
EP 0 421 502 B1 Description The present invention relates to a process for
the preparation of a catalyst or catalyst precursor suitable ' for the
preparation of hydrocarbons from a mixture of carbon monoxide and hydrogen,
and to said catalyst The preparation of hydrocarbons from a gas mixture
comprising carbon monoxide and hydrogen by contacting this mixture at
elevated temperatures and pressure with a suitable catalyst, is known in
the literature as the Fischer-Tropsch process. Suitable catalysts for this
synthesis reaction are amongst others catalysts comprising cobalt supported
on a porous, inert carrier. These catalysts are especially suitable for the
preparation of heavy paraffinic hydrocarbons. Optionally a' noble metal,
e.g. ruthenium, may be added. Furthermore, the catalysts preferably contain
at least one other metal from Group 4b and/or 6b, preferably chosen from
the group consisting of hafnium, zirconium, titanium and chromium.
Magnesium, thorium and manganese may also be used. Impregnation and/or
kneading are conventional methods for the incorporation of cobalt and
optionally 16  the promoter and other metals into the carrier. These
methods are disclosed in EP-A-1 27,220. -    The metal loaded carrier is
usually dried in order to remove the solvent at temperatures varying from
ambient temperature to 200 * C at normal pressure. Thereafter the dried
catalyst composition is calcined at temperatures from 200-700  C,
preferably 300-600  C, in order to remove crystal water and to decompose
organic and inorganic compounds to oxides and volatile decomposition
products, for Instance nitrogen oxide. Prior to the use of the
above-described Fischer Tropsch catalysts, the catalysts have to be
activated. This activation is suitably carried out by contacting the
catalyst at a temperature between 100 and 600[err]  C preferably between
200 and 350 [err]C, with hydrogen or a hydrogen containing gas. US patent
number 4,613,624 (US-A-4,613,624) discloses a process for the conversion of
synthesis gas 25 into diesel fuel and catalysts therefor  The catalysts
disclosed in US-A-4,613,624 comprise cobalt and a Group IIIB or IVB metal
oxide on an alumina support and prepared by impregnating the alumina with a
solution of a cobalt salt, drying and calcining. The calcination may be
effected in the presence of an .  oxygen-containing or inert gas at a
temperature in the range of from 150 to 300 [err]C. Further research on the
activity and selectivity, especially the [err]selectivity, of the catalysts
revealed  - 30 that the selectivity and the activity may be further
improved, if during the calcination the. metal loadedI carrier resides In
an atmosphere containing nitrogen oxide. The present invention,
therefore,relates to a process for the preparation of a catalyst or
catalyst precursor suitable for the preparation of hydrocarbons from a
mixture of carbon monoxide and hydro en wherein a cobalt compound is
applied on a porous, inert carrier and the carrier provided with the cobalt
35 compound is dried and calcined forming the catalyst, characterized in
that the the cobalt compound is' ' cobalt nitrate, and the carrier provided
with the cobalt compound is calcined in an atmosphere containing nitrogen
oxide in a concentration of at least 20% by volume, taking the water
content of the atmosphere not into consideration. Preferably the nitrogen
oxide originates from the decomposition of cobalt nitrate, and this
decomposi 40  tion gas is present if during caicination the atmosphere in
the calcination furnace is not purged at all, or is purged at a low
velocity. The concentration of the nitrogen oxide during the calcination
process is suitably between 25 and 100% by volume, preferably between 40
and 95% by volume, more preferably between 60 and 90% by volume, ....... -
- taking the water content of the atmosphere not into consideration. The
concentration of the nitrogen oxide 45  during calcination may be
established by measuring the nitrogen oxide concentration in   the (dried)
off-gas from the calcination process, or by taking samples out of the
calcination bed. The calcination in the presence of nitrogen oxide results
in the formation of relatively large agglomer- ates of cobalt oxide
crystallites, and subsequently of relatively large agglomerates of cobalt
crystallites after 



reduction  The relatively large cobalt oxide agglomerates usually have a
size of between 1 and 10 .60. .:micrometer, preferably.between 1 and 5
micrometer, more preferably between 1 and 3 micrometer, still More
preferably between 1.5 and 2.5 micrometer. Therefore, the invention also
relates to a process for the preparation of catalysts suitable for the
preparation of hydrocarbons as described hereinbefore, wherein the nitrogen
oxide concentration is such that cobalt oxide containing agglomerates are
formed having a size of about 1-10 micrometer, preferably between 1 and 5
micrometer, more preferably between 1 and 3 55 -micrometer, still more
