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{54} Process for the preparation of s
Fischer-Tropsch catalyst, a catalyst
so propared and use of this catalyst
in the preparation of hydrocarbons

{(57) A Fischer-Tropsch catalystis
prepared by impregnating a silica
carrier with a solution of a zirconium
or titanium compound, calcining the

compositlon thus obtained, theraafter
impragnating with a cobalt
cempound-containing solution and
calcining and reducing the
campaosition thus obtained. Catalysts
so prepared and containing 5—A40
pbw of cobalt and 2—150 pbw of
zirconlum or titanium per 100 pbw of
silica, are used in the preparation of
hydrocarbons from a H,/CO mixture.
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SPECIFICATION
Process for the preparation of a Fischer-Tropsch catalyst, a catalyst so prapared 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, zircanium or titanium, and silica. [t relates further to a catalyst so prepared and to the use of such
a catalyst in the preparation of hydrocarbons.

The preparation of hydrocarbons from a H,/CO mixture by contacting this mixtute at elevated
temperature and pressure with a catalyst is known in the literature as Fischer-Tropsch hydrocarbon
synthesis. Catalysls often used for this purpose contain iron or cobalt together with une ar more
promoters and/or a carrier material. The conventional techniques of preparing Fischer-Tropsch catalysts
are the precipitation routs, the meklting route and the impragnation rauts. Of these techniguss the
impregnation route is much to be prefarrad since this route is not so costly and/or time consuming,
produces better reproducible resuits and generally yields materlals with better catalytic properties.
Bricfiy, the impregnation route invalves contacting a porous carrier in the presence of a liquid ence or
several times with an iron or cobatt compound and, If desired, with one or more compounds of the
appropriate promaoters, followed by remaval of the liquid and calcination and reduction of the
corposition obtained.

The composition of the product obtainad in the Fischer-Tropsch hydrocarbon synthasis by using
catalysts prepared by impregnation is largely depandent on the catalytlcally actlve metal which is
present on the catalyst. The use of a cobalt catalyst prepared by impregnation results in a product which
consists mainly of unbranched paraffins. The usa of 2n iron catalyst prepared by impregnation resuits in
a product which, in addition to unbranchad paraffins, contains a considarable quantity of alefing and
oxygen-containing arganlc compounds. With a viaw ta the compaosition of the product obtained, for tha
praparation of products sultable for use as motor fuels, preference is given to the use of a cobalt
catalyst.

Earlier investigations have shown that catalysts prepared by impregnation of a silica cartier with
an aqueous solution of a cobalt salt followed by caleination and reduction of the composition cbtained
showed excallent C,* and C5+ salectivity but only relativaly low activity. By including in the agueous
salution with which the silica was impregnated a zlrconlum or titanium salt in addition to the cobalt salt,
the activity of the catalysts could be roughly doubled without loss of the afore-rmentioned high C,* and
Cg* selactivity, A remarkabla faature of these cataiysts prepared by co-impregnation with the aid of an
aqueous solution is tha extramaely narrow range of pramoter load lavels within which the promoter
exarcisas its activity-promoting effact on the catalyst. it was found that, whers as for these catalysts the
inciusion of a quantity of about 1 phw of zlrconium per 100 pbw of sillca led to, roughly, doubling of
their activity, the inclusion of larger quantitles of zircanium caused a rapid decrease of activity
promotion and, upon inclusion of a quantity of about 6 pbw per 100 phw of sliica, the activity-
promoting effact was seen to have disappeared altogether. In the latter case a catalyst was obtained
which had an activity almost equal to that of a catalyst contalning nothing but cobalt,

Although the catalysts prepared by co-impregnation with the aid of an aqueous solution as
described hereinbefore heve acceptable activity, there is an unmistakable need for catalysts of this type
having higher activity.

