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SPECIFICATION
Process for the preparation of hydrocarbons

The Invention relates to & process for the preparation of a hydrocarbon mixture from a mixtura of
carbon monoxide and hydrogen with an H,/CO molar ratlo of less than 1.0, using & trifunctional catalyst
combination contalning ene or more metal components with catalytic activity for the convarsion of an 5
H,/CO mixture [nto acyclic hydrocarbons and/or acyclic oxygen-containing hydrocarbons, ona or more
metal companents with catalytic activity for the conversion of an H,0/CO mixture into an H,/CO,
mixture and a crystaliine slicate having the capability of catalyzing the conversion of acyclic
hydracarbons and asyelle oxygen-containing hydrecarbons into aromatic hydrocarbons. The said
crystalline silicates are characterized in that they have the fallowing properties: 10
a) an X-ray powder diffraction pattern showing, inter alia, the reflections given in Table A:

TABLE A
Radiation: Cu ~—Ka Wavelength0.15418 nm
20 o relative intensity

7.8?8.2 8

8.7— 9.1 M
11.8—12.1 w
124—12.7 w
14.6—14.9 w
15.4—15.7 W
165.8B—16.1 w
17.6—17.89 w
19.2—19.56 w
202206 w
207—21.1 W
23.1—234 VS
23.8—24.1 VS
24.2--248 S
29.7—3041

wherein the Jetters used hava the following meanings: VS = very strong; S = strong; M = moderate;
W = weak; & -: angle accaording to Bragy;

b} in the formula which reprasents the composition of the sillcata, expressed in molas of the axides, and 15
in which, in eddition to oxides of hydrogen, alkall metal and/or atkaline-sarth metal and sificon, therg
is present one or more oxides of a trivalent metat A selectad from the group formed by aluminium,
iron, gallium, rhodium, chromium and scandium, the AlLO/SI0, molar ratio {for the sake of brevity
further designated m in this patent appfication} is less than 0.1,

In an Investigation by the Applicant concerning this pracess it was found that it has two 20
drawbacks. In the first place, when using space valocities acceptable in actual practics, the conversion
of the H,/CO mixture is found to be unsatisfactory. Further, tha process yields a product substantially
consisting of hydrocarbons with at most 12 carbon atoms in the malecule and only very few
hydrocarbons with more than 12 carbon atoms in the molecule.

Further invastigation by the Applicant concarning this process has shown that the two above- 258
mentioned drawbacks can ba obviated by giving the reaction pradust, or at least its C,~ fraction, an
after-treatment by contacting it with a catalyst containing one or mors matal components with cataiytic
activity for the conversion of an H,/CO mixture Into acyclic hydrocarbons, which meta! components
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have been salected from the group formed by Ni, Co and Ru, on the 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 & bifunctlonal catalyst combination is used, which contalns in addition to metal

componants with catalytic activity for the conversion of an H,/CO mixturs Into acyclic hydtocarbons,

also one ar more metal components with catalytic activity for the converslon of an H,0/CO mixture into 5
an H,/CQ, mixture. In this way It Is achieved that, when using space velacities acceptable in actual

practice, not only a very high conversion of the H,/CO mixture is obtained, but also that the reaction

product consists substantially of hydrocarbans with mare than 12 carbon atoms in the molacule.

The present patent application therefora relates to a process for the preparation of 8 hydrocarbon
mixture, [n which a mixture of carbon monaxide and hydrogen with an H,/CO molar ratio of less than 1.0 10
is contacted in a first step with a trifunctional catalyst combination as defined above, and in which at
laast the C,~ fraction of the reaction product from the first step is contacted in a secend step with a
manofunetional catalyst as defined above, on the understanding that if the feed for the second step has
an H,/CO molar ratic of less than 1.5, water is added to this fesd and that in the second step a
bifunctional catalyst combination as defined abova is used. 15

In the process according to the invention the starting material is an H,/CO mixture with an H,/CO
molar ratio of less than 1.0. Such H,/CO mixtures can very suitably be prepared by steam gasification of
a carbon-containing material. Exarmples of such materials are brown coal, anthracite, coke, crude
minerat oil and fractlons thereof and oils extracted from tar sand and bituminous shale. The steam
gasification is preferably carried out at a temperature of 900--1500°C and 2 pressure of 10--100 bar, 20
In the process according to ths invention it 15 preferred to start from an H,/CO mixture with an H,/CO
me{ar ratio of more than 0.26.

