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{54} Process for tha preparation of
organie compounds

{87} Atwo-stage process for the con-
versian of He-poor syngas into hydro-
carbons and oxygenates, Unconverted
syngas from the first stage product is
converted in a second stage into paraf-
fins avar a Ni, Co or Ru catalyst. The
H,/CO modlar ratio of the feed for the
second stage is adjusted to the reguired
value of 1.75-2.25 by blending this feed
with a Ha-rich syngas with a Hy/CO
melar ratio of at least 1.75. The latter
gas has been obtained by subjecting a
small portion of the feed for the first
stage to a high temperature {above
325°C) CO-shift.
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presents difficulties. When the process is usad for tha conversion of Hp/CO mixtures having a Hy/CO molar
ratio below 1.0, the stability of the bifunctional catalyst or catalyst combination leaves to be desired. When
the process is used for the conversion of Hy/CO mixtures having a H,/CO molar ratio between 1.0 and 2.0, the
conversion attained is low.

Oxygen-containing organic compounds may be prepared, for instance, by contacting 8 Ha/CO mixture
having a ! ls/CQO malar ratia below 2.0, with a catalyst containing one or more metal components with
catalytic activity for tha conversion of a Hx/CO mixture into oxygen-containing organic compounds. A
drawhack to thesa reactions is the fact thal they are highly limited thermodynamially, so that a considerabla
propartien of the Hy/CO mixture is not converted, According as higher space velocities are used, the
conversion oblatned is lower,

An investigation carried out by the Applicant has shown that the above-mentioned drawbacks attending
the preparation of paraffinle hydrocarbons and oxygen-containing organic compounids starting from H»/CO
mixtures having a H/CO molar ratio below 2.0, as well as these attending the preparation of aromatic
hydrocarbons from such a feed, can be overcome by contucting hydrogen and carbon monoxide present in
the reaction product of the process, optionally together with other components frorm this reaction product,
with a catalyst containing one or more metal components having calalytic activity for the conversion of a
H./CO mixture inta paraffinic hydrocarbons, which components originate from the group formed by cobalt,
nickel and ruthenium, provided that care is taken that the feed for the second step has a Hy/CO molar ratio of
1.75-2.26. As with the preparation of aromatic hydrocarbons, the preparation of paraffinic hydrocarbons and
oxygen-containing organic compounds from Hz/CC mixtures having a Ho/CO molar ratio below 2.0, will often
result in a preduct from the first step having a molar ratio lowar than 1.75. In these cases, tog, in order to
raise the H./CO malar ratic of the feed for the secand step, a hydragen-rich Hx/CO mixture can very suitably
be used as mixing component, the Hz/CO mixture having been preparad by subjecting a low-hydrogen
H./CO mixtura, saparated from the feed for the first step of the two-step process, to a CO-shift ata
temperature abova 325°C,

The measure accerding to the invention may be used both in cases where the reaction product from the
first step has a Hy/CD molar ratio below 1.75 and in cases whera tha reaction product from the first step
already has a F/CO molar rativ of at least 1.75 {e.g. 1.8}, butwhare it is desirable for the feed for the second
step to have a higher Ho/CO molar ratic (e.g. 2.1).

The present patent application therefore relatas to a process far the preparalion, in two steps, of organic
compounds from a mixture of carbon manoxide and hydrogen, in which a H,/CO mixture having a HA/CO
malar ratic betow 2.0 iz divided into two portions, A and B, having the same compasitian, in which in the first
step portion A, through contact with a catalyst comprising one or mare metal components fiaving catalytic
activity for the conversion of a Hy/CO mixture into hydracarbons andfor oxygen-containing arganic
campounds, is converted into a reaction mixture containing hydrogen and carbon monoxide, the Hy/CO
molar ratio {R,) of which is lower than 2.25, in which the H,/CO molar ratio of porticn B is raised to a value Rz
which is higher than Ry and also higher than 1.75, by contacting partion B, together with wator, ata
temparature above 325°C, with a catalyst having CO-shift activity, in which hydrogen and carbon monoxide
present In tha raaction product prapared from portion A, together with ather components from this reaction
praduct, If dasirad, are mixed with the reaction groduct prepared fram portion B te form a mixture having a
H./C0 molar ratio of 1.76-2.25, and in which the mixture thus obtained is contacted in the secend step with a
catalyst comprising one or mora metal components with activity for the canversion of a H/CO mixture into
paraffinic hydrocarbons, which matal components have been chosen fram the group farmaed by cobatlt,
nickel and ruthenium.

