«» UK Patent Application «GB 2146350 A

(43) Application published 17 Apr 1985

(21) Application No 8422774
(22) Date offiling 10 Sep 1984
(30) Priority data

(31) 8303142 (32) 12Sep 1983 {33) NL

(71) Applicants
Shell Internationale Research Maatschappij BV

{Netherlands)
Carelvan Bylandtlaan 30, The Hague, The Netherlands

(72} Inventors
Johannes Kornelis Minderhoud
Swan Tiong Sie

(74) Agentand/or Address for Service
K.R.1. Hunter, 4 York Road, London, SET7NA

{51) INTCL*
Cco7C 1/04

(52) Domesticclassification
C5E 283 332 386 391 CD

(56) Documents cited
GB A 2103647 GB A 2077289 GB A 2073237

GB A 2055893

(58) Field of search
C5E

(54) Process for the preparation of middle distillates

(57) Middle distiliates are prepared from syngas by atw
synthesis over a special Zr, Tior Cr promoted Co-catalyst

o-stage series-flow process comprising (1) Fischer-Tropsch
followed by (2) hydroconversion of the total synthesized

product over a supported noble metal catalyst. The catalyst used in step (1) comprises 3-60 parts Co and 0.1-100 parts

Zr, Tiand/or Cr per 100 parts silica and/or alumina.

VO0SEIPL € 89



GB 2146350 A 1

SPECIFICATION
Process for the preparation of middle distillates

§ Theinvention relatesto aprocessforthe prepara-
tion of middle distillates from a mixture of carbon
monoxide and hydrogen.

The preparation of hydrocarbonsfroma H,/CO
mixture by contacting said mixture at elevated

10 temperature and pressure with a catalystis knownin
the literature as the Fischer-Tropsch hydrocarbon
synthesis process. Catalysts frequently used forthis
purpose contain one or more metals of the irongroup
together with one or more promoters and a carrier

15 material. The products that can be prepared by using
these catalysts usually have a very broad molecular
weight distribution and in addition to branched and
unbranched paraffins, they often contain consider-
able quantities of olefins and oxygen-containing

20 organic compounds. Often only a minor portion of
the products obtained consists of middle distillates.
Not only the yield of the gas oil obtained, but owing to
the presence of the afore-mentioned olefins and
oxygen-containing organic compounds, its cetane

25 number is unsatisfactory, as well. Consequently the
direct conversion of H,/CO mixtures according to the
Fischer-Tropsch process is rather an unattractive
route for the preparation of middle distillatesona
technical scale.

30 Inthe present patent application theterm “middle
distillates” is used to designate hydrocarbon mix-
tures whose boiling range corresponds substantially
with that of the kerosine and gas oil fractions
obtained in the conventional atmospheric distillation

35 of crude mineral oil. The middie distillate range lies
mainly between approximateth 150 and 360°C, with
the fractions boiling between about 200 and 360°C
usually being referred to as gas oil.

Discovery was recently made of a class of Fischer-

40 Tropsch catalysts which have the property of yielding
a product in which only very small quantities of
olefins and oxygen-containing organic compounds
occur and which consists almost entirely of unbran-
ched paraffins, which paraffins boil to a considerable

45 extentabove the middle distillate range. Owing to the
high normal paraffins/isoparaffins ratio and the low
contents of olefins and oxygen-containing organic
compounds of this product, the gasoil presenttherein
has a very high cetane number. It has been found that

50 the high-boiling part of this product can be converted
in high yield into middle distillates by hydrocracking.
The feed chosen to be hydrocracked is at least the
partofthe product whose initial boiling pointlies
above the final boiling point of the heaviest middle

55 distillate desired as final product. The hydrocracking,
which is characterized by a very low hydrogen
consumption, yields a products in which, owing to
the high normal paraffins/isoparaffins ratio, the gas
oil has a very high cetane number. The cetane

60 numberis one of the mostimportant quality criteria
fora gas oil when itis to be used as fuel for diesel
engines. The gas oils used for this purpose are
generally composed by mixing gas oils having a high
cetane number with gas oils having alow cetane

65 number. In view of the ample availability of gas oils

having alow cetane number—such as cycle oils
obtained as by-product in catalytic cracking—and
the limited availability of gas oils having a high cetane
number, there is an urgent need forthe latter gas oils.

