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This invention relates to improvements in the prepara-
tion of iron catalysts for carbon monoxide hydrogenation.
It more particularly relates to a method for preparing
iron catalysts for carbon monoxide hydrogenation with
the use of natural earth alkali compounds as precipitating
and carrying agents in solid form. _ e

It is known in the art that natural minerals containing
alkaline compounds such as magnesium, calcium, stron-
tium or barjum oxides, hydroxides or carbonates can
be advantageously used as precipitants for iron salt solu-
tions for the preparation of iron catalysts for carbon
monoxide hydrogenation. These natural minerals may
even be used when mixed with each other-in solid, finely
ground form. The alkaline earth passing in solution
during the precipitation may be left entirely or par-
tially in the catalyst depending on whether an equivalent
quantity or a smaller quantity of alkali is used for its
Teprecipitation.

When' using’ minerals of the same deposits as well as
of different deposits, there have been obtained catalysts
with a relatively low and unsatisfactory activity, The
reasons for the frequent production of these low activity
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catalysts were heretofore unknown and the total analysis

of the minerals with regard to the alkaline earth con-
tents and admixtures shows only non-essential deviations
from each other.

One object of this invention is the preparation of iron
catalysts with high “activity with the use of natural earth
alkali- compounds as precipitating and carrying agents in
solid form, This and still further objects will become
apparent from the following description: :

- It has now been surprisingly found after extensive in-
vestigation that the important factor in catalyst activity

-is not so much the percentage -of accompanying sub-

stances in the mineral as in the form in which they are
chemically present. Silica (SiOz) has been found accord-
ing to the invention to be an essential accompanying
substance of the minerals, If the SiOz is in the form
of a silicate such as aluminum or magnesium silicate, which
decomposes in the iron salt solution to a considerable
extent at the precipitation temperatures used, a catalyst
having a relatively low activity will be obtained. If, on
the other hand, the SiO: is present in a difficultly soluble
form, for example, as such, a highly reactive catalyst
will be. obtained. Decomposable silicates include the
feldspars:and preferably the disintegration products from

40

45

50

55

60

these minerals, such as kaolin, clay and loam, which are -

either obtained as natural impurities when working up
the earth alkali minerals deposits or are embedded in
these minerals. A crude earth alkali mineral which is
free or almost free from detrimental silicates, contain-
ing less than 1% of weight of decomposable silicates, is
suitable for direct use in the preparation of catalyst.

In most cases a high AlzOs content of the mineral indi-

.- -cates the presence of admixtures which are detrimental

torthe activity. With aluminum oxide contents in excess
of 1% by weight in the crude earth-alkali mineral detri-
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2 :
menta] i, ¢, decomposable, silicates are normally expected
to be present.

By sintering the mineral, it is possible in many cases
to obtain a substantial improvement of the catalytic prop-
erties of the catalysts prepared therewith. The sintering
operation should be carried out at temperatures ranging
from 550° C. to 1500° C., preferably at 900° ‘C.~1000°
C., over periods of between 3 and 10 hours, and the
higher the content in detrimental silicates is, the higher
should be the temperature used. * Sintering is normally
carried out in shaft kilns such as are used for the produc-
tion of burnt lime. : : )

If the sintering alone is not sufficient to provide the
desired catalytic acitvity, it has been found advantageous
to add to the mineral before sintering suitable admix-
tures such as, for example, iron nitrate salt or its solu-
tion in quantities, for example, of 1 to 3% Fe(NO3)3
referred to COs-free mineral., 'Other suitable admixtures
are, for instance, iron oxide, hydroxides of iron or iron
oxyhydrates, which should be added in quantities equiva-
lent to the alumina present in the crude mineral. Any
excess of these admixtures up to the double amount will
do no harm, : :

Instead of using admixtures, the same effect may be
attained by mere sintering if, after sintering operation,
the sintered mineral is sifted to remove the fines before
the sintered mineral is used in preparing the catalyst.

Instead of sintering with or without adding the admix-
tures, an -earth alkali mineral containing more than 1%
of detfrimental silicates can also be -made : suitable by
sifting, thereby removing the detrimental silicates which,
when working the mineral deposits, have been principally
reduced to the smaller particle sizes owing to their lesser -
hardness. P

In accordance with the invention catalysts with high
activity are obtained by the precipitation of iron salt
solutions with minerals of the alkaline earth group in
solid, finely divided form which do not contain in excess
of 1% by weight of silicates which are decomposable
in the precipitation solution.

