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This invention relates to improvements in the catalytic
hydrogenation of carbon monoxide.
i ) In the process for the catalytic hydrogenation of
. carbon monoxide and particularly of the type effected with

5 catalysts 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 camencing
the synthesis propsr in order to obtain a favoratle catalyst

10 activity. This reducing pre-treatment is effected wifi hydro-
gen and/or carbon monoxide, and is generally effacted to onvert
a certain pertion of the metal catalyst material which is present
as an oxide intoc the metallic state. The statements in the
literature of the art on the most favorahle portion of metal

15 as compared with a reduced oxide vary within wide limits. Values
vetween 5% and 100% of free metal based on the fotal metal have
been suggested, depending on the type of catslyst in the synthesis
products desired. The percentage of the totel basic catalyst metal in
the free metallic state is known ms the reduction value of the

20 catalyst .

Elevated working temperatures are roguirsd for the con-
verslon of a portion of the oxides into the free metsllic state
with the use of reducing gases, aince at normal temperatures the
reaction velocity is mech too low to effect a useful reduction

25 value within a reasonable time, Temperatures of sbove 150° C. and
generally of shova 250% O. have been used, depending on the type
of catalyst in order to obtain the desired degres of reduction
vithin a reasonable time, as, for example, from I to 10 hours.

Varied reduction temperaturea are used, depending on

30 the type of catelyst and the basic metal. For example, temperatures
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of from 3500 to 40C° C. are used for the conventional precipitated
cobalt eatalyst in order to obtalm a reduction value of 55 - 65%.
When using precipitated iron catalysts, temperatures of as low as
200° = 2500 C. ars frequently sufficient if relatively low reduction
values are to be obtalned. However, temperatures reanging from
between 2500 and 3200 C. have generzlly been ussd for these catalysts,
whether the same contained carries material or not.

In connectlon with fused and sintered catalysts, the
reduction is much more difflcult, due to a completely different
physical construction as compared with that of precipltated
catalysts. Temperatures of about 450° C., and even as high as
£00% to 1,000° C. have been used for the reduction of these fused
and sintered catalysts.

One object of this invention 1s a2 highly active iron
catalyst which has an excellent grain strength and resistance
to splintering and which has besn reduced at relatively lowtemper-
atures, This, and s%ill further objects, will become apparent
from the following description:

It has now been found that precipltated iron eatalysts
which contain at least 5 parts by weight of copper and/or silver
to 100 parts of irom, and which have been redueed with pases
eontaining carbon monoxide and/or hydrogen at temperatures below
150° C., are excellently sulted and produce particularly favorakle
results in catalytic carbon monoxide hydrogenation effected at
tempsratures of 1759 to 275° G. at pressures of 1 =~ 100 and pre-
ferably 10 - 40 atmospheres.

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 preferably be reducsd at temper-
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atures below 1250 C. These catalysts very surprisingly, in
apite of the very low reductlon temperaturs, exhibit a structure
which is very favorable for their activity and possess at the
sams time a sufficient reduction wvalue.

Prior to the inwention, catalysts rich in copper and

silver were frequently unsatisfactory from a mechanicel stand-

. point in reduced form. With reduction temperatures of above 1500 C.,

a consideratle content of undesiralle duet and splintered grains
was frequently observed after the reduction, even if completely
uniform grains were present prior to the reduction. The result
of this phencmenon was that after charging the catalyst mass,
as, for example, into a tubilar furnace, obstructions by caking
of small particles very fregquently occurred. This is always
accompanied by a more or less high-Pregsurs loss which resulis
in meny cases in a complete shut-down of the respective catalyst
tube.

Very surprisingly, the copper-and/or silver-rich
catalysts reduced in accordance with the invention at temperatures
below 150°C. de not show this unfaverable mechanical strength and
have a grein structwre which resists disintegration. In the syntheais
the catalysts in accordance with the invention exhibit an excellent
mechanieal behavior and have an extremely long lifs period of
operation, while the pressure loss is very low.