Continued investigation into this subject was carried out to determine whether changes in the
technigue of impregnation might lead to widening of tha range within which the promotar exarcises its
activity-premoting effect an the cataiyst. For this purposa raplacement of tha co-impragnation by
separate impregnation was investigatad in the first place. Catalysts ware preparad by impragnating a
sifica carrier first with an agueous solution of a cobalt compound and subsequantly, after calcination of
tha cabalt-containing compositions, impregnating the latter with an aqueous solution of a zirconium
compound, fallowed by calcination and reduction of the zirconium and cobalt-containing composition.
Thus were prepared catalysts containing differsnt 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 prapared 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 separate impragnation the
range within which the promoter exercises its activity-promoting effect on the catalyst was found to
have decreased in comparison with the catalysts prepared by co-impregnation. Whereas in the catalysts
prepared by co-impregnation the incorporation of about B pbw of zirconium per 100 pbw of silica
resultad in an activity level corresponding to that of a catalyst containing nothing but cobalt, the
catalysis prepared by separats impragnatian 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 compound dissclved in an organic solvent might lead to
the purpose intended, catalysts were prepared by impregnating a silica carrier first with an agueous
solution of a cobalt compound and, after calcination of the cobalt-containing composition, impregnating
the latter with a solution of an arganic zirconium compound in an erganic sojvent, followed by
calcination and reduction of the zirconium and cobalt-cantaining composition, Thus were prepared
catalysts containing varying proportions of zirconium. It was found that when thesae catalysts werae used
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for the preparation of hydrocarbons from H/CO mixtures, they behaved in precisely the same mannar as
the afpre-mentioned catalysts which had baen prepared by separate impregnation using 8n aqueous
solution of an inorganic zirconium compound, viz. catalysts containing about 1 pbw zirconium per 100
pbw silica showed roughly doubled actlvity, whereas catalysts containing about 6 pbw zirconium per
100 pbw proved to he entirely inactive.

The above-mentioned disappolnting results es to the effect of a change in the impregnation
method upen the activity of the promoted Co/Si0, catalysts notwithstanding, yet anather 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 ta the
find that In this way It Is possible to prepared promoted Co/Si0, catalysts whose activity is 3—4 times 10
as high as that of a catalyst containing nothing but cobalt. In ordar to achieve an improvement in activity
which exceeds that which can be achieved by co-impragnation of the promoter together with tha cobalt
or the separate impregnation of the promoter after the cobalt, the proportion of promoter deposttad on
the sillca prior to the cobalt should be at least 2 pbw par 100 pbw silica for catalysts containing 5—40
pbw cobalt per 100 pbw silica. Contrary to what is seen for the catalysts in which the promoter has 15
been deposited on the carrier by co-impregnation together with the cabalt or by separate impragnation
of the promoter after the cobalt the range of promoter loads within which the promoter exercises its
activity-promoting sffect is very wide in the case of the catalysts In which the promoter is depositard on
the carrier previous to tha cobalt. In principle, when preparing thess catalysts promoter quantities of up
to a maximum of 150 pbw par 100 pbw silica may be considerad. 20

The present inventlon therefore relates to a process for the preparation of a Fischer-Tropsch
catalyst which contains cobalt, zircanium or titanium, and silica, which process comprises impregnating
a silica carrier with a solution of a zirconfum or titanium compound, calcining the composition thus
obtained, impregnating the calcined composition with a solution of a cobalt compound, and caleining
and reducing the composition thus obtained. _ 25

The catalyst according to tha invention is prepared by separate impregnation, with first tha
promoter being deposited on tha 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
appllad, the volume of which substantially earrespends to the pora volume of the carrier. After tha last
impregnation step in which the promoter is deposited on the silica and after the last impregnation step 30
in which the cobalt is deposited on tha siiica the metal-containing compasitan obtained should be
calcinad. If the depaosition of the promoter and/or the cobalt is carried aut in more than one step, the
metal-containing composition obtained is prefarably calcined after each impregnation step.

The calcination is prefcrably carried out at a temperature between 350 and 700°C. After the
calcination succeeding to the last impragnation step in which the cobait is deposited on the silica, the 35
compasition should be reduced. This raduction is preferably carried out at a temperature between 200
and 350°C. Far Impregnating the silica with the promoter and the cobalt both aqueous and non-
aguenus liquids are eligible. In the catalyst preparation by impregnation preferance is given to
contacting the porous carrier with a solution of the metal compeounds concerned in a solvent. Exampies
of suitabla agueous solutions of zirconium compounds are solutions of zircenium nitrate or zirconyl 40
chioride in water, Examples of suitable non-aquecus solutions of zirconium compounds are solutions of
zirconium alkoxides in arematic hydrocarbons ot in mixtures of aromatic 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 benzane and propanot. In view of tha relatlvely low degree of solubility in
water of most of the inorganic zirconium compounds and the preferrad use of catalysts with a relatively 45
high zirconium foad, the present catalysts are preferably prepared by using a solution of an organic
zirconium compaound in an organic solvant or a mixture of organic solvants as the impregnation liguid
for depositing tha zirconium on the silica. The deposition of the cobslt on the sillca is preferably carried
out by using an aquecus sclution of a cobalt compound as the impregnation liguid. Cobalt compounds
suitable for this purpose are cobait nitrate, cobalt carbonate, cobalt chioride and eobalt sulphate. 50