In tha process according to the invention organic compounds are prepared starting from a Ha/CO mixture
having a Ha/CO molar ratio lower than 2.0, Such H,/CO mixtures may very suitably be oblained by steam
gasification of a carbonacecus material. Examples of such materials are brown coal, anthracite, coke, crude
mineral oil and fractions thereof, as well as oils produced from tar sand and bituminous shale. The steam
gasification is praferably carried out at a temperature of from 800-1600°C and a pressure of from 10-100 bar.
in the process according to the invention the starting materfal is preferably a Hx/CO mixture having a Hz/CO
rnolar ration above 0,25,
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4 GB 2103647 A 4
if the procass according to the invention is intended for the preparation of aromatic hydrocarbons, the
catalyst used in the first step is a bi- or trifunctionat catalyst which, in addition to the matal components
having catalytic activity, comprises a crystalline metal silicate which is capable of catalyzing the conversion
of acyclic hydracarbons and acyclic axygen-containing argenic compounds inte arematic hydrosarbons. The
§ said cystalline metal silicates are characterized in that. after one hour's calcinatian in air at B00°C, they have 5
the foilowing properties:
a} thermally stable up to a temperature of at [cast 600°C,
h) an X-ray powder diffraction pattern in which the four lines listed in Tabel A ara the strongest lines.
10 TAEBLE A 10
Relative
dtA) intensity
1.1 £ 0.2 V3
1% 15
100 £ 4.2 V5
3.84 + .07 ]
20 372 + 0.06 5 20
in which the {etters used have the following meanings:
V5 = very strong; S = strong, and
¢} inthe formula which represents the composition of the silicate exprassed in moles of the oxides, and
25 which, in addition to oxides of hydrogen, alkali metal and/or alkaline-earth metal and siticon, 25
CUmprises one or more oxides of a trivalent metat A chosen from tha group farmed by aluminium,
irgn, gallium, rhodium, chromium and scandium, the 5i0,/8,0; molar ratio {far the sake of brevity
hereinafter referred to s m) is higher than 10.
30 The expression “thermally stable up to a temperature of at least t°C”, used (n this patent application, 20

means that, upon heating of the silicute to a tempersture of t°C, the X-ray powder diffraction pattern of the
silicate remains substantially unchanged.
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Although, basicelly, the crystalline silicates may cuntain mare than one metal A, for the process according
1o the invention it is preferred to use catalysts in which the silicate eontains only one metal Aand in
particular silicates containing aluminium, iron or gallium as the matal. The crystalline silicates used in the bi-
and trifunctlanal catalyst combinations shouid have & value of m that is higher than 10. Preferably crystalline
silicates are used in which m is fower than 10, The crystalline silicate used in the bi- and trifunctional catalyst
combinations is delined, among cther things, with the aid of tha X-ray powder diffraction pattern. In this
pattern the strongest lines shauld be the four lines listed in Table A. The complete X-ray powder diffraction
pattern of a typical example of a silicate applicable in the process according to the invention is given in Table
B.

