
;e3edrYdoTTU$V^WX6.YTYL[OWO 02/0289 - 1 _ PCT/EPOl/07~~8 CATALYST AND
PROCESS FOR THE PREPARATION OF HYDROCARBONS   s a  The present invention
relates to a catalyst and process for the preparation of hydrocarbons from
synthesis gas. The preparation of hydrocarbons from a gaseous 5 mixture
comprising carbon monoxide and hydrogen (synthesis gas) by contacting the
mixture with a catalyst at elevated temperature and pressure is well known
in the art and is commonly referred to as Fischer-Tropsch synthesis. 10
Catalysts that may be suitably used in a FischerTropsch synthesis process
typically contain one or more catalytically active metals from Groups 8 to
10 of the Periodic Table of the Elements. In particular, iron, nickel,
cobalt and ruthenium are well known catalytically 15 active metals for such
catalyst and may be optionally combined with one or more metal oxides
and/or metals as promoters. Cobalt has been found to be the most suitable
for catalysing a process in which synthesis gas is converted to primarily
paraffinic hydrocarbons containing 20 5 or more carbon atoms. In other
words, the C5+ selectivity of the catalyst is high. Similar catalyst
compositions are also known in other fields including JP-A-404122454 which
describes an exhaust gas purification catalyst comprising an active 25
platinum group element such as ruthenium, rubidium, palladium and platinum
or a metal oxide such as chromium, manganese, cobalt and nickel on an
alumina, silica, titanic, silica-titanic or alumina-titanic carrier.
Catalysts of the invention are fitted in an exhaust gas 30 purification
catalytic converter and may be used in controlling emissions from gasoline
engines.   ~ i   WO 02/02.t89 - 2  PCT/EPO 1/07.1.18 US-A-5 134 109
provides a catalyst for the steamreforming of hydrocarbons, which comprises
at least onemetal from rhodium and ruthenium and at least one metalfrom
cobalt and manganese deposited on a carrier which is5preferably zirconia or
stabilised zirconia.JP-A-60064631 discloses a catalyst comprising an
irongroup metal such as cobalt and iron, a platinum groupmetal such as
ruthenium, rhodium, palladium, platinum andiridium, and manganese oxide,
supported on a carrier10comprising titanium oxide. JP-A-60064631
furtherdiscloses a method for the production of high calorie gascontaining
hydrocarbons of 1-4 carbons for use as fuels,from low calorie gas
containing a mixture of hydrogen,carbon monoxide and optionally carbon
dioxide.15JP-A-60064631 is primarily concerned with a methodfor the
production of methane and C2_4 hydrocarbons anddoes not concern itself in
any way with increasing % C5+selectivity during the conversion of low
calorie gas.Indeed, it can seen from Example 2 therein, which is the20only
example of conversion of a simple CO/H2 mixture,that the treatment of a
mixture of 3 parts H2 and 1 partCO in the presence of a catalyst
composition comprising10% Co, 6% Mn203 and 2% Ru on a titanium carrier,
resultsin 74.6% CH4, 7.3% C2H6, 5.5o C3Hg, 2.6% C4H10 and 10.0%25C02 (by %
volume), i.e. the presence of C5+ hydrocarbonswas not detected. This
conversion was effected at 320 C,and although the broadest temperature
range disclosed forthe process is l50 to 400 C, it is stated that
thepreferred range is 260 to 350 C.30Although, US-A-4 568 663 describes a
rhenium-promotedcobalt catalyst on an inorganic oxide support which
ispreferably titania, which catalyst may be employed inproduction of
hydrocarbons by both FT synthesis and theconversion of methanol, as being
highly active, this   WO U2/02-L89 - 3  PCT/EPO1/07-L-48 disclosure is
discussed in column 2, lines 19 to 35, of US-A-4 857 559, and contrasted
with the corresponding alumina-supported catalyst, which has significantly
higher activity. 



5 Much research effort has been directed to finding catalysts having a
higher C5+ selectivity than known catalysts at the same or higher activity.
US-A-4 857 559 concerns the addition of rhenium to cobalt on a number of
common supports including alumina, 10 silica, titania, chromia, magnesia
and zirconia and a process for the FT synthesis of hydrocarbons using said
catalyst. However, it is recognised therein (e. g. column 4, lines 54 to 59
and column 15, lines 51-55) that whilst supports other than alumina may be
used, such 15 supports produce catalysts with much lower activities. It is
found in US-A-4 857 559 that the hydrocarbon yield obtained by the addition
of rhenium to alumina-supported cobalt catalyst is greater than the
corresponding titania-supported catalyst. In particular, the FT 20
conversion of synthesis gas into hydrocarbons show lower o CH4 selectivity,
higher o CO conversion and higher C2+ selectivity for rhenium-promoted
cobalt catalysts on alumina, than for similar catalysts on titania (Table
1).     W O 02/02.189 - 4  TABLE 1 PCT/EP01/07~1-18 a SelectivityExample
No.o Coo ReSupporto CO
ConversionC2+CHIC028121A12033387.711.40.93012-Ti02*1187.611.80.631121Ti02*1
786.512.80.73212-Ti02**1187.611.70.733121Ti02**1785.813.50.7 * support
calcined at 500 C. ** support calcined at 600 C. Based on the above
disclosure, the person skilled in the art would clearly deduce that Ti02
should be avoided as catalyst carrier for rhenium/cobalt combinations in
favour of A1203. 5 Fischer-Tropsch synthesis of hydrocarbons produces a
number of by-products such as carbon dioxide, water and gaseous C1_q
hydrocarbons. As well as improving o CO conversion, it is of prime
importance to be able to adjust the product slate in any 10 given
Fischer-Tropsch reaction, to satisfy individual requirements such as
increased o C5+ selectivity and reduced CH4 and C02 production. It is
highly desirable to reduce the amount of carbon dioxide evolved during
Fischer-Tropsch synthesis of 15 hydrocarbons for both economic and
environmental reasons. It is particularly desirable to restrict the level
of carbon dioxide by-product in such process to less than 2o v/v,
preferably less than to v/v. Of prime importance is that any methodologies
20 employed for a reduction in carbon dioxide selectivity in 



