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In patent application Serial No. 160,103, filed May 4,
1950, now abandoned, a method of preparing hydrocar-
bons and oxygen-containing compounds - from carbon
monoxide and steam is described. This is effected by
passing a carbon monoxide steam mixture containing at
least two parts by volume carbon monoxide to each part
by volume of steam, at temperatures of 150° to 350° C.
and normal or increased pressure over a catalyst of the
eighth group of the periodic system of elements. The
catalyst must have been previously activated by treatment
with carbon monoxide followed by a treatment with hy-
drogen or with a carbon monoxide hydrogen mixture at
a temperature of 150° to 350° C.

One object of this invention is to increase the life of
the catalyst in the above-mentioned method,

A further object of this invention is to increase the
space time yield and the ecomomy in catalytic carbon
monoxide hydrogenation, with steam.

A still further object of this invention is to increase
the yield and the catalyst life in the catalytic hydrogena-
tion of carbon monoxide, using carbon monoxide and
steam.

A still further object of this invention is the catalytic
hydrogenation of carbon monoxide using water for the
dual purpose of effecting the hydrogenation and control-
ling the reaction heat. These, and still further objects
will become apparent from the following description;:

It has now been found that this conversion can be
effected with particular advantage with catalysts, the base
metal of which is present in the form of the nitrides,
The conversion of the metals into nitrides can be effected
in the known manner, as, for example, by conversion
with ammonia. These catalysts have the great advantage
over the contact agents previously used in that they will,
to a far-reaching extent, reduce the undesired separation
of elemental carbon which frequently leads to a prema-
ture inhibition of the activity of the catalyst. The par-
ticularly favorable behavior of the nitrides in the meth-
od of the invention was in no way to be foreseen.
Rather, it was to be assumed that the nitride of the
iron would, for example, greatly hydrolyze with the
steam under the reaction conditions used,

The practical importance of the catalysts of the pres-~
ent invention is shown by the comparison of the follow-
ing two examples.

Example 1

Over an alkalized Fe-Cu-catalyst electrolytic hydrogen
is passed first of all for 3 hours at 400° C. with a vol-
umetric velocity of 1000 m.3/hr. (NTP) per m.8 cata-
lyst space. ‘Thereupon the catalyst is treated for 3 hours
at 300° C, with ammonia at a volumetric velocity of
1600 m.3/hr. (NTP) per m.® catalyst space. In this man-
ner there is obtained a catalyst consisting to the extent
of 50% of nitride of the statistical formula Fe;gN. If
this contact substance is treated at 10 atmospheres gauge
with a CO/steam mixture in the ratio of 3:1.25, it ex-
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CO conversion of 95%, and after this period of time a
C content of 6.5%. By catalyst space there is meant
the portion of the reaction space filled with the catalyst,

Example 2

If, with the other conditions the same, the contact sub-
stance is not converted into nitride, but is pretreated with
CO and thereupon with Ny, it is necessary in order to
maintain a constant CO conversion of 95 % for 300
hours to increase the temperature from 230° C. to 240° -
C. Furthermore, after this period of time, the catalyst
has a carbon content of 15.2%.

It has furthermore been found that the volumetric ve-
locity of the carbon monoxide steam mixture used for
the conversion can be very substantially increased if the
operating pressure is raised. This dependence on pres-
sure of the conversion efficiency of the catalyst was in no
way expected from the previous findings made, for in-.
stance, in connection with the hydrogenation of carbon
monoxide with hydrogen by the Fischer-Tropsch meth-
od with stationary catalysts. Rather it was expected on
the basis of these findings that the catalyst activity in
the hydrogenation of carbon monoxide would not be in--
fluenced by pressure, as was set forth in the literature.
It is therefore entirely surprising and unexpected that
in accordance with the invention a relationship exists be-
tween the operating pressure used and the maximum vol-
umetric velocity of the gas, :

1t has been found that the volumetric velocity (ex-
pressed in volumetric units of gas per hour referred to
volumetric units of catalyst) of the carbon monoxide
steam mixture can always amount to more than 9 times
the operating pressure (expressed in atmospheres) with-
out the conversion of carbon monoxide with steam drop- .
ping to less than 90%. Particularly favorable results are
obtained if the volumetric ratio is 9 to 14 times the op-
erating pressure.

In the operating range at which the volumetric velocity
is less than 9 times the operating pressure, the catalyst
or the catalyst space is only very incompletely utilized,
and, due to the excessively short time of stay, there is
the danger of decomposition of the carbon monoxide into .
carbon; furthermore, under these operating - conditions
the catalyst tends toward the formation of methane, If
the volumetric velocity is.selected too high as compared
to the pressure, unsatisfactory conversions of the carbon
monoxide with steam are obtained.

