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COMPLETE SPECIFICATION

Process for the Production of Hydrocarbons by Conversion of Carbon
Moneoxide with Hydrogen

I, Harorp Epwix Porrs, Chartered
Patent Agent, of 12, Church Street,
Liverpool, in the County of Lancaster,
subject of the King of Great Britain, do
hereby declare the nature of this inven-
tion which has been communicated to me
by N. V. Internationale Koolwaterstoffen
Synthese Maatschappij (International
Hydrocarbon Synthesis Company), of
20, Wassenuarscheweg, The Hague,
Holland, a Dutch Company), and in
what manner the same is to be performed,
to  be particularly  deseribed and
ascertained in and by the following
statement : —

The present invention relates to a
process for the produetion of hydro-
carbons with more than one carbon atom
in the molecule by conversion of carbon
monoxide with hydrogen. The methods
according to which this process has
hitherto usually been carried out in
practice can be classified into two types
of operation which differ in wseveral
respects. The said conversion can be
carried out firstly as a high pressure pro-
cess by employing pressures of more than
about 20 atmospheres, preferably more
than 50 atmospheres, say 70 or 100

atmospheres and secondly as a low
pressure process, wherein pressures of
less than about 20  atmospheres,

preferably less than 15 atmospheres, say
10, 5 or 2 atmospheres or atmospheric
pressure or thereabout are employed. In
the said high pressure process as well as
in the low pressure process catalysts, the
active substance of which is a metal of
the iron group, are usually employed.
However, whereas for the high pressure
process iron is preferred, the low pressure
process is preferably carried out in the
presence of cobalt catalysts, although the
cobalt catalysts may also advantageously
he employed when working under
pressures above 200 atmospheres. A
further difference is that, with the high
pressure process, which is-usually carried
out at relatively high temperatures of
for example 300 to 350° Centigrade, the
catalysts, containing the active iron in
the
pound, ecan - be

[Price 1[-]

reduced - without

form of an easily reducible - com- -

difficulty in the reaction chamber itself.

The reduction temperatures for the
catalysts hitherto employed for the low
pressure process lie between 350° and
450° Centigrade and they are therefore
considerably higher than the tempera-
tures actually employed for the con-
version of carbon monoxide with
hydrogen which is carried -out between
180° and 230° Centigrade. In as much,
on, account of the strong evolution of heat
during the synthesis reaction and further
on account of the necessity to maintain
the reaction temperature within narrow
limits, specially designed reaction
chambers are employed which for
example are traversed by a plurality of
cooling tubes, and which would not stand
up to the high f{emperature stresses
occurring during the reduction of the
catalysts, it is not possible to carry out
both the reduction and the synthesis
reaction in the same apparatus,

So far the catalysts for the low
pressure process have therefore been
reduced in a special reduction apparatus
and subsequently the reaction vessels
have been charged with the reduced
catalyst -whereby, in view of its pyro-
phoric character, care has to be taken to
protect the catalyst against contact with
air, for example by keeping the eatalyst
in an atmosphere of carbon dioxide or
stspending 1t in oils

In order to avoid this complicated
procedure, ‘it has already been proposed
to add copper or copper compounds to the
cobalt catalysts. Thereby the reduction
of the catalysts in the neighbourhood of
the temperature of the conversion
reaction or only slightly above the latter
femperature was achieved, so that the
reduction procedure might be carried out
in the reaction chamber itself, However,
the activity of these -cobalt - copper
catalysts and the time during which they
retain their activity are inferior to those
of -the catalysts which contain no copper.

Tt has also been proposed to-converf
mixtures of carbon monoxide and
hydrogen to hydrocarbons by heating the
same at an elevated temperature and at
pressures varying from 1 to 1000
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atmospheres in the presence of catalysts
containing metals of the VIIIth group of
the periodic eclassification including
coball together with alkali metal com-
6 pounds and an addition of small
quantities of sulphur in the free or com-
bined state, which catalysts mayv also
contain other substances such as copper,
silver, gold, cadmium and the like and
10 which catalysts may when carrying out
the conversion process at low temperu-
tures and elevated pressures of 50
atmospheres, also be reduced in the con-
version reaction vessel prior to the
16 introduction of the conversion mixture.

My foreign correspondents have now
found that the said process for the pro-
duction of bhydrocarbons containing more
than 2 carbon atoms from mistures of

20 carbon monoxide and hydrogen. can
advantageously be carried out with
catalysts which econtain cobalt together
with™ from 0.2% to 8% by weight
(calculated with reference to cobalt) of

25 silver as such or in the form of a com-
pound and which have previously heen
subjected to a treatment with reducing
gases in the reaction vessel for the con-
version at a temperature not exceeding

30 250° €. The wsaid catalysts verv
surprisingly do not show the disadvan-
tage of inferior activity and life inherent
to the said cobalt-copper catalysts,

The said treatment with reducing

35 gases may be carried out with hydrogen
or gases containing hvdrogen. Advan-
tageously the mixture of hydrogen and
carbon monoxide which is to be converted
into hydrocarbons mav be emploved for

40 this purpose, The temperature employed
in the said reducing treatment may be
within the range which is maintained in
the low pressure conversion process, or
at a slightly higher temperature, for

45 example up to 260° C,

The relatively Tlow  temperature
employed for the reduction of the
catalyst which, as stated, may con-
veniently lie within the range of the

50 reaction temperatures employed in the
low pressure conversion process or
slightly thereabove makes these catalysts
particularly suitable for use in the low
pressure conversion process operating at

55 pressures below 20 atmospheres since they
can be reduced with perfect safetv in the
conversion reaction chamber.

