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This invention relates to improvements in catalytic
carbon monoxide hydrogenation with an increased yield
of higher boiling esters. It more particularly relates to
the use of special precipitated iron catalysts with a high
copper content in the production of oxygen-containing
compounds with-an increased yield of the higher boil-
ing esters.

Several processes are known for the catalytic hydro-
genation of carbon monoxide with the production of
synthesis products containing a high yield of oxygen-
containing products and especially alcohols. In some
such processes melted catalysts of the type used for am-
monia synthesis have been used. These catalysts con-
sist essentially of iron with the addition of small amounts
of aluminum oxide, silicic acid and alkali.

In another process described for the catalytic hy-
drogenation of carbon monoxide with the production of
high yields of cxygen-containing compounds, special pre-
cipitated catalysts are used. These catalysts consist of
fron with small amcunts of activators such as copper,
calcium, cerium, vanadium, and alkali, and, if neces-
sary or desired, more or less large amounts of carrier
materials, such as kieselguhr, bleaching earth, etc. With
the use of these catalysts, yields of 50% of oxygenated
compounds calculated on the liquid primary products
were obtained. However, these oxygenated compounds
so- obtained only contained relatively small quantities of
esters, which would seldom exceed about 10% of the
total oxygenated compounds. No catalysts were known
prior to the present invention which would, in carbon
monoxide hydrogenation, catalyze the formation of esters
to any considerable extent.

One object of this invention is the catalytic hydrogena-
tion of carbon monoxide with the production of oxygen-
containing products with a high content of esters and
especially in the higher boiling ranges.

A further object of this invention is the catalytic hy-
drogenation of carbon monoxide with the production of
oxygen-containing products with a high content of es-
ters and a low methane formation. These, and still fur-
ther objects, will become apparent from the following
description:

It has now been found that oxygen-containing prod-
ucts with a high content of esters in the higher boiling
ranges may be obtained by the catalytic hydrogenation
of carbon monoxide with the use of precipitated iron
catalysts at pressures above 5 atmospheres and at tem-
peratures of 170 to 280° C. if the precipitated cata-
lysts contain a content of free alkali of between 4 and
15%, and preferably between 6 and 12%, calculated as
K20 and based on the total iron present, and at least
30% and preferably between 30 and 100% of copper,
also based on the total iron present. These, special pre-
cipitated catalysts with at least 30% of copper exhibit an
extremely high activity which will result in high con-
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version rates of CO-}-Hz at relatively low reaction tem-
peratures. As a result of the low operational tempera-
ture permitted, the methane formation is very low.
This is a considerable advantage as compared with the
use of conventionally known catalysts for obtaining high
yields of oxygen-containing compounds in which the
methane formation is of an order of magnitude of about
12 w 15%. The high copper content, in accordance
with the invention, will, in addition to a reduced re-
action temperature also permit a decreased reaction time.

The activating agents known for precipitated iron cata-
lysts, such as calcium, cerium, vanadium, may be added
to the catalyst in amounts of preferably 1-10%. As to
the use of carrier materials, such as kieselguhr, bleaching
earth, etc., not more than 20%, preferably not more than
10% of these materials should generally be added.

The performance of the carbon monoxide hydrogena-
tion with the use of the catalysts in accordance with the
invention is practicable in both operation with fixed-bed
catalysts and operation in the liquid phase. While for
fixed-bed catalysts molding of the moist catalyst mass is
required before the reduction, this is generally superfluous
when working in the liquid phase.

It has been found particularly advantageous in ac-
cordance with the invention, to reduce the new catalyst
to a free iron content of at least 50% and preferably at
least 70% of the total iron content. This high reduc-
tion value will cause a corresponding increase in the con-
tent of esters in the oxygenated compounds.

The new catalysts in accordance with the invention are
produced in the same manner as the known, precipitated
catalysts.. The starting materials generally consist of
the salts of iron and copper, and preferably the nitrates.
Precipitation is effected in the known manner from a
boiling solution of these two metallic salts with the use
of boiling solutions of alkaline reacting compounds,
such as ammonia, caustic soda or potassium carbonate,
or of the corresponding hydroxides. The pH value ob-
tained upon the completion of the precipitation may
range between 7 and 12 and preferably between 7 and
9. Washing of the precipitated catalyst may be total or
partial, and depends, among other things, on the alkali
compound used for the precipitation. In a partial wash-
ing, a residual alkali content of between 4 and 15% and
preferably between 6 and 129%, calculated as K20 and
based on the iron present is favorable. When effecting
a total washing, the washed precipitated catalyst mass
must be subjected to a subsequent alkali impregnation
to bring the alkali content within the above-mentioned
limitation. ’

After the impregnation or partial washing, the moist
catalyst mass is expediently brought to a water-content
of between 55 and 70% and subsequently molded. Mold-
ing into grains of a cylindrical shape has proven par-
ticularly advantageous. The use of molded catalysts is
desirable because it will result in only small amounts of
dust. - Sieving the molded catalyst mass will produce
catalyst grains of a uniform size which, after reduction,
will permit trouble-free operation in the synthesis furnace.

