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{54) Preparation of hydrocarbons

{57} Hydrocarbons are prepared by
contacting afeed comprising hydrogen,
carbon monoxide and steam, the
quantity of steam being 10-40 %y,
calculated onthe Hoy/CO/M20 mixture at
elevated temperature and pressure with
astlica supported catalyst comprising
10-40 pbw cobalt and 0.1-150 pbw
zirconium, titanivm or chromium per
100 pbw silica which catalyst has been
prepared by impregnation and/or
kneading.
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SPECIFICATION
Process for the preparation of hydrocarbons

The invention relatesto a process forthe prepara-
tion of hydrocarbons by catalytic reaction of carbon
monoxide with hydrogen.

The preparation of hydrocarbons from a Hy/CO
mixture by contacting this mixture at elevated temper-
ature and pressure with a catalyst is known in the
literature as Fischer-Tropsch hydrocarbon synthesis.
Catalysts often used for this purpose contain ircn or
cobalt together with one ormore promoters andfora
carrier material. The conventional techniques of
preparing Fischer-Tropsch catalysts are the precipita-
tion route, the melting route and the impregnation
route. Ofthese techniques the impragnation routeis
much to be preferred since this route is not so costly
and/ortime consuming, produces better reproducible
results and generally yields materials with better
catalytic properties. Briefly, the impregnation route
involves contacting & porous carrier in the presence of
aliguid once or several times with an iron or cobalt
compound and, if desired, with one or more com-
pounds of the appropriate promoters, followed by
removal of the liquid and calcination and reduction of
the composition obtained. The preparation of
catalysts which, in addition toiron or cobalt, contain
one or more promoters may be carried out both by
co-impregnation and by separate impragnation. In the
case of co-impregnation the porous carrier is con-
tacted once or several times with both an iron or cobalt
compound and one or more compounds of the
relevantpromoters. Inthe case cf separate impregna-
tion the porous carrier is first contacted with an iron or
cobalt compound orwith one or more compounds of
the relevant promoters and, after calcination of the
compositionthus obtained, the latter is contacted with
one or more compounds of the relevant promoters or
with an iron or cobait compound, respectively, fol-
lowed by calcination and reduction of the composi-
tion. For preparing Fischer-Tropsch catalysts compris-
ing cobalt supported on a carrier an attractive method
was recently found which ¢an be carriedoutina
simple manner and yields catalysts of very good
properties. In this method the deposition ofthe cobalt
onthecarrieris carried out by kneading instead of
impregnation, The catalyst preparation by kneading is
similarto the preparation by impregnation carried out
by contacting a porous carrier with one or more
compounds ofthe catalytically active metalsin the
presence of aliquid, followed by the removal of the -
liquid and calcination of the composition, but before
and/or during the removal of theiiquid the composi-
tion is subjected to an intensive mechanical treatment
such as pressing, squeezing or wringing, which
generally 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' kneading in asuitable
kneading machine is sufficientto achieve the desired
homogeneous dispersion of the components overthe
mixture. The intensive mechanical treatmentin which
a substantial decrease of the particle size of the carrier
material occurs, forms the principle difference be-
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tween 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
composition contains an amount of liquid corres-
ponding to that present in the above-mentioned paste
andthat-e.g. by stirring - seme mechanical energy
may be supplied to the composition, butas a rute the
particle size of the carrier material remains substan-
tially unchanged in the catalyst preparation by impre-
gnation. Hereinafter, whenever mention is made of
the preparation of catalysts by kneading, this should
betakento be the above-described preparation route
inwhich at least the cobalt has been deposited on the
carrier by kneading. Any promoters presenton the
carrier may also have been deposited on the carrier by
kneading orimpregnation.

