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i54) Process for tha Praparation of
Hydrocarbons end Hydrocarbons so
Prepared

{571 Two-stage process for tha
praparatlon of hydrocarbons from
syngas with an H,/CO mal. ratio
between 1.0 and 2.0, in which the
syngas is contacted in a first stage
with a bi- or trifunctional catalyst

comprising a crystalline sificate with
Z8M-5 structure followed by
contacting at least the C; fraction of
the first stage product in a second
stage with a mono- or bifunctional
catalyst comprising a Ni, Co ar Ru
Fischer-Tropsch function. In this way
an economical very attractive process
combination is achieved for the
production of both aromatics and
paraffins.
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SPECIFICATION
Process for the Preparation of Hydrocarbons and Hydrocarbons so Prepared

The invention relates to a process for the preparation af a hydrocarbon mixture from a mixture of
carban monoxide and hydrogen with an H,/CO molar ratie of less than 2.0, using a bifunctiona! catatyst
combinatien {I} contalning one or more metal componants with catalytic activity for the conversion of
an H,/CC mixture into acyclic hydrocarbons and/or acyclic oxygen-containing hydrocarbons and a
crystalline silicate having the capability of catalyzing the canversion of acyclic hydrocarbons and
acyclic oxygen-containing hydrocarbons into aromatic hydrocarbons, on the understanding that if the
H,/CO mixture has an H,/CO molar ratio befow 1.5, use is madse of a trifuncticnal catalyst combiration
eontaining ane or more metal components with catalytic activity for the conversion of an H,/CO
mixture into acyclic hydracarbons and/or acyelle oxygen-containing hydrocarbons, one or more metal
components with catalytic activity for the conversion of an H,/CO mixture into an H,/CO, mixture and a
crystalline silicate having the capabllity of catalyzing the conversion af acyclic hydrocarbons and
acyclic oxygen-containing hydrocarbons Into aromatic hydrocarbons, Sald crystalline silicates are
characterized in that they have the following properties after one hour's caicination in air at 500°C:

al an X-ray powder diffraction pattern showing as strongest lines the 4 lines stated in Table A:

Table A
afA) Relative intensity
11.14+40.2 Vs
100402 Vs
3.8440.07 8
3.7210.06 S

wherein the letters used have the following meaning: VS=very strong; S=strong, and

b} in the farmula which represents the compesition of the silicate, expressed in moles of the
oxides, and in which, in addition to oxides of hydrogen, alkali metal and/or alkaline-earth metal and
silicon, there is present one or more oxides of a trivalent metal A selected from the group farmed by
aluminium, iron, gallium, rhedium, chromium and scandium, the Al,Q,/Si0, molar ratio {for the sake of
brevity further designated m in this patent application) is less than 0.1,

in an investigatian by the Applicant concerning this process it was found that it has two
drawbacks. In the first place, when using space velocities acceptable in actual practics, the conversion
of the H,/CO mixture is found to be unsatisfactory, Further, the process yields a product substantially
consisting of hydrocarbons with at mast 12 carbon etoms in the molecule and only very few
hydrocarbons with mare than 12 carbon atoms in the molecule.

Further frvestigation by the Applicant concarning this process has shown that the two above-
mentioned drawbacks can be obviated by giving the reaction product, or at least its €, fraction, an
afrar-treatment by contacting it with a catalyst containing one or more metal components with
catalytic activity for the canversion of an H,/CO mixture into acyclie hydrocarbons, which metal
components have been selactad from tha group formed by Ni, Co and Ru, eh the understanding that if
the feed far the second step has an H,/CO molar ratio of less than 1.5, water is added to this feed and
that in the second step a bifunctional catalyst combination {11} is used; which contains, In addition to
metal compaonents with catalytlc activity for the convarsion of an Hy/CO mixture into acyclic
hydrocarbons, elso one or more metal components with catalytic activity for the conversion of an
H,0/CO mixture into an H,/CO, mixture, In this way it is achieved that when using space velocities
acceptable in actual practice, not only a very high convarsion of tha H,/CO mixture is abtained, but alsa
that the reaction product consists substantially of hydrocarbons with more than 12 carbon atoms in
the molecule.