The reduction of the molded catalyst grains is efiected
at temperatures between 200 and 350° C. by the action of
reducing gases, and preferably of carbon monoxide, hy-
drogen or hydrogen-nitrogen mixtures or mixtures .of
these gases, as, for example, water gas, etc. Tempera-
tures of between 250 and 300° C. for the reduction are
particularly advantageous. The portion of the metallic
iron in the reduced catalyst should be more than 50%
calculated on the total iron. .

The reduction may be effected in catalyst layers of
approximately 30 cm. It is also possible to use catalyst
layers of more than 1 meter up to a maximum of 12
meters, and possibly in the synthesis reactor itself. The
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gas used for the reduction should be as poor as possible
in "Hz20 and 'COa.

After the reduction, the:catalysts, in accordance with
the invention, may be immediately used for the  syn-
thesis. Because of their high activity, they must be very
carefully started up. . At temperatures of approximately
190° C., conversion rates of approximately 60% CO--Hz
will already be obtained. The catalysts exhibit a sur-
prisingly long life.

The gas load of the catalysts in accordance with the
invention may be varied within wide limits.’ While, for
example, a gas load of 10 parts by volume of gas per
part by volume of catalyst per hour may be used, the
load may be increased to 100 times this figure.

The syathesis pressures may be in the range between
5 and 100 -atmospheres, but may also be in excess of
100 atmospheres. - Pressures. between 30 and 50 atmos-
pheres have been found advantageous. Single and multi-
stage operation and gas compositions between 0.5 and
2 parts -of ‘Hz for each part of CO..are possible. In
multi-stage -operation it is advantageous.to.remove car-
bon’ dioxide between the individual stages. This may be
done in the known manner. .Moreover, operation with
gas recycling has been found to -asure long life preserv-

ing of the catalyst.

Since, in accordance with the invention, ‘the . reaction
temperature is low, and the methane . formatjon:is‘corre-
spondingly low, the most economical utilization of }he
reaction gas is obtained. The high CO--Hz: conversion
rate obtained in accordance with the invention further
increases the economic advantages obtaingd thereby -and
allows the use of ‘a relatively small number of synthesis
stages in the multiple-stage operation and under certain
circumstances even :allows the synthesis to be effected
in a single-stage operation with a high CO conversion.

The following examples are given to further illustrate
the invention and not to limit the same:

‘Example 1

From a boiling solution of the corresponding nitrates
containing” 50 parts by weight of Cu for: every 50 :parts
by weight of Fe, the corresponding catalyst was precipi-
tated at a pH value of 7.1, using a boiling solution of
caustic soda. Immediately thereafter the- cafalyst mass
was carefully washed and impregnated with potassium
carbonate in such a manner that ‘an amount of K2COs
calculated as 8% -of K20 of the iron present was uni-
formly incorporated into the moist catalyst mass. - After
drying a short time to a water content of approximately

60%, the catalyst mass-was molded in an extruding ‘press

into small cylinders' of 5 mm. length which ‘were dried
for 24 hours at a temperature of 105° C.-and then sieved
by means of a vibrator to uniformly sized grains. The
dust formation was -approximately 4% of ‘the charge.

The finished catalyst was then reduced in a reduction
apparatus for 1 hour at a temperature of 280° C., using
a gas mixture consisting of 75% “of hydrogen-and 25%
of nitrogen and a gas velocity of 1.4 meters per:second,
measured in the-cold state. "The reduction value-of the
finished catalyst was approximately 80%, calculated on
total iron.

This catalyst was then charged to the synthesis in a
double-tube furnace of 4.5 meters in length. The syn-
thesis pressure was 30 atmospheres, the gas load was 100
liters per. liter of catalyst per hour. The experimental
Tun - wis-carried ‘out ‘without : gas ‘recycling.

Using water gas (COHa=1:1"to 1:1:2), a CO+Ha
conversion of 66% . to 67% corresponding toa CO .con-
version of 88 to 90% was obtained at.’a temperature
of 195° C. “The methane formation was approximately

. 5-6%, calculated on CO-Ha converted.

