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This inventien relates to Improvementa in lron
carbon monexide hydrogenatlion catalysts,. It more particularly
relates to 2 new catalyst for the hydromenation of carbon
monoxide for the production of a high yied of rascline-like
hydrocarbons.

Tt is well known that in the catalytic hydrosenation
of carbon monoxide the type of catalyst used, method of
production and the synthesis condltions are very critical
in determining the yield types of hydrocarbons and oxygen-
containing compounds produced. Thus by variaticns of the
catalyst and synthesis conditicns a great flexibility in the
prqduction of hydrocarbons and oxygen-contalning compounds
of various boiling rengea may be obtained. For chemical
processing, the producticn of unsaturated hydrocarbons and
oxygen-contalning compounds is gensrally of particular
importance. Due to thelr high prlces, the production cf
paraffin-like hydrocarbons 1s also very desirable. Catelysts
and synthesis conditions have been developed which will
produce high yields of these compounds in the synthesls
products from the catalytic hydrogenation.of carbon monoxlde.

In addition to the sbove mentioned compounds,
due to the great consumption demand, there has always been a
long felt need in the arit for the cheap production of motor
fuels by catalytic carbon monoxide hydrogenatlcn. The
compounds produced by the Fischer-Tropsch synthesis sultable
for motor fuels are the gasoline-llke hydrocarbons. Many
proposals have been made for the high preoduction of such low
boiling gasoline-like hydrocarbtons within the scope of the
Fischer~Tropsch synthesis. With respect to such nroposals,

mention should bs mads, fTor example, of gas recycling.
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One object of this iInvention is a catalyst for
the hydrogenation of carbon monoxide produclng a high
yvield of gasoline-like hydrocarbons. This and still
further objects will become appsarent from the following

degcription:

The catalyst in accordance wlth the inventlon ls
an iron catalyst which is carrier free or containg only small
aslounts of carrier material.. The catalyst has a content
of free alkali oxide of C.5 to 2% calculated as XK,0, a 310p
content of 0.5 to 5%, and after reduction a free iron content
of 1less than 50% and preferably of 20 to 30%. The reduced
iron catalyst must have an inner surface of 110 to 1BO
square meters and preferably of 130 to 150 square meters pser
gram of iron. Catalysts may 1f necessary or deslred contaln
;;%ivators such as eopper, sillver or metals of the Sth to
7th group of the Perilodlec aystem.

The new catalyst may be used for the catalytic
hydrogenation of carbon monoxlde at temperatures of 170°
to 300°C. and at pressures as high as 100 atmospherss.

Preasures of 10 to 40 atmospheres are prefsrably used.

The catalyst lead should be 100 to 750 liters of fresh

gas per liter of catalyst per hour. With the use of those
aynthesis conditions and the new catalyst synthesais products are
obtained which have a high content of the desirabls low-bolling, .
rasoline-like hydrocarbons.

The inner surface of the catalyst in accordance with
the invention iz of declsive importance and munst be as mentloned
110 to 180 ané preferably 130 to 150 aguare meters per gram
of iron in the reduced catalyst. The determination of the

inner surface area of the catalyast may be effected by Llhe
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separaticn of an absorpticn isotherm and its evaluation
by the method of brunauer, Emmet and Teller (the so-called
BET-method) .

The apparatus required for this determination
substantially consista of a graduated buret in which Lhe
volume of gas to be absorbsd (such as nitrogen or argon)
t1s measured, s manometer for the determinaticn o the gas
pressure and a small flask in which the adsorbing substance
to be tested 1s placed. -

The new catalyst in accordance with the invention

‘may be produced by precipitation of an iron salt solutlon.

The precipltation should be effected with a pH value of 7
to 9 and preferably at & pHd value of 7 to B.

The 310, content of the catdlyst is convenlently
adjusted byrdirect final impregnation of the precipitated
and completel&-washed catalyét mass.

The alkall contént of the catalyst 1s gensrally
ad justed by first washing the precipitated mass extensively
and thereafter obfaining the deslrsd silicic acld content

by imprégnatlion with commercisl alkali silicate having a

ratio of X0 t; 5105 of 1 to 2.5. The sillcic acid will
remain guantitatively in the preclipiated catalyst‘maés‘;hd
may not be remocved thersfrom by any chemical expedienﬁ

in the course of the catalyst productlon.

The catalyst i1s preferably. adjusted to a K0 to 510p
ratio of 1 : 1 to 1 ¢ 5. This will givs particularly
favorable rssults with respect to the lifetime and the activity
of the catalyst.