The trifunctional catalyst comhinations used in the process according to the invention In the first
step contain, in addition to the meta! components with catalytic activity, a crystalline metal silicats
characterized by the properties mentioned under {a}-(b}. Although in principle the silicates may contain 25
several metals selected from the group formed by aluminium, iron, gallivm, rhodium, chromium and
scandium, it is preferred for the procass according to the invention o use catalysts in which tha sllicate
contains only one of these metals and in particular sllicates which contain as the metal alurninium, fran
ar gallium. As regards the presence of aluminium In the slllcates, the following remarks should be made.

The silicon compeunds, which form an econamic polnt of view are suitable for the preparation of 30
crystalline silicates on a technical scale, contain as a rula a small amount of aluminium as contaminant.
Usuaily, this aluminium is found, at leest partly, in the silicate prepared. This means that, if the aim is to
prepare for use in the trifunctional catalyst combinations a crystalilne sillcate containing one or more of

the metals iren, galiium, rhodium, chrormium and scandium, whilst the starting material is a base mixture

in which a silicon compound contaminatad with aluminium has been incorporated, as a rule a crystalline 35
silicate will be obtained comtalning a slight amount of aluminium.

The crystalline silicates used in the trifunctional catalyst combinations should have a value for m
which is less than 0.1, [t is prefarred to use crystalline stlicates for which m is greatar than 0.001 and in
particular greater than 0.002 and sillcates for which m is smaller than 0,05. If in the process according
to the invention use is made of & trifunctional catalyst combination in which a crystalline aluminium 40
silicate is present for which m is greater than 0.008, it is preferred to choose for this purpose an
aluminium silicate which contains 0.1—10%w of one of the elements selected from the group formed
by manganese, calcium, magnesium and titanium, in particular manganese.

The crystalline silicate usad In tha trifunctional catalyst combinations has been defined, inter alia,
with reference to the X-ray powder diffraction pattern. This X-ray powder diffraction pattern should 45
contain, inter alia, the reflections shown in Table A, The complete X-ray powder diffraction pattem of a
typical example of a silicate suitable for use according to the Invention is shown In Table B {radiation: Cu
— Ka; wavelength: 0.15418 nm}.

TABLEB
Relative intansity
28 (100.4,) Description
8.00 55 SP
8.30 36 SP
910 20 SR
11.956 7 NL

12.55 3 NL
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TABLE B (cont'd}
Relative intenshty

24 (100.04,) Description
13.25 4 NL
13.95 10 ML
14.76 9 BD
1555 7 BD
15.85 S BD
17.75 b BD
19.35 7] NL
2040 g NL
20.90 10 NL
21.80 4 NL
2225 8 NL
23.25 1007 sp
23.95 45 sSpP
2440 27 Sp
2590 i1 BD
28.70 9 BD
27.50 4 NE
29,30 7 NL
29.90 11 BD
31.25 2 NL
32.75 4 NL
34.40 4 NL
36.05 7] BD
37.50 4 BD
45.30 9 BD

*} |, = intensity of the strongest separate
raflaction presaent in the pattern.

The letters used in Table B for describing the raflactions have the following meanings; SP = sharp:
SR = shoulder; NL = normal; BD = broad; # = angle according to Bragg.
The crystalline silicates used in the trifunctional catalyst combinations can be prepared starting
6 from an aqusous mixtura contatning the following compounds: one or more compounds of an alkali 5
metal or alksiing-earth metal (M), one or more compounds contakning an organic cation (R} or from
which such a cation is formad during the preparation of the silicate, one or more silicon comgpounds and
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one or more cempounds in which a trivalent metal A selested from the group formed by aluminium,
iran, gallium, thodium, chromium and scandium is present. The praparation is performad by maintaining
the mixture at elevated temperatura until the silicata has been formed and subsequentiy separating the

crystais of the slilcate from the mother liquor and calcining them. [n the aqueous mixture from which the

siicates are prepared the various compounds should be prasent in the following ratio, expressad in
maoles of the oxides:

My/,0: R,0=0.1—-20,
.R,0 : Si0,=0.01—0.5,
5i0, ' AlLO,> 10, and

H,0 : 510,=5—F0; [nis the valency of M)

In the preparation of the sillcates it is preferred to start from a base mixiure In which M is presant
in an alkali metal compound and R in a tetra-alkylammaonium compound and in particular from a base
mixture in which M is present in a sodium compound snd R in a tetrepropylammonivm compound. The
crystalline silicates prepared as described above contain alkali metal jons and/or alkaline earth metal
ions. They can be replaced by other catlons, such as hydrogen ions ar ammonium ions by using suitable
exchange mathods. The crystaliine silicates used in the trifuncticnal catalyst combinations preferably
have an alkali metal content of less than 0.1%w and in particular ess than 0.05%w.

The trifunctional catalyst combinations usad In the first step of the pracess according to the
invention contain one or more metal components with catalytic activity of the conversion of an H,/CO
mixture into acyclic hydrocarbens and/or acyclic oxygen-containing hydrocarbans, ane or more metal
components with catalytic activity for the conversion of an H,0/CO mixture into an H,/CO, mixture, and
a orystalline silicate as defined hereinbefore with catalytic activity for the conversion of acydlic
hydrosarbons and acyclic oxygen-containing hydrocarbons Into aromatic hydrocarbons. The ratio in
which the three catalytic functions are present in the catalyst combination may vary within wide limits
and is chlefly determined by the activity of sach of the catafytic functions, It is intended that in the first
step of the process according to the Invention as much as possible of the acyclic hydrocarbons and/or
acylic axygen-containing hydrocarbons formed under the influence of a first catalytic function, are
converted into aromatic hydrocarbans under the influence of a second catalytic function, while of the
water liberated in the conversion of the H,/CO mixture into hydrocarbons and/er in the conversion of
axygen-containing hydrocarbons into aromatlc hydrocarbons, and of the water that was optionally
added to the feed, as much as possible reacts with the excess amount of CO present in the H/CO
mixture under the influence of g third catalytic function, with formation of an H,/CO, mixtura.

Although the trifunctional catalyst combinations are deseribed in this patent application as
catalyst comhbinations containing one or more metal compaonants with catalytic activity for the
conversion of an H,/CO mixture into acyclic hydrocarbons and/or acyclic oxygen-containing
hydrocarbons and one or more metal companents with catalytlc activity for the convarsion of an
H,Q/CO mixtura into an H,/CO, mixture, this does not mean &t all that separate metal components that
each have one of the two satalytic functions should afways be present in the catalyst comblnations. For,
It has been found that metal components and combinations of matal components with catalytic activity
for the conversion of an H,/CO mixture into substantially acyclic oxygen-containing hydrocarhons often
also have sufficient catalytic activity for the conversien of an H,0/CO mixture into an H,/CO, mixture, so
that incorporation of one metal component or ona combination of matsl components into the catalyst
combinatlons will then usually suffice. Metal components and combinations of metal components with
catalytic activity for the convarsion of an H,/CO mixture Into substantially acyclle hydrocarbons, usually
have no or Insufflcient activity for the conversion of an H,0/CO mixture inte an H,/CO, mixture. When
using such metal components or combinations of metal components in the trifunctional catalyst
combinations, one or more separate metal components with catalytic activity for the conversion of an
H,0/CO mixture into an H,/CO, mixture should therefore in most cases be incorporatad Into these metal
camponents.