preferably between 1.5       and 2.5 micrometer, as well as to catalysts
having cobalt agglomerates having a size of about 1-10 micrometer,
preferably between 1 and 5 micrometer, more preferably between 1 and 3
micrometer, still more preferably between 1.5 and 2.5 micrometer.. 2    EP
0 421 502 B1 The catalysts preferably contain about 3-80 parts by weight
cobalt, especially 15-50 parts by weight of cobalt, optionally 0.05-0.5
parts by weight ruthenium, and about 0.1-100 parts by weight of other metal
(as per 100 parts by weight carrier)preferably 5-40 parts of zirconium. The
porous carrier is preferably a refractory oxide carrier, such as silica,
alumina, zirconia, titania and mixtures thereof preferably silica or 5
titania, especially silica, is used. The catalysts or catalyst precursors
are preferably used in the form of spherical, cylindrical or lobed
particles having a nominal diameter of 0.5-5 mm, preferably 1-2 mm. The
carrier particles may be prepared by any conventional method, such as
compression, granulation, (hot)pressing or extrusion of powderous carrier
material, optionally using a binder material. Carrier spheres, in
particular silica containing spheres, are suitably prepared by means of the
"oil-drop" method, wherein spheres are formed from drops of silica
precursor and an acid solidifying when falling in an oil bath, or by means
of the "sol-gel" method. Alumina based carriers are preferably made by
extrusion or by the above described "oil-drop" method. The preparation of
hydrocarbons from a mixture of carbon monoxide and hydrogen, using the
catalyst according to the invention is preferably carried out at a
temperature of 100-500  C, at a total pressure of 1- 200 bar absolute and a
space velocity of 200-20,000 [err] (STP) gaseous feed/[err] reaction
zone/hour Preferred process conditions for the preparation of hydrocarbons
include a temperature from 150-300  [err] more preferably [err] pressure of
5-100 bar absolute, more preferably 15-30 bar, and a space velocity of
500-5,000 [err] (STP) gaseous feed/[err] reaction zone/hour. The term "STP"
used herein means standard temperature (of 0 [err]C) and pressure (1 bar
absolute). The gaseous feed preferably has a 20  hydrogen/carbon monoxide
ratio of 0.4-4 more preferably 0.8-2.5, still more preferably 1.0-1.5. The
invention further relats to a process for the preparation of hydrocarbons
by catalytic reaction of carbon monoxide and hydrogen comprising the use of
a catalyst as described hereinbefore. The invention will be illustrated
hereafter by a practical example of the preparative process of the catalyst
and of the process for the preparation of hydrocarbons using this catalyst.
On the surface of a silica carrier particles of zirconia are deposited.
Then the zirconia Impregnated carrier particles are impregnated with an
aqueous solution of cobalt nitrate. The dried particles are divided 30
into two portions (A and B). Sample A is dried in a laboratory rotating
film evaporator, wherein heat of evaporation is supplied by an oil bath
(200  C) and transferred via the wall of the rotating flask to the
impregnated particles (simulating a rotary kiln drier). Air (25  C) is used
as a purge stream to remove the vapours. Sample B is dried using hot gas in
a vibrating bed configuration wherein heat of evaporation is supplied by
the gas (25[err]C; simulating a belt drier).* Each catalyst sample (A and
B) is divided in two equal parts. The first parts (A-S and B-S) are
calcined 



during 1 hour at 500 *C in a stationary oven. The second parts of the dried
samples (A-T and B-T) are caicined in a standard fixed be configuration
using an air stream (GHSV of 5,000 NI/l.h), resulting in a low nitrogen
oxide [err] partial pressure in the 40  catalyst bed to be calcined. The
nitrogen oxide partial pressure under these conditions is lower than 2% by
volume. . The four catalyst samples (A-S, B-S, A-T and B-T) are tested for
their catalytic activity in the preparation of hydrocarbons from  a mixture
of carbon monoxide and hydrogen. Each catalyst sample (comprising 34 pbw
[err]16 pbw [err] and 100 pbw [err] is reduced (260  C, 3 bar (absolute),
6,000 GHSV), in a gas strearn with an increasing hydrogen concentration
(1-100%). The test conditions are as follows: pressure 21 bar (absolute),
800 GHSV, hydrogen/carbon monoxide 50  ratio in the feed =   2. The results
are shown in the following table: .. ....   . .. .    EP 0421 502 B1
Catalyst                    A-S    B-S   A-T   B-T Performance at run hour
200 Temperature, C              195   195   205   205 STY, [err]
100   100   100   100 Cs + selectivity, %w on [err]   76/79   75-- --75
76 From this table it is apparent that at the same standard yield, adjusted
to 100 [err]with the 10  catalysts calcined according to the invention,
comprising the agglomerates of cobalt crystallites, the same yield can be
obtained at lower temperatures. At these lower temperatures the occurrence
of side reactions is much lower, whereas less iso-hydrocarbons are formed.
