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SPECIFICATION
Catalyst Preparation

The invention relates to a process for the preparation of & ¢atalyst suitable for the conversion of a
mixture of carbon monexide and hydrogen into hydrocarbons. '

The preparation of hydrocarbons from a H,/CO mbcture by contacting this mixture at afevated
temperature and pressure with a catalyst is known In the literature as the Fischer-Trapsch hydrocarbon
synthesis. Catalysts often used for the purpose comprisa one or mora metals from the fron group, to
gether with cne or more promotors, and a carrier material. These catalysts can suitably ba prepared by
the known technigues, such as precipitatien, impregnation, kneading and msiting. Tha products which
van be prepared by using these catalysts usually have a very wide range of molecular weight
distributions and, in addftion to branched and unbranched paraffins, often contain considerable
amounts of olefins and oxygan-containing organic compounds. Usually enly a miner portion of the
products obtained is made up of middle distillates. Of these middle distillates not only the yield but also
the pour point is unsatisfactory, Therefore the direct conversion of H,/CQ mixtures accarding to
Fischer-Tropsch is not a very attractive route for the preduction of middie distillates en a technical
scale.

In this patent application “middle distillates” should be taken to be hydrocarhon mixtures whose
boiling range corresponds substantialiy with that of the kerosine and gas oil fractlons obtained In the
conventional atmospheric distillation of crude mineral oil. During said distillation, from the crude
mineral ail are separated in succession: one or move gasoline fractions having a boiling range between
30 and 200°C, one or more kerosine fractions having a boiling range betwesn 140 and 300°C and
ane or more gas oil fractions having a boiling range between 180 and 370°C.

Recently a class of Fischer-Tropsch catalysts was found which have the property of yialding a
product in which only very few ofefins and oxygen-contalning compounds accur and which consisls
virtually completely of unbranched paraffins, a considerable portfon of which paraffins boeils above the
middle distillate range. It has been found that by using a catalytic hydrotreatment this praduct can be
converted in high vield into middie distiflates. As feed for the hydrotreatment et least the part of the
product is chosen whose inftial bolling point lles abavs the final boiling point of the heaviest middle
distillate desired as end produst. The hydrotreatmant, which is characterized by a very low hydrogen
consumption, leads to middle distlllates with a considerably better pour point than those obtained in
the direct conversion of @ H,/CO mixture according to Fischer-Tropscit,

The Fischer-Tropsch catalysts belonging to the above-mentioned class contain sllica, alumina ar
silica-alumina as carrier material and cabalt together with zirconium, titanium and/or chromium as
catalytically active metals, in such nuantities that the catalysts comprise 3—60 pbw cobalt and 0.1—
100 pbw of at least one othar metal chosen from zirconium, titanium or chromium per 100 phw carriar
material. The catalysts are prepared by depusiting the metals involved on the carrler material by
kneading and/or impregnation.

The catalyst preparation by Impregnation is carried out by eontacting a porous carrier with a com-
pound of the relevant metal in the presence of a liguid, followed by remaval of the liquid. Likewise, in
the catalyst preparation by kneading a porous carrier Is contactad with & compound of the relevant
metai in the presence of a liquid, followed by removal of the liquid, the distinction being that preceding
and/or during the removal of the liguid the composltion is subjected to intensive mechanical treatment,
such as pressing, kneading or wringing. which as a rules leads to a considerable reduction of the
particle size of the carrier material and 1o the conipesition taking on the eonsistency of a paste. Usually
several hours' kneading in a suitable kneading machine is sufficient to atiain the desirad homogeneity
af distribution of the components over tha mixture. The intensive mecharnical treatment during which
there is a considerable reduction of the particla size of the carrier material is the main difference
between the knsading routs and the impregnation route. It'is true that during the preparation of a
catalyst by impragnation thare may be a stage at which the ¢omposition contains an amount of liquid
corresponding to that present in tha paste mentioned hereinbefore and that some mechanical anergy
may be supplied to the composition, for ingtance by stirring, but on the whole the particle siza of the
carrier material will remain virtually unchanged during the catalyst preparatlon by impregnation.

