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This invention relates to a process for hydro-
genating CO to methanol and methyl formate
by means of alcoholate catalysts as & liquid
phase reaction. K

g The hydrogenation of CO to give methanol
as a high pressure gas reaction is well known
It involves the use of high temperatures and
pressures, and the sensitivity of the solid cat-
alysts to poisons necessitates a high degree of

1o purification of the CO—H: mixture. The forma-
tion of methy! formate from CO and methanol
using sodium methylate as a catalyst was de-
scribed by Stahler, Berichte Vol. 47 P. 580
(1914). Subsequently it was shown by Chris-

13 tiansen, J. Chem. Soc., Vol. 129, p. 143 (1926)
that methyl formate could be hydrogenated
to methanol over copper catalysts. Although
this hydrogenation step does not require the use
of*high pressures, this two-step process for mak-

#9 ing methanol has not been able to compete with
the direct high pressure synthesis.

We have now found that by the use of other

.. substances in conjunction with the alcoholates
of: the alkall or alkaline earth metals, it is pos-

¢p sible to bring about simultaneous absorpticn
of CO and H: with the formation of methanol
and methyl formate. These auxiliary sub-
stances are added either in the form of alco-
holates or of other anhydrous materials which

30 are capable of being converted into alcoholates
by means of the excess of alkall metal alcoholate
used in conjunction with them. Thus anhy-
drous halides, acetates, formates, or oxides may
be used but in amounts such that excess alkali

35 metal or alkaline earth metal alcoholate re-
mains, after metathesis. Compounds of . the
following metals have been shown to have the
ability to induce hydrogenation; barium, stron-
tium, lead, thorium and cadmium. The results

40 are particularly favorable with cadmium com-
pounds.

Other alcohols than methanol can be used as
solvent medium, and the choice of solvent will
depend on the ease of separation of products

45 unless a mixture of alcohols such as methanol
and ethanol is desired. The use of an alcohol
other than methanol has the advantage for
experimental purposes of permitting the meth-
anol and methyl formate to be detected and

50 determined by chemical tests. The  addition
of a third substance as a component of the
catalyst mixture is frequently advantageous,
apparently as a means of increasing the solu-
bility of the substances capable of bringing

85 about hydrogenation. Thus, for example, the

(CL 260—106)

addition of sodium iodide to methanol contain-
ing sodium and cadmium methoxides increases
the amount of cadmium compound in solution
and also the rate of hydrogen absorption. It
is obvious that the addition of iodides to a solu-
tion containing lead compounds might be ex-
pected to have an unfavorable effect. The

60

choice of a catalyst combination will be deter-.

mined largely by solubility relations in the sol-
vent used, and a wide variety of combinations
will suggest themselves to anyone skilled in the
art.

The advantages of this process for hydrogenat-
ing CO are that it operates at very moderate
temperatures, relatively moderate pressures, the
catalysts are easily made and not subject to
poisoning by traces of impurities, and the pro-
cess can be operated to give either methanol or
methyl formate or a mixture of the two. The
reaction can be detected at temperatures be-
tween 30° and 125° C., the optimum temperature
range being 50-100° C. The rate of reaction in-
creases with rise of temperature. The upper
temperature limit is set largely by the tendency
of the mixture to go neutral, the sodium methyl-
ate being converted to sodium formate with
methyl ether as by-product as represented by
the equation

NaOCH3-+HCOCCH3;~HCOONa 4 CH:;OCH3

The total pressure may vary from 200 lbs./sq. in.
upward, the optimum being determined by bal-

ancing the cost of equipment and compresison-

against the increased rate of reaction and
whether the product desired is mainly methanol
or methyl formate. The proportion of methyl
formate in the liquid in the autoclave will de-
pend mainly on the temparture and the par-
tial pressure of CO. Since methyl formate and
methanol are easily separated by distillation
the process may be operated to give either of
these materials as the sole product by withdraw-
ing a portion of the liquid from the autoclave,
subjecting it to a flash distillation and return-
ing all but the desired product to the autoclave.
The make up of the gas will of course vary with
the nature of the product being withdrawn.
For methanol it will require two volumes of Ha
to one of CO; and for methyl formate equal
volumes of the two gases. The catalyst mix-
tures are apparently not subject to poisoning
by traces of materials, but must be protected
from COs water and other materials which
would cause the sodium slcoholate to be neu-
tralized. :
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As further illustration of the invention the
following examples are given, although the in-
vention is not limited to them except as set
forth in the claims. In these examples the
methanol yields given include both free metha-
nol and the methanol equivalent omnethyl for-
mate.

Example 1

150 ce. methanol was used to dissolve 4.6 gms.
sodium. To the solution was added 9.2 gms.
CdIz and 24.9 gms. KI.  The mixture was placed
in a bomb mounted ‘on a shaker, heated to 72°
C. and kept at this temperature while saturated
with CO to a total back:pressure of 525 pounds
to produce methyl formate. The pressure was
then raised to 1760 lbs. :by means of Hz, addi-
tional Hz being added to maintain approximately
this pressure but with the valve closed at inter-
vals to permit observations of the rate of pres-

sure drop due to hydrogenation of the formate

and further CO absorption. During the first 20
hrs. the temperature was kept at 72° C. and

~the absorption rate observed on the pressure
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gauge was 27 lbs. drop/hr., (calculations show-

ing that a drop of 140 lbs. at 72° C. was equiva-
lent to forming 1 cc. of methanol). The tem-

perature was raised to 80° C. for 24.5 hrs. the
absorption rate increasing to 64 lbs./hr. ' It was

then raised to 90° C. for 23.5 hrs. the absorp-
tion rate becoming 141 lbs./hr. at the start, de-
creasing to 61 lbs./hr. at the end. This proce-
dure would produce chiefly methanol since no
additional CO was introduced after the first sat-
uration. From gauge readings the amount of
methanol formed was estimated to be 29.5 cc.
The amount actually recovered in excess of that
taken at the start was 26.0 cc. Without the use
of iodides the rate would have been lower.

