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FIELD OF THE INVENTION

This invention relates to improved cobalt catalysts, the preparation of such catalysts, and their use in
hydrocarbon synthesis processes to produce Cs + hydrocarbons from synthesis gas, carbon monoxide and
hydrogen. More particularly, this invention relates to cobalt rhenium catalysts, supported on titania, that
exhibit exceedingly high volumetric productivity. These catalysts are prepared by applying cobalt and
rhenium to the catalyst in incremental amounts rather than applying all of either metal in a single
application.

SUMMARY OF THE INVENTION

Catalysts for hydrocarbon synthesis exhibiting high volumetric activity and comprising cobalt and
rhenium on a support containing primarily titania are prepared by applying more than one application of the
metals to the support. The important factors are that no more than about 8 wi% cobalt is applied in any one
application cycle, and that rhenium is present during each cobalt application. After each metals application
the catalyst is normally dried, followed by decomposition of the metal salts by either reduction in hydrogen
or calcination with oxygen. The dispersion of the cobalt is fixed during the decomposition step. For the
rhenium to function as a dispersion promoter for cobalt, it is believed, although we do not wish to be bound
by any theory, that the rhenium must be present in a positive valence state when the cobalt is decomposed
by converting to the elemental state or converting to the oxide.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of volumetric productivity against cobalt productivity. The points of Group A represent
the state of the art catalysts of relatively high cobalt loading, e.g., about 11-13 wi% cobalt, but relatively low
cobalt productivity and relatively low volumetric productivity. The points of Group B represent catalysts
having well dispersed cobalt and better cobalt productivity than the catalysts of Group A. The Group B
catalysts have relatively low cobalt loadings, e.g., about 4-5 wt% cobalt. Thus, cobalt dispersion by itself is
not adequate to result in high volumetric productivity. The points of Group C represent catalysts having
similar cobalt loadings as Group A and better dispersion than the catalysts of A (but not as good as the
dispersion of catalysts of Group B). Nevertheless, the volumetric productivity of Group C catalysts -- all of
which were prepared by multiple applications of cobalt and rhenium -- is much greater than either Group A
or Group B catalysts.

Figure 2 is a plot of cobalt productivity against cobalt dispersion measured by oxygen chemisorption,
and shows that cobalt productivity increases with increasing dispersion. However, this is unrelated to
volumetric activity.

Figure 3 is a plot of volumetric productivity against cobalt dispersion similarly measured, for each of the
three catalyst groups. The Group C catalysts which are indicative of this invention have high volumetric
activity relative to the Group A catalysts and this difference is due to multiple applications of cobalt and
rhenium to achieve greater dispersion.

Figure 4 is a plot of volumetric productivity against weight % C4-. Catalysts 7, 8, 9 which represent this
invention show low selectivity to gaseous products and very high cobalt productivity. Catalysts 7, 8, and 9
are all below a line defined by the equation Cs- = 4+(0.008)Pv, where Pv is volumetric productivity and
Cs-is wt% hydrocarbons of 4 carbons or less. Catalysts of the invention may be on this line or below it.
Hence their coordinates should satisfy the relationship :

Cs- 2 4 + (0.008) (Pv).

The cobalt catalyst is one wherein cobalt is composited, or dispersed upon a suitable support, silica,
alumina and preferably titania, TiO2, or a titania-containing carrier, or support preferably containing more
than 50 wt.% TiO2. The fitania preferably has a rutile:anatase weight ratio of at least about 2:3, as
determined by ASTM D 3720-78: Standard Test Method for Ratio of Anatase to Rutile In Titanium Dioxide
Pigments By Use of X-Ray Diffraction. In a more preferred form the ftitania, or titania component of the
carrier, or support, when used in the conversion of synthesis gas will contain a rutile:anatase ratio of at least
about 3:2, generally from about 3:2 to about 100:1, or greater, and more preferably from about 4:1 to about
100:1, or greater. The surface area of such forms of titania are less than about 50 m?gm~"'. The cobalt is
dispersed on the support in catalytically effective amounts.

In terms of absolute concentration, the cobalt is dispersed on the support in amounts ranging from
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about 2 percent to about 25 percent, preferably from about 5 percent to about 25 percent, more preferably
about 10-25 wi%, still more preferably about 10-20 wi% based on the total weight of the catalyst
composition (dry basis).