The present invention therefore relates to a process for tha praparation of a hydrocarbon mixture,
in which & mixture of carbon monoxide and hydrogen with an H,/CO maolar ratio of less than 2.0 is
contacted in a lirst step with a bifunctional catalyst combination (1) as defined above, on the
understanding that if the H,/CO mixture has an H,/CO molar ratio of Isss than 1.5, a trifunctional
catalyst combination s defined abova is used, at least the C, ™~ fraction of the reaction product from the
first step being contacted in a secand step with a monofunctional catalyst as defined sbove, an the
understanding that, if the feed for the second step has an H,/CO molar ratic of less than 1.5, wateris
added 1o this feed and that in the sacond step a bifunctional catalyst combination (l1} as defined above
is used.

The Netherlands patent application No, 7908003 filed on 6th August, 1979, relatas to a process
for the preparation of a hydrocarbon mixture, in which a mixture of carbon monoxide and hydrogen
with an H,/CO melar ratio of less than 1.0 is contacted in a first step with a trifuncticnal catalyst
combination as defined above and in which at least the C,™ fraction of the reaction product from the
first step is contacted in a second step with a manofunctional catalyst as defined above, on the
understanding that, if the feed for the second step has an Hszo molar ratio of less than 1.5, wateris
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sdded to this feed and that in the second step a bifunctionai catalyst combination (11} as definad abova

is wsed.

The present patent application therefore relates to a process for the preparation of a hydrocarbon
mixture, in which a mixture of carbon monoxide and hydrogen with an H,/CO molar ratio of 1.0-—2.0 is

contacted in a first step with a bifunctional catalyst combination {I} as defined above, on ths
understanding that, if the H,/CO mixture has an H,/CQ molar ratio of less than 1.5. a trifunctional
catalyst combination as defined above is used, and in which at least the C,-fraction of the reaction
product from the first step is contacted in a second step with a monofunctiona! catalyst as defined
above, on the understanding that, if the feed for the second step has an H,/CO molar ratio of less than
1.5, wataer Is addad to this feed and that in the second step a bifunctional catalyst combination {11} as

tiefined above is used.

In the process according to the invention tha starting material is an H,/CO mixture with an H,/CO

malar ratio of less than 2.0. Such H,/CO mixturas can very suitably be prepared by steam gaslficaticn
of a carbon-containing matarial. Examptes of such materiafs are brown coal, anthracite, coke, ctude
mineral oil and fractions thereof and ofls extracted from tar sand and bituminous shale. The steam
gasification is preferably carrled out at a temperature of 800—18500°C and a pressure of 10—100
bar. In the process according to the invention it is preferred to start from an H,/CO mixture with an

H,/CO molar ratio of mora than 0.25.

The bi- and trifunctional catalyst combinations used in the process according to the invention in
tha first step contain, in addition ta the matal componants with catalytic activity, a erystalline metal
silicate characterized by the proparties mantionad under {a)~{c}. Aithough, in principle the silicates
may contain savaral matals selectad from the group formad by aluminium, iron, gallium, rhadium,
chramium and scandium, it is preferred far the process according te tha invention to use catalysts in
which the silicata contains only one of these metals and In particular sifleates which contain as the
metal aluminium, Iron or gallium. As regards the presence of aluminium in the silicates, the following
remarks should be made. The silicon compaunds, which from an economic point of view are suitable
for the preparation of ¢rystalline silicates on a technical scale, contain as a rule a small amount of

aluminium as contaminant.

Usually, this aluminium is found, at least partly, in the silicate prepared. This means that, if the
alm is to prepare for use in the bi and trifunctionatl catalyst combinations a crystalline silicate
contalning one or more of the metals iron, gallium, rhodium, chromium and scandium, whilst the
starting material is a base mixture in which a silicon compound contaminated with gluminium has
been incorporated, as a ruls a crystalline silicate will be ebtalned contzining a stight amount of

aluminium.