Unexpectedly high reduction velues may be obtained in
accordance with the invention within 30 - 120 mimutes when using
reduction temperatures of below 150° G. and preferably below
125° C. Temperatures between 80° and 110° C. have bsen found

particularly effective.



10

15

20

- 25

30

. [
556¢10
The reducing pre-treatment in accordarce with the in-

vention mey be effected at atmospheric pressure as well as kb super-

-atmospheric pressure or in partial vacwmum. In general, the reduction

may be convenlently effected at atmespheric pressure, though reduction
at pressures above 1 atmosphers have produced excellent results.

Partleularly good aynthesis results may be obtainsd
with the eatalysts which have been pre-treated with the uss of
high-flow velocitias of the reducing gas, as, for example, flow
velocities in excess of 50 cm. per second, and preferably above
1 m. per sscond.

Cortain differences in, for example, the mechanical
behavior of the catalyst, have been found to exist, depending
on whether hydrogen or monoxide or mixtures thersof are used for
the reduction. When using bydrogen, a certain mechanieal alteration
of the catalyst cannot be completely avoided in a small mwber of
cases in spite of the lower reduction temperatures. Excel%ent
mechanical properties of the catalyst are uniformly obtained when
the reduction pre-treatment is effected with the use of carben
monoxide or carbon monoxide-and hydrogen-containing gases having
a CO Hy ratio of sbout I ¢+ 1 to 1 : 1.5.

It has further been found in accordance with the invention
that a surprising improvement of the synthesis results can frequently -
be obtained if the cetalysts, prior %o their reduction, are drisd
to a water comtent of below 2% and preferalbly of below 0.5% by
weight by re-drying the same at temperatures of below 200° €. and
prefarably at 130° to 170° . The water content in the reduced
catalyst which generally ranged Yetwoen 8% and 124, based on the
wolght of the catalyst, has been found to have a marked disadvant-
ageous influence on the catalyst strueture if this water is not
removed prior to the reduction.

-4 -
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. Catalysts dried at a temperature above 2000 16 3000 C.,
vhile showing a wry good mechanieal hwhavior after reduction,
sometlmes work unsatisfactorily in the subsequent synthesis.
It is therefore likely that the heal treatment effected in the
temperature range above 200° C. will be of some detrimental effect
to the activity of the catalyst.

It is thua disadvantageous to remove the water content
of the catalyst by pre-drying at temperatures above 200% C. and
especlally at 300° C., since this effects more or less large
alterations in the catalyst struecture, which, in turn, effects
the activity and the synthesis behavior of the catalyst. The
1low water content desired of below 2 % must therefore be achieved
by re-drying below 2000 C. and preferably betwesn 130° and 170° C.
Lower temperatures require a length of time whieh 1s not technio-
ally and econcmically feasible. Catalysts dried in accordance
with the invention show in the reduced state a consideratbly
improved resistance to abrasion as compared with water-containing
catalysts, without ylelding any disadvantages in the subsequent
gynthegis.

In certain individual cases, the measures deseribed
above are not sufficient to assure for the catalyst an unobjection-
able mechanical strengbh. It is further found, however, that this
could t® achieved if the precipitated catalyst mass, after drying
in the known manner, were subjected to a thermal after-treatment
in the temperature range of about 200° to 4009 C. and preferably
about 300° to 500° C. prior to the reducing pre-treatment. This
thermal after~treatment serves to strengthen the catalyst grain
with respect to disintegration, which occurs to a more or leas
high extent during the reduection and to anticipate the decrease
in value vhich alweys occurs to a more or less large oxtent during

