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(71) We, STIELL, INTERNATIONALE RESEARCH MAATSCHAPPIJ
B.V.,, 2 company organised under the laws of The Netberlands, of 30 Carel van
Bylandtlaan, The Haguc, The Netherlands, do hereby declare the invention, for which

" we pray thar a patenr may be granied to us, and the method by which it is o be

performed, to be particulaly described in and by the following statemnent: —

“{'he jnvention relates to a process for the preparation of hydrocarbons by catalytic
reaction of carbon monoxide with hydrogen, ' :

The preparation of hydrocarbons from a mixture of carbon monozide and
hydrogen by comracting this mixture with a catalyst af elevated temperature and
prossure is known in the liternture as. hydrocarhon synthesis accerding to Fischer-
Tropsch, Caralysts frequently cmployed for ihis purpose comprise one or more metals
of the fron group together with one or more promoters to increase the activity and/
or selectivity and sometimes a carrier material such as kiesclguhr. The caralysts
employed in practice for hydrocarbon synthesis according to Fischer-Tropsch are as
a rulc prepared by precipitation or by meling, Brcfly, dhe preparation of the
caalysts by precipitation is cffected by making basic an aqueous solution of 2 salt
of a metal of the iron group to which a salt of = promoter and a carrler material
may be added, i required, as a result of which the caralyst is formed as a_precipitare.
To this precipirarte a promoter and a carier material may be added. Examples of
suitable catalysts for the hydrocarbon synthesis prepared according to the precipitation
route, arc Fe/Cu/NafSi0, catalysts comprising 4.5 pazsts by weight of coppen
4 parts by weight of sedium and 20 parts by weight of silicon oxide per 100 parts
by weight of iron, as well as Co/ThO,/MgO/kieselguhr catelysts comprising 5 parts
by weight of thorium oxide, 8 parts by weight of magnesium ozide and 100200
parts by weight of kiesclgubr per 100 paxts by weight of cobalt. “I'he preparativn of
ilie catalysts by melting in the case of, for exampk, iron catlysts Is effected by
fusing iron oxide with one or morc promoter ozides, Examples of snitable catalysts
for hydrocarbon synthesis prepared according to the melting route, are T'e/AlL{),/
K.0/Ca0 catslysts comprising 5 parts by weight of aluminium oxide, 1 part by
weight of potassium oxide and 3 parts by weight of calctum axide per 100 parts by
weight of iron,

Buth the precipitation route and the melting rome arc rather ugattractive methods
for the preparation of the prescnt catalysts, because their reproducibility is fow. Besides,
the precipitation routs is very time-conswming, while the melting ronte requires
much energy.

With respect ro the performance of the above-mentioned catalysts when used
for hydrocarbon synthesis according ®© Fischer-Tropsch the following remarks can
be made. The performance of catalysts for hydrocarbon synthesis according to Fischer-
‘Tropsch is asscssed in the light of their activity and selectivity which have been
defined as follows. The activity of the catalyst is the number of grammes of hydro-
carbons produced per litre of catalyst per hour, The selectivity of the catalyst is the
weight of C,, hydrocarbons produced, caloulated as a percentage of the total quantity
of Dydrocarbons produced. For a catalyst for hydrocarbon synthesis according tw
Fischer-Tropsch beth a high activity and a high selectivity ave desirable. Of thcse
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two parameters the selectivity is considered the more important one, Apart from the
above-mentioned disadvantages of the catalysts prepared by precipiation or melting,
their caralytic performance is not very satisfactory either. A characteristic of the
catalyses prepared by melting is that in’ the ternperamre range of about 300—350°C,
considered optimal for these catalysts, they exhibit a high zctivity, but only a
moderate selectivity. Attempts to increase the selectivity of the catalysts prepared
by melting to the level of the catalysts obtained by precipitation, by applying
lower temperatures, as well as atlemnpis w increase the- activity of the catalysts

. prepared by precipitation to the level of the catalysts obizined by melting, by applying

higher temperatures, have remained unsuccessful, It is true that these measures
can bring abour an Improvement of the praperty in question, but this is accompanicd
by such a deterforaton of the other major property of the catalyst that this other
property has fallen below the minkmum allowable level for this property long before
the first property has reached the desired high level.