In the case of the prasent catalysts which in addition to cobalt cornprise an other metal, tha tarm
"catalyst preparation by kneading and/or impregnation” as used in the present patent application
includes every possible variant in which the two metais have been deposlied on the carrier in this way.
Far instance, the cobalt may be deposiled on the sarricr entirely be knaading and the other metal
entirely be impregnation, but it is aiso possible 1o depasit part of the cobalt andfor the other metal by
impregnation, while the rest Is dapositad by kneading; Likewise, there is-a free chaice as to the order in
which the matals are deposited on the carrier and the riumber of steps used to carry out the catelyst
preparation. . : . .

Further investigation into the preparatlon and the performence of the abave-mentioned cobait
vataiysts has now revealed that whara activity and stability are goncerned, their performance depands
10 a great extent on three factors, viz. :

a} the total quantity of cobalt present on the catalyst, '
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b) the weight ratic of the guantity of cabalt deposited on the catalyst by kneading to the total
quantity of cobali present on the catalyst, and

c) the surface area of the catelyst.

It has been found that the vatalysts show optimum performance as to activity and stability when
they satisfy the relation :

L
{3+4R}>—>(0,3+0,4R},
5
wherein
L=the total quantity of cobalt presant on the catalyst, expressed as myg Co/mi catalyst,
=the surface area of the catalyst exprassed as m2/m| catalyst, and
R=the weight ratio of the quantity of cobait deposited on the catalyst by kneading to the lota! 10
guantity of cobalt present on the catalyst.

Singe R can vary between O {for a catalyst onto which the cobalt has been deposited exclusivety
by impregnation} and 1 {for & catalyst onta which ths cobalt has been deposited exclusively by
kneading), the present invention only relates to catalysts having a quotient of L by $ higher than 0.3 -
but fower than 7. Depending on the manner in which the cobalt has been depaosited, the sbove- 15
mentioned relation can be used to indicate—~within the range 0.3—7—the area wherewithin the
quatient of L by 5 should lie in order to ensure optimum catalyst peformance. The catalysis whose
quotiznts of L by S satisfy the above-mentioned relation are novel.

The present patent application therefore relates to a process for the preparation of a catalyst in
which a catalyst is prepared by kneading end/ar impragnation, which catalyst comprises 3—60 pbw 20
cohalt and 0.1—~-100 pbw of at least one othsr metal chosen from zirconium, titanium or chromium per
100 pbw: silica, alumina or silica-alumina and whose L and 5 are such as to satisfy-the relation

L
{5+4R)>—>(0.3+0.4R).
8

On the basis of tha value of R the catalysts which can be prepared according to the Invention may
be divided into three main classes, viz. . 25
i) catalysts whergin R=0,
{l} catalysts whareln R=1, and
I} catalysts wherein T>R>0,

" The catalysts.belonging to class | may further be divided into two subclasses, viz,

fA] catalysts In the preparation of which impregnation has been used exclusivaly, and 30
IB) catalysts in the preparation of which both impregnation and kneading have been usad, but in
which the cobalt has been deposited exclusively by impregnation.

The catalysis belonging to class [ may be also be further divided into two subclasses, viz.

1A} catalysts in the preparaticn of which kneading has besn used exclusively, and
1IB) catalysts in the preparation of which both impregnation and kneading have been used, butin 35
which the cobait has been deposited exclusively by kneading.

The catalysts belonging ta class If] are characterized in that the cobalt hias been deposited partly
by impragnation and partly by kneading.

