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SPECIFICATION
Process for the preparation of hydrocarbons

The Invention relates to a process for the preparation of hydrocarbons by catatytic reaction of
carbon monoxide and hydrogan,

The preparation of hydracarbons from a H,/CO mixture by contacting this mixture at elevated 5
temperature and pressure with a catalyst is known in tha literature as the Fischer-Tropsch hydrocarbon
synthesis. Catalyst often used for the purpose comprise one or more metats from the iron Aroup together
with one or more promoters and, sometimes, a carrisr material. For the preparation of the Fischer-

Trapsch catalysts thrae routes have till now besn avallable, viz. the precipitation route, the melting route
and the impragnation route. Stated briefly, the preparation of the Fischer-Tropsch catalysts by 10
precipitation fmplies that an aqueous saolutlon of a sait of @ mata! from the iron group to which a salt of a
prometer and a carrier material may have heen added, if desired, is rendered basic, which leads to the
formation of the catalyst as a precipitate. To this precipitaie may ba addad one or more promatars and a
carrier materlal, The preparation of the catalysts by melting is carried out, for instanca in the case of iron
catalysts, by melting together iron oxide and one or maore promoter oxides. Neither the precipitation 15
route nor the melting route are very attactive methods of preparing Fischer-Tropsch catalysts, sinca

their raproducibility is poor. Mareover, the precipitation route is very time-gonsuming, whiist the melting
route requires a great deal of energy. In addition, the activity of the catalysts prepared by melting or s
precipitation |s often unsatisfactory. A much more attractive method of preparing Fischer-Trapsch

catalysts fs the impregnation route. Thls method (s easy to carry out, gives readily reproducible results 20
and ganerally produces catalysts having high activity end C,* and C,* selectivity. In short, the

impregnation route implies the contacting of a porous carriar with 3 compound of 8 metal from the iron
group in the presence of a liquid, followed by the removai of the linuid from the compositian, czlcination

and raduction. The catalyst preparation by impregnation is preferably carried out as what is ¢alled a “dry
impragnation”, which means that a quantity of liquid is applied, tha valume of which substantially 25
corresponds with the pora volume of tha carrier.

The composition of the product which is abtained in the hydrecarbon synthesis according to
Fischer-Tropsch by using catalysts preparad by impregnation strongly depends on the catelytically
active metal present on the catalyst. Whan a cobalt catalyst prepared by impregnation is used, a )
product is obtained which consists substantially of unbranched paraffing. The use of an iron catalyst 3D
prepared by impregnation yields a product which, in addition to unbranched paraffins, comprises a
considerable proportion of olefins and oxygan-cantaining organic compounds. Since the activities and
the C,* and C;* selactivities of the cobalt catalysts are the iron catalysts prapared by impregnation are
of the same high standard, the use of a cabalt catalyst would be the right cholee for the preparation of a
product suitabla as a motor fuel, were it not for the fact that the cobalt catalysts prapared by 35

impragnation — in contrast with iron catalysts prepared by impregnation — have a poor stability, This
poor stability, which necessitates frequent rageneration of the catalyst, 15 a sericus impedimant to the
use on a technical scale of the cobalt catalysts prepared by impregnation.

In arder to find a solution to this stability problem further investigations were carried out into the
preparatian of cobalt catalysts. These investigations reveaied that cobalt catalysts having excellent 40
stability can be prepared, when the deposition of the cobalt on the carrier is carried out by kneading
instead of impregnation, The catalyst preparation by kneading, which is simifar to the preparation by
impregnation carrled out by contacting a porous carrier with one or more compounds of the catalytically
active metals in the prasence of a liquid, foliowed by the removal of the liquid and calcination of the
compusition, but before and/or durlng the removat of the fiquid the composition is subjected to an 45
intensive mechanical traatment such as pressing, squeezing or wringing, which generaily has as a result
that a substantial decrease of the particle size of the carrier material occurs and that the composition
takes on the consistency of a paste. Generally several hours’ kneadlng in a suitable kneading machine Is
sufficient to achieve the desired homogeneous dispersion of the components over the mixtura. The
intensive mechanical treatmant in which a substantial decrease of the particle size of the carrier 850
material occurs, forms the principla difference between the kneading route and the impregnation route.