Catalysts acuurding to the invantion preferably conbtain 540 pbw cobalt and 2—150 pbw
zirgonium or titanium per 100 pbw silica. Even more preferanca is given to catalysts containing at most
100 pbw and in particular at most 20 phw of premoter per 100 phw of silica. Such catalysts prefarably
contgin zirconium as a promoter,

The present patent application further relates to a procass for the preparation of hydrocarhens by 55
catalytic reaction of carbon meonoxide with hydrogen, in which a H, and CO-containing feed is contacted
at elevated temparatire and pressure with a catalyst which comprises 5-—40 pbw of cabalt and
2—150Q pbw of zirconium or titanium per 100 pbw of silica and which has been prepared by
impregnating a silica carrier with a sclution of a zirconium or titanium compound., calcining the
composition thus obtained, impregnating the calcined compositian with a solution of a cobalt 60
compound and caicining and reducing the composition thus obtainad.

This process is preferahly carried out at a tamperature 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
stf}lgiug material is a H, and CO-containing feed which preferably has a H./CQ molar ratio higher than
1.75. &5
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The hydrocarbon praparation according to the invention may very suitably be carried out as an
independent process in which a H, and CO-gontaining feed is converted in one step into a hydrocarbon
mixture. A very suitabla faed in this case fs a H,/CO mixture obtained from a heavy carbon-containing
material, such as coal, by gasitication, or from light hydrocarbons, such as natural gas, by steam
reforming or partial oxidation.

The hydrocarbon preparatlon 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-contalning feed. In this case there are
three possibilities, viz.

Al The process is used as the sacond step of a two-step process.

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

C) A combination 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 wiil be further explained herainafter.

In the process mentioned under A} a H,/CO mixture is contacted in the first step with a catalyst
containing one or more metal components having catalytic activity for the conversion of a H,/CO
mixture inte hydrocarbons and/or oxygen-containing organic compaunds and unconverted hydrogen
and carbon menaxide present in the reaction product of tha first stap — together with other
somponents of that reaction product, if desired — are used as the feed for the hydrocarbon preparation
according te the invention. Depending on the nature of the catalyst chosen in tha first step, either
substantially aromatic hydrocarbons, or substantiaily paraffinic hydrocarhons, or substantially oxygen-
containing organic compounds may ba prepared in this step. If it is the object in tha first step to prepare
substantially aromatic hydrocarbons, then use may quite suitably be made of a catalyst mixture
containing efther a methanol or dimethyl ether synthesis catalyst ar a Fe/Me/Al,0, or Fe/Cr/SIO,
catalyst prepared by impregnation together with a erystaliine meta! silicate which is characterized in
that aftar 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 mantionead in Tabte
A

TABLE A
d{A)}
11.1+02
10,0+ 0.2
3.84 1+ 0.07
3.72 + 0,06, and

b} in the formula which represents the composition of the silicate expressed in moles of the oxides
and in which, in addition to SI0,, one or more oxides of a trivalent metat M, chosen from the group
formad hy aluminium, iron, galiium, rhedium, chromium, and scandium are present, the Si0/M,0,
molar ratio i highar than 10,

H it is the ohjact in the flrst step of the two-step process mentioned under A) to prepare
substantiafly paraffinic hydracarbens, then use may very suitably be made of the above-mentioned
Fe/Mg/Al,Q, or Fe/Cr/Si0, catalysts prepared by impregnation. If the first step of the two-step process
mentioned under A) is carried cut with the object of preparing oxygen-containing ergasnic compounts,
then use may very suitably be made of @ method ar dimethyl ether synthesis catalyst. Methanol synthesis
catalysts suitabla for usa In the first stsp of the two-step process mentioned under A are ZnQ/Cr,Q, and
Cu/Zn0/Cr, 0, catalysts. A dimathyl ether synthesis catalyst suitable for use in the first step of the two-
step process mentioned undar A} is a mixture of gamma-AlQ; and the Cu/ZnQO/Cr,0, methanal
synthesis cataiyst mentionad harginbefare.

tn the two-step process mentioned under B) &s well as in the three-step process mentioned undar
C) ths fact is utilized that the high-beiling part of the product vbtained in the hydrocarben preparation
according to the Invention can be converted in a high yield Into middle distiliates using a catalytic
hydrotreatment. In the present patent application the term “middle distiffates” is used to designate
hydrocarben mixtures whose boiling range corresponds substantially with that of the kerosine and gas
oil fraction obtained in the conventional atmospheric distillation of crude minaral oll. Said distillation is
usad to separate from crude mineral oil. Said distiilation is used to separate from cruds minaral oil one
or more gasoline fractions having a beiling range between 30 and 200°C, cne or more kerosine
fractions having a boiling range between 140 and 300°C and one or more gas il fracticns having a
boiling range between 180 and 370°C, successivaly.

