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The present inventifon is a continuation-in-part
of the invention forming the subject-matter of
my copending application Ser. No. 110,668, filed
November 13, 1836, which relates to the produe-
tion of hydrocarbons and their derjvatives Irom
mixtures of hydrogen with oxides of carbons, in
particular carbon monoxide, gend in which is
claimed the use as catalysts in the sald con-
version of subsiances obtained by treating fused
ferrosoferric oxide with reducing gases at tem-
peratures above 300° C. :

It is the development of this process, in par-
ticular by the use of catalysts, of the said type,
improved by the addition of activating sub-
stances, with which the present invention is con-
cerned.

It has already been proposed to react carbon
monoxide with hydrogen at elevated temperature
and under ordinary pressure in the presence of
iron or substances containing iron as catalysts,
whereby paraffin  hydrocarbons are mainly
formed. According to another process in which
the said initlal materials are reacted under in-
creased pressure, hydrocarbon derivatives con-
taining oxygen, in particular alcohols, or also
aldehydes, ketones, organic aclds and the like are
mainly obiained. The catalysts employed for this
process are generally speaking readily friable and
greatly sensitive to mechanical strain,

I have now found that the formation of hydro-
carbons containing more than one carbon atom
in the molecule, In particuler liquid hydrocar-
bohs, ¢or of liquid or solid oxygen-containing de-
rivatives of hydrocarbons from mixtures of car-
bon monoxide and hydrogen proceeds with very
good yields not only at atmospheric pressure but
also, contrary to expectation, at Increased pres-
sure by carrying out the reaction at elevated
temperature in the presence of catalysts which
have been obtained by the treatment of fused
ferrosoferric oxide with reduclng gases, advan-
tageocusly with hydrogen or gases containing hy-
drogen, af temperatures above 300° C. and which
preferably contain activating additions. It has
been found that titanlum and silicon are par-
ticularly suitable as sctivaiing additions, The
catalysts thus prepared are very hard and solid
and have & very good activity. The fused ferro-
soferric oxide used for their preparation is pref-
erably obtained by fusing metallic iron (which is
advantageously In a comminuted state, as for
example In the form of powder or of chips) {n
& current of oxyegen. But the said oxide may also
be prepared from any desired iron compound
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which Is capable of yielding by fusing or by the 55

subsequent coollng a melt consisting of or con-
taining ferrosoferric oxide; as such compounds
come in particular into consideration ferrosofer-
ric oxide itself or ordinary iron oxide from which
at the melfing temperatures oxygen Is set free,
or the substance often called ferrous oxide which
is not existent as an individual compound under
ordinary conditions but represents a mixture of
ferrosoferric oxide and metallic iron (see Hand-
buch der Anorganischen Chemie by Gmelin, Vol-
ume on Iron, part B, page 26). The products
obiained with these catalysts consist mainly of
hydrocarbons, especially those of an unsaturated
nature, and usually contain only small emounts
of substances containing oxygen; but the con-
version may also be directed In such a manner
that larger amounts of oxygen-containing coms
pounds are formed, for example by the use of

‘initial gases containing comparatively large

amounts of hydrogen. These compounds are al-
cohols, such as methanol or isobutylaleohol, alde-
hydes, ketones and saclds of the type usually
found as oxygen-contsining constituents in the
products resulting from the interaction of car-
bon monoxide with hydrogen.

The sald catalysts have a specially high activ-
Ity when they are prepared while using activat-
ing additions. As already stated, titanium and
silicon or their compounds have a particularly
strong activating action for the present purpose.
Examples of the said sllicon compounds are sili-
con diexide (pure or in the form of sand), the
sllicates of sodium, potassium and calcium, sodi-
um silicofluoride, ferrosilicon, silicon carbide, the
sllicides of the metals and silicon tetrachloride;
examples of suitable compounds of titanium are
titanium dioxide, titanium oxide, the titanates of
calcium, sodium and potassium, titanium sul-
phate, titanium chloride, the titanium fluorides
of potassium, sodium and calcium, fluo-titanium
oxide, fitanium carbide, ferrotitanium and the
titanides of metals, Other good activating addi-
tions are uranium, manganese, tungsten, chro-
mium and molybdenum and thelr compounds, as
well a5 copper and silver and their eompounds, or
alkali metals or alkaline earth metals, such &as
potassium, calclum, magnesium and barium, and
their compounds. These additions may all be
used in an amount of up to 20 per cent with ref-
erence to the iron. Small amounts, up to about
& per cent of nickel and cobalt and compounds
of these metals are also advantageous. As com-
pounds of the said activating metals the most
various substances, as for example the oxldes, the
hydroxides or carbonates, such as uranium oxide
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or chromium hydroxide or calcium carbonate, or
the halldes or phosphates may be employed.

