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This invention relates to a method of preparing iron
catalysts containing kieselguhr. It more particularly re-
lates to a method of preparing highly active iron catalysts
for carbon monoxide hydrogenation which contain
klilczsel!guhr and alkaline earth in addition to copper and
alkali.

The precipitation of iron catalysts containing kieselguhr
and alkaline earth was conventionally effected by adding
the kieselguhr to the nitrate solution and thereupon pre-
cipitating the iron catalyst by the addition of sufficient
alkali carbonate or hydroxide until 2 pH of 7 to 8 was
obtained. After washing the contact agent was then dried
at about 110° C.

The iron catalysts prepared in this manner have no
greater life and activity under normal pressure than the
catalysts which do not have a carrier, They will nor-
mally give a synthesis yield of about 60 to 70 grams per
cubic meter NTP CO--Hz of hydrocarbons having more
than one carbon atom in the molecule. These catalysts
usually have a life of about four to six weeks.

When operated under a pressure of 10 atmospheres,
they do not show any better properties than do iron cata-
lysts which do not have a carrier. On the contrary, they
tend to form a larger amount of methane and only have
a very short life, due to their very low strength.

One object of this invention is an iron catalyst contain-
ing kieselguhr and alkaline earth and having a very high
activity and life. This, and still further objects, wilt be-
come apparent from the following description:

It has now been found that iron catalysts which, in

addition to copper and alkali, also contain kieselguhr and 4

alkaline earth as carriers or activators may be prepared
with a surprisingly high activity and long life if the nitrate
solution which contains the iron salt and is conventionally
precipitated with alkali is added intermittently in batches
to an alkali metal carbonate or alkali hydroxide solution
in which the kieselguhr is suspended. The intermittent
or batch addition is effected by first of all adding only
a small guantity of the nitrate solution and continuously
increasing the amount with each subsequent batch addi-
tion. After each addition, when alkali carbonate solution
is employed, the carbon dioxide generation is allowed to
terminate before the next addition is effected. After all
the nitrate solution has been added and the precipitation
is completed the catalyst paste is brought to its boiling
point within five to twenty minutes and preferably within
eight to twelve minuvtes and is then boiled for an addi-
tional two to seven and preferably three to five minutes.

Tt has been found advamtageous if an excess of 5 to
40% alkali and preferably 10 to 30% alkali is used. It
has also been found advantageous if the nitrate solution
contains an excess of 5 to 40% nitric acid and preferably
10 to 25%.

It is still further of advantage if the concentration of
the nitrate solution is not less than 2% and preferably
not less than 5%.

The life and activity of the catalyst prepared in ac-
cordance with the invention is still further increased if
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the precipitated catalyst is dried at a temperature of less
than 80° and preferably less than 60° C.

The new catalyst prepared in accordance with the in-
vention has a degree of activity and a life hithertofore
unknown, when alkali carbonate solution is employed.
This high activity and long life depends on the main-
tenance cf the following conditions during the prepara-
tion:

1. The nitrate solution must be added intermittently
to the alkali carbonate or alkali hydroxide solution in
which the kieselguhr is suspended.

2. The quantity of the individual additions of nitrate
sclution must be increased each time, for instance in
approximately the following percentual portions: 5, 10,
15, 20, 25, 30% of the entire nitrate solution.

3. One must wait before making the next addition
unti! the generation of carbon dioxide has terminated,
when alkali carbonate solution is employed.

4. After the precipitation has been completed, the con-
tact paste must be brought to a boil within 5 to 20 min-
utes and preferably 8 to 12 minutes and boiled for a fur-
ther two to seven minutes and preferably 3 to 5 minutes.

5. During the precipitation there must be used for
best results an excess of alkali of 5 to 40% and prefer-
ably 10 to 30% referred to the quantity of alkali reguired
in order to neutralize the nitrate solution.

6. The nitrate solution for best results must contain
an excess of 5 to 40% nitric acid and preferably 10 to
25%.

7. The concentration of the nitrate solutions may not
be less than 2% and preferably not less than 5%.

8. The contact must be dried at temperatures of less
than 80° and preferably less than 60° C.

The measures in accordance with the invention may
be used individually or combined with each other. Each
individual measure by itself gives a considerable improve-
ment of the properties of the iron catalyst. When used
together, however, the measures cooperatively operate
to form a catalyst of maximum activity.