The crystalline sillcates used in the bi- and trifunctional catalyst combinations should have a

value for m which ig less than 0.1. it is preferred to use crystalline stlicates for which m is greater than

.001 and in particular greater than 0.002 and silicates for which m is smaller than 0.05. if in the

nrocess according to the Invention use is mads of a bi- or trifunctional catalyst combination in which a
erystalline aluminlum silicate is present for which m is greatsr than 0.005, it is preferred to choose for

this purpose an aluminium sillcate which contalns 0.1—10% w of one of the elements selected from
the group formsad by manganese, calcium, magnesium and titanium, in particular manganese.
The crystallins silicate used in the bi- and trifunctional ¢atalyst comhinatiens has been defined,

inter aila, with reference to the X-ray powder diffraction pattern. This X-ray powder diffraction pattern

should contaln, as strongest lines, the four lines shown in Table A, The complete X-ray powder

diffractlon pattern of a typical example of & silicate suitable for use according to the invention is shown

in Table B:

Table B
(Al Relative intensity

dfA)

Relative intensity

11.1

10.0
8.93
7.99
7.42
6.68
6.35
5.97
5.7G
5.58
5.3b
4.88
4,60
4.36
4.25
4.07

100

70
1
1
1
7

11

18
7

10

[ B B TR N BN

4.00
3.84
3.72
3.64
3.44
3.34
3.30
3.25
3.05
2.98
2.6
2.88
273
2.60
2.48
2.40
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The crystalline silicates used in the bi and trifunctional catalyst combfnations can be prepared
starting from gn agueous mixture conteining the following compounds: one or mare compounds of an
alkali metal or alkaline-earth metal {M), one or more compounds containing an organic cation (&) ar
{rorm which such a cation is formed during the preparation of the silicate, one or mare silicon
compounds and one or more compounds in which a trivalent meta! A selected from the group formad
by aluminium, iron, gallium, rhodium, chromium and scandium is present. The preparation is performed
by maintaining the mixture st elavated temperature until the silicate has been formed and
subsequently separating the crystal of the silicate from the mother liquor and calcining tham. In the
aqueous mixture from which the silicates are prepared the various compounds should be present in the
following ratio, expressed in moles of the oxides:

M,,,0:R,0=0.1—20,

R,0:5i0,=0.01—0.5,

$i0,:AI,0,>10, and

H,0:8iC,=5—50; {n is the valency of M}

In the preparation of the silicates it is preferred to start from a base mixture in which M is present
in an aikali metal compound and R in a tetra-alkylammonium compound sad in particular from a base
mixture in which M is present in a sodium compound and R in a tetrapropylemmaonium compound, The
crystalline silicates prepared as dascribed above contain alkali metal ions and/or alkaiine-earth metal
ions, They can be replaced by other cations such as hydrogen ions or ammanium ions by using suitable
exchange methods. The crystalline silicates used in the bi- end trifunctional catalyst combinations
preferably have an alkali matal content of lass than 0.1% w and in particilar less than §.05 % w.

Aithough tha trifunctional catalyst combinations are described in this patent application as
catalyst combinations contalning one or more metal components with catalytic activity for the
convarsion of an H,/CO mixture into acyclic hydrocarbons and/or acyclic oxygen-centaining
hydrocatbons and one or mare meta! components with catalytic activity for the conversion of an
H,0/CO mixtura Into an H,/CO, mixture, this does not mean at all that scparate metal components that
each have one of the two catalytic functions should always be present in the trifunctional catalyst
combinations, For, It has been found that metal components and combinations of metal components
with catalytic activity for the conversion of an H,/CO mixture into substantially acyclic oxygen-
containing hydrocarbons often atso have sufficient catalytic activity for the conversion of an H,Q/CO
mixture into an H,/CO, mixture, so that incorporation of one metal component ar one cornbination of
metal companents [nto the trifunctional catalyst combinations will then usuelly suffice. Matal
components and combinations of metal components with catalytic activity for the conversion of
gn H,/CO mixtura into substantially acyclic hydrocarbons, usuzlly have no or insufficient activity for the
conversicn of an H,0/C0O mixture inte an H,/CO, mixture. When using such metal components ot
combirations of matal components In the trifunctional catalyst combinations, one or mora saparate
matal components with catalytic activity for the conversion of an H,0/CO mixture into an H,/CC,
mixture should therefore in most cases ba incorporated into these metal components.