The composition of the product obtained in the
Fischer-Tropsch hydrocarbon synthesis by using
catalysts prepared by impregnation and/or kneading
is largely depandent on the catalyticaily active metal
which is present on the catalyst. The use of a cobalt
catalyst prepared by impregnation andfor kneading
results in a product which consists mainly of unbran-
ched paraffins. The use of aniron catalyst prepared by
impragnation results in a product which contains a
considerably quantity of olefins and oxygen-contain-
ing organiccompounds. With aview to the compuosi-
tion of the product obtained, forthe preparation of
products suitable for use as motor fuels, preferenceis
giventothe use of a cobalt catalyst. Especially
catalysts which, in addition to-cobalt, contain silica
and inwhich the quantity of cobaltis 10-40 pbw per
100 pbw silica, are very suitable for the present
purpose.

Animportant parameter in the preparation of
hydrocarbons from Hx/CO mixtures is the C5 selectiv-
ity ofthe catalyst used. According as this Cs+
selectivity is higher, a larger percentage afthe
hydrocarbor mixture obtained will consist of valuabie
Cs* hydrocarbons and consequently a smaller percen-
tage will consist of C,~ hydrocarbons as by-products.
Although the afore-mentioned catalysts containing
10-40 pbw cobait per 100 pbwsilica do already have a
C3* selectivity of about 80 %, the need is neverthefess
feltto boost the selectivity of these catalysts and so to
reduce the formation of undesirable C;~ by-products.

An investigation carried out into this subject re-
vealed that the C;* selectivity of catalysts containing
10-40 pbw cobalt per 100 pbw silica can be consider-
ably enhanced by using a feed which contains steam,
provided thatthe foilowing conditions are met:

a) thecatalystmustcontain 0.1-150 pbw of a promo-
terchosen from the group formed by zirconium,
titanium or chromium per 100 pbwe silica,

b} the cobaltandthe promoter must have been
deposited on the sifica by impregnation and/or
kneading, and

c} the guantity of steam presentin the feed mustbe
10-40 %v, calculated on the Hy/CO/M,0 mixture.

The following may be remarked on points a}-c).

Experiments using non-promoted Co/Si0, catalysts
prepared by kneading have shown that the presence
of steam in the feed has no effect anthe C;* selectivity
ofthe catalysts. Experiments using Co/Zr/Si0,
catalysts substantially prepared by precipitation
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showed that neither for these catalysts did the
presence of staam in the feed have an effect onthe Cs*
selectivity. Experiments using Co/Zr/Si0, catalysts
prepared by impregnation and/or kneading and using
feeds of various steam contents showed that signifi-
cant enhancement of the C;* selectivity ofthese
catalysts can only be achieved when the quantity of
steam is at least 10 and at most 40 %v, calculated on
the H/CO/H,0 mixture. The use of feeds with lower or
higher steam contents (e.g. 5 or 50 %v) yieldsan
insufficientincrease of the Cs* selectivity. When feeds
with very high steam contents {e.g. 60 %v} are used,
the C5* selectively will be even lowerthan in
steam-free operations.

Attempts at utilizing the afore-mentioned find for
raising the C;* selectivity of the closely related iron
catalysts have remained unsuccessful. Experiments
using promoted Fe/SiQ; catalysts prepared by impre-
gnation have shown that the use both of feeds with
low steam contents (e.g. § %v} and of feeds with
higher stearn contents (e.g. 30 %v) resultsin a very
severe drop of C3* selectivity, Furthermore, contrary
to whatis seen forthe cobalt catalysts, the presence of
steam in the feed has quite an adverse effect onthe
activity of the iron catalysts,

The present patent application therefore relatesto a
precess for the preparation of hydorcarbons by
catalytic reaction of carbon monoxide with hyd rogen,
inwhich afeed which contains hydrogen, carbon
monoxide and steam and in which the quantity of
steam presentis 10-40 %v, calculated on the H,/CO/
H:0 mixture, is contacted at elevated temperature and
pressure with a catalyst which comprises 5-40 pbw
cobalt and 0.1-150 pbw of a prometer chosen from the
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group formed by zirconium, titanium or chromium per 100

100 pbw of silica and which has been prepared by
depositing cobalt and the promoter on a silica carrier
by impregnation and/or kneading and caleining and
reducing the composition obtained.