By the described adaptation of the volumetric velocity
to the operating pressure, it is possible to utilize the cata-
lysts’ space to the best advantage with an optimum gas
rate of flow, so that optimum results are obtained with
regard to the space time yield and the economy of the
process. The invention will be further explained by the
following example:

Example 3

Over an Fe-Mg-kieselguhr catalyst which had been re-
duced for 72 hours at a temperature of 200 to 260° C. with
a gas mixture consisting of one part by volume of car-
bon monoxide and 2 parts by volume of hydrogen, a
mixture of carbon monoxide and steam in the ratio of
3:1.25 was conducted at 230° C. The operating pressure
was increased stepwise by steps of 10 atmospheres in the
region from 10 to 70 atmospheres, and the volumetric
velocity was set at 9 times and preferably 9 to 14 times
the operating pressure. Despite the increase of the
volumetric velocity from an initial value of 175 at 10
atmospheres to 800 at 70 atmospheres, the carbon
monoxide conversion did not drop below 90%, as can
be noted from the following table, ‘ o
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Pressure in Atmospheres. 20 30 40 70
Volumetric velocity in
volumetric units of
gasfhour _referred to
volumetrie. units of
catalyst in m.3 of gas
per hour per m.? of
catalyst space...oaaoeo
Volumetrie velocity:
Pressure. ooeoouavmmans
QOarbon monoxide con-
version in percent by

VOIIIe. o o cmmmmmmcmnee

10

420
10.5

800
11.4

175
17.5

240
12.0

350
1.7

610
12.2

720
12.0

90.5 | 60.8 | 01.5 | 92.3 | 90.6 | 92.4 | 91.3

In accordance with the said patent application, at least
two parts by volume of carbon monoxide should be used
for each part by volume of steam. It has now been for-
thermore found that in order to obtain maximum yields
of hydtocaibons and alcohols, the ratio of steam to car-
bon monoxide in the initial mixture should preferably be
within Vvery definite narrow limits. - This is surprising,
inasmuch as in the previously known methods of carbon
monoxide hydrogenation with hydrogen, it is possible to
select the hydrogen-carbon monoxide ratio of the initial
gas within wide limits. - Thus; as is well known, there
are used both gas mixtures containing two parts by volume
of hydrogen per part by volume of CO, and gas mixtures
containing two parts by volume of CO per part by volume
of hydrogen, ie., the ratios are completely reversed.
This, however, is a great disadvantage, inasmuch as
is well known, in these methods maximum yields can
only be obtained if the ratio of the initial gas is set in
the same ratio in which it is worked by the catalyst. For
reasons which are known per se, however, this is not
always feasible.

In order to obtain maximum yields of hydrocarbons
and oxygen-containing organic compounds, it has. been
found to be advantageous to adjust the ratio of steam
to carbon monoxide between one part by volume of steam
to three parts by volume of carbon monoxide and one
part by volume steam to two parts by volume carbon
monoxide, i.e., the particularly preferred H,0/CO ratio
is between one-third and one-half.

“f it is desired to produce predominantly hydrocarbons,
it is advisable to select the lower limit, i.e., a steam-car-
bon monoxide ratio of 1:3. If, on the other hand, it is
desired to obtain predominantly alcohols, it is necessary
to use a synthesis mixture the steam-carbon monoxide
{atio of which is higher than 1:3. For this purpose there
is furthermore indicated the use of pressures higher than
20 atmospheres.

If steam-carbon monoxide mixtures of a ratio greater
than one-half are used, for example 1:1, the yield drops
very substantially even with high CO conversion and
complete CO/H,0 utilization.

In the following example there is described the forma-
tion of hydrocarbons: :

Example 4

The catalyst used is an Fe-Cu-kieselguhr catalyst made
alkaline with_potassium permanganate and containing 10
parts magnesium, 10 parts copper, 60 parts kieselguhr and
2 parts K2q03 per 100 parts by weight of iron. For
its preparation, an aqueous solution of Fe (NOs)s,
Mg(NOs)z and Cu(NOj;), containing 5% iron by weight
is precipitated after the addition of 60 parts kieselgubr at
the boiling point with the stoichiometric quantity of sodi-
um carbonate in aqueous solution. The precipitation mix-
ture .is‘ boiled for a short time and then filtered, and the
precipitate is washed with 70 to 90 times the quantity of
boiling water referred to the quantity of iron. Thereupon
the residue is formed into a paste with a small amount of
water, mixed well with an aqueous solution of potassium
carbonate (2 parts by weight K,CO; to 100 parts by
weight Fe) and dried at 110° C.