In conducting synthesis gas reactions the fotal pressure upon the reaction mixture is generally
maintained above about 80 psig, and preferably above about 140 psig, and it is generally desirable to
employ carbon monoxide, and hydrogen, in molar ratio of H2:CO above about 0.5:1. Suitably, the H>:CO
molar ratio ranges from about 0.5:1 to about 4:1, and preferably the carbon monoxide and hydrogen are
employed in molar ratio H2:CO ranging from about 1:7 to about 3:1. In general, the reaction is carried out at
gas hourly space velocities ranging from about 100 V/Hr/V to about 10000 V/Hr/V, preferably from about
300 V/Hr/V to about 5000 V/Hr/V, and at temperatures ranging from about 160°C to about 290°C,
preferably from about 190° C to about 260° C. Pressures preferably range from about 80 psig to about 600
psig, more preferably from about 140 psig to about 400 psig.

The catalysts employed in the practice of this invention are prepared by techniques known in the art for
the preparation of these and other catalysts. Suitably, cobalt can be composited with the rhenium, upon a
previously pilled, pelleted, beaded, extruded, or sieved titania or titania-containing support material by the
impregnation method. In preparing catalyst, the metals are deposited from solution on the support to
provide the desired absolute amount of the metals. Suitably, cobalt and rhenium are composited with the
support by contacting the support with solutions of a cobalt-containing compound and rhenium containing
compound or salts. The rhenium, where it is to be added, can then be composited with the support in
similar manner, or the rhenium can first be impregnated upon the support, followed by impregnation of the
cobalt. Optionally and preferably, the rhenium and cobalt can be coimpregnated upon the support. The
cobalt compounds used in the impregnation can be any organometallic or inorganic compound which
decomposes to elemental cobalt upon reduction or oxidation followed by reduction such as cobalt nitrate,
acetate, acetylacetonate, naphthenate, carbonyl, or the like. Cobalt nitrate is especially preferred while
cobalt halide and sulfate salts should be avoided. The salts may be dissolved in a suitable solvent, e.g.,
water, or organic solvent such as acetone, pentane or the like. The amount of impregnation solution used
should be sufficient to completely immerse the carrier, usually within the range from about 1 to 20 times the
carrier by volume, depending on the concentration of the cobalt-containing compound in the impregnation
solution. The impregnation freatment can be carried out under a wide range of conditions including ambient
or elevated temperatures.

Sufficient rhenium should be added to form a catalyst having a weight ratio rhenium:cobalt greater than
about 0.05:1, preferably in the range of about 0.05:1 to 0.15:1 and more preferably about 0.1:1, based on
the total weight of cobalt and rhenium in the catalyst (dry basis). The rhenium is deposited onto the support
using a suitable compound, e.g., perrhenic acid, ammonium perrhenate, rhenium carbonyl or the like.

The catalyst, after impregnation, is dried by heating at a temperature above about 0° C but below about
125°C, in the presence of nitrogen or oxygen or both, in an air stream or under vacuum. If the salt will be
decomposed by reduction, it is important that the drying conditions used do not cause premature
decomposition of the impregnated cobalt salt.

The drying step can be followed either by reduction to decompose the salts or by an oxidation to
convert the salts to their oxide forms. In the preferred form of this invention 10-20 wi% cobalt with
concomitant amounts of rhenium are applied to the support. In order to achieve the desired volume
productivity, the cobalt and rhenium are applied in more than one step with a maximum amount of cobalt of
no more than about 6-8 wi% being applied in any single application. Because decomposition, by reduction
or oxidation (calcination) generally sets the level of dispersion, cobalt and rhenium, applied seriatum or
preferably at the same time, must be present before any decomposition step occurs.

A metals application cycle comprises, for example, impregnation with suitable metal salts followed by
reduction and then followed by oxidation (calcination); or the metals impregnation may be followed directly
by oxidation (calcination). A second metals application cycle may then follow the first cycle. In either case a
final reduction is effected before the catalyst is charged into a hydrocarbon conversion process unit or,
preferably, the final reduction takes place in the unit.

Thus, two reduction cycles wherein the metal salts are decomposed by reducing are: impregnation,
reduction, oxidation; impregnation, reduction, oxidation. Additional cycles simply repeat the impregnation,
reduction, oxidation cycle. And two oxidation cycles, wherein the metal salts are converted to their
corresponding oxides, are: impregnation, oxidation; impregnation, oxidation. Additional cycles repeat the
impregnation, oxidation cycle. A drying step may follow each impregnation and drying may occur in a
reducing gas or an oxidizing gas but whether reducing or oxidizing gas is used the temperature is not such
that salt decomposition or conversion to oxide, respectively, occurs.