In view of the increasing interest in hydrocarhon synthesis according to Fischet-
Tropsch there is an urgent need of caralysss for this purpose which possess an
activity comparable with that of catalysts obtained by meiting as well ay a selectivi
comparable with rthar of camlysts prepared by recipitation. Further it is desiratl::rlg
for preparation of these catalysts to be eﬂectecf In a way thatr does mot have the
drawbacks of the bove-mentioned precipitation or melting route.

~ An cxtensive investigation has been carried out by Applicanr into the use for
hydrocarbon synthesis according to Fischer-Tropsch of catalysts comiprising 10—75
parts by weight of one or more metals of the iron gioup per [OU parts by weight of
carrier, topether with one er more promoters in quantity of 1—50%, of the
merals of the iron group present on the catalyst and which catalysts have heen
prepared by impregmation of a porous cartier with one or more aqueous solations
of salts of the metals in question of the iron group and of the pronioters in question,
followed by drying and calcining of the compesition. It has been found that the
sclectivity of these catalysts, which can be prepared with good reproducibility in a
simple way, is highly dependent on the quotent of the specific avcrage pore
diamcter (p) and the specilic average particle diameter (d) of the catalysts, For
further information cuncerning p and d as well as the way in which these are
determined, see British patent specification No. 1,408,759, in which these catalyst
data were discussed in detail. The investigation congerning the above-mentioned
catalysts prepared by impregnation has revealed that these catalysts with 2 p of at
most 10,000 nm and a d of at most 5 mm, display both an excellent activity and an
excellent selectivity when uscd for hydrocarbon synthesis according to "Fischer-
Tropsch, if the quotient p/d is larger than 2.0 (p in nm and d in ),

‘The present patent application therefore relates to a process for the Preparation
of hydrocarbons by catalytic reaction of carbon momoxide with hydrogen, using 2
catalyst prepared by impregnation having the 2bove-mentioned properties.

Comparison of the selectivity of the present catalysts prepared by impregnation
with that of the afore-mentioned catalysts prepared by melting, revenls that the larer
generslly display such o low selectivity thar for a hydracarbon synthesis in which
the selectivity is of major importance—as in the presenr patent applicatiop—these
catalysts are of no interesr and peed not be further discussed. Comparison of the
activity of the present catalysts prepared by impregnation with that of the afore-
menticned catalysts prepared by precipitation, rcveals thar the former show a con-
siderably larger ncrease in activity per degree of rise of the rcaction temperature
and moreover that the maxintam temperature at which these catalysts can stilf be
ampioyed bearing in mind the selectvity is considerably higher. The possibility of
employing the preseat catalysts prepared by impregnetion ar 2 higher temperature
than those prepared by precipitation, offers, in addition to the gain in activity, the
advantage thar the waste heat of the process can be utilised more effectively, for
example for the production of steam with a higher pressure and higher temperature
than is possible with the catalysts prepared by precipitation.

In the process according ro the invention the starting materisl has to be a mixture
of hydrogen and carbon mouoxide. Such 2 mixture can very suitably be prepared
by the partial combustion of a material containing carbon and hydrogen. Examples of
such materials are lignite, anthrachie, coke; crude petroleurn. and fractions’ thereof, as
well as oils produced from far sand and from bituminous shale. During the partial
combustion the feed, in a finely dispersed form, is converted with the aid of oxygen
or air enriched with oxygen, if desired, into 2 gas mixture comprising inter alia,
hydrogen, carbon monoxide, carbon dioxide, nitrogen and water. In the partial com-
bustion steam i3 preferably employed as remperature moderator. The partial com-
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bustion is preferably carried out at 2 temperature. between 900 and 1500°C and a

- pressure beiween 10 and 50 bar. In order to be able ro remove impuritics such as ash,

carbonaceous material and hydrogen sulphide from the gas obtained in the partial com-
bustion, which gas has a temperatuse of more than 1000°C, this gas must first be covled
down 1o 2 temperature between 100 and 200°C. This cocling may be very suitably
effected in a boiler in whick steam is generated by mcans of the waste heat. The cooled
gas may bc freed from practicafly all solid marter by washing with water. After
this wash, in which the temperature of the gas has fallen to 20--80°C, the gas
is further pusified by removal of hydrogen sulphide and carbon dioxwide. This may
be very suitably cffected by means of the ADIP process or the SULFINOL process.

