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SPECIFICATION
A Process for the Preparation of Hydrocarbons

The Invention relates to a process for the preparatlon of a hydrocarbon mixture from a mixture
monaxids and hydrogen having an H,/CO molar ratio of iess than 1.0, with the use of an Fe-containing
hifunctional catalyst or catalyst combination possessing, in addition to activity for the conversion of an 5
H,/CO mixture into substantially hydrocarbons, activity for the conversion ofan H,/CO mixture Inta an
H,/CO, mixture.

th an investigation Into sald process by the Applicant it has been found that if ths process is
carried out at a certain high space velocity R, a certain high conversion C can be abtained, but that the
stebility of the bifunctional catalyst or catalyst combination is not entirely satisfactary. On furthar 10
investigation into said process by the Applicant it has been found that this drawback can be eliminated
by contacting carbon manoxide and hydrogen prosent in the reaction product, if desired together with
other compenents of the reaction product, in a second stage with a cobalt- or ruthenium-containing
moncfunctional catalyst having activity for the conversion of an H,/CO mixture into substantially
hydrocarbons, with the proviso that if the feed for the second stage has an H,/CO molar ratio of less 15
than 1.5, water Is added to said feed and that in the second stage use is made of a cobalt- or
ruthenfum-contalning bifunctional catalyst or catalyst combination having, in addition 10 activity for the
conversion of an H,/CO mixture into substantially hydrocarbons, activity for the conversion of an
H,0/CO mixture into an H,/CO, mixture. This process not only ensures that by the use of the above-
mentioned high space velacity R {now based on the total catalyst system in the first and second stagel 20
a high convetsion can be cbtained without stability problems bacoming manifest, but that the
convarsion abtained moreover has a higher value than the above-mentioned conversion C.

The present patent application therefors relatas to a process for the preparation of a hydrocarbon
mixture, in which a mixture of carbon monoxide and hydrogen having an H/CO molar ratlo of less than
1.0 is contacted in a first stage with an Fe-containing bifunctional catalyst or catalyst combination as 25
defined above and which carbon monoxide and hydrogen present in the reaction product of tha first
stage, if desired together with other components of said reaction product, are cantacted in a second
stage with a cobalt- or ruthenium-centaining monefunctional catalyst as defined above, with the
proviso that if the feed for the second stage has an H,/CO molar ratio of less than 1.5, water is added to
said feed and that in the second stage use is made of a cobalt- or ruthenium-containing bifunctional 30
catalyst or catalyst combination as defined above.

I the pracess according to the invention the starting material is an H,/CO mixture having an
H,/CO molar ratio of less than 1,0. Such H,/CO mixture can very suitably be prepared by steam
gasificetion of a carbon-containing material. Examples of such materials are lignite, anthracits, caks,
crude mineral il and fractions thereof as well as oils produced from tarsand and bituminous shala. a5
Steam gasification is preferably carried out at a temperature of 900—1500°C and a pressura of 10—

100 bar. In the process according to the invention the starting H,/CO mixture preferably has an H,/CQ
molar ratic of more than 0.25,

The Fe-contalning bifunctional catalysts or catalyst combinations that are suitable for use in the
first stage of the process according to the invention, should possess, in addition to activity for the 40
conversion of an H,/CO mixture substantially hydrocarbens, activity for the cenversion of an H,/CO
mixture into an H,/CQ, mixture. In the first stage of the pracess use Is preferably made of a bifunctional
catalyst prepared by impregnation and containing iron on a carrier. Examples of such catalysts ara:

{a) catalysts containing 30—76 parts by welght of iron and 5—4&0 parts by weight of magnesium
per 100 parts by weight of alumina and prepared by impregnating an alumina carrier with one armore 46
aqueodus solutions of saits of iren and magnesium and subsaquently drying the composition, calcining it
at a temperature of 700—1200°C and reducing It. Special preference is given 1o such catalysts
containing, in addition to 40—860 parts by weight of iron and 7.5—30Q parts by weight of magnesium,
0.5—-5 parts by weight of copper as reduction promoter and 1—25 parts by weight of potassium as
selectivity promoter per 100 parts by weight of aluming and calcined at 760--B50°C and reduced at 50O
250—350°C.