As is known, iron precipitation catalysts for hydro-
carbon synthesis from carbon monoxide and hydrogen,
generally require additions of alkali in order to develop
their -activity to a sufficient extent. . With an increasing
alkali content an increase in the average chain length of
the hydrocarbon molecules produced results. Alkali-free
iron precipitation catalysts in the temperature range of
sufficient carbon monoxide conversion show an increased
or even predominant methane formation and carbon dep-
osition which, of course, is highly undesirable. It has
been found ‘that the highly active catalyst produced. in
accordance with the present invention may be used for
hydrocarbon synthesis from carbon monoxide and hydro-
gen without the use of alkali, This alkali-free conversion
which is advantageously effected at a temperature slightly
above temperatures used with weakly alkaline catalysts
in accordance with the invention, occurs without any
increase in methane formation or carbon deposition. Low
boiling hydrocarbons are predominantly obtained and
there is practically no solid paraffin in the synthesis prod-
ucts. :

As mentioned - above, the alkali-free catalysts, in ac-
cordance with the invention, require reaction temper-
atures of, say, 250° C.-265° C. while temperatures of,
say, 245° C, are necessary when using a weakly alkalined
catalyst according to the invention. In this connection,
reference is made to- Examples 1 and .6 which follow.
In accordance with the addition of activators, such as cop-
per, the temperature range of the synthesis reaction, when
using alkali-free catalysts according to the invention, may
be varied by about 10° C. in both directions. : :

The invention -may be illustrated by the following ex-



http://ww. Pat ent Gopher.com

2,738,361

amples, without of course being restricted to them. The
percentages are by weight unless stated otherwise. In
these examples, the catalysts are prepared as follows: 100
parts by weight of iron (applied in the form of the nitrate)
in 109% aqueous solution are heated to approx. 95° C.
and gradually mixed by stirring with 80 parts by weight
of sintered dolomite (particle size below 0.5 mm.). The
iron solution may contain an addition of preferably up
to 7.5% copper in .the nitrate form, referred to irom.
Then a soda solution containing 100 to 110 grams per
liter, about 95° C. hot, is added as quickly as possible
while stirring, and the temperature is briefly increased to
100°.C., after which the mixture is immediately filtered
and washed with distilled water to largely separate it
from any nitrate ions. The proper amount of soda peces-
sary for the precipitation of the metals from their nitrate
solutions is found by -separate titration of the iron or, re-
spectively, the-iron-and-copper solution with the intended
soda solution until the litmus bluing is just constant. If
an alkaline catalyst is to be prepared, the contact mass,
which should be filtered as dry .as possible, is converted to
a uniform paste by adding a solution of, for instance,
potassium carbonate in little water, and it is preferable to
use up to 3% -of potassium carbonate, referred to the
iron applied. For making the catalyst alkaline, the potas-
sium carbonate may be replaced by other alkali com-
pounds, such as sodium carbonate, potassium permanga-
nate, alkali silicates such as water-glass, alkali phosphates,
also-alkali hydroxides, alkali bicarbonates as well as alkali
salts of organic acids, such as alkali acetates. The alkali
amounts should preferably be.between 0.5 and 5% by
weight, referred to the iron applied and calculated as
K20. At the drying operation, temperatures in excess of
100° C. in the catalyst mass are avoided.

Example 1

To prepare the catalyst, a dolomite of the following
composition-(in percent by weight) is used: 29.82% CaO,
18.109% MgO, 43.30% CO2, 0.97% Alz203, 0.79% Fe203,
7.02% insoluble residue, essentially ‘SiOz. The crude
dolomite is sintered at 1000° C. and subsequently reduced
to a particle size of less than 0.5 mm. The sintered
dolomite has the following composition (% by weight):
57.70% Ca0, 40.07% MgO, 0.20% CO2, 0.23% Al20s,
1.03% Fe203, 0.77% SiO2.

Over the catalyst prepared in the manner as described
above, which is activated -with 3% copper and alkalized
with 1% K2COs, a synthesis gas free of carbon dioxide,

containing 10% nitrogen and containing carbon monoxide
and hydrogen in a volume ratio of 1:2, is passed at normal

pressure and at a temperature of 245° C. The quantity
of synthesis gas applied per hour is 4 liters per 25 grams
of catalyst.  With a gas contraction of 36-38%, a carbon
monoxide conversion of ‘90-95% was obtained.

Example 2

To prepare the catalyst, a crude dolomite containing
more than 1% of decomposable silicates was used. Its
composition was as follows: 32.5% CaO, 21.80% MgO,
41.20% COq, 2.20% AlkOsz, 0,70% Fe:0s3, 1% insoluble
residue (essentially SiOz). - Sintering was also done at
1000° C. “The sintered ‘dolomite had the following com-
position: 55.18% Ca0,37:63% Mg0, 0.46% COz, 1.54%
Alz03, 0.22% Fe203, 5.17% insoluble residue.

Maintaining ‘ identical synthesis conditions as in Ex-
ample 1, a carbon monoxide conversion of 30-35% was
obtained with-a gas contraction of 11-13%.

Example 3

~To. prepare. the catalyst,. the same crude dolomite as in
Example 2 was used, dry-mixed with 5% .iron in-form of
Fe(NOQ3)a and sintered. at- 1000° -C., whereby .a sintered
dolomite of the following .composition -was . obtained:
55.48% CaO, 38.38% Mg0, 0.25% COa, 0.60% Alz0s,
1:41% Fe20s3 and 3.76% insoluble residue.
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Maintaining identical synthesis conditions as in Example
1, a carbon monoxide conversion of 90-95% was obtained
with a gas contraction of 33-36%.

