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SPECIFICATION
Pracess for the preparation of middle distlilates

5 Theinvention relates to a process forthe prepara-
tion of middle distillates from a mixtura of carbon
monoxide and hydrogen.

The preparation of hydrocarbons from a Hy/CO
mixture by contacting said mixtura at alevated

10 temperature and pressurewith a catalystis knownin
the literature as the Fischer-Tropsch hydracarban
synthesis process. Catalysts frequently used for this
purpose contain one or more metals of the irongroup
together with ons or more promoters and a carrier

15 material. The praducts that can be prepared by using
these catalysts usually have avery broad molecular
weight distribution and in addition to branchad and
unbranched paraffins, they often contain considar-
able quantities of olefins and axygen-containing

20 organiccampounds. Often only a minor portion of
the products obtained consists of middle distillates.
Mot only the vield ofthe gas ofl obtainad, but owing to
the presence of the afora-mentioned olefins and
oxygen-containing organic compounds, its cetane

25 numberis unsatisfactory, as wall. Consaquently the
direct conversion of H,/CO mixturas according to the
Fischer-Tropsch process is rather an unattractive
route for the preparation of middle distillatas on a
technical scale.

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

35 ofcrude mineral oil. The middle distillate range lies
mainly betwean approximatelh 150 and 360°C, with
thae fractions boiling between about 200 and 360°C
usually being refarred to as gas oil.

Discovery was recently made of a class of Fischer-

40 Tropsch catalysts which have the property of yielding
a praduct in which only very smalf 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 extentabovethe middle distillate range. Owing to the
high normal paraffinsfisoparaffins ratio and the low
contents of olefins and oxygen-containing organic
compuounds of this product, the gasoil presenttherein
hasa very high cetane number. It has been found that

60 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 atleast the
partofthe product whoseinitial boiling pointlies
abovathe 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

6¢ numberis one of the mostimportant quality criteria
for a gas oil when itisto be used as fuel for diesel
gngines,. The gas oils used for this purpose are
generally composed by mixing gas olis having a high
getane numbaer with gas oils having alow cetane

65 number. Inview of the ample availability ofgasoils

having a low cetane number—such as cycle oils
obtained as by-productin catalytic cracking— and
the limited avallability of gas oils having a high cetane
numpber, thereis an urgent need for the latter gas oils.

70 According as agas oil has a higher cetane number it
will ba a more valuable mixing component for the
preparation of diesel fuels, since such a gas oil
enables larger amounts of inferior gas oil to be taken
up inthe mixture and nevertheless enables the cetane

75 numberrequired in sctual practice to be attained. In
view of tha fact that the above-mentioned two-step
process offers the opportunity of preparing gas oils
having a cetane number higherthan 70, whilst the gas
oils that are used as diesel fue! should have a cetane

80 numberofd0-50, it will be ¢lear thatthe two-step
process is excellently suitable for the preparation of
valuabla mixing componenis for diesel fuels.

Thae Fischer-Tropsch catalysts used in the first step
of tha two-step process contain stlica, alumina or

85 silica-alumina as carrier material, and cobalt together
with zirconium, titanium and/or chromium as catalyti-
cally activa 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 cetalysts are prepared by deposition of
tha appropriate metals onto the carrier material by
kneading and/or impregnation. For furtherinforma-
tion on the preparation of thasa catalysts by kneading
and/or impregnation rafarenca may be made to

95 Netherlands patant application No. 8301922, recently
fitad in the name ofthe Applicant, in which there is
also given adascription of the above-mentioned
two-step process forthe preparation of middle
distiltates from Hz/CO mixtures.

100 Until recently the two-step processused o be
carried out as follows. Tha H/CO mixture used as
feed was contacted in thefirst step ata pressure of
20-30 bar with the cobalt cataiyst. Subsequently, the
reaction produci was sepearated at atmospherie

105 pressure into twao fractions, viz. a Cy* fraction and a
fraction comprising the remaining reaction compao-
nents, viz. C,~ hydrocarbons, water, carbon dioxide
and unconverted carbon monoxids and hydrogen.
Finally the Cs+ fraction, tagether with added hyd-

110 rogen, was contacted inthe second step at a pressure
of about 130 bar with a catalyst containing one or
more nohle metals of Group Vil supported on a
carrier. As regaids this embodiment of the two-step
process the following may be phsarved.