70 According as a gas oil has a higher cetane numberit
will be a more valuable mixing componentfor the
preparation of diesel fuels, since such a gas oil
enables larger amounts of inferior gas oil to be taken
up in the mixture and nevertheless enables the cetane

75 number required in actual practice to be attained. In
view of the fact that the above-mentioned two-step
process offers the opportunity of preparing gas oils
having a cetane number higher than 70, whilst the gas
oils that are used as diesel fuel should have a cetane

80 number of40-50, it will be clear that the two-step
process is excellently suitable for the preparation of
valuable mixing components for diesel fuels.

The Fischer-Tropsch catalysts used inthe first step
of the two-step process contain silica, aluminaor

85 silica-alumina as carrier material, and cobalt together
with zirconium, titanium and/or chromium as catalyti-
cally active metals in such quantities that the catalysts
contain 3-60 pbw cobalt and 0.1-100 pbw zirconium,
titanium and/or chromium per 100 pbw carrier

90 material. The catalysts are prepared by deposition of
the appropriate metals onto the carrier material by
kneading and/or impregnation. For further informa-
tion on the preparation of these catalysts by kneading
and/or impregnation reference may be made to

95 Netherlands patentapplication No. 8301922, recently
filed in the name of the Applicant, in which there is
also given a description of the above-mentioned
two-step process for the preparation of middle
distillates from Ho/CO mixtures.

100 Until recently the two-step process used to be
carried out as follows. The H,/CO mixture used as
feed was contacted in thefirst step at a pressure of
20-30 bar with the cobalt catalyst. Subsequently, the
reaction product was separated at atmospheric

105 pressure into two fractions, viz.a Cs* fractionand a
fraction comprising the remaining reaction compo-
nents, viz. C,~ hydrocarbons, water, carbon dioxide
and unconverted carbon monoxide and hydrogen.
Finally the Cs* fraction, together with added hyd-

110 rogen, was contacted in the second step at a pressure
of about 130 bar with a catalyst containing one or
more noble metals of Group VIl supportedon a
carrier. As regards this embodiment of the two-step
process the following may be observed.

115 Althoughinthe preparation of middle distillates
according to the two-step process the part ofth
product of the first step whose initial boiling point lies
above the final boiling point of the heaviest middle
distillate desired as end product will suffice as feed

120 forthe second step, thusfar the total Cs* fraction of
the product of the first step was used for the purpose,
since underthe influence of the catalytic hydrotreat-
mentthe quality of the gasoline, kerosine and gas oil
fractions therein had been found to improve.

126 Thehigh pressure used in the second step was
thusfar thought to be necessary on account of
disappointing results obtained when carrying outthe
second step at a lower pressure. This may be seen
from the following experimental results obtained in

130 working up the product prepared by Experiment 13 of
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Netherlands patent application No.8301922. Contact-
ing the C5™* fraction of this product together with
hydrogen at atemperature 0f300°C and a pressure of
130 bar with the Pt/SiO,pAl,0; catalystusedin
5 Experiment 20 of said patent applicationledto a

productwhose 200-360°C fraction had a high normal
paraffins/isoparaffins ratio. A repeat of this experi-
ment &t a pressure of 20 bar and otherwise similar
conditions produced a decrease in the yield of

10 200-360°C fraction as well as quite asharp fallinthe
normal paraffins/isoparaffins ratio of this fraction.
The latter phenomenon in particularis highly unde-
sirable in view of the accompanying decrease in
cetane number. In orderto raise the yield of

15 200-360°C fraction, Experiment 20 was repeated at 20
bar, butusing a lower space velocity. Itistrue thatin
this way there could be achieved a yield of 200-360°C
fraction corresponding with that obtained in the
experimentusing 130 bar, but it led to yet afurther

20 decrease inthe normal paraffins/isoparaffins ratio of
the fraction.

