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€d Process for the preparationof a Fischer-Tropsch catalyst, a catalyst so prepared and use of this catalyst in the preparation

of hydrocarbons.

@ A Fischer-Tropsch catalyst is prepared by impregnating a
silica carrier with a solution of a zirconium or titanium com-
pound, calcining the composition thus obtained, thereafter im-
pregnating with a cobait compound-containing solution and
calcining and reducing the composition thus obtained. Cata-
lysts so prepared and containing 5-40 pbw of cobalt and
2-150 pbw of zirconium or titanium per 100 pbw of silica, are
used in the preparation of hydrocarbons from a Ha/CO mix-
ture.
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PROCESS FOR THE PREPARATION OF A FISCHER-TROPSCH
CATALYST, A CATALYST SO PREPARED AND USE
OF THIS CATALYST IN THE PREPARATION
OF HYDROCARBONS

The invention relates to a process for the preparation of a
Fischer-Tropsch catalyst which contains cobalt, zirconium or
titanium, and silica. It relates further to a catalyst so prepared
and to the use of such a catalyst in the preparation of hydro-
carbons.

The preparation of hydrocarbons from a H2/CO mixture by
contacting this mixture at elevated temperature and pressure with
a catalyst is known in the literature as Fischer~Tropsch hydro-
carbon synthesis. Catalysts often used for this purpose contain
iron or cobalt together with one or more promoters and/or a
carrier material. The conventiocnal techniques of preparing
Fischer-Tropsch catalysts are the precipitation route, the melting
route and the impregnation route. Of these techniques the im-
pregnation route is much to be preferred since this route is
not so costly and/or time consuming, produces better reproducible
results and generally yields materials with better catalytic
properties. Briefly, the impregnation route involves contacting
a porous carrier in the presence of a liquid once or several times
with an iron or cobalt campound and, if desired, with one or more
campounds of the appropriate promoters, followed by removal of the
liquid and calcination and reduction of the camposition obtained.

The camposition of the product cbtained in the Fischer-Tropsch
hydrocarbon synthesis by using catalysts preparedbby impregnation
is largely dependent on the catalytically active metal which is
present on the catalyst. The use of a cobalt catalyst prepared by
impregnation results in a product which consists mainly of un-
branched paraffins. The use of an iron catalyst prepared by
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impregnation results in a product which, in addition to unbranched
paraffins, contains a considerable quantity of olefins and oxy-
gen-containing organic compounds. With a view to the camposition
of the product cbtained, for the pPreparation of products suitable
for use as motor fuels, preference is given to the use of a
ccbalt catalyst.

Earlier investigations have shown that catalysts prepared by
impregnation of a silica carrier with an aquecus solution of a
cobalt salt followed by calcination and reductlon of the com-
position obtained showed excellent C3 and C selectivity
but only relatively low activity. By J.ncludlng in the aqueous
solution with which the silica was impregnated a zirconium or
titanium salt in addition to the cobalt salt, the activity of
the catalysts could be roughly doubled without loss of the
afore-mentioned high C37!' and C5+ selectivity. A remarkable
feature of these catalysts pPrepared by co-impregnation with
the aid of an aqueous solution is the extremely narrow range
of promoter load levels within which the pramoter exercises its
activity-pramoting effect on the catalyst. It was found that,
where as for these catalysts the inclusion of a quantity of about
1 pow of zirconium per 100 pow of silica led to, roughly, doubling
of their activity, the inclusion of larger quantities of zirconium
caused a rapid decrease of activity pramotion and, upon inclusion
of a quantity of about 6 pbw per 100 pbw of silica, the activi-
ty-pramoting effect was seen to have disappeared altogether. In
the latter case a catalyst was cbtained which had an activity
almost equal to that of a catalyst containing nothing but cobalt.

