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The invention relates to the preparation of,
and use of, an improved synthesis catalyst of the supperted
type containing a metal such as cobalt or nickel for the
conversion .of carbon monoxide and hydrogen into hydrocare
bons, oxﬁgenated hydrocarbons and the like.

In accordance with the invention, the catalyst
comprises a metal such as cobalt in association with a
supporting material and promoters, and is substantially
free from alkali metal compounds. In preparing the
catalyst, the metallic constituents are precipitated
in the form of insoluble compounds from a solution .of
soluble salts of these constituents, in the presence of
the supporting material, by the action of an alkaline
compound of ammonia. The resulting precipitate comprises
the insoluble salts of the metallic constituents admiied
with supporting material and is subsequently treéated with
hydrogen at an elevatethemperature so as to effect at
least partial reduction of the metallic compounds to the
metallic atate. |

The resulting catalyst can be employed for the
catalytic treatment of carbon monoxide and hydrogen at
elevated temperatures and, if de51red, elevated pressure,
for the production of hydrocarbons, oxygenated hydroaar~
bons and the like as will be described more fully.

The wsual! composition of a supported catalyst
used for the hydrogenation of carbon monoxide may be
represented as follows: 20 to 50% of a metal of the
iron group such as iron, cobalt or nickel; 45 to 75% of
a supporting material such as Filter Cel or alumina; and

1 to 10% of promoters such as magnesia and thoria. A
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mixture of two metals of the iron group may constitute
the 20 to 50% of hydrogenating metal present in the
supported.catglyst rather than one metal alone.

The preparation of supported metal catalysts

usually involves the precipitation of the metallic con=

stituents from a solution of their soluble salts such
as nitrates by means of sodium or potassium carbonate. .
The usual mode of preparation is to dissolve the appro-~
priate quantities of salts of the element of the iron
group and of the promoters in an aqueous slurry of the

insoluble supporting material. After thorough mixing

of' the slurry wherein the soluble salts of the iron

group elesment of the promoters are d%§sol§ed, the metallile
conatituent s, are pr ecipitated by addition of or treatment
with an alkaline solution such as sodium carbonate. After
filtration of the precipitate and drying; the element of
the iron grouﬁ which is present as an insoluble compound
ig reduced partially or completely to the metallic state
by treatment with hydrogen at an elevated temperature.

Tt has been proﬁosed heretofore to. employ
aynthesis catalysts of the supported type containing
compounds of an alkali metal. Moreover it is possible.
that the presence of small gquantities of alkali metals
are beneficial with certain iron catalysts of the un-
supported type. _

Notwithstanding the teaching of the prior art,

we have discovered that the presence of even small quan-

titiea of compounds of alkali metals in supported cobalv
" and nickel catalysts is deleterious. Better yields and

catalyst life are obtained when this type of catalyst is
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substantially free from alkali metal compounds.

Moreover, it appears that an alkali metal com-
pound such as sodium carbonate is substantially occluded
by the precipitated salts formed during catalyst prepara-
tion. This is particularly true in the case of cobalt
catalysts and the complete removal of the alkali metal
compound from the carbonate by washing is difficult.
Furthermore, the repeated washings necessary to remove
the alkali metal compounds result in considerable loss
of some of the méré soluble promoters such as compounds
of thorium. .
. This invention affords a solution to the

problem posed by the discovery of the harmful effect of
small quantities of alkali on supported carbon monoxide-
hydrogenation catalysts. Alkaline compounds of ammonia,
such as ammonium carbonate or ammonium hydroxide are

used to o ffect the precipitation of the metallic con-
stituents from the slurry of the supported material
wherein they are present in the form of their soluble
salts. Ammonium carbonate and ammonium hydroxide effect
the precipitation of the mekéllic‘constituents in the form
of insoluble carbonates or insolulbile hydroxides respec-
tively. For example, inva catalyst which comprises cobalt

as the hydrogenating metal, Filter Cel as the supporting

material and magnesia and thoria as promoters, the cobalt,
magnesium and thorium would be precipitated by ammonium
carbonate as their insoluble carbonates from a solution

pf their soluble nitrates.