Asremarked hereinbefore, the two-step process
was thusfar carried out by separation at atmospheric
pressure ofthe Cs* fraction from the product of the

25 firststep prepared at a pressure of 20-30 bar, and
processing of said fraction together with hydrogen in
the second step at about 130 bar. The assumption that
by the choice of the H,/CO molar ratio of the feed for
thefirststep and the reaction conditions of the first

30 step the quantity of hydrogen presentinthe product
of the second step can be so regulated that this
product contains sufficient hydrogen to carry out the
hydrocracking in the second step led to the question
whether itmight be possible to carry outthe present

35 two-step process in “series-flow”, which would
considerably bring down the costinvolved in the
process. As already known, carrying out a two-step
process in “series-flow" involves using the entire
reaction product of the first step— without compo-

40 nents being removed therefrom or components
being added thereto — as feed for the second step
which is carried out at substantially the same
pressure as the first step.

Although in view of the costinvolved carrying out

45 the presenttwao-step process in “series-flow’’ is much
to be preferred to the procedure adopted thusfar,
there are two aspects which raise considerable doubt
asto its practical possibilities. Thefirstis the
pressure. When the processis carried outin “series-

50 flow", the second step should be carried out substan-
tially atthe same low pressure as the first step. As
seen from experiments conducted earlier, a reduction
ofthe pressureinthe second step resultsin a very
severe drop of the normal paraffins/isoparaffins ratio

55 ofthe gas oil. The second aspect concerns the
composition of the feed for the second step. When the
process is carried out in “series-flow"”’, the total
reaction product ofthe first step is used as feed for the
second step. In this connection it should be taken into

60 accountthatgenerally no morethan 1/3 ofthe
reaction product of the first step consists of Cs*
fraction while ithe remainder consists of water, C1-C4
hydrocarbons, carbon dioxide and unconverted hyd-
rogen and carbon monoxide. In consequence ofthe

65 development ofthe Fischer-Tropsch reaction (CO +

2H, — — CH,- 4+ H,0) the reaction product of the first
step contains more water than hydrocarbons, ex-
pressed by weight. In view ofthe composition of said
product—in particularthe large amount of water

70 presenttherein—itis very doubtful of course
whether the noble metal catalyst used in the second
step will still be able ta bring about the desired
conversion.

In spite of the expectations regarding the practical

75 possibilities of the present two-step processin
“series-flow"”, which, on account of the above
observations, were bound to be negative, an ex-
perimental investigation in that direction was never-
theless carried out. Surprisingly, in thisinvestigation

80 itwas notonlyfoundthatcarrying outthetwo-step
process in “series-flow" leads to a yield similar to that
obtained in the two-step process carried out in the
conventional way, but also that the gas oil produced
in ““series-flow’" has a much higher normal paraffins/

85 isoparaffins ratio. An explanation of this surprising
result possibly be found inthe fact that the composi-
tion of the feed for the second step is different. In
additiontothe Cs* fraction and hydrogen which are
presentin the feed for the second step when the

90 two-step processisconducted inthe conventional
way, this feed now also contains C,-C4 hydrocarbons,
carbon monoxide, carbon dioxide and water.
Apparently the presence of one or more ofthese
componentsinthe feed has sofavourable an

95 influence onthe normal paraffins/isoparaffins ratio
as not only to offset the afore-noted adverse effect of
pressure reduction on the normal paraffins/isoparaf-
fins ratio of the gas oil, but even to enhance this ratio
considerably.

