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{54} Cobalt-containing catalyst activation

(57} During the activation of Co/2r/Si0, catalysts by contacting them with a Ha-containing gas at a temparature
between 200 and 360°C and a H, partial prassure betwaen 0,007 and 75 bar, the H, partial pressure is gradually or
stepwise increased from an initial value {P“e:" to an ultimate valus {P,,z}u insuch awaythat (P, ), =5 x (PHzl,. .
The time required for the activation can ba drastically reduced (to about 10 hours or less) ﬁy carrying out the
activation as described hersinbefore as a result of which catalysts with an Improved activity and selectivity are

obtained for the conversion of a mixture of CO and H.

into hydrocarbon. .
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SPECIFICATION
Catalyst activation N
-‘v,‘v
The invention relates to a pracess for the activation af 3 catalyst which is {o be usad for the conversion
of a mixture of carbon monaxide and hydrogen inta hydrocarbons. e

The preparation of hydrecarbons from a H,/CO mixture by contacting this mixture at elevated 5
temperature and pressure with a catalystis known in tha litarature as the Fischer-Tropsch hydrocarbon
synthesis. Catalysts often used for the purpose cornprise one or more metals from the iron group, together
with one or more promoters, and a earrier material. Thess catalysts can suitably be prepared by the known
tachniques, such as precipitation, impregnation. kneading and matlting. The products which can ba
prapared by using these catalysts usually have a very wide renge of molecular weight distribution and, in =~ 10
addition to branched and unbranched paraffins, often contain considerable amounts of olefins and oxygen-
containing organic compounds. Usuaily only a minor portion ofthe products obtained is made up of middle
distillates. Of these middle distillates not anly the yield but also the pour point Is unsatisfactory. Therefore
the diract conversion of H./C0 mixturas according 1o Fischer-Tropsch is not a very attractive routa for the
production of middle distillates on a tachnicat scale. i5

in this patent application “middie distiflates” should be taken to be hydrocarbon mixtures whose
boiling ranga corresponds substantially with that of the kerosine and gas cil fractions obtained in the
canventienal atmosphere distillation of crude mineral oil. The middle distiliate range lies substantially
between abaut 150 and 360°C.

Recently there was found a class of Fischer-Tropsch catalysts having tha property of yislding a pradugt 20
in which only very minor amounts of olefins and oxygen-containing compounds occur and which conslsts
virtually completely of unbranched parafiins, a considerable portion of which paraffins boils above the
imiddle distillate range. It has been found that tha high-boiling part of this product can be converted in high
yield into middla distiilates by hydrocracking. As feed for the hydrocracking at least the part of the praduct
is chosen whose initial bolling point lies above the final boiling point of the haaviest middle distillate 25
desired as end product. The hydrecracking, which is characterized by a very low hydrogen consumption,
teads to middle distillates with a considerably better pour point than those abtained in the direct conversion
of a Hy/CO mixture according to Fischer-Tropsch.

The Fischer-Tropsch catalysts befonging ta the above-mentioned class contain silica, alurmina or silfca-
alumina as carrier material and cobalt togethsr with zirconium, titanium and/or chromium ag catalytically 30
active metals, in such quantities that the catalysts comprise 3-—~60 pbw of cobalt and 0.1—100 pbw of
zirconium, titanium and/or chromium per 100 pbw of carrier material. The catalysts are prepared by
depositing the metals involved on the carrier material by kneading and/or impragnation. For further
information on the preparation of these catalysts by kneading and/or impregnation reference may be mada
ta Nethertands patent application No. 8301922 which was recently filed In the name of the Applicant. 35