115  Although inthe preparation of midd!a distillates
according to the two-step process tha part of th
productof the first step whose Initial boiling point lies
abovethe final boiling point ofthe haaviest middle
distillate desired as end product will suffice as feed

120 forthe second step, thusfar thetotal Cs* fraction of
the product of the first step was used farthe purpose,
since under the influence aoftha catalytic hydrotreat-
mentthe quality of the gusoline, kerosine and gas ait
fractions therein had been found to Improve.

126 Thehigh pressure used inthe second step was
thusfarthoughttc be nacessary on account of
disappointing results abtained when carrying outthe
second step at alowar prassure. Thismay be seen
from tha following experimental results obiained in

130 working up the product prepared by Experiment 13 of
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Netherlands patent application No. 8301922, Contact-
ing the Cy* fraction of this product togsther with
hydrogen st e temperature of 300°C and a pressure of
130 bar with the PUSIOapAl0; catalyst used in
5 Experiment 20 of said patent applicationladtoa

product whose 200-380°C fraction had a high normal
paraifins/isoparaffins ratio. A repaeat of this expari-
rment zta pressure of 20 bar and otherwisa similar
conditions produced a decreasa in the yield of

10 200-360°C fraction as well as quits asharpfallin the
normal paraffinsfisoparaffins ratio of this fraction.
The latter phenomenon in particularis highly unde-
sirable in view of the accompanying dacrease in
cetane number. In order to raise tha visld of

16 200-360°C fraction, Experiment 20 was rapsated at 20
bar, but using a lower space velocity, Itis trug thatin
this way there could be achieved a yield of 200-360°C
fraction corresponding with that obtained in the
experiment using 130 bar, butitled to yetafurther

20 decreaseinthe normal paraffins/isoparaffins ratio of
the fraction.

As remarked hereinbefore, the two-stap process
was thusfar carried out by separation at atmospheric
pressure of the Cg* fraction from the praduct of the

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

30 stepthe quantity of hydrogen presentinthe product
of the second step can ba so requiated that this
product contains sufficient hydrogen to carry aut the
hydrocracking in the second step led to the quastion
whether it might be possible to carry out the present

35 two-step processin “series-flow”, which would
considerably bring down the costinvolvedintha
process. As already known, carrying outa twa-step
process in “series-flow” involves using the antire
reaction product of the first step—without compa-

40 nents being removed therefrom arcomponents
being added thereto— as feed for tha second step
which is carried out at substantialiythe sama
pressure as the first step.

Although in view of the cost involved carrying out

45 the present two-step process in “seriss-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 asthe first step. As
seen from experiments conducted earlier, a reduction
ofthe prassure in the second step results in a very
severe drop of the normal paraffins/isoparaffins ratic

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 praduct of tha first step is used as feed forthe
second step. Inthis connsction it should be taken into

60 accountthatgenerally no morethan 1/3 ofthe
reaction praduct of the first step consists of Cg*
fraction whileibea remainder consists of water, C,-C,
hydracarbons, carbon dioxide and unconverted hyd-
rogen and carbon monoxide. In consaquance oftha

65 developmentofthe Fischer-Tropsch resction {CO +

?Hy— — CHy- 4 Hz0) the reaction product of the first
step contains more water than hydrocarbons, ex-
pressed by weight. In view ofthe composition of said
product—in particular tha largs amount of water

78 presenttherein—itisvery doubtful of course
whetherthe nobla metal catalyst used in the second
step will still be abla ta bring about the desired
conversion.

