methanol to acetic acid using mixtures of carbon monoxide and hydrogen
under very mild operating 5  conditions. Accordingly the present invention
provides a process for the production from an alcohol having n carbon atoms
of a carboxylic acid having n + 1 carbon atoms which process comprises
contacting at elevated temperatures and pressure the alcohol with a gaseous
mixture of carbon monoxide and hydrogen having a CO:[err] molar ratio in
the range 5:1 to 1:6 in the presence of a catalyst comprising rhodium and
io  nickel supported on a carbon support and a halogen or halogen compound
promoter. As regards the alcohol having n carbon atoms, this may suitably
be an aliphatic alcohol having from 1 to 12 carbon atoms including
methanol, ethanol, propanol and isopropanol, butanols, pentanols and
hexanols, and also the higher alcohols such as the decanols, including
isomeric forms thereof. A preferred alcohol is methanol, from which there
is obtained acetic acid. The methanol may be essentially pure or may 15
contain impurities commonly associated therewith, for example water and
ethanol. Polyhydric alcohols may be used, as may also aromatic
hydroxyl-containing compounds, for example phenol. The alcohol is contacted
with a gaseous mixture of carbon monoxide and hydrogen, which may be fed
separately or pre-mixed. However, it is an advantage of the process of the
present invention that gaseous mixtures of carbon monoxide and hydrogen
obtainable by such processes as the steam reforming or partial 20 oxidation
of methane-containing gaseous mixtures may be used, with or without
adjustment of the carbon monoxide to hydrogen molar ratio. In the
commercial production of acetic acid by carbonylation of methanol the
carbon monoxide is produced in admixture with hydrogen and thereafter the
carbon monoxide is separated from the hydrogen for use in the
carbonylation. The facility to use mixtures therefore represents a
considerable economic benefit by eliminating the separation step. Such
mixtures may contain small 25  amounts of impurities such as methane,
nitrogen and carbon dioxide which can be tolerated in the process of the
invention. The carbon monoxide may comprise from 1 to 95% by volume of
hydrogen. Preferably the hydrogen content of the carbon monoxide is such
that the carbon monoxide to hydrogen molar ratio is in the range 4:1 to
1:2. It is a feature of the present invention that the catalyst comprises
both rhodium and nickel upon a 30  carbon support. There appears to be an
unexpected synergistic effect when rhodium and nickel are used together in
the presence of hydrogen. In particular, the activity of catalysts having
both rhodium and nickel present is greater than the individual
contributions of the nickel and the rhodium. Thus, carbon-supported
nickel/rhodium catalysts can exhibit high activity and selectivity, for
example in the conversion of methanol to acetic acid under very mild
operating conditions. 35     Whilst the actual form of the metals during
the reaction is not known with certainty, it is believed that 



the metals may be at least partially carbonylated. It is therefore possible
to use the metals in elemental form or in the form of a compound, for
example a salt, thereof. As the carbon support there may suitably be used
any activated or unactivated high surface area carbon or high surface area
graphite. Preferred supports are the high surface area activated carbons.
Examples of such materials are high surface area 40 carbons having a
surface area in excess of 500 [err]. The catalyst may suitably be prepared
by impregnating the support with a solution or solutions, suitably aqueous,
of a soluble compound, for example a salt, of the metals, removing the
solvent and drying the composition so obtained. Before use in the process
of the invention it is preferred to activate the catalyst, suitably by
contact with a reducing gas, for example hydrogen, at elevated temperature,
suitably in the 45  range from about 100 to  [err], typically about [err].