WO 02/0289 PCT/EPO1/07-t-l8 - 5  Fischer-Tropsch synthesis, do not cause a
concomitant reduction in C5+ hydrocarbon selectivity. It can be seen from
Table 1, that whilst the addition rhenium to a cobalt catalyst on titania
gives a modest 5 increase in activity from 11% carbon monoxide conversion
to 17o carbon monoxide conversion, the C2+ selectivity is reduced and the
C02 selectivity is equal or increased compared to the corresponding
unpromoted catalyst. WO-A-97/00231 relates to a catalyst comprising cobalt
10 and manganese and/or vanadium supported on a carrier wherein the
cobalt:(manganese + vanadium) atomic ratio is at least 12:l. Said catalyst
exhibits higher C5+ selectivity and higher activity when used in the
Fischer-Tropsch 15 synthesis of hydrocarbons, compared to catalysts
containing cobalt only, or containing a relatively higher amount of
manganese and/or vanadium. Preferred carriers include titania, zirconia and
mixtures thereof. It is highly desirable not only to increase further 20
the C5+ selectivity of such cobalt manganese catalysts, but also to reduce
their carbon dioxide selectivity. It has now been surprisingly found that
the addition of small quantities of rhenium and/or ruthenium to
cobalt-manganese catalyst compositions can not only cause 25 reductions in
carbon dioxide selectivity, but can also have dramatic effects on the
product slate obtained from FT hydrocarbon synthesis reactions.
Accordingly, the present invention provides a process for the production of
mainly C5+ hydrocarbons comprising 30 contacting carbon monoxide and
hydrogen at a temperature in the range of from 180 to 270 C and elevated
pressure in the presence of a catalyst composition comprising cobalt,
manganese and at least one of rhenium and/or ruthenium on a titania
carrier.   WO 02/02.189 _ 6 PCT/EPO1/07~~8 According to another aspect, the
present invention provides a catalyst composition comprising cobalt,
manganese and rhenium on a titania carrier. By "mainly" in the present
invention is meant an 5 amount greater than 80 wt.% based on the paraffinic
hydrocarbon and carbon dioxide distribution. By "product slate" in the
present invention is meant the overall product distribution resulting from
FischerTropsch synthesis of hydrocarbons, i.e. the relative 10 amounts of
C1_4 hydrocarbons, C5+ hydrocarbons, water and carbon dioxide present in
the product mixture. The rutile:anatase weight ratio in the titania carrier
is not limited in the present invention, however said ratio may
conveniently be less than 2:3, as 15 determined by ASTM D 3720-78. The
titania carrier may be prepared by any method known in the art, however it
is particularly preferred that the titania carrier is prepared in the
absence of sulphur-containing compounds. An example of such a 20
preparation method involves flame hydrolysis of titanium tetrachloride. It
will be appreciated that the titania powder derived from such a preparation
method may not be of the desired size and shape. Thus, usually a shaping
step is required to prepare the carrier. Shaping 25 techniques are well
known to those skilled in the art and include pelletising, extrusion,
spray-drying, and hot oil dropping methods. Titania is available
commercially and is well-known as a material for use in the preparation of
catalysts or ` 30 catalyst precursors. As an alternative or in addition to
titania, the mixture may comprise a titania precursor. Titania may be
prepared by heating titanium hydroxide. As the heating progresses, titanium
hydroxide is converted via a number 



35 of intermediate forms and the successive loss of a number   WO 02/02.189
PCT/EPO 1 /07-1.18 of water molecules into titania. For the purpose of this
specification, the term "titania precursor" is to be taken as a reference
to titanium hydroxide or any of the aforementioned intermediate forms. 5
Catalysts that may be used in the process of present invention preferably
contain from 5 to 30 wt.% of Co based on the total weight of the catalyst
composition, more preferably from 10 to 25 wt.% of Co based on the total
weight of the catalyst composition, and most 10 preferably 15 to 25 wt.% of
Co based on the total weight of the catalyst composition. Catalysts that
may be used in the process of present invention preferably contain from
0.01 to 5 wt.% of Mn based on the total weight of the catalyst composition,
15 more preferably from 0.01 to 1.5 wt.% of Mn based on the total weight of
the catalyst composition. Catalysts that may be used in the process of
present invention preferably contain from 0.01 to 5 wt.% each of rhenium
and/or ruthenium based on the total weight of the 20 catalyst composition,
more preferably from 0.01 to 1 wt.% each of rhenium and/or ruthenium based
on the total weight of the catalyst composition, and most preferably from
0.01 to 0.5 wt.% each of rhenium and/or ruthenium based on the total weight
of the catalyst composition. 25 Catalysts that may be used in the process
of the present invention may further comprise up to 20 wt.% of a binder
material such as alumina or silica based on the total weight of the
catalyst composition, preferably up to 10 wt.% of a binder material such as
alumina or silica - 30 based on the total weight of the catalyst
composition. The pore size and volume of the catalyst composition prior to
activation are not limited in the present invention. The pore volume may
conveniently be in the range of from 0.1 to 0.8 cm3/g, preferably in the
range   WO 02/0289 _ g _ PCT/EPO1 /07-4.t8 of from 0.15 to 0.7 cm3/g, more
preferably in the range of from 0.2 to 0.5 cm3/g. The catalyst of the
present invention may be prepared by methods known to those skilled in the
art, such as by 5 precipitating the catalytically active compounds or
precursors onto the carrier; spray-coating, kneading and/or impregnating
the catalytically active compounds or 