TABLE B
dtA) Rel. int. d{A) Rel. int.
11.1 100 3.84 (D) 57
10,0 {D) 70 3.70 {D} 31
8.93 1 3.83 16
7.949 1 3.47 1
7.42 2 3.43 &
6.68 7 3.34 2
6.35 o 3.30 5
5.97 17 .25 1
5.70 7 3.05 8
5.56 10 2.98 11
5.35 2 2.96 3
4.58 (D} B 2.86 2
4.60 4 2.73 2
4,35 B 2.60 2
4.25 7 2.48 3
4,07 2 2.40 2
4.00 4
{D} = doublet

Tha crystailine silicates may be prepared starting from an agqueous mixture comprising the fellowing
compounds:
ona ar mare compounds of an alkali metal or alkaline-earth metal (M), one or more compounds containing
an organic cation {R} or from which such a cation is formed during the preparation of the silicate, one or
more sitlcon compounds and oneg of More compounds comprising a trivalent metal A, The preparation is
carrled out by maintaining the mixture at an elevated temparature until the silicate hes formed and
subsequently separating the silicate crystals from the mather liguor and calcining them. in the aqueous
mixture frorm which the silicates ara prepared, the various compounds gshould be prasantin the following

ratios, expressed in moles of the oxides:
M4/, 0 . R0 = 0.1-20,
Ro0 : 50, = 0.01-0.5,
Si0s : A0y == 10 and

H,0 : St 5-50; {n = the valency of M},
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In the preparation of the silicates the base material preferred Is a starting mixiure in which Mis presentin
an alkali metal cormpound and R in a tetra-alkylammonium compound, and in particular a starting mbxturg in
which Mis present in a sedivm compound and Rin g tetrapropylammonium compound. The crystalline
silicates prepared in the way described hereinabove contain alkali metal andfor alkaline-sarth metal ions. By
suitable exchange methads these may be replaced by other cations, such as hydrogen ions or ammonium
ians. The crystalline silicates used in the bi- and trifunctional catalyst combinations preferably have an alkalj
metal content below 0.1%w and In particular below 0.05%w, Although the trifunctional catalyst
combinations are described in the present patent application as catalyst combinations comprising one ur
morc metal componants having catalytic activity for the conversion of a Hz/CO mixtures into avyclic
hydrocarbons and/ar acyelic oxygen-containing organic compounds, and cne or more metal coHrmponents
having CO-shift activity, this certainly does not mean that the trifunctional catalyst combination should
invariably comprise individual metal components, each having one of the twa catalyric functions. Faor, it has
een found that metal components and combinations of metal components with catalytic activity for the
conversion of a H,/CO mixture into substantially acyclic oxygen-containing ocrganic compounds, often also
have sufficiant CO-shift activity, so that in such cases it is, usually, sufficient for one meatal component or a
combination of metal components to be incorparated into the trifunciional catalyst comhinations, Metal
companents and combinations of metal components having catalytic activity for tha conversion of a Hy/CO
mixture inta substantially acyclic hydrocarbons, aftan have insufficient or no CO-shift activity at all.
Therefore, when sich metal components or combinations of metal components ara usad in the trifunctional
calalyst combinations, in most ¢ases ong or more separate metal components having CO-shift activity
should be incorporated.

The bi- and trifunctional catalyst combinations used in the first step of the process according to the
invention for the preparation of aramatic hydrocarbons are preferably compased of two ar three separate
catalysts, which, for canvenience, will be referred to as catalysts X, Y and Z. Catalyst X is the catalyst
curnprising the metal components having cataiytic activity for the conversion of 2 Ho/CO mixture into acyclic
hydrocarbons and/or acyclic oxygen-containing compounds. Catalyst Y is the crystalline silicatc. Catalyst Z is
the catalyst comprising the metat components having CO-shift activity. As has been explained hereinbefore,
in the trifunctional catalyst combinations the use of catalyst Z may in a number of cases he omiited.

