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This invention relates to improvements in the catalytic

hydrogenation of carbon monoxide.
In the process for the catalytic hydrogenation of carbon

monoxide and particularly of the type effected with cata-’

lysts which contain elements of the eighth group of the
periodical system, such as iron, cobalt and nickel, which
may contain activators and supporting materials, it is
known to pre-treat catalysts with reducing gases prior to
commencing the synthesis proper in order to obtain a
favorable catalyst activity. This reducing pre-treatment
is effected with hydrogen and/or carbon monoxide, and is
generally effected to convert a certain portion of the metal
catalyst material which is present as an oxide into the
metallic state. The statements in the literature of the
art cn the most favorable portion of metal as compared
with a reduced oxide vary within wide limits. Values
between 5% and 100% of free metal based on the total
metal have been suggested, depending on the type of
catalyst in the synthesis products desired. The percentage
of the total basic catalyst metal in the free metallic state
is known as the reduction value of the catalyst.

Elevated working temperatures are required for the con-
version of a portion of the oxides into the free metallic
state with the use of reducing gases, since at normal tem-
peratures the reaction velocity is much too low to effect a
usaful reduction value within a reasonable time. Tem-
peratures of above 150° C. and generally of above 250°
C. have been used, depending on the type of catalyst in
order to obtain the desired degree of reduction within a
reasonable time, as, for example, from 1 to 10 hours.

Varied reduction temperatures are used, depending on
the type of catalyst and the basic metal. For example,
temperatures of from 350° to 400° C. are used for the
conventional precipitated cobalt catalyst in order to obtain
a reduction value of 55-65%. When using precipitated
iron catalysts, temperatures of as low as 200°-250° C,
are frequently sufficient if relatively low reduction values
are to be obtained. However, temperatures ranging be-
tween 250° and 320° C. have generally been used for
these catalysts, whether the same contained carrier ma-
terial or not.

in connection with fused and sintered catalysts, the
reduction is much more difficult, due to a completely dif-
ferent physical construction as compared with that of
precipitated catalysts. Temperatures of about 450° C.,
and even as high as 600° to 1,000° C. have been used for
the reduction of these fused and sintered catalysts.

One object of this invention is a highly active precip-
itated iron catalyst which has an excellent grain strength
and resistance to splintering and which has been reduced
at relatively low temperatures. This, and still further ob-
jects, will become apparent from the following descrip-

tion: :

It has now been found that precipitated iron catalysts
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which contain at least S parts by weight and not more
than 5 parts by weight of copper and/or silver to 100 parts
of iron, and which have been reduced with gases con-
taining carbon monoxide and/or hydrogen at tempera-
tures below 150° C., are excellently suited and produce
particularly favorable results in catalytic carbon monoxide
hydrogenation effected at temperatures of 175° to 275°
C. at pressures of 1-100 and preferably 10-40 atmos-
pheres.

The catalyst should preferably contain more than 15
parts by weight of copper and/or silver to 100 parts of
iron and may, if necessary or desired, contain activators
and supporting materials. The catalysts should prefer-
ably be reduced at temperatures below 125° C. These
catalysts very surprisingly, in spite of the very low re-
duction temperature, exhibit a structure of high strength
which is very favorable for their activity and possess at
the same time a sufficient reduction value.

Prior to the invention, catalysts rich in copper and
silver -were frequently unsatisfactory from a mechanical
standpoint in reduced form. - With reduction temperatures

. :of above 150° C., a considerable content of undesirable
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dust and splintered grains was frequently observed after
the reduction, even if completely uniform grains were
present prior to the reduction. The result of this phenom-
enon was that after charging the catalyst mass, as, for

‘example, into a tubular furnace, obstructions by caking

of the small particles very frequently occurred. This is
always accompanied by a more or less high pressure loss
which results in many cases in a complete shut-down of
the respective catalyst tube.