In the process according to the invention the starting aterial is a mixture of
hydrogen and carbon menexide having preferably a molar ratio between 0.5 and 3.
If the process Is carried out using an iron catelyst, special preference is given to the
nse of u mixtore of hydrogen and carbon monozide with a molar ratio between 0.5
and 1.5, end m the case of a cobak or nickel catalyst to the use of a mixture of
Lydrogen apd carbon monoxide with 2 molar mtic between 1.2 and 2.5, I the
availahle mixture of hydrogen and carbon monoxide does not have the required molar
ratio, this may be adjusted by adding hydrogen or carbon monoxide. An increase of
the hydrogen content of the mizture with respect to the carbon monoxide content
may also be very suitably effected by submirting the mixturc w the well-known water
gas shift reactiom.

The process according to the invention is preferably carcied out ar a temperature
of 200-350°C, a pressure of 10—70 bar and a space velocity of 500—500( and in
particular of 500—2500 NI gasflitrc of catalysy/hour, If the process is carried
out using an iron catalyst special preference s given to a rcacton temperature of
250—325°C and a reaction pressurc of 20-—50 bar and, when a cobalt or mickcl
catalyst is employed, to a reaction temperature of 220—300°C and a reaction pres-
sure of 10—33 bar,

Catalysts employed in the process according to the invention comprise 10-—73
parts by weight of ome or more metals of the iron group, per 100 parts by weight
of carrier, together with omc or more promoters in a quantity of 1-—50% of the
quantity of metals of the iron proup present on the catalyst. With respect to metals
of the iron group, preference is given 1o the use of catalysts comprising 15—50

and in porticular 20—40 parts by weight of one or more of these metals per

100 parts by weight of carier. With respect to the promoters, preference is piven
to the use of catalysts comprising one or more promoters in a quantity of 540 and in
particular 10—20% of the metals of the iron group present ot the catalyst.

As promotcrs for the catalysts according to the invention a large pumber of
elements is eligible, As examples the following may be mentioned: aikali metals,
alkalinc-earth metals, metals of Group VIB, Ti, Al Si, As, V, Mn, Cu, 4g, Zn,
Cd, Bi, Ph, Sn, Ce, Th and U. Very suitable combinations of promoters for iron
catalysis according to the invention consist of an alkali metal such as K, a readily
reducible metal such as Cu or Ag and, #f desired, 2 metal that can only be reduced
with difficulty such as Al or Zn, An example of a very suitable iron catalyst according
to the invention is 8 catalyst comprising iron, potassiom and copper on silica as the
carrier. If in the process according to the invention use is made of an iron catalyst
comprising K as selectivity promoter, preference is given to the use of 2 catalyst
comprising not more than 0.15 g of K per g of Fe, because it has been fonnd that,
when higher K concentrations are used, the selectivity does not increase any Tarther,
whereas, owing to coke deposition on the catalyst the stability decreases sharply. Very
suitahle promoter combinations for cobalt catalysts according to the invenrion consist
of an alkaline-earth metal and Th, U or Ce, An example of a very suiteble cobalt
catalyst according to the invenrion s a catalyst comprising cobalr, magnesium and
thorium on sifica as the carrier. Other very suitable cobalt catalysts aocording to the
invention are caralysts comprising Co/Cr, Co/Zr, Co/Zn or Co/Mg on silica as the
carrier, Very suitable promotess for nickel catalysts according to the invention arc Al,
Mn, Th, W and 11, _