The bi- and trifuncifonal catalyst combinations used in the first step of the process accarding to
tha inventian are preferably composed of two or three separate catalysts, which will, for convenienca,
be designated catalysts X, Y and Z. Catalyst X is the one containing the metal components having
catalytic activity for the conversion of an H,/CQ mixture into acyclic hydrecarbons and/or acyclic
oxygen-containing hydrocarbans, Catalyst Y is the crystalline sificate. Catalyst Z is the ara containing
the metal camponents having catalyilc activity for the conversion of an H,0/C0 mixtura into an H,/CO,
mixture, As has been explained hereinbefore the use of a Z-catalyst may in soma cases be omitted for
the trifunctional catalyst combinations,

If as the X-catalyst a catalyst is used which is capable of converting an H,/CO mixture into
substantially acycilc oxygen-containing hydrocarbons, preference is given to a catalyst which is
capable of converting an H,/CO mixture into substantially methano! and/or dimathyl ether. Very
suitable catalysts for this purpose are Zn0—Cr,0, compasitions, in particular such compositions in
which the atomic percentage of zinc, based on the sum of zine and chromium, s at least 60%—80%.
When using a ZnQ—Cr,0, compesition as X-catalyst, the use of a Z-catalyst may he omitted for the
trifunctional catalyst combinations.

X-catalysts which ara capabla of converting an H,/CO mixture into substantially acyclic
hydrocerbons are referrad to in the [iterature as Fischer-Tropsch catalysts. Such catalysts contain one
or more metais from the iron group or ruthanium together with one or more promoters to increase the
activity and/or selectivity and sometimes a carrier material such as kieselguhr. If in the first step of the
process according 10 the Invention use is made of a bi- or trifunctional catalyst combination in which
the X-catalyst is a Fischer-Tropsch cataiyst, it is preferred to choose for this purposs an iran or cobalt
catalyst, in particuiar such a catalyst which has been prepared by impregnation. Very suitable catalysts
for this purpose ara:

{a} Catalysts that contain 30—75 pbw iron and 6-—40 phw magnesium for 100 pbw alumina
and which have been prepared by impragnating an alumina carrier with one or more aquacus solutions
of saits of iron and of magnesium followad by drylng the compasition, caleining it et & temnperature of
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700—1200°C and reducing 1t, Particular preferance is given to such catalysts that contain, in addition
te 40—60 pbw iron and 7.5—30 pbw magnesium, 0.5-—§ pbw copper as the reduction promoter and
1—5 pbw potassium as the selectivity promotsr per 100 pbw aiumina, and which have bean caicined
at 760-—850°C and raduced at 250°—350°C,

{b) Catalysts that contain 10-—4C pbw iron and 0.25—10 pbw chromium per 100 pbw silica and
which have besn preparad by impregnating a silica cartler with one or more aqueous solutions of salts
of iron and of chromlum, followed by drying the campasitian, caleining it and reducing it at a
temperature of 3560—750°C, Particular preferenca is given to such catalysta which contain, in addition
to 20—35 pbw iron and 0,55 pbw chremium, 1—5& pbw potassium as the selactivity promoter and
which have been calcined at 380-—700°C and reduced at 350—500°C.

(¢} Catalysts that contain 10 —40 pbw cobalt and 0.2 5—5 pbw zirconium, titanium or chromium
per 100 pbw silica and which have been prepared by impregnating a silice carriar with one or more
agueous solutions of salts of cobalt and zirconium, titanium or chromium followed by drying the
composition, caleining it at 350—700°C and reducing it at 200-—360°C.

Whan using the iron catalysts mentioned under (a) and (b) as X-catalyst, the use of a Z-catalyst
can be omitted. When using the cobalt catalysts mentioned under {c} as X-catalyst, a Z-catalyst should
also ha incorporated into the trifunctional catalyst combinations. If in the first step of the process
according to the Invention use is mada of a bl- or trifunctional catalyst combination in which catalyst X
is a Fischer-Tropsch catalyst, it is preferrad to choose for this purpose an iron catafyst as described
under {a) and (b).

Z-catalysts which are capable of converting an H,0/C0O mixture into H,/CO, mixture are referred
toin the fiterature as CO-shift catalysts.

In the bi~ and trifunctional catalyst combinations the catalysts X, Y and, optionally, Z are
preferably present as a physical mixture. When carrying out the first step of the process, using a fixed
catalyst bed, this bed may also be built up of alternate fayers of particles of the catalysts X, Y and,
optionally Z.