b) catalysts contalning 10—40 parts by weight of iron and 0.26—10 parts by waight of
chromium per 100 parts by waight of silica and prepared by impregnating a silica carrier with one or
meore agueous solutions of salts of iron and of chromium followed by drying the composition, caltining
it and reducing it at a temparature of 380—750°C. Special preference is given ta such catalysts 55
sontaining, in addltion to 20—35 parts by weight of iron and 0.5—5 parts by waight of chromium, 1—

5 parts by weight of potassium as selactivity promotar per 100 parts by weight of silica and calcined at
250---700°C and reduced at 350—500°C,

The first stage of the process according to the invention can very suitably be carried out by
passing the feed in upward or downward direction through a vertically arranged reacter containing a 60
fixed or moving bed of the Fe-containing bifunctional catalyst combination, The first stage can, for
example, be carried aut in fixad-bed operatian, bunker-flow operation, ebullated-bed operation or
fluidized-bed aperation. The first stage of the operation is preferably carried out under the following
conditions: a tamperature of 200—350°C and in particular of 250—380°C, a pressure of 10—70 bar
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and in particular of 20-—50 bar and a space veleeity of 500—5000 and in particular of 500—2500
N! of gas/! of catalyst/h.

In the process according to the fhvention carbion monoxide and hydrogen present in the reaction
product of the first stage are used as feed for the second stage. In addilion 1o carbon monoxide and
hydragen, the feed for the second stage may contain other cornponents of the reaction product of the B
first stage. For example, it is possible to use as feed for the second stage the C,™ fraction or C,”
fraction of the reaction product of the first stage and aven the entire reaction product of tha first stage.

In tha second stage of the process according to the invantion the aim is that the largest possibla

quantity of the carbon monoxide present in the feed for the second stage is converted into substantially
hydrocarbans over a monofunctional cobalt- or ruthenium-centaining catalyst having activity for this 10
raaction. To this end the H,/CO molar ratio in the faed for the second stage must be at least 1.5 and :
prefarably 1.756—2.26. If an H,/CO mixture with a high H,/CO malar ratio is used as feed for tha first

staga, it is possible in the process according to the invention to ahtain a reaction product from the first

stage having an H,/CO motar ratio of at least 1.5, which is suitable as such to be converted in the <
second stage over said catalyst. 15

If in tha process according to the invention a reaction product having an H,/CO mglar ratic of lass
than 1.5 is obtained from the first stage, water should be sdded to the feed for the second stage and a
cabalt- or ruthanium-cantaining bifunctional catalyst or catalyst combination should be used in the
second stage that has, in addition to activity for the conversion of an H,/CO mixture into substantially
hydrocarkbons, activity for the convarsion of an H,0/CO mixture into an H./CO,, mixture. 20

If in the process according to the invention the feed for the second stage has an H,/CO molar ratia
of less than 1.5 a bifunctional catalyst combination consisting of two separate catalysts is preferably
used in the second stage, which catalysts witl for convenience be indicated as catalysts A and B.

Catalyst A is the cobalt- or ruthenium-containing catalyst having activity for the conversion of an

H,/CO mixture Into substantially hydrocarbons and catalyst B is tha catalyst with activity for the 95
conversion of an H,0/CO mixture Into an H,/CO, mixture. Both in the usa of a

monofunctional catalyst and in the use of & bifunctional catalyst combination in the second stage of the
process acecerding to the invention, as catalyst A preferance is given to a cobalt catalyst and in

particular to a catalyst prepared by impregnation and containing cobalt on a carrier. Very suitahle for

the present object are catalysts containing 10—40 paris by weight of cobalt and 0.25—B parts by 30
weight of zircontum, titanlum or chromium and prepared by impregnating a silica carrier with one or

more aqueous solutions of salts of cobalt and zirconium, titanium or chromium, followed by drying the
eemposition, calcining it at 380—700°C and reducing it at 200—350°C. Catalysts containing copper

and zinc and in which the Cu/Zn atomic ratio lies between 0.25 and 4.0 are especially eligible as
catalysts B. in the cobalt or ruthenium-containing bifunctional catalyst combinations the catalyst Aand 35
B can ba present as a physical mixture. When the second stage of the process is carried out with the

usa of a fixed catalyst bed, the bed is preferably built up of two or more alternating layers of particie of
catalyst B and catalyst A, respectively. In the process according to the invention water can be added to
tha faed for the second stage and a bifunctional catalyst combination may be used in the second
stape both in casas where the reaction product of the first stage has an H,/CO molar ratio of less than 40
1.5, and in cases whars the reaction product of the first stage already has an H,/CQ molar ratio of at