In conventional practice the alkali carbonate or alkali
hydroxide solution is permitted to flow relatively rapidly
in a stream, possibly even intermittently, into the nitrate
solution. This method of acid precipitation results in
catalysts which are extremely irregular having dark color
and a low degree of hardness, and which scarcely differ in
their activity from other prior known conventionally
used catalysts, When, however, the iron catalyst con-
taining kieselguhr and alkaline earth is precipitated in an
alkaline medium according to the invention, i. e., when
the nitrate solution is introduced into the alkali solution
intermittently, the certainty of obtaining uniform catalyst
is greatly increased. However, this is only assured if
the first addition is kept small and if the next additions
are continually increased so that the precipitation is car-
ried out with about five to seven additions. The essen-
tial factor in the intermittent or batchwise addition of
the nitrate solution to the alkali solution is that the indi-
vidual additions are carried out very rapidly and the car-
bon dioxide formation is allowed to terminate before
the next addition is effected. If these conditions are pre-
cisely maintained there is always obtained catalysts which
have a light color and a great degree. of hardness. These
properties are a prerequisite for good activity.

if the catalyst paste on the one hand is brought toco
rapidly to the boiling point, it will foam very greatly,
and if, on the other hand, it is brought tco slowly to the
boiling point, it will practically not foam at all. In
both cases there is obtained a catalyst of a dark color,
the activity of which in no way differs frcm that of a
catalyst which does not have a carrier. 'The same ap-
plies to the boiling proper. ¥ the catalyst paste is boiled,
for example, for only one minute, it will, to be sure, be
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lisht in -color, but its activity nevertheless will be poor.
If, on the other hand, it is boiled too long, it will have 2
dark appearance, and likewise a low activity. On_ly if
the periods of time indicated in measure 4 are maintained,
can there be expected a catalyst of good activity. .

The iron catalyst precipitated with ‘the measures set
forth under 1 to 4 above gives a yield of 105 to 115
grams per cubic meter NTP CO-4Ha without previous
molding, at temperatures of 225° to.235° C. when  op-
erating with synthesis gas rich in hydrogen under normal
pressure, as compared to .4 previous yield of §0 to 70
grams per. cubic meter NTP CO--Ho.

* The quality with respect to activity and life of a catalyst
prepared in accordance with the invention as set out in
measures 1 to 4 -will -be still further improved 'if any
of the measures set forth-under § to & are also effected.
- ‘Nothing can be found in the literature with regard
to the use of an.excess of nitric acid, With regard-to the
use of an excess of alkali, it is only known to use as much
alkali as will' cause the precipitated solution to have a
pH of 8. The msasure in accordance with the invention
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can by no means be concluded from ‘this, inasmuch as in -

accordance with this preferred embodiment of the inven-
tion the alkalinity is- carried substantially beyond the
point of equivalence.” The drying of the iron catalyst
" was. heretofore carried out almost exclusively at 110° C.
and no reference can be found in the pertinent literature
in ‘which drying is carried out with particular advantage
at a lower temperature. - .

With the additional-preferred use of all the measures
set forth under.5 to 8 there were obtained iren catalysts
of previously uwnknown activity. When operating with
synthesis gas rich in hydrogen they worked the carbon
monoxide under normal pressure at 185° to 225° C. to
90%. The life is increased seven to eight months and
the yield is increased, depending upon the operating con-
ditions to 120 tc 160 grams per cubic meter NTP CO-Ho.

The iron catalyst precipitated in accordance with the
inverition may not only be used with synthesis gas rich
in hydrogen under normal pressure, but can also-be used
with water gas at 205° to 235° C. with the yield of 135
to 165 grams per cubic meter NTP CO+Hz. In this
connection, -depending upon the alkalizing, there are ob-
tained 25 to 50% of hydrocarbons boiling above 320° C.
In accordance with the invention it is also possible to
successfully use the iron-catalyst prepared by the new
method in the existing Fischer-Tropsch plants for cobalt
catalysts. The vield in percent by weight, without ad-
ditional operating means, amounts to 90% of the yield
of cobalt catalyst but is superior in quality to the latter
by 20 t0 60%.

When using the iron catalyst prepared in accordance
with the invention under a pressure of 10 fo 50 atmos-
pheres, a reaction temperature of 190° to 220° C. may
be used, which is 20° to 30° C. lower than temperatures
previously used. The low boiling products excel by a
high olefin content, while the high boiling products are
strongly saturated. .

The following example is given to illustrate the steps
in accordance with the invention and mnot to limit the
same, the invention being limited by the appended claims
or their equivalents; ) :

' Example

100 parts of iron, 10 parts of copper and 15 parts of
magnesium, in the form of a 6% nitrate sclution at room
temperature contaiping an excess. of 12% nitric acid are
added in 6 portions of 6, 12, 15, 19, 22 and 26% to a
14% soda solution, which contains 16% soda in addition
to the equivalent amount and in which 50 parts by weight
of kieselguhr are suspended. - Between the individual
additions, carbon dioxide generation is allowed to termi-
nate. The catalyst paste is then brought to the boiling
point within 9 minutes and then boiled for a further three
minutes. - The precipitate is made alkaline after filtration
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and Wasbing by means of a 2% i:otassium carbonate

solution-and then dried -at 50° C.