Each of the above-mentioned classes offers a wide range of possibilities of variation, depending,
among other things, on the number of steps used to carry out the preparation, on the order in which the 40
matals are deposited and on whether during the treating steps the metals ara depositad together or
individually.

in order to give an impression of the possibilities of variation within a certain class, 2 schematic
enumeration of a number of methods of preparing the catalysts belonging to class [A is given
hereinafter. Since in the preparation of the catalysts belonging to this class, as in the praparation ofthe 45
catalysts belonging to class IlA, there is only one way of depositing the metals (exclusively by
impregnation in class 1A and exclusively by kneading in class IlA), the possibilities of variation of these
two classes are relativaly few in comparison with the ather classes. The enumeration has been
restricted to methods of praparation in which at most three impregnation steps are carried out. For the
sake of simplicity in the schemetic representation impregnation with a cobalt compound is given as 50
"Co”, impregnation with a compound of another metal as “Zr”, and simultaneous impregnation with a
cohalt cempound and a compound of another metal {what is called co-impregnation) as {Co+2Zr). [f one
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confines cneself to meathods of preparation in which exclusively separate impregnations or exclusively
cu-impregnation are used, the following possibilities offer:

ohe step:  [Co+2Zr)
two steps:  Co/Zr; Zr/Co: (Co+Zr){Co+2Zr)
three steps: Co/Co/Zr; Co/2v/Zr; Z1/Co/Co; 2+/Zr/Co; CofZr/Co; Ze/Co/Zr: (Co+ Zi(Co+Zr)/(Co+Zr.

If in additicn there is taken into account the possibility of the preparation being carried out by a
combination of separete impregnation with co-impregnation, then the number of possibsilities of
variation will be much bigger yet. Far Instance, in the two-step procass tha fallowing embodiments
may also be considered: Co/{Co+2Zr}); Zr/{Co+Zr); (Co+Zr/Co; (Cot+Zri/Zr.

Both when the metal is deposited by impragnation and when the metal is deposlted by kneading
the carrier matarial is first contacted with a compound of the relevant metal in the presence of g Tiguid.
As metal compounds hoth organic and inorganic compounds are eligible. Mixtures of metal
coimpounds may aiso be used. The liquids used may ba organle or inorganic. Mixtures of fiqulds may
also be used. Both during Impregnation and during kneading it Is preferred to conlact the carriar
material with a selution of the ralevant metat compound in a solvent. For the deposition of cobalt
preference is given to tha use of a solution of an inorganic cobalt solution in water. Bor the depositich
of the other metat it is preferred to use a solution of an organic metal compound in an organic sofvent
or mixture of erganic solvents. It 1s preferred that the organic solvent consist at least partly ofa ji-
diketone or a B-keto-ester. Espaciatly preferred are solvents containing more than 0.5 gram meleculs of
a fi-diketone or a S-keto-aster per gram atom of the other metal. [fa certain metal is deposited in more
than one step, the various steps can be carried cut using different compounds of the metal involved
and different solvents. The amounts of llquid used during impregnation may vary within wide fimits.
The quantity of liquid used may be equal to, or smaller or larger than, the pore volume of the carfer to be
impregnated. it is preferred in the impregnation to use a quantity of liguid the volume of which
corresponds substantially to the pore volume of the carrier to be impregnated. The quantities of liguid
used during kneading may also vary within wide ranges; however, ¢are should be taksn that during
kneading so much liquid is present that, together with the carrier material and the metal compound,
under the action of the intensive mechanical treatment it can produte a composition having the dasired
paste-like consistency. A surplus of fiquid, if any, can ba removed from the composition befors or
during kneading by evaporation. It is preferred during the kneading to use a duantity of liquid the
voluime of which corrasponds to 110—190% of the pore voluma of the carrier.

In the catalyst praparation according to the invention the liquid present in the composition is
preferably removed after each step in which a metal compound has been deposited on the carrier
material, for instance at an elevated temperature, before the. compaosition is onee more contacted with
a metal compound in a following step. After the last step of depositing a metal compouind on'tha
carrier the compasition 1s caltined. It is preferred in the catalyst preparation according to the invention
to calcine the composition obhtalned after each treatment step.

