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The present invention relates to the production of hy-
drocarbons containing more than two carbon atoms in the molec—
ule, in particular liguid and ordinarily solid hydrocserbons, and
of liquid or solid oxygen-containing derivatives of hydrocarbons,
such as methamol or higher alcohols, for example isocbutyl alcohol,
or ketones, aldehydes, organic acids and the like, from oxides
of cerbon, in particular carbon monoxide, and hydrogen.

1t has already bYeen proposed to prepare products con-

taining the said hydrocarbons cr oxygen-containing derivatives
thereof from the oxides of carbon, in particuler carbon monoxide,
by means of hydrogen by heating these gases to suitable elevated
temperatures, and while using catalysts, in a suitable oil, in
particular in a liquid medium which consists of the liquid pro-
ducts obtained by the reaction of an amount of the same kind of
initial gases which have previously been treated under the same
or similar conditions, the said liquid medium being hereinefter
referred to for the sake of brevity as the proper oil.

We have now found that the said reaction in the proper
cil proceeds especially advantageously when the initial gas mixt-
ure containg more carbon monoxide than free hydrogen (measured
by volume).

It has been proposed to use for the said reaction which
hitherto usually has been carried out in the absence of a ligquid

medium gas mixtures of carbon monoxide and hydrogen in the ratio
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of from about 1l:2 te 2:1. When working on a technical scale, how-

ever, only gas mixtures rich in hydrogen, in perticular those

conteining carbon monoxide and hydrogen in the ratio of 1:2,

have been actuslly used because when using a higher carbon monox-

ide content in the usual processes, the activity of the catalystis

is impaired by the deposition of carbon black and conseyuently

the reaction must be interrupted. Since many industrially import-

ant processes for the production of gaées, such as the preparation

of watergas, power gas or producer gas, yield gases containing as
* mach carbon monoxide as, or more carbon monoxide than, hydrogen,
a part of the ¢arbon monoxide must be converted to hydrogen in a
special process in order to obtain the desired composition of the
initiel materials.

"We have found thet when carrying out the reaction in the
proper oll an initimsl gee containing wmore carbon monoxide than
hydrogen the aforementioned drawbacks are not observed and, there-
fore, it is no longer necessary to convert a large portion of the
cerbon monoxide in industrial gages rich in carbon monoxide into
hydrogen.

Gas mixtures containing from 45 to 30 parts by volume of
hydrogen to from 55 to 70 parts by volume of carbon monoxide
may be employed.

The liquid medium is led in a cycie and this may be done
in the same direction as the remcting gases have or in counter-
current thereto. It is advantageous to use as the proper oil one
which contaeins considerabls amounts (as for example more than 5
per cent) of constituents which are gaseous or vaporous under the
temperature and pfessure conditions used, i.e. which boll below

the reaction temperature at the pressure used. Since this temper-
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ature ig prreferably between 200° and 42000 the said gaseous or
vaporous constituents consist at least to a large extent of those
boiling within the boiling range of benzines.

The reaction may be carried ocut at atmospheric or
increased pressure, as for exsmple at 5, 20, 50, 100 to 300
atmospheres or more.

As catalysts there may be used all substances which
accelerate in known manner the desired conversion into hydrocar-
bons and thelr oxygen-containing derivatives, in particular those
which cause the reaction to proceed according to the equation:-

B0 + 2ty = (0Rg)y + 200,
aa for example catalysts~as aﬁ %gggntial congtituent.

It has been found that by using highly active iron
cetalysts, the process according to the present iavention renders
possible a working free from objection and without troublesome
deposition of carbon also under increased préssure even
with a high throughput of gases rich in carbon monoxide. I'he new
proceas also has the advantage that the yield of valuable hydro-
carbong can be incressed to a surprisingly high degree so that
even the maximum yields hitherto obtainable only on a smaller

with cobalt catalysts

scale”*can be attained or even exceeded on & large scale with
iron catalysts. The process may be carried out with advantage

in two or more consecutive stages. For example the reaction of
half of the mixture of carbon monoxide and hydrogen may be ef-
fected in the first stage, the remaining reaction being carried
out in the second stage, if desired after previous washing out of
the carbon dioxide formed. Instead of carrying out the process
in two stages, the residual gas (resulting after the removal of

liguid products and carbon dioxide) may also be returned in a
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cycle to the first stage. Since in the present process”side-
remotions are avoided to a far-reaching extent the initial gas
can be so rich in carbon monoxide that in the residual gas the
components carbon monoxide and hydrogen are present in an unchang-
ed ratio and, in addition to the cardon dioxide formed, only small
amounts of gasecus substances not participating in the reactionm,
such as methane, occur, the composition of the circulating gas
after removal of the carbon dioxide has not undergone any appre-
ciable change as compared with the initial gas by the reaction.