least 1.5, it baing desirable, howaever, that the feed which is contacted with catalyst A in the second

stage has a higher H,/CO maoilar ratio. If in the process according to the invention an embodiment is

chosen in which water is added to the feed for tha secend stage and a bifunctional catalyst

combination is used in the second stage, the quantity of watar raguired is mainly determined by the 45
H,/CO molar ratic of the feed for the second stage, the activity of tha catalyst combination for the

conversion of an H,G/CO mixture into an H,/CO, mixture and the desirahla H,/CQ malar ratio of the

product that is contacted with catalyst A.

Tha sacond stage of the process according to the invention can very suitably ba carried out by
passing the feed in upward or downward direction through a vertically arranged reactor containing a 50
fixed bed of tha monofunctional catalyst ar of the bifunctional catalyst or catalyst combination. The
second stage of the process can alsc be carried out using a suspension of the catalyst or catalyst
combination in a hydrocarbon olf.

The second stage of tha process |s preferably carried out under the following conditions: a
temperature of 125—350°C, in particular of 175—275°C and a pressure of 1-—150 bar, in particular g
of 5-—100 bar., s

The invention will now be illustrated with refarence to the following example.

Example
The following catalysts were used durlng the investigation: ‘
Catalyst 1 60

Co/Zr/Si0, catalyst containing 26 parts by weight of cobalt and 1.8 parts by welght of zircanium
per 100 parts by weight of silica and prepared by impregnating a silica carrier with an aqueaus solution
containing a cobalt and a zirconium salt, followed by drylng the composition, calcining it at 500°C and
reducing it at 280°C.
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Catalyst 2
Fe/Mg/Cu/KAl,O, catalyst containing 50 parts by weight of iron, 20 parts by weight of
magnesium, 2.5 parts by weight of copper and 4 parts by welght of potassium per 100 parts by weight
of alumina and preparad by impragnating an alemina carrler with an aquecus solutlon containing an
5 iron, magnesium, coppar and a potassium salt, followed by drying the compaosition, calcining it at 5
B00°C and raducing it at 325°C.
Catalyst 3
Cu/Zn/Al,0, catalyst with a Cu/Zn atomic ratio of G.b5.
" Catalyst Mixtura ]
10 Catalyst mixture | consisted of a layer of catalyst 3 and a layer of catalyst 1 in a volume ratio of 10
1:2. The catalyst 1 and 2 and the catalyst mixture | were tested for the preparation in one or two stages
* of a hydrocarbon mixture from an H4,/CO mixture. The test was carried out In one or two reactors of 50
mf each containing a fixed catalyst bed. Five experiments were carried out. Experitments 1 and 3 wete
carried out in one stage; the other expariments in two stages, [n all exparimeants a temperature of
16 280°C was used in the first stage. In all experiments that were carried nut in two stagas the 15
temperature was 230°C in the second stage. In all experiments the pressure was 30 bar and the space
velocity based on the total catalyst system was 1000 NLI7Lh™", In the experiments 2 and & tha total
reaction product from the first stage was used as feed for the second stage. In experiment 4 the C,”
fraction of the product from the first stage was used as feed for the second stage. The results of the
20 experiments are stated in the Table. 20
Table
Experiment No. 1 2 3 4 b
Catalyst No. in first stage 2 2 2 2 2
Quantity of catalyst in flrst stage, ml 0 5 10 5 7
25 H,/CO molar ratio of feed for flrst stage 0.5 0.5 0.8 0.8 0.8 25
H,/CO molar ratio of product from first stage
after 250 run hours 006 0.41 1.3 2.2
after 3,000 run hours 032 044 176 1.1 1.73
Number of catalyst or catalyst — | —_ t 1
30 mixture in second stage 30
CQuantity of catalyst in second stage, ml — 5 — 5 3
Quantity of water added to feed for
second stage, mi {/ of catalyst)~ V™!
after 260 run hours — 241 — 88 —
35 after 3,000 run hours — 244 — 114 — 35
Convarsion of the synthesls gas, %
aftar 250 run hours S0 86 85 96 97
after 3,000 run hours 75 93 70 a2 85
Of the experiments stated in the table only the two-stage experimants 2, 4 and 5 are in
40 accordance with the invention. The one-stage experiments 1 and 3 fall outside the scope of the A0
invention. For comparison they have been included In the patent application. .
The advantages of the two-stage process according to the invention in respect of conversion of
the H,/CO mixture and stability of the Fe-containing bifunctional catalyst are avident on comparing the
results of: experiment 2 with that of experiment 1, and experiments 4 and 5 with that of experiment 3.
45 Claims 45
1. A process for the preparation of a hydrocarbon mixture, characterized in that a mixture of
carbon monoxide and frydrogen having an H,/CQ molar ratio of less than 1.0 is contacted in a first
- slage with an Fe-containing bifunctional catalyst or catalyst combination having, in addition to activity
., for the conversion of an H,/CO mixture inte substantially hydrecarbons, activity for tha conversion of an
$0 H,0/CO mixture into an H,/CO, mixture and that carbon monoxide and hydrogen present in the 50
" reaction product of first stage, if desired together with other components of said reaction product, are
contacted in a second stage with a cobalt or ruthenium-containing monofunctional catalyst having
activity for the canversion of an H,/CO mixture into substantially hydrocarbons, with the proviso that if
the faed for the second stage has an H,/CO molar ratio of lass than 1.5, water is added to said feed and
66 thatin the second stage use is made of & cobalt- or ruthenium-containing bifunctional catatyst or 55