As stated hereinbefore, the present invention comprises a large number of variant preparation
methods which differ from ona another chiefly in the manners in which the metals are deposited on tha
carrter material (exclusively by kneading, exclusively by impregnation or by a combination thereof}, the
number of steps in which the preparation 1s sarried out and the order in which the metals are
daposited. The catalysts are preferably prepared by one of the three procedures following

a} first cobalt is deposited in one or more steps by Impregnation, and subsequently the other
metal is deposited in ons or mars steps, also by impregnation,

b} first the other metal is deposited in ona or more steps by impregnation, and subsequently
cobalt is deposited in one or more staps, also by Impregnaticn, and _ -

c} first cobalt is deposited in one or mors steps by kneading and subsequently tha other metal is
deposited In aone or more steps by impragnation.

The quantitias of metal deposited on the catalysts according to the invention are 3—80 phw par
100 pbw carrier for cobalt, and 0.1-—100 pbw per 100 pbw carrigr for the other metal. It is preferrad
to prepare catalysts containing 15—60 pbw cobalt per 100 pbw carrier. The preferred guantity to be
deposited of the ather metal is dependent on the way In which this matal is deposited. In the modes of
preparation in which fitst the cobalt is depasited on the carrier and then the othar metal, preference is
glven to the preparation of catalysts containing 0.1—5 pbw of the other metal per 100 pbw carriar. In
tha modes of preparation in which first the other metal is deposited on the carrier and then the cobalr,
preference Is given to the preparation of catalysts containing 5—40 pbw of the other metal per 100
pbw carrler. Prefarance Is given to the use of zirconium as other motal and siiica as carrier material,

The catalysts prepared according to the process of the invention are excclienlly suiteble for use in
the preparation of hydrocarbons from & mixture of carbon monoxide end hydrogen. The present patent
application therefore also relates to a process for tha praparation of-hydrocarbons from a Hy-and-CO-
containing feed by using a catalyst which has been prepared according to the invention. Before they
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ara suitable to be used for this purpose the catalysts must first be reduced. This reduction may very
suitably bs carriad out by contacting the catalyst et a temperature between 200 and 350°C with 2
hydrogen-containing gas. The conversion of the H,-and-CO-containing feed into hydrocarbons is
preferebly carried out at a temperature of 125—135°C and in particular of 175—276%C and a
pressure of b—150 bar and in particular of 10—100 bar.

H,-end-CO-conteining feeds whick are eligible to be converted inta hydrocarbons by using a
catalyst prepared according to the invention may very sultably be obtalnad from a heavy carbonaceous
material, such as coal, by gasification, or from light hydrecarbons, such as naturaf gas, by steam
reforming ot gartial oxidation. Suitabie H,-and-CO-containing feeds may also be obtained by
separating a fractigh containing unconverted hydrogen and carbon monoexide and other components, if
desired, from the reactien product obtained by contacting a H,/CO mixture with a catalyst containing
one or more metal compenents having catalytic dotivity for the convarsion of a H/CO mixture into
hydrocarbons and/or oxygen-containing organic compounds, n this partial conversicn of the H,/CO
mixture, depending on the catalyst chosen therefor, there will be produced either mainly aromatic
hydrocarbons, or mainly paraffinic hydrocarbons or mainly oxygen-containing arganic compounds. If in
the partial conversion it is the object to produce mainly aromatic hydrocarbons, use can very suitably
be made of a catalyst mixture containing either a methanol or dimethyl ather synthesis catalyst or a
Fe/Mg/ALLQ; or Fe/Cr/SI0, catalyst prepared by impregnation, together with a crystslline metal silicate
which is characterized in that after ane hour's calclnation in air at B00°C it has the following properties

a} an X-ray powder diffractlan pattarn in which the strongest lines are the lines given in Tabie A

TABLE A
diA)

111 £0.2
10.0 +0.2
3.8440.07
3.72+0.08, and

h} in the formula which represents the composition of the silicate expressed in moles of the
oxides and which, in addition to Si0,, includes ang or more oxides of a trivalent metal M
chosen from the group formed by atuminium, iren, gellium, rhodium, chromium and scandium,
the §i0,/M,0, molar ratio is higher than 10.