Itis true that in the preparation of a catalyst by Impregnation a stage may be passed in which the
eomposition contains an emount of liquid corresponding to that present in the above-mentioned pasta
and that ~— e.g, by stirring ~— soma mechanical energy rmay be supplied to the composition, but as a n_.ele
the particle size of the carrier materials remains substantially unchanged in the catalyst preparation by 55
impragnation. The cobalt catalysts prepared by kneading, which, like tha catalysts prepared by
impregnation are used in tha reduced form, show high activity and C,* and C* selectivity, comparable
to those of the catalysts preparad by impregnation. The present discovery is highly surprising, since
comparative research has revealed that in the case of the closely related iron catalysts, replac-ement of
the preparation by impregnaticn with preparation by kneading teads to a severe drop in stability. BO

The present patent application therefore relatss ta a process for the preparation of hydrocarbons by
catalytic reaction of carbon menoxide with hydrogen, in which a faed comprising H, and CO is
contacted at elevated temperature and pressure with a cobalt catalyst preparad by knaading.

The cetalysts used in the process according to the invention comprise cobalt supportad on a
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Rorous carrier materlal, As carrier materials both amorphous and crystaliine matarlsls are sligible,
Suitable carriers includa silica and alumina as well as comblnations thereof and afse zeolites, such ag

In the process according to the inventlon it is essential that the catalyst used is a catalyst of which
the cobalt has been deposited on the carrier by kneading. If the catalyst, in addition to cobalt, comprises
4 promotar, such as zirconium, this promoter may be deposited on the carrier by kneading, like the
cobalt, or by other methods, for instance by impragnation. f the promoter is depositad on the cartier by
kneading, preference is given in the catalyst preparation to tha use of g starting material which, In
addition to the porous carrler, the cobalt compound and the liguid, comprisas a compound of the
promoter metal. In the catalyst preparation by kneading preference is given to contacting the porous
carrier with a solution of the metal compounds concerned in a salvent. A preferred solvent is water. The
amount of liquid which may be used in the preparation of catalysts by kneading may vary within wide

At the end of the kreading the liquid is remaved from the paste and tha composition i$ calcined
and reduced. The calcination is prefarably carried out at g temperature betwaen 350 and 700°C and the

Increased ta have & value higher than 1.75 and in particuiar betwaen 1.75 ang 2.25, before the feed ig
contacted with the cobalt-catalyst, Increasing the H./CO molar ratio of low-hydrogen feeds may be
affected, inter alia, by additian of hydroger, removai of carbon manoxide, mixing with a hydragen-rich

A feed vary suitable for the process according to the invention is a fraction comprising
unconverted carhon monoxide and hydrogsn, which fraction can be separated from a reaction product
obtained when a H,/CQ mixture (1} is contacted with a catalyst comprising ona or more metal
components having catalytic activity for the conversion of a H,/CO mixture into hydrocarbons and/or
oxygen-containing organic compounds,

If the conversion of the H,/CO mixture {1} is carried out with the object of preparing aromatic
hydrocarban, preference is given to the use of a bifunctional catalyst combination comprising one or
mare metal components having catalytic activity for the conversion of a H,/CO mixture inte acyclic
hydrocarhons and/or acyclic oxygen-cantaining organic compounds and a crystalline matal silicate
which, aftar one hour's caleination in air 5t 500°C, has the following proparties:

a) an X-ray powder diffraction pattern in which the strongast lines are the four lines mentioned in Table

]

TABLE A
d(A)
1.1 +02
100 0.2
3.84 1 0.07

3.72 +0.08, and
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b) in the formula which represents the cormposition of the silicate exprassed in moles of the oxides and in
which, in addition to 5i0,, one or more oxides of a trivalent matal A, chosen fram the graup formed by
aluminium, iron, gallium, rhodium, chromium and scandium, are present, the Si0,/A,0, motar ratio {m)
is highar than 10,

The crystalline metal silicate prefarably includes only one metal A chosen from tha graup formed
by aluminium, iron and gallium, and m preferably has a value lowar than 1000. Yery suitable catalyst
combinations for the present purposa are mixtures of the ciystalline metal silicate and a catalyst chosen
from the group formed by
a) catalysts capable of converting a H./CO mixture substantiafly into methangl and/or dimethyl ether,

b} catalysts which contain 30—75 pbw of iran and 5—40 pbw of magnesium par 100 pbw of alumina
and which have been prepared by impregnation of an alumina carrier with one or more aqueous
solutions of salts of iron and of magnesium, foliowed by drying of the compasition, calcination at a
temperature of 700—1200°C and reduction, and

¢} catalysts which contsin 10—40 pbw of iron and 0.25-—10 pbw of chromium per 100 pbw of silica
and which have been prepared by impregnation of a silica carrier with one or mote agueous solutions of
salts af iron and of chromium, followed by drying of the composition, calcination and reduction at a
temperaturs of 350—750°C.

