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@ Catalyst system and process for the liquid-phase production of methanol from synthesis gas.

@ A catalyst system for the liquid-phase production
of methanol from synthesis gas is described, con-
sisting of:

- one or more copper compounds;

- one or more alkoxides of the lanthanum group
of formula (R1O)W and/or one or more in-
organic oxides of the lanthanum and/or alumin-
ium group;

- one or more alkaline and/or alkaline-earth al-
koxides of formula (R,0)xM,

- if at least one alkoxide of the lanthanum group
is present, then one or more alkoxides of the
titanium group of formula (R{O),T,

where Ri, R, and R;, which can be the same or
different, are C1-C1o alky! groups,

M is the alkaline or alkaline-earth metal,

W is an element of the lanthanum group,

T is an element of the titanium group,

x is equal to the valency of the metal or element.
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This invention relates to a catalyst system and
process for the liquid-phase production of methanol
from synthesis gas.

Methanol or methyl alcohol, produced industri-
ally for many decades, has always been valued for
its use as an intermediate in the chemical industry.

lts characteristic of burning without emitting
pollutant substances such as NO,, SO4 and dust
when used in steam generators or gas turbines,
and its property of considerably reducing CO emis-
sion when used in mixture with gasoline, make
methyl alcohol an ecological energy carrier.

Its use as an energy carrier also has a strategic
component in that it enables marginal natural gas
reserves to be utilized which would be otherwise
unusable.

All the industrial methods for producing metha-
nol are very similar to each other and are based on
two fundamental stages, namely a first stage in
which the raw material is converted into synthesis
gas and a second stage in which the CO/H,/CO;
mixture is converted into methyl alcohol with het-
erogeneous gaseous phase catalysis.

The industrial operating conditions for latest
generation copper catalysts are a pressure of 5-10
MPa, a temperature of 230-270°C and an H-
C0O,/CO + CO2 make-up gas composition of 5/1-8/1
(by volume).

The relatively low conversion per pass and the
consequent need to maintain a low synthesis gas
inerts content is the main limitation of current tech-
nology.

Catalyst systems operating under very mild
temperature and pressure conditions (90-120°C
and 1-5 MPa respectively) have recently been de-
veloped. With these it is possible to obtain a very
high CO conversion of greater than 90% per pass,
to thus well overcome the main limitations of cur-
rent technology.

Many of these systems use nickel as the cata-
lyst metal. Some operate in the form of slurry (see
the patents US-4614749, US-4619946, US-
4623634) while others use homogeneous catalysis
(see patent applications EP-285228, EP-287151
and EP-289067 of SHELL).

All these systems have however the drawback
of developing nickel carbonyl, a very toxic sub-
stance, under reaction conditions.

Another system has been developed by MIT-
SUl Petrochem. Ind. Ltd. and uses not nickel but
copper catalysts (see Japanese patent applications
JP-110631/81 and JP-128642/82).

The catalyst system of JP-128642/82 is
characterised by the presence of copper com-
pounds, preferably copper alkoxides, copper ar-
yloxides, copper halides, copper carboxylates and
copper hydrides together with alkaline metal alkox-
ides, preferably sodium methoxide.
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Although this catalyst system shows interesting
characteristics such as its capacity to produce
methanol under very mild reaction conditions, it
has the limitation of low producitivity, this being a
limitation from the applicational viewpoint.

In our previous investigations it has also been
found that the said catalyst system for methanol
production can operate with decidedly higher activ-
ity if specific additions of methanol and/or alkyl
formate, preferably methyl formate, are made (see
EP-375071 of SNAMPROGETTI S.p.A)).

It has now been surprisingly found that the
addition of one or more alkoxides of metals of the
lanthanum group and/or the addition of one or
more inorganic oxides of the lanthanum and/or
aluminium group, possibly in the presence of one
or more alkoxides of the titanium group if at least
one alkoxide of the lanthanum group is present,
provides a catalyst system which produces metha-
nol with decidedly higher activity.

The promoter effect of lanthanides on CO hy-
drogenation systems has already been observed
both in homogeneous catalysis with ruthenium sys-
tems (US-4590216 of Union Carbide Corp.) and in
heterogeneous catalysis (G. Owen et al., Appl.
Catal., 33, 1987, 405) with Cu/Ln intermetal alloys
where Ln is a generic element of the lanthanum
group.

Both these systems operate under very dif-
ferent temperature and pressure conditions from
those used by us in the process of the present
invention.

The addition of titanium alkoxides has already
been claimed, in patent application JP-128642/82,
but in the present application it will be demon-
strated that the titanium alkoxides exhibit their posi-
tive effect only in the presence of alkoxides of the
lanthanum group.