the reduetion of pracipitated catalyst. This is of particular

-5
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importance if the reduction is to be effscted in the synthesis
reactor proper. It is known that precipitated catalysts, in
splte of the drying in the temperature rangs between 100° and
150° ¢c. always suffer from more or lesss sewvers shrinkage in the
subsequent reduction. Thls shrinkage gemerally ranges between
about 20% - 40%, depending on the type of catalyst used. If the
reduction or reducing pre-treatmert is effected in the gynthesis
reactor itgelf, a shrinkage during the reduction will causge a
gevers deorease in volume and the filling of the reacteor will
collapse a corresponding amount, and this will frequently also
cause the formation of channels through the catalyst in the
catalyst bed if the catalyst, due to a certain staldlity of the
individual perticles, does not sink down to fill in for the
shrinkage. 'This formation of channels is of extreme disadvantags
in the subseguent synthesis. The synthesis gas, of courss,
gtreams through the chammels which offer a considerathly reduced
rosistance to the passage therecof than the densely packed catalyst
structure. This results in an sxtremely unfavoratle influence on
the rate of conversion, the reaction temperature, and the yield
and compositlon of the products produced.

If, however, the catalyst is subject to the thermal
after-trestment at Lemperaturss between 200° and 600° C., the
shrinkage will occur during the thermal treatment and not in the
synthesis reactor during the reduction. The shrinkage which ccours
during the reduction 1z extremely swall and is even desiratble with
respect to pressure loss, mechaniesl tehavier and synthesis pro-
pertles. ‘This favorable effect bacomes particularly obvious when
operating in modern reactors having a length of 10 - 20 nmeters,

a3, for example, 12 meters.

Particularly economieal opsratlon is assured when effecting

the reducilen under pressure if the gas quantity used for the

b -
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reduction is re-cycled, while the portions of carbon monoxide and/or
hydrogén consumed during the reductlion is replenished by the
addition of fresh gas. Thus, the pressure drop may be observed

and measured and compenseted by the addition of fresh gas.

It is of advantage if the reducing gases, as is
conwntional,have as low as poasible a water content, as, for
example, less than I gram, and preferatiy less than O.l gram of
water per cubic meter of reducing gas.

The following examples are given by way of illustration
and not limitation.

Example 1

A catalyst was precipitated from a boiling solution
which contained 40 grams of iron and 10 grame of copper per
liter in the form of the nitrates by pouring this solution

into a boiling soda sclution. The precipitation was effected
in such a mamner that the pH value after the precipitation
was 7.l. Immediately thersafter, the hot catalyst slurry
was washed wlith distilled water to a residual alkali content
of about 0.3% calculated as K;0 and based on total iron.

Then the catslyst mass was impregnated with potassium
water glass vontaining 8 parts by weight of K,0 and 20.5 parts
by weight of 5102, and the exceas alkall was rsmovad by care-
fully adding nitric acid so that the pH velus wes again 7.1
and by subsequent filtration. The KZO 3 810, ratio was about
1 : 5 and the quantity of 3102 based on tetal iron was about
25% .

After the impregnation, the eatalyst was molded to
small cylindsrs of 3.5 mm diameter and dried for 24 hours at
105% C. Thereafter, the water content was about 9.

8 liters of this catalyst were reduced, in a reduction

vat of eorresponding capacity, for 1 hour at 1359 C. at

"
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stmospheric pressure with a gas mixture consisting of 75%

Hp and 25% N,. The flow velocity based on standard conditions

wag about 1.5 m. After the termination of the  reduction, tha

catalyst was filled into a container under CO5 protecticn.

The reduction value was 27%, the abrasion test was good.

The shrinkage as compared with the unreduced grains was 25%.
Bxample 2.

The same catalyst, reduced under the same conditions
with water gas, resulted in an abrasion test which was by
20% tetter. The shrinkage was the some as in Example 1.

Example

A catalyst which had been produced in accordance with
Exemple 1 was, after drying at 105© €., redried for 24 hours
at atemperaturs of 240° C. in anair stream. The water
content was 0 and the unreduced grains showed a shrinkage
of about 21%.

After the subsequent reductlon with hydrogen effected
in mecordance with Example 1, a reduction value of 25.5 was
found ubder the same conditlons. Substantially no shrinkage
occurred while the shrinkage had been 25% after the reduction
according to Example 1. The abrasion test was by 25% better
than in Example 1.