catalyst combination having, in addition to activity for the conversion of an H,/CO mixture into
substantially hydrogarbons, activity for the conversion of an H,0/CO mixture in an H,/CQ, mixture.
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2. A process as claimed in claim 1, charactarizad in that the H,/CO mixture used as feed for the
first stage has an H,/CO molar ratlo of more than 0.25.

3. A process as claimed in ¢laim 1 or 2, characterized in that a catalyst is used containing 30—
75 parts by weight of iron and 5—40 parts by weight of magnesium per 100 parts by weight of
aiumina and prepared by impregnating an alumina carrier with one or mare aqueous solutions of salts
of iron and magnesium followad by drying the composition, calcining it at a tampsrature of 700—
1200°C and reducing it.

4. A process as claimed in claim 3, characterized in that a catalyst is used containing, in addition
1o 40— 60 parts by waight of iron and 7.5—30 parts by weight of magnesium, 0.5—F5 parts by weight
of copper as reduction promoter and 1—5 parts by weight of potassium as selectivity promoter per
100 parts by weight of alumina and calcined at 760—850°C and reduced at 250—350°C,

B. A process as claimed in claim 1 or 2, characterized in that a catalyst is used containing 10—
40 parts by weight of iron and 0.25---10 parts by waight of chromium per 100 paits by weight of silica
and prepared by impregnating a silica carrier with one or more aqueaus solutions of salts of iron and
chromium foliowed by drying the composition, calcining it and reducing il at a temperature of 350-—
750°C.

B. A process as claimed in ¢lalm B, characterized in that a catalyst is used containing in addition
to 20—35 parts by weight of iron and 0.5—?5 parts by weight of chromlum, 1—5 parts by weight of
potassium as selectivity promoter per 100 parts by weight of silica and calcined at 350—700°C and
reduced at 350—bB0G°C.

7. A process as claimed in any one of claims 1—8, characterized in that as catalyst with activity
for the conversion of an H/CO mixture into substantially hydrocarbons that is used in the sscond stags
of the process, use is made of a catalyst prepared by impregnation and containing cobalt on a carrier.

B. A process as claimed in cialm 7, characterized in that a catalyst is used containing 10—40
parts by weight of cobalt and 0.25—5 parts by weight of zirconium, titanium or chromium per 100
parts by weight of silica and prapared by impregnating a silica carrier with ane or more aguaocus
soluticns of salts of cobalt and/or zirconium, titanium or chromium, followed by drying the
composition, calcining it at 350—700°C and reducing it at 200—3580°C. _

8. A process as claimed in any one of claims 1—8, characterized in that watet is added to the
feed for the second stage and that in the second stage of bifunctionat catalyst combination is used
consisting of two separate catalysts A and B, catalyst A having activity for the conversion of an H,/CO
mixture into substantially hydrocarbons and catalyst B having activily for the conversion of an H,0/CO
mixture into an H,/CO mixture.

10. A process as claimed In claim 3, characterized in that the second stage is carried aut with the
use of a fixed catalyst bed conslisting of two or more alternating layers of particles of catalyst B and
catalyst A respectively.
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