The promoter effect of halides of metals of the
lanthanum group has already been observed (final
Report DE-AC 22-84PC70022 by Union Carbide
Corp. to U.S. Department of Energy, Jan. 1987),
but as will be demonstrated hereinafter in the ex-
amples it is less effective than the addition of
alkoxides or oxides, and in some cases can pro-
duce negative results because of catalyst poisoning
by chlorine.

The promoter effect of adding inorganic oxides
of the lanthanum or aluminium group has never
been described on systems of this type.

It should be noted that replacing part of the
alkaline (or alkaline earth) alkoxide by an alkoxide
of the lanthanum group (alone or in the presence of
an alkoxide of the titanium group) results in higher
activity, while maintaining the RO~/Cu ratio fixed
where the alkoxide ion RO~ is bonded in accor-
dance with correct stoichiometry to a metal Z to
give a compound (RO),Z, where Z is an alkaline or
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alkaline-earth metal of the lanthanum or titanium
group. However, the catalyst system does not work
if the alkaline (or alkaline-earth) metal alkoxide is
totally excluded.

The joint presence of alkoxides of the lan-
thanum group with alkoxides of the titanium group
results in a system which is as active as that using
only alkoxides of the lanthanum group but is decid-
edly less costly because of the smaller quantities
of lanthanum group derivatives used.

The addition of inorganic oxides to the system
described in EP-375071 also leads to a decidedly
more active system.

The addition of methanol and/or alkyl formate
also favours decidedly higher productivity in the
present invention, although operating under very
mild reaction conditions.

The quantity of methanol and/or alkyl formate
added is strictly related to the reaction parameters
such as the copper composition, alkoxide con-
centration and operating pressure and temperature.

As the reaction conditions and catalyst com-
position vary, the optimum quantity of methanol
and/or alkyl formate to be added also varies, as
illustrated in EP-375071.

However negative effects can be obtained if
the methanol and/or alky! formate quantities added
are outside the range we have indicated
hereinafter.

A further and very important consequence of
this surprising discovery is that on passing from a
batch system to a continuous system, the useful
methanol fraction has to be recycled for the system
to operate under best conditions.

The catalyst system of the present invention
for the liquid-phase production of methanol from
synthesis gas is characterised by consisting of:

- one or more copper compounds;

- one or more alkoxides of the lanthanum
group of formula (R O),W and/or one or more
inorganic oxides of the lanthanum and/or alu-
minium group;

- one or more alkaline and/or alkaline-earth al-
koxides of formula (R,O)xM,

- if at least one alkoxide of the lanthanum
group is present, then one or more alkoxides
of the titanium group of formula (R{O),T,

where Ry, R, and R;, which can be the same or
different, are C1-Cio alkyl and preferably Ci-Cs
alkyl groups,

M is the alkaline or alkaline-earth metal,

W is an element of the lanthanum group,

T is an element of the titanium group,

x is equal to the valency of the metal or element,
the (R,0)xM/Cu molar ratio being equal to or great-
er than 4, the (R1O)W + (RO)T/(R,0)xM molar
ratio being between 0.01 and 0.3 if at least one
alkoxide of the lanthanum group is present, and the
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inorganic oxide/Cu molar ratio being greater than
0.5 if at least one inorganic oxide of the lanthanum
or aluminium group is present.

Elements of the lanthanum group are meant
those with an atomic number of between 57 and
71, but also including scandium and yttrium.

Elements of the titanium group are meant
titanium, zirconium and hafnium.

The catalyst can be prepared by mixing the
copper compound with the alkoxides (and with the
oxides), preferably in an organic diluent which is
liquid under the reaction conditions.

Copper compounds usable in the present in-
vention include by way of example copper carbox-
ylates such as copper acetate, copper halides such
as copper chloride or bromide, copper alkoxides
such as copper (l) or (Il) methoxide, and copper
hydride.

The inorganic oxides are firstly dried by cal-
cining and are then added as such to the reaction
mixture.

A preferred form of said catalyst system con-
sists of:

- copper (l) chloride,

- sodium methoxide (CH3zON,),

- samarium (or lanthanum) methoxide(in the
presence or absence of titanium methoxide)
or cerium (or samarium) oxide.