Catalysts which contain two or more of the
sald metals (In most cases in the form of thelr
compounds) have an especlally favorable action.
Of these, those are advantageous which confain
compounds of titanium or sllicon or both of the
sald elements together. Generally speaking the
catalyst contalns besides iron a suitable amount,
up to 20 per cent, of silicon or titapium or hoth
elements n the form of their compounds, also a
compound of heavy metal other than iron and
an slkall metal compound, in particular a com-
pound of potassium; they advantageously also
contaln an alkaline earth metal compound and,
if desired, & small amount of cobalt or nickel
or thelr compounds as & further additlon. A
small addition of tin or lead or their compounds
counteracts very well the deposition of carhon
in the catalysts. A mofstening of the mass be-
fora fusion effects an incresse in the activity in
many cases.

The method of preparing the catalysts Is sim-
ple and is preferably effected by mixing the iron
powder or chips with the activating additions,
transferring the mixture to a suitable crucible,
preferably into a double-walled water-cooled
iron crucible, jgniting & piece of paper or wood
therein and then immediately blowing thereon
a strong current of oxygen. By reasch of the
great heat of reaction of the combustion of the
iron with oxygen, the mass becomes incan-
descent until almost all the iron has been con-
verted into the ferrosoferric oxide, .

The fused ferrosoferric oxide contalning the
sald sctivating additions is treated with reduc-
ing gases before use, in partlcular with hydrogen
or with gaseous hydrocarbons, such as methane
or ethane elther in the furnace in which the
reaction with the gases containing carbon
monoxide is to be carried otit or in a special ap-
paratus, In meany cases it is advantageous to
add ammonia to the reducing ges. The treat-
ment with the reducing gases may be carried
out at ordinary or increased pressure (for exam-
pla 5 or 20 or 50 atmospheres, and preferably
of the range of 100 or 200 atmospheres or still
higher). At ordinary pressure the temperature
is comparatively high, usually between 450° and
850° C., while at increased pressure it usually is
between about 400° and 850° C. hut may be as low
ag 300° C.

The products obtained according to this in-
vention by the treatment of the mixtures of hy-
drogen and carbon monoxide contain, In addl-
tion to carbon dioxide, a little water and small
amounts of oXygen-containing hydrocarbon de-
rivatives, mainly hydrocarbons which are for the
greater part unsaturated and for the lesser part
saturated. These hydrocarbons are mainly of
an aliphatic nature,

It is preferable during the reaction of the hy-
drogen with the carbon monoxide in the presence
of the said catalysts to lead away the heat of
reaction rapidly because otherwise the catalysts
may be overheated to the point at which they
sinter together. The reaction temperature
ranges between 150° and 500° C. and advanta-
geously between about 275° or 300° and 425° C.,
and the pressure is preferably above 50 atmos-
pheres, advantageously between 100 and 250 at-
mospheres. Atmospheric pressure may, however,
glso be used as already described. The ratio of
the amounts of carbon menoxide and hydrogen
in the initial gases may be very different. Suit-
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able ratios are for example from 1 to 3 parts of
hydrogen with from 3 to 1 parts respectively of
carbon monoxide. The preferred ratios are
from 4 to 6 parts of hydcogen with from 6 to 4
parts respectively of carbon monoxide.

The following examples will further illustrate
the nature of this luvention but the inventlon is
not restricted to these examples.

Ezampie 1

1000 grams of iron powder obtained by the de-
composition of lron carbonyl, 50 grams of uranyl
nitrate and 50 grams of titanlum dioxide are
fused in a water-cooled iron crucible by means
After cooling the melt constitutes
& solid and hard mass, It is broken up into
grains having a size of from § to 10 millimeters
and treated at 460° C, with hydrogen. 330 cuble
centimeters of the catalyst thus obizined are
spread out in a layer of from about 1 to 2 centi-
meters in thickness between two flat heating
spirals of copper tube In & high-pressure furnace
and a gas mixture contalning about 50 per cent
of carbon monoxide and 50 per cent of hydrogen
1s led through the catalyst downwards. 'The
superheated steam for the heating and for the
withdrawal of the heat of reaction s led through
the heating spirals, In the catalyst chamber, a
pressure of from 75 to 80 atimospheres and a
temperature of from 370° to 410° C. 1s main-
tained: the gas flows through the chamber at
a speed of 300 liters per hour (calculated with
veference to the final gas), The final gas con-
tains per lter on an average 73 cubic centi-
meters of liquid oil and 157 cublc centimeters
of hydrocarbons capable of condensation at at-
mospherle pressure at 80° below zero C. and-
being, similarly to the oil, mainly of an olefinic
nature. The oil obtained still contains 2.3 per
cent of oxygen; 1t has an lodine value of (I0.
The composition of the final gas after the con-
densation of the fraction which Uquefies at ordi-
nary temperature is:

Per cent by veolwme

OO0 e me—smm e —mmemmm—— = me—— = 38.3
CaHian (n being more than 2) ——cceeeee- 5.1
CO e emmm——————mmm— e —amm—m——— 18.4
Hz .. e ——— 24.0
CnHansz (average value of n being 1.3} c—--—- 10.2
N2 o e me e mm——————————— kN

About 5 per cent of alechols are contained in
the aqueous fraction of the liguid preduct which
amounts to 71 cublc centimeters per cublc meter
of final gas.

