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SPECIFICATION
A process for the preparation of Fischer-Tropsch catalysts

The invention relates to a process for the preparation of Fiseher-Tropsch vatalysts.

The preparation of hydrocarbons from a mixture of carbon monoxide and hydrogen by contacting this
mixture at elevated temperature and pressure with a catalyst is referred to in the literature as the
hydrocarbon synthesis according to Fischer-Tropach, Catalysts which are often used for this purpose contain
one ar more metals from the iron group together with one or more promoters and sometimes a carrier

material. The preparation of the Fischer-Tropsch catalysts can, in principle, be carried out in threa ways, viz.

by precipitation, by melting or by impregnation. The prepearation of the catalysts by precipitation briefly
consists in an aqueous solution of a saft of a metal from the iron group, to which, if desired, a salt of a
promoter and a carrier material may have been added, being rendered alkaline, resulting in tha pracipitation
of the catalyst. One or more promoters and a carrier matarial rnay be added to this precipitate. The
preparation of the catalysts by melting is effected, for instance, for iron catalysts by fusing fron oxide with
one or mare promoter oxides. Both the precipitation route and the melting route are not very atiractive
procedures for the preparation of the Fischer-Tropsch catalysts, since their reproducibility is smali. The
precipitation route has the additional disadvantage that it takes up a great deal of time, whiist the meiting
route requires much ensrgy. Moreover, the catailytic propsrties uf the catalysts prepared by melting and by
pracipitation, particularly the activity and stability, are often unsatisfactary. A much more attractive
procedure for the preparation of the Fischer-Tropsch catalysts is the impregnation route. It is easy to carry
out, gives well reproducibla results and, as a rule leads to catalysts with high activity and stability. The
impregnation route briefly consists in a parous carrier being impregnated with one or more agueous
solutions of salts of one or more metals from the iren group and of one or more promoters, followed by
drying calcining and reducing of the composite, Many elements, such as alkali metals, alkaline-sarth metals,
metals from Group VI 8, Ti, Zr, Th, V, Mn and Cu, are eligible promoters for the catalysts prepared by
impregnation. As the carrier materials for the catalysts prepared by impregnation, amorphous as well as
crystalline materials may be used. Suitable carriers are, Inter alia, silica, alumina, Zirconia, thoria, borfa and
combinations thereof, such as sitica-alumina and silica-magnasla and further zeolites, such as mordenite,
faujasite and zeolite-omega. :

The Applicant has carried out an extensive investigation concaming the praparation of hydrecarbons for
H,/CC mixtures with an Hy/CO malar ratio smallar than 1.8, using Fischer-Tropsch catalysts prepared by
impregnation. In the abova-meantionad convarsion tha bahaviour of these catatysts was found to ba graatly
dependent on the following factors:

1) tha natura of the metal from tha iron group and the load used,

2) tha naturs of the promoter and the load used,

3] tha naturs of the carrier, and

4) the temparature treatment used

Catalysts praparad by impregnation were found to have a very high activity and a very high stabifity for the
conversion of Hy/CO mixtures with an Hx/CO molsr ratio smalier than 1.0, if they contain 30-75 pbw iron and
5-40 pbw magnesium per 100 pbw alumina end have been calcined at a temperature of from 700 to 1200°C.
These are novel catalysts.

The present patent application therefore relates to a progess for the preparation of novel catalysts, in
which catalysts containing 30-75 pbw iron and §-40 pbw magnesium per 100 pbw alumina are prepared by
impregnating an alumina carrier with one or more agueous solutions of salts of iron and of magnesium,
followed by drying the compuosite, calcining it at a temperature of from 700 to 1200°C and reducing it. The
patent application further relates to the use of these catalysts for the preparation of hydrocarbons with an
HzfCO mixture with an Hx/CO molar ratio smaller than 1.0 as the starting material.