If in the partial conversion it is the object to produce mainly paraffinic hydrocarbons, use can very
suitably be made of the above-mentioned Fa/Mg/AlQ, or Fe/Ct/Si0, catalysts prepared by
impregnation. If the partial converslon is carried out with the object of producing oxygen-containing
organic compounds, use can very suitably be made of a methanol or dimethyl ather synthasis catalyst.
Methanol synthesis catalysts suitable for use in the partial conversion are Zn0/Cr,0, and Cu/Zn0/Cr,0,
catalysts. A dimethyl ether synthesis catalyst suitable for use in the partial convarsion is a mixture of
gamma-Al,0, and the CwZnO/Cr,0; methanol synithesis catalyst mentioned hefore. '

The H,-and-CQ-containing fead which is converted into hydracarbons by using & catalyst
prepared according to the invention prefarably has a H,/CO molar ratio higher than 1.5. if the feed has
& H,/CO molar ratio lower than 1.5, tha latter is preferably raised to have a value between 1.5 and 2.5
and in particular a value betwsen 1.75 and 2.25 before it Is contacted with the cobalt catalyst, The
H./CO molar ratio of low-hydrogen feeds may be raised, for instance, by adding hydrogen, removing
carbon monoxlds, mixing with a hydrogen-rich H,/CO mixtura, or subjecting the low-hydrogen feed to
the CO shift reaction.

As remarked hereinbefore, the catalysts prepared according to the invention when used for the
conversion of a H,-and-CO-containing feed yisld a substantially paraffinic product whaose high-hoiling
part can be converted in high yield into middie distillsies by the use of a catalytic hydrotreatment. The
feed for the hydrotreatment chosan is at least the part of the product whose initial boiling point lies
above the final boiling point of the heaviast middte distillate desired as end product. The catalytic
hydrotreatment is carried out by sontacting the fraction to be treated at plevated temperature and
pressure and in the presence of hydrogen with a catalyst containing one or more metals with
hydrogenation activity supported on a carrier. Pxamples of suitable catalysis are sulphidic catalysis
containing nickel and/or cobalt and, in additior, motybdenum and/or tungsten supportad on a carrier

. such as alumina or silica-alumina. In the catalytic hydrotreatment it is preferred to use a catalyst

containing one or morge noble metals from group VII} supported on a carrier. The quantity of noble
metal present on the carrier may vary within wide limits, but often it will be 0.05—b5 %w. The noble
metals fram group VIH which may be present on the carrier are platinum, palladiurn, rhodium,
rutienium, iridium and osmium, platinum belng preferred. Two or more of these matals may be present
in the catalysts, if desired, The quantity of the group VIil noble metal presant in the catalyst is
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prefarahiy 0.1—2 %w and in particular 0.1—1 %w. Examples of suitable carriers for the noble metal
catelysts are amorphous oxides of the elements from groups IL, lll and IV, sueh as silica, alumina,
tnagnesia and zirconia, as well as mixtures of these oxides, such as silica-alumina, sllica-magnesia and
silica-zirconia and zeolitic matarlals, such as mordenite and faujasite. As carriers for the nobla metal
catalysts aluminas end sifica-aluminas are preferred. A noble metal catalyst very suitable for tha
present purpose is a catalyst containing one or more noble metals from group VHI supported on a
carrier, 13—15 %w of which carrier consists of alumina, the remainder of silica. Suitable conditions for
carrying out the catalytic hydrotreatmant are a temperature of 175—400°C, a hydrogen partial
pressure of 10-—250 har, s space velocity of 0.1—F5 kg.[™.h™" and a hydrogsn/oil ratio of 100—5000
Nl.kg™". The catalylic hydrotreatment is preferably carried out under the following conditions: a
temperature of 280—3B0°C, g hydrogen partial pressure of 26—150 bar, a space velocity of 0,.25—2
kg.I7"H7" and & bydrogen/oil Tatio of 250—2500 NiLkg™. A suitabla choice of catalyst and treating
conditions offars the possibifity of producing in the catalytic hydrotreatmant from a heavy fraction of
the product prepared over the cobalt catalyst not anly middie distillate, but also lubricating oil having a
high viscosity index.