The first stap of the process according to the invention can very suitabiy be carried out by
conducting the feed In upward or in downward direction through a vertically mounted reactor in which
a fixed or moving bed of the bl- or trifunctional catalyst combination is present. The first step may, for
instance, be carriad out In the so-called fixed-bed aperatian, in bunker-flow operation, in ebuliatad-hed
operation or fluidized-bed operation. The first step of the process is preferably catried out under the
following conditions: a temperature of 200~—500°C and in particular 250—4B0°C, a pressure of 1—
150 bar and in particular of 6—100 bar and a space velocity of 50—5000 and in particular of 300—
3000 N1 guas/! catalyst/h.

tn the precess aceording to the invention at least the C,~ fraction of the reaction product from the

first step is used as the feed for the second step. instead of the C,~ fraction of the reaction product
from the first step, a diffarent fraction of this praduct, e.g. the €, fraction, or even the whole product
from the first step, may be used—if desired—as the feed for the second step. In the sceond step of the
pracess according to the invention it Is intended to convert as much as possible of the CQ present in
the fead for the second step inta acyclic hydrocarbans over a monofunctional catalyst containing ans
or mare metal components with cataiytic activity for the conversion of an H./CO mixtuse into acyclic
hydrocarbons, which metal components have been selected from the group formed by cebalt, nicke!
and ruthenium. To this end the H,/CO molar ratlo in the feed for the second step should be atleast 1.5
and preferably 1.76—2.25. When using an H,/CO mixture with a high H,/CO molar ratic as the feed for
the first step, the process according to the invention can yield a reaction product from the first step,
which has an #,/CO molar ratio of at least 1.5, which is suitable, as such, to he converted in tha second
step over the said catalyst. An attractive way of ansuring in the process according to the invention that
the reaction product from the first step has an H,/CO molar ratio of at ieast 1.5 is adding water ta the
feed for the first siep and the use of a trifunctional catalyst combination in the first step. Under the
influence of the catalyst combination present in the first step this water reacts with CO from tha feed to
form an H,/CO, mixture. A further advaniegs of the addition of water to the feed of the first step in the
procass according to the invantion is that it increases the stability of the trifunctienal catalyst
combination. Water addition to the feed for the first step, and & trifunctional catalyst comblnation can
be appiled in the process according 1o the invention both in cases where without water addition the
first step would have given a reaction product with an H,/CO malar ratio of less than 1.5, and in cases
where, also without water addition, the first step would have given a reaction product with an H,/CO
molar ratio of at least 1.5, but where it is desirable that the feed which Is contacted with the catalyst in
the second step has a higher H,/CO molar ratio, if in the pracess according to the invention an
embodiment is chosan in which water is added to the feed for the first step, and a trifunctional catalyst
combination is used, the amount of water requlred is substantially detarmined by the H,/CO malar ratio
of the feed for the first step, the activity of the trifunctional catalyst combination in the first step for
converting an H,0/CO mixture into an H,/CO, mixture and the desired H,/CQ molar ratia of the reaction
preduct of the first step,

If in the process according Lo the invention o reaction product is obtained from the first step with
an Hy/CO molar ratio of lass than 1.5, after water addition to the feed for the first step or not and using
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a trifunctional catalyst combination, water shouid be added to the feed for tha second siep and in the
secand step a bifunctional catalyst combination {!1) should be incorporated, which contains, in addition

to the metal companent with catalytic activity for the converslon of an H,/CO mixture inte acyclic
hydrocarbens, also one or more metal camponants with catalytic agtivity for the convarsion of an

H,0/CO mixture into an H,/CO, mixture. The bifuncticnal catalyst combinations which are optionally 5
used in the second step of the process according to the invention, are preferably composad of two
separate catalysts, which will, for conventenca, be designated catalyst A and catalyst B. Catalyst A is

the one containing the metal components having catalytic activity for the conversion of an H,/CO

mixture into acyclic hydrocarbons, and which metal components have been sslected from the group
formed by cobalt, nickel and ruthanium. Catalyst B is the one containing the metal components having 10
catalytic activity for the conversion of an H,0/CO mixture into an H,/CO, mixtura. Both when using a
monofunctionai catalyst and when using a bifunctional catalyst combination in the sscond step of the
process according to the invention, preference is given to & cobalt catalyst as the A-catalyst and in
particular to a cobalt catalyst prepared hy impregnation. Very suitable catalysts for this purpose are the
cobalt catalysts described hereinbsfors under {c). Sultable B-catalysts are the usual CO-shift catalysts. 15
In the bifunctional catalyst combinatians (I} catalysts A and B may be present as a physical mixture.