It the conversion of the H,/CO mixture {1} is carrisd sut with the object of preparlng paraffinic
hydrocarbons, this conversion is preferably carried out at a temperature of 200-—500°C and in
particular of 250—450°C, a pressure of 1—150 bar and In particular of 5—100 bar and a space
veloclty of 50—B0CO0 and In particular of 300—3000 Ni gas/t catalyst hour.

If the conversion aof the H,/CO mixture (1) is carrled out with the object of preparing paraffinic
hydrocarbons, the catalyst used is preferably a Fe/Mg/Al,0, or Fe/Ct/S10, catalyst as described
hereinbefore under b} and ¢},

i the conversion of the H,/CO mixture (1) is carried out with the object of preparing paraffinic
hydrocarbans, this conversion is praferably carried uut at a temperature of 200—350°C and in
particular of 260-—350°C, a pressurs of 10—70 bar and in particular of 20—50 bar and a space
velocity of 500—B00C and in particular of 500—2500 NI gas/1 catalyst/hour.

In the conversion of the H,/CO mixture (1) is carried out with the object of praparing oxygen-
containing organle compounds, the catalyst prefarably used is & catalyst capabls of converting a H,/CO
mixtura substantially into methanol or dimethy! ether. Examples of suitable catalysts having the
property of converting g H,/CO mixture substantially into methanal are catalysts comprising:

1} zine oxide and chromium oxide,

2)copper, zinc oxide and chromium oxide,

3) coppar, zinc oxide and aluminium oxida, and

4} copper, zinc oxide and oxides of rara earths.

Exarnples of suitable catalysts having the property of converting a8 H,/CO mixture substantially into
dimethyl ather are catalysts comprising one of the methanal synthasis functions mentioned under
1)—4) and in additien an acid function, such as a physical mixture of gamma-alumina and a
compesition comprising copper, zine oxide and chromium oxide.

If the conversion of the Hy/CO mixture {1) is carried out with the object of preparing oxygen-
containing erganic compounds, this conversion is preferably carrisd out at a temperature of
175—330°C and in particular of 225—325°C and a prassure of 30—300 bar and in particular of
50—150 bar. The oxygen-containing organic compounds which can be prepared from the H,/CO
mixture (1), may very sultably be used as starting material for catalytic conversion into lower clefins
and/ar aromatic hydrocarbons, Catalysts very suitable for the purpose are the crystalline metal silicates
described hersinbefors.

If the procass according to the Invention is used as the second step in the two-step process for the
preparation of hydracarbons and/or oxygen-containing organic compounds from a H,/CO mixture {1},
then uncenverted hydrogen and carbon monexide present in the reaction product from the first step are
used, together with other components from the reaction product, if desired, as the feed for the second
step. Optionaily, the total reaction product from the first stap may be used as the feed for the second
step. In the two-step process an increase of the H,/CO molar ratio of the fead for the second step can
very suitably be effected by mixing the low-hydrogen feed for the second stap with a hydrogen-rich
H,/CO mixture which has been prapared by separating a portion from the Hy/CO mixture {1} available as
the feed for the first step, mixing this portion with water and contacting the mixturs at a temperature
above 325°C with a catelyst having CO-shift activity.

In addition to the faet that It can serve as the second step in the afore-mentioned two-stap
process for the preparetion of hydrocarbons and/or oxygan-cantaining organic compounds from H,/CO
mixtures, the process aceording ta the invention is also very suitable for use as the first step in a two-
step process for the praparation of middle distillates from H,/CO mixtures. Ta this end the first step of
the two-step process should be carrled out by using a cobalt catalyst comprising titanium, zirconium or
chromium as a promoter and sifica as tha carrler and at east the part of the reactlon product of the first
stap whose Initial boiling peint fies above tha final balling point of the heaviest middle distillate desirad
as end product should be subjected to g catalytic hydrotreatment in the second step, The catalytic
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hydrotreatment is carried out by contacting said fraction of the reaction product from the first step at
alevated temparature and pressure and in tha pressure of hydrogen with a catalyst comprising one or
mare metals having hydrogenation activity supported on & carrer. In the catalytic hydrotreatment
preferenca is given to the use of a catalyst comprising one or more noble maetals from Group VIN
supported an a catrier, Special preference is glven to a catalyst comprising platinum on a carrier,
13—15%w of which consists of alumina and the rest of silica. The catalytic hydrotreatmant is
preferably carried out at a temperature of 175—400°C and in particular of 250—350°C, a hydrogen
partial pressure of 10——250 bar and in particular of 25-—150 bar, a space velocity of 0.1——8 kg.l Rt
and in particular of .25—2 kgl .h™'and a hydrogen/sil ratio of 1005000 NLkg™ and in particular
of 260—28500 NlLkg™,