Very surprisingly, the copper- and/or silver-rich cata-
lysts reduced in accordance with the invention at tem-
peratures below 150° C. do not show this unfavorable
mechanical behavior and have a grain structure which
resists disintegration. In the synthesis the catalysts in
accordance with the invention exhibit an excellent me-
chanical behavior and have an extremely long life period
of operation, while the pressure loss is very low.

Sufficiently high reduction values may be obtained in
accordance with the invention within 30-120 minutes
when using reduction temperatures of below 150° C. and
preferably below 125° C. Temperatures between 80° and
110° C. have been found particularly effective. The
lowest temperature which may be used is 60 C. Minimum
reduction values to which the catalysts are reduced are
15, the preferred range of reduction values being 22-40% .

The reducing pre-treatment in accordance with the
invention may be effected at atmospheric pressure as well
as at super-atmospheric pressure or in partial vacuum. In
general, the reduction may be conveniently effected at
atmospheric pressures, though reduction at pressures
above 1 atmosphere have produced excellent results.
Corresponding to the synthesis pressure, pressures of
1-100 atmospheres and preferably 10-40 atmospheres
are used.

Particularly good synthesis results may be obtained
with the catalysts which have been pre-treated with the
use of high-flow velocities of the reducing gas, as, for
example, flow velocities in excess of 50 cm. per second,
and preferably above 1 m. per second, referred to standard
conditions (760 mm. Hg, 0° C.).

Certain differences in, for example, the mechanical be-
havior of the catalyst, have been found to exist, depend-
ing on whether hydrogen or carbon monoxide or mixtures
thereof are used for the reduction. When using hydrogen,
a certain mechanical alteration.of the catalyst cannot be
completely avoided in a small number of cases in spite of
the lower reduction temperatures. Excellent mechanical
properties of the catalyst are uniformly obtained when the
reduction pre-treatment is effected with the use of carbon
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monoxide or carbon monoxide- and hydrogen-containing.
gases having a CO:Hz ratio of about 1:1 to 1:1.5.

it has further been found in accordance with the in-
vention that: a surprising- improvement of the synthesis
results can-frequently be- obtained if: the catalysts, prior
to their reduction, are dried to a water content of below
2% and preferably of below 0.5% by weight by re-drying
the same:at temperatures of below 200° C. and preferably
at 130° to 170° C. The lowest re-drying temperature
used is 110° C. The water content:in the precipitated
catalysts after- molding and "drying ranges generally be-
tween 8% and 12%, based on the weight of the catalyst;,
and it -has been found to have-a-marked disadvantageous
influence on the -catalyst structure if this water- is not re-
moved prior to the reduction.

Catalysts-dried-at a-temperature above 200° to 300° C,,
while showing a very good mechanical behavior after re-
duction, sométimes: work. unsatisfactorily in the subse-
quent synthesis. It is therefore-likely that the heat treat-
ment- effected in the-temperature range above 200° C.
will be of some-detrimental’ effect to:the activity of the
catalyst.

1t-is thus disadvantageous to remove the -water content
of the catalyst by pre-drying at temperatures above 200°
C. and’especially at 300° C., since this effects more or
léss large- alteration in the catalyst structure, which, in
turn, effects the activity and the synthesis behavior of the
catalyst: The low water content desired of below 2%
must therefore be achieved by re-drying below 200° C.
and preferably between 130° and 170° C. Lower tem-
peratures require a length of time which is not technically
and economically feasible: Catalysts dried in accordance
with the invention show in the reduced state a consider-
ably improved resistance to abrasion as compared with
water-containing catalysts, without yielding any disad-
vantages in the-subsequent synthesis:

Particularly economical operation- is assured when
effecting the-reduction under-pressure-if the gas quantity
used for the reduction is recycled; while-the portions of
carbon monoexide-and/or hydrogen consumed during the
reduction is replenished by the-addition of fresh gas.
Thus, the pressure- drop may be-cbserved and measured
and compensated.by the addition of fresh gas.