The process for the liquid-phase production of
methanol from synthesis gas, to which the present
invention also relates, is characterised by reacting
CO with H, in the presence of the aforedescribed
catalyst system and of one or more solvents, fo
which are added methanol and/or one or more alky!
formates of formula HCOOR;, where R; is a C1-Cz2o
alkyl and preferably a C1-C1o alkyl and more pref-
erably a Ci alkyl group in a quantity such as to
obtain, in the case of methanol addition, a
methanol/Cu molar ratio of between 1 and 500 and
preferably between 3 and 30, or in the case of alkyl
formate addition, a HCOORy/Cu molar ratio of be-
tween 1 and 1000 and preferably between 4 and
400, operating at a temperature higher than 40°C
and lower than 200°C and preferably between 60
and 150° C, and with a copper concentration in the
solution formed from the solvents and catalyst sys-
tem of between 0.001 and 1 molar and preferably
between 0.01 and 0.09 molar.

The partial pressure of the reagents is prefer-
ably greater than 1 MPa and more preferably be-
tween 3 and 7 MPa.

The H2/CO molar ratio of the reacting gases is
preferably between 0.5 and 5 and more preferably
between 1.5 and 3.5.

The aforedescribed catalyst system can op-
erate in a solvent of simple ether type (such as
methyltertbutylether, tetrahydrofuran, normal-
butylether, anisole, veratrol), of complex ether type
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(glycolethers such as diglyme or tetraglyme), or of
carboxylic acid ester type (such as methyl
isobutyrate or y butyrolactone).

Other usable solvents include sulphones (such
as tetramethylenesulphone), sulphoxides (such as
dimethylsulphoxide) or amines (such as pyridine,
piperidine or picoline).

The system can also operate with high per-
centages (such as 30-60% by volume) of inerts
such as N2 and CH: in the reaction gas without
altering the reaction rate, provided the partial pres-
sure of the reactants is kept higher than 1 MPa.

This aspect is very important because it pro-
vides a different and more economical method for
preparing synthesis gas such as partial oxidation
with air.

Operating under the indicated preferred con-
ditions, maximum CO conversions per pass of the
order of 90% have been obtained, with a reaction
rate of about 0.06s™' (moles of CHsOH developed
per mole of copper per second) and with high
methanol selectivity (up to 99%), the only notable
by-products being dimethylether and methyl for-
mate.

Some examples are given below for the pur-
pose of illustrating the invention, but without in any
way representing a limitation thereon.

EXAMPLE 1

This exampile illustrates the use of the process
of the present invention in a batch reactor at 90° C
and 5 MPa.

3 mmoles of CuCl, 51 mmoles of CH3ONa, 3
mmoles of Sm(OMe)s, 15 mmoles of methanol and
90 ml of anhydrous tetrahydrofuran are mixed in a
300 ml pressure vessel with magnetic stirring. The
operation is conducted in a nitrogen atmosphere.

The alkoxides of the lanthanum group metals
can be easily prepared from CH3;OLi and the chlo-
ride of the lanthanum group metal, by the proce-
dure described in the literature ["Metal Alkoxides",
D.C. Bradley, R.C. Mehrotra, D.P. Gaur eds., Aca-
demic Press, London (1978) and the references
contained therein].

The reactor is loaded to 1 MPa with a CO/H;
mixture (1/2 molar), heated to 90°C and the total
pressure then raised to 5 MPa with the same
mixture.

The pressure tends to reduce during the test
because of the reaction. To compensate for this
pressure reduction fresh make-up gas is continu-
ously added to maintain the pressure constant at 5
MPa.

Operating in this manner, 710 mmoles of
methanol (excluding the initial quantity), 144
mmoles of methyl formate and 1.60 mmoles of
dimethylether are obtained after 7 hours of reac-
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tion.
EXAMPLE 2

The procedure of Example 1 is followed but
using 3 mmoles of La(OMe); instead of Sm(OMe)s.

Operating in accordance with the procedure of
Example 1, 590 mmoles of methanol (excluding the
initial quantity), 114 mmoles of methyl formate and
1.62 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 3 (Comparative)

This example demonstrates that the absence of
the lanthanum group alkoxide results in a less
active catalyst system.

The operation is carried out under the same
process conditions as Example 1, but without add-
ing S(OMe)s.

Operating in accordance with the procedure of
Example 1, 455 mmoles of methanol (excluding the
initial quantity), 95 mmoles of methyl formate and
2.58 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 4 (Comparative)

This example demonstrates that if the lan-
thanum group methoxide is replaced with the same
molar quantity of alkoxide ion present in MeONa, a
less active system is still obtained.

The same process conditions as Example 1
are used but with 60 mmoles of MeONa and with-
out the Sm(OMe)s.