If it is desirvabls to obtaln a ratic of 1 to more

than 2.5, the catalyst mass lmpregnatad with water Flass is

“Fw
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nentralized with dilute nitric acid while meintaining a pH

value of 6.5 to 8, thereby dissolving out a morc or leas
larze porilon of the alkall and shifting the gl to Si0Op
ratio in favor of the silicic acid. ’

) If a KEO to 8105 ratic of 1 ¢ less than 2.5 ls
dcsired, this may be effected by incompletely Washing'the
precipitated catalyst mass and thus adjustling the residuel
alkali content to 1 to 2%. By the subsequent direct
impregnation with commercial water glass, it is possible
te obtain X;0 to SiOB ratios which are lower than 1 to 2.5
such as, for exmmple, 1 to 1.5 or even 1 to l.

The desired content of free iron, i.s. less than
50% vreferably 20 to 30 is obtained by a conventional reduction
and by;a qontr&l of the reduction conditions. The reduction
in accordance #ith.tne invention may be sifected with gases
containiné hydrogen and/or cafbon monéxide at temperatures
of 175 and 320°C. and preferably at temperaturss between
200 and 250°G. 4 high gas vélocity of, for example, 1 to 2
meters per gsecond and preferably of 1.2 to 1.5 meters per
gecond calculated under standard conditions has been. found
to be advlsabla,

mxcept mg set forth abovs, ali the conditions for
the catalyst preparation are the same .as 1ls conventional for
the production of a precipitated iron catalyst. fn the
same nmannsr, any conventional‘mode off operation,wiﬁhin fhe
limits sst forth above may be used for the carbon monoxlde
hydrogenation.

The following example ia ziven by way of illustration

end not of limitation.
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Example 1l

A solution containlng 50 grams of 1ron,
2.5 grams of copper and 5 grams of lime in the
form of thezlr nitrates was precip;tated in the
hot state by addlng it to a boillng soda solutlon
in such o marmer that the pH value after the
precipitation was 8. Then the precipitated
catalyst mass was washed to a regldual alkall
content of 0.3% zalculated as Kz0 and referred
to total irom, and was thereafter lmpregnated
with a 20% solution of potassium water glass
having a K0 to Sifs ratio of 1 to 2.6 so
that the impregnated catalyst had a total Ke0
content of 1.2% and an S10g content of 2.3%,
both referred to total iron.

The impregaated catalyst mass was dried at
a temperature of 108°C. to a water content of

5%, crushed and sieved to a grain size of

-2 to 4 milimeters. This catelyst was reduced

for 60 minutes at a temperature of 2250C. using
a gas mixture conslsting of 75% Hg and 25% Voo
Thereafter, it had a content of 30% of free iron.
When this reduced catalyst mass wgs Tllled into
a double tube of 4.5 m. length and operated

with water gas at a synthesis pressurs of 235
atmospheres, a temperature of 230°C., a gas load
of 500 parts by volume of water gas per part

by volume of catalyst per hour, and a récyie
retio of 1 to 3, a COtHp convarsion of 69% was

obtained. The methane formation was 7%.
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The 1liguid products were worked up by
distillation resulting in a portlon holling

above 3200¢, of - 1a%,

6=
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Tne embodiments of the invention In whilch an

oxc lusive property or privilege is claimed are defined as

follows:

1. A substsntially carrier free reduced iron catalyst
for the nhydrogenation of carbon monoxide at tempesratures of
170 to 300°C., at a catalyst load of 100 to 750 liters of
synthesis gas per liter of catalyst per hour, and at pressures
up to 100 atmospheres, with the production of a high yield of
low boiling gasoline-like hydrocarbons, sald catalyst having
a free alkali oxide content of 0.5 to 2} caleulated as K0,
a S10, content of 0.5 to 5%, a content of free iron of less
than 50%, and an inner surface of 110 te 180 square meters
per gram of iron.
C2e ~ Catalyst according to e¢laimlin which sald content
.of free iron is 20 to 30%.
'3. Catalyst according to claim 1 in which saild inner
surface is 130 to 150 square meters per gram of iron. N
L. ‘ dﬁtalyst according to claim 1 in which the K50:
SiDanfétio 1s about 1 : 1 to 1: 5.
lS. - Process for the production of substantially carrier
free iron catalyst which comprises ﬁrecipitating an iron salt
solution‘at a ph-of about 7 to 9, washing the precipitate,
impregnating the washed precipitate with alkall silicate,
adjusfing the free alkall oxide content to d.S to 2%
calculated at K,0 and the Si0p content to 0.5 to 5%, there-
after reducing the catalyst to a frse iron content of less
than 50% and recovering a reduced ireon catalyst having an
inner surface of 110 to 180 sguare meters per gram of iron.
b Process according to claim S in which t he iron salt
sélution is preeipitated at a pH of 7 to 8.
Te Process according to claim 5 in which the reduction
is effected with = reduction gas containing a menmber selected
from the group conslsting of hydrogen and carbon monoxide at
D

/
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_ & temperaturs of sbout 175 to 320°C. and a gas velocity of
1 to 2 meters per second.

3. Process according to claim 5 in which the 510
content of the catalyst is adjusted by subjecting the washed

precipitate to a final impregnation with an alkali silicate.
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