When for the above-mentioned application use is made of catalysts prepared according to the invention,
prefarred catalysts are those containing 40-60 plw iron and 7.5-30 pbw magnesium per 1080 pbw alumina.
Further, preference is given to catalysts which eontain, in addition to iron and magnesium, a reduntion
sromotor and a selectivity promoter. A suitabie reduction promotear (s copper., suitable selectivity promaters
are the alkall metals, in particular potassium. In addition to iron and magnesiumn: it is preferred In the catalyst
praparation according to the invention te incorporate 0.6-& plbw copper and 1-6 pbw potassium per 130 pbw
alumina inte the catalyst by impregnation.

In the preparation of the catalysts the matal salts can be deposited on the carrier in ane or more steps.
Between the impregnation steps the material s dried und, aptionally, caleined. impregnation in more than
onea stap may be necessary for the preparation of catalysts with a high metal load. The metal salts may be
deposited on tha carrier separately ar together from ané solutlan. An atrractiva mathaod of depositing the
metal salts on the carrigr is tha dry impregnation techninue, according to which a carrier is contacted with an
aqueous solution of the salts concerned, which aqueous solution has a volume which is substantially the
same as the pore volume of the carrier. Sorption of the agueous solution by the carrier can be facilitated by
heating tha mixture, if this method Ts chosan for the preparation of catalysts with a high metal jead, it may be
necessary {o carry out more than ona dry impragnation and to dry the material between the separate
impregnation steps and, opticnaily, to calcine it. The requirement of using a calcination lemperature of
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700-1200°C unly applies to the calcination immediately preceding the reduction. If more calcinations are
carried out in the satalyst preparation, a.g. between several impregnation steps, these calcinations may, if
desired, be carrled out at a lower temperature. The calcination Immediately praceding the reduction is
preferably earried out at a temperaturs of 760-850°C. The catalyst preparation is finished with u reduction.

This reductian is earried out at elevated tam perature with a hydrogenous gas, 8.¢. a mixture of hydrogenand 5

nitrogen. The reduction is preferably carried out at & temperature of 250-350°C.

The catalysts prepared accerding to the invention are pra-aminently suitable for the preparation of
hydrocarbons from an H/CO mixturs with an Hz/CO molar ratio smaller than 1.0. Such Hz/CO rrixiures can
very suitably be prepared by steam gasification of a carbon-containing material. Examples of such materials
are brown coal, anthracite, coke, crude mineral oil and fractions thereof and oils produced from tarsand and 19
bituminaus shale. The steam gasification is prefefably carried out at a temperature of from 800 to 1500°C and
a pressure of from 10 to 50 bar.

The preparation of hydrocarbans from an Hy/CO mixture with an Hz/CO molar ratle smaller than 1.0, using

wh

- a Fischer-Tropsch catalyst according to the invention is prefarably carried out at a temperature of from 200t

350°C and in particular of from 250 to 350°C, a pressure of from 10 to 70 bar and in particilarof from 2010 50 15
bar and a space valacity of fror 500 to 5000 and in particular of from 500 to 2600 NI gas/l catalysth. The
hydrocarbon preparation according to the invention can very suitably be carried out by contacting the feed in
upward or downward direction through a vertically mounted reactor in which a fixed or a moving bed afthe
catalyst concerned is present.

The invantian will now be explained with reference to the following example, 20

Example
Eleven catalysts (A-H and 1-3} wers prapared and tested for the hydrocarbon synthesis according to

' Fischer-Tropsch. The preparation of the catalysts was effocted by impragnating an alumina ar silica carrier

with agueous solutions containing one or more of the foltowing saits: iren nitrate, magnesium nitrate, 25
copper nitrate and potassium nitrate. In all impregnations the dry impragnation technique was used. The
reduction of the cataiysts was carried out at atmospheric pressure with an Hy/N; mixture in a volume ralio of
3:1 at a superficial gas rate of 1.6 m/s. Further details about the preperation of the individual cataiysts are
given below,
30
Catalyst A
This catalyst was prepared by impregnating an alumina carrier first with a solution of Mg{NO;),, followad
by drying at 120°C and caleining for two hours at 400°C, and then impregnating with a salution of Fe(NOs),,
Cui{NOaj; and KNO;, followed hy drying at 120°C, calciming fartwo hours at 400°C and reduction at 280°C.
35
Catalyst 8
The preparation of this catalyst was performed in substantizlly the same way as the praparation of catalyst
A, the differance being that after the secand calcination at 400°C another calcination was carried out at BOO°C.

