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The present invention relates to the conversion of carbon
monoxide and hydrogeﬁ into hydrocarbons containing more than one
carbon atom in the molecule,

It is already known that the conversion of carbon monoxide with
hydrogen into liquid, solid and/or gaseocus hydrocarbons containing
more than one carbon atom in the molecule, may be carried out in the
pressnce of catalysts consisting of or containing iron. Several
mefhods ﬁave already been proposed for the preparation of these cata.
lysts; for exsmple, iron hydroxide has been precipitated from solut-
.ions of iron a&lts and subseqguently been reduced by & treatment with
reducing gases, such as hydrogen, at such high temperatures above
500°C and for such a long time that a sintering occurred, or iron
‘powder obtained by decomposition of iron carbonyl, has been converted
into a solid porous mass by sintering. The said catalydts comprising
iron have further been prepared by combustion of iron in a stream of
oxygen and subsequent reduction of the molten ferrosoferric oxide thus
obtained.

In the following the expression “compact iron" will be used and
this means non-porous iron in the form of'pieces of which two dimen-

.sions are at least 2 and 1 millimeter respectively.

We have now found that the aforesaid conversion of carbon mon-
oxide with hydrogen may be carried out with particular advantage in
the presence of iron catalysts, prepared by treating compact iron with
oxidising.gases{ preferadly in the presence of steam, at such a kigh
temperature and for such a long time that the iron becoﬁes practically
completely oxidised, but without melting of the iron or of the iwon
-oxide formed, and subsequently reducing the said iron oxide to metal

by treatment with reducing gases.
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According to the process of the present invention catalysts
are prepared from very cheap and readily available iron materials,
&g any suitable compact iron'may be employed. Compact iron having
two dimensions of more than about 5 millimeters and & third one of
more than 0.1 millimeter is a preferred initial material. Advan-

~tageously sheet iron, for example, in the form of Raaschig rings, or
other hplidw objects, is used. The compacﬁiron treated may in part

-already be present in the form of oxides.

The said treatment with oxidising gases, for example a&ir, may
be carried out within a wide range of temperatures below the melting
point of iron, for example betwsen 400° and 1200°C, preferably
between 7009 and 900°C, and is continued until the iron is substan.

tially completely converted into iron oxide.

The said treatment with reducing gases may be carried out at
any temperature suitable for the reduction of iron oxide. Preferably

a tembarature of avout 500°C or more is used. In order to increase

. the mechanical strength of the catalyst, the said treatment with

reducing gases may after the reduction of the iron oxide be conti~
nﬁed until sintéring sets in at the same or a higher temperature

below the melting point‘qf,iron, for examplé, Between about 600¢ and
-1000°C, or the said reduction may also be carried out at the said
‘higher temperatures,“

Duri#g the said treatments with oxidising gases anad with reduoing

~gases the original shape of the compact iron objects remains subatan-
tially‘unehanged.
_ . It has also proved very advantageous to comminute the oxide

prepared by the treatment with oxidising gases, preferdbly by grinding
it tﬁ.a powder, then making it into shaped bodies, for exémple'into

.pills, and subsequently subjecting the shaped bodies to a reducing
. ]

-
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treatment. This treatment is especially suitable for the regener.
ation of used iron catalysta.

Also the catalysts prepared without comminuting the oxides
‘may be prepared in various shapes\sinoe the initial compact iron
ﬁay‘be shaped in any desired manner,
_ . The catalysts according to the preasent invention, in particular
thoge prepared from compact iron consisting of hollow objectas as
stated above, are very suitable if high rates of flow of tﬁe gases
are employed in the said conversion of carbon monoxide with hydrogen,
as‘they cause only.a siight registance to the flow of the gases, so
that no undesired high difference in preasure at the inlet and out-
let of the catalyst space occurs. Therefore the said catalyets may,
for example, advantageously be employed when converting carbon men-~
‘oxide with hydrogen asccording to the process deseribed in the copen=-

ding application Ser.No. 464 156, filed June 1, 1939.

The wsetivity of the sald catalysts may be increased by additions
of alkali metal compounds, for example, halides, phosphates or borates
. éf potassium, .sodium, lithiuvm or cesium, for example, in ambunts of
about 0.1 to 10 per cent by weight or more. The said‘compounds‘may
be ddded to the cetalysts in a dry state during or after the said
treatment with reducing éases or:as aqueous solutions before or after
'thé sald treatment. The activity of the catalyéts may further be in-
creased by the addition of .other substances beside the éaid alkali
metal compounds, for example aluminum.oxide, aluminum hydroxide,
silicon dioxide and the like, and/or compounds (in pérticular oxides,
or also carbonates, hydroxides or halides) of copper, titanium, man-
ganese, tungsten, molybdenum, chromium, thorium, cerium, zirconium
orlother rare earths, These subsfances are usugally employed in

amounts varying from fractions of one per cent up to several per cent.
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48 initial materials for the said conversion of carbon monoxide
with hydrogen gas mixtures mey be employed, which contain the said
gases in approximately equal volumetric amounts, However, the said
mixtures ﬁay also contain censiderably larger proportions of carbon
monoxide or of hydrogen. Furthermore the said gas mixtures H8Y C ok
tain diluent gases, such as nitrogen, carbon dioxlide, methane and the
1like, If desired, edditional amounts of carbon monoxids and/or hydro-
gen may be added during the said conversion.