During reduction of the catalyst with hydrogen

at a temperature of about 500 to'BOODF., the occluded
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preparation of this invention with the conventlonal

the preparation of a supported catalyst with the hydro-

0

L

excess ammonium carbonate 1s decomposed into gaseous
components which are removed from the catalyst by the
reducing stream of hydrogen. The decomPOSition'of
ammonium carbonate and ammonium hydroxide into gaseous

components which are readily removed from the catalyst

is representéd by ‘the following equationa. ‘ [

(NH-) 2003.__9. + Hp0 + CO

NH OH.__—-—)NH3 + H0

The employment of ammonium carbonate or
ammonium hydroxide to effect the precipitatlon of the
metallic constituents prior to the reduction.eliminaﬁes
the necessity of a plurality of washings to effect the
removal of the alkali metal and rrevents the possible
loss of soluble promoters such as compounds of thorium. '
0f greater importance is the fact that a catalyst which, -
is prepared by the use of ammonium carbonate gives about
20% better yields of liquid hydrocarbdn products thén
does a catalyst prepéred using sodium carbonate efen'
though adequate provision is.mada to remove thoroughly
the eoxcess alkall metal by repeated washings.

The following examples comparet;he.method of
prccedure of supported catalyst preparatlon and contrast
the ylelds obta;ned using catalysts prepared according
to the two différent procedures under similar conditions.

Example I illustrates the conventional procedure for

genation of carbon'monoxida and indicates the yield
obtained using such a catalyst under optimum operating

c0nditions which are detalled. Example IT illustrates
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" the method of preparation as disclosed in this invention
-and cites the yield obtained using this method under

simlilar conversion conditions-as are employed in,Example I.

EXAWPIE I

) 1975 grams.of* cobalt nitrate, Co (NO3), 6H.0,
26.1 grams of thorium nltrate, Th(NO }h.kH 0, 238.5 grams
‘'of magnesium . nitrate, Mg(N03} .6H 6 and 869 grams of
Fllter Cel were added to five 11ters of water and stirred
Ffor 30.minutes to effect complete solution of the nitrates
of thé‘various metals. The metallic constituents were
precipitated by the addition of sufficient 10% solution
of sodium ééfﬁonate. The precipitaﬁe was filtered and
~4 washed 10 times by slurrying with five~liter pértions of
| water in gach washing. The filtered material was then
‘dried at 250°F. until a separate sample heated at 1000°F.

showed a total loss of" 20% by weight. The material was
ground to 40 mesh and then pelleted in 1/8 inch dies.

The 1/8 ineh pellets of the catalyst were

.placed in a reactor and reduced with pure hydrogen at a
" space velocity (volume of gas measured at 60°F. and
atmospheric pressure rer volume.of catalyst per hou;}
‘ of 100. " The duration of the hydrogen treatment was‘2h
hours and it was conducted at a temperature of about
I 660 F. After thisreduction treatment, the reduced
' catalyst then had the following composition:

Per Cent by Welght

Co 34.3
¥g0 2.1
ThOo 0.5
Pilter Cel 62.8
' NapC0, 0.3
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Catalyst of the above composition was condition-
ed by treating with synthesis gas starting at about
300°F. and by raising the temperature uniformly over a
period of asbout 6 hours to the temperatur‘e at which the
catalytic wnversion of hydregen and carbon monoxide-
1nto hydrocarbons oecurred.

Synthesis gs com:aining‘ carbon monoxide and
hydrogen in the molecclar. ratio of 1:2 was passed at
atmospheric pressure through the catalyst bed at' a space
velocity of 100 and at a temperature of a bout 392°F.; A
fixed=bed operation was employed for the catalytic con_—
version without recyecle of tail gas. A yield of 135' :
gramg of debutanized llc_ua.cl hydrocarbong per cublc meter
_' of synthesisgas was obtclined as a result of catalytic .

conversion conducted in this marmner.