In spite of the expectations ragarding the practical

756 possibilities of the prasenttwo-step processin
“geries-flow", which, cn account ofthe above
observations, were boundto be negative, an ex-
perimental investigation in that direction was never-
theless carried out. Surprisingly, in this investigation

80 itwas notonly found thatcarrying out thetwo-step
pracessin “serias-flow” lsads to a yield similar to that
obtained in the two-stap process carried out in the
conventional way, but also that the gas ail praduced
in“series-flow"” hag B much higher normal paraffins/

85 isoparaffing ratio. An explanation of this surprising
result possibly be found in the fact that the composi-
tion of the feed for the second step is different. In
addition to the Cs* fraction and hydrogen which are
present in the feed for the second stap whean the

90 two-step processis conducted intha canventional
way, this feed now also contains C,-C4 hydrocarbons,
carbonmonoxide, carbon dioxide and water.,
Apparently the presence of ona or more ofthese
components inthe feed has so favaurable an

98 influence on the normal paraffins/isoparaffins ratio
as not only to offsetthe afora-notad adverse effect of
pressure reduction on the normal paraffins/lsoparaf-
fins ratio of the gas oil, but even to enhancathis ratic
considerably.

100 The present patent application therefore relates to
a pracess for the preparation of middle distillates
fram a mixture of carbon monoxide and hydrogen, in
which a H;and CO containing feedis contacted inthe
first step at elevated temperature and pressure with a

105 catalyst containing 3-60 pbw cobaltand 0.7-100 pbw
of atleast one other metal chosen from the group
formed by zirconium, titanium and chromium per 100
pbw silica, alumina or silica-alurnina, which catalyst
has been prepared by kneading and/or impregnation,

110 Inwhich tn a second step the complete reaction
product of thefirst step is subjected to a hydracrack-
ing treatrnant by contacting it at an elevated tempera-
turaand a pressure which corresponds substantially
with that usad in the first step, with a catalyst

115 contaihing one or more noble metals of Group Vil
supported on a carrier, and in which the Ho/CO molar
ratia ofthe feed and the reaction conditions of the first
step are so chosen thatthe reaction product of the
first step contains sufficient unconverted hydrogen

120 forearrying cutthe hydrocracking reaction in the
sacond step.

Inthe pracess of the invention itis preferred to use
in the first step the cobalt catatysts which form the
subject matter uf Netherlands patent application Na.

125 8301922. These are catalysts which satisfythe
relation

(3+ 4R} >é-> {0.3 + 0.4R), wherein

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

130 expressed as rng Co/mi catalyst,
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% = the surface area of the catalyst, expressed as
m¥mi 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
usad in the first step ofthe process of the invention is
praferably carried out according to one of the three
procedures mentioned hereinaftar:

10 a) firstcobaltis deposited in one or more steps by
impragnation and subsequently the other metal is
deposited in one or more steps, 2150 by impregna-
tion,

b} firstthe other metal is deposited In ona or more

15  steps by impregnation and subsaquently the
cobaitis deposited inone or more staps, also by
Impregnation, and

¢) first cobaltisdeposited in one or moresiaps by
kneading and subsequently tha othermetal is

20 deposited in oneormore steps by impregnation.

In the process according to tha invention prefer-
ence is given to the use ofcohalt catalysts containing
15-50 pbw cobalt per 100 pbw carrier. The preferred
quantity of other maral prasent in the cobait catalysts

25 depends onthe way irmwhich this metal has been
deposited. nthe case of catalysts where first cobalt
has been deposited an the carrier, followed by the
other metal, prefarence is given to catalysts contain-
ing 0.1-5 pbw othar metak per 100 pbw carrier. Inthe

30 case of catalysts wharafirst the other metal has been
depuosltad on thecarrier, followed by the cobalt,
preferenca is given to catalysts containing 6-40 pbw
of the other metal per 100 pbw carrier. Preferenceis
given to zirconium asthe other metal and to silicaas

35 carriar material. In arder to be suitable for usethe
cobalt catalysts shauld first be reduced. This reduc-
tion may suitably be carried out by contacting the
catalyst at a temparature between 200 and 350°C with
a hydragen-containing gas.