100 The present patent application therefore relates to
a process for the preparation of middle distillates
from a mixture of carbon monoxide and hydrogen, in
which a H, and CO containing feed is contacted in the
first step at elevated temperature and pressure with a

105 catalyst containing 3-60 pbw cobaltand 0.1-100 pbw
of atleast one other metal chosen from the group
formed by zirconium, titanium and chromium per 100
pbw silica, alumina or silica-alumina, which catalyst
has been prepared by kneading and/or impregnation,

110 inwhich in a second step the complete reaction
product of the first step is subjected to a hydrocrack-
ing treatment by contacting it at an elevated tempera-
ture and a pressure which corresponds substantially
with that used in the first step, with a catalyst

115 containing one or more noble metals of Group Viil
supported on a carrier, and in which the Hy/CO maolar
ratio of the feed and the reaction conditions of the first
step are so chosen that the reaction product of the
first step contains sufficient unconverted hydrogen

120 forcarrying outthe hydrocracking reaction inthe
second step.

Inthe process of the invention it is preferred to use
inthe first step the cobalt catalysts which form the
subject matter of Netherlands patent application No.

125 8301922. These are catalysts which satisfy the
relation

(3+4R) >% > (0.3 + 0.4R), wherein

L = the total quantity of cobalt present on the catalyst,

130 expressed as mg Co/mi catalyst,
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$ = the surface area of the catalyst, expressed as
m%ml catalyst, and
R = the weight ratio of the quantity of cobalt
deposited on the catalyst by kneading to the total
5 quantity of cobalt present on the catalyst.

The preparation of the cobalt catalysts which are
used inthe first step of the process of theinventionis
preferably carried out according to oneofthethree
procedures mentioned hereinafter:

10 &) firstcobaltis deposited in one or more steps by
impregnation and subsequently the other metal is
deposited in one or more steps, also by impregna-
tion,

b) firstthe other metal is deposited inone or more

15  steps by impregnation and subsequently the
cobalt is deposited in one or more steps, also by
impregnation, and

¢) first cobaltisdeposited in one or more steps by
kneading and subsequently the other metal is

20 deposited in oneormore steps by impregnation.

Inthe process according to the invention prefer-
ence is given to the use of cobalt catalysts containing
15-50 pbw cobalt per 100 pbw carrier. The preferred
quantity of other metal present in the cobalt catalysts

25 depends on the way irwhich this metal has been
deposited. Inthecase of catalysts where first cobalt
has been deposited an the carrier, followed by the
other metal, preference is given to catalysts contain-
ing 0.1-5 pbw other metat per 100 pbw carrier. Inthe

30 case of catalysts where first the other metal has been
deposited on thecarrier, followed by the cobalt,
preference is given ta catalysts containing 5-40 pbw
ofthe other metal per 100 pbw carrier. Preference is
given to zirconium asthe other metal and to silicaas

35 carrier material. In arderto be suitable for use the
cobalt catalysts shauld first be reduced. This reduc-
tion may suitably be carried out by contacting the
catalyst ata temperature between 200 and 350°C with
a hydrogen-containing gas.

40 Inthe processaccarding to the invention, in the
second step a catalystis used which preferably
contains 0.1-Z %w;, and in particular 0.2-1 %w, of one
or morenoblemetals of Group Vil suppartedona
carrier, Preferenceis given to catalysts containing

45 platinum or paliadium as noble metal. Examples of
suitable carriersfor the noble metal catalysts are
amorphousoxides of the elements of Groupsi L, Ili
andlV, such as silica, alumina, magnesia and zirconia
and also mixtures of these oxides, such assilica-

50 alumina, silica-magnesia and silica-zirconia. Prefer-
red carriers for the noble metal catalysts are silica-
aluminas;.

Inthe;process of the invention the first step is
preferably carried out at a temperature of 1256-350°C

55 andin.particular of 175-275°C and the second step is
preferably carried out at a temperature of 200-400°C
and in patticular of 250-350°C. The process is
preferahly carried out at a pressure of 5-100 barandin
particular of 10-75 bar.