Before being placed in use, the catalyst must be brought
into the active state. For this purpose, a CO—~H, mix-
ture containing 2 parts by volume Hy to each part by
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volume of CO is conducted at a temperature of 270° C.
over the catalyst for 24 hours at normal pressure with a
volumetric velocity of 100, i.e. 100 cubic meters (NTP)
CO—H, mixture per hour and per m.3 of catalyst space.

Over the catalyst which has thus been pretreated there
is passed at a pressure of 10 atmospheres in one case a
steam-carbon monoxide mixture of a ratio of 1:3 and in
another case a similar mixture of a ratio of 1:15. The
temperature is 230° C., the volumetric velocity 100, ie.
100 m.? H,0/CO mixture per hour per m.3 of catalyst
volume.

1n the following table the results are compared with
each other: :
DEPENDENCE OF THE HYDROCARBON YIELD IN THE

SYNTHESIE FROM STEAM AND CARBON MONOXIDE AS

A FUNOTION OF THE H;0/CO RATIO OF THE INITIAL
MIXTURE

H;0:C0 in the Synthesis Percent by| H»0/CO | Yield grams
Mixsture Vol. Con- | Consump- hydro-
version tion earbons/m.3
(NTP) CO
1:3. - 84.5 1:3 185.3
1:1.135. 03.5 1:1.15 5.1

With approximatcly the same CO conversion and com-
plete H,;0/CO utilization, the hydrocarbon yield drops
from 185 grams to S35 grams when the H,C/CO ratio of
the initial mixture is increased from 1:3 to 1:1.5.

It was furthermore found that the maintaining of the
limits set forth for the H,0/CO ratio of the initial gas
is necessary not only to obtain maximum yields, but, ia
addition to this, the dependable operation of the catalyst
is only possible in this range. If there is used an H,0/CO
ratio which is smaller than one-third, and. therefore is
outside the limit, in cther words, if CO is present in ¢i-
cess, the result with loager operation will be in the sep-
aration of carbon with a resulting blecking and paralysis
of the catalyst. If the H,0/CO ratio is selecled greater
than one-half, excess steam is present, and the catalysi
will be destroyed by the steam due to oxidation. It is
therefore necessary to adjust the H,0/CO ratio in the
synthesis mixture in such a manner that the degree of
reduction of the catalyst or its content of metal and
compounds of a metallic natere which is of decisive
importance with respect to its activity is not reduced
and that a given carbon content of the catalyst is niot ex-
ceeded. This is obtained by adjusting the synthesis mix-
ture within the limits set forth.

The influence of the water in the carbon monoxide
steam mixture on its oxidation action was investigated
on the basis of a reduced Fe-Cut-alkali catalyst not con-
taining any carrier. The Fe-Cu-catalyst used is free of
carrier substances and contanis 0.1 part by weight copper
and 0.2 part by weight potassium carbonate per 100 parts
by weight of iron. For its preparation an aqueous solu-
tion of Fe(NO;); and Cu(NOj), containing 5 % by
weight of Fe is precipitated ati the boiling point with
the stoichiometric_quantity of sodium carbonate in ague-
ous solution. The precipitaijon mixture is boiled for a
short time (a few minutes), filtered, and the precipitate
is then washed with 70 to 90 times the quantity of boil-
ing water (referred to the quantity of iron). Thereupon
the residue is formed into a paste wii: a small amount of
water, mixed well with an aqueous solution of potassium
carbonate (0.25 part by weight K,CO, per 100 paris by
weight Fe) and dried at 110° C. )

In order to convert the catalyst into the aclive state,
carbon monoxide is passed over it for 24 hours. at nor-
mal pressure and a temperature of 270° C. with a vol-
umetric velocity of 100 m.2/hr. (NTP) per m.? catalyst
space and thereupon hydrogen is conducted over it at
the same temperature and volumetric velocity at normal
pressure for 24 hours. The degree of reduction of the
catalvst, ie., its content of metallic iron referred to the
total iron as a function of the steam-carbon monoxide
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ratio of the initial mixture was in each case determined
afier an operating period of 70 hours at 235° C. with
a volumetric velocity of 100 m.3/hr. (NTP) per m.3
catalyst space. The degree of reduction of the catalyst
was considered a measure of its activity. A decrease in
the degree of reduction indicates an oxidation which
proceeds parallel with a reduction of the activity inas-
much as the carbon monoxide activation in this case pro-
ceeds only in connection with compounds having the
character of a metal. These experiments show that
with a steam-carbon monoxide ratio of 3:3 the degree
of reduction of the catalyst had dropped from a value
of originally 73 to 8%. At a ratio of Hy0/CO0 of 1.75:3
there can still be observed noticeable oxidation; the de-
gree of reduction has dropped to 64%. Only starting
with an amount of water of 1.5 to 3 parts by volume
carbon monoxide is there practically no further decrease
of the degree of reduction, i.e. no oxidation.