Operating in accordance with the procedure of
Example 1, 506 mmoles of methanol (excluding the
initial quantity), 113 mmoles of methyl formate and
3.90 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 5

This example demonstrates that the promoter
effect of the lanthanum group alkoxides persists
even at lower MeO-/Cu ratios. 21 mmoles of
MeONa and 3 mmoles of Sm(OMe); are fed, the
other conditions being as given in Example 1.

Operating in accordance with the procedure of
Example 1, 382 mmoles of methanol (excluding the
initial quantity), 114 mmoles of methyl formate and
0.31 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 6 (Comparative)

This example demonsirates that adding a ha-
lide of the lanthanum group metal results in a



7 EP 0 504 981 A1 8

system which is much less active than that com-
prising an alkoxide of the same group.

The same process conditions as Example 5
are used, but feeding 30 mmoles of MeONa and 3
mmoles of SmCls.

Operating in accordance with the procedure of
Example 1, 56 mmoles of methanol (excluding the
initial quantity), and 14 mmoles of methyl formate
are obtained after 7 hours of reaction.

EXAMPLE 7 (Comparative)

This example demonstrates that even operating
at lower MeO~/Cu ratios, replacing the alkoxide of
the lanthanum group metal with MeONa results in a
less active system.

The same process conditions as Example 5
are used, but without adding Sm(OMe)s, and using
30 mmoles of MeONa.

Operating in accordance with the procedure of
Example 1, 336 mmoles of methanol (excluding the
initial quantity), 89 mmoles of methyl formate and
0.37 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 8

The procedure of Example 5 is followed, but
adding 3 mmoles of La(OMe)s instead of Sm-
(OMe)g.

Operating in accordance with the procedure of
Example 1, 361 mmoles of methanol (excluding the
initial quantity), 87 mmoles of methyl formate and
0.15 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 9 (Comparative)

This example demonstrates that the system
cannot operate in the absence of MeONa.

The same process conditions as Example 8
are used, but without MeONa and with 10 mmoles
of La(OMe)s.

Operating in accordance with the procedure of
Example 1, 8 mmoles of methanol (excluding the
initial quantity) and 3 mmoles of methyl formate
are obtained after 7 hours of reaction.

EXAMPLE 10 (Comparative)

This example demonstrates that the addition of
an alkoxide of the titanium group does not produce
a promoter effect greater than an equal molar
quantity of alkoxide in MeONa alone.

45 mmoles of MeONa and 3.75 mmoles of Ti-
(OMe)s are fed, the other conditions being those
given in Example 1.

Operating in accordance with the procedure of
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Example 1, 430 mmoles of methanol (excluding the
initial quantity), 101 mmoles of methyl formate and
1.01 mmoles of dimethylether are obtained after 7
hours of reaction.

This example should be compared with Exam-
ple 1.

EXAMPLE 11

This example demonstrates that the addition of
a small quantity of an alkoxide of the lanthanum
group to the alkoxide of the fitanium group results
in a more active system than those of the com-
parable examples (Examples 4, 10).

1 mmole of Sm(OMe); and 3 mmoles of Ti-
(OMe)s are fed, the other conditions being as given
in Example 1.

Operating in accordance with the procedure of
Example 1, 621 mmoles of methanol (excluding the
initial quantity), 172 mmoles of methyl formate and
1.69 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 12

This example demonstrates that the presence
of the titanium group alkoxide is advisable to obtain
an active system when the lanthanum group alkox-
ide is used.

The operating conditions are those of Example
11, but without using Ti(OMe).

Operating in accordance with the procedure of
Example 1, 520 mmoles of methanol (excluding the
initial quantity), 120 mmoles of methyl formate and
1.99 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 13

The same process conditions as Example 11
are used, but feeding 1 mmole of La(OMe)s instead
of Sm(OMe)s.

Operating in accordance with the procedure of
Example 1, 537 mmoles of methanol (excluding the
initial quantity), 137 mmoles of methyl formate and
1.20 mmoles of dimethylether are obtained after 7
hours of reaction.

The following examples demonstrate that the
addition of inorganic oxides has a promoter effect
greater than the system used in Example 4, and
corresponding to that claimed in EP-375071.

EXAMPLE 14

The same process conditions as Example 4
are used, adding 2.5 g of Al>Os.

Operating in accordance with the procedure of
Example 1, 594 mmoles of methanol (excluding the
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initial quantity), 92 mmoles of methyl formate and
1.16 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 15

The same process conditions as Example 4
are used, adding 5 g of CeOs>.

Operating in accordance with the procedure of
Example 1, 780 mmoles of methanol (excluding the
initial quantity), 108 mmoles of methyl formate and
2.35 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 16

The same process conditions as Example 4
are used, adding 5 g of La»Os.