The catalyst may suitably comprise from 0.05 to 10% by weight nickel and
from 0.1 to 7% rhodium. The nickel to rhodium weight ratio may suitably be
in the range from 0.05:1 to 10:1. As the promoter there is used either a
halogen or a halogen compound, which may be for example a hydrogen halide,
an alkyl or aryl halide, a metal halide or an ammonium, phosphonium,
arsonium or 50  stibonium halide. Promoters containing iodine as the
halogen moiety are preferred. Preferably the promoter is an alkyl iodide,
for example methyl iodide. The process is operated at elevated temperature
and pressure. Suitably, the temperature may be in the range from 150 to
[err] and the pressure may be in the range from 1 to 50 atmospheres. The
process may be operated either batchwise or continuously, preferably
continuously and the alcohol 55 may be in the liquid or vapour phase. The
Liquid Hourly Space Velocity for continuous operation may suitably be in
the range from 0.1 to 5 and the gas to liquid vapour ratio may suitably be
in the range from 1:5 to 100:1, though higher and lower ratios may be
employed. 3    EP 0 335 625 B1 The process of the invention will now be
further illustrated by reference to the following Examples and Comparison
Tests. Example A - Catalyst Preparation 5 The activated carbon used as the
support in the preparation of the catalyst was a highly microporous carbon,
commercially available (ex Sutcliffe Speakman; AC 610). It has a BET
surface area of 1600 - 1800 [err], a micropore volume of 0.74 [err] and a
total pore volume of 0.82 [err]. (i) Nickel/rhodium/activated carbon
catalysts were prepared by impregnating the aforementioned ac- 10   tivated
carbon with an aqueous solution of nickel nitrate and drying at [err] for
24 hours in an air oven. The catalyst was then activated at [err] for 3
hours under a stream of hydrogen, then cooled and passified with nitrogen
containing trace oxygen and water impurities. Rhodium in the form of
rhodium nitrate solution was then impregnated on to the material
so-obtained and the catalyst was dried at [err] for 24 hours in an air
oven. The catalyst was activated in situ at [err] for 1 hour under a stream
of 15    hydrogen at atmospheric pressure prior to use. (ii) The nickel on
activated carbon catalyst was prepared as for (i) above except that the
rhodium impregnation step was omitted. (iii) The rhodium on activated
carbon catalyst was prepared in the manner of (i) above except that the
nickel impregnation step was omitted. 20 Example 1 A fixed catalyst bed
flow type reactor under pressurised conditions was employed. Methanol and
methyl iodide were mixed and fed with a pressure pump, contacted with hot
inlet gas in a preheater furnace 



25 and then the mixed vapours were fed over a 2 ml catalyst bed in the
reactor furnace. The products were then fed through a pressure reduction
valve and into an on-line gas chromatograph. The catalyst (2.5% b.w. Ni/1 %
b.w. Rh) (2 ml; 0.836 g) was placed in the reactor tube. The catalyst was
activated in situ prior to use in the reaction at [err] under a stream of
hydrogen (GHSV 2, 400 [err]) for 1 hour. The reactor tube was then cooled
to [err] and the reactants added. At a gas feed ratio of 1:2 30  CO: [err],
total pressure 9 barg, LHSV = 1, gas feed: methanol: methyl iodide ratio of
100:19:1 and a bed temperature of [err] the conversions shown in Table 1
were obtained. Comparison Test 1 35     Example 1 was repeated except that
a 2.5% Ni on activated carbon catalyst was employed instead of the 2.5%
Ni/1% Rh/activated carbon catalyst. The converstions obtained are shown in
Tablel. Comparison Test 2 40     Example 1 was repeated except that a 1 %
Rh on activated carbon catalyst was employed instead of the 2.5% Ni/1%
Rh/activated carbon catalyst. The conversions obtained are shown in Table
1. Comparison Tests 1 and 2 are not according to the invention because the
catalysts lack an essential component. They are included only for the
purpose of comparison. 45                                          Table 1
Example           Catalyst           CO:H2          Methanol conversion (%)
to:- [err] 50      1    2.5% Ni/1 % Rh/activated carbon   1:2   7.5    0
3.2     9.7    2.4   92.8 CT 1   2.5% Ni/activated carbon      1:2   4.3
3.3   4.1      0       0     11.7 CT 2   1 % Rh/activated carbon       1:2
10.5   2.0   33.7   8.2       0    54.4 55 The results reported in the
Table demonstrate that the activated carbon supported Ni/Rh catalyst is
very active under mild conditions for methanol carbonylation to acetic
acid. They also show that a synergistic effect exists between Rh and Ni
since the activity of the bimetallic catalyst does not quate with the 4
EP 0 335 625 B1 combined activities of the individual catalysts. The
synergy acts to lower methane production and increase the sectiviety to
acetic acid relative to the combined activities of the individual metal
catalysts. Examples 3 and 4 5 Example 1 was repeated except that the
proportion of hydrogen in the gaseous feed was varied. The results obtained
are given in Table 2. Comparison Test 3 10 Example 1 was repeated except
that hydrogen was omitted from the feed. The results obtained are given in
Table 2. This is not an example according to the present invention because
hydrogen was absent. It is included only for the purpose of comparison. 15
Table 2 Example   CO:[err] Ratio                        Methanol Conversion
(%) to:- [err] CT 3        1:0       0.3    2.0    30.7    28.8        0.5
62.4 3        4:1       3.7      0       6.4    76.9      2.9     89.9 4
2:1       4.4      0       3.4    79.3      4.2     91.3 



25              1           1:2       7.5     0       3.2    79.7      2.4
92.8 It would appear from the results reported in Table 2 that hydrogen
activates the rhodium-containing catalyst to acetic acid production without
appreciable change in selectivity to methane. 30 Comparison Test 4 and
Examples 5 and 6 Example 2 was repeated using different proportions of
hydrogen in the gaseous feed. The results are reported in Table 3.