Calalysts X which are capable of converting 8 Ho/CO mixture into substantially acyclic hydrocarbons are
known in the literature as Fischer-Tropsch catalysts. Such catalysts comprise one or mora matals from the
iren group or ruthenium tagether with one or more promaters far increasing the activity and/or the
selectivily and, sometimas, a carrier material such as kiesslguhr. If in the first step of the process according
to the invention a bi- or trifunctlonal catalyst combination is used having a Fischer-Tropsch catalyst as the
catalyst A, an iron catalyst or a cobalt catalyst is preferably chosen for the purpose, in particular such a
catalysl prepared by impregnation. Very suilable catalysts for the purpose are:

al Catelysts comprising 30-75 pbw of iron and 5-40 nbw of magnesium per 100 pbw of alumina and
prepared by impregnation of an alumina carrier with one or more agueous salutions of salts of iron
and of magnesiurm, followed by drying of the composition, calcination at a temperature of 700-1200°C
and reduction. Special preference is given to catalysts of this type which, in addltion to 40-60 pbw of
iren and 7.6-30 pbw of magnesium, camprise 0.5-5 pbw of copper as a reduction promoter and 1-5
pbw of potassium as a selectivity promoter per 100 pbw of alumina and which have heen calcined at
750-800°C and reduiced at 250-350°C,

b} Calalysts comprising 10-40 pbw of iron and 0.25-10 pbw of chromium per 100 pbw of silica and
prepared by impragnation of a stlica carrier with ane ar mare agucous solutions of salts of iron and of
chromium followed by drying of the cornposition, calcination and reduction at a tamparature of from
350-750°C. Special preferance is given to catalysts af this type which, in addition to 26-35 pbw of iron
and 0.6-5 pbvy of chromium, comprise 1-5 pbw of potassium as a selectivity promoter and which have
been calcined at 350-780°C and reduced at 350-500°C.

¢} Catalysts comprising 10-40 pbw of cobalt and 0.25-5 pbw of zirconium, titanium or chromium per 100
pbw of silica and prepared by impregnation of a silica carriar with one or more agueous solutions of
salts of cobalt and zirconium, titanjum ar chromium, followed by drying of the composition,
calcination at 350-750°C and reduction at 200-350°C.

Whan the iron catalysts mentioned under a) and b} are used as catalysts X, the use of a cataiyst Z in the-
trifunctional catalyst combinations may be omitted. When the cobalt catalysts mentioned under ¢} are usad
as catalysts X, a catalyst Z should alsc ba incorparated into the trifunctional catalyst combinations. if in the
first step of the process according te tha invention a bi- or trifunctional catalyst combination is used in which
catalyst X is a Fischer-Tropsch cataiyst, an iron catalyst as described under a} and bl is preferably used for
the purpose. The first step of the process according to the invention for the preparation of aromatic
hydrocarbons is preferably carried out at a tamperature of from 200-500°C and in particular of from
250-450°C, a pressure of from 1-150 bar and in particular of from 5-100 bar and a space velacity of from
50-5000 and in particular of fram 300-3000 N1 gas/1 catalyst/haur.

If the process according to the invention is to be used for the preparation of paraffinic hydrocarbons, then
in the first step an iron-containing bi-functional catalyst or catalyst combination is uscd which, in addition ta
activity for the conversion of a Hy/CO mixture inta substantially paraffinic hydrocarbons, has CO-shift

activity. Freferably, in the first step of the process use is made of a bi-functional catalyst comprisingironona ¢
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carrier, which has been preparad by impregnation. Examples of such catalysts are the Fe/Mg and Fe/Cr
catalysts mentioned hersinabove under a} and f). The first step of the process according to the invention for
the preparatian of paraffinic hydrocarbons is preferably carried out at e temperature of from 200-350°C and
in particular of from 250-350°C, a pressure of from 10-70 har and in particular of from 20-50 har and & space
velocity of fram 500-5000 and in particular of from 500-2500 N1 gas/1 catalystthour,

