
0 029 086 Description As the price of petroleum continues to increase and
as the availability of petroleum becomes more questionable ethanol is
becoming increasingly more important as a source for hydrocarbon-based 5
fuels and chemicals.. Ethanol has long been produced by the well known
fermentation process. Another more recent process of producing ethanol is
the reaction of methanol with hydrogen and carbon monoxide (syn gas). This
method has significant advantages because relatively inexpensive reactants
are employed; however, it requires a catalyst for commercially viability.
Therefore, there has been much attention given to the development of better
catalysts for this very. important reaction. 10      There are basically
three significant and important parameters or criteria by which catalysts
are judged: stability, activity, and selectivity. Stability relates to how
long the catalyst remains functional before breaking down; activity relates
to the amount of reactants the catalyst can convert per unit time;
selectivity relates to the amount of desired product as opposed to
undesired products that the catalyzed reaction forms. Generally catalysts
that increase one of the parameters tend to have a detrimental 15 effect on
another of these parameters with the result that whenever any one of the
other parameters is decreased the yield of desired product from the
reaction generally suffers. It has long been known that a water soluble
cobalt catalyst and an iodine promoter will catalyze the reaction of
methanol, hydrogen and carbon monoxide to produce ethanol. However, this
catalyst system has often been characterized with low ethanol yields due to
poor selectivity. There have been 20 many attempts to improve this basic
catalyst system. For example, US-A-3,248,432 discloses the introduction of
a phosphorus compound soluble in methanol to the basic catalyst system;
US-A-3,285,948 discloses the use of halides of ruthenium or osmium as
second promoters in combination with the basic cobalt and iodine catalyst
system; NL-PS 7606138 discloses the use of tertiary phosphines and nonpolar
solvents in addition to the basic cobalt/iodide catalyst system and 25
further states that the nonpolar solvent is crucial to the attainment of
the high selectivity reported; and US-A--4,133,966 discloses a four
component catalyst system composed of cobalt acetylacetonate, a tertiary
organo Group VA compound, an iodine promoter, and, as a second promoter, a
ruthenium compound. It is known that the selectivity of the reaction of
methanol, hydrogen and carbon monoxide to 30 ethanol can be increased by
increasing the mole ratio of hydrogen to carbon monoxide; unfortunately
this increase in the mole ratio results in poor catalyst stability as the
cobalt tends to precipitate out as the metal. It is also general knowledge
that the stability problem can be overcome to some extent by the use of a
tertiary organo Group VA ligand. This use is shown, for example, in
US-A--4,133,966; however, this has created another problem for as one
increases the level of the tertiary phosphorus 35 compound in relation to
the other catalyst components, the activity of the catalyst is decreased.
This limits the total yield of ethanol which can be obtained. A method
which can allow the use of higher amounts of Group V ligands without
harming catalyst activity so that catalyst stability can remain high even
though the hydrogen to carbon monoxide mole ratio is increased for purposes
of higher selectivity, would be advantageous. 40       It has now been
found that in the reaction of methanol, hydrogen and carbon monoxide to
selectively form ethanol wherein the reaction is catalyzed by a four
component system containing cobalt, ruthenium, an iodine compound and an
organic phosphine, the amount of organic phosphine in the reaction mixture
can be increased to concentrations heretofore unachievable without severe
loss of catalyst activity; this has been accomplished by increasing the
concentration of phosphine compound 45 in conjunction with the
concentration of total halide such that the mole ratio and concentration of



- phosphine to halide is maintained within a critical range. This novel
method allows the use of higher hydrogen to carbon monoxide mole ratios,
thereby increasing selectivity, without the heretofore un- avoidable
deleterious effect on catalyst stability. The high selectivity to ethanol
is obtained without the need for a nonpolar cosolvent. 50       This
invention is an improved catalytic method for selectively producing ethanol
from methanol, hydrogen and carbon monoxide. Furthermore, any compounds
which will form hydrogen and carbon monoxide, such as the mixture of water
and carbon monoxide or the mixture of hydrogen and carbon dioxide, can be
used as a substitute for the mixture of hydrogen and carbon monoxide used
herein to exemplify the present invention. 55       The catalyst system for
the improved process of this invention is comprised of four components: 1)
cobalt, 2) ruthenium, 3) an iodine compound and 4) an organic phosphine.
The cobalt component of the catalyst can come from a number of sources such
as any of known cobalt carboxylates such as cobalt formate, cobalt acetate,
cobalt propionate, cobalt butyrate, cobalt valerate, cobalt hexanoate; the
known cobalt carbonyl compounds such as dicobalt octa-carbonyl 60   methyl
cobalt tetracarbonyl, acetyl cobalt tetracarbonyl or their phosphine
substituted analogs many of which are known to those skilled in the art;
cobalt oxide and cobalt hydroxide; cobalt carbonate and cobalt bicarbonate;
and the soluble cobalt halides such as cobalt iodide, cobalt bromide and
cobalt chloride. A convenient source of cobalt is cobalt acetate.