Tha invantion is now illustrated with the aid of the following example.

Catzlyst Preparation )

21 Co/Zr/SiQ, catalysts (Catalysts 1—21) were prepared by impregnating and/or kneading silice
carriers with solutions of cobalt and zirconium compounds. Furthermaore there was prapared one
Co/Ti/Si0, catalyst [Catalyst 22} by impregnation of a silica carrier with & solution of a cabalt
compound and with a solutfon of g titanium compound,

In each impregnation step a quantity of solution was used the volume of which corresponded
substantially with the pore volume of the cartler involved. After each impregnation step the solvent
was removed by heating and the material was calcined at BO0D°C.

In each kneading step a quantity of solution was used the volume of which corresponded

.-substantially with 150% of the pore voluma of the carrier involvad. In each kneading step the mixture
- was kneaded in & macerator for three hours. During the knaading a small portion of the solvent was

removed by heating. Afier each kneading step the paste obtained was collected fram the macerator,

the remalnder of the solvent was removett by heating, and the material was ground and calcined at

8Q0°C. :
Catalysts 1—22 were prepared as follows.

Catalysts 1—5 :

Three-step impregnation of varicus silica carriars with a solutlon of 2ircanium tetra-n-propaxide in
a mixture of n-propanot and benzene, followed by ane-step impragnatian of the zirconium-loaded
carriers with a solution of cobalt nitrate in water. : '

Catalysts 6, 7 and 9

One-step Impregnation of various sflica carriers with'a solution of cobalt nitrate, followed by one-~
step impregnation of the cobalt-laaded carrisrs with.a solution of zirconium nitrate In water.

Catalyst 8
One-step co-impregnation of a sllica carrler with a solution of cobalt nitrate and zirconyi chloride
in water. '

Catalyst 10 ' ' -
Two-step impregnation of a silica carrier with a solutlon of cabalt nitrate in water, followed by

 one-step impregnation of the cobalt-loadad carrier with a solution of zirconium nitrate in water,

35

50

b5

Catalyst 11 ' : '
One-step co-impregnation of a silica carrier with a solution of cobalt nitrate and zirconium nitrate

in water.

Catalyst 12
DOne-step impregnation of a silica carrier with a solution of cobalt nitrate in weter, followed by
knaading of the cobalt-loaded carrier with a solution of zirconium nitrate in water,

Catalyst 13 .

Kneading of a silica carrier with a sofution of zirconium tetra-n-propuxide in 2 mixture of n-
propanol, acatyl acetone and benzene, followed by one-step impregnation of the zirconium-loaded
carrier with a solution of cobalt nitrate in water. -

Catalysts 14—17
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Kneading of various sifica caniers with a solution of cobalt nitrate in water, followed by one-step .

impregnation of the cabalt-loaded carriers with a solution of zirconyl chloride in water,
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Catalyst 18
Co-kneading of a sillca carrier with a solution of cobalt nitrate and zirconium nitrate in water.

Catalyst 19
Kneading of a sifica carrier with a solution of cobalt nitrate in water, followed by kneading of the
cobalt-loaded carrier with a solution of zirconium nitrate in water.

Catalyst 20 ’
Kneading of a silica carrler with a solution of zirconium nitrate in water, foilowed by kneading of
the zirconium-loaded carrisr with a solution of cobalt nitrate in water.

Catalyst 21

Three-step Impregnation of a silica cartier with a solution of zirconium tetra-n-propoxide in a
mixture of toluene and acstyl acetone, foliowed by kneading of the zivconium-loaded carrier with a
solution of cobalt nitrate in water.

Catalyst 22

Thres-step impragnation of a silica carrier with a solution of tetraisopropyl ortho-titanate in a
mixture of isopropancl and acetyl acetene, followed by one-step impregnation of the titanium-lnadsd
carrier with a solution of cobalt nitrate in water.

Further information on Catalysts 1—22 ig given in Tabias | and ii.

