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This invention reiates to improvemenfs in
catalytlc carbon monoxlde hydrogention. It more
particularly relates to a new lron catalyst.

The catalytic hydrogenation of carbon monoxlde
is well known. It 1s also known that the primary products
obtained from the synthesis may be varied with respect to
thelr chemical nature and their boliling range by varying
the operating conditicns. The operating conditions which
effect the nature and range of the primary product include
the synthesis pressure, temperature load and gas recycling.
In addition catalysts of varlous compositions and ﬁrepared
by varlous methods of preparstion effect the formation of
different types of primary products.

In general, however, a catalyst of a glven

composition and prepared by & glven method will lead to

the preferred formation of synthesls products of a
certain composition. Thus for the production of

primary products having a high content of oxygen
containing compounds strongly alkallne iron catalysts

have proven partlicularly effectlve. It is genarally

true that the nature of the catalysts determine the
primary products formed independent of the other aynthesls
operating conditions and sspeclally wilth respect to

the gas load.

One object of thils invention 1ls a new iron
cetalyst which may be used for the catalyiic hydrogenation
of carbon monoxide and which will produce either a high
content of high boiling paraffin-like hydrocarbons or a
high content of low boiling gasoline-like hydrovarbons

depending upon the gas load of the catalyst. This and
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still further objects will become apparent from the
followlng description:

The catalyst in accordance with the invention
is an iron catalyst which is carrier free or contains
only small amounts of carrier material. The catalyst
i1s obtained by precipitation of an iron salt solution
at a pH of about 6.8 td 7.5 and preferasbly of 6.8 to 7.l.
The catalyst has an alkall content of 2 to 6% and
preferably 3 to 4% calculated as K O and a S10 content
of 5 to 15%. The catalyst 1s redﬁced to a frie iron
content of 10 to 50% and prefersbly 20 to 30% based
upon the total iron and has an inner surface of 180
to 23b square meters and prefergbly 200 to 220
agunare meters per gram of iron in the reduced catalyst.

Ine $10, content of 5 to 15% 1s obtained
by direct impregnation with an alkall silicate.

The catalyat preferably has a K50 to 510y

retio of 1 3 1 to 1: 5.

The new catalyst may, 1f neceasary, or desired,
contaln sctivators such as copper, sllver or metals of
the 5th to 7th group of the Perlodlic system.

The new catalyst may be used for the catalytlc
hydrogenation of carbon monoxlde with synthesais gases
at temperatures of 1759 to 300°¢, and pressures up to

100 atmospheres.
If gas flows of 10 to 200 litres of fresh gas

per liter of catalyst per hour are used, the synthesils

products obtalned wlll have a high content of paraffin-llke

hydrocarbons.

If a catalyst load of 200 o 1000 liters and
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and preferably 200 to 760 liters of fresh gas 1s used per

liter of catalyst per hour, the synthesis products will
have & high content of low bolllng gasoline-like
hydrocarbons.

Thus, with the new catalyst in accordance with
the new invention, it is for the first time possible to
obtain either a high yield of paraffin-like hydrocarbons
which are high boiling, or a high yield of gascline-llke
hydrocarbons which are low bolling merely by varying the
catalyst load as deacribed.

Of decisive ilmportance in the new catalyat is the
composition and method of preparation thus resulting in the
required Inner surface,

Thé determination of the inner surface 1s effected
by preparaticn of an adsorption lsotherm and its valuatlon
by the method of Brunauer, Emmet and Tellser (the so-called
BET -method}. The apﬁaratua required substantially consists

of a graduated buret in which the volume of gés to.bé
absorbed such as nitrogen or argon i3 measured, s manonmeter
for the determination of the ges pressure and a smgll flask
in which the adsorbing substance to be tested is placed,

“he catalyst 1s preparcd by the precipitation of
an iron salt solutlon in the conventional manner. The
alkall content of the catalyst is generally adjusted by first
washing the precipitated mass extenslvely, and thereafter
Impregnating with commercial alkall silicate having a ratio

of K50 to SiOB of 1 : 2.5 to the desired silicic acid content.
The silicic acid remains quantitatively 1n the precipitated

catalyst mass and cannot be removed therefrom by sny

chemical expedient in the course of the catalyst production.