Operating in accordance with the procedure of
Example 1, 656 mmoles of methanol (excluding the
initial quantity), 119 mmoles of methyl formate and
2.31 mmoles of dimethylether are obtained after 7
hours of reaction.

EXAMPLE 17

The same process conditions as Example 4
are used, adding 5 g of Sm203.

Operating in accordance with the procedure of
Example 1, 766 mmoles of methanol (excluding the
initial quantity), 90 mmoles of methyl formate and
1.86 mmoles of dimethylether are obtained after 7
hours of reaction.

Claims

1. A catalyst system for the liquid-phase produc-
tion of methanol from synthesis gas, charac-
terised by consisting of:

- one or more copper compounds;

- one or more alkoxides of the lanthanum
group of formula (R1O),W and/or one or
more inorganic oxides of the lanthanum
and/or aluminium group;

- one or more alkaline and/or alkaline-earth
alkoxides of formula (R,0)xM,

- if at least one alkoxide of the lanthanum
group is present, then one or more alkox-
ides of the titanium group of formula
(RiOXT,

where Ri, R, and R, which can be the same
or different, are C1-C1o alkyl groups,

M is the alkaline or alkaline-earth metal,

W is an element of the lanthanum group,

T is an element of the titanium group,

x is equal to the valency of the metal or
element,

the (R,0)xM/Cu molar ratio being equal to or
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greater than 4, the (R1O)W + (R;0)T/(R,0)-
xM molar ratio being between 0.01 and 0.3 if at
least one alkoxide of the lanthanum group is
present, and the inorganic oxide/Cu molar ratio
being greater than 0.5 if at least one inorganic
oxide of the lanthanum or aluminium group is
present.

A catalyst system as claimed in claim 1,
wherein Ri, R, and R;, which can be the same
or different, are C1-Cs alkyl groups.

A catalyst system as claimed in claim 1,
wherein the element of the lanthanum group
has an atomic number of between 57 and 71,
or is scandium or yttrium.

A catalyst system as claimed in claim 1,
wherein the element of the fitanium group is
chosen from titanium, zirconium and hafnium.

A catalyst system as claimed in claim 1,
wherein the copper compound is copper (I)
chloride, the alkaline alkoxide is sodium
methoxide, and the inorganic oxide of the lan-
thanum group is cerium oxide or samarium
oxide.

A catalyst system as claimed in claim 1,
wherein the copper compound is copper (1)
chloride, the alkaline alkoxide is sodium
methoxide, and the alkoxide of the lanthanum
group is samarium or lanthanum methoxide.

A catalyst system as claimed in claim 6,
wherein titanium methoxide is present as the
alkoxide of the titanium group.

A process for the liquid-phase production of
methanol from synthesis gas, characterised by
reacting CO with Hz in the presence of the
catalyst system claimed in claim 1 and of one
or more solvents, to which are added methanol
and/or one or more alkyl formates of formula
HCOOR;, where Ry is a C1-Czo alkyl group in a
quantity such as to obtain, in the case of
methanol addition, a methanol/Cu molar ratio
of between 1 and 500, or in the case of alkyl
formate addition, a HCOORy/Cu molar ratio of
between 1 and 1000, operating at a tempera-
ture higher than 40°C and lower than 200°C,
and with a copper concentration in the solution
formed from the solvents and catalyst system
of between 0.001 and 1 molar.

A process as claimed in claim 8, wherein the
copper concentration in the solution formed
from the solvents and the catalyst system is
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between 0.01 and 0.09 molar.

A process as claimed in claim 8, wherein the
reaction temperature is between 60 and
150° C.

A process as claimed in claim 8, wherein the
reaction is conducted at a reactant partial pres-
sure exceeding 1 MPa.

A process as claimed in claim 11, wherein the
reactant partial pressure is between 3 and 7
MPa.

A process as claimed in claim 8, wherein the
methanol is added in a quantity such as to
obtain a methanol/copper molar ratio of be-
tween 3 and 30.

A process as claimed in claim 8, wherein the
alkyl formate is added in a quantity such as to
obtain an HCOORy/copper molar ratio of be-
tween 4 and 400.

A process as claimed in claim 8, wherein Ry is
a C1-Cyo alkyl group.

A process as claimed in claim 15, wherein Ry
is a C1 alkyl group.

A process as claimed in claim 8, wherein CO
is reacted with Hx with a CO/H2 molar ratio of
between 0.5 and 5.

A process as claimed in claim 17, wherein the
CO/Hz molar ratio of between 1.5 and 3.5.
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