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“This invention relates to a novel catalyst for

use in the conversion of carbon monoxide-containing reactants

into hydrocarbons, oxygen-containing compounds and the like.
More specifically, the invention discloses a novel highly

5 || active promoter for a catalyst which contains a member of the
iron group as an active constituent.

According to this invention lanthanum oxide, a rare
garth metal oxide, is a highly effective promoter for hydro-
genation catalysts containing iron, cobalt or nickel or a
10 || mixture thereof as the active constituent. Even in véry
small concentrations, for example, Eoncentrations as low as
a small fraction of a weight per cent, the incorporation of
lanthanun oxide in a cobalt catalyst in place of a pfomoter
such as thoria, has produced a highly active catalyst.

15 The conversion of carbon monoxide-containing re-

actants by reaction with hydrogen to hydrocarbons, oxygen-
containing compounds and the like, is generally effected by

; ‘ contact of the resactants with a catalyst in which the main
active constituent is iron, cobalt, nickel or a mixture

20 | thereof under selected conditions of temperature and pressure
which are consonant with the desired reaction. Supported
and unsupported, precipitated and fused types of catalyst

? . have all been proposed to effect this reaction; the differ-

i I ent types of proposed catalysts possess characteristic

25. ) properties which make them suitable to yield particular

i products of conversion and for specific types of processes,
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for example, a fused unsupported iron catalyst has proven
effective in a fluid type conversion in which gasoline
hydrocarbons are the desired product. A characteristic
which is common to all the various types of catalysts,
whether they be supported or unsupported, precipitated or
fused, is that they are more effective when they contain
émall percentages ranging from about 0.5 to 10 weight per
cent of various compounds as promoters. The present inven-
tion, therefore, contemplates using lanthanum 6xide as a
highly active promoter in the foregoing types of catalysts
for the conversion of carbon monoxide-containing reactants.
Moreover, it may be employed in conjunctien with or in place
of the more conventional and better known promoters, sucﬁfas
thorda and magnesia. "

The use of lanthanum oxide as a promoter has

particular application in the preparation of precipitated

supported cobalt catalysts. A precipitated, supported cobalt
catalyst containing about 32 per cent cobalt by weight, about

64 per cent of an uncalcined diatomaceous earth comprising

"'ma_inly' silica plus minor portions of oxides such as alumina

gnd:ferric'oxide (and currently marketed under the trade 

name Filter Cel) which catalyst has been promoted with minor
_pﬁounta, namely'about 3 per cent magnesia and 1 per cent

‘;horia, is a highly active type of cobalt cataiyst for the

éynthgsis of gﬁsoline hydrocarbons and for the conversibn of
carbon monbxide-céﬁﬁaining reactants to specific oxygen-
containing compounds such as alcohols, aldehydes, ketones,
ete, The substitution of lanthanum oxide for the thoria
results in the formation of a catalyst which is materially

more active as measured by the yield of liquid hydrocarbons,
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than the conventional supported cobalt catalyst promoted by
magnesia and thoria. Even when the concentration of lan=-
thanum oxide is as low as 0.39 weight per cent in a
supporited, magnesia~and lanthanum oxide-promoted cobalt
catalyst, the resulting catalyst is superior to a supported
cobalt catalyst promcted with magnesia and thoria.

In order to demonstrate the superlority of lan-
thanum oxide-promoted catalysts, a comparison will be made
‘of a cobalt catalyst supported on diatomaceocus earth and
promoted with magnesia and thoria and of a cobalt catalyst

supported on diatomacsous earth and promoted with‘magnesia

"and lantbanum oxide. In order to facilitate the comparisen,

similar procedures were used to prepare the two catalysts

which were then employed under similar conversion conditions

for the conversion of a synthesls gas mixture containing
carbon monoxide and hydrogen.
Bkample I - The constituents were added to this

catalyst in order that it would have an approximate composi-

-i tion on reduction of 32 parts of cobalt, 1 part of thoria,

3 parts of magnesia and 64 parts of uncalcined diatomaceous
earth by weight. 1200 grams of cobalt nitrate Go(NOé)é.éﬂzo,
i45 grams of magnesium nitrate Mg(N03)2.6H20 and 16 grams of

thorium nitrate Th(N03) 'HZO were dissolved in 4670 grams of

I
distilled water. 486 grams of uncalcined diatomaceous earth
compriging mainly silica with minor quantities of alumina
and ferric oxlde were added to this aqueous mixture which

was then stirred to form a smooth slurry, after which 4,875

| “grams of a 10.3 per cent solution of sodium carbonate,

NachB, were added to effect precipitation of the metalliec

constitusnts as carbonates. The pracipitate was filtered

r;H '  218607
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and was thereafter washed with water at room temperature

until the sodium oxide, Nay0, content of a small, separate
sample dried for threes hours at 1,000°F. was below 0.05 per
cent, The filter cake was then broken into 1/2" lumps and
dried at 250°F. until the material showed a l5-é0 per cent
loss in weight when a small sample was heated to 1,000°F,
for one hour. The material was then ground to 40 mesh size
and pelleted in 1/8" dies, The analysis of the catalyst

prior to reduction éhowed 29lper cent cobalt oxide, 0.75 per

.cént thoria, 1.66 per cent magnesia, 46 per cent dlatomaceous

earth, 3.5 per cent CO», 11.2 per cent water and (.04 per

cent sodium oxide. This catalyst was then reduced by treat-

‘ing with a stream of pure hydrogen at 662°F. for a period -of
‘2% hours employing a hydrogen space valocity, calculated at