It-is-of advantage-if the reducing gases, as is conven-
tional, have- as low as possible a water content, as, for
example, less than 1 gram, and preferably less than 0.1
gram of ‘water per:cubic meter of rediicing gas.

The following examples-are given by way of illustration
and net-limitation:

Example 1

A catalyst was precipitated from a- boeiling- solution
which contained 40 grams of iren and 10 grams of copper
per liter in the form of the nifrates by pouring this solu-
tion.into a beiling soda solution. The precipitation was
cffected in sueh a manner that the pH value after the pre-
cipitation was 7.1. Immediately thereafter, the hot cata-
Iyst sturry was washed with distilled water to a residual
alkali content of -about 0.3% calculated at K20 aund based
en total iron.

Then the catalyst mass was impregnated with potassinm
water glass containing & parts by weight of K20 and 20.5
rerts. by weight of 5103 and. the. excess alkali was re-
moved by carefully adding mitric acid so that the pF value
7.1, and: by subseguent filtration. The
] ratio was about 1:5 and the quantity of Si0O2
based on total iron was about 25%.

After the impregnation, the catalyst was molded to
sinall cylinders of 3.5 mm. diameter and dried for 24.
hours at 165° C. Thereafter, the water content was about
S$%.

8§ liters of  this -catalyst were reduced, in-a reduction
vat of corresponding capacity, for 1 hour at 135° C. at
atmospheric pressure with a gas mixiure consisting of
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75% Hz and 25% Nz. The flow velocity based on stand-
ard conditions was about 1.5 m. After the termination
of the reduction, the catalyst was filled into a container
under COz protection. The reduction value was 27%, the
abrasion test was good. The shrinkage as compared with
the unreduced grains was 25%.

The same catalyst, reduced at 190°°C., had a very poor
abrasion test. In a reactor of 10 meters in length the
pressure loss during the- synthesis was so high that the
reactor had to be-shut down. As contrasted to this, the
catalyst reduced at 135° C. had a pressure loss of only
2.5 atmospheres in the same reactor.

Example 2

The same catalyst, reduced uader -the same conditions
with water gas, resulted in an abrasion test which was
by 20% better. The shrinkage was: the-same-as in Ex-
ample 1.

Example 3

8 liters of a catalyst corresponding to Example 1 were
filled into a synthesis tube of 10 m. length and 32 mm.
diameter. Thereafter, water gas was passed in under a
pressure of 20 atmospheres and the catalyst was reduced
for 150 minutes at 110° C. The quantity of gas put
through by means of a compressor was 12 cu. m. per hour.

After discharging, this catalyst had a reduction value
of 28% of free iron; the abrasion test was by 40% more
favorable than in Example 1.

When using hydrogen instead of water gas, practically
the same values were obtained.

It was very surprisingly found that it was not necessary
to remove the carbon dioxide from the reducing gas. As
contrasted to the prior art, there was no difference be-
tween the activity of catalysts which had been reduced
with COz-containiing gases and that of catalysts which had
been reduced with CO2-free gases.

Example 4

A catalyst was produced as described in Example- 1.
The- only difference was that immediately following the
precipitation 10 parts of kieselguhr based on 100 parts
of iron-were stirred in. The subsequent measures for
washing, impregnating; drying and molding of the catalyst
were identical with those of Example 1.

8 liters-of ‘this catalyst were filled-into a tube of 10 m.
length -and 32 'mm. insidé- diameter. After blowing in
nitrogen -for a short time,; hydrogen at a rate of 5 cu. m.
per hour- was-passed ‘into-the tube and the temperature
was increased within 2 hours from 20° C. to 135° C.
Thereafter, the-reduction was discontinued. The catalyst
had an excellent resistance to abrasion and a reduction
value:of 26 which was practically -completely uniformly
present over-the wholelength of the tube.