Claims 15 1. Process for the preparation of a catalyst or catalyst
precursor suitable for the preparation of hydrocar- bons from a mixture of
carbon monoxide and hydrogen, wherein a cobalt compound is applied on a
porous, inert carrier and the carrier provided with the cobalt compound is
dried and calcined forming the catalyst, characterized In that the cobalt
compound is cobalt nitrate, and the carrier provided with 20    the cobalt
compound is calcined in an atmosphere containing nitrogen oxide in a
concentration of at least 20% by volume, taking the water content of the
atmosphere not into consideration. 2. Process as claimed in claim 1,
wherein the concentration of nitrogen oxide is between about 25 and 100% by
volume. 25 3. Process as claimed in claim 1 or 2, wherein the concentration
of nitrogen oxide is between about 40 and 95% by volume. 4. Process as
claimed in claims 1-3, wherein the concentration of nitrogen oxide is
between about 60 and 30     90% by volume. 5. Process as claimed in claims
1-4, wherein the nitrogen oxide is at least partly formed by the
decomposition of the nitrate-salt. 35  6. Process as claimed in claims 1-5,
wherein the nitrogen oxide concentration is such that cobalt oxide
crystallites containing agglomerates are formed, having a size of about
1-10 micrometer, preferably 1-5 micrometer. 



7. Process as claimed in claim 6, wherein the agglomerate size is about 1-3
micrometer, preferably 1.5- 40     2.5 micrometer. 8. Process as claimed in
claims 1-7, wherein the calcination temperature is 200-700 [err] C,
preferably 300- 600 C. 45  9. Catalyst suitable for the preparation of
hydrocarbons from a mixture of carbon monoxide and hydrogen after
activation, comprising agglomerates of cobalt oxide crystallites
distributed over a porous, inert carrier, having an agglomerate size of
about 1-10 micrometer, preferably 1-5 micrometer, more preferably about 1-3
micrometer, especially 1.5-2.5 micrometer. so 10. Catalyst as claimed in
claim 9, wherein the carrier is selected from the group consisting of
silica, alumina, zirconia, titania and/or mixtures thereof, preferably
silica. PatentansprUche 56 1. Verfahren zur Herstellung eines Katalysators
oder Katalysatorvorliufers, der fUr die Herstellung von Kohlenwasserstoffen
aus einer Mischung von Kohlenmonoxid und Wasserstoff geeignet ist, wobei
eine Kobaltverbindung auf einen pordsen inerten Trager aufgebracht wird und
der mit der Kobaltverbindung versehene Trager dann getrocknet und unter
Bildung des Katalysators kalziniert wird, 4    EP.0 421 602B1311
C   L  N1   S* Catalyst                    A-    BS A-         BT .