Achieving maximum volumetric productivity (cc CO conv/hr/cc catalyst) is related to achieving maxi-
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mum cobalt dispersion in any one particular cycle. The evidence of Figure 1 suggests that maximum cobalt
dispersion is achieved by depositing smaller amounts of cobalt with each cycle. Thus, if a catalyst having
15 wit% cobalt is the goal, the goal may be achieved in accordance with this invention in two cycles wherein
equal amounts of cobalt are deposited in each cycle. However, it is preferred to deposit the cobalt in at
least three cycles wherein equal amounts of cobalt are deposited in each cycle. Of course, the cobalt may
be divided into ever smaller amounts and more cycles may be employed. However, the cost of each cycle
is a consideration and diminishing returns are obtained when cobalts depositions of less than about 3-4 wi%
per cycle are employed. The amount of cobalt deposited in each cycle need not be equal to that in any
other cycle, it is only important that cobalt deposition in any one cycle not exceed about 8 wi%. Preferably,
cobalt deposition in each cycle may be in the range of 4-8 wt%, more preferably in the range of 4-6 wi%.
The corresponding amount of rhenium must, of course, be present, e.g., rhenium:cobalt for each cycle of
about 1:10 by weight.

Another way of determining the amount of cobalt deposited in any one cycle relates to the degree of
prefilling. Thus, as pores of the carrier material are filled, the ability of the rhenium to aid in cobalt
dispersion decreases, i.e., the cobalt salt tends to overwhelm the rhenium compound. The following table
illustrates the degree of prefilling with a cobalt nitrate salt for two different pore volumes:

PV, cc/gm | Wi% Co | % Pore Volume Filled By Salt
0.25 4 52
6 78
8 104
0.30 4 43
6 65
8 87

As pore volume increases, increasing amounts of cobalt salt can be used in each cycle. Generally, pore
volume filling should not exceed about 80%, preferably less than 70%, and more preferably less than about
60%. (Pore filling can be calculated in a given preparation by using density of 1.65 gm/cc for cobalt nitrate
in the molten state.) Thus, for smaller pore volumes, less cobalt per cycle should be employed.

In a reducing cycle, that is, where impregnation, for example, is followed by reduction, the salt
decomposition takes place in a reducing atmosphere, preferably flowing hydrogen or a mixture of gases
wherein the hydrogen component ranges in concentration from 5-100%, preferably 25-100%, at tempera-
tures of about 200°C to about 500°C, preferably 300°C to about 450°C for a period sufficient to
decompose the cobalt and rhenium salts to their metallic states. The oxidizing or calcining step whether it
follows a reduction or an impregnation is conducted in flowing oxygen or a mixture of oxygen and inert
gases wherein the oxygen content is at least about 1% at temperatures ranging from about 200° C to about
500° C, preferably 250°C to 450°C, for a period of time sufficient to convert the metal salts to their
corresponding oxides.

In the practice of this invention the best results are achieved by multiple impregnation cycles of cobalt
and rhenium wherein the impregnation step is followed by a reduction in flowing hydrogen to decompose
the salts. The goal of the invention is achieving high volumetric productivity and high cobalt dispersion while
noting that as the weight concentration of cobalt on the catalyst increases the cobalt dispersion and,
consequently, the cobalt productivity decreases because of the increasing tendency of cobalt crystals to
occupy the same site. Thus, the directional preference is for depositing smaller amounts of cobalt in each
application cycle along with rhenium to aid the cobalt dispersion.

The catalyst produced by this invention has a volumetric productivity of at least about 500 (at 200° C,
2/1 H2/CO) while having a cobalt dispersion, as measured by O/Co chemisorption, of at least about 0.24.
Because cobalt dispersion appears directly related to cobalt productivity, the dispersion level can be
equated to a cobalt productivity level of at least about 2500.