I the case of the catalysts listed in Table | the cobalt was deposited exelusively by impregnation.
For these eatalysts R=0, and therefore the quotient of Lby 8 should, according to the invention, lie
between 0.3 and 3. Of the catelysts listed in Table | Catalysts 2, 3,5, 8, 1113 and 22 are catalysts
according 1o the Inventicn, heving L/S between 0.3 and 3. Catalysts 1,4, 6—8 and 10, having L/S
<0.3 or >3, fall autside the scope of the invention, They have been included in the patent application
for comparison. .

In the case of the catalysts listed in Table il the cobglt was deposited sxclusively by kneading, Of
these catalysts R=1 and therefore the quotient of L by 8 should lie betwean 0.7 and 7. OF the catalysts
listed in Table Il Catalysis 15, 16 and 1821 are catalysts according 10 the invention, having L/s
between 0.7 and 7. Catalysts 14 and 17, having L/S >7 or <0.7 fall outside the scope of the invention,
They have been inciuded in the patent application for comparison.

Catalyst Testing

Catalysts 1—10. 14—17 and 22 were used in ninstesn experiments (Experiments 1—19} in the
preparation of hydrocarbons from mixtures of carbon monoxida end hydrogen. The experimentis were
carriad out in a 50-m reactor containing a fixed catalyst becl. Prior to the testing the catalysts were
reduced in & hydrogsn-containing gas at 250°C. ' :

in Experiments 1—-6 and 19 a H,/CO mixture having a H,/CO moiar ratio of 2 was contacted it

Catslysts 1—5 and 22 at a temperature of 220°C, a pressure of 20 bar and at varlous space velogsities.

The results of these experiments are given in Table 1.

Of the expetiments glven in Table Il Experiments 2, 3, 5 and 13 are expetiments according {o the
invertion. In these expariments use was made of catalysts according to the invention which showed
both a high activity {expressed as g C,*/g cobalt/h} and a high stability {expressed as %v loss of CO
conversion/100 h). Experimants 1 and 4 falf.outside the scope of the invention. The catalysts used in
these experiments have too low stability. The catalysts used in Experiment 4 moreover had oo low
activity.

In Experiments 6—14 H,/CO mixtures wera contacted with Catalysts 6-—10 at various
temperatures, pressures and space velocities. The conditions under which the experiinents were
carried qut, as well as the results of the expsriments, are given in Table V.

Of the expariments listed in Table IV only Expetiment 13 is an experiment according to the
invention. In this experiment use was made of a catalyst according to the invention which showed both
a high activity (expressed as g C,*/g cobalt/n) and a high stability (expressed as %v loss.of CO
canversion/100 k). Experiments 6—12 and 14 fall outside the scope of the invantion. As 13 seen from
the results of Experiments 8, 10, 12 and 14, In Experiments 6—12 and 14 use was made of catalysts
having bath too low activity and too low stabllity. 0

In Experiments 15—18 a H,/CO mixtura having a H,/CO molar ratio of 2 was contacted with
Catalysts 14-—17 at a temperatura of 220°C, a pressure of 30 bar and at various space velocitics. The
resiflts of these experiments are given in Table V.

Of the experimenis mentioned in Table V Expsrimeants 16 and 17 are experiments according to
the invention. In these experiments use was mede of calalysts according to the invention having bath &
high activity (exprassad as g C,*/q cobalt/n} and a high stability {expressed as %v loss of CO
Conversion/1000 h}. Experiments 15 and 18 fall outside the scape of tha invention. In these
axperiments use was made of catalysts having both too low activity and too low siability.

25
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Catalytic Hydrotreatment

An experiment 20 was carried out In which at a temperature of 345°C, a prassure of 130 bar, a
space velocity of 1.25 //h and a hydrogen/oil ratia of 2000 NI/l the Cs* fraction of tha product
obtained according to Experiment 13 was passed, together with hydrogen, through a 50-ml reactor
containing a fixed catalyst bed. The catalyst was a Pt/SiQ, —Al,0; catalyst containing 0.82 pbw 5
platinum per 100 pbw carrer, the carrier consisting 14.8 %w of alumina and BB.4 %w of sillca. The
results of Experiment 20 ara given in Table VI.