In the process according to the invendon catalysts are employed which have
been prepared by impregnetion of a porous carricr with one or more aquecus solu-
tions of salts of metals of the iron group and salts of promoters followed by drying
and calcining of the compesition. The carrier used to prepare the catalysts according
to the invention may be amorphous or crystatlinc. Examples of suitable carricrs are
silica, alumina, zirconia, thoriz, magnesia, boron oxide as well us combinations thereof
such as sifica-ahuning and sifica-magnesia. Other suitable carrers are zeolites such as
mordenite, faujusite and zeolite-omega. Zinc oxide has alse proved o be a suitable
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carrier for the preseat catalysts. In the preparation of the catalysts the salts can be
incorporated into the carricr in one or more steps, The matcrial is dried between the
individual impregnation steps. Application of a multi-step impregnation technique may
be necessary for the preparation of caralysts with a high meral content. The salis
of the mewls of the iron group and the salts of the promoters may be incorporated
into the carrier separately or together starting from one solution. An attractive maner
of incorporating the metals of the iron group and the promoters into the carrier is
the dry impregnation techmique, according to which. the carrier is contacted with an
aqueous solution of the ealts concerned, which aqueons solution hias a volume sub-
stantially equal to the pore volume of the cartier, Absorption of the aqueous solution
may be facilitaied by heating the mixture gently. If this method of preparation is
chosen for the preparation of catlysts with a high metal load, it may be necessary
to carry out more than one dry impregnation and dry the marerial between the
individusl impregnation steps.

he cavalyst emplﬁy':gs in the process according to the invention should have
a specific average pore diameter (p} of at mwst 10,000 nm and 2 specific average
particle diasncter (d) of ar most 5 mm. As rcgards p preference is given to catalysts
with 2 p of at most 1000 om and in particular with a p of at most 500 nm. The
choice of d is determined by the way in which the process is carried out. A very
suilable emhodiment of the process accarding to the invention is that in which the
feed is passed upwards or downwards through a vertically disposed reactor con-
taining a fized or moving bed of the catalyst particles concerned. The hydrocarbon
Synthesis may, for example, be effccted by passing the feed upwards through a
vertically disposed catalyst bed, the gas being made to flow at such a rate as to cagye
expansion of the caralysr bed. ¥ desired, the hydrocarbon synthesis may also he
effected wsing a suspension of the catalyst in hydrocarbon oil. According as the
hydrocarbon syathesis is effected using a fixed camlyst bed, an expanded catalyst
bed or a catalyst suspension, preference is given to the use of catalyst particles with a
d berween 1 and 5 mm, (.5 and 2.5 mm and 20 and 150 1 Tespectively, When
the hydrocarbon synthesis is carried out using a fized catalyst bed, waxy hydrocarbons
will be deposited on the catalyst, as a result of which the activity decreases, To get
round this difficoity the catalyst may be washed periodically, for example for some
hours per 1000 rvm hours, with a solvent for the above-mentioned heavy hydrocarbons,
A suitable solvent for this purpose is for example a mixture of raethyl ethyl ketone
and toluene. The above-mentioned deactivation of the catalyst is preferably counter-
acted by continuously washing the catalyst with a fraction of the product prepared in
the hydrocarbon synthesis. For this purpose prefercnce is given to a Fracuion with
an initial boiling point above 200‘:‘8 and a final beiling poing below 5509C. An
additional advantage of the above-mentioned continuous wash of the catalyst is that
temperature control during the highly exothermic hydrocarhon synthesis reaction
is simplificd.

The reaction, prodnet which in the process according to the invention leaves the
reactor contsins in addition to hydrocarbons and oxygen-containing  hydrocarbons
whose mwolecular weighs extends over z wide Tange, inter alia water, nitrogen, carbon
dioxide and unconverted carbon monoxide and hydrogen, If the process according
to the invention is carried our jo what is known as “once-through” operation, the

« Iraction is separsted from the reaction product as end product. I the process
accotding to the invention is carricd ovr i what is kiown as “recycle® operation, the
Lo fraction is likewise separated from the reaction product as end product, bur now
the rest of the reaction product after reduction of the carbon dioxide comtent, if
necessary, is recycled o the reactor, applying a bleed strcam o avoid the build-up of
nitrogen, jnter alia.

The invention is now elucidated by means of the following example,

- EXAMPLE
23 catalyst (caralysts A—D and 1—19) were tested for (he bydrocarbon synthesis

follows.