If in the afore-mantioned two-stap process in which the cobait catalyst is used in the second step
the catalyst used is a cobalt catalyst comprising titanium, zirconlum or chromium as a promoter and
silica as the carrier, the afore-mentioned catalytic hydrotreatment for the preparation of middle
distillates may also vary suitably be applied to the heavy reaction product from the second step. The
invention is now elucidated with tha ald of the followlng exampla.

EXAMPLE
Seven catalysts {catalysts 1—7) werg prepared as follows;

Catalyst 1 (Fe/Cu/K/Mg/ALO,)

This catalyst was prapared starting from an aluminra carrier containing 20 pbw of magnasium per
100 pbw of alumina, The preparation was carried out by using dry co-impregnation of the carrier with
an agueous solution cornprising iron nitrate, copper nitrate and potassium nitrate. The impregnaticn
was carried out in several stages. After sach impregnation stage the composition was dried and caicined
in air at 500°C. After the final calcination the composition was reduced in hydrogen at 280°C. Catalyst
1 containad 50 pbw of iron 2.5 pbw of copper, 4 pbw of potassium and 20 pbw of magnesium per 100
pbw of alumina.

Catalyst 2 (Fe/Cu/K/M g/AlL0,}

This catalyst was prepared starting from the same magnesfum-containing aiumina carrier as used
in the praparation of catalyst 1. The praparation was carriad out by kneading a mixture comprising the
carrier, watar, iron nitrata, copper nitrate and potassium nitrate, The mixture contained 3 quantity of

Catalyst 3 {Co/Si0,)

This catalyst was prepared by using dry impregnatien of & silica carrier with an aqueous salution
comprising cobalt hitrate. Tha impregnation was carried out In several stages. After each impragnation
stage the composition was drled and calsined in air at 500°C. After the final calcination tha com-
position was reduced in hydrogen at 250°C, Catalyst 3 contained 25 pbw of cobalt per 100 pbw of
sllica,

Catalyst 4 {Co/Si0,)

This catalyst was prepared starting fram the sama silica carrisr as used in the preparation of
catalyst 3. The preparation was carried put by kneading a mixture comprising the carrier, water and
cobalt nitrate. The mixture contained a dquantity of water corresponding with 150%v of the pore volume
of the carrier, After 2.5 hours’ kneading the kneaded mass was dried, calcined in air at 500°C and
reduced in hydrogen at 250°C, Catalyst 4 had the same composition as catalyst 3.

Catalyst 5 {Co/2r/Si0,)
This catalyst was brapared by using dry co-impregnatlen of a silica carrier with an aqueous
solution comprising cobalt nitrate and zirconyl chloride. The impregnation was carried out in several

Catalyst 6 (Co/Zr/Si0,)
This catalyst was brepared starting from the sama sifica carrier as used in the preparation of
catalyst B. The preparation was carried out by kneading a mixture comprising the carriar, water and
The mi ;
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reduced in hydrogsn at 250°C, Catalyst 6 contained 25 pbw of cobalt and 0.9 pbw of zirconium per
100 pbw of silica. The catalyst contained 130 mg cobailt per mi catalyst and had s surfaca area of 15 m?
par ml catalyst.

tained 26 phw of cobalt and 1.8 pbw of zirconlum per 100 pbw of silica. The catalyst coptained 134 my
cobalt per mi catalyst and had a surface area of 16 m? per ml catalyst,

On the catalysts 1—7 describad hereinbefore only catalysts 4, 6 and 7 are eligibfe for use in the
process according to the invention. The other catalysts fzll eutside the scope of the invention. They have
been included for comparisan.

Catalysts 1—7 were used in elevan experiments (Expariments 1—1 1 }in the preparation of
hydrocarbons from mixtures of carbon monoxide and hydrogen, The expariments were cartied out in a
50 ml reactor containing a fixed catalyst bed of 7.5 ml valume,

Fhe conditions undar which the exparlments were carried qut are given in Table B, The results of
the experimants are given in Table C.