The trifunctional catalyst combinations used in the first step of the process according to the
invention are preferably composed of two or three separate catalysts, which will, for convenience, be
designated catalysts X, Y and 7. Catalyst X is the ona containing the metal components having catalytlc
activity for the conversion of an H,/CO mixture into acyclle hydrocarbons and/or acyclic oxygen-
containing hydrocerbons. Catalyst Y is the crystalline silicate. Catalyst Z is the one containing the metal
cumponents having catalytic activity for the conversion of an H,0/CQ mixture into an H,/CO, mixture.
As has been explained hereinbefore the use of a Z-catalyst may be omitted in some cases.

it as the X-catalyst a catalyst is used which is capebla of converiing an H,/CO mixturs into
substantially acyclic oxygen-containing hydrocarbons, preferance |s given to g catalyst which is capable
of converting the H,/CO mixture into substantially methanol and/or dimethyl ether. Very suitabla
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catalysts for this purpose are ZnD—-Cr,0, compositions, ir particular such compositions in which the

atomic percentage of zinc, based on the sum of zing and chromium, is at least 60% and preferably

60--80%. When using a ZnO—Cr,0, composition as X-catalyst, the use of a Z-catalyst may be

omitted.

X-catalysts which are capable of convarting an H,/CO mixture into substantially acyclic
hydrocarbans are referred to in the literature as Fischer-Tropsch catalysts. Such catalysts contain one or
more metals fram the iron group or ruthenium together with one or more promoters o increase the
activity and/or selectivity and sometimes a carrier material such as kieselguhr. If in tha first step of the
procass according to the invention use is made of a trifunctional catalyst combination in which the X-
catalyst is a Fischer-Tropsch catalyst, it is preferred to choose for this purpose an iron or cobait catalyst,
in particuler such a catalyst which has been prepared by Impregnation. Very suitable catalysts for this
purpose gre:

{a) Catalysts that contain 30--75 pbw iron and 5—40 pbw magnasium for 100 pbw alumina and
which have been prepared by impragnating an alumina carrier with ona or more aqueous solutions
of salts of fron and of magnesium followed by drying the composition, calcining It at a temperature
of 700—1200°C and reducing it,

Particular preference is given to such catalysts that contain, in addition to 40—60 pbw iren
and 7.5---30 pbw magnesium, 0.5—8 pbw copper as the reduction promoter and 1—J5 pbw
potassium as the selectivity promoter per 100 pbw alumina, and which have bsen calcined at
750-—850°C and reduced at 260-—350°C,

{b} Catalysts that contain 10—40 pbw jron and 0.25—10 pbw chromium per 100 pbw silica and
which have been prepared by Impregnating a silica carier with one or more aqueous solutions of
salts or iron and of chromijum, followed by drying the compasition, caleining it and reducing it at a
temperature of 350—75Q°C, Partlcular preference is given to such catalysts which contain, in
addition to 20—36 phw iron and 0.5-—5 pbw chremium, 1—5 pbw potassium as the selectivity
promoter and which have been caicined at 350—700°C and reduced at 350—500°C.

{c) Catalysts that contain 10—40 pbw cobalt and 0.25-—5 pbw zircontum, titanium or chramium per
100 pbw silica and which have been prepared by impragnating a silica carrier with ane or mere
aguaous sojutlons of salts of cobalt and zirconium, titanium or chramium followed by drying the
compositicn, caleining it at 350--700°C and reducing it at 200—360°C.

When using the iron catalysts mentloned under {a} and (b) as X-catalyst, the use of a Z-catalyst
can be omltted. When using the cobalt catalysts mentioned under (c) as X-catalyst, a Z-catalyst should
also be incorporated into the trifunctional catalysts. If in the first step of the process aceording to the
invention usa Is made of a trifunctiona! catalyst combination in which catalyst X is a Fischer-Tropsch
catalyst, it is prefarred to choose for this purposa an iron catalyst s described under {a) and (b).

Z-catalysts which are capabie of converting an H,0/CO mixture into an H,/CO, mixture are referrad
10 in the literature as CO-shift catalysts. If in the first step of the process according to the invention usa
is made of trifunctional catalyst combination in which a Z-catalyst is presant, it is preferrad to use as Z-
catalyst a Cu0-—Z2n0 composition, in particular such a composlition in which the Cu/Zn atomic ratio is
0.25—4.0.