It has been found that by working according to this in-
vention while meintaining suitable conditions, not only can depos-
ition of carbon be avoided but also the formation of water can be
practically avoided, whereas according to the processes hithexto
usual, in particnlar when it is desired to obtain industrially
useful throughguts, considerable amounts of water are formed.

The following Example will further illustrate how the
said invention may be carried out in practice, but the invention
is not restricted to this Exemple. The parts are by volume.

Exampl e.

A mixture of 1 kilogram of iron powder, 25 grams of
gilicon powder, 25 grams of titanium dioxide, 50 grams of potas-
sium permanganate and 50 grams of water is fused in a current.of
oxygen, whereby the iron is converted into ferrosoferric oxide.
The resulting melt, after cooling, is broken into pieces having
o dismeter of from about 6 to 8 millimeters and treated for 48
nours with hydrogen at 650° . There then follows a further treat-
ment for 36 hours with hydrogen at 500°C}nder & presgure of T5

atmospheres. The catalyst thus obtained is charged into a vertical
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high-pressure tube of 45 millimeters internal diasmeter and 0.8
meter in helght in layers of about 1.5 centimeters in thickness
at distances of 3 centimeters. Ihe high-pressure tube is then
charged with an oil boiling between about 50° and more than 300°C
which has been obtained by a previous resction according to the
process hereinafter described.

0.13 cubic meter per hour of a gas containing 57 parts
of carbon monoxide, 41 parts of hydrogen end 2 perts of nitrogen
is led upwards through the tube which is heated to a temperéture
of 340%and is kept under a pressure of 100 atmospheres. The gas
flows through the tube and leaves it through a reflux coﬁdenser
arran ged vertically above the same. The oil formed in the tube
and originally added is kept in the tube by the reflux condenser,

en amount corresponding to the amount of oil formed being with-

drawn.
The residual gas leaving the tube has the following
composition:-
19.9 psr cent by volume of 002
1.2 0" " " " v gneeous olefinlc hydro-
carbons
3 7 . 3 f H n " (] C O
33 - 9 L] 1t " "t " H2
4.5 " " " " v gaseous paraffin hydro-
. carbons
.2 " " " " " nitrogen.

0,76 cubic meter of residual gas leaves the tube for each cubic
meter of initial gas led in. In a single passage, 44 per cvent of
the carbon monoxide and hydrogen are therefore brought into re-
gotion. For each cublc meter of the mixturs of carbon monoxide
and hydrogen reachted there are formed 114 grame of oil, 33 groms

of readily volatile nydrocarbons (propylene, butylene, penvene,
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propsne and butane), 45 grams of gaseous hydrocarbons (methane,
ethane and ethylene) and 650 grams of carbon dioxide. 39 per cent
of the oil boil up to 100°U, 18 per cent between 100° and 15000,
13 per cent between 150o and 200°C, T per cent between 200° and
25000, 4 per cent between 250° and 300°% and 19 per cent above
300%,

The seid yield is maintained during gperation for six
months without any subsiding of the activity of the catalyst or

any troublesome deposition of carbon.
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1. A process for the catalytic conversion of carbon
monoxlde with hydrogen into hydroecarbons contalning more than
two carbon atoms in the molecule which comprises operating in
the liguid phase established by a liguid medium c0nsistiﬁg
of olly products produced in a preceding operation of the same
type and employing a gas mixture containing by volume more

carbon monoxide than hydrogen.

2. In the process as 'claimed in claim 1, starting
from a gas mixture contalning from 55 to 70 parts of carbon

monoxide to from 45 to 30 parts of hydrogen.

3. 1In the process as claimed in claim 1, working
at a temperature between 200° and 420°C. and in the presence
of a proper oil containing more than 5 per cent of con-
stituents which are uncondensed under the conditions of

working.

4. A process of producing liquid hydrocarbons
which consists in passing a mixture essentially containing
hydrogen and carbon monoxide with a larger volume of the
latter over an iron-containing catalyst in contact with the
liquid phase established by an olly product inittlally
obtained by a preceding reduction of carbon monoxide and
removing condensable components and carbon dioxide from
the reaction gases, and contacting the iron catalyst
with the liauefied condensable components in continuing

the operation.