Example 2

9.2 gms. fused CdClz was added to a solution
of 3.5 gms. sodium in 75 ce. dry ethanol, the
mixture placed in a brass bomb heated to 66°
C and maintained at this temperature. To pro-
duce ethyl formate the solution was saturated
with CO at a partial pressure of 600 Ibs. and
shaken for three hours after the pressure was
practically steady. H2 was then admitted bring-
ing the total pressure to 1200 Ibs., and a 1:1 mix-
ture of CO and H: to bring the total pressure
to 1440 lbs. and maintain at about this pres-
sure. This simultaneous absorption of CO and
H: produced approximately equivalent amounts
of methyl formate and methanol. The rate of
reaction was observed by following gas absorp-
tion by means of pressure readings. The run
was (:ontlnued 20 hrs. A total of 9.9 cc. meth-
anol’ including that present as methyl formate
was found after saponifieation of the product
recovered at the end of the run. The rate of
production was at a maximum at the start, being
equivalent to about 2 cc. methanol per hour.
The decrease in rate appears to be mainly due to
partial precipitation of methoxy compounds.

Example 3

A solution of 3.5 gms. sodium -in 75 ce. dry
ethanol was treated with 9.3 gms.” ThCl4 and
heated in a brass bomb to 66° C., and shaken
while saturated with CO-to a hack pressure of
585lbs./sq. in. Hydrogen was then added in-
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. was continued during 18 hrs. There was a slow

absorption of gas as shown by pressure readings.
The product at the end of the run was found
by chemical tests to contain 1.0 cc. methanol.

In the appended claims the term “alkali- g@
forming metal” is used to comprise the metals of
the alkali and the alkaline earth groups; the
terms “alcohol” and “alcoholate” are to be under~
stood to refer to the lower aliphatic primary
monohydric alcohols. . 88

I claim: )

1. Method of hydrogenation of CO which com-
prises absorbing carbon monoxide and hydrogen
in an alcohol solution containing a plurality of
alcoholates, one of said alcoholates being that of gg
an alkali-forming metal. ’

2. Method of hydrogenation of CO which com-

- prises absorbing carbon monoxide and hydrogen

in an alcohol solution containing an alcoholate

of an alkali-forming metal and a soluble com- gg
pound of a metal selected from the group con-
sisting of eadmium, barium, strontium, lead and
thorium,

3. Method of hydrogenation of CO.which com-
prises absorbing carbon monoxide and hydrogen 109
in an alcohol solution containing a sodium alco-
holate and a soluble compound of a metal se-
lected from the group consisting of cadmium,
barium, strontium, lead and thorium. '

4. Method of hydrogenation of CO which com- jp5
prises -absorbing carbon monoxide and hydrogen
in an alcohol solution containing a sodium alco-
holate and a soluble cadmium compound.

5. Method of hydrogenation of CO which com-
prises absorbing carbon monoxide and hydrogen 119
in an alcohol solution containing a sodium alco-
holate and a soluble barium compound.

6. Method of hydrogenation’of CO which com-
prises absorbing carbon monoxide and hydrogen
in an alcohol solution containing a socdium salco-
holate and a soluble strontium compound.

7. Method of hydrogenation of CO which com-
prises absorbing carbon monoxide and hydrogen
in an alcohol solution containing a mixture of
sodium .and cadmium alcoholates. 120

8. Method of hydrogenation of CO which com-
prises absorbing carbon monoxide and hydrogen
in an alcohol solution containing a plurality of
alcoholates, one of said alcoholates being that of
an alkali-forming metal, and a soluble iodide. 125

9. Method of hydrogenation of CO which com-
prises absorbing carbon monoxide and hydorgen
in an aleohol solution containing a sedium alco-
holate and a soluble compund of a metal selected
from the group consisting of cadmium, barium, 130
strontium, lead and thorium, and a soluble io-
dide.

10. Method of hydrogenation of CO which
comprises’ absorbing carbon monoxide and hy-
drogen jin an alcohol solution containing a sodi- 13§
um alcoholate and a soluble cadmium compound,
and a soluble iodide. .

11, Method of hydrogenation of CO which
comprises absorbing carbon monoxide and hy-

116

+drogen in an alcohol solution containing a mix- 149
‘ture of sodium and.cadmium alcoholates and a

soluble iodide.

12, Method of hydrogenation of CO which
comprises absorbing carbon monoxide and hy-
drogen-in an alcohol solution containing a mix- - ‘5
ture of sodium and cadmium alcoholates and an

‘alkali metal iodide.
creasing the total pressure to 1225 lbs. Shaking .
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