The catalysts used in the process according to the
invention may be prepared either exclusively by
impregnation, or exclusively by kneading, orbya
combination of kneading and impregnation.

Ifthe preparation of the catalysts is carriad out
exctusively by impregnation, both co-impregnation
and separate impregnation are eligible. With co-
impregnation the silica carrier is contacted once or
severaltimes with a Co compoundand a Zr, Tior Cr
compound. With separate impregnation optionally
eitherfirstthe Co and, affer calcination of the
composition, the Zr, Tl or Cror first the Zr, Tior Cr and,
aftercalcination of the composition, the Co may be
depasited on the silica carrier. Both the deposition of
the Co and the deposition ofthe Zr, Tior Cr may be
carried outin one or more steps. After the last
impregnation step ofthe co-impregnation the metal-
containing composition should be calcined. If the
catalyst preparation is carried out by se parate impre-
gnation, the metal-containing composition should be
calcined both after the lastimpregnation stepinwhich
the cobait has been deposited onrthe silica and after
the lastimpregnation step in which the promoter has
been deposited on the silica. [fthe co-impregnation ar
the separate impregnation are carried out in more
than one step, the metal-containing composition
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obtained is preferebly calcined after each impregna-
tion step.

Inthe preparation of catalysts by acombination of
kneading and impregnation first cobalt is deposited
onthe carrier by kneading, andthen the promoter by

-impregnation. After calcination ofthe paste the

composition obtained isimpregnated with a com-
pound of the promoter and calcined again.

Ifthe preparation of the catalysts is carried out
exclusively by kneading the starting material may very
suitably be a mixture which, in addition to silica, a
liquid and a Co compound, contains a Zr, Tier Cr
compound,

The amount of liquid which may be used inthe
preparation of catalysts by impregnation may vary
within wide limits, The impregnation is preferably
carried out as whatis called a ““dry impregnation”,
which meansthata quantity of liquid is applied, the
volume ofwhich substantialty corresponds with the
pore volume ofthe carrier. The amount of liquid which
may be usedin the preparation of catalysts by
kneading may also vary within wide fimits. Amounts
of liquid which are smaller, equal to or largerthan the
pore volumae ofthe carrier comeinto consideration,
provided that during kneading such an amount of
llquid is present that underthe influsnce of the
intensive mechanical treatment the carrier material,
togetherwith the metat compound, can yielda
composition with the desired paste-fike consistency. A
possible excess of liquid may be removed from the
composition by evaporation before or during knead-
ing. Preferably the quantity ofliquid usedin the
kneading has a volume which corresponds to 110-190
% of the pore volume of the carrier material.

Inthe deposition of a metat by impregnation as well
asin the deposition of a metal by kneading, the carrier
material is first of all contacted with a compound ofthe
metal concernedin the presence ofa liguid, As metal
compounds hoth organie and inorganic compounds
are eligible. As liquids both organic and inorganic
liquids may be applied. Inthe catalyst preparation by
impregnation aswellasin the catalyst preparation by
kneading preferenceis givento contacting the porous
carrier with a solution of the metal compound
concerned in a2 solvent. Exampies of suitable aqueous
solutions of zirconium compounds are solutions of
Zirconium nitrate or of zirconium chloride in water.
Examples of suitable non-aqueous solutions of zirco-
nium and titanium compounds are solutions of
zirconium tetrapropoxide in a mixture of benzene and
propanol and solutions of tetraisopropyl orthotitanate
in a mixture of isopropanol and acetyl acetone, Forthe
deposition of cobalt on the carrier preference isgiven
tothe use of asolution of an inorganic cobalt
compound in water. Cobalt compounds suitable for
the purpose are cobalt nitrate, cobalt carbonate,
cobalt chloride and cobalt sulphate.