Preparatory of becoming eligibie for use in the praparation of hydrocarbons from a H./CO mixture the
cobalt catalysts should be activated. Until recently this activation was carried aut by contacting the catalyst
at a temperature between 200 and 350°C and at a constant hydrogen partial pressure batween 0.001 and 75
bar with hydrogen or a hydrogen-containing gas. The above-mentioned aclivation is attanded with two
drawbacks. connected with the activation time and the performance of the catalyst obtained. As for the 40
activation time, catalysts with acceptable activity and selectivity can only be obtained ifthe hydrotreatment
is carried out over a rather long period of time, Treatment timas of about 90 hours ara commoan practice. As
for the catalyst performance, pravided that the treatment time chasen is long encough, catalysts can be
obtained which show acceptable activity and setectivity, but the level of these catalyst properties is certainly
capabla of Improvement. 45

Further investigation into activation and performance of the atora-meantioned cobalt catalysts has now
shown that the two drawbacks mentionad hereinbefore can be removead by increasing the hydrogen partial
pressure gradually or step-wise from an initial value (Py,)i to an ultimate value (Py,)y in such a manner that
the relation (Py,), 2 5 X (P}, In the first place this leads to a considerable raduction of the activation time
needed. it has baen found tﬁat aiter no mora than about 10 hours, and sometimes even earlier, tha desired 50
activation is achieved. it has further been found thatin this mannar catalysts can be obtained which have
both a considerably higher activity and & considarably higher selectivity than those obtained in the
activation process carriad out at a constant hydrogen partial pressure.

The present patent appiication therefore relates to a process for the activation of a catalyst, in which a
catabyst comprising 3—60 pbw of cobalt and 0.1—100 pbw of at least one other metal chosen from 55
zirconium, titenium and chromium per 100 pbw of silica, alumina or silica-alumina, which catalyst has been
prepared by kneading and/or impragnation, is contacted et a temparature between 200 and 350°C and a
hydrogen partial pressure between 0,001 and 75 bar with hydrogen or a hydrogen-containing gas, and in
which during the activation the hydrogen partial pressure is increased gradually ar step-wise fram an initial
valua tPﬂzl, to an uitimate value {PHZ}U in such a manner as to satisfy the relation (Puhy =5 % P 60

The activation according to the invention is preferably carried out at a temperature below 325°C, a
hydragen partial pregsure balow 50 bar and a space velocity of 56-—100000 NLI7L.h~'. Particular preference
is given ta a space velocity of S00—10000 NILI-' -1,
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{Py,}, is preferably chosen batween 0.01 and 10 bar. Further, itis prefarred 1o choose (Pplisuch asto
satisfy the reiation:

D 10 x S,
o .
10* (P ) X (Proyy Lx{z+1)

wherain
D = the space velocity in NI.I"L.h~',
(Pu,}; = the initial hydrogan partial pressure in bar,
{Prat) = the initial overall prassure in bar,
S, = thainternal surface area of the catalyst in m¥mil,
L = the cobait load of the catalyst in mg Co/m, and
Z = the Zr, Tior Crload of the catalyst is mg metal/100 mg carrier.
The {Py,), used in the activation praferably lies between 0.1 and 20 bar. Further, it is preferred to carry
out the activation in such a way as to satisfy the relation (P, ) =10 % (PHzi,.
The process according to the inventicn is preferably applied to cobalt catalysts which form the subject
matter of Netherlands patent application No. 8301822, These are catalysts which satisfy the relation
L
{3 + 4R} >—> (0.3 + 0.4 B}, wherein
S5 o

L = the total guantity of eobalt presant on the catalyst, expressaed as mg Co/ml,

5, = the internal surface area of the catalyst, axpressed as m¥ml, and

R = the weight ratio batwaen the quantity of cobalt which has been deposited on tha catalyst by
kneading and the total quantity of cobalt present an the catalyst.

Further, the process accerding to the invention is preferably appliad to cobalt catalysts which have
been preparad by any one of the three procedures following:

a} first cabaltis deposited in one ormore steps by impregnation, next tha other metal is deposited in
one or mare staps, likewise by impragnation,

b} first the ather metal is depositad In one or more staps by impregnation, next cobalt is depasited in
ane or more staps, flkewise by impregnation, and

c)first cobaitis deposited in one or mare steps by kneading and next the other metal is depasitad in ong
or more steps, by impregnation.

