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The present invention relates to the production of
gaseous, solid snd in particular liquid hydrocarbons from
sarbon monoxgde and hydrogen.

The oconverslon of carbon monoxide with hydrogen to
form the satd hydrocasrbons at elevated temperatures and in . the
presencs of catalysts, leads to & great development of heat
which offers difficulties because it can only be led away by
means of troublesome measures, while at temperatures above the
proper reaction temperature a decomposition of the carbon
monoxide into carbon dloxlde and carbon (conjointly with a
strong formation of methans) may readlly ogour, especlally
when using catalysts odntaining iron, nlockel or ocobali, and
this may readily lead to stoppsge of the plant.

We have now found that the sald difficulties are reduced
congiderably and that, contrary to expaotation, a very high,
almost theoretical yield of hydrocarbong liquid at ordinary
temporature and thelr oxygen~oontaining derivatives ard ob-
fﬁinad by providing that the gas suppllied to the reamction ocham-
ber hapg a considerable content of cne or more gaeses othsr than
carbon monoxide or hydrogen, preferably gases which have no
reduoing aotion under the working condltlions. As such accompa=
nying gases may be mentloned in particular carbon dloxide and
methane whioh may aleo be used together with other gases, as
for examﬁle nltrogen. Other gases may, however, also be used

instead of carbon dloxlide and/or methane. The amoumt of the
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accompanying goages in the gas supplied to the reaction chember
is usually more than 20 per cent and adventageously more than
40 per cent, for example up to from about B0 to 90 per cent.
The desired concentration of accompanying. g£aseS may be
meintained by leading the gas through the reaction chamber
soveral times and, after each exit, separating only the coﬁ—

gtituents which are liqﬁid at @ temperature between 0° and

way the carbon dioxide formed in the reaction, the formation of
which instead of water may be promoted by maintaining certain
conditions as regards catalyst, temperature and the like, re-
meins for the greater part in the circulating gas up to a cer-
tain concentration dependent on the separation conditions. The
unconverted gas and the accompanying gas need not be recycled
completely to the ieaction gpace. Also the recirculation of
only part of these gases is in many oases of advantage. Again,
the said gases need not be recycled te the same reaction gpace;
when operating in several spaces the gases issuing from one
space may also be supplied tolancther space. ilhen in the case
of the use of carbon dioxide as accompanying gas the conoent-
ration of the latter exoceeded, it dissolves o0 an increased
extent in the water alsc formed or is finally separated in the
liquid form, especially when working under increased pressure.
Phus with carbon dioxide a desired concentration of. the accom-
panying gas mey be maintained in a very gimple manner. Whén
there is insufficient formation of accompanying gases, such
gases may be added as such %o the circulating gas or to the

fresh gas. When the concentration of gases which are not readi-
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ly separated, such as nitrogen or methane, becomes too great,

a paxrt of the circulating gas may be branched off and freead

from the acgompanying gases.
The said process is of special advantage in the prepar-

ation of liguid hydrocarbons from mixtures of carbon monoxide

and hydrogen under increased pressure and in the presence of

catalysts containing meftals of the 8th group of the periodic

sald accompanying gases, the reaction of carbon monoxide and !
hydrogen proceeds for the most part with the Tormation of hy- i
drocarbong and carbon dioxide gecording to the eguation:-
2xC0 +.xH2 = (CHa)x + xGOa,
but water is also formed according to the equation:-
_xC0 + 2xH2 = (GHE)x + xH20.

For the reaction chambexr there may be used a simple tube
of suitable materisal in which the catalyst is distributed, vre-
ferably in thin layers . in order to allow the gas Lo pass through
easlly. The reaction chamber may be provided with & suitable
heating for initiating the reaction. Uonnected to the reaction
chamber, if desired after o heat exXchanger, is & cooler whick
cools ihe gag and also condenses the hydrocarbons liquid at
ordinary temperature and the Water and a little carbon dioxide.
An attached. gas-circulating pump conveys the gas back into the
reaction chamber,. if desired through a heat exchanger =md/or a
special heating device. The reaction temperature lies .between
150° and 500°, preferably between 200° and 400°C. Tt is ad-
vantageous to use increased pressure%pf, for example, .5, 10, 20,

50 or 100 %0 300 or 500 or more atmospheres. -
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The circulating gas leaving the reaction chamber, which
carrigs the excessof the heat of reaction with it, consists
to a great extent of carbon dioxide and alsé contains olefines,
methane and its homologues, nitrogen, steam and unchanged car-
bon monoxide and hydrogen.

A special advantageof the process according to this

the reasction chamber in addition to the circulating gas may
pave & high content of carbon monoxide, as for example from 40
%o 70 per cent, and a smaller content of hydrogen than usual , &8
for example from 60 to 30 per cent, preferably from less than
50 to 30 per cent, so that the ratio of carbon monoxide to hy-
drogen need not be 1:2 as usual. A corresponding ratio of hy-
drogen t0 carbon monoxide is also maintained in the resaction
space.