Comparison Test 4 is not an example according to the present invention
because hydrogen was absent. 35 It is included only for the purpose of
comparison. Table 3 40          Example   CO:H2 Ratio
Methanol Conversion (%) to:- [err] CT 4        1:0        4.8      0
33.4     7.9      1.3    47.4 5        4:1        7.1      0      34.1
19.2      1.6    62.1 6        2:1        6.4    1.6    36.5    10.7
0.6    55.3 2    1:2       10.5    2.0    33.7        8.2      0      54.4
It can be seen from the results reported in Table 3 that hydrogen does
activate the rhodium/activated carbon catalyst but not to the extent
observed with the nickel/rhodium/activated carbon catalyst, and with so
particularly less satisfactory results at 1:2 CO:H2. Claims 1. A process
for the production from an alcohol having n carbon atoms of a carboxylic
acid having n + 1 55    carbon atoms which process comprises contacting at
elevated temperature and pressure the alcohol with a gaseous mixture of
carbon monoxide and hydrogen having a [err] molar ratio in the range 5:1 to
1:6 in the presence of a catalyst comprising rhodium and nickel supported
on a carbon support and a halogen or halogen compound promoter. 5    EP 0
335 625 B1 combined activities of the individual catalysts. The synergy
acts to lower methane production and increase the sectiviety to acetic acid
relative to the combined activities of the individual metal catalysts.
Examples 3 and 4 Example 1 was repeated except that the proportion of
hydrogen in the gaseous feed was varied. The results obtained are given in
Table 2. Comparison Test 3 10 Example 1 was repeated except that hydrogen
was omitted from the feed. The results obtained are given in Table 2. This
is not an example according to the present invention because hydrogen was
absent. It is included only for the purpose of comparison. Table 2 Example
CO:H2 Ratio                        Methanol Conversion (%) to:- 20
[err] CT 3        1:0       0.3    2.0    30.7    28.8        0.5     62.4
3        4:1       3.7      0       6.4    76.9      2.9     89.9 4
2:1       4.4      0       3.4    79.3      4.2    91.3 25               1
1:2       7.5     0       3.2    79.7       2.4     92.8 It would appear
from the results reported in Table 2 that hydrogen activates the
rhodium-containing catalyst to acetic acid production without appreciable
change in selectivity to methane. 



30 Comparison Test 4 and Examples 5 and 6 Example 2 was repeated using
different proportions of hydrogen in the gaseous feed. The results are
reported in Table 3. Comparison Test 4 is not an example according to the
present invention because hydrogen was absent. 35 It is included only for
the purpose of comparison. Table 3 Example   CO:H2 Ratio
Methanol Conversion (%)to:- [err]                          Total CT 4
1:0        4.8      0      33.4      7.9     1.3    47.4 5        4:1
7.1      0      34.1     19.2      1.6    62.1 6        2:1        6.4
1.6    36.5    10.7         0.6    55.3 45              2         1:2
10.5    2.0    33.7       8.2       0      54.4 It can be seen from the
results reported in Table 3 that hydrogen does activate the
rhodium/activated carbon catalyst but not to the extent observed with the
nickel/rhodium/activated carbon catalyst, and with 50 particularly less
satisfactory results at 1:2 CO:H2. Claims 1. A process for the production
from an alcohol having n carbon atoms of a carboxylic acid having n + 1 55
carbon atoms which process comprises contacting at elevated temperature and
pressure the alcohol with a gaseous mixture of carbon monoxide and hydrogen
having a CO:[err] molar ratio in the range 5:1 to 1:6 in the presence of a
catalyst comprising rhodium and nickel supported on a carbon support and a
halogen or halogen compound promoter. 5    EP 0 335 625 B1 2. A process as
claimed in claim 1 wherein the catalyst is one having a nickel to rhodium
weight ratio in the range 0.05:1 to 10:1. 3. A process as claimed in either
claim 1 or claim 2 herein the catalyst contains from 0.05 to 10% by weight
nickel. 4. A process as claimed in any one of claims 1 to 3 wherein the
catalyst contains from 0.1 to 7% rhodium. 10  5. A process as claimed in
claim 1 wherein the alcohol having n carbon atoms is methanol and the
carboxylic acid having n + 1 carbon atoms is acetic acid. 6. A process as
claimed in claim 1 wherein the carbon monoxide to hydrogen molar ration in
the gaseous mixture is in the range 4:1 to 1:2. 15 7. A process as claimed
in claim 1 carried out at a temperature in the range 150 to [err] and at a
pressure in the range 1 to 50 atmospheres. PatentansprUche 20 Yj     1.