| The sald conversion of carbon monoxide'with hydrogen may be
carried out in the gaseous phase or in the liquid phase. When working .
in the gaseous phase the said conversion is preferably carried out
with circulating gases, for example as described in the satid specific.
afion. Ser.No. 464 156, When carrying out the suid conversion in the
liguid phasé, guitable liquid or fusible hydrocarbons are smployed as
the liquid medium, such as for example mineral oils or fractions
thereof tar oils, puraffln wax, products obtained by destructive
hydrogenation of carbonasceous materials, and the like, Advantageoﬁsly
0ils obtained by the conversion of carbon monoxide with hydrogen are
emplo&ed a3 the liquid medium, suitaﬁly 0ils obtained in a previous
‘conversion under suﬁstantially the same conditions are used,

‘The said conversion of carbon monoxide with hydrogen may bne
carfied out at any suitable tempesrature, prefarably at & temperature
within the range of about 180° to about 450°C, and under reduced
presauze, atmospheric pressure or higher pressures, for example of 5,
10y 20, 50 100 atmospheres or more,

 The following Examples will further illuatrate in what manner the
prasent invention mey be carried out in practice, but it should be

understood thet the invention i® not limited to the said Exumples,

-4-
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Bxample 1,

Raschig rings having a dismeter of 10 millimeters, made of
sheet iron of a thickness of 1,5.millimeters, are treated with aip
at 700°C until the iron is completely oxidised, Thereupon the rings
are reduced by means of hydrogen at 600°C and gubgequently meoistened

with a selutlon of borax in such a manner that the prepared cata-

- lyst containg 1 per cent by weight of borax, and dried. Water gas

containing carbon monoxide and hydrogen in volumetric ratio of 415,
is passed over this catalyst at a temperature of 320°C and under a
presgure of 20 atmospheres, in a cireulation process as described
in ‘the smid specification Ser.No. 464 156 , whereby 80 per cent by
volume of the water gus is converied into hydrocarbons substantially
boiling within the boilling range of benzine.

Example 2.

Pleces of iron are completely ondixised with air in the presence
of steam at & temperature of 750°C and then ground so finely in a
.bal; mill that the ground mass passes through a sieve havingIIOOOO
meshes per square centimeter. The fine dust of the iron oxide is
then moistened with a borax solution oontalnlng 1/2% of borax WJTh
_ reference to the amount of iron employed; and then pressed t6 pills
-whlch are subsequently reduced with hydrogen at 600°C and then kept
for 6 hours in an atmosphere of hydrogen at 85050, whereby sintering
oceours, '

The cataljst so obtained 13 employed in the same manner us
deaorlbpd in Example 1 for +ha cataayt;c praparation of hydrocarbons
from m;xtures of carbon monoxide with hydrogen.

The said manner of preparation is especially su1table for the

reganeratlon of used iron- catalystaq
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What we claim 1s @

1. A process for the conversion of carbon monoxide with hydrogen
into hydroearbons containing morerthan one carbon atom in the molecule
whioh comprises operating in the presence of a catalyst prepa%ed by
treating compact iron with an oxidising gas at such & high temper-
ature and for such a long time that the iron becomes practically com-
pletély oxidised,‘buﬁ'without melting oflthe iron or of the iron
oxide formed,,and subsequently reduecing the_iron oxide formed- to

‘metal by treatment with a reducing gas. ' _ 8

2. In the process as claimed in claim 1, preparing the catalyat
conpact
from*iron, having two dimensions of more than 5 millimeters and a

third one of more than 0.1 millimeter.

3. In the process as claimed in claim 1, preparing'the catalyst
from sheet iron, which is in the form of Rasthig rings or other

hollow objects.

4. In the process as claimed in claim 1, treating the compact

iron with an oxidising gas at a temperature between 700° and 900°C."

5. . In the process as claimed in claim,l, reducing the oxide,
cbhbtained from the éompact iron, by treatment with a reducing gms at

a temperature of at least 500°C,

6. In the process as claimed in ¢laim 1, continuing the treatment
~with the reducing gas, after the reduction of the iron oxide, at the
. : a - : . :

game or+higher temperature below the melting point of iron wmtil

gintering sets in,

7. In the process as claimed in claim 1 treating the compact iron.
with an oxidising gas, eomminuting the resulting iron oxide to a fine

powdef, Bubsequentiy pressing the powder to pills and subjecting

B
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these pills to a treutment with & reducing gas at a temperature of
at least 500°C, but below the melting point of iron, until sintering

gsets in.

8. In the process as claimed in claim 1, regenerating a used
iron catalyst by treaiment with an oxidising gas, comminuting the
regulting oxide to a fine powder, subsequently pressing the powder
to pille and subjecting these pills to & treatment with a reducing
gan at a tempefature of at least 500°C, but below the melting point

of iron, until sintering sets in.