Although the catalysts prepared by co-impregnation with the
aid of an aqueous solution as described hereinbefore have accept-
able activity, there is an unmistakable need for catalysts of this
type having higher activity. '
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Continued irvestigation into this subject was carried out to
determine whether changes in the technique of impregnation might
lead to widening of the range within which the promoter exercises
its activity-promcting effect on the catalyst. For this purpose
replacement of the co-impregnation by separate impregnation was
investigated in the first place. Catalysts were prepared by
impregnating a silica carrier first with an aqueous solution
of a cobalt compound and subsequently, after calcination of the
cobalt~containing composition, impregnating the latter with an
aqueous solution of a zirconium compound, followed by calcination
and reduction of the zirconium and ccbalt-containing composition.
Thus were prepared catalysts containing different quantities of
zirconium. It was found that just as in the case of the catalysts
prepared by co-impregnation, so in the case of the catalysts
prepared by separate impregnation did the incorporation of a
quantity of about 1 pbw zirconium per 100 pbw of silica result
in - roughly - doubled activity. In the catalysts prepared by se-
parate impregnation the range within which the pramoter exercises
its activity-promoting effect on the catalyst was found to have
decreased in comparison with the catalysts prepared by co-impreg-
nation. Whereas in the catalysts prepared by co—j.rrprégnation the
incorporation of about 6 pbw of zirconium per 100 pbw of silica
resulted in an activity level oorreépond:ing to that of a catalyst
containing nothing but cobalt, the catalysts prepared by separate
impregnation containing about 6 pbw of zirconium per 100 pbw of
silica were seen to be entirely inactive. On the assumption that
in the above-mentioned separate impregnation the use of an organic
promoter campound dissolved in an organic solvent might lead to
the purpose intended, catalysts were prepared by impregnating a
silica carrier first with an aqueous solution of a cobalt compound
and, after calcination of the cobalt—contai_nihg camposition,
impregnating the latter with a solution of an organic zirconium
compound in an organic solvent, followed by calcination and
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reduction of the zirconium and cobalt-containing composition. Thus
were prepared catalysts containing varying proportions of zir-
conium. It was found that when these catalysts were used for the
preparation of hydrocarbons from H2/CO mixtures, they behaved in
precisely the same manner as the afore-mentioned catalysts which
had been prepared by separate impregnation using an aqueous
solution of an inorganic zirconium compound, viz. catalysts
containing about 1 pbw zirconium per 100 pbw silica showed
roughly doubled activity, whereas catalysts containing about
6 pbw zirconium per 100 pow silica proved to be entirely inactive.
The above-mentioned disappointing results as to the effect of
a change in the impregnation method upon the activity of the
pramoted Co/ SiO2 catalysts notwithstanding, yet another attempt
was made at achieving catalysts with improved activity by using
the above-described separate impregnation, but with the order of
the impregnation steps being reversed. This surprisingly led to
the find that in this way it is possible to prepare pramoted
Co/SJ‘.O2 catalysts whose activity is 3-4 times as high as that of
a catalyst containing nothing but ccbalt. Tn order to achieve an
improvement in activity which exceeds that which can be achieved
by co-impregnation of the pramoter together with the cobalt or
the separate impregnation of the promoter after the cobalt, the
proportion of pramoter deposited on the silica prior to the cobalt
should be at least 2 pw per 100 pbw silica for catalysts con-
taining 5-40 pbw cobalt per 100 pbw silica. Contrary to what is
seen for the catalysts in which the pramoter has been deposited on
the carrier by co-impregnation together with the cobalt or by
Separate impregnation of the promoter after the cabalt the range
of pramoter loads within which the pramwter exercises its ac-
tivity-promoting effect is very wide in the case of the catalysts
in which the promoter is deposited'on the carrier previous to the
cobalt. In principle, when preparing these catalysts promoter
quantities of up to a maximum of 150 pbw per 100 pbw silica may be
considered.
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The present invention therefore relates to a process for the
preparation of a Fischer-Tropsch catalyst which contains ccbalt,
zirconium or titanium, and silica, which process comprises im—
pregnating a silica carrier with a solution of a zirconium or
titanium compound, calcining the composition thus obtained,
impregnating the calcined composition with a solution of a cobalt
compound, and calcining and reducing the camposition thus ob-
tained.

The catalyst according to the invention is prepared by
separate impregnation, with first the promoter being deposited on
the carrier and subsequently the cobalt. The separate impregnation
steps are preferably carried out in the form of dry impregnations,
which means that a quantity of liquid is applied, the volume of
which substantially corresponds to the pore volume of the carrier.
After the last impregnation step in which the promoter is de-
posited on the silica and after the last impregnation step in
which the cobalt is deposited on the silica the metal-containing
camposition cbtained should be calcined. If the deposition of the
pramoter and/or the cobalt is carried out in more than one step,
the metal-containing composition obtained is preferably calcined
after each impregnation step.