Of the experiments mentioned in Tables B and Conly experiments 4, 7, 8, 10 and 11 are
experiments aceording to the invention. Tha other experiments fall autside the scope of the invention,
They have baen included in the patent application for comparison.

Camparison of the results tabulatad In Tabla C with regard to the use of cobalt catalysts and iron
calalysts prepared by impragnation and by kneading for preparing hydrocarbons from H,/CO mixtures,
clearly shaws the advantage using cobalt cata lysts prepared by kneading (both promotad and
unpromoted], a2s opposed to using iron catalysts,

Catalytic hydrotreatment

An Exparlment 12 was carried out in which the C,* fraction of the product obtainad according to
Experiment 6 was passed together with hydrogen through a 0-mi reactor containing & fixed catalyst
bed, &t & temperature of 345°C, a pressurs of 130 bar, & space velocity of 1.25 1.1\ h' and a
hydrogen/oil ratle of 2000 NI.1-%. The catalyst was a Pt/SI0,—A), 0, catalyst containing 0.82 parts by
weight platinum per 100 pbw of carrier, which carrier consisted of 14.6% by weight of alumina and
85.4% by weight of silica. The results of Experiment 12 are given in Table D.

Frem the results given in Table D jt appears that when a catalytic hydrotreatrent [s applied o a
product preparad according to tha invention, a considerabie part of the 400°C* fraction is converted (a
decrease from 29 to 7%w) end a considerabla quantity of 150-—360°C fraction is formed {an increase
fram 48 to 67%w), whereas only very little 160°C~ fraction is formed (an increase from 16 to 20%w,).
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TABLE D

Composition, C,* product of Cg' fraction of C,* product
Experiment & the C,* product of after the
Experiment 6 catalytic
Yew hydrotreatment

C 25 — 2
Cs—150°C 12 16 18
160--260°C 19 26 33
250—360°C 17 23 34
360—400°C 5 7 &
400°C* |22 28 7

CLAIMS

1. A process for the preparation of hydrocarbons by catalytic reaction of carbon monaxide with
hydrogen, charactetized In that a fead comprising H, and CO is contacted &t vlevated tamperature and
pressure with a catalyst which has been preparad starting from a mixture comprising a porous cartier
matarlal, one or more cobalt compounds and a liquid, by knseding this mixture to form a pasts, followed
by removal of the liquid from the paste, and calcination and reduction of the composition thus obtained.

2. A process as claimed in claim 1, characterized in that the catalyst has baen prepared starting
from a mixture comprising a porous carrier material, one or more water-soluble cobalt salts and a
quantity of water, the volume of which corrasponds with 110—190% of the' pore volume of the carrler
matarial.

3. A procass as claimed in claim 1 or 2, charactetized in that the catalyst comprises silica as
carrier matarial.

4. A procass as cfaimed in any one of claims 1-—3, characterized in that the catalyst contains
10—40 pbw of cobalt per 100 pbw of carrier matarial, '

5. A process as claimed in any one of claims 1—4, ¢haracterized in that the catalyst comprises a
promoter chosan from the group formed by zircontum, ttanium and chromium in a quantity of 0.25-—5
pbw per 100 pbw of carrier material,

6. A process as claimed in any one of claims 1—GB, characterized in that the catalyst is calcined at
a temperature between 360 and 700°C and reduced at a temperature between 200—350°C.

7. A process as claimed In any one of claims 1—8, charactorized in that it is appiled to a feed
comprising H, and CO whose H./CO molar ratio fies hetween 1.75 and 2.25.

B. A process as ciaimad in any one of claims 1—7, charactetized in that it Is carriad out ata
temperature of 126~—360°C and a pressure of 5—150 bar.

8. A process as claimed in any one of claims 1—8, characterized in that it is used as the first step
of & two-step process far the preparation of middla distillates from a H,/CQ mixture, in which the
catalyst used in the first step is a catalyst comprising titanlurn, zirconium or chromium as a promoter
and silica as the carrler and in which at least the part of the reaction product of the first step whose
Initial boiling point lies above the finai boiling point of the heaviest middle distillate dasired as end
product is subjected to a catalytic hydrotreatment in the second step.

10. A procaess for tha preparation of hydrocarbons by catalytic reaction of carbon monaxide with
hydragen as claimed in claim 1, substantially as descrlbed hereinbefore and in particular with reference-
to the example.

Frinted for Her Majesty's Stationery Office by the Courlier Prass, Leamingtan $pa, 1884, Published by the Patent Offios,
26 Southempton Buildings, London, WG2ZA 1AY, fram which coples may be abtalnad.
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