The volumetric productivity and cobalt productivity levels mentioned above are measured in a standard
hydrocarbon synthesis test conducted at 200° C, 280 psig and a hydrogen:carbon monoxide mole ratio of 2.
We believe that no other catalyst and particularly the catalysts reported in U.S. patent 4,499,203 and
4,568,663, can provide the volumetric productivity and cobalt dispersion of the catalysts of this invention
under these conditions However, volumetric productivity is also a function of temperature and can be
increased by increasing temperature. Volumetric productivity is simply a measure of the volume of carbon
monoxide converted per hour per volume of catalyst. In hydrocarbon synthesis reactions the most valuable
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products are Cs + and preferably Cio +. Methane is not a valuable product and, in fact, is a debit in
commercial processes. Other light gases, i.e., Cs+-while somewhat more valuable than methane, are not as
valuable as liquid products. Increasing temperature in a hydrocarbon synthesis process where carbon
monoxide and hydrogen are reacted, all other things being equal, tends to increase the methane yield.
Nevertheless, at any reasonable temperature for hydrocarbon synthesis, the catalysts of this invention
preferably have a selectivity to methane of less than about 8 mol%, preferably less than about 6 mol% at
volume productivities greater than 500 at 200° C, H>/CO of 2/1.

In the following examples, the TiO, extrudates used as supports had the following physical properties:
> 97% rutile (ASTM D 2730-78)
21-25 m?/gm (BET)
0.25-0.30 cc/gm pore volume

Cobalt on titania catalysts, with or without rhenium, were prepared by evaporating acetone solutions of
cobaltous nitrate and perrhenic acid onto portions of the TiO> extrudates and drying at 90° C in a vacuum
oven. Dried catalyst was then charged to a quartz reactor tube and the nitrate salt decomposed by one of
the cycles disclosed below:

Cycle Procedure
Oxidation (1) Air, 250° C, 3 hours

Reduction | (1) Hz, 450° C, GHSV of 800 for 1 hour, (cool below 50° C, flush with helium)
(2) 1% Oz - 4% Nz - 95% He at 250° C, GHSV of 1260 for 3 hours

Reduction Il (1) Hz, 300° C, GHSV of 800 for 1 hour (cool below 50 ° C, flush with helium)
(2) 1% Oz - 4% N2 - 95% He at 250° C, GHSV of 1260 for 3 hours

The treatments used for each catalyst are indicated in Table 1 and 2. Catalyst 2 was not treated in the
quartz reactor but was charged directly to the test reactor described below, where a final reduction is
applied before reacting the catalyst with synthesis gas.

Catalysts were sized to 60-150 mesh and tested in a small fixed-bed reactor. The catalyst charge was
diluted with an equal volume of 60-150 mesh TiO2 (to minimize temperature gradients) and activated by
reduction with hydrogen at 450 ° C, atmospheric pressure, for one hour. Synthesis gas with a composition of
64% H>-32% CO-4% Ne was then converted over the activated catalyst at 200° C, 280 psig for a test
period of at least 20 hours. Gas hourly space velocities (GHSV) shown in the tables represent the flow rate
passed over the volume of catalyst, excluding the diluent, at 22° C conditions. Samples of the exit gas were
periodically analyzed by gas chromatography to determine the extent of CO conversion and the selectivity
to methane, expressed as the moles of CHs formed per 100 moles of CO converted. Methane selectivity
was essentially constant at about 4-5% on all of the cobalt-rhenium catalysts described in Tables 1 and 2
(increasing slightly as temperature was increased). The remainder of the carbon-containing product was
C, + hydrocarbons, predominately C, + linear paraffins.

Oxygen chemisorption was performed at 25°C by measuring the uptake of oxygen pulses from a
helium carrier gas stream, passed over samples of catalyst which were reduced in hydrogen at 450° C.

The results are summarized in Table | and discussed thereafter.



EP 0 498 976 A1

2.0S% 1B Paonpal pue 1030BaJ 315331 2yl 0) pabueyd sem 1sAjeieds patsp (g)
118403 6/4N0Y/Pa3Jaaucd 03 23 (2)

384183183 23/4N0Y/palaaAuod 03 93 (|)