-3 -
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The catalyst is preferably adjusted to a
KEO to 8105 ratio of 13 1 to 1 : 5. This will give
particularly favorable results with respect to
1ifetime activity of the catalyst. To obtain a ratio
of 1 : to more than 2.5, the catalyst mass 1s impregnated
with water glass, is neutrallzed with dilute nitric acld
while maintaining a pH value of 6.5 to 8 thereby
dilssolving out a more or less large alkall portion and
shifting the ratio of K;0 to Si0s in favor of the silicle
acid.

If a Kzo to $i0p ratio of 1 to less than 2.5 is
desired, an incomplete washing of the precipitated catalyst
mass lg effected so that a residual alkall content of 1 to
2% will remain. By the subsequent direct impregnation with
comercial water glass, it 1s possible to obtain ¥p0 to Si0g
ratios which are lower than 1 to 2.5 such as for example
1: 1.5 or even 1 : I,

The content of free iron is obtailned by sultable
reduction cendltlons. The catalyst in accordance with the
invention may be reduced with gases contalning hydrogen and/
or carbon monoxlde at temperatures of between 175 to 3200C.
and preferably between 2000 and 250°C. A high gas veloclity
of for example 1 to 2 meters per second, preferably 1.2 to
1.4 meters per second calculated under standard conditions has
been feund to ba edvisable.

When using the catalyst in accordance with the
invention for the hydrogenation of carbon monoxide, temperatures
of 1750 to 300°9¢. and pressurea up to 100 atmospheres the
result with respect to the composition of the hydrogenation

product as mentioned are dependent upon the gas leed.
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If the gas load is 10 te¢ 200 liters of fresh gas per liter

of .catelyst per hour, that is to say within the normal limlts
of the Filscher-Tropach synthesis, then the primary products

‘ will have a high content of high bolling paraffin-like
hydrocarbons. If, however, the hydrogenation iz effected
wifh the mame catalyst under the same conditions of temperature
and pressure, but at a high gas load of 200 to 1000 liters and
preferable 200 to 750 liters of fresh gas per liter of catalyst
per hour, then primary products having s high content of low-
boiling gasoline—liké hydrocérbons are obtained.

Except as set forth above, all the conditions for
the catalyst preparation are the same as is conventional for
the production of precipltated iron catalysts. In the same
manner, any mode of operation within the limits set forth
above may be used for the carbon monéxide_hydrogenation.

The followlng examplea are glven Ey way of illustration

and not limitation:

Example 1.

A bolling solution which contalned 45 grams
of iron, Q.45 grams of copper and 2.5 grams of
1ime in solution in the form of thelr nitrates was
sdded within 2 minutes to a boillng soda solutlon so
that the pH value after the termination of the
precipitation was 7.1, Then the mixture was heated
for @ short time and lmmedlately thereafter {lltered
in the hot state. The filtrate was washed with hot
distilled water so that the residual alkall content
in the catalyst was 0.6 based on lron and

calculated as Kzo.

- 5 =
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The moist catalyst mass was cooled and
lmpregnated with an agueous solutlon of potassium
water glass having a concentration of 20% and a
K0 ¢ 810g ratio of 1 : 2.5 in such a manner that
the total alkali content of the impregnated catalyst
mass was 3.6 calculated as K50 and based onllOO parts
of iron, and the content of silicic acid was 7.8%
based on totael iron. -

The mags was dried at a temperature of 110°C.,
crushed and sleved to a grain size of bebwesn 2 and
4 mm.

The granulated catalyst mass was reduced for
60 minutes at a temperature of 250°C., with a gas
mixture consisting of 75% of hydrogen and 25%
of nitrogen ﬁsing a superficial gas veloclty of 1.4
metors/second referred to atandard conditions.
Thereafter, the reduced catalyst had a content of
26% of free lron.