The two-step process mantioned undsr B} comprises carrying out tha hydrocarbon preparation
according to the invention as the first step, followed by & catalytic hydrotreatment as the second step.
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The three-step process mentioned under C) comprisas carying out the two-step process mentioned
under A}, with the hydrocarbon praparation aceording ta the invantton farming the second step,
tollowed by & catalytic hydrotraatment as the third step. The feed chosen for the cataiytic
hydrotreatment is at least the part of the reactlon product of the hydrocarbon preparation according to
5 the invention whose Initial boillng point lies above the final bailing point of the heaviest middle distillate 5
desired as final product. The hydrotraatmant which Is characterlzed by a very low hydrogen
consumption yields middle distillates with a conslderably lower pour point than that of those obtalned In
the direct Fischer-Tropsch corvarsian of a Hy/CO mixture have, Catalysts very suitabla for carrylng out
the catalytic hydrotreatmant are those containing one ar mera noble metals of Group Vil supperted on
10 a carrler, and particularly suitable is a catalyst containing platinum supported on a carrler 13—15 %wof 10
whlch consists of alumina, the rest of silica.
The Inventlon is now illustratad with the aid of the following example.
EXAMPLE
18 Catalysts {catalysts 1-—18} were prepared. Catalyst 1 contained 256 pbw cobalt per 100 pbw
15 silica. Catalysts 2—18, in addition to 25 pbw cobalt per 100 pbw silica, contained varying quantitiesof 1§
zirconium,
All the catalysts were prepared by dry impregnation of the same silica carriar. After pach
impregnation step the compositions cbtained were dried at 120°C and calcinad in air at 500°C. After
the last calcination step the compositions were reduced in hydrogen at 260°C. Further information
20 concerning the preparation of the catalysts is given herginafter. 20
Catalyst 1
One-step impregnation of the silica carrier with an aquacous solutian of cohalt nitrate.
Cululysts 2 and 3
25 One-step impregnation of the silica carrier with an aquaous solution containing both cobalt nitrate 25
and zirconium nitrate. Per 100 phw sillca catalysts 2 and 3 contained 0.9 and 8 pbw zirconium,
respectively. '
Catalysts 4—8
Impregnation of the silica carriar, first in one step with an agueous solution of cobalt nitrate and
30 then in one step with an aqueous solution of zirconium nitrate. Per 100 pbw silica catalysts 4—38 30
contained 0,45, 0.9, 1.8, 3.6 and 6 pbw zirconium, respactively.
Catalysts 9 and 10
Impregnation of the siflca carriar, flrst In ona step with an aqueous solution of cobalt nitrate and
then in one step with a solutior of zirconium tetrapropoxide in a mixture of propanc! and benzens. Fer
35 100 pbw silica catalysts 8 and 1Q contained 0.9 and 6 pbw zlreonium, raspactivaly. 35
Catalysts 1T and 12
Impregnation of the sllica carrier, first in ona step with an aqueous sclution of zirconium nitrate
and then in one step with an aqueous solution of cobalt nitrate. Per 100 pbw silica catalysts 11 and 12
containad 0.9 and & pbw zirconium, respactively.
40 Catalysts 13—18 40
One-step or multi-step impregnation of the silica carrier with a solution of zirconium
tetrapropoxide in a mixture of propanc! and benzene and then impregnation in ene step with an aqueous
solution of cobalt nitrate. In the preparation of catalysts 1318 the impregnation of the silica carrier
with the zirconium tetrapropoxide solution was carried out in one, one, two, three, four and eight steps,
45 respectively. Per 100 pbw silica catalysts 13—18 contained 0.9, 6, 12, 18, 45 and 163 pbw zirconium, 45
respectively.
The cobalt loads and surface areas of the catalysts 2—18 are given in Table B.
Of catalysts 7—18 described hereinbefare only catalysts 12 and 14—17 are suitable for use in
the process according to the invantion. The other catalysts fall outside the scope of the invention. They
50 have been included in the patent application for comparison. 50
Catalysts 1—18 were testad in twenty experiments {experiments 1—20) in the preparation of
hydracarbans from mixtures of carbon monoxide and hydrogen. The experiments wera carriad out in a
50 mi raactar containing a fixed catalyst bed of 7.5 mi volume.
The conditions used for carrying out tha experiments and the results of the exparimants ara given
B5 in Table C. Of the experiments listed in Table C only Expariments 12, 14~-17, 19 and 20 are 56