precursors onto the carrier; and/or extruding one or more catalytically
active compounds or precursors together 10 with carrier material to prepare
catalyst extrudates. It will be appreciated by those skilled in the art
that the most preferred method of preparation may vary, depending e.g. on
the desired size of the catalyst particles. It belongs to the skill of the
skilled person 15 to select the most suitable method for a given set of
circumstances and requirements. Extrusion may be effected using any
conventional, commercially available extruder. In particular, a screwtype
extruding machine may be used to force the mixture 20 through the orifices
in a suitable dieplate to yield extrudates of the desired form. The strands
formed upon extrusion may be cut to the desired length. After extrusion,
the extrudates are dried. Drying may be effected at an elevated
temperature, preferably up to 25 500 C, more preferably up to 300 C. The
period for drying is typically up to 5 hours, more preferably from 15
minutes to 3 hours. The extruded and dried catalyst composition may be
calcined. Calcination is effected at elevated 30 temperature, typically in
the range of from 200 to 900 C, preferably at a temperature in the range of
from 400 to 750 C, more preferably in the range of from 500 to 650 C. The
duration of calcination treatment is conveniently from 5 minutes to several
hours, preferably 35 from 15 minutes to 4 hours.   WO 02/02.189 _ g _
PCT/EPOl/07.1-18 Conveniently, the calcination treatment is carried out in
an oxygen-containing atmosphere, preferably air. It will be appreciated
that, optionally, the drying step and the calcining step may be combined. 5
A preferred method of preparing the catalyst according to the present
invention is by impregnating the catalytically active compounds or
precursors onto a carrier. Thus, typically the carrier is impregnated with
a solution of a cobalt compound, a solution of a rhenium 10 and/or
ruthenium compound and a solution of a manganese compound. Preferably, the
carrier is impregnated simultaneously with the respective metal compounds.
Thus, according to a preferred embodiment, the process for preparing the
catalyst for use in the process of the 15 present invention comprises
co-impregnating the carrier with a solution of a cobalt compound, a
solution of a rhenium and/or ruthenium compound and a solution of a
manganese compound. A further preferred method of preparing the catalyst 20
according to the present invention is by mixing some of the catalytically
active compounds or precursors with the carrier, followed by extruding the
resulting mixture, followed by drying and calcining the extrudate, followed
by impregnating with further catalytically active 25 compounds or
precursors to prepare catalyst extrudates for use in the process of the
present invention. Thus, typically the carrier is mixed with a cobalt
compound and a manganese compound and water followed by extrusion of the
resulting mixture, and after drying and 30 calcining, followed by
impregnation with a solution of a rhenium and/or ruthenium compound to
prepare catalyst extrudates for use in the process of the present
invention. Preferably, the carrier is mixed simultaneously with the cobalt
and manganese compounds.   WO 02/02-189 - 10  PCT/EPO1/07~~8 Thus,
according to a preferred embodiment, the process for preparing the catalyst
for use in the process of the present invention comprises co-extruding the
carrier with a cobalt compound and a manganese compound, 5 followed by
impregnating the extrudate with a solution of a rhenium and/or ruthenium
compound. Examples of suitable cobalt compounds that may be used in the
preparation of said catalyst include one or more of cobalt hydroxide,
cobalt oxide, cobalt carbonyl, 