60 H,/CO mixtures which are eligible to be used for the
preparation of middle distillates acco rding to the
invention can very suitably be obtained, starting from
aheavy carbonaceous material such as coal, or
starting from light hydrocarbons such as natural gas,

65 by steam reforming or partial oxidation. Inthe

process according to the invention the Ho/CO molar
ratio ofthe feed and the choice of the reaction
conditions in the first step should be so chosen that
the reaction product of the first step contains
70 sufficientunconverted hydrogen for carrying outthe
hydrocracking reaction in the second step. Since the
H,/CO consumption ratio of the present cobalt
catalysts is about 2, in the process according to the
invention, in those cases where the highest passible
75 CO conversion isaimed at, itis preferred to use H/CO
mixtures having a H,/CO molar ratio higherthan 2.
Very suitable for carrying out the present processisa
feed which can be obtained in the steam reforming of
natural gas, which yields H,/CO mixtures having
80 H,/CO molarratio of about 3, asis well-known. Ifthe
feed forthe first step of the process of the invention
available is a H,/CO mixture having a H,/CO molar
ratio of 2 or less, then the H,/CO molar ratio of said
feed can be increased preparatory to contacting the
85 feed withthe cobalt catalysts. Such anincrease ofthe
H,/CO molar ratio may be brought about by, inter alia,
addition ofhydrogen, removal of carbon monoxide,
mixing with a hydrogen-rich H/CO mixture or by
subjecting the low-hydrogen feed to the CO-shift
90 reaction. Optionally the CO-shift reaction can be
carried out in situ by addition in the first step of the
process of a physical mixture of a CO-shift catalyst
and the cobalt catalyst. It is also possible to subject
low-hydrogen synthesis gases to the process accord-
95 ing to theinvention without raising their H./CO molar
ratios. The reaction conditions chosen in the first step
should then be sufficiently mild for only part of the
hydrogen available to participate inthe Fischer-
Tropsch reaction. Naturally this cannot be achieved
100 without some sacrifice in yield of hydrocarbons.
Besides as an individual two-step process forthe
preparation of middle distillates from Hz/CO mixtures
which have been prepared from, for instance, coal,
heavy mineral oil fractions or natural gas, the process
105 of the invention can also very suitably be used as part
of athree-step process for the conversion of said
H,/CO mixtures. Inthe latter case the H,/CO mixture
available as feedis in thefirst step partially converted
into substantially aliphatic hydrocarbons, aromatic
110 hydrocarbons or oxygen-containing organic com-
pounds, and subsequently unconverted hydrogen
and carbon monoxide, together with other compo-
nents from the product of the first step if desired, are
used as feed for the process according to the
115 invention.
Theinvention is now illustrated with the aid of the
following example.
Example
Two Co/Zr/Si0, catalysts (Catalysts 1 and 2) were
120 prepared by impregnation of asilica carrier with
solutions of cobalt and zirconium compounds. In
each impregnation step there was used a quantity of
solution whose volume corresponded substantially
with the pore volume of the carrier. After each
125 impregnation step the solvent was removed by
heating and the material was calcined at 500°C.
Catalysts 1 and 2 were prepared as follows.
Catalyst 1 (= Catalyst 9 of Netherlands patent
application 8301922)
130 One-stepimpregnation of a silica carrier witha
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solution of cobalt nitrate in water, followed by
one-step impregnation of the cobalt-loaded carrier
with a solution of zirconium nitrate in water. Catalyst
1 comprised 25 pbw cobaltand 0.9 pbw zirconium per
100 pbw silica. For Catalyst 1 Lwas 98 mg/mland S
was 96 m%ml and consequently L/S was 1.02 mg/mZ2.

Catalyst 2 (= Catalyst 2 of Netherlands patent
applic.:tion 8301922)

Three-step impregnation of a silica carrierwith a
solution of zirconium tetra-n-propoxide in a mixture
of n-propanol and benzene, followed by one-step
impregnation of the zirconium loaded carrier with a
solution of cobalt nitrate in water. Catalyst 2 compris-
ed 25 pbw cobalt and 18 pbw zirconium per 100 pbw
silica. For catalyst 2 L was 97 mg/ml and S was 100
m?g and consequently L/S was 0.97 mg/m2.

