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PATENT SPECIFICATION
Application Date : May 22, 1937.  No. 14267/ 37.

Complete Specification Left : May 18, 1938.
Complete Specification Accepted : Aug. 9, 1938.

PROVISIONAL SPECIFICATION

Improvements relating to the Conversion of Carbon Monoxide by
means of Hydrogen.

. We, I. G. FARBENINDUSTRIE AKTIEN-
GESELLSCHATFT, of  Frankfort-on-Main,
Glermany, a Joint Stock Company organ-
ised under the Laws of Germany, do here-
by declare the nature of this invention to
be as follows :—

This invention is an improvement in or
modification of the invention described in
the Specification No. 32419 A.D. 1936 (Serial
No. 473,932), for a process for the manu-
facture and producing of valuable hydro-
carbons and their derivatives containing oxy-
gen from carbon monoxide and hydrogen.

In the reaction of carbon monoxide and
hydrogen to form liquid, solid and gaseous
hydrocarbons or their derivatives contain-
ing oxygen it has already been proposed

- to use as catalysts compounds of heavy

metals, in particular those of the 8th group
of the periodic system. Generally speaking
the catalysts are obtained by reduction of
oxygen-containing compounds of the said
metals. According to the said specification
No. 32419 AD. 1936 (Serial No. 473,932),
the catalyst is prepared by thermal treat-
ment of a metal compound, preferably a com-
pound of a metal from group 8 of the
periodic system, at such a high tempera-
ture ranging above 500° Centigrade but
below the melting or sublimation point of
the metal compound- or metal resulting
from this treatment and for such a long
duration that a sintering of the catalyst
takes place, the said thermal treatment
being effected in combination with a re-
ducing treatment.

We have now found that very active and

" stable catalysts for the said reaction of

carbon monoxide with hydrogen are
obtained by subjecting metals of the iron
group, which have been formed by de-
composition of their carbonyl compounds,

" preferably carbonyl iron, to a heating of
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the said kind above 500° Centigrade until
at least a partial sintering has taken
place. Contrasted with the flaky metals
used directly after decomposition of

" carbonyl compounds as catalysts according

to a prior proposal and which are active
for only a short time, the ecatalysts pre-
[Price 1s.]

pared according to this invention have a
considerably greater stability.

The sintering may be carried out for
example at 600°, 700°, 800° or 1000°
Centigrade or higher, but below the melt-
ing point of the metal treated. It is pre-
ferable to work in a non-oxidising
atmosphere, in particular in a reducing
atmosphere, or also in wacuo. The heat-
ing may also be carried out practically
without the use of gases if the vessel serv-
ing for the heating be- filled as far as
possible with the metal and then closed
and heated. Generally speaking it is ad-
vantageous to carry out the heating of the
metals in the presence of gases, in par-
ticular reducing gases, as for example
hydrogen or gases containing or supplying
hydrogen.

The operating may also be carried out
in two or more stages; for example the
first stage may be carried out below 500°
Centigrade in the presence of reducing
gases and the second or subsequent stages
at temperatures above 500° Centigrade in
the presence of non-reducing and non-
oxidising gases, as for example nitrogen,
Oor i YacUo.

The heating of the metals is advan-
tageously effected at atmospheric pressure,
but reduced or increased pressures, as for
example 2, 5, 20, 100 atmospheres or
more, may be used.

The activity of the catalysts may be in-
creased by first superficially .oxidising
them with oxidising gases and then treat-
ing them with reducing gases and either
simultaneously with the latter treatment
or subsequently sintering them at tem-
peratures above 500° Centigrade.

The activity may also be increased by
the addition of other substances. As
activating additions there may be men-
tioned aluminium oxide and hydroxide
or gsilicon dioxide (for example in
the form of kieselguhr) and also
compounds of copper, titanium, man-
ganese, tungsten, molybdenum, chromium,
thorium, cerium, zirconium or other rare
earths er two or more of these substances
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together. Small amounts of alkalies or
alkaline earths may also favourably in-
fluence the formation of liquid and solid

- hydrocarbons.

The reaetion of the carbon monoxide
with hydrogen may be carried out at tem-
peratures above 150° Centigrade and at
atmospheric, increased or reduced pres-
sure. It is preferable to work at tem-
peratures between 200° and 450° Centi-
grade and under increased pressure, as for
example at 5, 10, 20, 50, 100 atmospheres
or more.

The said catalysts may be readily and
repeatedly regenerated, as for example by
heating with oxidising gases and subse-
quent reduction.