The catalyst prepared in this manner works up the
carbon monoxide of - a ~hydrogen-rich- synthesis gas
(1CC:2Hz) at 215° to 225° C. to 90% under normal
pressure - without prior reduction of the catalyst. The
vield of hydrogenation-products is in this connection 120
to 130 grams per cubic meter NTP CO4-Ha.: 25 to 30%
of the synthesis products obtained boil at a temperature
of above 320°. ‘

if the catalyst is previously reduced by a syathesis gas
which is rich in hydrogen and thereupon operated with
recycling at-a volumetric velocity of 50 and at tempera-
tures of -190° to205° .C. with -a synthesis gas of the
composition of 1CO:2Hsz, the carbon monoxide is
worked to more than 90%. The yield per cubic meter
NTP CO+Hz rises to 130 to 145 grams synthesis
products. -

‘When operating with -water gas at temperatures of
225° to 235° C. under normal pressure there is obtained,
even without prior catalyst reduction, a.yield of 135 to :
155 grams per cubic meter NTP CO4-Hz, in which con-
nection 25 to 40% hydrocarbons are obtained which beil
over 320° C. The life of the catalyst is at least 4 to 6
months. )

At a pressure of 10 atm. above atmospheric pressure
there is obtained with water gas even at 200 to 210° C.
a carbon monoxide conversion of more than 90% with
a yield of 165 to 185 grams per cubic meter NTP CO1-Hs.
The amount of hydrocarbons boiling at a temperature of
more than 320° C. increases in this connection to
30-65%. -

We claim:

1. In thé process for preparing catalysts ‘contaiding
iron -and kieselguhr wherein a solution coataining dis-
solved -iron nmitrate is neutralized with an alkali thereby
forming an iron precipitate the improvement which com-
prises adding the iron nitrate solution to the alkali metal

- carbonate solution in which the kieselguhr is suspended

carrying out the addition of iron nitrate solution to alkali
metal carbonate solution in increments starting with an
increment not exceeding. about 6 per cent of the total
iron nitrate solution, increasing the size of increments
wjth each addition ‘so that the ‘total amount of iron
nitrate solution will be added in from five to seven addi-
tions, permitting carbon dioxide formation to terminate
prior fo the addition of each increment, then within 20
minutes after neutralization is complete on addition of
the last increment .of iron nitrate solution heating the
resulting catalyst to its boiling point, beiling the paste for
a period of from 2 to 7 minutes and drying the catalyst thus
formed. .

2. In the process for preparing copper and. alkali-
containing “iron catalysts from an iron-copper-alkaline
earth-nitrate solution, an alkali and kieselguhr by neutrali-
zation of the nitrate solution with alkali thereby forming
an iron precipitate, theé improvement which comprises
adding the nitrate sclution to soda solution in which the
kieselguhr is suspended, carrying out the addition of iron
nitrate solution to soda solution in increments starting with
an increment of about 5 per cent of the total nitrate solu-
tion, increasing the size of increments with each addition
so-that the total amount of nitrate solution will be added
in from five to.seven additicns, permitting carbon dioxide
formation to cease prior to the addition of each increment,
then within 5 to.20 minutes after neutralization is com-
plete on the addition of the last increment of nitrate solu-
tion heating the resulting catalyst paste to its boiling point,
boiling the paste for a pericod of from 2 to 7 minutes and
drying the catalyst thus formed.

3. The improvement according to claim 2 wherein the
concentration of the nitrate solution is not less than 2
per cent. .

‘4. The improvement according to claim 2 wherein the
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paste is heated to its boiling point within from 8 to 12
minutes.

5. The improvement according to claim 2 wherein the
paste is boiled for about 3 to 5 minutes after being heated
to its boiling point.

6. The improvement according to claim 2 in which the
soda solution contains an excess of 5 to 40 per cent soda
above the quantity required to neutralize the nitrate
solution.

7. The improvement according to claim 2 in which
the nitrate solution contains an excess of 5 to 40 per cent
nitric acid.

8. In the process for preparing copper and alkali-con-
taining iron catalysts from kieselguhr, an iron-copper-
alkaline earth-nitrate solution and an alkali by neutraliza-
tion of the nitrate solution with alkali to form am iron
precipitate the improvement which comprises employing
a mnitrate solution of at least 2 per cent nitrate concentra-
tion containing an excess of 5 to 40 per cent nitric acid and
a soda solution containing an excess of 5 to 40 per cent
soda above that required to neutralize the nitrate solution,
adding the nitrate solution to soda solution in which
kieselguhr is suspended, carrying out the addition of
nitrate solution to the soda solution in increments start-
ing with an increment of about 5 per cent of the total
nitrate solution, increasing the size of increments with
each addition so that the total amount of nitrate solution
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will be added in from five to seven additions, permitting
carbon dioxide formation to cease prior to the addition of
each increment, then within 5 to 20 minutes after neutrali~
zation is complete on the addition of the last increment
of nitrate solution heating the resulting catalyst paste to
its boiling point, boiling the paste for a period of from 2
to 7 minutes, drying the catalyst thus formed at a tem-
perature not exceeding 80° C. and recovering the iron
catalyst.

9. The improvement according to claim 8 wherein said
drying is perfected at a temperature of not less than
60° C.

10. The improvement according to claim 8 wherein the
concentration of the nitrate solution is not less than 5
per cent.
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