~~~Performance at run hour 200 Temperature, 'C             195   195   205
205 STY, gC +, 1,h~'            100   100   100   100 05 4 selectivity, %w
on Ct +    7679   75    75    76 frorn this4 tableit is apparent that: at
the same.standard yield,. adjusted. to 100 gCi 4, 17', W!,with-the 10:
catalyt :calcined according to the invention, comprising the agglomerates
of cobalt crystallites, the same. yield. can be obtained. at lower
temperatures At these lower temperatures the occurrence of side reactions
is much lower, wherasless Iso-hydrocarbons are formed. Claims 1A. Process
for the preparation of a catalyst or catalyst precursor suitable for the
preparation of hydrocar-! bons from a mixture of carbon monoxide and
hydrogen, wherein a cobalt compound Is applied on a porous, Inert carrier
and the carrier provided with the cobalt compound is dried and calcined
forming: othe.,catalyst, characterized in that the cobalt compound is
cobalt nitrate, and the carrier provided with: 4~ 20    . the cobalt
compound is calcined in an atmosphere containing nitrogen oxide in a
concentration of at:.. least 20%. by volume, taking the water content of
the atmosphere not into consideration. 2.Process as claimed in clailm 1,
wherein the concentration of nitrogen oxide is between about 25 and 1 00%
by volume. 3.Process as claimed in claim 1 or 2, wherein the concentration
of nitrogen oxide is between about 40. and 95% by volume. 4. Process as
claimed in claims 1-3, wherein the. concentration of nitrogen oxide is
between about 50-and so 90%.by volume. 5Process as claimed in claims 1-4,
wherein the nitrogen oxide is at least partly formed, 'by:;th~e
decomposition of the nitrate-salt. 35 f-    6 ---Process as claimed In
claims 1-5, wherein the nitogn oxide concentration is such that cobalt
oxide crystallites. containing agglomrerates are formed, having a size of
about 1-10 micrometer, preferably 1-5 micrometer. 



~~~~  _7. Process as. claimed in claim 6, wherein the agglomerate size is
about 1-3 micrometer, preferably 1.5- 40W.    2.5 micrometer. 8.  Process
as claimed In claims 1-7, wherein the calcination temperature is 200-700
'C, preferably 300-: .600 *C. ... .    Catalyst suitable for the
preparation of hydrocarbons from a mixture of carbon monoxide and hydrogen
alter activation, comprising agglomerates of cobalt oxide crystallites
distributed over a porous, inert carrier, having an. agglomerate size of
about 1-10 micrometer, preferably 1-5 micrometer, more preferably about 1-3
micrometer, especially 1.5-2.5 micrometer. so;5. .10. Catalyst as claimed
In claim 9, wherein the carrier is selected from the group consisting of
silica, alumina,.zirconia, tiania and/or mixtures thereof, preferably
silica. Patentansproche :1   Verfahiren zur Herstellung eanes Katalysators.
oder Katalysatorvorldufars, der fUr die Herstellung von
Kjohlenwasserstoffen aus einer Mischung von Kohlenmonoxid und Wasserstoff
geeignet ist,. wobei eine Kobaltverbindung auf einen por5sen inerten Tr~ger
aufgebracht wird und der. mit der Kobaltverblndung vershene Tr~ger danin
getwoknet und unter Bildung des Katalysators kalzinlert wird, 4    dadurch
gekennizeichnet, daB die Kobaltverbindung Kobaltnitrat ist und daB der mit
der Kobaltverbindung versehene Tr~ger  7 in einer Atmosphlre kalziniert
wird, welche Stickoxid in einer Konzentratlon von. mindestens 20 Vol.-%
...... enth~ft, wobel der Wassorgehalt der Atmosphilre nicht mit in
Betracht gozogen wird. 5 2Verfahren wie in Anspruch 1 beansprucht, in
welchem die Konzentration an Mtclkoxid zwischen etwa. 25. und 100 Vol.-%
betrgt. 3.Verfahren wie in.Anspruch 1 odor 2 beansprucht, in welchem die
Konzentration an Stickoxid zwischen 10 etwa 40 und 95 Vol.-% betrigt. 4..
Vertahren wie in Anspruch 1 bis 3 beansprucht,: In welchemn die
Konzentration an Stickoxid zwischen -etwa 60 und 90 Vol.-% botr~gt. 15 5
Verfahren wie In den. Ansprachen 1 bis 4 beansprucht, in welchemn das
Stickoxid mindestens teilwoiel- aus dem Nltratsalz durch Zersetzung
gebildet wird.. 6. Verfahren wie In den AnsprUche 1 bls 5 beansprucht, in
weichemn die Stickoxldkonzentratiop derart ist, daB Kobaltoxidkrlstallite
enthaltende Agglomerate gebildet werden, welche dine. Gr6Be von etwa 1 bis.
2o        10 Mikrometer, vorzugsweise von 1 bls 5 Mlkrometer autwelsen. .7.
Verfahren wie In Anspruch 6 boansprucht, in welchern die AgglomerstgrOBe
etwa 1 bis 3 Mikrometer   a vorzugsweise 1.5 bis 2,5 Mikrometer betr~gt.