10 halides such as cobalt chloride (hexahydrate or anhydrous), inorganic
acid salts such as cobalt sulphate, cobalt nitrate or cobalt carbonate, and
organic acid salts such as cobalt acetate and cobalt formate. Preferred
cobalt compounds include cobalt hydroxide, 15 cobalt carbonate and cobalt
nitrate. Examples of suitable rhenium compounds that may be used in the
preparation of said catalyst include one or more of rhenium oxide, rhenium
chloride, rhenium carbonyl, ammonium perrhenate and perrhenic acid. The 20
preferred rhenium compound is ammonium perrhenate. Examples of suitable
ruthenium compounds that may be used in the preparation of said catalyst
include one or more of a ruthenium halide such as ruthenium chloride or
ruthenium iodide, a ruthenic halide or salt thereof, for 25 example
ruthenic chloride, ammonium ruthenic chloride, sodium ruthenic chloride,
potassium ruthenic chloride, a ruthenium oxide such as ruthenium di or
tetraoxide, a ruthenic acid salt such as potassium ruthenate or sodium
ruthenate, an organic ruthenium compound such as 30 ruthenium carbonyl,
ruthenium nitrosyl nitrate. The preferred ruthenium compound is ruthenium
nitrosyl nitrate. Examples of suitable manganese salts that may be used in
the preparation of said catalyst include one or more 35 of manganese
hydroxide, manganese oxide, halides such as   W O 02/0289 _ 11 _
PCT/EPO1/07-t.18 manganese chloride, inorganic acid salts such as manganese
sulphate, manganese nitrate or manganese carbonate, and organic acid salts
such as manganese acetate and manganese formate. Preferred manganese 5
compounds include manganese hydroxide, manganese nitrate and manganese
acetate. The impregnation treatment is typically followed by drying and,
optionally, calcining. Drying is typically carried out at a temperature in
the range of from 50 to 10 300 C for up to 24 hours, preferably from 1 to 4
hours. Calcination is typically carried out at a temperature in the range
of from 200 to 900 C, preferably, in the range of from 250 to 700 C. The
duration of the calcination treatment is typically from 0.5 to 24 hours, 15
preferably from 1 to 4 hours. Suitably, the calcination treatment will
normally be higher than the average temperature during the drying
treatment. When in use, the catalyst for the process of the present
invention may contain at least part of the cobalt 20 in its metallic form.
Therefore, it is normally advantageous to activate the catalyst prior to
use by a reduction treatment, in the presence of hydrogen at elevated
temperature. Typically, the reduction treatment involves treating the 25
catalyst at a temperature in the range of from 100 to 450 C for 1 to 48
hours at elevated pressure, typically from 0.1 to 20.0 MPa (1 to 200 bar
abs.). Pure hydrogen may be used in the reduction treatment, but it is
usually preferred to apply a mixture of hydrogen and an inert 30 gas, such
as nitrogen. The relative amount of hydrogen present in the mixture may
range from between 0% and 1000 by volume. According to one preferred
embodiment, the catalyst is brought to the desired temperature and pressure
level 35 in a nitrogen gas atmosphere and subsequently, the   WO 02/0289 -
12  PCT/EPO1/07-4-48 catalyst is contacted with a gas mixture containing
only a small amount of hydrogen gas, the rest being nitrogen gas. During
the reduction treatment, the relative amount of hydrogen gas in the gas
mixture is gradually increased 5 up to 50% or even 100% by volume. If
possible, it is preferred to activate the catalyst in situ, i.e. inside the
reactor. WO-A-97/17137 describes an in situ catalyst activation process
which comprises contacting the catalyst in the presence of hydrocarbon 10
liquid with a hydrogen-containing gas at a hydrogen partial pressure of at
least 1.5 MPa (15 bar abs.), preferably at least 2.0 MPa (20 bar abs.),
more preferably at least 3.0 MPa (30 bar abs.). Typically, in this process
the hydrogen partial pressure is at most 15 20 MPa (200 bar abs.). It is
advantageous to rejuvenate spent catalyst, i.e. catalyst that has lost at
least part of the initial activity of an activated fresh catalyst, by
subjecting it to a hydrogen strip or an ROR treatment. Conveniently, 



20 the ROR treatment involves the steps, in sequence, of reduction with a
hydrogen-containing gas, oxidation with an oxygen-containing gas, and
reduction with a hydrogencontaining gas. The process of the present
invention is preferably 25 carried out at a temperature in the range of
from 200 to 250 C. The pressure is typically in the range of from 0.5 to
15.0 MPa (5 to 150 bar abs.), preferably in the range of from 1.0 to 8.0
MPa (10 to 80 bar abs.), in particular from 1.0 to 6.0 MPa (10 to 60 bar
abs.). 30 Hydrogen and carbon monoxide (synthesis gas) may be conveniently
fed to the process at a molar ratio in the range of from 1 to 2.5. The gas
hourly space velocity (GHSV) of the synthesis gas in the process of the
present invention may vary 35 within wide ranges and is typically in the
range of from   WO 02/02-t89 - 13  PCT/EP01/07~~8 400 to 10000 N1 1-1h-1,
for example from 400 to 4000 N1 1"1h-1. The term GHSV is well known in the
art, and relates to the volume of synthesis gas in N1, i.e. litres at
standard temperature and pressure (STP) 5 conditions (0 C and 1 bar abs.),
which is contacted in one hour with one litre of catalyst particles, i.e.
excluding interparticular void spaces for slurry reactions. In the case of
a fixed catalyst bed, the GHSV may also be expressed as per litre of
catalyst bed, i.e. 10 including interparticular void space. The process of
the present invention for the preparation of hydrocarbons may be conducted
using a variety of reactor types and reaction regimes, for example a fixed
bed regime, a slurry phase regime or an 15 ebullating bed regime. It will
be appreciated that the size of the catalyst particles may vary depending
on the reaction regime they are intended for. It belongs to the skill of
the skilled person to select the most appropriate catalyst particle size
for a given reaction 20 regime. Further, it will be understood that the
skilled person is capable of selecting the most appropriate conditions for
a specific reactor configuration and reaction regime. For example, the
preferred gas hourly 25 space velocity may depend upon the type of reaction
regime that is being applied. Thus, if it is desired to operate the
hydrocarbon synthesis process with a fixed bed regime, preferably the gas
hourly space velocity is chosen in the range of from 500 to 2500 Nl 1-1h-1.
If it 30 is desired to operate the hydrocarbon synthesis process with a
slurry phase regime, preferably the gas hourly space velocity is chosen in
the range of from 1500 to 7500 N1 1`1h-1.   WO 02/0289 - 14
PCTIEP01/07-4-t8 The present invention is illustrated by the following
Examples, which should not be regarded as limiting the scope of the
invention in any way. ~SrarnDT ~e 5 Example 1 (comparative) A mixture was
prepared containing 112.5 g of commercially available titania powder (p25
ex. Degussa), 49.5 g of commercially available Co(OH)2 powder, 8.2 g
Mn(Ac)2.4H20 (wherein "Ac" represents acetate) and 45 g 10 water. The
mixture was kneaded for 30 minutes. The mixture was shaped by means of an
extruder. 