When the second step of the process is cartied out using a fixed catalyst bed, this bed iz preferably built

up of two or more alternate {ayers of particles of, successively, catalyst B and catalyst A. Water

addition to tha feed for the second step together with tha use of a bifunctional catalyst cambination in

the second step can be used in the process according to the invention both in cases whare tha reaction 20
product from the first step has an H,/CO molar ratlo of |ess than 1.5, and in cases whara the reaction
product from the first step already has an H,/CO molar ratio of at least 1.5, but whare it is desirabls

that the fesd which is contacted with catalyst A in the second step should have & higher H/CO molar

ratio. If In the process according to the Invention an embediment is chosen in which water is added to

the feed for the second step together with the use of a bifunctional catalyst combination in the second 26
stap, the amount of water required s substantially determined by the H,/CO molar ratio of the feed for

the second step, the activity of the catalyst combination for the conversion of an H,0/CO mixture into

an H,/CG, mixture and the desired H,/CO molar ratio of the product that is contacted with catalyst A.

The second step of the process according to the invention can vary conveniently be carried out by
conducting the feed in upward or in downward direction through a vertically mounted raactar in which 30
a fixad bed of the monofunctional catalyst or of the bifunctional catalyst combinaticn is present. The
sacond step of the process can also be carrled out using a suspension of the catalyst or catalyst
combination in a hydrocarbon all. The second step of the process is preferably carried out under the
following conditions: a temperature of 126—350°C and in particular of 1756—275°C and a pressure
of 1150 bar and in particular of 5—100 bar. 35

The ‘nvention will now be axplained with reference to the foilowing example:

Example
The following catalysts were used In tha investigation:

Catalyst 1

A Co/Zr/Si0, catalyst that contained 26 pbw cobalt and 1.8 pbw zirconium per 100 pbw silica 40
and which had been prepared by impregnating a silica carrier with an aquecus solution containing a
cobalt and a zirconium salt, followed by drying the composition, calcining it at 500°C and reducing Tt at
280°C.

Catalyst 2

An Fe/Mg/Cu/K/AlLO, catalyst that contained 60 pbw iren, 20 pbw magnasium, 2.5 pbw copper 45
and 4 pbw potassium per 100 pbw alumina and which had been prepared by impregnating an alumina
carrier with an aqueous solution containing an iron, a magnesium, a copper and a potassium salt,
followed by drying the composition, calcining it at 800°C and reducing it at 325°C.

Catalyst 3

An Fe/Cu/K/SiQ, catalyst that containad 25 pbw iron, 1.25 pbw copper and 2 pbw potassium per 80
100 phw silica and which had been prepared by impregnating & silica carrier with an aqueous solution
contatning an iron, a copper and a potessium salt, followed by drying the composition, calcining it at
400°C and reducing it at 280°C.

Catalyst 4
A Cu/Zn/Al,0, catalyst with a Cu/Zn atomic ratio of 0.55. 55

Catalyst b
A Zn0—Cr,0, catalyst in which the atomic percentage of zinc based on the sum of zinc and

chromium was 70%.
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Catalysts 6—8
Three crystailine silicates (silicates A—C) were prepared by heating mixturas of Si0,, NaOH,
[€,H,],NIOH and cither NaAtQ,, or Fa(NO,),, ar Ga{NG,}, in water for six hours at 150°C in an
autociave under zutogenous pressure. After the reaction mixtures had cooled down, the silicates
formed wara filtared off, washed with water until the pH of the wash water was about 8, dried at’
120°C and calcined at 500°C.
The silicates A—C had the following propertias:
(a) thermaily stable up to a temperature sbove 800°C,
(b} an X-ray powder diffraction pattern substantially equal to the one given in Tabla B,
{c) a value for m as mentioned below:
silicate A: Al,0,/Si0, molar ratin=0.0133,
silicate B: Fe,0,/8i0, molar ratio=0.0080,
sillcate C: Ga,0,/Si0, molar ratio=0.0083.
The molar composition of the aqueous mixtures from which the silicates A—C wera prepared can
be representad as follows:

Silicate A:
1 Neg,0. 4.5[{C3H714N}20 .0.33 ALO, . 25 SiD, . 460 H,C

Siticate B:
1 Na,O. 1.5[{C3H?]‘N]20 .0.125 Fg,0,. 256 5i0, , 488 H,0

Sificate C:
1 Na,0 ., 4.5{{C,H,),N],0 . 0.22 Ga,0; .25 Si0, . 450 H,0.

The silicates D—F were prepared from the silicates A-—C, respectively, by boiling the silicates
A~—C with 1.0 molar NH,NG, solution, washing wlith water, bolling agein with 1.0 malar NH,NO,
solution and washing, diying and calcining. A catalyst 6 was prepared from silicate D by impregnating
sificate D with an agqueous solution of a manganese salt followed by drying tha compasition and
calcining it. Catalyst 6 contained 3% w manganese,

Silicates E and F were used as such as catalyst 7 and catalyst 8, respectively.

Catalyst Mixtures |- -VI|
Six catalyst mixtures were prepared. The catalyst mixtures |—V consisted each of a bhysical
mixture of two of the above-mentioned catslysts in the following ratio:

Cat. mixture |=2 pbv of cat. 941 pbv of cat. 6,
Cat. mixture ll=2 pbv of cat. 541 pbv of cat. 7,
Cat. mixture [H=2 pbv of cat. B+1 phv of cat, 8,
Cat. mixture IV=2.5 pbv of cat. 2+1 pbv of cat. 6,
Cat, mixture V=2 pbv of cat. 3+1 pbv of gat. 7.

Catalyst mixture VI consisted of a layer of catalyst 4 and a layer of catalyst 1 in a volume ratio of
1.2.

The catalyst mixtures [—Vt and catslyst 1 were tested for the preparation in ona or two steps of &
hydrocarbon mixture from an H,/CC mixture. Tha test was carried out in one or two reactors of 50 ml
each, in which a fixed catalyst bed was pressnt. Twenty-three experiments wera carrled out. The
expetiments 1,4, 7, 10, 15, 17, 19 and 22 were carried out in one step; the other experiments in two
steps. In all the experiments, with the sxception of experiments 14, 22 and 23, a temperature of
375°C was used in the first step. In experiment 14 the temperature in the first step was 280°C and in
the experiments 22 and 23 the temperature in the first step was 250°C.

In all the experiments carried aut in two steps the temperature in the second step was 220°C. In
all the exparimeants, with the exception of expariments 14, 22 and 23, a pressure of 50 bar was used.
In experiments 14, 22 and 23 the pressura was 30 bat. In the experiments 1, 4, 7 and 10 the space
velocity was 1000 N1.17% h™%, [n the experiments 15, 17, 19 and 22 the space valocity was 500
NT1.177. h™'. In all the experiments carriad out in two steps the space velocity, based on the sum of the
total catalyst system (in the first and second step} was 500 N1.1~ . h—". In the experiments 6, 9, and
12 the G, fraction af the product from the first step was used as the feed for the secand step. In the
remaining experiments which were carried out in two staps, the total reaction product from the first
step was used as the feed for tha sacand step. The results of the experiments are stated in Table C.
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OFf the experiments listed in the tables, only the two-step expetiments 3.6, 9,12, 13, 14,16, 18,
20. 21 and 23 are experiments according to ths invention. The one step experimants 1,4,7,10, 15,
17. 18 and 22 and the two-step experiments 2, 5, 8 and 11 are outside the scopa of the invention. They
have been included in the patent application for comparison. Of the two-step experiments 3, 6, 9, 12,
13,14, 18, 18, 20, 21 and 23 only the experiments 16, 18,20, 21 and 23 are experiments according
ta the present patant application. The two-step experlments 3, 6,9, 12, 13 and 14 are experiments
according to the Nathsrlands patent application No. 7206003.