The following Example will further
illustrate the nature of this invention but
the invention is not restricted to this
Example.

EXAMPLE.

Iron powder which has been obtained
by thermal decomposition of iron carbonyl
is pressed into pills and heated at 850°
Centigrade in the presence of hydrogen
for several hours, whereby the pills
sinter to a density of from about 7.0 to
7.5. A mixture of carbon monoxide and
hydrogen in the ratio of 1:2 is led over
the catalyst thus prepared at 320° Centi-
grade under a pressure of 15 atmospheres.
There is thus formed, in addition to small
amounts of oxygen-containing compounds,
a very good yield of liquid and solid
hydrocarbons. ~The gas leaving the re-
action chamber contains considerable
amounts of gaseous unsaturated hydro-
earbons, in particular ethylene.

- Dated this 22nd day of May, 1937.

: J. Y. & G. W. JOHNSON,

47, Lincoln’s Inn Fields, London, W.C.2,
Agents.

COMPLETE SPECIFICATION

Improvements relating to the Conversion of Carbon Monoxide by
' means of Hydrogen.

* We, I. G. FARBENINDUSTRIE AKTIEN-
GESELLSCHAFT, of  Frankfort-on-Main,
Germany, a Joint Stock Company organ-
ised under the Laws of Germany, do here-
by declare the nature of this invention
and in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment :—

This invention is an improvement in or
modification of the invention described in
the specification No. 473,932 for a process
for the manufacture and production of
valuable hydrocarbons and their deriva-
tives containing oxygen from carbon mon-

oxide and hydrogen.
Tn the reaction of carbon monoxide and
hydrogen to form liquid, solid and

gaseous hydrocarbons or their derivatives
containing ozygen it has already been
proposed to use as catalysts compounds of
heavy metals, in particular those of the
8th - group of the periodic system.
Generally speaking the catalysts are
obtained by reduction of oxygen contain-
ing compounds of the said metals.
According to the said specification No.
473,932 the catalyst is prepared by
thermal treatment of a metal compound,
‘preferably a compound of a metal from
group 8 of the periodic system, at such a
high temperature ranging above 500°
Centigrade but below the melting or
‘sublimation point of the metal compound
or metal resulting from this treatment and
for such a long duration that a sinmtering

of the catalyst takes place, the said
thermal treatment being effected in com-
bination with a reducing treatment.

The treatment of the iron compounds is
preferably effected at such high tempera-
tures above 600° Centigrade, more par-
ticularly above 700° Centigrade, and the
treatment with reducing gases before
their use in the said conversion of carbon
monoxide and hydrogen is preferably
carried out before the completion of the
said thermal treatment at temperatures
above 600° Centigrade.  The treatment
with the reducing gases may be effected
during the said thermal treatment ; it is
preferably carried so far that the iron com-
pounds employed are completely reduced
to the metal.

We have now found that very active and
stable catalysts for the said reaction of
carbon monoxide with hydrogen are
obtained by subjecting metals of the iron
group, which have been formed by decom-
position of their carbonyl compounds,
preferably carbonyl iron, to a thermal
treatment as referred to above at tem-
peratures above 500° Centigrade until at
Jeast a partial sintering has taken place.
By partial sintering is meant the
agglomeration, by the action of heat, of
originally separated solid particles into
eoberent masses having a substantial
porosity.  If the masses become substan-
tially non-porous by the heating the sin-
tering is complete. Though also such sub-
stantially non-porous catalysts may be
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employed, porous catalysts are preferred,
and it is therefore of advantage to effect
only a partial sintering. Contrasted with
the flaky metals used directly after de-
composition of carbonyl compounds as
catalysts according to a prior proposal
and which are active for only a short
time, the cafalysts prepared according to
this invention have a considerably greater
stability.

The sintering may be carried out for
example at 600°, 700°, 800° or 1000°
Centigrade or higher, but below the melt-
ing point. of the metal treated. It is pre-
ferable to work in a non-oxidising
atmosphere, in particular in a reducing
atmosphere, or also. in vacuo, The heat-
ing may also be carried out practically
without the use of gases if the vessel serv-
ing for the heating be filled as far as

possible with the metal and then closed.

and heated. Generally speaking it is
advantageous to carry out the heating of
the metals in the presence of gases, in
particular reducing gases, as for example
hydrogen or gases containing or supply-
ing hydrogen.

The operation may also be carried out
in two or more stages; for example the
first stage may be carried out below 500°
Centigrade in the presence of reducing
gases and the second or subsequent stages
at temperatures above 500° Centigrade in
the presence of non-reducing and non-
oxidising gases, as for example nitrogen,
or in vacuo.