Further, the process according to the invention is preferably applied to cobalt catalysts
containing15—50 pbw of cobait per 100 pbw of carrier. Tha quantity of the other metal which is preferably
present in the cabalt catalysts is depandent on the way in which this metal was deposited. In the case of
catalysts in which the cobalt has been deposited on tha carrier first and the ather metal next praferance is
given 1o catalysts comprising 0.1—5 pbw of the ather mstal per 100 pbw of carrier. In the case of catalysts in
which the other metal has been depostted on the carrier first and the cobalt naxt, preference is given to
catalysts comprising 5—40 pbw of the othar metal per 100 phw of carrier. The othar metal used by
praference ig zirconium and the carrier material used by preferance is silica,

The catalysts which have been activatad according to the pracess of the invention are excellently
suitahle for uge in the praparation of hydrocarbons from a mixture of carbon monoxide and hydrogen. The
presant patent application therefore also ralates to 3 pracess for the preparation of hydrocarbons from aHy/
CO mixture by using a catalyst which has baen activated according to the invention. The conversion of the
H/CO mixture into hydrocarbons js prefarably carried out at a temperature of 125—350°C and in particular
of 176—275°C and a pressure of 5—100 bar and in particular of 10—76 bar. The conversion of the H,/CO
mixture Is preferably carriad out by using the catalyst in the form of a fixed bed, which catalyst bed has such
an external surface area (S,) betwesn 5 and 70 cm%ml and such an internal surface area (S,} between 1¢ and
400 m¥ml as to salisfy tha relation 10° > S.2x8,>25x 10%

HA/CO rixtures which are eligible to ba convented into hydracarbons by using a catalyst which has
been activated according to the invention can vary suitably be obtained starting from light hydrocarbons,
such as methane, by steam reforming or partial oxidation. Specisl preference is given to natural gas as feed
for the preparation of the H,/CO mixture.

The Hx/CO mixture which is converted into hydrocarbons by using a catalyst which has baan activated
according to the invention preferably has a H./CQ molar ratio higher than 1.5. IFthe feed has a H/CO motar
ratio lower than 1.5, the latter is preferably increased to 2 value hetween 1.5 and 2.5 and fn particularto a
value betwean 1.75 and 2.25, before the feed is cantactad with the cobalt catalyst. The H/CO malar ratios of
hydrogen-poor H,/CO mixtures can be increased by, for instance, addition of hydrogen, removal of carbon
monaxide, mixing into a hydrogen-rich H,/CO mixtura, or by subjecting the hydrogen-poor H,/CQO mixture
to the CQO-shift reaction. :

As remarked hereinbafore, the present cobalt catalysts when used far the conversion of a Hy/CO
mixture yield a substantially waxy product tha high-boiling part of which can be convarted in high vield inta

- middle distillatas by subjecting it to a hydrocracking treatment, As fead for the hydrocracking at least the
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part of the product is chosen whose initial boiling point lies above the final boiling point of the heaviest
middle distilfate desired as and product,

Although in the preparation of middla distlilates from the product obtained ovar the cobalt catalyst the
part of the product whose initial bailing point lies abave the final bailing point of the haaviest middle
distillate desired as end product will do ag feed, it is preferred to usa for this purpose the total C;™ fraction ol 5
the product prepared over the cabalt catalyst, eince it has been found that the catalytic hydrotreatmant
leads to enhanced quality of the gasoline, kerosine and gas ofl fractions present therein.

The hydracracking treatment is carried out by contacting the fraction to be treated at slavated
temperature and pressure and in the presence of hydrogen with s catalyst comprising ane or more noble
mstals from Group Vil supportad on the carriar, The hydrocracking catalyst used by preferenceis acatalyst 10
which comprises 0.1-—2%w, and in particular 0.2—1%w of one or mare noble metals from GroupVillena
carrier. Catalysts containing platinum or pelladlum as the noble metal from Group VIl and silica-alumina as
the carrier are preferred. The hydrocracking is preferably carried out at a temperature of 200—400°C and in
particutar of 250—350°C, and a pressure of 5—100 bar and in particular of 10—75 bar.