I tha trifunctional catalyst combinations the catalysts X, Y and, aptionally, Z are preferably
presant as a physical mixture. Whan carrying out the first step of the process, using & fixed catalyst bed,
this bed may also be built up of alternate layars of particles of the catalysts X, Y and, optionally Z.

The first step of the process according to the invention can very suitably be carried out by
conducting tha feed In upward or in downward direction through e vertically mounted reactor in which a
fixed or moving bed of the trifunctional catalyst combination is pressnt. The first step may, for instance,
be carried out in ths so-cailed fixed-bed operation, in bunker-flow operation, in sbuflated-bed operation
ar fluidized-bed operation. The first step of the procass s preferably carriad out under the following
conditions: g temperzatura of 200—500°C and in particular of 260—450°C, a prassure of 1—150 bar
and in particular of 5—100 bar and a space velocity of 50—8000 and in particular of 300-—3000 NI
gas/l catalyst/h.

In the process according to the invention at Jeast the C,~ fraction of the reaction produet 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 product, a.g. the C,~ fraction, or evan the whole product from
the first step, may be used — if desired — as the fead for the second step. In the second step of the
process according to the invantion itis intended to convert as much as possible of the CO present in the
feed for the second step into acyclic hydrocarbons over a moenofunctional catalyst containing one or
more metal components with catalytic activity far the conversion of an H,/CO mixture into acyclic
hydrecarbons, which metal components have been selected from the group formed by cobalt, nickel and
ruthenium. To this end the H,/CO molar ratio in the fead for the second step should be at least 1.5 and
preferably 1.75—2.25, When using an H_/CO mixture with a high H/CO molzr ratio as the feed for the

firat step, the process according to the invention ean vield & reaction product from the first step, which
has an H,/CO molar ratio of at feast 1.5, which is suitable, as such, to be converted in the second step
over the said catalyst. An attractive way of ensuring in the process according to the invention that the
redction praduct from the first step has an H,/CO molar ratio of atieast 1.5 is adding water to the feed
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for the first step, Under the influence of the catafyst combination present in the first stap this water
reacts with CO from the feed to form an H,/CO, mixture. A further advantage of the addition of water to
the feed of the first step in the process according to the invention is that it increases the stabllity of the
ratalyst combinaticn. VWater addition to the feed far the first step can be applled in the precess
according to the invantion both in cases where without water additlon the first step would heave been
given a reaction product with an H,/CO molar ratio of less than 1.5, and in cases whers, 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 desirabte that the feed which is contact with the catalyst in the =second step has a
higher H,/CO molar ratio. If in the process according to the invention en embeodiment is chosen in which
watar is added to the feed for the first step, the amount of water required is substantially detarminad by
the H,/CO molar ratio of the feed for the first step, the activity of the catalyst combination in the first
step for converting an H,0/CO mixture into an H,/CO, mixture and the desired H,/CO molar ratio of the
reaction product of ths first step.