The extrudates were dried for 2 hours at 120 C and subsequently calcined
for 2 hours at 500 C. The catalyst (I) thus produced, contained 22o by 15
weight of cobalt compounds, expressed as cobalt metal, and 1.2o by weight
of manganese compounds, expressed as manganese metal, based on the total
weight of the catalyst composition. Example 2 20 A portion of catalyst (I)
was impregnated with an aqueous solution of ammonium perrhenate (NH4Re04).
The extrudates were dried for 2 hours at 120 C and calcined for 2 hours at
500 C. The catalyst (II) thus produced, contained 22% by 25 weight of
cobalt compounds, expressed as cobalt metal, 1.2% by weight of manganese
compounds, expressed as manganese metal, and 0.18o by weight of rhenium
compounds, expressed as rhenium metal (9.7x10'6 mol Re/gram catalyst),
based on the total weight of the 30 catalyst composition. Example 3 A
portion of catalyst (I) was impregnated with an aqueous solution of
ruthenium nitrosyl nitrate (Ru(NO) (N03)x(OH)y, x + y = 3) .   WO 02/0289
PCT/EP01/07.t.t8 _ 15 - The extrudates were dried for 2 hours at 120 C and
calcined for 2 hours at 500 C. The catalyst (III) thus produced, contained
22% by weight of cobalt compounds, expressed as cobalt metal, 5 1.2o by
weight of manganese compounds, expressed as manganese metal, and 0.10% by
weight of ruthenium compounds, expressed as ruthenium metal (9.9x10-6 mol
Ru/gram catalyst). Example 4 10 Catalyst testing was performed according to
the method described in WO-A-97/00231. Catalysts I, II, and III were tested
in a process for the preparation of hydrocarbons. Microflow reactors A, B,
and C, containing 10 ml of catalysts I, IT, and TII respectively, in the 15
form of a fixed bed of catalyst particles were heated to a temperature of
260 C, and pressurised with a continuous flow of nitrogen gas to a pressure
of 0.2 MPa (2 bar abs.). The catalysts were reduced in situ for 24 hours
with a mixture of nitrogen and hydrogen gas. 20 During reduction, the
relative amount of hydrogen in the mixture was gradually increased from Oo
to 1000. The water concentration in the off-gas was kept below 3000 ppmv.
Following reduction, the pressure was increased to 25 2.6 MPa (26 bar
abs.). The reaction was carried out with a mixture of hydrogen and carbon
monoxide at a H2/CO ratio of 1.1:1. The GHSV amounted to 800 N1 1-1h-1. The
reaction temperature is expressed as the weighted average bed temperature
(WART) in C. The space time yield (STY), 30 expressed as grammes
hydrocarbon product per litre catalyst particles (including the voids
between the particles) per hour, the C5+ selectivity, expressed as a weight
percentage of the total hydrocarbon product, and 



the C02 selectivity, expressed as a molar percentage of   WO 02/02.l89
PCT/EP01/07~~8 - 16  the CO converted, were determined for each experiment
after 50 hours of operation. The results are set out in Table I. TABLE I
CatalystIIIIIIWABT (C)209202206STY (g lcat 1h`1)100100100C5+ selectivity
(o)929594C02 selectivity (%)1.21.00.8 It will be appreciated that, in
addition to the 5 reduction in C02 selectivity, the activity and C5+
selectivity of both catalysts II and III, according to the invention, is
much better than that of catalyst I.   WO 02/0289 - 17  C L A I M S
PCT/EP01 /07-4.18 1. Process for the production of mainly C5+ hydrocarbons
comprising contacting carbon monoxide and hydrogen at a temperature in the
range of from 180 to 270 C and elevated pressure in the presence of a
catalyst 5 composition comprising cobalt, manganese and at least one of
rhenium and/or ruthenium on a titanic carrier. 2. Process according to
claim 1, wherein the catalyst contains from 5 to 30 wt.% of Co based on the
total weight of the catalyst composition and wherein the 10 catalyst
contains from 0.0Z to 5 wt.% Mn based on the total weight of the catalyst
composition. 3. Process according to claim 1 or 2, wherein the catalyst
contains 0.01 to 5 wt.% each of rhenium and/or ruthenium based on the total
weight of the catalyst 15 composition. 4. Process according to any one of
claims 1 to 3, wherein the temperature is in the range of from 200 to 250
C. 5. Process according to any one of claims 1 to 4, 20 wherein said
process is carried out under fixed bed conditions. 6. Catalyst composition
comprising cobalt, manganese and rhenium on a titanic carrier. 7. Catalyst
composition according to claim 6, wherein 25 the catalyst contains from 5
to 30 wt.%~ of Co based on 