The calcination{s)to be carried outin the present
catalyst preparations is (are) preferably carried gutat a
temperature between 350 and 700°C. Afterthe last
calcination the Co and Zr, Tior Cr-containing composi-
tion should be reduced. This reduction is preferably
carried out at a temperature between 200 and 350°C.

The quantities of promoter present on the catalysts
is morethan 0.1 pbw per 100 pbw silica. Depending on
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the method of preparation chosen, the catalysts rmay
contain upto 150 pbw per 100 pbw silica. If the catalyst
preparationis carried out by separate impregnation in
which firstthe promoter and then the cobaltis
deposited on the silica, preferenceis giventothe use
of catalysts containing 2-100 and in particular 2-20
pbw promoter par 100 pbw silica. Ifthe catalyst
preparationis carried out by co-impregnation, by
separate impregnation in which first the cobalt and
thenthe promoteris deposited on the silica, by
kneading or by a combination of kneading and
impregnation, preference is given to catalysts contain-
ing 0.1-5 pbw and in particular 0.25-2 pbw, promoter
per 100 pbw silica.

In the process according to the invention preference
is given to the use of catalysts which have been
prepared either by separate impregnation in which
firstthe promoter and then the cobaltis deposited on
the silica, or by kneading or a combination of kneading
and impregnation. As regards the promoter present
on the catalysts, preference is given to the use of
zirconium.

The process according to the invention is preferably
carried out at a temparature of 125-350°C and in
particular of 175-275°C and a prassure of 5-150 bar and
in particular of 10-100 bar. In the process according to
the invention the starting material is a H,, CO and
H30-containing feed which preferably has a H,/CO
molar ratio higherthan 1,75,

The process according to the invention may very
suitably be carried out as an independent process in
which a Hp and CO-contalning feed, after the addition
of steam, is converted in one step into a hydrocarhon
mixture. A very suitable feed may in this case be
produced by the addition of steam to a Hy/CO mixture
obtained by gasification of a carbon-containing mate-
rial such as coal.

The process according to the invention may also
very suitably be carried out as part of a multi-step
process for the canversion of a H, and CO-containing
feed. This case offers three options, viz.

A) Theprocessis used as second stepin two-step
processes.

B) The processis used asthe firststep ofa two-step
process.

C) Acombination of the processes mentioned under
A} and B}, with the process according to the invention
being used as second step in two three-step pro-
cesses.

Each one ofthese multi-step processes will be
further explained hereinafter.

inthe processes mentioned under A} two embodi-
ments may be distinguished, depending on whether
the first step is intended for the preparation of a H,/CO
mixture with the desired steam content by catalytic

75

80

20

95

100

105

110

conversion of light hydrocarbons (embodimentA1)or 115

whether thefirst step is intended for the preparation of
hydrocarbans and/or oxygen-containing organic
eompounds by catalytic conversion of a H,/CO mix-
ture [embodiment A2).

The process mentioned uder A1) bears upon the fact 120

that a very attractive method of preparing H,/Co
mixtures consists in steam reforming light hydrocar-
bons, such as methane. In this method the light

65 hydrocarbonstogether with steam are contacted at

high temperature and pressure with a catalyst.
Catalysts often used for the purpose are nickel-
containing catalysts. Itis common practice in order to
protect the catalysts from excessive coke deposition
to carry outthis reaction in the presence of an excess
of steamn, viz. considerably more steam than
stoichiomatrically required for the chemical conver-
sion of the hydrocarbons into a H./CO mixture. The
excess to be used of steam which will ultimately find
its way into the ready Hy/CO mixture may vary within
wide limits. A correct choice of the excess of steam
used in the first step wili resultin the production of a
H/CO mixture which contains the required quantity of
steam, so that without any further addition of steam
this H/CO/H,0 mixture can be used as the feed forthe
process according to the invention when used as
second step. -