40  Inthe processaccording to the invention, inthe
second step a catalyst is used which prefarably
cunlains 0.1-Z%w. and in particular 0,2-1 %w;, of one
ur morenoblematals of Group Vil suppatted on a
carricr, Preferenceis given to catalysts cantaining

48 platinum orpaliadium as nobie metal. Examples of
suitable carriersfarthe nobla metal catalystsare
amaorphougaxidas af the elements of Groups L, I
and IV, such as gifica, alumina, magnesia and zirconia
and also mixturas of these oxides, such assilica-

B0 alumina, sitfca-magnesis and silica-zisconia, Prefer-
rad carriars for the noble metal catalysts are silica-
aluminas..

intheprocess of the inventionthefirststepis
prefarably carried out at a temperature of 125-350°C

55 and in.particular of 175-275°C and the second stepis
prafarably carried out at a temperature of 200-400°C
and.in particular of 280-350°C. The processis
preforabiy carried outata prassure of 5-100 barandin
partiutar of 10-75 bar.

60 H,/CO mixtures which are eligibleto be used forthe
preparation of middle distillates according to the
invention can very sultably be obteined, starting from
aheavy carbonaceous material such ascoal, or
starting from light hydrocarbons such as naturat gas,

65 by steam raferming or partial oxidation, Inthe

process according to the invention the HyCO molar
ratio of the feed and the choice of the reaction
conditionsinthe first step should be so chosan that
the reaction product of the first step contains
70 sufficient unconverted hydrogen for carrying outthe
hydrocracking reaction in the sacond stap. Since the
Ho/CO consumption ratlo of tha prasent cobalt
catalysts isabout 2, inthe process according to the
invention, inthose cases whera the highest passible
75 COconversionisaimed at, itis preferrad to use Hy/CO
mixtures having a H/CO molarratio higherthan 2.
Very suitabie for carrying out the present pracess is a
feed which can be obtained in the steam reforming of
natural gas, which yields Hy/CO mixturas having
80 Hy/CO molarratio of about 3, asiswall-known. If the
feed forthe first step of the procass of the invention
available is a Hy/CO mixture having a H»/CO molar
ratio of 2 or less, then the H/CO molar ratio of said
feed can beincreased preparatory to cantacting the
85 feed withthecobalt catalysts. Such anincrease of the
Hz/CO malar ratio may be brought about by, inter alia,
addition of hydrogen, ramaval of carbon monoxide,
mixing with a hydrogen-rich H2/CO mixture or by
subjecting the low-hydrogen feed to the CO-shift
80 reaction. Optianally the CO-shift reaction can be
carried out i situ by addition in the first step of the
process of a physical mixture of a CO-ghift catalyst
and the cobalt catalyst. It is also possible to subject
low-hydrogen synthesis gases to the process accord-
95 ingtothe invention without raising their H»/CO molar
ratlos. The reaction conditions chosen in the first step
should then be sufficiently mild for only partofthe
hydragen available to participate in the Fischer-
Tropsch reaction. Naturally this cannot be achieved
100 withoutsome sacrifice in yield of hydrocarbons.
Besides as anindividual two-step processior the
preparation of middle distiflates from HpfCO mixtures
which have been prepared from, for instance, coal,
heavy mineral il fractions or natural gas, tha process
105 of the invention can also very suitably be used as part
of athree-step progess for the conversion af said
Ho/CO mixtures. Inthe latter case the H,/CO mixtura
available as feedis inthefirst step partially convartad
into substantiaily aliphatic hydrocarbans, aromatic
110 hydracarbons or oxygen-contalning organic com-
pounds, and subsequently unconverted hydragen
and carbon monoxlde, togethar with other compo-
nents fromthe product of the first step if desired, are
used as fead for the process according to the
115 invention.
‘The invention is now illustrated with the aid of the
following exampla.
Example
Two Co/ZriSi0; catalysis {Catalysts 1 and 2) were
120 preparad by impregnation of a silica carrier with
salutions aof cobalt and zirconium compounds. In
each impregnation stap thare was used a quaatity of
soiution whose volume corresponded substantially
with the pore volume of the carrier, After aach
125 impragnation stap tha solvent was removed by
heatlng and the material was calcined at 500°C.
Catalysts 1 and 2 were prapared as follows.
Catalyst 1 (= Catalyst 9 of Netherlands patent
application 8301922}
130 One-stepimpregnation of a silica carrler with a
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selution of cobalt nitrate in weter, followed by
one-step impragnation of the cobait-loaded carrier
with a solution of zirconium nitrate in water. Catalyst
7 comprised 25 pbw cobaltand 0.9 pbw zirconium per
100 pbw silica. For Catalyst 1 Lwas 98 mg/mland S
wag 98 m%/ml and consequently L/3 was 1.02 mg/im?®