This catalyst was-subsequently used for the synthesis
in the same-tube-at-a pressure of 25 atmospheres, a load
of 500-liters of gas per liter of catalyst per hour and a
recyclé-ratio of '1:2:5: The ' CO:Hz ratio of the synthesis
gas was 1:1.7 and the CO--H2 content was 85%. A
CO+Hz2 conversion of 62% was obtained at a tempera-
ture- of 222°° C. This conversion -could be: increased to
74% -by-increasing the-temperature to-230° C.

If the same-catalyst was.rediced in the same reaction
tube with hydrogen: at-a pressure of 15 atmospherss and
at the same.temperature while: circulating 5. std. cu. m..
per-hour-of:reducing: gas.consisting -.of 75% of hydrogen
and 25% of nitrogen, and while-continuously supplement-
ing the consumed hydrogen, a completely uniform reduc-
tion. value: of. 27% was obtained. The mechanical
strength was: likewise excellent. The synthesis result ob-
tained under the conditions mentioned before was prac-
tically identical with .that obtained with the catalyst which
had been reduced at atmospheric pressure.
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Example 5.
A boiling solution which contained 40" grams of iron
and 6 grams of copper in the form of the nitrates was
added to a boiling soda solution. The precipitated mass

was rapidly sucked off and washed with hot condensate

to a residual alkali content of about 0.3% based on iron
and calculated as K20. The following impregnation was
effected with potassium water glass in such a manner that
the finished catalyst mass contained 2.5% K20 and 7.1%
Si02. The drying was effected for 24 hours at 110° C.
Thereafter, the mass was te-dried for 2 hours at 180° C.
by means of an air stream. The reduction of this cata-
lyst was carried out in a tube of 50 mm. diameter and
5 m. length, which was heated up within 2 hours to a
temperature of 135° C. The quantity of hydrogen put
through was 12.5 cu. m. per hour. After the termination
of the reduction, the reduction value was 28%.

If this catalyst was used for the synthesis under the
conditions of Example 5, a CO+Ha conversion of 65%
was obtained at a temperature of 218° C. This conver-
sion could be increased to 75% by increasing the tem-
perature to 225° C.

Example 6

A catalyst mass was precipitated from a boiling solution
of the nitrates of iron and copper by pouring the solution
into a boiling soda solution. Thereafter, the catalyst mass
was washed with condensate to a residual alkali content
of 0.3% calculated as K20. The pH value after the pre-
cipitation was 7.1. The Fe:Cu ratio was 100:25. After
a subsequent impregnation with potassium water glass
followed by a post-neutralization, the catalyst contained
5 parts of K20 and 25 parts of SiO2 based on 100 parts
of iron.

Thereafter, the catalyst mass was molded into small
cylinders of 3.5 mm. diameter, which were then dried for
24 hours at a temperature of about 110° C. This was
followed by a re-drying for 6 hours at 160° C. The
water content of this catalyst was about 0.3%. The fin-
ished grains were sieved on a 1.5 mm. sieve.

8 liters of this catalyst were reduced in a synthesis tube
of 10 m. length and 32 mm. inside diameter for 2 hours
at a temperature of 135° C. with hydrogen using a linear
gas velocity of 1.5 m. Thereafter, the finished catalyst
had a reduction value of 25.7.

This catalyst was subsequently subjected to the follow-
ing synthesis conditions:

Gas load ——— 1:500.
Synthesis pressure_ .~ 25 atmospheres.
Recycle ratiom e meoeeeeo 1:2.5
CO:Hz ratio- cmme e 1:1.7.

86%, the remainder be-
ing nitrogen, carbon
dioxide ‘and methane.

CO-+Hz content o —_re

A CO-+H: conversion of 64% was obtained at a tem-
perature of 219° C. The methane formation was 3.2%.
These synthesis conditions could practically be maintained
during the first month of operation.