Catalyst C 40
The preparation of this catalyst was performed in substantially the same way as the preparation of catalyst

A, the differences baing that in the second impregnation a solution was used with higher concentrations of

Fs, Cu and K and that the sesond calcination was carried out for 16 hours at 650°C,

Catalyst D 45
This catalyst was prepared by impregnating an alumina earrier with a salution of Mg{NOs),, FelNOy),,
Cuf{NGs}; and KNO;, followad by drying at 120°C, ealcining for two hours at 400°C and reduction at 280°C,

Catalyst £

The preparation of this catalyst was performed in substantially the same way as the preparation of catalyst  gp
D, the differences being that a solution with higher concentrations of Fe, Cu and K and not containing Mg
was used, and that the calcination was carried outfor fourteen haurs al B00°C. 2

CatalystF

The preparation of this catalyst was performed in substantially the same way as the preparation of catalyst - g5
D, the differences being that sfica was used as the carrier, that a salution was used with higher
concentrations of Fe, Cu and K, and that the caletnation was carried out for fourteen hours at 800°C.

Catalyst @

The preparation of this catalyst was performed in substantially the sams way as the preparation of catalyst  gp
D, the differences being that a solution with higher concentrations of Mg, Fa, Cu and K was used, and that the
calcination was carried out for fourteen hours at BO0°C.

Catalyst H
The preparation of this catalyst was performed in substantially the same way as the preparation of catalyst g

H
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A, the differenca being that the reduction was carried out at 400°C,
Catalyst 1
The preparation of this catalyst was performad it su bstantially the same way as the preparation of catatyst
5 A, the diffarances being that in the second impragnation a solution with highaer concantrations of Fe, Cu 2nd
K was used, that the second calcination was carrled out for sixteen hours at 300°C, and that the reduction was
garried out at 325°C,
Catalyst2

10 . The preparation of this catalyst was parformad in substantiaily the same way as the preparation of catalyst
A, the differences being that in the first impregnation a solution with a higher concentration of Mg was used,
that In the second impregnation a solution with highser concentrations of Fe, Cu and K was used, that the
second calcination was carried out for sixteen hours at 800°C, and that the reduction was carried out at 300°C.

15 Catalyst3

The preparation of this catalyst was performad in substantially the same way as the preparation of cetalyst
A, the differences being that calcination after the first impregnation step was omitted, that in the second
impregnation a solution with higher concentrations of Fe, Cu and K was used, that the calcination after tha
second impregnation was carried out for sixteen hours at 800°C, und that the reduction was carried out at

20 325°C.

The composition of the catalysts is shown in Table A.

TABLE A
25 Cat. No. Compaositian expressed in pbw
Fe Mg Cu K AlOq 5i0;
A 25 20 1.28 2 100 -
B 25 20 1.2B 2 100 -—
30 C 60 20 2.5 4 100 -
D 25 20 1.25 2 160 -
E &0 - 2.5 4 100 -
F 50 20 25 4 100
G 20 50 25 4 10 -
35 H 25 20 1.25 2 100 -
1 50 20 2.5 4 100
2 50 16 25 4 100
3 80 20 3 4 100 -

40  The testing of the catalysts A-H and 2 and 3 for the hydrocarbon synthesis according to Fischer-Tropsch
from synthesis gas with an Ho/CQ maiar ratle of 0.6 as the starting material was performad in a 250-ml
reactor which conteined a catalyst bad with & volume of 50 ml. The experiments wara carried out at a
tamperature of 280°C, & pressure of 30 bar and a space velosity of 1000 NLI=V.h™),

The results of these experiments are shawn in Table B.