EXAMPLE IT | -

1975 grams of cobalt nitrate, Co(NO ) .6H2_0,
26 1 grams of thorium nitrate, Th{NO )4.1+H20_, 238:5. grams
of magnesium nitrate, Mg(NO ) .{6}{ 0 and 869 grams of
Pilter Cel werea dded to five liters of water and stlrred
for 30 minutas to effect complete solution of the n:.trates
of various metals. The metallic constltuents were pre-
clpitated by the addition of sufflclent 10% solution of
Aammonlum carbonate. 'I‘he prec:.pltate wa.s fllterad and '
washed once by slurrying with a five-llter portion of
‘water. The filtered material was then dried at 250°F,
until a separate sample heated at about. 1000°%. show’ec
a total loss of 0% by weight. The material was g round
to LO mesh and then Pelleted in 1/8 inch dies.

The 1/8 inch pellets of the 'catalyst were

placed in a reactor and reduced with pure hydrogen at a
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space velocity of 100. The duration of the hydrogen
treatment was 24 hours and it was conducted at a tempera-
ture of about. 660°F, After this reduction tféatment, the
reddcdd catalyst then had the following composition:

' Per Cent by Weight '

Co 32.0
Mg0 . 3.0 ‘
ThO,, 1.0
Filter Cel 64,0

Catalyst of the above composftion was'condi-
tioned by treating with synthesis gas startlng at above-
1300 ¥. and by raising the temperature. unlformly over a
period of about 6 hours to the temperature at which the :
catalytic conversion of hydrogen and carbon monoxide intoe
hydrocarbons occurred. |

o Synthesis gas containing carbon monoxide dnd

'hydrdgen in the molecular ratio of 1:2 was passed at atmos-
pheric pressure through the catalyst bed at a space

velocity of 100 and at a tdmperature of 392°F. A fixed-bed
operation wad‘employed for the catdlytic conversiqn with—

out recycle of‘tam; gas. A yield of 161 grams of debutan-
ized liquid hydrocarbons per cubic meter of synthesis gas
was obtained as & result oft:atalytlc conversion conducted
in this manner.

‘The invention is particularly concerned with
'hﬁhd.preparation and use oﬂ,cdbalt catalysts.of the supported
'type; It is comtemplated that it may also have application
to synthesis catalysts containing_qther-matais of the
‘group VIII of the periodic system. )

'From a comparison of the compositicns of the

-8 -
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above catalysts, it can be noted that there 1s a greater
percentage of promoters in the catalyst prepared using
ammonium carbonate as a precipitant. This discrepancy in
the compositions is not sufficient.to account for the ‘
improved results- ocbtained using the oatalyst prepared as
disclosed 'in this inventioﬁ; For exémple, there is 1% of’
thoria in the ammonium carbonate procipitated'catélyst and
0.5% in the sodium carbonate precipitated catalyst. The
difference in the final compositions is effected by the
elimination-of the plurality of woshings in the method of’
'preparation as disglosed in this ihvontion. The plurality

‘of washings, usually about 10 in mumber, dlssolves a con-

siderable portion of the promoters from the catalyst. The

difference in the COMPOSltlonS of the catalyst highlights
one of the advantages ‘of the preparation via ammonlum
carbonate as a preclpltant, namoly, that promoters such
‘as thoria are not lost. _

A;m'nonium hydroxide or a’ gaseous mixture of
ammonia and carbon dioxide or ammonia alone may also be
used to-effect precipitation of the méoal carbonates
but ammoniumlcarbooate is-the preferred‘precipitant.