If the process according Lo the invention is to be used for the preparation of oxygen-containing organic
compounds, then in the first step a catalystis used which contains one or more metal components having
catalytic activity for the conversion of a Ho/CQ mixture into oxygan-containing cerganic compounds,
Preferably, in the first slep a catalyst is used which is capable of converting a Hx/CO mixture into
substantially methanol and dimethylether. Examples of suitable catalysts capable of converting a Ha/CO
mixture into substantially methanol are catalysts comprising:

1) zin¢ axide and chromium oxide,

2] copper, zinc oxide and chromium oxide,

3} copper, zine oxide and aluminium oxide, and

4} copper, zinc oxide and oxides of rare earlhs.

Examples of suitable cetalysts capable of converting a Hy/CO mixture into substantially dimathyl sther are
catalysts containing any one of the methanal sythesis functions mantioned under 1}-4} and, In addition, an
acid function, such as a physical mixture of a-8lumina and a compaosition comprising copper, 2inc oxide and
chramium oxide. Prefarably, the first step of the process according to the invention for the preparation of
oxygen-containing orgenic compounds is carried out ota temperature of from 175-325°C, a pressure of from
30-300 bar and in particular of from 50-150 bar,

The oxygen-containing organic compounds which can ke prepared in the first step of the two-step process
according to the invention can very suitably be used as the starting matarial for the catalytic conversion into
lowat olefins andfor aromatic hydrocarbons. Catalysts very suitabte for tha purpose are the crystalline metal
silicates described hersinhafore.

In the process accarding to the invention hydrogsn and carbon monoxide present in the reaction product
from the first step are used, together with ather components of this reaction product, if desired, as feed for
the second step. Optionally, the complate reaction product from the first step may be used as the feed for the
second slep. Befora this feed is contactad with the catalyst in the second step, its Ho/CO molar {ratio {R},
which is below 2.26, is raised 1o a value lying between 1.75 and 2.25 by mixing the feed with a Hy/CO mixture
having a Ha/CO molar ratio (Rz) which is higherthan 1.75, the [atter Hy/Ca mixture having been obtainad by
separating a purtion fram the low-hydrogen Ho/CO mixture avaoilable as feed for the first step of the procass,
mixing this portion with water and containing the mixture, at temperature above 325°C, with a catalyst
having CO-shift activity. The percentage of low-hydragen Ha/CO miscture to be separaled frem the feed for
the first step of the precass and to be subjected to the high-ternperature CO-shift, is dependent on the H2/CO
molar raliv of that mixture, the percentage of HyCO mixlure present in the reaction product fram the first
step and its Hy/CO molar ratio, the desired H»/CO molar ratio of the feed for the second step and the
conversion attained in the high-temperature CO-shlft. If all the other parameters are considered to he
constant, the proportion of low-hydregen Hy/CO mixture to be separated from the feed for the first stap of
the process will be smaller according as the convarsion attained in the high-temperature CO-shift is higher.
in view of the desirability for the fargest possihle part of the available low-hydrogen Ha/CO mixture to he
used as fecd for the first step of the process, and therefore for the smallest possible part to be subjected to
C:0-shift, it is advisable to aim at the highest possible conversion in the CO-shift reaction, By praference the
CO-shifl s carried aut in such 8 way that it yields a product having a 14,/CO molar ratio higher than 3 and in
particular higher than 4, Suitable conditions for carrying oul the CO-shift reaction are a tempetature of from
325-540°C and in particular of from 325-400°C, a pressure of fraom 5-100 bar and in particutar of from 10-75
bar and a space velocity of from 1000-50000 N1. 17.h~" and in particular of from 200-10000 N1.17Lh~". Tha
high-temperature CO-shift catalyst used by preference is @ chromium-zontaining catafyst. Particular
preferece is given to catalysts which, In addition to ehromium, comprise gither iran or zinc,