Illustrative examples for iodine source are elemental iodine; cobalt
iodide; hydrogen iodide; the 65 alkyl iodides having from 1 to 1 0 carbon
atoms such as methyl iodide, ethyl iodide, propyl iodide, 2- 2    0029086
ethyhexyl iodide, n-decyl iodide, and the like. Any other source of iodide
which will ionize to form free iodide ions in the reaction medium can be
used as promoter. One can also employ any of the organic iodine compounds
that will furnish iodide to the reaction medium. Further, one can use
mixtures of iodine and/or iodide compounds, if so desired. The preferred
source of the iodide is elemental iodine. The ruthenium which is used in
the four component catalyst system can come from any source which is
capable of providing soluble ruthenium atoms in the reaction. Illustrative
of such ruthenium compounds one can name ruthenium trichloride, ruthenium
tribromide, ruthenium triiodide, ruthenium acetate, ruthenium
acetylacetonate, ruthenium propionate, ruthenium octanoate, ruthenium
dioxide, ruthenium tetraoxide, ruthenium pentacarbonyl or triruthenium
dodecacarbonyl. Convenient sources of ruthenium are ruthenium trichloride
and triruthenium dodecacarbonyl. The organic phosphines which are employed
in the four component catalyst system are the phosphines of the formula
[err] 20  wherein [err], [err], and [err], are individually monovalent
organic radicals which either can be dissimilar or any two can be similar
or all three can be similar or any two taken together can form an organic
divalent cyclic ring systm. The [err], [err], and [err] groups are alkyl,
saturated or unsaturated, linear or branched, having from 1 to 20 carbon
atoms, preferably from 4 to 10 carbon atoms; or aryl, aralkyl or alkaryl
having from 6 to 10 25  ring carbon atoms preferably 6 ring carbon atoms;
or cycloalkyl having from 5 to 8 ring carbon atoms, preferably 6 ring
carbon atoms. Illustrative of phosphines suitable for use in the catalyst
system one can 



name triethylphosphine, tributylphosphine, triphenylphosphine,
tri(4-methoxyphenyl)phosphine, tris-(4- tolyol)phosphine,
tris(3-chlorophenyl)phosphine,  diphenylhexylphosphine,
dimethyl(3-methoxy- phenyl)phosphine, dibutylstearylphosphine,
tribenzylphosphine, cyclohexyldibutylphosphine or tricyclo- 30
hexylphosphine. A convenient phosphine is tricyclohexylphosphine. The R
groups may be unsubstituted or substituted with oxygen, sulfur or nitrogen
containing groups which do not unduly interfere with the reaction. The
above mentioned radicals [err] are e.g.: aliphatic groups with 1-20,
preferably 4-10, C-atoms; 35       aryl with 6-10 ring atoms, especially
benzene or naphthalene derivatives, which may be substituted with one or
possibly more groups which do not interfere with the reaction e.g.: Cl, 0
alkyl [err], as methoxy or ethoxy, [err] alkyl as methyl .or ethyl; aralkyl
groups in which the aryl residue is benzene or naphthalene and the alkyl
residue contains 1 -4 C-atoms as in benzyl, phenylethyl; also these
residues may be substituted as mentioned in 40  connection with the aryl
residues. Cycloalkyl residues contain preferably 5-8 ring atoms and may be
substituted by alkyl [err] groups. The mole ratio of hydrogen to carbon
monoxide may be from 1:1 to 1:5, the preferred mole ratio is from 1:1 to
3:1. Generally the selectivity of the reaction to ethanol increases with
the increase in 45  mole ratio. The cobalt, ruthenium, iodide, phosphine
catalyst system is present in a catalytically effective amount, sufficient
to catalyze the reaction, preferably from 1 to 20 weight percent, most
preferably from 8 to 12 weight percent, based on the amount of methanol
present. The mole ratio of cobalt to methanol can be from 1:5 to 1:50,000,
preferably from 1:50 to 1:500. 50       The mole ratio of cobalt to
ruthenium can be from 1:0.003 to 1:3, preferably from 1:0.03 to 1:0.3. The
mole ratio of cobalt to phosphine compound is 1:1.5 to 1:100. It is
desirable to have a higher mole ratio of phosphine to cobalt to aid in
catalyst stability when higher hydrogen to carbon monoxide ratios are
employed. 55       The mole ratio of phosphine compound to total halide is
from 1:1 to 1 :2.26. The mole ratio of cobalt to total halide can be from
1:0.1 to 1:25, preferably from 1:1 to 1:5. The mole ratio of
cobalt:ruthenium:phosphine:halide  is 1:0.003-3:0.1-100:0.1-25, preferably
1:0.03-0.3:1.5-10:1-5. This invention is the discovery that greater and
greater amounts of phosphine ligand than 60  heretofore believed possible
can be added to the catalyt system, reaching concentrations heretofore
unachievable and with the attendant enhancement of operating results, when
the concentration of phosphine ligand is increased in conjunction with the
concentration of halide, such that the mole ratio and concentration of
phosphine ligand to halide remains within these critical limits. As is
demonstrated in the examples which follow, increasing the ligand
concentration such that the ligand to halide ratio is 65   outside these
critical limits, results in poorer performance. By use of the improved
process of the 3    0 029 086 invention the selectivity of the reaction to
ethanol formation is significantly enhanced over that 



obtained by heretofore known methods. This is accomplished at relatively
high rates of methanol conversion and under such- conditions that the
catalyst remains stable. Never before have the three parameters indicative
of catalyst performance, i.e. stability, activity and selectivity, all been
increased 5  together. The reaction can be run at a temperature of from
100[err] to 250[err], preferably from 1 500C to 200[err]. The reaction can
be run at a pressure of from 70 bar (1000 psig) to 700 bar (10,000 psig)
preferably from 140 bar (2000 psig) to 420 bar (6000 psig). The use of
pressures higher than- 700 bar 10  (1 0,000 psig) especially higher than