The silver mav be added in the
preparation of the catalysts according fo

60 the present invention in the metallic
form or in the form of a silver compound
or of a solution of a silver compound,
from which the silver may be
precipitated. :

66 A further advantageous way for the

production of the catalyst is to precipi-
tate the cobult and the silver together
from mixed solutions of their compounds,
for example by an addition of potassium
carbonate.

The catalyst according to the jresent
invention may ulso contain further con-
stituents, such as iron and:or niekel and
also promoters such as the oxides of
thorium or magnesium, or mixtures
thereof, may be added to the catalysts,
for example in the form of easily
decomposable compounds, sueh as the
nitrates, or solutions thereof, hefore or
after or simultaneously with the addition
of the silver. Turthermore the pro-
duction of the catalysts mayv be carried
out in the presence of carriers, for
example, diatomaceous earth and the
like,

The following Examples will further
illustrate the nature of the present inven-
tion and in what manner the same can
be carried out in practice, but it should
be understood that the invention is not
limited to said Examples. The
percentages ure hy weight,

Fxavrene [

A potassium carbonate  <olution  is
gradually added at room temperature
while stirring during several hours to an
aqueous solution of cobalt nitrate and
silver nitrate, to which diatomaceous
earth had been added. The precipitate
obtained is filtered, washed and dried at
110° Centigrade. The dried precipitate
containg about 31 per cent, of cobalt and
2 per cent. of silver.

The catalyst is prepared from the dried
precipitate by a reducing treatment with
hydrogen at 220° Centigrade, carried out
in a veaction vessel suitable for the con-
version of carbon menoxide into hydro-
carbons according to the low pressure
process.  Subsequently a mixture of
carbon monoxide and hydrogen is passed
through the said reaction vessel under
normal pressure and at a temperature of
190° Centigrade. Thereby 115 grams of
liquid and solid hydocarbons are obtained
per normal cubic metre of the
carbon  monoxide—hydrogen—mixsture
employed.  When working under a
pressure of 12 atmospheres, the vield
amounts to 135 grams, containing 100
grams of paraffinic hydrocarbons having
a boiling point above 320° Centigrade.

Exavery 2,

A catalyst consisting of 30 per cent. of
cobalt, 5.4 per cent. of thorium oxide and
2 per eent, of silver. the remaining part
being diatomaceous earth, is produced in
the same way as set out in Example 1.
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After the addition of the potassium
carbonate solution the solution is, how-
ever, boiled for a short time. After
reduction with hydrogen at 220° Centi-
grade in the reaction vessel, a mixture
of carbon monoxide and hydrogen 1is
passed over the catalyst at about 190°
Centigrade and under mormal pressure,
whereby a yield of 120 grams of hydro-
carbons per normal cubic metre of the
carbon monoxide—hydrogen—mixture is
obtained.

Having now particularly described and
ascertained the nature of the said inven-

5 tion and in what manner the same is to

be performed, as communicated to me by
my foreign correspondents, I declare
that what I claim is:—

1. A process for the production of
hydrocarbons with more than one carbon
atom in the molecule by catalytic con-
version of carbon monoxide with
hydrogen, which comprises employving
catalysts which contain cobalt together
with from 0.2 to 8% by weight,
calculated with reference to the cobalt, of
silver as such or in the form of a com-
pound, and which have previously been
subjected to a treatment with reducing
gases in the reaction vessel for the con-
version at a temperature not exceed-
ing 250° C.

2. A process as claimed in eclaim 1,

which comprises working under pressures
of less than 20 atmospheres,

3. A process as claimed in any of
claims 1 and 2, in which the said treat-
ment with reducing gases is carried out
with hydrogen or gases containing
hydrogen,

4, A process as claimed in any of
claims 1 to 3, in which the said treat-
ment with reducing gases is carried out
with the carbon monoxide—hydrogen—
mixture as used in the conversion.

5. A process as claimed in any of
claims 1 to 4, which comprises carrying
out the conversion process at tempera-
tures within the range of 180° to 230°
Centigrade.

6. A process as claimed in any of
claims 1 to 5, which comprises carrying
out the said treatment with reducing
gases at temperatures wup to 250°
Centigrade.

A process for the production of
hydrocarbons with more than one carbon
atom in the molecule, substantially as
desecribed in the foregoing Examples,

8. Hydrocarbons whenever obtained in
the process as claimed in any of the pre-
ceding claiming clauses,

Dated this 6th day of February, 1940.

W. P, THOMPSON & Co.,

12, Church Street Liverpool, 1,
Chartered Patent Agents.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1941.
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