Examplo 4

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

After discharging, this estalyst had a reduction
value of 28% of fres iron; the abrasion test was by 40% more

favorable than in Example 1,

-
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When waling hydrogen lnstead of water gas, practically
the same values were obtained.

It was very surprisingly found that it was not
nacesgsary to ramove the carbon dioxide from the reducing
gas. As contrasted to the prior art, there was no difference
between bthe activity of catalysts which had been reduced with
002- containlng gases and that of catalysts which had been
reduced with COa-frea gases.

Example

A catalyst waz produced as described in Example 1.
The only difference was that immedlately 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.

2 liters of this catalyst were filled in%o a tube
of 10 m. length and 32 mm. inside dlameter. 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
inereased within 2 hours from 20° C. o 135° C. Thereafter,
the reduction was discontinued. The eatalyst hed en excellent
resistance to abtrasion and a reduction valus of 26 which was
practically completely unifermly present over the whole length
of the tube.

This catalyst was subsequently used for the synthesis
in the same tube at a pressure of 25 atmospherss, a load
of 500 liters of gasmr liter of catalyst per hour and a
rocycle ratio of ¥ ¢ 2,5. The CO B, ratic of the synthesis
gas was 1 : 1.7 and the CO+ Hy content was 85%. A COM,

conversion of 62% was obtained at a temperaturs of 222¢ C.

-G -
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W This eonveraion could be inareased to 74% by increasing the
temperatura to 2300 C.
If the same catalyst was reduced in the same reaction

tube with hydrogen at a rressure of 15 atmospheres and at the

5 same temperature while eirenlating 5 std. cu.m. per hour of
reducing gas consisting of 75% of hydrogen and 25% of nitrogen,
and while contimuously supplementing the consumed hydrogen, a
completely uniform reduction value of 27% was obtained. The
mechanical strength was llkewlse excellent. The synthesis
10 result obtainsed under the conditions mentioned before was
practiecally identical with that obtained with the catalyst
which had been reduced at atmogpheriec preassure.
Exampla 6
A boiling solution which contained 40 grams of iron
15 and 6 grams of copper in the form of the nitrates was added to
a boiling soda solution. The preecipltated mass wsa rapidly
sucksd off and washed with hot condensate to a residusl aikali
content of about 0.3% based on iron and calemlated as K,0.
The followlng impregnation was effected with potessium water
R0 glass in such a manner that the finished catalyst mass
conbained 2.5% K0 and 7.1% 5105. The drying was effected
for 24 hourg at 110° C. Thersafter, the mass waa re-dried for 2
hours at 130° C. by means of an air stresm. The reduction
of this catalyst was carried cut in a tube of 50 1m. diameter
25 and 5 m. length, which was heated up within 2 hours to a
temperatura of 135° C. The quantity of hydrogen put through
wag 12.5 cu.m. per hour. After the termination of the reduction,
the reduction valus was 28%.
If this catalyst was used for thz synthesis under the

30 conditions of Example 5, & CO4Hs conversion of 65% was obteined

- 10 -
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at a temperature of 218° C. This conversion could bs
inereased to 75% by increasing the temperature to 225° C.
Example 7

A catalyst mass was precipitated from a bolling
solution of the nitrates of iron and copper by pouring the
solution into a boiling soda solution. Thereafter, the
catalyst mass was waghed with condensate to a residual
alkeli content of 0.3% caloulated as K;0. The pH value
after the precipitation was 7.1. The Fe:Cu ratio was
100 &+ 25. After a subsegquent impregnatlon with potassivm
water glass followed by a post-neutralization, the catalyst
contalned 5 parts of K;0 and 25 parts of 5iC, based on
100 parts of iron.

Thereafter, the catalyst mass was molded into
smell eylinders of 3.5 mm. diameter, which were then dried

for 24 hours at a temperature of about 110°% C. This was

" £ollowed by a re-drying for é hours at 160° C. The water

content of this catalyst was aboud 0.3%. The finished
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, insides diameter for 2 hours
at a temperature of 1357 C. with hydrogen using a linear
gas veloeity of 1.5 m. Thereafter, the finished catalyst
had a reduction value of 25.7.