- according to Fischer-Tropsch. The preparation of the camalysts was carded out as

Catalyst A

A boiling solution. of 2886 g of Fo(NO,),.9 aq angd 76 g of Cu(™NQ,),.3 ag
in 10 1 of water was added with stirring to a boiling solutien of 1000 g of anhydrous
Na,CQ, in 10.5 1 of warer, To the mixture thus obtained were sdded in succession
130 g of unhydrous Na;CO, and 14.4 g of clay. After filtration of the mixture the
filter cake was washed with hot water until the fintrate was free of sodium and then
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washed with 10 1 of an agueous solution which contained 10 g of NHNO, per
litre, The filter cake was kneaded with 240 g of soda water glass, dried for 24 hours
at 110°C and ground, The caalyst A thus prepared by precipitation comprised 3.6
parts by weight of Cu, 4.1 parts by weight of Na and 23 parts by weight of 5i0. per
100 parts by weight of Fe. _

Camlyst B
fn a similar way as described hereinbefore for catalyst A, a catalyst B was
prepared by precipitation which comptised 4.43 parts by weight of Cu, 3.95 paris by

weight of Na and 20.5 parts by weight of 8i0, per 100 parts by weight of Fe.
Caralyst C

An aqueous sointion of 225 g of Fe(NOg): .9 aq, an aqueous sohtion of
5.9 g of Cu{NOy), .3 aq and an aqueous solution of 3.2 g of KNO,, were combined

. and the volume of the combined solution was made up with warer 0 150 ml. The

solurion was incorporated into 125 g of Si0, with a total pore volume of 150 ml
After some time the composition was dried at 120°C, calcined for 1 hour at 560°C,
ground and sicved. The catalyst C thus prepared by impregoation comprised 25 parts
by weight of Fe, 1.25 parts by wcight of Cn and 1 part by weight of K per 100
parts by weight of Si0,. '

Catalyst Iy and 1—19 -

In a similar way as described heteinbefore for catalyse C, catalysts D and 1—19
were prepared hy impregnation, In the preparation of the cetalysts containing Th, Mg,
Co, AL, Cr and/for Zu as promoters, use was made of aqueous sohitions of nitraics of
the clements concerned, In the preparation of the caralyst which container Zr as
promoter use was made of an agucous solution of xirconyl chloride.

The compositions of the catalysts as well as their specific average pore diameters
and specific average particle diameters are given in Table A. The values given in the
table for p and d were determined by means of nitrogen adserption/desorption,
mercury penctration and sieve analysis as described in British patent specificarion No.
1,408,759,

TABLE A
Caralyst No, Camposition expressed in parts by weighy s nm d, mm
25 Pefi25 Cafl K/106 SiQ, 24 2.2
25 Co/1.04 Th/1.18 Mg/100 Si0y, 24 2.2
25 Fe/1.25 Cuf1 K/100 Si0, 20 2.2
ditio 220 22
ditto 220 0.6
ditto _ 70 2.2
ditto 320 2.2
25 Pe/1.25 Cuf2 K /100 5i0, 220 2.2
25 PefL25 Cu/3 K/100 Si0, 220 2.2
2% Fej0.5 Al/1 XK/100 S§i0, 70 0.22
25 Fef1.25 Cu/2 K/100 Zn(d 20 0.22
25 Fe/1.25 Cu/2 K/100 (MgO—ALOy) 14 022
25 Co/L.04 Th/1.18 Mg/100 SiO; 70 22
25 CofL0 Cr/100 Si0, - 35 0.22
25 Co/1.8 Zr/100 810, 35 0.22
25 Cofl3 Zn/i00 SiO, 35 0.22
25 Cof0.5 Mg/100 Si0O, 35 022
25 Ca/fl1.04 Th/100 SiQ, 35 0.22
25 Hef1.16 Cofl K/100 510, 400 2.2
25 Cajf1.04 Th/1.18 Mg/100 SiO; 35 0.22
25 Cofl.04 Th/1.18 Mg/100G ALO, 12 0.22
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Catalysts A—D and 1—19 were tested for hydrocarbon synthesis according to
Fischer-Tropsch in a 250-ml reactor containing 2 fixed catalyst bed of the calyst in
question, with a volume varying berween 25 and 75 ml, Before being used for the
Lydrocarbon synthesis all the catalysts were first reduced for 2 hours with a mixture of
hydrogen and nitrogen (molar ratio (3:1), at armospheric pressure, 230°C and a
superiicial gas velocity of 1.6 my/sec,

Yor the preparstion of hydrocarbons a mmixture of carbon momnoxide and
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hydroger was passed over the catalysis at elevated {emperature and pressure, The
reaction product was worked up by cooling it down ar the rcaction pressure In twe
steps first to 150°C which caused seperation of a heavy lignid phase and then to
153C which cansed separarion of a light liguid phase and a gas phase. The composi-
tion of the reaction product was determined by means of TRP-GLC analysis.