In the second step of the process according to the invention the fesd which has been mixed with the
hydrogen-rich Hx/CO mixture to raisa its H/CO molar ratio ta a value of from 1.75-2.25, is contacted with a
catalyst comprising one or more metal components with activity for the conversion of 8 Hy/CO mixture into
paraffinic hydrocarbons, which matal components have haen chosen from the group fermed by cobait, -
micka! and ruthenium. Preferenca is given to a cobalt catalyst and in particular a catalyst which comprises
cobalt an a carrier and has been prepared by impregnation. YVery suilable catalysts for the present purpose
are the zirconium-, Litaniurm- or chromium-promoted cobalt impregnation catalyste described hereinabove
under c). The second step of the prucess according to the inventicon is preferably carried out ata temperature
of from 125-325°C and in particular of fram 175-275°C ond a pressure of from 1-150 bar and in particular of
fram 5-100 har.

The Applicanl has found that the use in the second step of the process of the zirconium-, litanium- or
chromium-promoted cobalt impregnation catalysts mentioned hereinbefore yields a mixture of heavy
paraffinic hydrocarbans eminently suitable for conversion, by hydrocracking, into a middle distillate in high

yields. The hydrocracking operation is cheracterized by very low gas production and hydrogen consumption,

The invenlion is now elucidated with the aid of the following example.

&1

10

20

30

40

45

50

&0




8

GB 2103647 A

10

20

28

Example
In the investigation the following catalysts werg Lised:

Caralyst 1

Zn0-Cr,05 catalyst in which the atomic percentage of zing, calculated on the sum of zinc and chromium,
was 70%.

Catalyst 2

Crystalling aluminium silicate catalyst prepared as foliows. A mixure of NaOH, amorphous silica, MNaAlD,
and {C4H;1sNOH in watar having the following molar composition 26 5i0; . 0.04 Al.Oz . 3 Na,0 . 4.5
[{CaH;1.MN 10 . 450 H,0 was heated in an autoclave under autogenous pressure for 24 hours at 150°C. After
cooling of the reaction mixture, the sificate formed was filtered off, washed with water until the pH of the
wash water was about 8, dried at 120°C and calcined for one hour in air at 500°C. The silicate has the
following prapartias:

a)  thermally stable up 1o a temperature of at least 800°C,

bl an X-ray powder diffraction pattern subslantially corresponding with that given in Table B,

c}  aSi0/AlLQ; molar ratio (m) of 225, and

d) acrystallite size of 1250 nm.
This silicate was converted into the H-form by boiling with a 1.0 melar NHgNO, solution, washing with water,
boiling again with a 1.0 malar NH4NO; solutien and washing, drying and calcination.

Catalyst 3
Fe,0.-Cr 05 catalyst comprising 10%w CraCa.

Catalyst 4

Co/ZriSi0, catalyst comprising 25 pbw cobalt and 1.8 phw zirconium per 100 pbw silica and prepared by
impregration of a silica carrier with an agueous solution comprising a cobalt salt and a zirconium salt,
followed by drying ot the composition, calvination at 500°C and reduction at 280°C.

Catalyst 5 .

Fe/Ma/Cu/KiA), 04 catalyst comprising 50 pbw iran, 20 pbw magnesium, 2.5 pbw copper and 4 pbhw
patassium per 100 obw alumina and prepared by impregnation of an alumina carrier with an agueous
solution comprising an iron salt, a magnesium salt, a copper salt and a potassium salt. followed by drying of
the compaosition, calcination at 800°C and reduction at 325°C.
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Catalyst mixture!
Physical mixtura of catalyst 1 and catalyst 2 in a 6:1 weight ratio.
Catalysis 4 and 5 and catalyst mixture | were testad in the preparation, in two steps, of hydrocarbons from a
Hy/CO mixture having a H,/CC motar ratio of 0.5. The test was sarried out in two reactors of 50 mi each,