" Usinga "gas-tich in ‘CO -containing. 0.82  parts of Ha

“for “each’part-of €O,"a CO--Ha conversion :6f .approxi-
~mately 69 to"70% corresponding to-a"CO-conversion of
‘80% was- obtained -at-a~temperature ‘of 198° 'C. "The
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methane formation in this case was approximately 4 to

5%, calculated ‘on ‘CO+4Haz converted.

Finally, using a gas rich in hydrogen containing 2

parts of Hs for each part of CO, a CO-}-Hz conversion
of 53% was obtained at a.temperature of 195° C. Meth-
ane formation was approximately 6 to 6.5%, CO con-
version ‘in this case was 93%.

The yield - of -oxygen-containing -compounds including
the water-soluble alcohols was 55% when -using water
gas, 53% when using the gas rich in CO, and 59%
when using the gas rich in hydrogen.

The portion of :esters, based on total oxygenated prod-
ucts, was .approximately 30% in the first .case, approxi-
mately 40% in the second case, and approximately 22%
in the third case. ‘

When the precipitation was carried out at a pH value
of 9.1 instead of 7.1, using potassium' carbonate as the
precipitation alkali and washing thereupon partially to
a residual alkali-content of ;approximately 9% calculated

as KoO and based on present iron, the same conversion-

rates could be .obtained-at temperatures which, on an
average, were approximately 5° C. higher, the yield :of
oxygenated - compounds being somewhat lower.

Example 2

Water .gas was .passed over a .catalyst.as described in
Exam;_ale 1 and containing 8% of K20 in the form of
potassium carbonate, calculated on Fe. ' A synthesis pres-

‘sure -of- .10 -atmospheres and .a gas load of 150 normal

liters of gas :per liter .of catalyst per hour were used. A
conversion of 60% . CO--Hz was obtained at a temperature
of 220° C. The resulting liquid product contained 1.7%
of aldehydes-and ketones and 16.7% of esters in addition

to 20.9% “of alcohols. The ester content of the individual

C fractions, principalily.in the boiling range above 200° C.
.and preferably above 250° C., was more than 35%; and
in some cases above 45%.

When  increasing the synthesis pressure:to 30 atmos-
pheres, -the :same -rate of conversion was obtained at a
temperature .of 201° :C. The methane formation in this
case was -aproximately 4 to 5%. The resulting liquid
product contained 1.9% of aldehydes and 28.6% of esters
in addition to 15.7% of alcohols. )

Moreover, certain ‘amounts of alcohols and esters were
contained-in the reaction water. obtained. ’

T:.claim: .

1..In-a:process:for: the catalytic-hydrogenation of car-
bon :monoxXide, “the improvement ‘which comprises ‘con-
tacting a carbon monoxide hydrogen-containing synthesis
gas with :a. precipitated iron-hydrogenation catalyst con-
taining:atleast 30%: copper, based on the total iron present
in said catalyst, and a free alkali content of -about 4 to
15% -calculated -as K30, based on the:total iron present
in-said- catalyst, at-a:pressure of at least 5 atmospheres
and temperatures: of 170 to 280° C., and recovering oxy-
gen-containing products having a high content -of esters.

2. Improvement according to -claim 1, in ‘which -said
catalyst-contains-about 30 to'100% -copper, based on the
total-iron present. -

3. Improvement-according ‘to claim 1, in which said
catalyst has ‘a “free alkali content of about 6 ‘to 12%
calculated as K20 and based on the total iron present. -

‘4. Improvement - according to claim 1, in which -said
contacting’is‘effected at-a pressure of at least 10 atmos-
pheres. :

‘5. Improvement ‘according to claim 1, in which -said
iron catalyst is‘reduced prior to-said contacting to a free
iron content-of-at least 50%.

6. Improvement ‘according to claim 5, in which .said
reéduction is-effectéd to-free iron content of at least 60%.

7. A catalyst for the catalytic hydrogenation of carbon

-monoxide ' with the production of oxygen-containing prod-

ucts.having-a-high-content :of ‘esters. comprising aprecipi:
tated jron-catalyst-having:a major portion-of iron,.a free
alkali content 6f bétween 4 and 15% calculated as K20,

»



http://ww. Pat ent Gopher.com

2,778,800

5

based on the total iron present in said catalyst, and a cop-
per content of at least 30%, based on the total iron pres-
ent in said catalyst.

8. A catalyst according to claim 7, in which said copper
content is between 30 and 100%.

9. A catalyst according to claim 8, in which free alkali
content is between 6 and 12% calculated as K20 and based
on the total iron present.
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