the total weight of the catalyst composition and wherein the catalyst
contains 0.01 to 5 wt% Re based on the total weight of the catalyst
composition. . 8. Catalyst composition according to claim 6 or 7, 30
wherein the catalyst contains from 0.01 to 5 wt.% Mn based on the total
weight of the catalyst composition.   WO 02/0289 - 18  PCT/EPO1/07-4-L8 9.
An activated catalyst suitable for the production of hydrocarbons obtained
by reduction with hydrogen at elevated temperature of a catalyst according
to any one of claims 6 to 8. 5 10. Process for the production of a catalyst
composition as claimed in any one of claims 6 to 9, which comprises
extruding the titania carrier with a cobalt compound and a manganese
compound, followed by drying and, optionally, calcining, and followed by
impregnation with a solution 10 of a rhenium salt.
.Al.AFL9.AYL,.Al9.AYL.AYL9.Aln9.AYL.AYL.Al9L.ALr.AlL9.AA9.AL.A9r.AL!.AYL?.A
L+ YZ[]_`RSyz{}}xsnid_Z]c
a]cLa]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]caU]
c aU]ca]ca]ca]caU]ca]caU]ca }'*4:Kg
./~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU
]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]c aU]c a!%6;)45GSTf*+S
M{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca!Iek$%TW"#0uR!!!C"D"T"a"e"|wrmhc]X]]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]caU]ca]ca]ca]ca]ca]ca!e"t"""S#T#e#f#$$$$$$$$i%j%%%&&&&''''((((((|wrmhc^Y]]
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caU]ca!(s))))))));
*^*****"+#+(+)+++++-,.,,,,,,-t---{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca!--T...
..//0/n/o////0|0000000001,11111'2(2@2}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!@2z
22222344444+5r5s5M66666p7r77777778
8!888F9|wqlgb]X]]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!F9;;+<,<<<<<<<)=*=>
>>>??&?5???0@1@;
A<AAABBBB<C{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<C=CDD5D6DQDRDkDlDDDDDDDDDE
E_E`EEEYFeFlF}F/G0GGGHH|vqlgb]X]]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!HIIIIMMMMMMNNN
O%O#PPPARRSSTTTTTUUU1V2V}xrmhc^Ylgb]X]]]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca
2VVVVVWWq[t[|[~[[[$\0\2\<\w\\\\\\\\]U]]]]]]^^zupkfa\V]c^a]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca
]ca]ca!^0_1_I_J_s_t_u_c`````FaGawazaaaaaaaaaabc
cccccczupje`[V]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca]ca]
ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!cdddeeeSfffghJhfhmhhhhuiiKjVj]ji
j{jjk
ll'lllll}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]c^a]ca]
ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca!lmm'm[mkmmmnEnQnnoooRotouopp
Wpbpipzpqqrrdr{vq}xsnid_ZU]ca]ca]ca]ca]ca]c]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca YZ[]iK-
M10%-u&'()-s10%-u&'()-s@:10%-u&'()-`l10%-u&'()-l"L10%-u&'()-&10%-u&'()-L10%
-u&'()-]_``?- M10% U $10%&'()-( Z $10%&'()-( ` $10%uu&'()-( <
$10%&'()-(F&6&10%-u&'()-M3L3M10%-u&'()-MdyzwX9-
&9<10%-u&'()-4#10%-&'()-g!4#10%&'()-g!P $10%uu&'()-(!2 $10%uu&'()-(!=
$10%--&'()-(z{bC Y"L10%&'()-10%&'()-L10%&'()- 10-H 10-H 10-H
+l10%-H&'()-3:10%-u&'()-9 



u]CC FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4 M N O
x^?C FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4
()}^FC Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y()*defu]CC
FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4 Gx^?C
FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4GHI}^FC
Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(" # $ u]CC
FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4$ ] ^ _



x^?C FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4
EF}^FC Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FGu]CC
FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4345ox^?
C FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4opq}^FC
Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y( @ABu]CC
FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4Y(&FZ(10%&'()-4)FZ(10%&'()-4Byz{x^?
C
FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(FZ(10%&'()-4"#$%&'4~sh]
<  FL10%'&'()-4 10 10 10FZ(10%&'()-4Y(FZ(10%&'()-4FZ(10%&'()-4Y(4:Kg|[:sh]<
fls$10%^^&'()-Z- 9'10%1&1&'()- 9'10%(&(&'()- F10%'&'()- FF"L10%'&'()-
Ff10%'&'()-6 |[:sh]<  FY`3:10%'&'()-L- fls$10%ck'c&'()-Z fls$10%^'^&'()-Z
fls$10%Y'Y&'()-Z fls$10%c&c&'()-Z Ffls$10%?'&'()-Z%6vU4< F!910%'&'()-
F10%'&'()-  F10%'&'()- F910%'&'()-10'10'10' FYL6:10%'&'()-M6789:;IJtT84< if
10%'&'()- if 10%'&'()- if 10%'&'()- if 10%'&'()- if 10%'&'()- 1if 10%'&'()-
if 10%'&'()- 



JKLTX]bhH(8if 10%'&'()- if 10%'&'()- if 10%'&'()- if 10%'&'()- ;c /'if
10%'&'()- bjoz~_?8if 10%'if 10%'&'()- if 10%'&'()- if 10%'&'()- if
10%'&'()- if 10%'&'()- if 10%'&'()- hH(8if 10%'&'()- if 10%'&'()- if
10%'&'()- if 10%'&'()- if 10%'&'()- 



;c /'cG'8if 10%'&'()- if 10%'&'()- ;c /'if 10%'&'()- if 10%'&'()- if
10%'&'()- _?8if 10%'if 10%'&'()- if 10%'&'()- if 10%'&'()- if 10%'&'()- if
10%'&'()- if 10%'&'()- hH(8if 10%'&'()- if 10%'&'()- if 10%'&'()- if
10%'&'()- if 