The calcination is preferably carried out at a temperature
between 350 and 700°C. After the calcination succeeding to the
last impregnation step in which the cobalt is deposited on the
silica, the composition should be reduced. This reduction is
preferably carried out at a temperature between 200 and 350°C.
For impregnating the silica with the promoter and the cobalt both
aqueous and non-aqueous liquids are eligible. In the catalyst
preparation by impregnation preference is given to contacting the
porous carrier with a solution of the metal compounds concerned in
a solvent. Examples of suitable aqueous solutions of zirconium
campounds are solutions of zirconium nitrate or zirconyl chloride
in water. Examples of suitable non-aquecus solutions of zirconium
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campounds are solutions of zirconium alkoxides in arcmatic
hydrocarbons or in mixtures of arcmatic hydrocarbons and aliphatic
alcohols. An impregnation liquid which is very suitable for the
present purpose is a solution of zirconium tetrapropoxide in a
mixture of benzene and propanol. In view of the relatively low
degree of solubility in water of most of the inorganic zirconium
campounds and the preferred use of catalysts with a relatively
high zirconium load, the present catalysts are preferably prepared
by using a solution of an organic zirconium camound in an organic
solvent or a mixture of organic solvents as the impregnation
liquid for depositing the zirconium on the silica. The deposition
of the cobalt on the silica is preferably carried out by using an
aqueous solution of a cobalt campound as the impregnation liquid.
Cobalt campounds suitable for this purpose are ccbalt nitrate,
cobalt carbonate, cobalt chloride and cobalt sulphate.

Catalysts according to the invention preferably contain 5-40
pbw cabalt and 2-150 pbw zirconium or titanium per 100 pbw silica.
Even more preference is given to catalysts containing at most 100
pow and in particular at most 20 pbw of pramoter per 100 pbw of
silica. Such catalysts preferably contain zirconium as a pramoter.

The present patent application further relates to a process
for the preparation of hydrocarbons by catalytic reaction of
carbon monoxide with hydrogen, in which a H, and CO-containing
feed is contacted at elevated temperature and pressure with a
catalyst which comprises 5-40 pow of cobalt and 2-150 pbw of
zirconium or titanium per 100 pbw of silica and which has been
prepared by impregnating a silica carrier with a solution of a
zirconium or titanium compound, calcining the camposition thus
obtained, impregnating the calcined camposition with a solution of
a cabalt campound and calcining and reducing the camposition - thus
obtained.
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This process is preferably carried out at a temperature of
125-350°C and in particular of 175-275°C and a pressure of 5-150
bar and in particular of 10-100 bar. In this process the starting
material is a H2 and CO-containing feed which preferably has a
H2/CO molar ratio higher than 1.75.

The hydrocarbon preparation according to the invention may
very suitably be carried out as an independent process in which a
H, and CO-containing feed is converted in one step into a hydro-
carbon mixture. A very suitable feed in this case is a HZ/CO
mixture cbtained from a heavy carbon-containing material, such as
coal, by gasification, or from light hydrocarbons, such as natural
gas, by steam reforming or partial oxidation.

The hydrocarbon preparation according to the invention may
also very suitably be carried out as part of a multi-step process
for the conversion of a H, and CO-containing feed. In this case
there are three possibilities, viz.

A) The process is used as the second step of a two-step process.

B) The process is used as the first step of a two-step process.

C) A carbination of the processes mentioned under A) and B), with
the process according to the invention being used as the second
step of a three-step process.

Each one of these multi-step processes will be further
explained hereinafter.