From the resulis mentioned In Table V! it is sasn that when a catalytic hydrotreatment is applied
to a product prepared according to the invention, thera Is conversion of a considerable part of the
400°C* fraction (a fail from 37 to 13 %w), formation of a considerable quentity of 150-—360°C 10
fraction {a rise from 43 to 62 %w), whilst only a very minor 150°C™ fraction is formed {a rlse from 13
to 17 %w).
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TABLE V
Experiment No. 15 18 17 18
Catalyst No. T 14 |15 |16 | 17
Space velocity, Ni gas/l cat/h 600 | 800 (700 [ 300
Initia! CO conversion, %v 80 72 76 513
C,* production, g/l cat/h 100 |120 | 110 | 40
C,* production, g/g cabalt/h 077 |11 1.3 1.0
Lass of SO Conversion, %v/1000 h 54 39 45 68
TABLE V|
- C,* Fraction of the C,* Product after
Composition C,* Produst of C,* Product of Catalytic
%ow Experimant 13 Experiment 13 Hydrotreatment
C, 17 — 1
Cy-180°C 11 13 16
160—--250°C 17 21 27
250—360°C 18 22 38
360—400°C 5 7 7
4p0°C* 31 37 13
§ CLAIMS 5
1. A process for the preparation of a catalyst, characterized in that by kneading and/or
impregnation a catalyst Is prepared which comprises 3—60 pbw cobalt and 0.1-—100 pbw of at Isast
one other metal chosan from zirconium, titanium or chromium per 100 pbw silica, aluming or silica-
aluming and which catalyst has such L and S as to satisfy the relation
L
10 {34+4R)>—>(0,3+0,4R), 10
S
wherein the various symbols have the following meanings
L=the total quantity of cobait present on the ‘catalyst, expressed as mg Co/ml catalyst,
8=the surface area of the catalyst expressed as m%m| catalyst, and
R=the welght ratio of the quantity of cobait deposited on the catalyst by kneading to the total
15 quantity of cobalt present an the catalyst. 15
2. A process as claimed in claim 1, characterized in that both during impregnation and during
kneading the carrier material is contacted with a solution of the metal compound involved in a solvent.
3. A process as claimed in claim 1 or 2, characterized in that in order to deposit the cobalt use is
made of a solution of an inorganic cobak compound in water.

20 4., A process as claimed in any one of ¢laims 1-—3, characterized In that In arder ta deposit the 20
other metal use ia made of a solutian of an organic metal compound In an erganic schlvent or mixture of
organic solvents.

5. & process as claimed in claim 4, characterized in that the organic solvent consists at least
partly of 2 $-diketone or S-keto-ester.
25 B. A process as claimed in claim 5, characterized in that the solution comprises more than 0.5 25

gram melecule of a A-diketona or S-keto-ester per gram atom of the other metal.

7. A process as claimed in any one of claims 1-—=6, characterized in that during impregnation a
guantity of liquid is used, the volume of which corresponds substantially with the pore volume of the
carrier to be impregnated.

C e
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8. A process as claimed In any one of claims -7, characterized in that during kneading a
quantity of liguid is used, ths volume of which corresponds substantially with 110-—190% of the pore
volumne of the carder.

9. A progess as claimad in any one of claims 1—B8, characterized in that the compesition
obtalned is calcined sfter each impregnation or kneading step.

10. A process for the preparation of a catalyst according to claim 1 substantially as hereiribefore
describad with reference io the Examplas.

11. A process for the preparation of hydrocarbons by catalytic reaction of carbon monoxide with
hydrogen, characterized in that a H,-and-CQ-containing feed is contacted at elevated temperature and
pressure with a catalyst as claimed in any ane or mare of ciaims 1—9 which catalyst has previousty
been reduced.

12. A process for the preparation of hydrocarbons by catalytic reaction of carbon monoxide with
hydrogen subsiantially as hereinbefora described with reference to the Examples.
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