10%'&'()- ;c /'cG'8if 10%'&'()- if 10%'&'()- ;c /'if 10%'&'()- if 10%'&'()-
if 10%'&'()- _?8if 10%'if 10%'&'()- if 10%'&'()- if 10%'&'()- if 10%'&'()-
if 10%'&'()- if 10%'&'()-   hH(8if 10%'&'()- if 10%'&'()- if 10%'&'()- 



if 10%'&'()- if 10%'&'()- ;c /'#'()GcH'8 lS-10%'&'()-if 10%'&'()- ;c /'if
10%'&'()- if 10%'&'()- if 10%'&'()- GfS|[:8 lS-10% ls#10%'&'()-g&
ll"@#10%'&'()- l M10%'&'()-y lfm10%'&'()- l-10%'&'()- l-10%'&'()-M|[:8
lS-10% l,/ (10%#'#&'()-z& @l,/ (10%'&'()-z ls--10%'&'()- l+-10%'&'()-
ll(#10%'&'()-f l&'-10%'&'()-FGHIkvU4S X L&!10%'&'()- L&!10%'&'()-10'10'10'
l@8s$10%'&'()-f @8s$10%2#&'()-f l@5M10%'&'()-f80|[:vU4S X S@$10%'&'()-f
@3(10%S%S&'()- 53(10%'&'()- 3(10%N'N&'()- 3(10%S@&S&'()- lF 10%'&'()-uL
R!!|[:vU4S X YY4'10%'&'()-g (Yy&(10%'&'()-   Yy&(10%['&'()-
EYy&(10%C'&'()-   Yy&(10%$&'()-   lS@$10%&&'()-f!!Q"R"S"T"a"e"t"vU4S
l3"L10%'&'()- l,10%&&'()- lL10%'&'()-10'10'10' l8-10%'&'()-S
lY7-10%'&'()-t"##<$$A%b%|[:vU4S l HYG(10%&'()-4l 6YG(10%SH'S&'()-4l
YG(10%S'S&'()-4 1YG(10%SC'S&'()-4 YG(10%q%q&'()-4
7YG(10%D-&D&'()-4b%5&I''Y(3)p)q)|[:-410'l HYG(10%'&'()-4l
@YG(10%IC'I&'()-4l l YG(10%M'&'()-4 YG(10%S'S&'()-4 YG(10%S['S&'()-4
7YG(10%W2&W&'()-4q)r)s))));*^*bA410'l H l 10%'&'()- l10%'&'()-
lY"910%'&'()- l10%'&'()- lL10%'&'()-10'10'^*j+++f,,-|[:A410'l l9Y-10%'&'()-
Y#10%'&'()-g Y#10%q&q&'()-g l9@10%'&'()-   '10%a'a&'()-  -  '10%N'N&'()-
-t--T...0/|[:A410'l l- 10%'&'()-@ ll+!10%'&'()- l):10%'&'()- l&10%'&'()-@
#t$10%'&'()-@ l  10%H'&'()-g0//0|000000|obU410 l`10%'&'()-10'10'10' l
&910%'&'()- 