45

TABLE B
Exp. No. Cat. No. canversion of the synthesis gas, %
Aftar 25 h After 500 h
5O
1 A 75 -
. 2 B 28 -
3 C 87 37
4 D 64 -
5S 5 E 71 -
B F 74 -
7 G 69 -
B H 76 -
g 2 N 89
&0 10 3 92 g3

Catalyst T was tested for 3150 h for the hydrocarbon synthesis according to Fischer-Tropsch from a
syhthesis gas with an Ho/CO molar ratio of 0.6 as the starting materfal, The axperiment {exp. 11} was carried
out in subsktantially the seme way as the experiments 1-10, the difference baing that the experiment was

66 continued over alonger period, during which temperature and space velocity wera varled. The rasults of
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experiment 11 and the reaction conditions used ara shown in TableC.

TABLE C
Conditions during the experiment Result .
Period in Tamp., Space velocity Atrun Conversian of
run haurs G NLITE R hour the synthesis gas,
%
0- 25 280 1000 2b 93
25- 500 2B0 1000 500 90
500- 200 280 1000 300 a5
800-1350 270 500 1350 80
1350-1850 280 500 1850 80
1850-2300 295 500 2300 85
2300-2800 305 500 2800 81

2800-3150 305 350 3150 80

Of the experiments mentioned in Tables B and C only expariments 9-11 were carried out with cataiysts
prapared according to the invention. In these experiments the catalysts showed both a very high activity and
a very high stability. The experiments 1-8 were carried out with catalysts which ara outside the scope of the
invention, They have been included in the patent application for comparison.

The iron content of the catalysts A, [ and H was too low and the temperature at which these catalysts had
baen calcined was too low. Tha results of experiments 1, 2 and 8 show that these catalysts had a Yow activity,

Tha catalysts B, E, F and G contained too little iron. no magnasfurn, no alumina end too rmuch magnesium
respectively. The results of experimants 2, 5, 6 and 7 show that thesa catalysts had a low activity,

The temperature at which catalyst C had been calcined was too low. The resulls of experiment 3 show that
this eatelyst indeed had a high activity, but a very low stability.

CLAIMS

1. A process for the preparation of Fischer-Tropsch catalysts, characterized in that catalysts containing
30-75 pbw iron and 5-40 pbw magnesium per 100 pbw alumina are preparad by impregnating an alumina
carrier with one or more agueous solutions of salts of iron and of magnssium, followed by drying the
composite, calcining It at a temperature of fram 700 to 1200°C and reducing it,

2, Aprocess according to claim 1, characterizadin that a catalyst is preparsd containing 40-60 pbw iron
per 100 pbw alumina and 7.5-30 pbw magnesium per 100 pbw alumina.

3. A process according to claim 1 or 2, characterized in that a catalyst is prapared containing 0.5-5 pbw
copper per 100 pbw alumina.

4. Aprocess according to any one of claims 1-3, characterized in that a catalyst is prepared containing 1-5
pbw patassium per 100 pbw alumina. :

3. Aprocess for the preparation of Fischer-Tropsch catalysts, substantially as described hereinbefore and
in particular with reference to the preparation of the catalysts 1-3 In the example,

6. Catalysts prepared according ta a process as described in any one of claims 1-5.

7. Aprocess for the preparation of hydrocarbons from an H»/CO mixture, characterized in that an H,/CO
mixture with an H,/CO molar ratio smaller than 1.0 is contacted at elevated temperature and pressure with g
cotalyst according to claim 8.

8. Aprocess according to claim 7, characterized in that the preparation of the hydrocarbons from the
H/CQ mixture is carried out at a temperature of from 200 to 350°C, a prassure of from 10to 70 bar and a
space velocity of from 503 to 5000 Ni gas/l catalyst/h,

9. A process for the preparation of hydrocarbons from an Ho/CO mixtura with an Hy/CO molar ratio
smaller thar 1.0, substantially as described harainbefors and in particular with reference to the expariments z
8-11 in the example.

10. Hydrocarbons prepared according to a process as claimed in any one of claims 7-9,

PFrimed for Her Majeaty's Statioasry Office, by Croydon Priming Comgeny Limited. Craydon, Surray, 1387,
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