*25  8.Verfahren wie in den Ansprflchen 1 bls 7 beansprucht, In woichemn
die Kalziniorungstemperatur'200 bis 700 C, vorzugswolse 300 bis, 600' C
betr~git.                                              st  .- *  9.
Katalysator, welcher sich ff~r die Herstollung Von Kohienwasserstoffen aus
diner Mischung von Kohlen-: .*  monoxid und. Wasserstoff nach seiner
Aktivierung eignot, umnfassend Agglomerate von Kobalto(idkristal-' * -30
liten, welche Ober elnen por~Ssen inerten Trilger vertellt sind und dine
Agglomeratgr~5e von etwa 1 bit' .10 Mikrorneter, vorzugsweise von 1 bls 5
Mikrometer, noch bevorzugter von etwa 1 bis 3 Mikrometr und insbesondere
von 1.5 bis 2.5 Mikrometer autwelaen. :10. Katalysator. wie in Anapruch. 9.
beansprucht,. wobel das Tr~germaterial ausgewflhlt let aus der Gruppe,
..... *welche aus Siliciurndioxid, Aluminlumoxid, Zirkndioxid, Titandioxid
und/odor Mischungen dieserOie vrusweise jedoch aus Siliciumdioxid besteht. 



.Revendloatlons -40- 1. Proc~dL6 de preparation d'un catalyseur ou d'un
prdcurseur do catalyseur utilisable pour la preparation d'hyrocrburs
&partir d'un m~la nge de monoxyde de carbnoe et d'hydrogbne, dans lequel
un. compos4. du cobalt est d~pos4. sur un support poreux inerte et le
support portant le cornpo4u cbat est s~ch4 et calcin6 pour former le
catalyseur, caractkris en ce que le compos4 du cobalt est le . .
.....nitrate. de cobalt et quo le support porteant le compos4 du cobalt eat
calcind dans une atmosphere ;45    contenant de l'oxyde d'azote & une
concentration d'au moins 20 % en volume, en ne tenant pas compto de la
teneur en eau de l'atmosphbre. 2.- Proichd6 selon la rovndication 1, dans
lequel la concentration de I'oxyde d'azote est comprise entro; environ 25
et 100 % en volume. 3.Proc~d6 selon Ia rovendication 1 ou 2. dans lequel la
concentration de I'oxyde d'azote eat comprise entre environ 40 et 95 % en
volume. 4. Procddd solon lea revendications 1-3. dana lequel la
concentration de l'oxyde d'azote eat comprise 56     entre environ 60 et 90
% en: volume. L5. Proc~d4 selon los revendicatlons 1 -4, dans loquel
I'oxyde d'azote. eat au momns partlellomnent. form6 par Ia decomposltion du
nitrate. 5    EP 0421 502Bi                         *       L   N   S *
6ProcW6. solon los revendications 1-5, dans lequel la concentration do
Poxyde d'azote est tello qu'iI: se: forme des agglom6rats. de cristallites
d'Oxyde de cobalt, ay~ant des grosseurs d'environ 1-10 micrOmb- tAres. do
prdfdrence 1-5 micrombtres. 5  7  Prc&16  elon  a rovndication 6, dans
lequel les grosseurs des agglom~rats sont d'envlron 1-I micrombtros, de
profdrenco 1,5-2,5 micrombtres. 8..Proo~dd solon les revendications 1-7,
dans lequol Ia temp~rature de calcination est de 200-700C, ,.do Podf6rence,
300-600 *C. 9.Catalysour utiilisablo pour Ia preparation d'hydrocarbures A
partir d'un m~lange do monoxyde do 7,        '~~~carbons et d'hydroglino
aprbs activation, comprenant des agglom~rats de cristaliftes d'oxyde do
cobalt distribu~s sur un support poroux inorto, ayant uno grosseur des
agglom~rats d'environ1I 110   rom - tres.. do- pr~f~rence 1-5 micrombtres,
on particulier environ 1-3 micrombtres, sp~cialement 1,5-2,5 15.
micrombtres. 10. Catalyseur solon la rovendlcation 9, dans lequel Ie
support est choisi dans lo groupe constitu4 par la silice, Ialumine, la
zircone, I'oxyde de titane etlou leurs mdlanges, et eat do pr~f~rence do la
silice. ...0. .  .. .  . ..;~ 45: 7~~~~~~~~~~~~~~~~~ ...0..    