l610%&&'()-f L)l3 (10% & &'()-S l 010%&&'()--0001,111|[:bU410 l
$10%O'O&'()- m7  (10%'&'()-y l 10%'&'()-  l10%'&'()-4 lF"L10%'&'()-
l@10%'&'()-1@2z22334|[:bU410 l l`,10%'&'()- lS#10%(&&'()-  ES#10%l'l&'()-
lhS#10%(&&'()-  l9 10%'&'()- l& 10%%&'()-f44+5W55M66|[:bU410 l
(Y0'10%~&~&'()-@ Ss'`$10%&&'()-S lSs'`$10%'&'()-S Ss'`$10%&'()-S
S#10%%&'()- 1S#10%{'{&'()-667777778vU410 lF"L10%'&'()- l,10%'&'()-
l`10%'&'()-10'10'10' tlY0'10%'&'()-@ jY0'10%e$&'()-@889:;<d=|[:vU410 l
YZ(10%f-&f&'()-2l DYZ(10%'&'()-2l YZ(10%N&N&'()-2 YZ(10%N'N&'()-2
#YZ(10%S'S&'()-2 1YZ(10%NM'N&'()-2d=>?????&?5?vU410 lY"910%'&'()-
l@L10%'&'()- lL10%'&'()-10aM'a10aM'a10aM'a YZ(10%aM'a&'()-2
2YZ(10%a&a&'()-25?@l@AB?BC|[:vU410 l Jl(10%t&t&'()-m4l l(10%..&'()-m4l
l(10%'&'()-m4 El(10%t&t&'()-m4 ,l(10%'&'()-m4
;l(10%y'y&'()-m4C&D9EEVFWFXFYFeF|obU410 l`10%'&'()-10.'.10.'.10.'.l
l(10%.'.&'()-m4 l(10%~j$~&'()-m4 l(10%'&'()-m4
l(10%y:'y&'()-m4eFlF}FHGG=HPI|[:bU410 l  (10%'&'()-m4 1 (10%u&&'()-m4l ,
(10%'&'()-m4  (10%:$&'()-m4 lY"L10%'&'()-
l:10%'&'()-PIIkJ@KZLL|M}M|[:-410'l 0 (10%'&'()-m4  (10%'&'()-m4l
(10%'&'()-m4 6 (10%%&'()-m4 0 (10%'&'()-m4  (10%u&&'()-m4}M~MMMMMNNbA410'l
0 l#10%&'()-  D#10%?'&'()-  l3"L10%'&'()- lL10%'&'()-
l`10%'&'()-10'10'NO#PPPQAR|[:A410'l @ls$10%H'&'()- @@ls$10%{'{&'()-
l@ls$10%&'()- @ls$10%l?'l&'()- @`$10%ht$h&'()-   D@`$10%h'h&'()-
ARRSSTyTTT|[:-410'l lS7`$10%'&'()- 6S7`$10%v'v&'()- l&610%X'X&'()-
S&3S#10%v'v&'()-S l-t10%'&'()-y lS*#10%&&'()-fTTTTTTUUbA410'l l
w'10%&&'()--2 |'10%h"&'()--2 lF"910%'&'()- lM10%'&'()-
l910%'&'()-10'10'UVVWXYZ|[:A410'l '10%&&'()--2 T'10%$&'()--2 '10%w'w&'()--2
w@'10%8%&'()--2 '10%rr&'()--2 m;'10%'&'()--2Zn[o[p[q[|[[[$\vU410 6
(10%'&'()- lF"L10%'&'()- lM10%'&'()- l`10%'&'()-10&10&10&
'10%&&'()--2$\0\J\w\\]U]|[:vU410  lS 10%'&'()-l lF10%'&'()-l l310%'&'()-zl
10%'&'()-g l10%F&'()-g 0 (10%&'()-U]]]]^^?_|[:vU410  SS#10%Fu&F&'()-l
SS#10%A A&'()-l lSS#10%'&'()-l SS#10%F!F&'()- 10% ' &'()-S l10%
&'()-S?_s__c```taua|[:-410J'J -SY13"10%J'J&'()-Z l SY13"10%<<&'()-Z l
lSY13"10%z&&'()-Z l lS)"10%'&'()- S)"10%F~F&'()-
"SS#10%|'|&'()-uavawaaaaaabA410J'J  r&10%&'()-U  l3m10%'&'()- lM10%'&'()-
lY"910%'&'()- l910%'&'()-10J'J10J'Jab ccccbd|[:A410J'J lhS#10%k&&'()-a
ll10%'&'()- S@#10%'&'()-y S@#10% &'()-y m&10%&&'()-U  &10%'&'()-U
bdd6eeeSff|[:A410J'J l--10%'&'()- lS)#10%p&&'()- S)#10%) )&'()-
@!#10%.'.&'()- @!#10%<P%<&'()-
S#10%$v"$&'()-aff4gghGhHhIhJh|[NA41010'10'10' ll:10%'&'()- l810%'&'()- S
1`$10%$0$$&'()- S 1`$10%$'$&'()-
lf/10%'&'()-Jhmhhhhhh|\<NA41010#10%X#&'()-l #10%X#&'()-l  l3  10%X#&'()-F l
m10%X#&'()- JPL!10%^"^&'()-' L!10%"&'()-'hhhhi ii_?NA41010#10%X#&'()-l 



#10%X#&'()-l #10%X#&'()-l -#3H6"#10%X#&'()-l #10%X#&'()-l
iii(i,i0i4i_?NA41010#10%X#&'()-l #10%X#&'()-l #10%X#&'()-l #10%X#&'()-l
#3H6"#10%X#&'()-l 4i5iIiLiOiRiSi`<NA41010#3H6"#10%X#&'()-l #10%X#&'()-l
#10%X#&'()-l #10%X#&'()-l #3H6"Sigikioisitiui`ENA41010#3#10%X#&'()-l
#3H6"#10%X#&'()-l #10%X#&'()-l #10%X#&'()-l #10%X#&'()-l
uiiHjIjJjKjVj]jijvU410 :10%'&'()-# `10%'&'()- L10%'&'()-10"10"#10"'
`10%"&'()-T &z 10%"&'()-yij{jjOkk'lZl|[:vU410   S"10%Ld%L&'()-f
S`10%'&'()-@ y@:$10%'&'()-S $ y@:$10%-#&'()-S'    (10%'&'()-
F"L10%'&'()-Zlll'm[mkmm|[:vU410  "`10%$&'()-T y f10%'&'()- 10%'&'()-
10%,$&'()-f' f10%'&'()- S"10%'&'()-fmmnEnQnnn|[:vU410   ,#10%[[&'()- +
10%'&'()- )10%'&'()- (s!10%'&'()-' %10%'&'()-T
%10%&'()-TnoRooTpUpVpWpbp|obU410 `10%l&l&'()-101&1101&1101&1
fY2&10%1&1&'()- DY2&10%&&'()-' 110%'&'()- ,#10%'&'()-bpipzp0qdr||obU410
`10%l&l&'()-101&1101&1101&1 w(10%&&'()-g "(10%&&'()-g' 3"L10%l&l&'()-
M10%l&l&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph
Font&HSr&-4<XC~JQpXv^IeJgVmdotvxz|~}e"(-@2F9<CH2V^cldrLMNOPQRSTUVWXYZ]z
)G$
FoB46JbG!t"b%q)^*-0/01468d=5?CeFPI}MNARTUZ$\U]?_uaabdfJhhi4iSiuiijZlmnbpdr[
\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h Root
EntryWordDocumentY   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