980-1050 bar (14-15,000 psig) -leads to the formation of undesired mono-
and polyhydric alcohols which may result in an overall carbon inefficiency
to the desired product. The time of the reaction will vary and is somewhat
dependent on the reaction parameters employed and the individual reactants
used. 16      In a typical embodiment of a laboratory scale batch process
methanol is charged to a reactor with a catalyst containing a cobalt
compound, an iodine compound, a ruthenium compound, and a phosphine ligand
and the reactor is purged, charged with a hydrogen/carbon monoxide gas
mixture sealed and heated until the desired reaction is completed. It is
well known that commercially this process could be run continuously. 20
An additional advantage of this invention is that the excellent results are
obtained without the need of an inert cosolvent such as octane, toluene,
dioxane, and the like. This is of significant economic value. The improved
process and catalyst of this invention lead to significantly better
catlayst performance and selectivity than have heretofore been achieved. By
use of this invention one can now 25  selectively increase the yield of
ethanol from the reaction of methanol with hydrogen and carbon mon- oxide
by increasing the concentration of phosphine ligand in the reaction
mixture, thus allowing the use of higher hydrocarbon/carbon monoxide mole
ratios, without the heretofore -unavoidable deleterious effects on catalyst
stability and selectivity. These advantageous results were unexpected and
could not have been predicted. - - 30      It must also be noted that of
the three indicators of catalyst performance, activity, selectivity and
stability, selectivity is for practical considerations, of the greatest
importance. This is because unreacted reactant can be recycled, and
precipitated catalyst can be regenerated or discarded at no great cost, but
reactant converted to undesired product is not-only lost, but there are
also created separation and other problems thereby putting significant
economic strain on the system. Therefore, is is most 35  desirable to
maximize selectivity while maintaining acceptable levels of activity and
stability. It is just this highly advantageous result which the improved
process of this invention accomplishes. The following examples serve to
further illustrate the invention. In the tables the concentrations of
cobalt, ruthenium, and iodine are the gram atom concentrations and not
necessarily the concentration of their source compound. Runs in the
examples which do not exemplify the inventions were marked 40  with an
asterisk. Example 1 In this example the following procedure was used for
each of twelve runs. A glass lined 500 ml autoclave was charged with 50 ml
of reagent grade methanol, cobalt acetate tetrahydrate, iodine, 45
phosphine ligand and ruthenium trichloride or triruthenium dodecacarbonyl
in the amounts indicated in Table 1. In runs 1-8 and 12 the ruthenium
source was ruthenium trichloride and in runs 9-1 1 it was triruthenium
dodecacarbonyl. In runs 2-11  the phosphine ligand employed was
tricyclohexyl- 



phosphine and in run 12 it was triphenyl phosphine. The reactor was sealed
and purged with carbon monoxide. The reactor was pressurized to 210 bar
(3000 psig) with a gaseous mixture having a 2:1 so  molar ratio of hydrogen
to carbon monoxide, sealed, and the reactor and its contents heated at the
average temperature (3[err]) reported in Table I for two hours during which
the reactor was rocked to obtain thorough mixing. After this two hour
period the reactor was cooled to 25-30[err] and vented, and the liquid
reaction mixture was isolated. The reaction mixture was analyzed using a
vapor phase gas chromatograph equipped with a 55  thermal conductivity
detector and a 3.2 mm by 1.8 m (1/8 inch by 6 foot) column packed with 10
weight percent of polyethylene -glycol, having an average molecular weight
of about 20,000, on diatomaceous earth, comparing results from standard
solutions; any cobalt metal formed was isolated and weighed. The results
are reported in Table I. A cobalt metal rating of +2 corresponds to
significant amounts of metal precipitated out, +1 corresponds to a trace
amount and - - corresponds to no cobalt 60  metal detected. The amount of
cobalt precipitated is an indication of catalyst stability. In Table I the
values reported for methanol conversion percent and ethanol selectivity
percent were determined from vapor phase chromatographic peak area
analysis. 65 4    0 029 086 [err]    0 029 086 Run 1 * is an example of the
reaction catalyzed without the. phosphine ligand. The relatively high (2:1)
mole ratio of hydrogen to carbon monoxide used allows for acceptable
methanol conversion and ethanol selectivity but the cobalt catalyst was
quite unstable. Runs 2-6 exemplify introduction of and increasing the
amount of phosphine ligand. In run 2* the 5   catalyst is still unstable
and precipitation occurs as the phosphine to cobalt ratio is less than the
ratio found critical. The stability of the catalyst is increased to run 3*
but the catalyst is still relatively unstable again due to the phosphine to
cobalt ratio being outside the critical range. Runs 4 and 5 show the high
selectivity and good catalyst stability obtained when the reaction is
carried out within the mole ratios of phosphine to halide and of phosphine
to cobalt found critical by this invention. Run 6* 10  demonstrates the
poor results obtained when the phosphine to halide mole ratio exceeds the
mole ratio found critical. Run 7 shows the marked improvement obtained when
the concentration of phosphine ligand is increased and the phosphine to
cobalt ratio is within the critical range. Comparison of Runs 6* and 7,
which both had a ligand/cobalt mole ratio of 3.33:1, dramatically
illustrates the great advantage of 15  increasing the concentration of
ligand in conjunction with halide while maintaining a constant ligand to