The heating of the metals is advan-
tageously effected at atmospheric pressure,
but reduced or increased pressures, as for
example 2, 5, 20, 100 atmospheres or
more, may be used. )

The activity of the catalysts may be in-
creased by first superficially oxidising
them with oxidising gases and then treat-
ing them with reducing gases and either
simultaneously with the latter treatment
or subsequently sintering them at tem-
peratures above 500° Centigrade.

The activity may also be increased by
the addition of other substances. As
activating additions there may be men-
tioned aluminium oxide and hydroxide or
silicon dioxide (for example in the form
of kieselguhr) and also compounds of
copper, titanium, manganese, tungsten,
molybdenum, chromium, thorium, cerium,
zirconium or other rare earths or two or
more of these substances together. Small
amounts of alkalies or alkaline earths may
also favourably influence the formation of
liquid and solid hydrocarbons.

It is of special advantage to start from
iron obtained from its carbonyl com-
pounds for the preparation of the
catalysts, but nickel or cobalt obtained

from their carbonyl compounds may also
be employed. )

The said catalysts may be readily and
repeatedly regenmerated, as for example by
heating with oxidising gases and subse-
quent reduction, ) )

The reaction of the carbon monoxide
with hydrogen may be carried out at tem-
peratures above 150° Centigrade and at
atmospheric, increased or reduced pres-
sure. It is preferable to work at tempera-
tures between 200° and 450° Centigrade
and under increased pressure, as for
example at 5, 10, 20, 50, 100 atmospheres
or more.

The products resulting from the con-
version of carbon menoxide and hydrogen
in the presence of the abovementioned
catalysts are those generally obtained in
the said conversion, namely mainly hydro-
carbons containing more than one carbon

atom in the molecule, which are to a large

extent liquid andjor solid, and/or liquid
or solid oxygen-containing derivatives of
hydrocarbons, such as methanol or higher
alcohols (for example isobutyl alcohol),
ketones, aldehydes and the like.

The following Example will further
illustrate how the said invention may be
carried out in practice but the invention
is not restricted to this Example.

ExXAMPLE.

70
75
80
85
90

95

Iron powder which has been obta,ined.

by thermal decomposition of iron carbonyl
is pressed into pills and heated at 850°
Centigrade in the presence of hydrogen
for several hours, whereby the pills sinter
to a density of from about 7.0 to 7.5. A
mixture of carbon monoxide and hydro-
gen in the ratio of 1:2 is led over the
catalyst thus prepared at 320° Centigrade
under a pressure of 15 atmospheres. There
is thus formed, in addition to small
amounts of oxygen-containing compounds,
a very good yield of liquid and solid

.hydrocarbons. The gas leaving the reaction

chamber contains considerable amounts of
gaseous unsaturated hydrocarbons, in par-
ticular ethylene.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is :— :

1. A yprocess for the conversion of
carbon monoxide and hydrogen into
hydrocarbons containing more than one
carbon atom in the molecule or oxygen-
containing derivatives of hydrocarbons
which comprises contacting carbon mon-
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oxide and hydrogen at a reacting tempera- -

ture with a catalyst prepared by thermally
treating a metal of the iron group which

has been obtained by decomposition of

a carbonyl compound of this metal at such
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a hlgh tempera,ture above 500° Centi-
grade, but below the melting point of the
said metal, and for such a long time that
at least partial sintering of the said
metal takes place.

2. In the process as claimed in claim
1, operating with iron as the metal of the
iron group.

3. In the process as claimed in claim 1
or 2, effecting the thermal treatment of
the metal of the iron group in a non-
oxidising atmosphere.

4. In the process as claimed in any of
claims 1 to 3, effecting the thermal treat-
ment of the metal of the iron group in a
reducing atmosphere.

5. In the process as claimed in any of
claims 1 to 4, effecting the thermal treat-
ment of the metal of the iron group,

after superficial oxidation, in ‘a reducing
atmosphere.

6. The process for the conversion of
carbon monoxide and hydrogen into
hydrocarbons containing more than one
carbon atom in the molecule or oxygen-
containing derivatives of hydrocarbons
substantially as described in the fore-
going Example.

7. Hydrocarbons containing more than
one carbon atom in the molecule and
oxygen-containing derivatives of hydro-
carbons when obtained by the process par-
ticularly described and ascertained.

Dated this 18th day of May, 1938.
J. Y. & G. W. JOHNSON,
47 Lincoln’s Inn Fields, London, W .C.2,
Agents.
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