The advantages of the two-step process according to the invention as ragards the conversion of
the H,/CC mixture and the composition of the reaction product are evident when the results of the
following experiments are compared:

Experiments 3 with experiments 1 and2
& " 4 and B
9 " 7and 8
. 1Z2and 13 . 10 and 11
» 16 o 15

“ 18 " 17

" 20 and 21 o 19

" 23 " 22

Claims

1. A process for the preparation of a hydrocarbon mixture, characterized in that a mixture of
carbon monoxide and hydrogen with an Hy/CQ molar ratio of $.0—2.0 is contacted in a first step with a
bifunctional catalyst combination contalning one or more metal components with catalytic activity for
the conversion of an Hy/CO mixture into acyclic hydrocarbons and/or acyelic oxygen-containing
hydrocarbans, and & crystalline silicate which has the following properties after une hour's calcination
in air at 500°C:

a) an X-ray powder diffraction pattern showing as strongest lInes the 4 lines stated in Tabla A:

Table A
diA) Retative intensity
11.1+0.2 Vs
10.040.2 Vs
3.84+0.07 S
3.72+40.06 S

wherein the latters used have the foliowing meanings: VS=very strang; S=strong;

b in the formufa which represents the composition of the silicate, expressed in moles of the
oxides, and in which, in addition to oxIdes of hydrogen, alkali mstal and/or alkaline-garth matal and
silicon, thara is present one or mora oxides of a trivalent metal A selected from the group formed by
aluminium, iron, gallium, rhodium, chromium and scandium, the Al,0,/Si0, molar ratio {m} is less than
0.1, on the undarstanding that, if the H,/CQ mixture has an H,/CO matar ratio of lessthan 1.5, a
trifunctional catlyst combination is used containing one or more metal components with catalytic
activily for the convarsion of an H,/CO mixture into acyclic hydrocarbons, and/or acydlic oxygen-
containing hydrocarbons, one or more metal components with catalytic activity for the cotversion of
an H,0/CO mixture inta an H,/CO, mixture and the crystailine silicata and that at least the C,~ fraction
of the resction product from the first step is contacted in a second step with a catalyst containing one
or more metal components with catalytic activity for the conversian of an H,/CO mixture into acyclic
hydrocarbons, which metal components have haen selected from tha group formed by cobalt, nickel
and ruthenjum, on tha understanding that if the feed for the second step has an H./CO molar ratio of
less than 1.5, water is added to this feed and that in the second step a bifunctional catalyst
cambination is used, which contains, in addition to the metal components with catalytic activity far the
convarsion of an H/CO mixtura into acyclic hdyrocatbons, also one or more metal components with
catalytic activity for the conversion of an H,0/CO mixture into an H,/CO, mixture.

2. A process as claimed in claim 1, characterizzed in that the crystalline silicate is an aluminium,
iron er gallium sllicate.

3. A process as claimed in ¢lalm 1 or 2, characterized in that the crystalling silicate has a value far
m which is greater than 0.002 but smaller than 0.05.

4. A process as claimed in claim 2 or 3, characterized in that the crystalline silicate is an ajuminium
silicate which has a valuze for m which is greater than 0.005 and in that the silicate contains 0.1—-10%
w of an element sefected from the group formed by manganese, calclum, magnesium and titanium.

5. A process as claimed in any one of claims 1—4, characterized in that the crystailing silicate
has an alkali metal content of less than 0.1% w.

6. A process as claired in any one of claims 1B, charactarized in that the first step is carried
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out at a temperature of 200—500%C, a pressure of 1—-150 bar and a space velocity of 50—B000 N1
gas/1 catalyst/h.
7. A process as claimed in any one of claims 1--6, characterlzed in that water is added to the
feed for the first step and that a trifunctional catalyst combination is used in the first step.
5 8. A process as claimed in any one of claims 1—7, characterlzed in that the second step iscarried B
cut at a ternparature of 125—350°C and a pressure of 1-—150 har,
9, A procass for the preparation of a hydrecarbon mixture as claimed in cleim 1, substantially as
described hereinbafore with reference 1o experiments 16, 18, 20, 21 and 23 of the Example.

10. Hydrocarbon mixtures prepared according to a process as claimed in any one or mote of
13 claims 1—8. 10
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