In the process mentioned under A) a Hz/ CO mixture is contacted
in the first step with a catalyst containing one or more metal
camponents having catalytic activity for the conversion of a
HZ/CO mixture into hydrocarbons and/or oxygen-containing organic
campounds and unconverted hydrogen and carbon monoxide present in
the reaction product of the first step - together with other
camponents of that reaction product, if desired - are used as the
feed for the hydrocarbon preparation according to the invention.
Depending on the nature of the catalyst chosen in the first step,
either substantially aromatic hydrocarbons, or substantially
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paraffinic hydrocarbons, or substantially oxygen~containing
organic campounds may be prepared in this step. If it is the
dbject in the first step to prepare substantially arcmatic
hydrocarbons, then use may quite suitably be made of a catalyst
mixture containing either a methanol or dimethyl ether synthesis
catalyst or a E‘e/Mg/Ale3 or Fe/Cr/ SiO2 catalyst prepared by
impregnation together with a crystalline metal silicate which is
characterized in that after one hour's calcination in air at 500°C
it has the following properties
a) an X-ray powder diffraction pattern in which the strongest
lines are the lines mentioned in Table A

TAELE A
o
a(a)
11.1 0.2
10.0 0.2
3.84 £ 0.07
3.72 £ 0.06, and .

+

-+

I+

b) in the formula which represents the camposition of the silicate
expressed in moles of the oxides and in which, in addition to
Si0,, cne or more oxides of a trivalent metal M, chosen from
the group formed by aluminium, iron, gallium, rhodium,
chramium, and scandium are present, the Sioz/M203 molar
ratio is higher than 10.

If it is the cbject in the first step of the two-step process
rentioned under A) to prepare substantially paraffinic hydrocar-
bons, then use may very suitably be made of the above-mentioned
Fe/Mg/A1203 or Fe/Cr/ 8102 catalysts prepared by impregnation.

If the first step of the two-step process menticned under A) is

carried out with the cbject of Preparing oxygen-containing organic

campounds, then use may very suitably be made of a methanol or
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dimethyl ether synthesis catalyst. Methanol synthesis catalysts
suitable for use in the first step of the two-step process mentioned
under A) are ZnO/Cr203 and Cu/ ZnO/Cr203 catalysts. A dimethyl

ether synthesis catalyst suitable for use in the first step of the
two-step process mentioned under A) is a mixture of gamna—Al203

and the Cu/ ZnO/Cr203 methanol synthesis catalyst mentioned
hereinbefore.

In the two-step process mentioned under B) as well as in the
three-step process mentioned under C) the fact is utilized that
the high-boiling part of the product obtained in the hydrocarbon
preparation according to the invention can be converted in a high
yield into middle distillates using a catalytic hydrotreatment.

In the present patent application the term "middle distillates" is
used to designate hydrocarbon mixtures whose boiling range corres-—
ponds substantially with that of the kerosine and gas oil fraction
cbtained in the conventional atmospheric distillation of crude
mineral oil. Said distillation is used to separate from crude
mineral oil one or more gasoline fractions having a boiling range
between 30 and 200°C, one or more kerosine fractions having a
boiling range between 140 and 300°C and one or more gas oil
fractions having a boiling range between 180 and 370°C, success—
ively. _

The two-step process mentioned under B) camprises carrying
out the hydrocarbon preparation according to the invention as the
first step, followed by a catalytic hydrotreatment as the second
step. The three-step process mentioned under C) comprises carrying
out the two-step process mentioned under A), with the hydrocarbon
preparation according to the invention forming the second step,
followed by a catalytic hydrotreatment as the third step. The feed
chosen for the catalytic hydrotreatment 1is at least the part of
the reaction product of the hydrocarbon preparation according to
the invention whose initial boiling point lies above the final
boiling point of the heaviest middle distillate desired as final
product. The hydrotreatment which is characterized by a very low



10

15

20

25

30

0110449

-12 -

The conditions used for carrying out the experiments and the
results of the experiments are given in Table C. Of the experi-
ments listed in Table C only Experiments 12, 14-17, 19 and 20
are experiments according to the invention. In these experiments
Co/ Zr/SiO2 catalysts were used which contained 25 pbw cobalt and
6-45 pbw zirconium per 100 pbw silica and had been prepared by
impregnating a silica carrier first with zirconium and then with
ccbalt. All these catalysts showed high activity the other ex-
periments fall outside the scope of the invention. They have been
included in the patent application for camparison. In Experiment 1