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

Examplé. The parts and percentages are by velume.
Example.

A high-pressure tube having an.internal diameter of 80
millimeters and a height of 1 meter, which is externally heated
and in which a catalyst consisting of ferrosoferric oxide with
an addition of wranium,.titenium and potassium compounds {pre-
pared by melting iron powder together with titanivm oxide,

uranyl nitrate and potassium hydroxide in the proportions by
weight of 1000:50:50:5 in a gtream of oxygen and reducing with
hydrogen =zt 400°C in the reaction chamber under a pressure of
150 atmospheres) is distributed in 30 layers, serves &8 the
reaction chamber. Behind the reaction chamber there is arranged
a coeoler and beneath this a separator for the liguid producte.
To the gas outlet of the separator there is attached a circulal-
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ing pump which returns the residual gas to the reaction chamber.

As the fresh gas there is introduced behind the circul- |
ating pump a mixture of about 3 parts of carbon monoxide and
2 parts of hydrogen containing about 0.5 per cent of nitrogen. ;
In the whole plant an increased pressure of about 100 atmosphe—i
res is maintained, the temperature in the reaction chamber is
between about 265° and 30000. The circulating gas is charged
through the reaction chamber at a speed of zbout 4 cubic me-
ters (calculated under normal conditions ) per hour.

The gas introduced ianto the reaction chamber has the
followlng composition:-

co 51.0 per cent

2 :
GnHEn 2.5 » "
¢o 22,0 " "
H2 10.0 f f
GH4 and homologues 12.0 n
Ne 3.0 1] H.

The 12 per cent of methane and homolojues consists to the
extent of about 20 per cent of homologues,.

A very high content of accompanying pases is thus main-
tained according %o this Example. The liguid products with-
drawn per day consist of 2270 cubic centimeters of oil which
according to elementary analysis contains 82.2 per cent of
carbon, 13.1 per cent of hydrogen, 0.1 per cent of nitrogen
and 4.6 per cent of oxygen. 55 per cent of the liguid product
boils between 40° and 200° and the remaining 45 per cent bet-
ween 200% and 350°G.There are also obtained 750 cubic centi~
meters of acid-rescting water cohtaining abogt 7.5 per cent of '

alcohols. In order to remove any excess of accompanying gases,
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about 1.2 cubic meters per day are withdrawn from the cireul-
ating gas. By the separation of the liguid products, carbon
dioxide dissolved therein is also removed.

#hen working in the mammer described only 140 liters or
from sbout 92 to 110 grams of methane and gaseous homologues
are formed per 2270 cubic centimeters ox 1800 grams of oil;
i.e. the formation of methane and gaseous homologues amounts
to only sbout 6 per cent of the formation of oil ox the con-
version of the mixture of carbon monoxide and hydrogen into
valuable liguid products amounts to 94 per cent. This is a
value which has never been attsined by the processes hitherto

known.
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What we olaim 183~

1. In the produotior of hydrocarbons oontaining more
than one carbon atom in the moleoule by converslion of carbon
monoxide with hydrogen at an elevated temperaturs snd in the
presence of & ocatalyst, the steps of supplyling to the re~
actlon space a mlxture of hydrogem, carbon monoxide amd inert
gas contalning lesse hydrogen than carbon monoxide and the
inert gae being in an amount of between about 20 and 90% of the
mixture.

2, In the productlion of hydrooarbons contalning more
than one cerbon atom in the moleoule by converslen of carbon
monoxide with hydrogen at a temperature between 150 and 50000,
and in the presence of a catalyst, the steps of supplyinmg to
the reaction space a mixture of hydrogen, carbon monoxide and
inert gas containing at least 4 parts by volume of oarbon
monoxide to eaoh 6 parts of hydrogen and the inert gas, essen-
tially containing ocarbon dioxide, being in an amount of be-
tween 20 and 90% of the mixture, recycling at least part of
the unconverted gas together with at 1eaat part of the sald
inert gas to the reaction spaoce,

3+ In the process as olasimed in olaim 1 employing a
gas mixture containing hydrogen and carbon monoxide in the
ratio of between less than 50 and 30 parte of hydrogen to
between more than 50 and 70 parte of carbon monoxide.

4, In the process as claimed in olgim 1 employlng
a8 inert gas a gas essentlally contsilning carbon dioxide,
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5. In the process as claimed in claim 1 employing
the inert gas in an amount of between more than 40 and 90 per
cent of the gas mixture gsupplied to the resctlon Spa0e.

§. In the process as claimed in clalm 1 converting
the oarbon monoxide with the hydrogen under a pressure above
5 atmospherss.

7. In the process as olaimed in claim 2 employing
an initisl gas mixture in which the ratic of carbon monoxide

to hydrogen is between 4:6 and 713,