48170 0971 k4 14 Y°8 Al 17 0001 0 2 gl £ NOILlvdIXo il
¥92°0 08se 9£S 88 0°s 19 00s2 S0°0 L*91 £ NOIlvaIxo oL
65££°0 0s8¢ 004 9°L e’y £ 000§ 1°0 €€l £ NOILlvaixo 6
S2€°0 oYy 298 8°8 0°s L 00s¢ 1°0 £°gl £ 11 NOI112nQ3¥ 8
1s2°0 0g8e 29s 8L £y 8L 0see 170 6"l 4 NOILVQIXO L
eee’o ogze 0l¢ i°8 6™y 42 ooslt 10 471t l 1 NOI13NQ3¥ 9
922°0 0l%2 6¢ §°L [ ] t4 00s1 10 172t i NO11ivaixo S
6.£°0 08.% 692 9L 2y k4] 0001 1 0 68°Y% 3 11 NOILONAG3Y y
2s£°0 oSty 292 0°2 8¢ 28 000t L°0 SE°S i I NOILDONA3Y €
- olL6Y Si2 272 6°¢ 98 000! 170 25"y l (g)NOILINAIY Z
81§ 0 089¢ 10¢ 2°8 9% 92 0s8 1°0 19°Y i NO11ivVQIXO 3
03/0 ALTAT12n00¥d ALIAI1IN00Y¥d 3 “TH3 “ANGD ASHY OIlvy 0 X Sd3ils 3¥N0330¥d Y3IGNNN
SIN3IHD (2)4i1veod (1) T0A X1M % 10N 0y X “1N ‘t1m *dW0J3a NOI1I1SOdW0J34Q 1SAVLIYD
4 0J:3¥ TYNLA /934dN!
(2 = 03/¢H "91Sd 082 "J,002) 1S31 JIIATVLIVD 40 "ON
T
2 o R 2 R 8 ? 2 8

Catalysts 1, 2, 3, and 4 (shown in Figure 1 as Group B) are cobalt-rhenium containing catalysts

prepared in a single application of the metals. These catalysts have relatively low cobalt loadings and
exhibit the highest cobalt dispersion and, therefore, the highest cobalt productivity. For these catalysts, a
reduction following the metals impregnation shows somewhat better dispersion than an oxidation following

impregnation.

55

Catalysts 5 and 6 (shown in Figure 1 in Group A) are cobalt-rhenium containing catalysts prepared in a
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single application of metals. These catalysts have higher cobalt loadings than the Group B catalysts but
exhibit lower cobalt dispersion and low cobalt productivity although volumetric productivity is somewhat
higher than the Group B catalysts.

Catalyst 11 (also in Group A) contains only cobalt (no rhenium) and the cobalt was applied in three
application cycles of equal amounts of cobalt to reach a final cobalt loading of 13.2 wi%. This catalyst
exhibits the lowest cobalt dispersion and lowest cobalt productivity. As compared to catalysts 5 and 6, the
cobalt dispersion is lower and the dispersion aiding affect of rhenium can be seen. Thus, catalyst 11 shows
that multiple impregnation cycles without rhenium does not provide any advantageous effect. Quite the
contrary is true when rhenium is present. Also, there is very little difference in whether oxidation or
reduction follows the impregnation, as shown by catalysts 5 and 6.

Group A in Figure 1 also includes a catalyst denoted by a square. This data point was taken from Table
Il of U.S. 4,568,663 and contained 12 wt% cobalt with rhenium:cobalt weight ratio of 0.042:1. This catalyst
representing the best cobalt rhenium/titania state of the art catalyst performs no better than catalysts 5 and
6 and is simply representative of this type of catalyst prepared with single metals impregnation cycle.

Catalysts 7, 8, 9, and 10 (shown in Figure 1 as Group C) are cobalt-rhenium containing catalysts having
essentially the same cobalt loadings as catalysts 5, 6, 11 and the square. However, these catalysts exhibit
an exceedingly high volumetric productivity when compared to Group A cobalt-rhenium catalysts -- because
of the multiple impregnation cycles employed.

Of Group C, catalyst No. 10 had the lowest volumetric productivity due to its less than preferred
rhenium:cobalt weight ratio and, therefore, a reduced dispersion enhancing effect.

Comparing the performance of catalysts 7, 8, and 9 shows that three impregnation cycles coupled with
reduction following the deposition of the metals is the most preferred preparation technique and leads to the
highest volumetric productivity, increasing cobalt dispersion, and increasing cobalt productivity (compare
No. 8 and 9 with No. 7).

For comparison purposes, Table 2 shows the performance of the catalyst denoted by a square (in
Group A). The cobalt-rhenium-titania catalyst of U.S. 4,568,663. Table 2 also shows the performance of four
25 wt% cobalt-18 wt% zirconium-silica catalysts, three of which are reported in U.S. 4,299,209 and one
freshly prepared by the method reported for catalyst No. 16 of the '209 patent. The cobalt-zirconium
containing catalysts results are reported for 200°C, 205°C, and 220°C operations. The volumetric
productivity increases as the temperature is raised from 200°C to 220° C (except for the catalyst of
experiment 20 of the '209 patent, but the volumetric productivity is higher at 220° C than it is at 200 ° C).