halide ratio, i.e. high conversion and selectivity with a stable catalyst
is the result. Of prime importance, as a practical matter, is the
maximization of selectivity at acceptable rates of conversion. This is
because unconverted reactant can be recycled while reactant converted to
undesired products is lost; furthermore this exacerbates the difficulty of
product separation. Run 8* 



20  shows again the deleterious effect on conversion when ligand
concentration in the reaction mixture is increased without also increasing
halide concentration. Runs 9 and 10 further show the improvement in overall
performance, even at high ligand/cobalt mole ratios, when ligand
concentration is increased in conjunction with halide concentration. 25
Example 2 In this example the following procedure was used for each of five
runs. A stainless steel 150 ml reactor was charged with 75 ml of reagent
grade methanol, a premix of cobalt acetate tetrahydrate, tri- ruthenium
dodecacarbonyl and iodine, and tricyclohexylphosphine as the ligand in the
amounts shown in Table II. The reactor was closed, purged, charged with a
gaseous mixture of a 2:1 molar ratio of 30. hydrogen to carbon monoxide,
heated to 55[err], held at this temperature for 10 minutes, then
pressurized to 245 bar (3,500 psig) with the same 2:1 gas mixture and then
heated to 170[err]. Agitation by means of a magnetic stirrer was begun, the
temperature raised to 175[err] and the gas mixture was fed to the reactor.
as needed to maintain the pressure at about 420 bar (6,000 psig). The
reaction was allowed to continue until 700 bar (1 0,000 psig) of gas uptake
had occurred or for a four 35  hour period, whichever occurred first. After
the reaction was terminated the reactor and its contents were cooled to
room temperature, the excess gas was vented and the reaction mixture was
isolated. The reaction mixture was analyzed using a gas chromatograph and
any cobalt metal formed was isolated. The results are reported in Table 40
45 50 55 60 65 6    0 029 086 0 [err]    0 029 086 Run 1 demonstrates the
very poor results obtained when the catalyst has a large concentration of
ligand relative to cobalt (3.33:1) and halide (3:1). Runs 2 and 3 show the
excellent results obtained when the halide concentration is increased such
that the phosphine to halide ratio is within my defined critical range. By
increasing the ligand concentration in conjunction with the halide
concentration 5  excellent results are obtained even at ligand/cobalt mole
ratios previously shown to lead to very poor results. This phenomenon is
best shown in run 3 where excellent results are obtained at a ligand/cobalt
mole ratio of about 5/1; a ratio far higher than any heretofore achievable
without the teachings of this invention. Runs 4 and 5 further demonstrate
the difficulties of catalyst performance maximization and the poor results
obtained when the process of this invention is not employed. Run 4*
demonstrates the 10  significantly lower conversion and selectivity which
result when the ligand concentration is increased 



without also increasing the halide concentration. Run 5* is run with no
ligand in the catalyst system; although there is good conversion and fair
selectivity the catalyst exhibits instability and precipitation of the
catalyst takes place. 15  Comparative Experiment A For comparative purposes
the procedure described in Example 1 was repeated in a series of twelve
runs using a catalyst system which differed from the catalyst system useful
in the process of this invention; in runs 1-4, 7, 8, 10, 11 and 12 there
was no phosphine present and in runs 5, 6 the phosphine to cobalt mole
ratio was below the range found critical; in run 9 the phosphine to halide
ratio 20  was outside the critical ratio defined in the process. In all the
runs the cobalt source was cobalt acetate and the ruthenium source was
ruthenium trichloride. In runs 1-6 and I1 the iodide source was elemental
iodine, in runs 7, 9 and 10 it was tetraethyl ammonium iodide, in run 8 it
was manganese iodide and in run 12 it was tricyclohexyl methyl phosphonium
Iodide. In runs 5 and 6 the phosphine ligand employed was
tricyclohexylphosphine; in run 9 it was triphenyl phosphine. These were the
only 25  runs in which a phosphine ligand was present. The concentrations
of each and the reaction conditions are shown in Table III, as are the
results. 30 35 40 45 50 55 60 65 8    0 029 086 [err]    0 029 086 The
results shown in Table III demonstrate the relatively poor results obtained
when the improved process of this invention is not employed. Run 1 shows
the generally poor ethanol selectivity and catalyst stability obtained when
the catalyst used in the improved process of this invention is not
employed. Run 2 is a repeat of run 1 5  except that the concentration of
halide is increased. There is an improvement in catalyst stability and
methanol conversion but a sharp decline in the selectivity of the reaction
to ethanol. In runs 1 and 2, ruthenium as well as phosphine were absent
from the catalyst system. In runs 7, 10, 11 and 12 a similar trend was
observed even though ruthenium was present. All six runs are outside the
scope of this invention since they do not contain any phosphine; higher
halide concentration is employed in runs 10  10, 11 and 12. Run 3 was
carried out with ruthenium present; only phosphine is absent. The mole
ratio of hydrogen to carbon monoxide is quite low (1:2) and this results in
good catalyst stability but the 



ethanol selectivity is only marginal. Run 4 is a repeat of run 3 except
that the hydrogen to carbon monoxide mole ratio was increased to 1:1. The
catalyst here has lost stability. Although increasing the 15  hydrogen to
carbon monoxide mole ratio generally increases the selectivity of the
reaction to ethanol, here the selectivity to ethanol is slightly decreased.