Example 4

To prepare the catalyst, the same crude dolomite as in
FExample 2 was used. The crude dolomite was sintered at
1000° C. and sifted upon sintering to remove the particle
size below 10 mms. The sifted sintered dolomite had
the following composition: 58.10% CaO, 40.45% MgO,
0.20% COgz, 0.23% Alz03, 0.77% Fez0s, 0.25% insoluble
residue.

Maintaining identical synthesis conditions as in Ex-
ample 1, a carbon monoxide conversion of 90-95% was
obtained with a gas contraction of 29-31%.

Example 5

To carry out the synthesis, the same catalyst as in Ex-
ample 1 was used and operated with a synthesis gas rich
in carbon monoxide, containing carbon monoxide and
hydrogen .in a volume ratio of 1.6:1, at a pressure of 10
atm. and with a space velocity of 100 liters of synthesis
gas per liter of catalyst per hour. Inert gases contained
in the synthesis gas used were: 6 percent by volume
of carbon dioxide and 5 percent by volume of nitrogen.
A carbon monoxide conversion of 93% was obtained with
a gas contraction of 51.5% when using a synthesis tem-
perature of 240-250° C. during an operating period -of
three months. Hydrocarbons obtained amounted to 190
2./C. B.M. N. T. P. CO+-Ha.

Example 6

The catalyst used in this example was prepared as de-
scribed in Example 1, but without making the catalyst
alkaline with K2COs. )

This alkali-free catalyst was operated at a slightly
higher temperature of 250-265° C. while the other syn-
thesis conditions of Example 1 were maintained. During
an operating period of three months and with a gas.con-
traction of 529%, a carbon monoxide conversion of 93%
was obtained. The total amount of the hydrocarbons
produced was 190 grams per C. B. M. N. T. P. CO+-Ho.

We claim:

1. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen -which comprises treatment of an aqueous solution
of an iron-soluble salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate
the improvement comprising: sintering the alkaline earth
containing mineral, sifting the sintered mineral and elimi-
nating fines of a particle size below 10 millimeters to
reduce the content of silicate decomposable during pre-

. cipitation to an amount in the mineral not in excess of 1
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per cent by weight; precipitating the iron salt solution
with the mineral thus prepared; and recovering the re-
sulting precipitated iron catalyst.

2. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen which comprises treatment of an aqueous solution
of an iron soluble salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate,
the improvement comprising sifting the alkaline earth-
containing mineral and eliminating fines of a particle size

" below 10 millimeters to remove silicate which is decom-
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posable during precipitation and to reduce the decom-
posable silicate content to an amount not in excess of 1
per cent by weight, precipitating the iron salt solution
with the resulting alkaline earth containing mineral in a
finely divided form and recovering the precipitated iron
catalyst.

3. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen which comprises treatment with an aqueous solution
of a soluble iron salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate,
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the improvement for employing alkaline earth minerals
containing detrimental decomposable silicates comprising
mixing the alkaline earth containing mineral with oxygen
compounds of iron in quantities equivalent to the amount
of the alumina contained in said mineral before sintering,
reducing the amount of silicate decomposable during pre-
cipitation to a quantity not exceeding 1 per cent by
weight by sintering the mineral containing a decomposa-
ble silicate, and then precipitating an iron salt solution
with the alkaline earth containing mineral thus prepared.

4. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen which comprises treatment with an aqueous solution
of a soluble jron salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate,
the improvement for employing alkaline earth minerals
containing detrimental ‘decomposable silicates comprising
mixing the alkaline earth containing mineral with an
oxygen compound of iron in a quantity not in excess of
two times the amount of alumina contained in said
mineral before sintering, reducing the amount of silicate
decomposable during the precipitation to a quantity not
exceeding 1 per cent by weight by sintering the mineral
containing a decomposable silicate, and then precipitating
an iron salt solution with the alkaline earth containing
mineral thus prepared.

5. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen which comprises treatment with. an ‘aqueous solution
of a soluble iron salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate,
the improvement for employing alkaline earth minerals
containing detrimental decomposable silicates comprising
mixing the alkaline earth containing mineral with a com-
pound selected from the group consisting of nitrates,
-pxides, hydroxides and oxyhydrates of iron in a quantity
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not in excess of two times the amount of alumina con-
tained in said mineral before sintering, reducing the
amount of silicate decomposable during precipitation to
a quantity not exceeding 1 per cent by weight by sintering
the mineral containing a decomposable silicate, and then
precipitating an iron salt solution: with the alkaline earth
containing mineral thus prepared.

6. In the preparation of iron precipitation catalysts for
hydrocarbon synthesis from carbon monoxide and hydro-
gen which comprises treatment with an aqueous solution
of a soluble iron salt with a mineral precipitant con-
taining an alkaline earth metal compound and a silicate,
the improvement for employing alkaline earth minerals
containing detrimental decomposable silicates comprising
mixing the alkaline earth containing mineral with from
about 1 to 3 per cent ferric nitrate based on a carbon
dioxide-free mineral before sintering, reducing - the
amount of silicate decomposable during precipitation to
a quantity not exceeding 1 per cent by weight by sinter-
ing the mineral containing a decomposable silicate, and
then precipitating an iron salt solution with the alkaline
earth containing mineral thus prepared.
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