Catalyst 2 (= Catalyst2 of Netherlands patent
application 8301922)

Three-stepimpregnation 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 carrierwith a
solution of cobalt nitrate in water. Catalyst 2 compris-
&d 25 pbw cobait and 18 pbw zirconium per 100 pbw
silica. For catalyst 2 Lwas 97 mg/fml and S was 100
m?/g and consequently L/S was 0.97 mg/m®.

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

P#5105-Al:05 catalyst comprising 0.82 pbw plati-
num per 100 pbw carrier, 14.6 %w of the carrier
consisting of alurnina and 85.4 %w of silica.

Catafysid

Pd/Si0;-Al;0a catalyst comprising 0.3 pbw palla-
dium per 100 pbw carrier, 21 %w of the carrier
consisting ofalumina and 59 %w of silica.

Hydrocarbon synthesis

Cetalysts 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 reducad at
250°C ina hydrogen-containing gas.

Experiment 1 (= Experiment 13 of Netherlands
patent application 8301822)

Inthis experiment a Hy/C0 mixture having a Ha/CO
molar ratio 2 was contacted at a tampsrature of 220°C
and a pressure of 20 bar with Catalyst 1. The
composition of the reaction product obtained is given
inTablel.

Experimemnts 2-4

In these experiments the Cs* fraction ofthe
reaction product obtained by Experiment 1 was
contacted at 300°C and at various pressures and
space velocities with Catalyst 3. The conditions usad
inthese experiments and the results obtained are
givenin Tablell.

Experiment5

In this experiment a Hy/CO mixtura having a H/CO
motar ratic 3 was contacted atatamperature of 204°C
and a pressure of 20 bar with Catalyst 2, The
compuosition ofthe reaction product obtained is given
inTablel.

Experiments6and 7

In these experirments the Cg* fraction ofthe
reaction product obtained by Experiment 5 was
contacted at 300°C and at various pressures and
space velocities with Catalyst 3. The conditions used
in these experiments and tha results obtained are
givanin Tablell.

Experimemnt 8

It this experiment a H,/CO mixtura having a Ha/CO
molar ratio 3 was cantacted inthe first step at 204°C
and a prassure of 20 bar with Catalyst 2, and
subseguently thetotal reaction product of the first
step was contacted in a second step at atemperature
of 300°C and a pressure of 20 barwith Catalyst3. The

70

75

80

g5

0

9B

75" 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 8

This experiment was carried out substantially inthe
same manner as Experiment 8, the differences being:
a) temperature in the first step: 226°C,

b) temperaturein the second step: 320°C, and
c) catalyst in the second step: Catalyst 4.

The Cg* fraction of tha product of the second step
comprised 43 %w gas ol boiling betwesn 200 and
360°C, which gas oil had a normal parraffins/isoparaf-
fins ratio of9.2.

Ot Experiments 1-2 anly Experiments 8 and 9 are
experiments according to tha invention. These ex-
periments, which wara carried outin “series-flow”,
yielded a gas oif having a vary high normal paraifins/
isoparaffins ratio. Experiments 1-7 fall ouiside the
scope cftheinvention. They have been includedin
the patent application for comparison.

Experiment 1 combined with Experiment 2, and
Experimant s combined with Experiment 6, show the
two-stap process as carried outin the gonventional
manner, starting from Hz/CO mixtures having Hy/CQ
molarratios of 2 and 3, respectively. In botn 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
comparisan of the results of Experiments 6and 7
showthe adverse effect of lowering the pressurain
the second step. Reduction of the pressure fram 130
to 20 barat an unchanged vield ofgas oll leadsto a
sharp fail in the normal paraffinsfisoparaffins ratio of

100 the gas oi! (from 6.1 to 2.3andfrom 6410 2.5,

respectively).