If In the process according to the invention a reaction preduct is obtained from the first step with
an H,/CO molar ratlo of fess than 1.5, after water addition to the feed for the first step or not, water
should be added to the feed for the second step and in the second step a bifunctional catalyst
combinatian should be incarporatad, which contains, in addition to the matal components with catalytic
activity for the conversion of an H,/CQ mixture into acyclic hydrocarbons, also cne or more metal
companents with catalytic activity for the converslon of an H,0/C0 mixture inte an H,/CO, mixtura. The
bifunctionzl catalyst combinations which are optionally used in the second step of the process
according to the invention, are preferably composed of two ssparate catalysts, which will, for
convenience, 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 selected from the group farmed by cobalt, nickel and
ruthenium. Catalyst B is the one containing the meta) components having catalytic activity for the
conversion of an H,0/CO mixture into an H,/CO, mixture. Both whsn using & monofunctional catalyst
and when using a bifunectional catalyst combination in the second step of the pracess according to the
fnvention, preference is given to a cobalt catalyst as the A-catalyst and in particular to a cobalt Gatalyst
prepared by Impregnation. Very sultable catalysts for this purpose are the cobait catalysts described
haralnbefore under {c). Suitable B-catalysts are the usual CO-shift catalysts. Just as for catalyst Z, which
should optionally be used In the first step of the process, it also holds for catalyst B that praferanca is
given to a Cu0—2Zn0 campositien, and In particular such a composition In which the Cu/Zn atomic ratio
lies between 0.25 and 4.0. In the bifunctlonal catalyst combinations catalysts A and 8 may be presant
as a physical mixture. When the second step of tha process is carried out using a fixed catalyst bed, this
bed is preferably built up of two or more elternate layars of particles of, successively, ¢atalyst B and
catalyst A. Water addition to the feed for the second step together with the use of a bifunctional catalyst
combination in the second step can be used in the process according to tha Inventlon both in cases
whare the reaction product from the first step has an H,/CO molar ratio of less than 1.5, and in cases
where the reaction product from the first step already has an H,/CO molar ratio of at least 1.5, but
whare it is deslrable that the feed which is contacted with catalyst A& in the second step should have a
higher H,/CO molar ratio. If In the process according to the invention an embodiment is chosen In which
water is added to the fasd for sacond step together with the use of a bifunctional catalyst combination
in the second step, the amount of water required is substantially determined by the H,/CO malar 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,/CO, 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 very conveniantly be carried out by
conducting the feed in upward or in downward direction through a vertically mountsd reactor in which a
fixed bed of the monofunctional catalyst or of the bifunctional catalyst combination is present. The
second stap of the pracess can also be carried out using a suspension of the catalyst or catalyst
combination in a hydrocarbon oil. The second step of the process is preferably carried out under the
following conditions: a temperature of 126—350°C and in particular of 175—275°C and a prassure of
1—150 har and in particular of 5—100 bar. .

The invention will now be explained with reference to the following example.

EXAMPLE
The following catalysts were used in the investigation:

Catalyst 1

A Co/Zr/810, catalyst that contained 25 pbw cobalt and 1.8 pbw zirconium per 100 pbw silica and
which had been prepared by Impregnating a silica carrier with an aqueous salution containing a cobalt
and a zirconium salt, followed by drying the composition, caleining it at 500°C and reducing It at
280°¢C,
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Catalyst 2

An Fe/Mg/Cu/K/Al, O, catalyst that contained 50 pbw [ron, 20 pbw magnesium, 2.5 pbw copper
and 4 pbw potassium per 100 pbw alumina and which had been prepared by impregnating an alumina
carder with an aqusous solution containing an iron, @ magnesium, a copper and & potassfum salt,
followed by drying the composition, caleining it at 800°C and reducing it at 325°C.

Catalyst 3
A Cu/Zn/Al,0, catalyst with a Cu/Zn atontic ratic of 0.55.

Catalyst 4

A ZnQ—=Cr,Q, catalyst In which the atomlc percentage of zinc based on the sum of zinc and
chromium was 70%. 10
Catalysts 5—7

Three crystalline silicates (silicates A—C) wers prepsred by haating mixtures of $10,, NaOH,
[tC,H,},NJOH and either NaAlQ,, or FalNOg}, or GalNO,), In water for slx hours at 160°C in an autociave
under autagenous pressure. After the reaction mixtures had cooled down, the silicates formed were
filtered off, washed with water until the pH of the wash water was abaut 8, driad at 120°C and ¢alcined 15
at 500°C.

The silicatas A—C had the following properties:

ta) thermally stable up to a temperature above 800°C;

{b) an X-ray powder diffraction pattern substantially equal to the one given in Table B;

{c} avalue for m as mentfoned balow: 20
sillcate A: Al0,/510, molar ratlo = 0.0133;
silicata B: Fe,0,/5i0, molar ratio = 0.0050;
silicata C: Ga,0,/510, molar ratio = 00083,

The molar compaosition of the equeous mixtures from which the silicatas A-—C ware prepared can
be represented as follows: 25
Silicate A:
1 Na,0.4.5[{C,H,},N1,0.0.33 Al,0,.25 $i0,.450 H,0

Silicate B:
1 Na,0.1.5[{C,H,)N},0.0.125 Fe,0,.25 Si0,.468 B,0

Silicata C: 30
1 Na,0.4.5[{C,H,),N],0+0.22 Ga,0,.25 §i0,.25 5i0,.450 H,0.