60°F. and O psig., ranging from 100 to 120. Thereafter the

-caﬁélyst was conditioned by passing synthesis gas, contain-

ing one part by volume of carbon monoxide and two parts by

_volume of hydrogen, through it for eight hours at a space:

velocity of 100 while the temperature of the reactor was
raised uniformly from'300 to 374°F. At the end of this time,$

-tha catalyst was evaluated with the aforesaid synthesis gas

in a Fixed bed unit at 374°F. This magn331a—,thoria-promoted

supported cobalt catalyst at a reaction temperature of 37A°F.
-produced 130 grams of 03+liquid hydrocarbons per cubic meter
”af synthesis gas; this is equivalent to 61 per cent of the

theoretical conversion to hydrocarbons. 159 grams of water
and 17 grams of carbon dioxide per cubic meter of synthesis

gas were simultaneously produced.
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Example II - The constituents were added in this
instance in order to produce a catalyst which on reduction
would have an approximate composition of 32 parts cobalt,
one part lanthanum oxide, 3 parts magnesia and 6k parts
diatomaceous earth. 1200 grams of cobalt nitrate,
Co{N03)2.6H20, 145 grams of magnesium nitrate, Mg(N03)2.6H20
and 16 grams of lanthanum nitrate, La(N03)3.6H20, were dis-
solved inyv4670 grams of distilled water., 486 grams of dia-
tomaceous earth having the same composition as that pggdiin
the previous example were then added to the mixture £;d 
stirred to form a smooth slurry, after which 4,875 grams of
10.3 per cent solution of scdium carbonate were added to

effect the precipitation of the metallic constituents as

| carbonates. The precipitate was filtered and thereafter ' .

was washed with water at room temperature until the sodium'
oxide content of a small separate sampleqdfiad for three
hours at 1,000°F. was below 0.05 per cent. The filter cake

was then broken into 1/2" lumps and dried at 250°F. until

| the material showed a 15 to 20 per cent loss in‘ﬁeight when

a small sample was heated to 1,000°F. for one hour. The

material was then ground to 40 mesh size an&;pelleted in
1/8" dies., The analysis of this catalyst in the unreduced
state is cobalt oxide-32 per cent, lanthanum oxide-0.39 per
cent, magnesia~-2 per cent, diatomaceous earth-hé.per cent,
002-8 per cent, water-l2 per cent, sodium oxide~0.006 pér
cent. This catalyst was then reduced by treating with a
stream of pure hydrogen at 662°F. for a period of 24 hours
employing & hydrogen space velécity, calculated at 60°F. and
atmospheric pressure, rangiﬂg from 100 to 120. Thereafter

the catalyst was conditioned by passing synthesis gas of
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aforesaid composition through it for an elght hour period

at a space velocity of 100 while the temperature of the re-
actor was raised uniformly from 300 to 374°F. This catalyst
was then evaluated at operating corditions which were similar

to those employed for the magnesia-, thoria-promoted catalyst

iof Example‘I, namely 374°F. and atmospheric pressure; 160

grams of CBihydrocarbons per cubic meter of synthesis gas

were obtainéd with the magnesia-,lanthanum oxide-promoted

catalyst, which yield amounts to 75 per cent theoretical

‘¢onversion to liquid hydrocarbons. 230 grams of water and
25 grams of carbon dioxide per cubic meter of synthagis gas
were simultaneously produced.

From the comparison of these results, it may be
seen that the lanthanum oxide-promoted ecatalyat is approxi-
mately 23 per cent more effective for the catalytic conver-

sion of carbon monoxide and hydrogen to liquid hydrocarbons

than was the thoria-promoted cobalt catalyst. This increase

in efficiency is significant and clearly establishes the
value of lanthanum oxide as a promoter for catalyaﬁs‘gsed in
ﬁhe conversion of carbon monoxide-containing reactaﬁts.

It is contemplated that a mixture of rare earths
containing a major portion of lanthanum oxide may be uséd as
a promoter rather than lanthanum oxide alone,

It i3 further contemplated that lanthanum oxide
can .be used to promote cobalt catalysts employed for the
reaction of carbon monoxide with an olefin to produce specifig
oxygen-containing compounds such as aldehydes, aleohols and
ketones. Moreover, fused iron catalysts comprising 90-95%

iron may alsc be promoted with lanthanum oxide; a fused iron

jtype of catalyst has proven specifically adapted for fluid




catalysis because of its high density and its low attfition

rate.

Obviously many modifications and variations of the
invention, as hereinbefore set forth, may be made without
5 || departing from the spirit and scope thereof and, therefore,

only such limitations should be imposed as ars indicated in

the appénded claims,
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The embodiments of the invention in which an
exclusive property or privilege is claimed are define& as
follows:

1. 1In a process for the synthesis of normally
liquid hydrocarbons and oxygen-containing organie compounds
by the interaction of carbon monoxide and a synthesis react-
ant selected from the'group consisting of hydrogen and olefin
in the presence of a cobalt catalyst, the improvement which
comprises contacting said carbon monoxide and said synthesis
reactant under reaction conditions with a catalyst consisting
essentially of cobalt promoted with from about 0.5 to about
10 weight percent lanthanum oxide and containing about 3
percent by weight of magnesia.

2. In a process for the synthesis of normally
ligquid hydrocarbons and oxygen-containing organic compounds
by the interaction of carbon monoxide and a synthesis reactan
selected from the group consisting of hydrogen and olefins in
the presence of a cobalt catalyst, the improvement which
comprises contacting said carbon monoxide and said synthesis
reactant under rsaction conditions with a catalyst composed
of about 32 percent cobalt by weight, about &4 percent
calcined diatomaceous earth by weight, about 3 percent
magnesia. by weight, and about 1 percent lanthanum oxide by

weight.
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