Verfahren zur Herstellung einer Carbonslure mit n + 1 Kohlenstoffatomen aus
einem Alkohol mit n Kohlenstoffatomen, dadurch gekennzelchnet, daB das
Verfahren das In-Kontakt-bringen des Alkohols mit einer gasformigen
Mischung von Kohlenmonoxid und Wasserstoff mit einem molaren Verhaltnis von
CO : H2 im Bereich von 5 : 1 bis 1 : 6 bei erh6hter Temperatur und Druck in
Gegenwart eines 25     Katalysators, enthaltend Rhodium und Nickel,
getragert auf einem  Kohlenstoff-Trager und einen Halogen- oder
Halogenverbindung-Promotor, umfaBt. 2. Verfahren nach Anspruch 1, dadurch
gekennzelchnet, daB der Katalysator ein Nickel-zu-Rhodium-
Gewichtsverhaltnis im Bereich von 0,05: 1 bis 10 : 1 aufweist. 



30 3. Verfahren nach einem der AnsprUche 1 oder 2, dadurch gekennzelchnet,
daB der Katalysator von 0,05 bis 10 Gewichtsprozent Nickel enthalt. 4.
Verfahren nach einem der Ansprilche 1 bis 3, dadurch gekennzelchnet, daB
der Katalysator von 0,1 35     bis 7 % Rhodium enthalt. 5. Verfahren nach
Anspruch 1, dadurch gekennzelchnet, daB der n Kohlenstoffatome enthaltende
Alkohol Methanol und die n + 1 Kohlenstoffatome enthaltende Carbonsaure
Essigsiure ist. 40  6. Verfahren nach Anspruch 1, dadurch gekennzelchnet,
daB das molare Verhlltnis von Kohlenmonoxid zu Wasserstoff in der
Gasmischung im Bereich von 4: 1 bis 1: 2 liegt. 7. Verfahren nach Anspruch
1, dadurch gekennzelchnet, daB es bei einer Temperatur im Bereich von 150 *
bis 300 * C und bei einem Druck im Bereich von 1 bis 50 Atmospharen
durchgefllhrt wird. 45 Revendlcatlons 1. Proc~dd de production, a partir
d'un alcool ayant n atomes de carbone, d'un acide carboxylique ayant n + 1
atomes de carbone, procddt qui consiste A mettre en contact a tempdrature
dlev~e et sous haute 50     pression l'alcool avec un mdlange gazeux
d'oxyde de carbone et d'hydrogbne en un rapport molaire CO:H2 compris dans
l'intervalle de 5:1 a 1:6 en prtsence d'un catalyseur comprenant du rhodium
et du nickel fixds sur un support constitu4 de carbone, et d'un promoteur
consistant en un halogene ou composE halogdnd. 58  2. Procedd suivant la
revendication 1, dans lequel le catalyseur est un catalyseur ayant un
rapport pond6ral du nickel au rhodium compris dans l'intervalle de 0,05:1 a
16:1. 6    * c   L  ,m  s* 3  Procdd4 suivant la revendication 1 ou la
revendication 2, dans loquel le catalyseur contient 0,05 & 10 % en poids de
nickel. 4. Procdd6 suivant I'une quelconque des revendications 1 a 3, dans
lequel le catalyseur contient 0,1 & 7 5      % de rhodium. 5. Proodd
suivant la revendication 1, dans lequel I'alcool ayant n atomes de carbone
est le methanol et I'acide carboxylique ayant n + 1 atomes de carbone east
l'acide acttique. 1O  &  Proc6d4 suivant la revendication 1, dans lequel le
rapport molaire de l'oxyde de carbone & I'hydrogbne dans le mdlange gazeux
est compris dans I'intervalle de 4:1 & 1:2. 7. Procd6 suivant la
revendication 1, mis en oeuvre a une temperature de 150 & 300 C et sous une
pression de 1 & 50 atmosphbres. 16 20 28 30 35 40 45 s0 55 7    