The sillcates D—F were prepared from the silicates A—C, respactively, by boiling the silicates
A—C with 1.0 molar NH,NO, solutfon, washing with water, boiling again with 1.0 molar NH,NO,
solution and washing, drying and calcining, A catalyst 5 was prepared from silicate D by impregnating
silicate D with an aqueous solution of a manganese salt followed by drying the compasition and a5
calcining it. Catalyst & contained 3%w manganese. Silicates E and F were used such as catalyst 8 and
catalyst 7, respectively.

Catalyst mixturas -V

Flve catalyst mixtures were prepared. The catalyst mixtures I~V consisted each of a physlcal
mixtura of twao of tha above-mentioned catalysts in the following ratio; 40
Cat. mixtural =2 phvofcat4 + 1 pbvofcat. B;
Cat. mixture It =2 pbv of cat.4 + pbv of cat. 6;
Cat. mixture lll =2 pbv of cat.4 + 1 pbv of cat. 7;
Cat, mixture IV = 2.5 pbv of cat.2 + 1 pbv of cat. 5.

Catalyst mixture V consisted of a layer of catalyst 3 and & layer of catalyst 1 In avolume ratioof 45
1:2.

The catatyst mixtures I—V and catalyst 1 ware tested for the preparation in ong or two steps of a
hydrocarbon mixture from an H,/CO mixture. The test was carried out in ane or twa reactors of 50 mi
each, in which a fixed catalyst bed having a volume of 7.5 ml was prasent. Ten experiments were carried
out. The sxperiments 1 and 3—35 were carried out in one step; the other experiments in two steps. In ali g
the experiments, with tha exception of experiment 10, a temperature of 375°C was used in the first
step. In experiment 10 the tempaeratura in the first step was 280°C. In all the experiments carried out in
two steps the temperature in the second step was 220°C. In all the experiments, with the exception of
experimant 10, a pressura of 60 bar was used.

tn experiment 10 the pressure was 30 bar. In all the experiments tha space velocity, based on the &g
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sum of the total catalyst system (in tha first + if used, the second step} was 500 NI/l catalyst/h. In tha
experiments 6—8 the C,” fraction of the product from the first step was used as the feed for the second
step. In the experiments 2, 9 and 10 the total reaction praduct from the first step was usad as the feed
for the second step.

5 - The results of the experiments ara listed In Table C. The amount of water added in the experimants &5
3—9 is expressed in ml water/l total catalyst system (in the first + if used, the second stepl/h,
TABLE C
Experiment No. 1 2 3 4 5 8 7 8 8 10
Cat. mixture in the
first step, No. ] { i Il il { Il I ! v
H,CO malar ratie of
the feed for tha
first step 0.8 08 045 045 045 045 0.45 045 045 09
Amount of water
added to the feed
for the first step,
ml.F.h™! —_ — 116 115 115 115 115 118 b —
H,/CO molar ratio
of the product from
the first step 1.7 1.7 2.0 1.8 21 2.0 1.8 2.1 0.5 1.8
Cat. or cat.
mixture in tha
second step, No. — 1 -— — — 1 1 1 v 1
Experiment No. 1 2 3 4 5 & 7 8 9 i0
Amount of water
added to the feed
for the second
step, mlJ-Lh™ - - - - — = o~ — 100 -
Conversion of the
synthesis gas, % 62 94 83 49 B5 98 97 98 498 g5
Composition of -
the reaction
product, %hw
Cy 40 45 37 29 26 36 35 34 28 50
C.—C,, 57 38 B8 68 70 M 32 33 43 35
Ci—Cis 3 7 5 2 4 13 13 13 10 6
Copt — 10 - — — 20 20 20 12 9
Of the experiments listed in the Table, only the two-step experiments 2 and 6—10 are

experiments according to the invention. Tha one-step expsriments 1 and 3—35 are outside the scope of

10  the invention. They have been included in tha patent application for comparison. 10