The performance of the cobalt-zirconium catalysts are noted in Figure 1 as triangles and volumetric
productivity increases as a straight line function with increasing temperature.

Catalysts 7, 8, and 9, as shown in Figure 4, clearly illustrate the advantageous aspects of increased
volumetric productivity and selectivity. The only other catalysts exhibiting volumetric productivity in the area
of catalysts 7, 8, and 9 are the squares and catalyst no. 10. The squares represent catalysts of U.S. Patent
4,568,663 and catalyst no. 10 contains less than the preferred amount of rhenium. The two uppermost
squares show high volume productivity levels but also exhibit relatively poor selectivity.

However, catalysts 7, 8, and 9 exhibit very good Pv and very good selectivity.



EP 0 498 976 A1

06sYv
o6€E
oLze
ovet
oove
068¢€

ovoL
013858 4

‘goiad
00

T0L
L1S
ove
vie
ove
80¥

6¢L
14°34

*gqodd
“IOA

10

“VED
$IOW

15

€L 000€
LL oote
ZL 00ST
86 ooot
SL 000T
G8 00ST
LL 000¢
L oooz
*ANOO ASHD
00 %

20

¢ JdTdV.L

25

81¢
ote
(/1014
ooz
oo¢
oce

0ce
s02

eouax933TP Aq (T)

€99, JOo 2 °'xd jJo -deag ysaad
€99, 3o Z °xd Jo °daag ysead
€99, JO z °Xq 3Jo *dsag ysaadg

Z X3 ‘(€99896‘'% sn) Zotri-9y-o0d
602, 30 9T 3eD Jo -daad ysaad
602, Ut oz -dxdg

60Z, ut 6T °dxd
60Z, ut 91 -dx3m

(602'66Vv'¥ sn) COors 00T - IZ 8T - 0D ST

NOILdI¥OSHd LSATVYLYO

30
35
40
45
50

Claims

55

A hydrocarbon synthesis catalyst comprising

1.

10-25 wt% cobalt
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- rhenium, in a rhenium:cobalt weight ratio of more than about 0.05:1
- a support comprising titania (preferably more than 50 wt.% titania)
- and wherein the relationship

Cs- < 4 + (0.008) (Pv)

wherein Cs- is in wi%, and Pv is volume productivity (cm® CO conversion/h/cm3 catalyst), is
satisfied in the synthesis of hydrocarbons from CO and H> employing the catalyst.

The catalyst of claim 1 wherein the volume productivity at 200° C and H,/CO ratio of 2/1 is at least 500.
The catalyst of claim 1 or claim 2 wherein the rutile:anatase ratio of the titania is at least 2:3.

A process for preparing a hydrocarbon synthesis catalyst comprising cobalt and rhenium on a support
primarily containing titania which comprises

a) contacting the support with suitable compounds of cobalt and rhenium;

b) decomposing the cobalt and rhenium compounds; and

c) repeating steps (a) and (b) at least once.

The process of claim 4 wherein the said compounds are decomposed: (a) by treatment with a
hydrogen-containing gas; or (b) by treatment with an oxygen-containing gas; or (c) by treatment with a
hydrogen-containing gas followed by treatment with an oxygen-containing gas.

The process of claim 4 or claim 5 wherein the cobalt and rhenium compounds are contacted with the
support either at the same time or in serial fashion.

The process of any one of claims 4 to 6 wherein the wt.% cobalt applied in each step (a) is no more
than about 8 wt.%.

The process of any one of claims 4 to 7 wherein the wt.% cobalt applied in each step (a) is such that
the pore volume of the support filled is less than about 80%.

The process of any one of claims 4 to 8 wherein steps (a) and (b) are repeated until the catalyst
contains from 10-25 wi% cobalt and the rhenium: cobalt weight ratio is at least 0.05:1.

The process of any one of claims 4 to 9 wherein the rutile:anatase ratio of the said titania is at least 2:3.

The process of any one of claims 4 to 10 wherein the contacting of step (a) is effected using a solution
of the compound(s), and the thus-contacted support is subjected to a drying step between steps (a)
and (b) at a temperature below the decomposition temperature of cobalt compound impregnated in the
support.
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