Catalyst 3 (= catalyst used in Experiment 20 of
Netherlands patent application 8301922}

Pt/Si0,-Al,05 catalyst comprising 0.82 pbw plati-
num per 100 pbw carrier, 14.6 %w ofthe carrier
consisting of alumina and 85.4 %w of silica.

Catalyst4

Pd/Si0,-Al, O3 catalyst comprising 0.3 pbw palla-
dium per 100 pbw carrier, 41 %w of the carrier
consisting of alumina and 59 %w of silica.

Hydrocarbon synthesis

Catalysts 1-4 were used in nine experiments
(Experiments 1-9) in the preparation of hydrocarbons
from mixtures of carbon monoxide and hydrogen.
Before being used Catalysts 1 and 2 were reduced at
250°C in a hydrogen-containing gas.

Experiment 1 (= Experiment 13 of Netherlands
patent application 8301922)

In this experiment a H,/CO mixture having a H,/CO
molarratio 2was contacted ata temperature of 220°C
and a pressure of 20 bar with Catalyst 1. The
compoaosition of the reaction product obtained is given
inTablel.

Experiments 2-4

In these experiments the Cs* fraction of the
reaction product obtained by Experiment 1 was
contacted at 300°C and at various pressures and
space velocities with Catalyst 3. The conditions used
in these experiments and the results obtained are
giveninTablell.

Experiment5

In this experiment a Hy/CO mixture having a H,/CO
molar ratio 3was contacted at a temperature 0f204°C
and a pressure of 20 bar with Catalyst 2. The
composition of the reaction product obtained is given
inTablel.

Experiments6and7

Inthese experiments the Cs* fraction of the
reaction product obtained by Experiment5was
contacted at 300°C and at various pressures and
space velocities with Catalyst 3. The conditions used
inthese experiments and the results obtained are
giveninTablell.

Experiment8

In this experiment a H,/CO mixture having a H,/CO
molarratio 3was contacted in the first step at 204°C
and a pressure of 20 bar with Catalyst 2, and
subsequently the total reaction product of the first
step was contacted in a second step at atemperature
of 300°C and a pressure of 20 bar with Catalyst 3. The

70

75

80

85

90

95

Zs" fraction of the product of the second step
contained 44 %w gas oil boiling between 200 and
360°C, which gas oil had a normal paraffinsfisoparaf-
fins ratio of 10.5.

Experiment 9

This experiment was carried out substantially in the
same manner as Experiment 8, the differences being:
a) temperature in the first step: 225°C,

b) temperature in the second step: 320°C, and
c) catalystin the second step: Catalyst4.

The Cs™ fraction of the product of the second step
comprised 43 %w gas oil boiling between 200 and
360°C, which gas oil had a normal parraffins/isoparaf-
fins ratio 0f9.2.

Of Experiments 1-9 only Experiments 8 and S are
experiments according to the invention. These ex-
periments, which were carried out in “’series-flow”,
yielded a gas oil having a very high normal paraffins/
isoparaffins ratio. Experiments 1-7 fall outside the
scope of the invention. They have been included in
the patent application for comparison.

Experiment 1 combined with Experiment 2, and
Experiment 5 combined with Experiment 6, show the
two-step process as carried outin the conventional
manner, starting from H,/CO mixtures having H,/CO
molar ratios of 2 and 3, respectively. In both cases the
gas oils obtained have high normal parraffins/
isoparaffins ratios (6.1 and 6.4, respectively).

Comparison ofthe results of Experiments 2-4 and
comparison of the results of Experiments 6 and 7
show the adverse effect of lowering the pressurein
the second step. Reduction of the pressure from 130
to 20 bar atan unchangedyield of gasoil leadsto a
sharp fall in the normal paraffins/isoparaffins ratio of

100 the gasoil (from 6.1 to 2.3and from 6.4t0 2.5,

respectively).