. The method of preparation as disclosed in this
invention is adaptable to the prepardtlon of supported
catalysts whose composlt;on is of the following order:
20 to 50% of an element of the eighth group such as
cobalt, 45 to 75% of a'supporting material such as

Filter Cel and 2 to 10% promoters such as magnesia and
thoria. The catalyst after preparation may be pelleted

for use in fixed-bed type of catalytic conversion or it

-9 -
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may be ground so as bto effect a particle size distribution
which 1s advantageous for the employment of the fluidized

bed type of catalytic conversion.,

The duration of hydrogen treatment whereby the

“metal of the eighth group is substantially reduced to the

metallic state 1s preferably in the range of 20 to 24 hours
but may vary from 12 to 30 hours. Temperatures in the range
of 500 to 90C°F. may be used during this hydrogen treatment
but the preferred temperature range is 650 to 700°F. Space
velocities of 50 to several thousand may be employed but the
preferred space velocity is about 100,

| In the hydrogenation of carbon monoxide to form
hydrocarbons or oxygenated hydrocarbons using thercatalyst
prepared according te the method of this invention, a re-
action temperature from 325 to 650°F, may be employed de-
pending upon the type of operation and the hydrogenating
metal employed. Thus, for example, the preferred temperature
range for a cobalt catalyst prepared according to the

method of this invention is 375 to L10°F. using a fixed-bed
type of catalytic conversion.

It is possible to 'direct the catalytic conversion

using the disclosed catalyst toward the formation of oxy-

in the range of 250 to 5C00 pounds ver sguare inch. In gen-

eral, pressures ranging from atmospheric to 1000 pounds per

square inch may be used in the hydrogenation of carbon monox-
ide to the desired products. The material Filter Cel refer-
red to herein is a commercial diatomaceous earth,

Cbviously many modifications and variations of the
invention, as hereinbefore set forth, may be made without de-
parting from the spirit and scope thereof, and therefore only
suéh limitatiohs should be imposed as are indicated in the
appended claims.

- 10 -
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ing an aqueous solution of a nitrate of a metal selected from

tate with hydrogen at a temperature within the range of 650

said solution with an alkaline compound of ammonia to form a
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The einbodiments of the invention in which an exclu-
smve property or privilege is claimed are defined as follows:

1. In the hydrogenation of carbon monoxide to pro-
duce hydrocarbons, oxygenated hydrocarbons and the like,
the method which comprises maintaining in a reaction zone a
catalyst prepared by forming a solution of nitrates of cobalt,
magnesium and thoriwm, said solution contalning a supporting
material; treating said solution with ammonium carbonate s0 d
as to form a precipitate comprising metal carconates deposited

on said supporting material; removing excess water from said

precipitate; drying said precipitate; reducing sald precipi-

to 700°F. to form an active solid catalyst; passing carbon
monoxide and hydrogen into contact with the resulting fresh
ecatalyst prior to any use in the synthesis of hydrocarbons at

a temperature of approximately 300°F.; and gradually increas-

ing the temperature of the carbon monoxide and hydrogen passed

into contact with the catalyst over a period of about six -
hours to a tempsrature at which conversion of the carbon mon-
oxide and hydrogen into desired compounds occurs.

2. In the hydrogenation' of carbon monoxide to pro-
duce hydrocarbons, oxygenated. hydrocarbons, and the. like, the
improvement which comprises contacting hydrogen and carbon

monoxide in a reaction zone with a catalyst prepared by form-

the group consisting of cobalt and nickel, sald solution con-~

taining a solid supporting material and promoters, treabting

precipitate of said metal and promoters on said supporting

I
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materials, removing excess water [rom sain precipitate, dry-
ing said precipitate, reducing said precipitate with hydroéen
at a temperature within the range of from about 650 to about
700°F,, passing carbon monoxide and hydrogen into contact with
F]the resulting fresh catalyst prior to any nuse in the synthesid
of hydrocarbons at a temperature not above 300¢F., and gradu-
“ally increasing the temperavure of said carbon monoxide and

hydrogen to a temperature at which the carbon monoxide and

hydrogen are converted into the desired compounds.
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