experiments according to the invention. In these experiments Co/Zr/Si0, catalysts were used which
contained 25 phw cobalt and 6-—46 pbw zirconium per 100 pbw silica and had been prepared by
impregnating a silica carrier first with zirconium and then with cobalt. All these catalysts showed high
activity tha other expariments fall outside the scope of the invention. They have been inciuded in the
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patent applicativn for comparison. In Experiment 1 a catalyst contalning no zirconium was used. In
Experiments 2 and 3 Co/Zr/Si0, catalysts prepared by co-impregnation were used. In Exparimants
4—10 catalysts were used which had been prepared by impregnation carrled 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 baen prepared by Impragnation carried out siep-wise
in the correct order of steps (first zirconium, then cabalt), contained lass than 2 or more than 150 pbw
zirconium per 100 pbw silica. All the catalysts usad 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 cut in which the Cg* fraction of the product obtained according to
Experiment 15 was passed togethar with hydrogen through a 50-ml reactor containing a fixad catalyst
bed, at a temperature of 345°C, a prassura of 130 bar, 8 space velocity of 1.28 1.1 “thlanda
hydrogen/oll ratio of 2000 N1.177. The catalyst was a Pt/5i0,—A4l,0, catalyst containing 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 Exparlmant 21 ara given in Table D.

From the results given In Tabla D It appears that when a catalytic hydrotreatment is applied to a
praduct prepared according to the invention, a considerable part of the 400°C* fraction is converted (a
decrease from 29 to 8 %w) and a considerable quantity of 160—380°C fraction is formed {an increase
from 46 to 63 %w), whereas oaly very [lttle 150°C™ fractien is formed {an increase from 17 to 22 %owl.
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TABLE D

. C, ¥ fraction of G, product
Composlition, C,” product of the C, product after the catalytic
%W Experiment 15 of Experiment 15 hydrotreatment

C,” 20 - 2
C-153°C 14 17 20
150—260°C 17 21 28
250-360°C 20 25 35
360-400°C & 8 7

4o0°c*t 23 29 8

CLAIMS

1. A process for the preparation of a Fischer-Tropsch catalyst which contains cabalt, zirconium or
titanium, and silica, which process comprises impregnating a silica carrier with a solution of a zirconium
or titanium compound, catcining the composition thus obtained impregnating the calcined composition &
with a salution of a cobalt 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 ¢laim 1 or 2, in which 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 10
after each impregnation step.

4. A process as claimed in any one of claims 1—3, in which the calcination of the metal-
cantaining compositions is carried out at a temperature of 350—700°C and that the reduction of the
metal-containing compaositions is carried out at a temperature of 200--350°C.

B. A process as claimed in any one of claims 1—4, in which for depositing zirconium gn the silica 95
a solution of an organic zirconium compound in an organic solvent or mixtures of organic sovients is
used as the impregnation fiquid.

6. Catalyst which cantains caobalt, zirconium or titanium, and silica, and which has been prepared
by a process accarding to any one of claims 1—B.

7. Catalyst according to claim B, which contains 5—40 pbw cobalt and 2— 150 pbw zirconiumor 20
titanium par 100 pbw silica.

8. A process for the preparation of hydrocarbons by catalytic reaction of carbon monoxide with
hydrogen, in which a H, and CO-cantaining faed is contacted at elaevatad tamperature and pressure with
a catalyst which contains 5—40 phw cobalt and 2—150 pbw zirconium or titanium per 100 pbw silica
and has been prepared by impregnating a silica carrier with a solution of a zirconiym or titanium 25
compound, calcining the composition thus obtained, impragnating the caicined composition with a
sclution of a cohalt compound and calcining and reducing the composition thus obtained.

9. A process as claimead in claim B, which is carried out at a temperature of 126—360°C and a
pressure of 5—150 bar.

10. A process for the preparation of hydrocarbons by catalytic reaction of carbon monoxide with 30
hydrogen as claimed in claim 8, substantially as described hareinbafare and in particular with reference
10 tha exampie.
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