The reaction conditions used in the experiments as well as the results obtained
are given in Table B.

With the exception of the experiments mentioned under 19 and 19A all other
experiments were carried out in once-through operation, The activities and selectivities
listed relate to the situation at roa hour 508, with the exccption of those mentioned
under 18, 184, 188, 19 and 19A. :

The resnlts mentioned under 19 and 19A were obizined in an experiment
catried out in recycle operation, Im this experiment the camlyst was comtinnoosly
washed ar a space velocity of 0.6 L1 hour? with part of the heavy liguid phase
which had separated from it when cooling the reaction product to 150°C, The results
mentioned under 19 and 194 refate to the situation ai run howrs 150 and 700, respec-
tively. The resnlts mentioned under 18, 18A and 18B were obtained in an experiment
in which during the experiment the camalyst was washed for some hours per 1000
ron howrs with a 1:1 (v/v) mixturc of mcthyl ethyl ketone and toluene. The
results mentioned under 18, 18A and 181 relate to the sitnation ar ron hours 400,
£00 and 900, respectively, Washing of the catalyst took place between run hours 800
and 900. '

TABLE B

203

Space velocity, HpfCO  Activity,  Selectivity,
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Ne. bar hour v/v 1 catfhour +
A 220 30 1000 2 65 90
A 280 30 1000 2 130 66
B 220 30 1004 2 105 23
B 280 30 1060 2 120 72
C 250 30 1000 1 75 69
C 280 30 1000 0.5 105 71
D 250 30 1000 1 100 75
D 280 30 1000 0.5 75 72
1 250 30 1000 i 75 73

1 220 30 1000 2 35 84
P 250 30 10040 1 80 82
2 250 30 2000 1 115 86
2 250 50 pALL 1 160 87
2 250 90 2000 1 145 85
3 250 30 1000 1 105 86
4 250 30 1000 1 85 31
5 280 30 1060 1 100 73
5 230 30 : 1000 1 o0 86
3 250 30 1000 i 40 82
5 250 3G 00 1 90 86
5 250 36 100¢ 1 80 86
5 250 30 1000 1 65 86
6 220 30 - o 1o 2 30 86
& 250 30 1000 i 80 87
G 280G 30 1000 1 115 82
7 250 30 1006 1 & 88
7 280 30 1008 1 a5 84
7 280 30 1060 0.5 80 89
8 250 30 1000 1 70 79
3 280 30 1060 0.5 115 85
9 220 30 1030 2 45 87
9 250 30 1000 1 140 88
o 280 30 1300 0.5 185 a0
10 220 30 1000 2 45 83
11 220 30 1000 2 120 89
11 250 30 100G 1 146G 91
11 230 30 1000 1 1403 70
12 230 30 2000 1 295 96
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TABLE B (cont.)

Space velocity; H./CO  Activity,  Selectivity,

vfv 1 cat/hour
280
120
230
285
110
230
270

13 250 36 2000
14 250 30 2000
15 250 30 2000
16 250 30 2000
17 280 30 1000
18 250 30 2000
19 250 30 2000

e b ot i e

Of the 42 cxperiments given in Table B only sxperiments 9—42 arc cxperiments
according to the invention. In thesc experimenis catalysts were used which had been
prepared by impregoation and which satisfied the conditions: p<C10,000 nm,
d<Z5 mm and p/d>>2. Experiments 1—8 are ouwside the scope of the invention and
have been included for comparison. Experiments I—4 were carried ont using
catalysts prepared by precipitation, Experiments 58 were carried out using catalysts
which, although prepared by impregnation, did not satisfy the condition p/d>>-2.

The experimental results presented in Table B give rise to the following remarks:

1,

Comparison of exp. 1 with exp. 2 and comparison of exp. 3 with exp. 4
reveals that with the catalysts prepared by precipitation, an increasc in
activity due 1o the use of a higher remperature, is accompanied by a sharp
decresse in selectivity, The activity and sclectivity observed in exp, 1 are
substantially in lne with what may be expected of a good catalyst. The
activity and selectivity found are comparable with thuse attained by Sasol
in commercial application of the process of Lurgi Chemie.