The Invantion is now illustrated with the gid of the following example. 16

Exampie
Catalyst preparation
Two Co/ZriSi0, vatalysts (Catalysts 1 and 2) were prepared by impregnation of two globular silica
carriers {silicas A and B} with solutions of cobalt and zirconlum ¢ompounds. In aach imgpregnation step use
was made of a quantity of solution the volume of which corrasponded substantially with the pore volume of 20
the carrier concarned. After each 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

Single-step impregnation of silica carrier A with a solution of cobalt nitrate in water, followed by single-
step impregnation of the cobalt-loaded carrisr with a solution of zirconium nitrata In water, 25
Catalyst?

Two-step impregnation of silica carrier B with a solution of zireonium tetra n-propoxide in a mixture of
propanal, toluene and acety! acetone, followad by single-step impregnation of the zirconium-loaded carrier
with a solution of cobait nitrate in water. '

Further infarmation on Catalysts 1 and 2 is given in Table | 30

Catalyst activation
Six activation experiments (Experiments 1—6) were carried out, in which Catalysts 1 and 2, being the
starting material, were treated with a mixture of hydrogen and nitrogen ata space velocity {D} of 1200
NLI7.h™" and a total pressure {Pyadd 0 2 barto prepare the activated Catalysts 1A—1C and 2A—20,
respectively. Tha other conditions under which the activation experiments were carried out are given in 36
Table Il. The praparation of Catalysts 1A, 1B, 2A and 2B was carried out at a constant hydrogen partial
pressure. In tha preparation of Catalyst 1C the hydrogen partial pressure was increased step-wise from 0.02
to 2 bar during the activation. In the preparation of 2C the hydrogen partial pressure was increased step-
wise frormn 0.08 to 2 bar during the activation.

Catalyst testing 40
The activated Catalysts 1A up to and including 2C ware used in six experiments (Experiments I—Vi) in

the preparation of hydracarbons from a mixture of carbon monoxide having a Hy/CO malar ratio of 2. The

experiments were carried out at a space velocity of BOO NLI".h~? and a pressure of 20 bar in a reactor

containing a fixed catalyst bad, The temparatures at which the experiments were carried out as well as tha

results of these experiments are figted in Tabla 4|1, 45
Of the actlvation experimants mentioned in Table [l only Experiments 3 and € aro experimants

according to tha invention. tn these experiments, in which during the activation the hydrogen partiat

préssure was increased step-wlise, and in which the relation (PHZ}., =hx {PHE}; was salisfied, a short

activation period led to catalysts of high activity and selectivity as shown by the results mentioned in Tabla

NI Experiments 1, 2, 4 and 5 fall outside the scopa of the invention. They have baen included in thepatent ¢

application for comparison. In these experiments, which were carried out at a constant hydrogen partial

pressure, both short and long activation periods led to catalysts of lower activity and selectivity, as shown

by the resuits mentioned In Table [Il. Experiments 1 and 4 in addition vialded catalysts of low stability.
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TABLE |

Catalyst No. 1 2

Coioad (L), mg Co/ml catalyst a7 94

Zrlaad {Z), mg Zr/100 mg Si0, 0.9 12

Intarnal surface area (S,}, m¥mi 100 97

External surface area (8.}, cm¥ml | 26 24

10 % S, 5.4 (.69
Lx (Z+1)
52x8, 67600 | 55872
TABLE i
Experiment No. 1 2 3 4 5 6
Catalyst to be activated, No. 1 1 1 2 2 2
Initial hydrogen partial pressure, {PHZL, bar 0.02 0.02 0.02 0.08 0.08 0.08
Uitimate hydrogen partial pressure,
(PHZ}U, har 0.02 0.02 2 .08 0.08 2
Temperaturs, °C 250 250 250 260 260 Z60
D 150 180 160 9.4 9.4 9.4
10% X (P} (Progh