During the further course of the development, it was
found that the quantity of water required for reaction with
carbon monoxide can be sprayed in liquid form into the
reaction chamber. This method of the invention has the
great advantage that the reaction heat released during
the reaction between the carbon monoxide and the steam
is used to the greater extent for converting the water
from the liquid into the gaseous state, i.e., it can be
removed from the system as heat of evaporation.

To be sure, it is known from the literature to use liquid
water in various other syntheses in order to remove
the heat of reaction. This water, however, in no way
participates in the synthesis and in many cases repre-
sents an impediment with respect to the desired reac-
tion. The utilization, effected in the method of the pres-
ent application, of the heat of svaporation of a reaction
component to lead off the heat of reaction, is entirely
novel and was in no way to be expected. By the inven-
tion there is obtained a substantial, technical improve-
ment in that the cooling devices required for the removal
are eliminated in whole or in part.

The invention is not limited to a specific embodiment
of the synthesis from steam and carbon monoxide. It
is applicable both with stationary catalyst and in the lig-
uid phase, i.c., when the catalyst is present as a fine sus-
pension in oil, as well as in so-called moving bed catal-
ysis where the catalyst is held by the gas flow in a fog-
like state of suspension. However, the invention has
proven particularly advantageous for the carrying out
of the synthesis in liquid phase operation.

An injection of the quantity of liquid water required
for reaction with. carbon monoxide into the reaction
chamber can be effected both in a single batch injection
as well as in measured quantities at different parts of the
reaction space. It depends on the operating conditions
provided in each individual case.

In the following example there is described an €x-
periment in liquid phase operation in which the water is
injected into the catalyst oil suspension at two differ-
ent places.

Example 5 :
About 800 grams of a carrier-free Fe-Cu-alkali cata-

lyst, the composition and preparation of which has been
described above (see column 4, lines 52~74) are ground to
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a fine dust in a ball mill and suspended in about 4 kg. of
Fischer-Tropsch oil of a boiling range between 300° and
340° C. Through this catalyst oil suspension which is
located in a vertical reaction tube of a length of about
# meters, 400 liters of carbon’ monoxide/hour are con-
ducted for about 20 hours at 4 atmospheres and 270° C.
in order to form the catalyst. After this period of time,
the pressure is increased to 11 atmospheres, the tempera-
ture decreased to 240° C. and the quantity of CO passed
through increased to 100 liters/hour. If now by means
of a pressure pump there is sprayed into the reaction
chamber so much liquid water of a temperature of 30°
C. that 18 grams of water/3 mols of carbon monoxide
are present, and if this quantity of water is added in
the manner that two-thirds of the water is introduced at
the lower part and one-third in the center of the reac-
tion chamber, 94% of the carbon monoxide will react
with the water, forming 189 grams of hydrocarbons per
cubic meter (NTP) carbon monoxide.

We claim:

1. In the method for the preparation of hydrocarbons
and oxygen-containing organic compounds by the cata-
Iytic reaction of carbon monoxide and steam in the sub-
stantial absence of hydrogen, the improvement which
comprises intimately contacting carbon monoxide with
steam at a temperature of about 150°-350° C. in the
presence of a catalyst containing a metal of the eighth
group of the periodic system substantially in the form
of its nitride, and recovering the synthesis products
formed.

2. Improvement according to claim 1, in which said
contacting is effected with the ratio of steam to carbon
monoxide of about 1:2 to 1:3 by volume.

3. Improvement according to claim 1, in which said
contacting is effected at a volumetric velocity of carbon
monoxide and steam in cubic meters per hour per cubic
meter of catalyst of about 9 to 14 times the operating
pressure in atmospheres.

4. Improvement according to claim 1, in which said
intimate contacting is effected by passing carbon mon-
oxide and liquid water into a reaction zone in the pres-
ence of said catalyst,

5. Improvement according to claim 4, in which said
liquid water is introduced in at least two different places
in said reaction zone.
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