Example 2

1000 grams of iron powder, 5 grams of titanium
dloxide, 5 grams of uranyl nitrate and 10 grams
of calcium oxide are fused in a current of oxy-
gen in & water-cooled iron crucible. After cool-
ing, the resulting melt is comminuted, treated
at 460° C. with hydrogen, oxidized with alr ai
the same temperature and then again treated
with hydrogen at the same temperature,

1075 cublc centimeters of the resulting catalyst
are placed in eight layers, each of 4 centimeters
thickness, within a high-pressure furnace of 100
millimeters internal diameter on a heaticg coil
through which superheated steam is forced. A
mixed gas containing from 47 to 50 per cent of
carbon monoxide and from 53 to 50 per cent of
hydrogen is led in such an amount at from
380° to 410° C, under a presstire of from 50 to
100 atmospheres through the furnace that 500
liters of final gas per hour are obialned. There
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are thus obtained from 50 $o 7¢ grams of oil, 60
to 80 grams of hydrocarbons of low bolling point
and 100 grams of water per cubic meter of final
gas, 'The oil contzins from 0.11 to 0.5 per cent of
oxygen and has a saponification value of from
L9 to 4.5 and an lodine value of 155, The hy-
drocarbons of low boiling point consists mainly
of oleflnes containing from 3 to 5 carbon atoms.

Example 3

1000 grams of iron powder are mixed with 50
grams of silicon powder, 50 grams of tungstic
oxide, 1 gram of nickel oxide, 50 grams of potas-
sium hydroxide and 50 grams of water, the mix-
ture then being fused in s current of oxygen.
The melt is cooled and comminuted and then
treated at 650° C. with a mixture of 2 parts of
hydrogen and 1 part of ammonia.

The catalyst thus obtained is charged as a
layer 250 millimeters in length into a high-pres-
sure tube 500 millimeters long and 16 milM-
meters in infernal diameter. A gas mixture con-
taining 34 per cent of carbon monoxide and 66
per cent of hydrogen is then led through at a
temperature of from 350° to 400° C. under &
pressure¢ of from 110 to 150 atmospheres. The
resulting final gas is obiained in an amount of
10 liters per hour. It has the following compo-
sition:

Per cent by volume
COa —— 23.0
CuHzn (2 being more than 2) ___________._ 44
Co. 2.6
He . _.._ - 47.0
CHiem —— - 1.0
N2 e — 40

1 cubic meter of final gas containg 380 cuble
centimeters of oll and hydrocarbons of low boil-
ing point and 54 cubic centimeters of water.

What I clalim is:

1. A process for the conversion of mixtures of
carbon monexide sand hydrogen Into hydrocar-
bons containing more than one carbon atom in
the molecule which comprises contacting such
mixture a} a temperature between 150 and 500°
C. with a catalyst obtained by treating fused
ferrosoferric oxide with a reducing gas at a tem-
perature between about 300 and about 850° C.

2. A process.for the conversion of mixtureg of
carbon monoxide and hydrogen into hydrocar-
bons containing more than one carbon atom in
the molecule which comprises contacting such
mixture at a temperature between 150 and 500°

3

- C. with & catalyst oblained by treating fused .
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{errosoferric oxide contalning a substance se-
lected from the group consisting of compounds
of titanium and silicon with & reducing gas at a
temperature between about 300 and about 850* C.

3. A process for the conversion of mixtures of
carbon monoxide and hydrogen. into hydrocar-
bons conteining more than one carbon atom in

" the molecule which comprises contacting such

mixture at a temperature between 150 and 500*
C. with a catalyst obtained by treating with a
reducing gas at a temperdture between sbout
300 and about 850° C. fused ferrosoferric oxide
containing a substance selected from the group
consisting of compounds of titanium and silicon,
and, besides, a substancé essentlally compris-
ing a compound selected ffom the group con-
sisting of oxides, hydroxides, carbonates, halides
and phosphates of a heavy metal other than
titanium from the group consisting of uranium,
manganese, tungsten, chromium, molybdenum,
copper and siiver,” .

4. A process for the conversion of mixtures of
carbon monexide and hydrogen into hydrocar-
bons containing more than one carbon atom in
the molecule which comprises contacting such
mixture at & temperature between 150 and 500°
C, with & catalyst obtained by treating with a
reducing gas at a temperature between about
300 and about 850° C, fused ferrosoferric oxide
containing a substance selected from the group
consisting of compounds of titanium and silicon,
further a substance essentially comprising a com-
pound selected from the group consisting of
oxides, hydroxides, carbonatés, halides and phos-
phates of a metal selected from the group con-
sisting of uranium, manganese, tungsten, chro=
mium, molybdenum, copper and silver, and, in
addition, a compound selected from the class
congisting of the alkali and aJkaline earth metals.

5. The process as claimed in claim 4 in which
the alkall metal is potassium,

"~ 6. In the process as claimed in claim 1, con-

. tacting the mixture of carbon monoxide and hy-
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drogen with the catalyst under a pressure above
50 atmospheres and at a temperature between
275° and 425° C. .

7. In the process as clalmed In elaim 1, operat-
ing with a catalyst obtained by treating fused
ferrosoferric oxide with hydrogen at a tempera-

‘ture between 400° and 850° C.

EDUARD LINCEH.