The synthesis result of the second month of operation
was as follows:

Synthesis temperatire__ oo °C.. 219
COJ-Hz conversion - oo ca e percent__ 63
Methane formation .o oo do.-_. 45

The synthesis result of the third month of operation
was a 62% CO--Hz conversion at the same temperature.
The methane formation had increased to 6.3%.

The synthesis result of the fourth month of operation
was a 61.5% CO--H: conversion at the same tempera-
ture. The methane formation had slightly increased to
6.5%.
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Also in the fifth month of operation it was not nec-
essary to increase the synthesis temperature. The’
CO--H2 conversion was still above 60%. However, in
the following months of operation a slight increase of the
synthesis temperature had to be effected, but the final
synthesis temperature after 8 months was only 225° C.
so that the catalyst could be operated for further 4 months
with the aid of a further slight increase in temperature.

Example 7

A catalyst was produced in the manner described in
Example 5. Instead of copper the same quantity of silver
was used. The other steps were the same as in Example 5.

After reduction at a temperature of 135° C.,, the cata-
lyst had a reduction value of 26%.

At a synthesis temperature of 223° C., the CO+4-Hz
conversion was 63%.

We claim: .

1. In the process for the catalytic hydrogenation of
carbon monoxide in which a carbon monoxide, hydrogen-
containing synthesis gas is contacted with a precipitated
iron catalyst at a temperature between 175° and 275°
C. at a pressure of 1 to 100 atmospheres, the improve-
ment which comprises reducing a precipitated iron catalyst
containing at least 5 parts by weight per 100 parts iron
of a member selected from the group consisting of cop-
per, silver and mixtures thereof, with a reducing gas con-
taining a member selected from the group consisting of
hydrogen, carbon monoxide and mixtures thereof, at a
temperature from 60° C. to below 150° C., and there-
after using said catalyst for said contacting with synthesis
gas.

2. Improvement according to claim 1, in which said
catalyst contains at least 15 parts per weight per 100
parts of iron of said first-mentioned group member.

3. Improvement according to claim 1, in which said
reduction is effected at a temperature below 125° C.

4. Improvement according to claim 3, in which said re-
duction is effected at a temperature between 80° and
110° C.

5. Improvement according to claim 1, in which said
contacting is effected at a pressure of 10 to 40 atmos-
pheres.

6. Improvement according to claim 1 in which said
precipitated iron catalyst is dried prior to said reduc-
tion, and, which includes redrying said catalyst prior
to said reduction to a water-content of below 2% at a
temperature of below 200° C.

7. Improvement according to claim 6, in which said re-
drying is effected at a temperature of 130° to 170° C.

8. Improvement according to claim 7, in which said
re-drying is effected to a water content of below 0.5%
by weight.

9. Improvement according to claim 1, in which said
reduction is effected at pressure above 1 atmosphere.

10. Improvement according to claim 1, in which said
reducing gas contains carbon monoxide and hydrogen in
a ratio of about 1:1 to 1:1.5.

11. Improvement according to claim 1, in which said
reduction is effected at a pressure between 1 and 100 kg.
per sq. cm. at flow velocities of said reducing gas of more
than 50 cm./second referred to standard conditions of
760 mm. Hg and 0° C.

12. Improvement according to claim 11, in which said
reduction is effected at a pressure between 10 and 40 kg.
per sq. cm. at a reducing gas flow velocity of more than
50 cm./second referred to standard conditions (760 mm,
Hgand 0° C.).

13. Improvement according to claim 11, in which said
reduction is effected at a reducing gas flow velocity of
more than 100 cm./second referred to standard condi-
tions.

14. Improvement according to claim 12, in which said
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reduction is effscted "at .a- redicing. gas flow velocity of
more than 100" cm./second referred to standard condi-
tions:

15. Improvement according to claim 1, which includes
recycling. the used reduction gas in contact with said
catalyst and replacing the quantity of consumed’ reduc-
tion gas with fresh reduction gas.
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