& containing s fixed catalyst bed. Three experiments were carried out. In Experiments 2 and 3, part of the 5
available HyfCC mixture with a H/CO molar ratio of 0.5 was converted in & separate 50 mil reactor containing
afixed catalyst bed consisting of catalyst 3, into a reaction product with a H,/C0 molar ratio of 5.7, which
reaction product was mixed with tha total reaction product from tha first step. The mixtures thus obtained
ware used as feed for the second step. In Experiment 1, carried out without using a separate CO-shift, the

16 total reaction produet from the first step was used as feed for the sacond step, Experiment 1 falls outside the 10
scope of the invention. It has been included in the patent applicatian for cotnparison.
The results of the three experimeants are stated in Table C.
TABLE C
15 156
Experimant No. 1 2 3
First step
Catalyst No. | | 5
20 Quantity of catalyst, m! 12 10 B 20
Fead, N1. hour ™ 166 10 10
H4/CC molar ratio of feed 0.5 0.6 0.5
Temperature, °C 375 375 280
Pressure, bar 60 g0 30
25 Conversion of Hy/CO mixture, %v 58 70 75 25
H4/CO molar ratio of product 0.5 0.5 0.32
CO-shift reaction
Catalyst No. - 3 3
30 Quantity of catalyst, ml - 2 2 30
Feed, N1. hour™’ - 5.5 5.7
H,/CO molar ratio of feed - 0.5 0.5
Quantity of water added, mlh™* - 3.0 3.1
Temparature, °C - 380 350
35 Pressure, bar - g0 BO 35
H4/CO molar ratio of product - 5.7 5.7
Second step
Catalyst No. 4 4 4
40 Quantity of catalyst, ml 10 10 10 40
HA#CO molar ratio of feed 0.5 2 2
Temperature, °C 230 230 230
Pressure, har 60 60 60
45 Total conversion of the H,/CO mixture 45
{1st -+ 2nd stap}, %v 78 94 95
CLAIMS
50 50
1. A process for the preparation, in two steps, of organic compounds from a mixture of hydragen and
carbon monoxide, characterized in that a Ha/CO mixture having a Hx/CO molar ratin below 2.0is devidad into
twa portions, A and B, of the same compaosition, that in the first step portion A, through contact with a
catalyst comprising ong or more metal components having catalytic activity for the conversion of a HfCO
55 mixture inte hydrocarbons and/or oxygen-containing organic compounds, is converted inte a reaction 85
mixture containing hydrogen snd carbon monuxide in which the H¥/CD molar ratio (R4} is lower than 2.25,
that the Hy/CQ molar ratio of porlion B is raised to a value Ry which is higher then Ry and also higher than
1.75, by contacting portion B, together with watar, at 8 lemperatura above 326°C, with a catalyst having
CO-shift activity, that hydrogen and carbon monoxide present in the reaction product prepared from portion
60 A, together with othar components from this reaction product, if desired, are mixed with the reaction product €0
prepared from portion B to form a mixture having a Hz/CO molar ratic of from 1.76-2,25, and that the mixture
thus abtained is contacted in the second step with a catalyst comprising one or more meteal componants
having activity for the conversion of a HyfCQ mixtura into paraffinic hydrocarbons, which metal components
have heen chosen from the group formed by colbalt, nicke! and ruthenium.
g5 2. A processaccordingtoclaim 1, characterized in that for the preparation of aromatic nydrocarbons the 65
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first step is carried out using a bifunctional catalyst combination comnprising one or more metal componenis
having cataiytic activity for the conversion of a Hy/CO mixture into acyclic hydrocarbons and/or acyclic
axygen-containing organic compounds and a crystalline metal silicate which, after ona hour's calcination in
air at 500°C has the following properties:

a} thermally stable up to a temperature of at least 600°C,

b) an X-ray powder diffraction patiern in which the four lines iisted in Table A are the strongest lines.