This is due to the changes that occurred to the composition of the
homogeneous catalyst as a result of the loss of a portion of the cobalt
component of the catalyst from solution induced by the increase in hydrogen
to carbon monoxide mole ratio over that employed in run 3. 20       Runs 5,
6 and 9 show the use of all four components of the catalyst system of the
process of this invention but not within the mole ratios found critical for
good performance. Although the catalyst is stable the selectivity to
ethanol is only fair, but it is slightly improved over that obtained in
runs 3 and 4; methanol conversion would be acceptable in runs 5 and 6 but
unacceptable in run 9. Runs 7 and 8 demonstrate the effect of increased
mole ratios of hydrogen to carbon monoxide on 25  the reaction. The
selectivity of the reaction is demonstrably increased but there is a
drastically negative effect on catalyst stability and a perceptible
decrease in catalyst activity. This experiment series demonstrates one of
the essential problems of carrying out any alcohol homologation reaction
with a Group VIII metal catalyst i.e. the difficulty of simultaneously
increasing the activity, selectivity and stability of the catalyst. 30
This is the achievement of the improved process of this invention. By
comparing the results of the. runs in the above Experiment A with the
results of runs 8, 10, and 1 1 of Example 1 one can readily see that the
improved process of this invention does in fact simultaneously improve the
activity, selectivity and stability of the reaction of methanol, hydrogen
and carbon monoxide to form ethanol. Furthermore, when comparing the
results of runs 8, 10 and 1 1 of Example 1 with runs 5 and 6 of Experiment
A, one 35  can readily see that merely having the four components of the
catalyst system, i.e. cobalt, ruthenium, iodide and phosphine, present, is
not sufficient for good performance. There are required the specific,
critical, mole ratios defined by the improved process of this invention, in
order for one to achieve the highly advantageous results, as shown by
applicant by his improved process. 40  Claims 1. In a substantially solvent
free process of producing ethanol from the reaction of methanol, hydrogen
and carbon monoxide wherein the reaction is catalyzed by cobalt, ruthenium,
an iodine promoter, and a phosphine ligand of the formula 46 [err] 50
wherein P is phosphorus and [err], [err] and [err] when taken individually
are monovalent alkyl having from 1 to 20 carbon atoms; aryl, aralkyl or
alkaryl having from 6 to 10 ring carbon atoms; or cycloalkyl having from 5
to 8 ring carbon atoms; and when any two taken together are a divalent
alkylene having from 2 55  to 6 carbon atoms; characterized in maintaining
the hydrogen to carbon monoxide ratio at from 1:1 to 5:1, the phosphine to
halide mole ratio at from 1:1 to 1:2.26 and the cobalt to phosphine mole
ratio at from 1:1.5 to 1:100, whereby the activity, stability and
selectivity to ethanol formation of the catalyst are increased. 2. The
process as claimed in claim 1 wherein cobalt to phosphine mole ratio is 1:5
to 1:1.5; 60  preferably 1:3 or 1:5. 3. The improved process as claimed in
claim 1 or 2, wherein the mole ratio of hydrogen to carbon monoxide is 2:1.
4. The improved process as claimed in any of the preceding claims wherein
the said cobalt 



compound is cobalt acetate tetrahydrate. 65 10    0 029 086 The results
shown in Table III demonstrate the relatively poor results obtained when
the improved process of this invention is not employed. Run 1 shows the
generally poor ethanol selectivity and catalyst stability obtained when the
catalyst used in the improved process of this invention is not employed.