. The advantages of the two-step pracess now proposed as regards the conversion of the H,/CO
mixture and the composition of the reaction product are evident when the results are compared of the
experiments t and 2, of the experiments 3 and 9, and of the expariments 3—5 and, respactively, 6—8,
In the expsriments 3 and 9 the total amount of water added was equal.
15 CLAIMS 18

T.A process for tha preparation of a hydrosarbon mixture, charasterized in that a mixture of
carbon monoxide and hydragen with an H./CC molar ratio of less than 1.0 is contactad in a flrst step
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9
with a trifunctional catalyst combination containing one or more metal componants with catalytic
activity for the canversion of an Hy/CO mixture into acyclic hydracarbons and/or acyclic oxygen-
containing hydrocarbons, one or more metal components with catalytic activity for the conversion of an
H,0/CO mixture into an Hy/CO, mixture and a orystaliine silicate, which silicate has the following
5 properties: 5
(a) an X-ray powder diffraction pattern showing, inter alia, the reflections given in Table A.
TABLE A
Radiation; Cu — Ko Wava langth 0.15418 nm
24 relative intensity
7.86— 8.2 S
8.7— 4.1 M
11.8—12.1 W
12.4—12.7 w
14.6—14.9 W
15.4—15.7 W
16.8—16.1 w
17.6—17.9 W
189.2—19.6 W
202206 W
20.7—21.1 w
23.i—23.4 V5
23.8—24.1 Vs
2422498
29.7--30.1 M
wherein the letters usad have the following meanings: V5 = very strong; § = strong: M = modarate;
W = weak; ¢ = angle according to Bragg;
10 b} in the formula which represents the composition of the silicate, exprassed in moles of the oxides, and 10
in which, in addition to oxides of hydrogen, atkali metal and/or alkatine-earth metal and silicon, there
is present ane of more 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, and
in that at least the C,~ fraction of the reaction product from the first step is contacted In a second
.18 step with a catalyst containing one or more matal compohents with catalytic activity for tha 15
conversion of an H/CO mixture inta acyclic hydrocerbons, which metal components have been
selected from the group formed by cobalt, nickel and ruthenium, on the undarstanding that if the
feed for the second step has an Hy/CO molar ratio of less than 1.5, water is added to this feed and
that In the second step 3 bifunctional catalyst combination is used, which containg, in addition to the
20 metal components with catalytic activity for the conversion of an H,/CO mixture into acyclic 20
hydrocarbons, alst one or more metal componants with catalytic activity for the conversion af an
H,O/CO mixture into an H/CO, mixture.
2. A process according to clalm 1, characterized in that the crystalline silicate is an aluminium,
fron or gallium silicate.
25 3. A process according to any one of claims 1—2, characterized in that the crystalling silicate has 25

a value for m which is greater than 0.002 but smaller than 0.005.

4. A process aceording 10 ¢laim 2 or 3, characterized in that the crystalline silicate is an aluminium

silicate which has a valué for m which is greater than 0.005 and in that the silicate contains



GB 2 056 893 A

10.

10

16

0.1—10%w of an element selected from the group farmed by manganese, calcium, magnesium and
titanium,

5. A process according to any one of claims 1—4, charaecterized in that the crystalline silicate has
an alkali metal contant of less than 0.1%w.

6. A pracess according to any one of claims 1—5, characterized in that the first step is carried out
at a temperature of 200—B00°C, a pressure of 1—150 bar and a space velocity of 50—5000 N! gas/|
gatalyst/h.

7. A process according to any one of claitms 1—86, characterized in that water is added to the feed
for the first step.

8. A process according to any one of clalms 1—7, charactetized in that the second step is carried
out at a temperaturg of 126—350°C and a pressura of 1-—150 bar.

9. A process for the preparation of a hydrocarbon mixture, substantiaily as describad hersinbafore
and in particular with refarance to experiments 2 and 6—10 of the Example.

10. Hydrocarbon mixtures praparad accorging to 8 pracess as described in any one of claims
1—8.

Printed for Her Mujesty's Stationcry Ofice by the Courier Prass, Leamington Spa. 1981, Published by the Patemt Office,

25 Southampton Bulldings, London, WC24 1AY, from which copies moy be abtained.

15