TABLE A
Relative
{d(A) intensity
111 + 0.2 V5
10.0 =+ 0.2 V5
3.84 + 007 3
3.72 & 0.0B S

in which the letters used have the following meanings:
VS = very strong; S = strong, and

¢} inthe farmula which represents the composition, expressed in males of the oxides, and which, in
addition to hydrogan, alkali metal and/or atkalinc-carth metal and silicon, comprises one or mare
oxides of a trivalant metal A chosen from the group formed by aluminium, iron, gallium, rhodium,
chromium and scandium, the SiQxA;05 raolar ratio {m) is higher than 10,

with the undarstanding thst if the H#CO mixture has a H/CO malar ratio lower than 1.5, the first step is
carried out using a trifunctional catalyst combination comprising ane ar more metal companents having
catalytic activity for the conversion of a H#CO mixture into acyclic hydrocarbons andfor acyelic
axygen-containing organic compaounds, one or more metal companents with CO-shift activity and the
crystalline metal silicate mentioned hereinbefore.

3. A process according to cleim 2, characterized in that the crystaliine matal silicate comprises only one
metal A chosen from the group formed by aluminium, iron and gallium and that m has a value lower than
1000.

4. A process according to claim Z or 3, characterized in that the first step is carried out using a catalyst
combination comprising a mixture of the crystalline metal silicate and a catalyst chosen from the group
formed by

a} catalysts which are capable of converting a H/CO mixture into substantially methanol and/or dimethyl
ather,

b} catalysts comprising 30-75 pbw iron and 5-40 pbw magnesium per 100 pbw alumina carrier with one
ar more aqueous solutions of salts of iron and of magnesium, followed by drying of the compesition,
calcination at a temperature of from 700-1200°C, and reduetion, and

¢} catalysts comprising 10-40 pbw iron and 0.25-10 pbw chromium per 100 pbw silica and prepared by
impregnation of a silica carrier with cne or more aquaous solutions of salts of iron and of chromium,
fatiowed by drying of the composition, calcination and raductian at a temperature of from 350-7860°C.

5. A nracess according to claim 1, characterized in that for the praparation of paraffinic hydrocarbons, the
first stap is carried out using an iron-containing bifunctional catalyst ar catalyst combinatien which, in
addition to activity for the conversion of a Hy/CO mixture into substantially paraffinic hydrocarbons, has
CQ-shift activity.

&. A process according to claim 1, characterized in that for the preparation of oxygen-containing organic
compaounds, the first step is carried out using a catalyst comprising one or more metal components having
catalytic activity for the conversion of a H,/CO mixture into oxygen-containing organic compounds.

7. A process accarding to claim 6, characterized in that the first step is carried out using a catalyst which
has the property of converting a Hx/CO mixture into substantially methanol and/or dimethyl cther.

8. A process according to claim 6 or 7, characterized in that the exygen-containing organic compounds
prepared in the first step are converted in an additiona! step into lower olefins and/or aromatic
hydrocarbons.

9. A process according to any one of claims 1-8, charactericed in that portion B of the H,/CO mixture is
contacted with a catalysl compriging chromium and, in addition, iron or zinc with the object of preparing a
reaction mixture having 2 HyCO molar ratic higher than 3.

10. A process according to any one of claims 1-9, characterized ini that the second step is carried out
using a catalyst comprising 10-40 pbw cobalt and 0.25-5 pbw zitconium, titanium or chromium per 100 phw
silica and preparaed by impregnation of a sitica carrier with one or mare aqueous solutions of salts of coball
and zirconium, titanium or chromium, followed by drying of the composition, calcination at 350-700°C and
reduction at 200-350°C.
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11. A process for the preparation of organic comp
hereinbefore, and in particular with reference to Expe

12. Organic compounds prep

ared according to a process as ¢

ounds, as claimed in claim 1, substantially as described

riments 2 and 3 of the Example.
laimed in any one of claims 1-11.
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