Comparison of exp, § with exp. 9, 11, 16 and 18 and comparison of exp. 7
with exp. 33 reveals that the catalysts prepared by impregnation satisfying
the condition p/d>>2 have a hi activity and sclectivity thac catalysts
prepared by impregnarion which do pot satisfy this condidon.

It is penerally assumed that the maximnm temperalure and pressure at
which Co-catalysis prepared by precipitation may be used arc about 215°C
and 15 bar, respectively. The wse of higher temperatures and/or pressures
leads to very rapid deactivation of the catalyst. The experimental work has
proved that the Co-catulysts according to the invention may be used at
considerably higher temperatures and pressures. _
Comparison of exp, 12, 13 and 14 with each other roveals that the aciivity
of the catalysts according to the invention at first increases with increasing
pressure until a maximum value has been reached, Upon a further increase
in pressure a decrease in activity occrs,

Camparison of exp. 21 with 22 and compatison of exp, 23 with 24 reveals
thut with the catalysts according to the ipvention, an increase in activity
due to the use of a higher temperaturs, is sccompanicd by only a slight
decrease in selectivity.

Comparison of exp. 24 with 25 reveals thar with the catalysts according 10
the invention, the use of a lower H,/CO ratie Jeads ro an increase in
selectivity and a decrease in activity. :

Comparison of exp. 17 with 40 reveals thar with the Fe-catalysts according
to the invention, replacement of Cu by Co leads to an increasc in both
activity and. selectivity.

Comparison of exp. 11, 21 and 23 with each other reveals that with the Fe-
catalysts according to the invention, an increase in K-content leads to an
increase in scleviivity, A very high K-content, huwcver, has 2 detrimental
eflect on the activity. The éxperimentsl work has fusther shown that an
incresse in ihe K-content of the Fe-catlysts according to the invention
leads to 2 sharp imcrease of oxygen-containing compounds in the reaction
product. Thus, when using an Fe-cawlyst according to ihe inyention
comprising 5 parts by weight of K per 25 parts by weight of Fe, about
80 per cont by weight of oxygen-containing compounds was found in the
reaction product. 3 o
Compatison exp. 35, 36, 37, 38, 39 and 41 wilh each other rcveals thet in
addition to the promoter cotmbinaton Th/Mg frequently used in the Co-
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catalysts prepared by precipitation, each of these elements individually, as
well as the eclements Cr, Zn and Zr, are likewisc very suitable for use as
promoters for the Co-catalysts according to the inventien, The promoters
may be ranked as follows in order of incressing allractiveness for this
application: Zn, Th/Mg, Th, Cr and Zr.

10. Comparison of exp. 11 with 15 reveals that with the caralysts according
to the invention a reducton in particle size jeads to an increase in activity,

11, Comparison of exp. 18 and 18A with 19 and 19A reveals that the activity of
the catalysts according to the invention is berter maintained when a heavy
fraction of the reaction product is contnuously passed over the catalyst.

12. Comparison of exp. 18 with 18B revesls that a discontinuous wash of the
reactivated catalyst with a solvent leads to = complete recovery of the
activity and selectivity. Comparison of exp. 18 with 18A gives an impres-
sion of the deactivation thal tends to occur. Comparison of exp, 18A with
18R gives an impression of the cffect of washing.

13. Compacison of exp, 21 with 29, 20 with 31 and 41 with 42 reveals that
for the camlysts according to the invention not only Sid: but also ZnO,
MgO—ALO; and ALQ, are very suitable carricrs.

WHAT WE CLATM IS:—

1. A process for the preparation of hydrocarbons by caralyric reaction of carbon
monoxide with hydrogen, characterized in that z catalyst is used comprising 10—75
parts by weight of one or more metals of the iron group per 10U parts by weight of
carrier, topether with one or more promoters in 4 quentity of 1—50%, of the quantity
of metals of the iron group present on the cawmlyst, which catalyst is prepared by
impregnation. of a porous carrier with one or more aqueous solutions of salts of the
metals in question of the fron group and the promoters in question followed by
drying and calcining of the composition, which catalyst has such 2 specific avezage
pore dismeter (Sp) of at most 16,000 nm and such a specific average particle diameter
(d) of at most 5 mm that the quotient p/d is larger than 2 (p iz nm and d jn mm}.

