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7 Claims.

The present invention relates to the conversion
of carbon monoxide and hydrogen into hydrocar-
bons containing more than one carbon atom in
the molecule.

It is already known that the conversion of car-
‘bon, monoxide . with hydrogen into liquid, solid
and/or gaseous hydrocarbons containing more
than one carbon atom in the molecule, may be
carried out in the presence of catalysts consist-
ing of or containing iron. Several methods have
already been proposed for the preparation of
these catalysts; for example, iron hydroxide has
been precipitated from solutions of iron salts and
subsequently been reduced by a trestment with
reducing gases, such as hydrogen, at stich 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 sin-
tering. The said catalysts comprising Iron have
Turther been prepared by combustion of iron in
a stream of oxXygen 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 pleces of which two dimensions are
at least 3 and 1 millimeter respectively.

We have now found that the aforesaid conver-
sion of carbon menoxide with hydrogen may be
carried out with particular advantage in the pres-
ence of Iron catalysts, prepared by treating com-
pact iron with oxidizing gases, preferably in the
pPresence of steam, at such a high temperature
and for such a long time that the iron becomes
practically eompletely oxidised, but without melt-
ing of the iron or of the iron oxide formed, and
subsequently reducing the said iron oxide to metal
" by treatment with reducing gases. ,

According to the process of the present inven-
tion catalysts are prepared from very cheap and
readily available iron materials, as any suitable
compact iron may be employed. Compsact jron
having two dimensions of more than about 5
millimeters and a third one of more than 0.1
millimeter is a preferred initial materfal, Ad-

vantegeously sheet iron, for example, in the form

of Raschig rings, or other hollow objects, is used,
The compact iron treasted may in part already be
present in the form of oxides.

The said treatinent with oxidising gases, for
example alr, may be carried out within a wide
range of temperatilres below the melting point of
iron, for example between 400° and 1200°.C., pref-
erably between 700° and 800° C., and is contlnued

until the iron is substantially completely convert- 3

ed into iron oxide.

The said treatment with reducing gases may he
carried out at any temperature suitable for the
reduction of Iron oxide. Preferably a tempera-
ture of about 500° C. or more is used. In order
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to increase the mechanical strength of the cat-
glyst, the sald treatment with reducing gases may
atter the reduction of the iron oxide be continued
until sintering sets in at the same or a higher
temperaiure below the melting point of iron, for
example, between ahout 600° and 1000° C., or the
said reduction may also be carried out at the satd
higher temperatures.

‘During the said treatments with oxidising gases
and with reducing gases the original shape of the
compact iron objects remains substantially un-
changed.

It has also proved very advantageous to com-
minute the oxide perpared by the treatment with
oxidising gases, preferably by grinding tt to a
powder, then making it Into shaped bodies, for
example into pills, and subsequently subfecting
the shaped bodies to & reducing treetment. This
treatment is especially sultable for the regenera-
tion of used iron catalysts,

Also the catalysts prepared without comminut-
ing the oxides may he prepared In various shapes
since the initial compact iron may be shaped in
any desired manner,

‘The catalysts according to the present inven-
tion, in particular those prepared from compact
iron consisting of hollow objects as stated above,
are very sultable if high rates of flow of the gases
are employed in the said conversion of carban
monoxide with hydrogen, as they cause only =z
slight resistance to the flow of the gases, so that
no undesired high difference in pressure at the
inlet and outlet of the catalyst space occurs.
Therefore the said catalysts may, for example,
advantageously be employed when converting
carbon monoxide with hydrogen according to the

* process described in the copending application
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Ser. No. 277,630, flled June 6, 1939, now U. 8,
Patent No. 2,279,062, dated April 7, 1942, -

The activity of the said catalysts may be In-
creased by additions of alkali metal compounds,
for example, halides, phosphates or borates of po-
tassium, sodium, Mihium or ceslum, for example,
in amounts of about 0.1 to 10 per cent by weight
The sald compounds may be added to
the catalysts in a dry state during or after the
said treatment with reducing gases or as agueocus
solutions before or after the said treatment. The
activity of the catalysis may further be increased
by the addition of other substances beside the
said alkali metal compounds, for example alumi-
num oxide, aluminum hydroxide, silicon dioxide
and the like, and/or compounds (in particular ox-
ides, or also carbonates, hydroxides or halides)
of cobper, titanjum, manganese, tungsten, molyb-
denum, chromium, thorium, cerium, zirconium
or other rare earths. These substances are usual-
ly employed in amounts varying from fractions of
one per cent up to several per cent,

As initia] matertals for the said converston of




carbon monoxide with hydrogen gas mixtures may
be employed, which contain the sald gases in ap-
proximately equal volumetric amounts. However,
the sald mixtures may also contaln considerably
larger proportions of carbon monoxide or of hy-
drogen. Furthermore the said gas mixtures may
contain diluent gases, such as nitrogen, carbon
dioxide, methane end the like. If desired, addi-
tional amounts of carbon monoxide and/or hydro-
gen may be added during the seid conversion.

The sald conversion of carbon monoxide with
hydrogen may be carried out in the gaseous phase
or in the liquid phrase. When working in
the gaseolis phase the sald conversion is prefer-
ably carried out with circulating gases, for ex-
ample as described In the satd U. 8. Patent No,
2,270,052, When carry'ng out the said con-
version in the liquid phase, suitable Hquid or
fusible hydroearbons are employed as the lig-
uld medium, such as for example minera] olls or
fractions thereof, tar olls, parafin wax, products
obtained by destructlve hydrogenation of carbo.
naceous materials, and the like. Advantageously
ofls obtained by the conversion of carbon mon-
oxide with hydrogen are employed as the liquid
medium, sultably ofls obtained in a previous con-
version under substantinlly the same conditions
are used, ‘ :

The sald conversion of carbon monoxide with
hydrogen may be carried out at any suitable tem-
perature, preferably at a temperature within the
range of about 180° to about 450* C., and under
reduced pressure, atmospheric pressure or higher
pressures, for example of 5, 10, 20, 50, 100 atmos-
pheres or more. .