This catalyst was subsequently subjected to the
following synthesis conditions:

Gas load 1 : 500

Synthesis pressure 25 atmospheres

Reeycle ratio 1l: 2.5
€O + H, ratio 13 1.7
Co4H, content 86%, the remaimder being

nitrogen, carbon
dioxide and methane.
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A COHH, comversion of 64% was cbtained at a temperature of
2190 C. The methane formation was 3.2%. Thess synthesis
conditions could practically be maintained during the first

month of operation.

a 5 The synthesis result of the second month of operation

was a8 follows:

Synthesis temperature 219° C.

GO+H2 conversion 63%
Methane formation 4 .5%.
10 The synthesis result of the third month of operation

was a 62% CO#Hy conversion at the same temperaturs. The
methane formation had inecreased to 4.3%.
The synthesis result of the fourth month of oparation
wag a 61.5% GD4H2 conversion at the same temperaturs. The
15 methane formation had increased slightiy to 6.5%.
4lso in the fifth month of operation it was not
necessary to increase the synthesis temperature. The
COdH, conversion was still above 60%. However, in the
following months of operation a slight increase of the
20 synthegis temperature had to be effected, tut the final
synthesls temperature after & months was only 2250 C. so
that the catalyst could be operated for further 4 montha

with the aid of a further slight increase in tempsraturs.

-1~
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined
as follows:
1 In the process for the catalytle hydregenation of
carbon monoxlde in which a carbon monoxide, hydrogen-containing
synthesis gas 1s contacted with a precipitated iron catalyst
at a temperature betuesen 1'75D and 2959 C. at a pressure of 1 to
100 atmospherss, the improvement which comprises reduclng a
precipitated iron catalyst containing at least 5 parts by
welght per 100 parts iron of a member selected from the group
conaisting of copper, silver and mixtures thereof, with a
reducing gas contelning a member selected from the group con-
sisting of hydrogen, carbon monoxide and mixtures thereof, at
a temperature from 529 C. to below 150° C., and thereafier
uslng gaid ecatalyst for sald contacting with synthesis gas.
2 Improvement according to ¢laim 1, in vhich gald catalyst
containa at least 15 parts per weight per 100 parts of iron of
gaild first-mentioned group member.
3 Improvement according to eclaim 1, in which said reduction
is effected at a tempereture bslow 125° C.
4 Tmprovement according to ¢leim 3, in which said reduction
is effected at a temperature tetween 80° and 110° C.
5 Imprevement according to elaim 1, in which sald contacting
is effected at a preasure of 10 to 40 atmosphares.
& Improvement according to c¢laim 1, which includes re-drying
said catalyst prior to ssid reduction to a water-content of below
2% at a temperature of below 200° ¢.
7 Improvement according to clalm 6, in which said re-drying
is effected at a temperaturs of 130° to 170° C.
g Improvement aecording to e¢laim 7, in which said re-

drylng is effected to a water content of below 0.5% by weight.

9
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Qe Improvement according to e¢lalm 1, in which said

reduetion is effected at pressures above 1 etmosphera.

10. Improvement according to claim 1, in which sald redudng
gas contains carbon monoxide and hydrogen in a ratlo of about

1:1 to 1:1.5.

il. Improvement according to clalm 1, which includes prior

to said reduction heating said catalyst to a temperaturs between
about 200° 4nd 600° C.

12. Improvement according to claim 11, in which sald heating
is effected to a temperature between 300° and 500° C.

13. Tmprovement according to claim 1, in which said reduction
is effected at a pressure between 1 and 50 kg. per sgq. em. at flow
welocities of said reducing gas of between 2 and 30 em. per second.
14. Improvement according to elaim 13, in which sald reduction
is effected at & pressure between 10 and 30 kg. per sq. cm. at &
reducing ges flow valocity of 10 to 25 em. per seacond.

15. Improvement according to claim 1, which includes rs-
cyeling the reduction gas and replacing the ¢quantity consumed

with fresh gas.
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