2. A process as claimed in claios I, characterized in that the molar ratio berween
hydrogen and cerbon monoxide in the feed lies between 0.5 and 3.

3. A process as claimed in claim 1 or 2, characterized in that this provess is
carried our at a temperature of 200—350°C, u pressure of 10-—70 bar, and a space
velocity of 500—5000 and preferably of 500—2500 N1 gas/iifre of catalyst/hour.

4, A process as claimed in any one of claims 1—3; characterized in thar a
catalyst is used comprising 15—30 and preferably 20—40 parts by weight of one or
more metals of the iron group per 180 parts by weight of carrler.

5. A process as claimed in any one of claims 1—4, characterized in that a
catalyst is used comprising one or more promoters in a quantity of 5—40. -

6. A process as claimed in eny one of claims 1—35 characterized in that a
catalyst is used prepared according to the dry impregnation technique.

7. A process as claimed in any one of claims 1—6, characterized in that a
catalyst is used with 2 p of ar mast 1000 om. '

8. A process as claimed in any one of claims 17, characterized in that this
process is carried out using a fixed catalyst bed, an expanded catalyst bed or a
catalyst suspension and using catalyst particles with a d between 1 and 5 mm, .5
and 2.5 mm and 20 and 157 p, respectively. '

9. A process as claimed in sny onc of cleims }—38, cheracterized in that ithis
process is carried out using a fived caralyst bed and in that the catalyst is washed

iodically or continuously with a solvent for heavy hydrocarbons,

10. A process 2s. claimed in clainy 9, charecterized in thar the catalyst is washed
contouously with a fraction of the product prepared in the hiydrocarbon synthesis.

11. A process as claimed iz any one of claims 1—-10, characterized in that the
molar atio between hydrogen and carbon monoxzide in the feed Yes between 0.5 and
1.5 and in that an iron catglyst is used,

12. A process as claimed in any onc of claims 1—11, characterized in that this
process is carded out at a temperatare of 250—3235°C and a pressure of 20—50 bar
and in that an jron catalyst is used.

13. A process as claimed in any ope of claims 1—12, characterized in that an
tron catalyst is used comprising an alkali metal, a readily reducible metal and, if desired,
& metal that can oaly be reduced with difficulry as promoters, -

14. A process as claimed in claim 13, characterized in that a catalyst is nsed
comprising iren, pelessivm and copper on silica as the carricr.
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15. A process as claimed in claim 13 or 14, characterized in that an fron catalyst
is used comprising potassium in a concentration of at most 0,15 g of potassium per
gram of irom,

16. A process as claimed in any onc of claims 1—10, characterized in that the

. molar ratior between hydrogen and carbon monoxide in the feed lies between 1.2 and

2.5 and in that a cobalt or nicke] catalyst is nsed.

"~ 17. A process as claimed in any onc of cluims 1—10 and 16, characterized in
that this process is carried out at a temperature of 220—300°C and a pressure of
10—35 bar and in that 2 cobalt or nickel catalyst is used. '

18. A process as cleimed in any onc of claims 1—10, 15 and 17, characterized
in that a cobalt caralyst is used comprising an alkaline-egsth metal and Th, U or Ce
8S Promoters. : '

19, A process as claimed in claim 18, characterized in that a catalyst s used com-
prising cobalt, magnesium and thorium on silica as the carrier.

20. A process as chimed in any one of clums 1—10, 16 und 17, characterized
in thet a cobalt caralyst is used comprising one of the following elements: Zn, Mg,
Th, Zc end Cr as the promoter,

. 21, A process as clanued in any ome of claims 1—10, 16 and 17, characterized
in that a nickel catalyst is used comprising Al, Mn, Th, W or U as the promoter, -

22. A process for the preparation of hydrocarbony, substantially as described
hereinhefore and particularly with refarence to exp. 9—42 of the Example.

23, Hydrocarbons which are prepared using the process as claimed in any one or
more of claims 1—22.

R. C, ROGERS,

Chastered Patent Agent.
Shell Centre,
London, SE1 7NA
Agent for the Applicants.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1979
Puhblished by The Patent Office, 25 Southampton Buoildings, Londun, WC2A 1AY, from
which copies may be obtained. :

LA

10

20