Activation period, h 1 92 11 4.5 1Y 4.5
Activated catalyst, No. 1A B | 1C 2A 2B 2¢ J
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TABLE Il
—
Experiment No. [ il in v v vl
Catalyst No. 1A 18 1c 24 2B 2C
Temperaturs, °C 210 210 | 210 | 205 | 208 205
initial (H,+COQ) conversion, %v 13 73 78 21 65 74
C;* salactlvity, %w 54 B84 87 74 85 ‘ 87
Cs* salactivity, %w 38 78.5 82 a1 80 ‘ /2
Loss of {H,+C0) conversion, %v per 100 h| =5 2 2 =5 1 f 1
CLAIMS

1. A process for the activation of a catalyst, characterized in that a catalyst which comprisas 3—60 pbw
of cobalt and 0.01—100 pbw of at laast one other metai chosen from zirconium, titanium and chromium per
100 pbw of sitica, alumina or silica-alumina, and which has bean prepared by kneading and/or Impregnation 5
is contacted at a temperature between 200 and 350°C and a hydrogen partfal pressure between 0.001 and 75
bar with hydrogen ora hydrogen-containing gas, and that during the activation the hydrogen partiat
pressure is increasad gradually or step-wise from an initial value (P hi to an ultimate valug {Pu )y insuch a
mannear as to satisfy the relation (Pu =5 x Py

2. A process as claimed in claim 1, characterized in that it is carried out at a temperature below 325°C,a 10
hydrogen partial pressura below 50 bar and a space velosity of 50—100000 NI.I-" 11,

3. A process as ctaimad in claim 2, characterized in that it is carried out at a space valocity of 500—10000
NLIF R, '

4. A process as claimed In any one of clalms 1—3, characterized in that it is cartied out by using a (P,
between 0.07 and 10 bar,

5. A process as claimed in any one of claims 1—4, charactarized in that it is carried out by using such a
{Puy), as to satisfy the refation

D 10 x5,
>
104 x {PHehz » {P‘[ot)i Lx {Z + 1,
wharein 20
D = the space velogity in NII=".h!,

{PHa]. = the initial hydrogen partial pressure [n bar,
(Prer); = the initial overall pressure in bar,
S, = the internal surface area ofthe catalyst in m%mil,
L = the cobalt load of the catalyst in mg Co/ml, and
Z = the Zr, Ti ar Cr load of the catalyst is mg matal/100 mg carriar, 25
6. A process as claimed in any one of claims 1—5, characterized in that it is carriad out by using a {Puglu
between 0.1 and 20 bar.
7. A process as claimed in any one of claims 1—6, characterized in that it is carriad out in such a manner
as to satisfy the relation (P, =10 x {Pﬂzj.. 20
8. Aprocess as ciaimedzln any one of claims 1—7, characterized in that the catalyst satisfies the relation

L
(3+4R} > —> (034 04 R}, wharein
S

L = the total guantity of cobalt present on the catalyst, expressad as myg Co/ml, 35
S, = the internal surface area of tha catalyst, exprassed as m¥ml, and
R = the weight ratio between the quantity of cobalt which has bean deposited on the catalyst by
kneading and tha total guantity of cobalt present on the catalyst,
9. A process as claimed in any one of claims 1—8, characterized in that, par 100 pbw of carrier, the
catalyst comprises 15-—60 pbw of cobalt and either 0.7—5 pbw of the athaer metal if during the praparation 40
cobalt was deposited first and the other metal next, or 5=-40 pbw of the other meta if du ring the
preparation tha other metal was deposited first and cobalt next.
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10. A process as claimed in any one of claims 1-—8, characterized in that the catalyst comprises
zirconium as the other meatal and silica as carrier.

11. A process for the activation of a catalyst as claimed in ¢laim 1, substantially as described
hereinbefore and in particular with refarence to the example.

12. Catalysts whenever activated by a process as described in claim 11.
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