-a catalyst containing no zirconium was used. In Experiments 2 and

3 Co/Zx/ SJ'.O2 catalysts prepared by co-impregnation were used. In
Experiments 4-10 catalysts were used which had been prepared by
impregnation carried out step-wise, but with first the cobalt and
subsequently the zirconium being deposited on the silica. In
Experiments 11, 13 and 18 catalysts were used which, although
they had been prepared by impregnation carried out step-wise in
the correct order of steps (first zirconium, then cobalt), con-
tained less than 2 or more than 150 pbw zirconium per 100 Pow
silica. All the catalysts used in the comparative experiments
showed relatively low to very low activity and in two cases no
activity at all.
Catalytic hydrotreatment

An Experiment 21 was carried ocut in which the C5'+ fraction
of the product dbtained according to Experiment 15 was passed
together with hydrogen through a 50-ml reactor containing a fixed
catalyst bed, at a temperature of 345°C, a pressure of 130 bar, a
space velocity of 1.25 1.1 *.h™" and a hydrogen/oil ratio of
2000 Nl.l-l. The catalyst was a Pt/ SiC)Z-Ale3 catalyst contain-
ing 0.82 parts by weight platinum per 100 pbw of carrier, which
carrier consisted of 14.6% by weight of alumina and 85.4% by
weight of silica. The results of Experiment 21 are given in Table
D.
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From the results given in Table D it appears that when a
catalytic hydrotreatment is applied to a product prepared
according to the invention, a considerable part of the 400°c™
fraction is converted (a decrease from 29 to 8 %w) and a con-
siderable quantity of 150-360°C fraction is formed (an increase
from 46 to 63 %w), whereas only very little 150°C  fraction is
formed (an increase from 17 to 22 %w).
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Composition, Cl+ product of C5+ fraction of C1+ product

Experiment 15 the Cl+ product after the

of Experiment 15 catalytic
W hydrotreatment

Cy 20 - 2
C5—150°C 14 17 20
150-250°C 17 21 28
250-360°C 20 25 35
360-400°C 6 8
400°C" 23 29
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CLAIMS

1. A process for the preparation of a Fischer-Tropsch catalyst
which contains ccbalt, zirconium or titanium, and silica, which
process camprises impregnating a silica carrier with a solution
of a zirconium or titanium compound, calcining the composition
thus obtained impregnating the calcined composition with a so-
lution of a cabalt compound, and calcining and reducing the
camposition thus obtained.

2. A process as claimed in claim 1 in which the impregnation
steps are carried out as dry impregnations.

3. A process as claimed in claim 1 or 2, in whach if the
deposition of zirconium or titanium and/or cobalt is carried out
in more than one step, the metal-containing compositions obtained
are calcined after each impregnation step. ,

4. A process as claimed in any one of claims 1-3, in which the
calcination of the metal-containing compositions is carried out at
a temperature of 350-700°C and that the reduction of the metal-con-
taining campositions is carried out at a temperature of 200-350°C.
5. A process as claimed in any one of claims 1-4, in which for
depositing zirconium on the silica a solution of an organic
zirconium compound in an organic solvent or mixtures of organic
solvents is used as the impregnation liquid.

6. Catalyst which contains cobalt, zirconium or titanium, and
silica, and which has been prepared by a process according to any
one of claims 1-5.

7. Catalyst according to claim 6, which contains 5-40 pbw cobalt
and 2-150 pbw zirconium or titanium per 100 pbw silica.

8. A process for the preparation of hydrocarbons by catalytic
reaction of carbon monoxide with hydrogen, in which a Hy and
OO~-containing feed is contacted at elevated temperature and
pressure with a catalyst which contains 5-40 pbw ccbalt and 2-150
pPow zirconium or titanium per 100 pbw silica and has been prepared
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by impregnating a silica carrier with a ssclution of a zirconium
or titanium compound, calcining the composition thus obtained,
impregnating the calcined composition with a solution of a cobalt
campound and calcining and reducing the composition thus obtained.
9. A process as claimed in claim 8, which is carried out at a
temperature of 125-350°C and a pressure of 5-150 bar.
10. A process for the preparation of hydrocarbeons by catalytic
reaction of carbon monoxide with hydrogen as claimed in claim 8,
substantially as described hereinbefore and in particular with
reference to the example.
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