Run 2 is a repeat of run 1 5  except that the concentration of halide is
increased. There is an improvement in catalyst stability and methanol
conversion but a sharp decline in the selectivity of the reaction to
ethanol. In runs 1 and 2, ruthenium as well as phosphine were absent from
the catalyst system. In runs 7, 10, 11 and 12 a similar trend was observed
even though ruthenium was present. All six runs are outside the scope of
this invention since they do not contain any phosphine; higher halide
concentration is employed in runs 10  10, 11 and 12. Run 3 was carried out
with ruthenium present; only phosphine is absent. The mole ratio of
hydrogen to carbon monoxide is quite low (1:2) and this results in good
catalyst stability but the ethanol selectivity is only marginal. Run 4 is a
repeat of run 3 except that the hydrogen to carbon monoxide mole ratio was
increased to 1:1. The catalyst here has lost stability. Although increasing
the 15  hydrogen to carbon monoxide mole ratio generally increases the
selectivity of the reaction to ethanol, here the selectivity to ethanol is
slightly decreased. This is due to the changes that occurred to the
composition of the homogeneous catalyst as a result of the loss of a
portion of the cobalt component of the catalyst from solution induced by
the increase in hydrogen to carbon monoxide mole ratio over that employed
in run 3. 20       Runs 5, 6 and 9 show the use of all four components of
the catalyst system of the process of this invention but not within the
mole ratios found critical for good performance. Although the catalyst is
stable the selectivity to ethanol is only fair, but it is slightly improved
over that obtained in runs 3 and 4; methanol conversion would be acceptable
in runs 5 and 6 but unacceptable in run 9. Runs 7 and 8 demonstrate the
effect of increased mole ratios of hydrogen to carbon monoxide on 25  the
reaction. The selectivity of the reaction is demonstrably increased but
there is a drastically negative effect on catalyst stability and a
perceptible decrease in catalyst activity. This experiment series
demonstrates one of the essential problems of carrying out any alcohol
homologation reaction with a Group VIII metal catalyst i.e. the difficulty
of simultaneously increasing the activity, selectivity and stability of the
catalyst. 30       This is the achievement of the improved process of this
invention. By comparing the results of the runs in the above Experiment A
with the results of runs 8, 10, and 1 1 of Example 1 one can readily see
that the improved process of this invention does in fact simultaneously
improve the activity, selectivity and stability of the reaction of
methanol, hydrogen and carbon monoxide to form ethanol. Furthermore, when.
comparing the results of runs 8, 10 and 1 1 of Example 1 with runs 5 and 6
of Experiment A, one 35  can readily see that merely having the four
components of the catalyst system, i.e. cobalt, ruthenium, iodide and
phosphine, present, is not sufficient for good performance. There are
required the specific, critical, mole ratios defined by the improved
process of this invention, in order for one to achieve the highly
advantageous results, as shown by applicant by his improved process. 



40  Claims 1. In a substantially solvent free process of producing ethanol
from the reaction of methanol, hydrogen and carbon monoxide wherein the
reaction is catalyzed by cobalt, ruthenium, an iodine promoter, and a
phosphine ligand of the formula 45 [err] 50 wherein P is phosphorus and
[err], [err] and [err] when taken individually are monovalent alkyl having
from 1 to 20 carbon atoms; aryl. aralkyl or alkaryl having from 6 to 10
ring carbon atoms; or cycloalkyl having from 5 to 8 ring carbon atoms: and
when any two taken together are a divalent alkylene having from 2 ss  to 6
carbon atoms; characterized in maintaining the hydrogen to carbon monoxide
ratio at from 1 :1 to 5:1, the phosphine to halide mole ratio at from 1:1
to 1:2.26 and the cobalt to phosphine mole ratio at from 1:1.5 to 1:100,
whereby the activity, stability and selectivity to ethanol formation of the
catalyst are increased. 2. The process as claimed in claim 1 wherein cobalt
to phosphine mole ratio is 1:5 to 1:1.5, 60  preferably 1:3 or 1:5. 3. The
improved process as claimed in claim 1 or 2, wherein the mole ratio of
hydrogen to carbon monoxide is 2:1. 4. The improved process as claimed in
any of the preceding claims wherein the said cobalt compound is cobalt
acetate tetrahydrate. 65 10    0029086 5. The improved process as claimed
in any of the preceding claims wherein said iodine promoter is elemental
iodine. 6. The improved process as claimed in any of the preceding claims
wherein said ruthenium compound is ruthenium trichloride or triruthenium
dodecacarbonyl. 5       7. The improved process as claimed in any of the
preceding claims wherein said phosphine ligand is tricyclohexylphosphine.