‘The following examples will further $lustrate in
what manner the present invention may be car-
ried out in practice, but it should be understood
that the invention is not Hmited to the said ex-
amples,

Example 1

Raschig rings having a diameter of 10 milii-
meters, made of sheet iron of a thickness of 1.5
millimeters, are trested with air at 700° C. until
the iron is completely oxidised. Thereupon the
rings are reduced by means of hydrogen at 600° C.
and subsequently moistened with a solution of
borax in such a manner that the prepared cata.
lyst contains 1 per cent by welght of borax, and
dried. Water gas containing carbon monoxide
and hydrogen in volumetric ratio of 4:5, is passed
over this catalyst at a temperature of 320° . and
under a pressure of 2¢ atmospheres, in a cireula.
tion process as described in the sald U. 8. Pat-
ent No, 2,279,052, whereby 80 per cent by volume
of the water gas I8 converted Into hydrocarbons
substantially bolling within the boiling range of
‘benzine.

. Example 2

Pleces of iron are completely oxidised with air
in the presence of steam at s temperature of
T50° C. and then ground so finely in a ball mill
that the ground mass passes through a sieve hav-
- Ing 10,000 meshes per square centimeter. The
fine dust of the iron oxide is then moistened with
& borax solution containing %% of horax with
.reference to the amount of {ron employed, and
then preszed-to pills which are subsequently re-
duced with hydrogen at 600° C. and then kept for
8 hours In an atmosphere of hydrogen at §50° C.,
whereby sintering occurs, i

2,365,004

The catalyst so obtained is employed in the
same manner as described in Example 1 for the
catalytic preparation of hydrocarbons from mix-
tures of carbon monoxide with hydrogen,

The seid manner of preparation is especially
suitable for the regeneration of used iron cata-

Iyats,
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‘What we claim 18

1, A process for the conversion of carbon mon-
oxide with hydrogen Into hydrocarbons contain-
Ing more than one carbon atom in the molecuie
Which comprises- operating in the presencc of a

'catalyst prepared by treating compact iron bodies

with an oxidising gas at such s high temperature
and for such a long time that the iron becomes
practically completely oxidised, but without melt-
ing of the iron or of the iron oxide formed, gnd
subsequently reducing the iron oxide formed to
metal by treatment with a reducing gas, said
freatments with oxidising and reducing gases be-
ing carrfed out without substantially changing the
original shape of the compact Iron hodles,

2. In the process as claimed in claim 1, pre-
paring the catalyst from compact iron bodies,
having two qlmenaions of more than § millimeters
and & third one of more than 0.1 millimeter,

3. In the process as clalmed in claim 1, pre-
paring the catalyst from sheet iron bodles in the
form of Raschig rings.

4. In the process as claimed In clafm 1, treat-
ing the compact iron bodies with an oxidiging gas
et a temperature between 700* and p00® C.

b. In the procesa as claimed in claim 1, reduc.
ing the oxide, obtained from the compact iron
bodies, by treatment with a reducing gas at a
temperature of at least 500° C.

6. In the process as claimed in clalm 2, con-
tinuing the treatment with the reducing gas, after
the reduction of the iron oxide, at s temperature
below the melting point of iron until sintering
sets in,

T. A process for the conversion of carbon mon-
oxide with hydrogen into hydrocarbons contain-
ing more then one carbon atom in the molecule
which comprises operating in the presence of a
catalyst prepared by treating compact iron bodies
with an oxidising gas at such a high tempera-
ture and for such a long time that the iron be-
comes practically completely oxidised, but with.
out melting of the iron or of the iron oxide
formed, subsequently reducing the iron oxide
formed to metal by treatment with a reducing
gas, said treatments with oxidising and reducing
gases being carrled out without substantially

5 changing the original shape of the compact Iron

bodies, coniaining the converston of carbon
monoxide with hydrogen unti] the catalyst be-
comes deactivated, thereafter treating the cata-
lyst with an oxidising gas at such a high tem-
perature and for auch a long time that the iron
becomes practically and completely oxidised, but
without melting of the {ron and fron oxida
formed, comminuting the oxide resulting from
the latter oxidising treatment to & fine powder,
pressing the powder into plils, subjecting the pills
to a treatment with a reducing gas at a tempera-
ture of at least 500° C. but below the melting
point of iron, untll sintering sets in and re-using
the sintered catalyst in the conversion of carbon
monoxide with hydrogen.

WILHELM MICHAEL.

ADAM BUETTNER.



CRRTIFICATE OF CORRECTION, - 3
- Patent No. 2,365,094, December 12, 194,
' WIIHEIM MICHAEL, ET AL.

It ia hereby cdrtitfied that srror appears in the printead specification
of the asbove numbered patent requiring'oorrection aa followa: Page 2, sec-
ond column, line 56, claim 7, for "containing” read --contiming--; and
that the sald Letters Patent should. be read with this correction therein
that the seme may conform to the record of the case in the Patent Office.
' Signed end sealed this 12th day of February, A. D. 1946. '

Leslie Frazer

(Seal) First Asslstent; Commlssioner of Patenta,