4.8 liters of thlis reduced catalyst mass were
operated In a so-called double tube with water gas
at a synthesis pressure of 30 atmospherss, a recycle
ratlc of 1 ; 2.5, and at a temperature of 212°C,

The CO : Hy ratio in the water gas was 1 : 1.19.
The catalyst load was 100 parts of fresh gas per part
by volume of catalyst per hour.

The CO $ H, converaion obtained under these
conditions were 65%, the methans formation was
4,0%, the usage ratlo was 1 : J.53. The
proportion of products bolling sbove 320°C. contained

in the liquid product was above 75%.
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Example 2.

If the sgme catalyst as In Example 1 1s
operated with a catalyst loed of 500 parts by
volume of water gas per part by volume of
catalyst per hour, other conditions belng identical,
then a CO+Hy conversion of 61.5% was obtained.

The methane formation under these conditions“is
7%.

The gqumtlty of high boiling hydrocarbons
conteined in the reaction product under these
conditions is only 55% as contrasted to 75% in

Example 1.

Example 3.

A catmlyst which was prepared in a manner
gimiler to that of the above-mentioned catalyst,
but which had been washed only to residual KBO
content of 1.5% instead of 0.6%, was imprsgnated
with the same gquentlity of potasaium water glass
as descrlbed abovs.

While a somewhat higher portion of paraffin
was found with normal gas load, the difference as
compared with the catalyst of Example 1 was

unimportant when using a high gas load.

-7 -
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The embodliments of the invention in which an

sxclusive property or privilege ls clalmed are defined as

follows:

1. A substantislly free reduced iron catalyst for the
hydrogenation of carbon monoxide at temperatures of 175 to
300°9C., at a catalyst load of 10 to 200 liters of synthesis
gas per liter of catalyst per hour for recovery of high
boiling paraffin-like hydrocarbons, and at a catalyst load
of 200 to 1000 liters of synthesis gas per liter of catalyst
per hour for recovery of gasoline-like hydrocarbons, said
catalyst having an alkall content of 2 to 6% calculated as
K20, an S10, content of 5 to 15%, a content of free iron of
10 to 50% and an immer surface of 180 to 230 square meters
per gram of iron.

2 Catalyst according to claim 1 in which said content
of said iron is 20 to 30%.

3a Catalyst maccording to claim 1 in which said alkall
content is 3 to I calculated as K,0.

he Catalyst according to claim 1 in which said inner
surface is 200 to 220 square me ters per gram of lron.

- Da Catalyst according to claim 1 having a K,0; 510,
ratio of 1:1 to 1:5.

be Process for the production of a substantially
carrier free iron catalyst which comprises precipltating an
iron salt solution at a pH of about 6.8 to 7.5, washing the
precipitate, impregnating the washed precipitate with alkall
silicate, adjusting the alkali content to 2 to &% caleulated
a9 K0 and the Si05 content to 5 to 15%, thersafter reducing
the catalyst to a free iron content of 10 to 50% of the total
iron, and recovering a reduced iron catalyst having an inner

surface of 180 to 230 square meters per gram of lron,

Xt
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Procesg according to claim 6 in which the iron
salt solution is precipitated at a pH of 6.8 to T.l.
8e Process according to claim 6 in which the alkall
content 1s adjusted to 3 to L% caleculated as K20°
9. Process according to c¢laim 6 1n which the S10p
content is adjusted by direct impregnation with alkali
31licate.
10. Process according to claim 6 in which the Ky0:
$10, ratio is adjusted to 1:1 to 1:5.
1l. Process according to claim 10 in which the KEO:

810, ratio is adjusted to 1: less than 2.5 by partial

2
washing of the precipitate and subsequent impregnation with
water glass.

12. Preocess according to claim 10 in which the Kp0:
5105 ratio is adjusted to 1: more than 2,5 by substantially
complete washing of the precipltate, Impregnation with water
glass and final neutralization with nitric acid while main-

taining a pH of 6.5 to 8,
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