8. A catalyst for the production of ethanol by the reaction of methanol,
hydrogen and carbon mon- oxide wherein the mole ratio of hydrogen to carbon
monoxide is 1 :1 to 5:1; comprising cobalt, ruthenium, an iodine promoter,
and a phosphine ligand of the formula 10 15
[err] wherein P is phosphorous and [err], [err] and [err] when taken
individually are monovalent alkyl having from 1 to 20 carbon atoms; aryl,
aralkyl or alkaryl having from 6 to 10 ring carbon atoms; cycloalkyl,
having from 5 to 8 carbon atoms; and when any two taken together are a
divalent alkylene having from 2 to 6 20 carbon atoms; wherein the mole
ratio of said phosphine ligand to total halide is from 1:1 to 1:2.26 and
the mole ratio of cobalt to phosphine is from 1:1.5 to 1:100. 9. The
catalyst as claimed in claim 8 wherein the said mole ratio of phosphine to
cobalt is about 1:3.33 or 1:5. 10. The catalyst as claimed in claims 8 or 9
wherein the said cobalt is cobalt acetate tetrahydrate. 



25      11. The catalyst as claimed in any of the preceding claims 8 to 10
wherein the said iodine promoter is elemental iodine. 12. The catalyst as
claimed in any of the claims 8 to 1 1 wherein the said ruthenium is
ruthenium trichloride or trirutheniumdodecacarbonyl. 13. The catalyst as
claimed in claims 8 to 12 wherein the said phosphine ligand is
tricyclohexyl- 30 phosphine. Revendications 1. Proced6 pour produire de
l'ethanol en l'absence quasi-totale de solvant par reaction de 3 methanol,
d'hydrogene et d'oxyde de carbone, dans lequel la r6action est
catalys~eepar du cobalt, du ruth6nium, un activateur a base diode et un
coordinat phosphinique de formule 40
R P-R12 R3 45  dans laquelle P represente le phosphore et R., R2 et R3
consideres individuellement sont des radicaux alkyle monovalents ayant 1 A
20 atomes de carbone; aryle, aralkyle et alkaryle ayant 6 a 10 atomes de
carbone dans le noyau; ou cycloalkyle ayant 5 A 8 atomes de carbone dans le
noyau; et deux quelconques des parametres R,, R2 et R3 pris ensemble
repr6sentent un radical alkylene divalent ayant 2 A 6 atomes de carbone;
caract6ris6 ence que le rapport de l'hydrogene A l'oxyde de carbone est 50
maintenu dans l'intervalle de 1:1 A 5:1, le rapport molaire de la phosphine
A l'halog6nure est maintenu dans l'intervalle de 1:1 A 1:2,26 et le rapport
molaire du cobalt A la phosphine est maintenu dans .I'intervalle de 1:1,5 A
1:100, I'activite la stabilit6 et Ia selectivite envers la formation
d'ethanol du catalyseur etant ainsi elevees. 2. Procede suivant la
revendication 1, dans lequel le rapport molaire du cobalt a la phosphine
est 55 de 1:5 a 1:1,5, de pref6rence de 1:3 ou 1:5. 3. Proc~d6 perfectionne
suivant la revendication 1 ou 2, dans lequel le rapport molaire de
I'hydrogene A l'oxyde de carbone est egal A 2:1. 4. Procedf perfectionne
suivant l'une quelconque des revendications precedentes, dans lequel ledit
compose de cobalt est l'acetate de cobalt t6trahydrat6. 60      5. Proced6
perfectionne suivant l'une quelconque des revendications pr6c6dentes, dans
lequel l'activateur a base diode est I'iode elementaire. 6. Proc6de
perfectionne suivant l'une quelconque des revendications precedentes, dans
lequel ledit compos6 de ruthenium est le trichlorure de ruthenium ou le
triruth6nium-dodecacarbonyle. 7. Procede perfectionne suivant l'une
quelconque des revendications prec6dentes, dans lequel le 65 coordinat
phosphinique est la tricyclohexylphosphine.    0 029 086 8. Catalyseur pour
la production d'kthanol par reaction de m6thanol, d'hydrogbne et d'oxyde de
carbone avec un rapport molaire de l'hydrogbne a l'oxyde de carbone de 1:1
a 5:1,;comprenant du cobalt, du ruthenium, un activateur a base diode et un
coordinat phosphinique de formule dans
RI "P-R2 to dans laquelle P d6signe le phosphore et R,, R2 et R3 consid6r6s
individuellement sont des radicaux 



alkyle monovalents ayant 1 A 20 atomes de carbone; des radicaux aryle,
aralkyle ou alkaryle ayant 6 A 10 atomes de carbone dans le noyau; des
radicaux cycloalkyle ayant 5 a 8 atomes de carbone; et deux quelconques de
RI, R2 et R3 peuvent former ensemble un radical alkylene divalent ayant 2 a
6 atomes t5   de carbone; le rapport molaire du coordinat phosphinique A