TABLE |

Composition of the total reaction
product prepared by Experiment No., Exp. 1 Exp. 5
expresseding

Cst 100 100
Cq-Cs 20 31
H, 4 20
CcO 42 19
CO, 4 2
H,O 149 165

Gas oil content (200-360°C) of

Cs™* fraction, %w 30 31
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TABLE 1

Experiment No. 2 3 4 6 7

Temperature, °C 300 300 300 300 300
Pressure, bar 130 20 20 130 20
Space velocity,

g.g th™? 1.2 1.2 0.6 1.2 0.6

Yield of gas oil (200-360°C),
%wonfeed 46 40 46 44 44
Normal paraffins/isoparaffins

ratio of gas oil 6.1 2.7 2.3 64 25

CLAIMS
1. Aprocess forthe preparation of middle distil-
lates from a mixture of carbon monoxide and
hydrogen, characterized inthataHzand CO contain-
5 ingfeediscontacted inthefirst step at elevated
temperature and pressure with a catalyst comprising
3-60 pbw cobalt and 0.1-100 pbw of at least one other
metal chosen from the group formed by zirconium,
titanium and chromium per 100 pbw silica, alumina
10 orsilica-alumina, which catalyst has been prepared
by kneading and/orimpregnation, andthatina
second step the complete reaction product of the first
step is subjected to a hydrocracking treatment by
contacting itatan elevated temperatureand a
15 pressure which corresponds substantially with that
used in the first step, with a catalyst comprising one
ormore noble metals of Group Vlil supportedona
carrier, the H/CO molar ratio of the feed and the
reaction conditions of the first step being so chosen
20 thatthe reaction product of the first step contains
sufficient unconverted hydrogen for carrying out the
hydrocracking reaction in the second step.
2. Aprocess as claimed in claim 1. characterized
inthatinthe first step a catalyst is used which satisfies
25 therelation

(3+4R) >§> (0.3 + 0.4R), wherein

L = the total quantity of cobalt present on the catalyst,
expressed as mg Co/ml catalyst,
S =the surface area of the catalyst, expressed as
30 m?%mi catalyst, and
R = the weight ratio of the quantity of cobalt
deposited on the catalyst by kneading to the total
quantity of cobalt present on the catalyst.
3. Aprocessasclaimedin claim 1 or2, characte-

35 rized inthatin the first step a catalystis used which
has been prepared by first depositing cobaltin one or
more steps by impregnation and subsequently de-
positing the other metal in one or more steps, also by
impregnation.

40 4. Aprocessasclaimedinclaim 1or2, characte-
rized in thatin the first step a catalyst is used which
has been prepared by first depositing the other metal
in one or more steps by impregnation and subse-
quently depositing cobalt in one or more steps, also

45 by impregnation.

5. Aprocessasclaimedinclaim 1or2,characte-
rized inthatin the first step a catalystis used which
has been prepared by first depositing cobaltin one or

50
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more steps by kneading and subsequently depositing
the other metal in one or more steps by impregnation.

6. Aprocess asclaimed in any one of claims 1-5,
characterized inthat in the first step a catalystis used
which comprises 15-50 pbw cobalt per 100 pbw
[carrier].

7. Aprocessasclaimedinanyoneofclaims 1-3,5
and 6, characterized in thatin the first step a catalystis
used which has been prepared by depositing first
cobalt and subsequently the other metal, and which
comprises 0.1-5 pbw of the other metal per 100 pbw
carrier.

8. Aprocessasclaimedinanyoneofclaims1,2,4
and 6, characterized in thatin the first step a catalystis
used which has been prepared by depositing first the
other metal and subsequently cobalt, and which
comprises 5-40 pbw of the other metal per 100 pbw
carrier.

9. Aprocess as claimed inany one of claims 1-8,
characterized in that in the first step a catalystis used
which contains zirconium as other metal.

10. Aprocessas claimedinanyone of claims 1-9,
characterized in that in the first step a catalyst used
which contains silica as carrier.

11. Aprocessforthe preparation of middle
distillates from a mixture of carbon monoxide and
hydrogen as claimed in claim 1, substantially as
described hereinbefore and in particular with refer-
ence tothe example.

12. Middle distillates whenever prepared accord-
ing to a process as described in any one or more of
the preceding claims.
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