TABLE |

Cemposition ofthe total reaction
product prepared by Experiment No., Exp. 1 Exp. 5
expresseding

Cs* 100 108
Ci-Ca 20 31
Hz 4 20
Cco 42 19
COs 4 2
H,0 149 185

Gas off contant (200-360°C) of

Cs * fraction, %w 30 3
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TABLE Ii
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~ bt 1.2 1.2 06 1.2 6.6

Yiald of gas oil (200-360°C),
%w on feed 45 40 46 44 44
Normal paraffins/isoparaffins

ratio of gas oil 6.1 27 2364 25

CLAIMS
1, Aprocessforthepreparation of middle distil-
lates from a mixture of carbon manoxide and
hydrogen, characterized inthataH; and CO contain-
5§ ing feed is contacted inthefirst step at elevatad
temperature and pressure with a catalystcomprising
3-60 pbw cobalt and 0.1-100 pbw of atleast ona ather
metal chossan from the group formed by zirconium,
titanium and chromium per 100 pbw silica, alumina
10 orsilica-alumina, which catalyst has heen prepared
by kneading and/or irnpregnation, andthatina
second stap the complete reaction produet ofthafirst
stepis subjected fo a hydrocracking treatment by
contacting itatan elevatedtemperature and a
15 pressure which corresponds substantially with that
usaed inthefirst step, with a catalyst comprising one
ormore noble metais of Group Vill supportedon a
carrier, the Ho/CO molar ratic of the feed and the
reaction conditions of the first step being so chosen
20 thatthereaction product of the first step contains
sufficient unconvarted hydrogen for earrying out the
hydrocracking reaction in the second step.
2. Aprocessas claimed in claim 1. characterized
inthat in the first step a catalyst is used which satisfies
25 therelation

{3+ 8R) > &> (0.3 + 0.4R), wherein

L = the total quantity of cobalt present on the catalyst,
expressed as mg Co/ml catalyst,
@ = {he surface area of the catalyst, expressed as
20 mémi catalyst, and
K = the weight ratio of the quantity of cobalt
deposited on the catalyst by kneading to the total
guantity of cobalt presenton the catalyst.
3. Aptocess as claimed in¢laim 1 orZ, characie-

35 rized inthatinthe first step a catalystis used which
has been prapared by first depositing cobaltin one or
more steps by impregnation and subseq uently de-
positing the other metal inone or more steps, also by
impregnation.

40 4. Aprocessasclaimed inclaim 3 or 2, characte-
tized in that in thefirststep a catalyst is used which
has been prepared by first depositing the other metal
in one or mare staps by impregnation and subse-
quently depositing cobaltin ona ormore steps, also

45 byimpregnation.

E. Aprocessasciaimadinclaimtor2, characte-
rized in that in the flrst step a catalystis used which
has been preparad by first depositing cobaltin one or

80

ob

60

65

70

75

80

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

6. Aprocess asclaimed inanyoneofclaims1-5,
characterizad in thatin the first step a catalystis used
which comprises 15-50 pbw cobalit per 100 pbw
(carrier].

7. Aprocess asclaimedin anyone ofclaims 1-3,5
and 6, characterized in thatin the first step a catalystls
used which has been preparad by depositing first
cohalt and subsequentiy the other metal, and which
comprises 0.1-5 pbw of the athar metal per 100 pbw
carrier.

8. Aprocessasclaimedinanyone ofclaims 1,2,4
and 6, characterized in that in tha first step a catalystis
usedwhlch has been prepared by depositing first the
other meatal and subsequently cobalt, and which
comprises 5-4C pbw of the other metal per 100 pbw
carrier.

9, Aprocess asclaimed in any one of claims 1-2,
characterized in thatinthe first step a catalystis used
which contains zirconium as other metal.

10. Aprocessasclaimedinanyoneof claims 1-8,
characterized in that inthe first step a catalystused
which contains silica as carrler.

11. Aprocessforthe preparation of middle
distillates from a mbaure of carbon monoxide and
hydrogenasclaimedinclaim 1, substantially as
deseribad hereinbefore and in particular with refer-
encetathe example.

12. Middle distillates whenever prepared accord-
ing to a process as describadin eny one ormare of
tha praceding claims,
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