l'halog6nure total ayant une valeur de 1:1 A 1:2,26 et le rapport molaire
du cobalt a la phosphine ayant une valour de 1:1,5 A 1:100. 9. Catalyseur
suivant la revendication 8, dens lequel ledit rapport molaire de la
phosphine au cobalt est d'environ 1:3,33 ou 1::5. 10. Catalyseur suivant
les revendications 8 ou 9,dans lequel le cobalt en question consiste en 20
acetate de cobalt tetrahydrate. 11. Catalyseur suivant l'une quelconque des
revendications 8 A 10, dens lequel l'activateur A base diode est l'iode
6lmentaire. 12. Catalyseur suivant l'une quelconque des revendications 8 a
11, dens lequel le ruthenium en question consiste en trichlorure de
ruthenium ou en trirutheniumdod6cacarbonyle. 26        13. Catalyseur
suivant les revendications 8 A 12, dans lequel ledit coordinat phosphinique
est la tricyclohexylphosphine. Patentanspruiche 30       1. Im wesentlichen
losungsmittelfreies Verfahren zur Herstellung von Ethanol aus der Reaktion
von Methanol, Wasserstoff und Kohlenmonoxid, in welchem die Reaktion durch
Kobalt, Ruthenium, einen Jodbeschleuniger und einen Phosphinliganden der
Formel I P-R2 R3 40   katalysiert wird, in welcher P fur Phosphor steht und
R., R2 und R3 einzeln eine einwertige Alkylgruppe mit 1 bis 20
Kohlenstoffatomen; Aryl, Aralkyl oder Alkaryl mit 6 bis 10
Ringkohlenstoffatomen oder Cy- cloalkyl mit 5 bis 8 Ringkohlenstoffatomen
bedeuten und, wenn jeweils zwei zusammen genommen werden, eine zweiwortige
Alkylengruppe mit 2 bis 6 Kohlenstoffatomen bedeuten, dadurch gekenn-
zeichnet, daB man das Verhiltnis von Wasserstoff zu Kohlenmonoxid von 1:1
bis 5:1, des Mol- 45   VerhaItnis des Phosphins zum Halogenid von 1:1 bis
1:2,26 und des Mol-Verhailtnis des Kobalts zum Phosphin von 1:1,5 bis 1:100
halti wodurch die Aktivitat, Stabilitat und Selektivitat der Ethanol-
bildung des Katalysators erhoht werden. 2. Verfahren nach Anspruch 1, in
welchem des Mol-Verhaltnis von Kobalt zum Phosphin 1:5 bis 1:1,5,
vorzugsweise 1:3 oder 1:5 betragt. 50       3. Des verbesserte Verfahren
nach Anspruch 1 oder 2, in welchem das Mol-Verhiltnis von Wasserstoff zu-
Kohlenmonoxid 2:1 betrfagt 4. Das verbesserte Verfahren nach einem der
vorhergehenden Anspruche, in welchem die Kobalt- verbindung
Kobaltacetattetrahydrat ist. 5. Das verbesserte Verfehren nach einem der
vorhergehenden Anspruche, in welchem der Jod- 55  beschleuniger elementares
Jod ist. 6. Das verbesserte VerFahren nach einem der vorhergehenden
Anspruche, in welchem die Rutheniumverbindung Rutheniumtrichlorid oder
Triruthenium-dodecacarbonyl ist. 7. Des verbesserte Verfahren nach einem
der vorhergehenden Anspruche, in welchem der Phos- phinligand
Tricyclohexylphosphin ist. 60       8. Katalysator zur Herstellung von
Ethanol durch Reaktion von Methanol, Wasserstoff und Kohlen- monoxid, in
welchem das Mol-Verhaltnis von Wasserstoff zu Kohlenmonoxid 1:1 bis 5:1
betragt, ent- haltend Kobalt, Ruthenium, einen Jodbeschleuniger und einen
Phosphinliganden der Formel 
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~~~~~~~~~~~~R3 in welcher P Phosphor bedeutet und R1, R2 und R3 einzeln
sine einwertige Alkylgruppe mit 1 bis 20 Kohlenstoffatomen; Aryl, Aralkyl
oder Alkaryl mit 6 bis 10 Ringkohlenstoffatomen, Cycloalkyl mit 5 bis 8
Kohlenstoffatomen bedeuten und, wenn jeweils zwei zusammen genommen werden,
eine zweiwer- -10  tige Alkylengruppe mit 2 bis 6 Kohlenstoffatomen
bedeuten, wobei das Mol-Verhaltnis des Phosphin- liganden zum gesamten
Halogenid von 1:1 bis 1:2,26 und des Mol-Verhiltnis von Kobalt zu Phosphin
von 1:1,5 bis 1:100 liegt. 9. Katalysator nach Anspruch 8, in welchem des
Mol-Verhaltnis von Phosphin zu Kobalt etwa 1:3,33 oder 1:5 betrfgt. 15
10. Katalysator nach Anspruch 8 oder 9, in welchem das Kobalt
Kobaltacetattetrahydrat ist. 11. Katalysator nach einem  der vorhergehenden
Anspruche 8 bis 10, in welchem  der Jodbeschleuniger elementares Jod ist.
12. Katalysator nach einem der vorhergehenden Anspruche 8 bis 1 1, in
welchem das Ruthenium Rutheniumtrichlorid oder Trirutheniumdodecacarbonyl
ist. 20       13. Katalysator nach Anspruch 8 bis 12, in welchem der
Phosphinligand Tricyclohexylphosphin ist. 25 30 35 40 45 50 55 60 65 13    