In the process mentioned under A2) a H,/CO mixture
is contacted in the first step with a catalyst containing
one or more metal components having catalytic
activity for the conversion of a H,/CO mixture into
hydrocarbons and/or oxygen-containing arganic
compounds, and unconverted hydrogen and carbon
monoxide present in the reaction product of the first
step - together with other components of that reaction
product, if desired - after the addition of steam, are
used as the feed for the process according to the
invention. Depending onthe nature oftha catalyst
chosen in the first step either substantially aromatic
hydrocarbons, or substantially paraffinic hydrocar-
bons, or substantially oxygen-containing compounds
may be prepared in this step. if itis the object in the
firststep to prepare substantially aromatic hydrocar-
bons, then use may quite suitably be made of a
catalyst mixture containing either a methanol or
dimethyl ether synthesis catalyst or a Fe/Mg/A1,O5 or
Fe/Cr/SiQ; catalyst prepared by impregnation
together with a crystalline metal silicate which is
characterised in that after one hour’s calcination in air
at500°C it has the following praperties:

a} an X-ray powder diffraction pattern in which the
strongest lines are the lines mentionedin Table A
TABLE A
d(A}
1.1 £ 0.2
1066+ 0.2
3.84 £ 0.07
3.72+0.06, and
b} intheformula which representsthe composition
ofthe silicate expressed in moles of the oxides and in
which, in addition to Si0,, one or more oxides of a
trivalent metal M, chosen from the group formed by
aluminium, iron, gallium, rhodium, chromium and
scandium are present, the Si0,/M, 05 molar ratio is
higherthan 10,

Ifitis the object in the first step of the two-step
process mentioned under A2} to prepare substantial-
ly paraffinic hydrocarbons then use may very suitably
be made of the above-mentioned Fe/Mg/A),0; or
Fe/Cr/SiO; catalysts prepared by impregnation. If the
first step of the two-gtep process mentioned under
A2}is carried out with the object of preparing
oxygen-containing organic compounds, then use
may very suitably be made of a methano or dimethyl
ether synthesis catalyst, Methanol synthesis catalysts
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suitablefor usein the first step of the two-step
process mentioned under A2) are ZnQ/Cr,0s and
CuWZn0/Cry0; catalysts. A dimethyl ether synthesis
catalyst suitable for use in thefirst step of the
two-step process mentioned under A2) is a mixture of
gamma-Al;03 and the Cu/Zn0/Cr;0; methanol synth-
esis catalystmentioned hereinbefare.

Inthe two-step process mentioned under B} as well
asin the threg-step processes mentioned under C)
the fact is uttlized that the high-boiling part of the
product obtained inthe process according to the
invention can be converted in a high yiald into middle
distillates using a catalytic hydrotreatment. in the
present patent application the term “middle distil-
lates” is used to designate hydrocarbon mixtures
whose boiling range corresponds substantially with
thatofthe kerosine and gas oil fractions obtained in
the conventional atmospheric distillation of crude
mineral oil. Said distillation is used to separate from
crude mineral oil one or more gasoline fractions
having a hoiling range between 30 and 200°C, one or
mare kerosine fractions having a boiling range
betwsen 140 and 300°C and one or more gas oil
fractions having a boiling range between 180 and
370°C, successively.

The two-step process mentioned under B) compris-
es carrying outthe process according to the invention
as the firststep, followed by a catalytic hydrotreat-
mentas the second step, Thethree-step processes
mentioned under C) comprise carrying outthe
two-step processes mentioned under A1) and A2),
with the process according to the invention forming
the second steps followed by a catalytic hydrotreat-
ment as the third step. Thefeed chosen forthe
catalytic hydrotreatment is at least the part of the

reaction product ofthe process according to the
invention whase initial boiling pointlies above the
final bolling point of the heaviest middle distiilate
desired as final product. The hydrotreatment which is
characterized by a very low hydrogen consumption
yields middle distillates with a considerably lower
pour pointthan that of those obtained in the direct
Fischer-Tropsch conversion of a H,/CO mixture have.
Catalysts very suitable for carrying outthe catalytic
hydrotreatment are those containing one or more

- noble metals of Group VIll supported on a carrier, and
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particularly suitable is a catalyst containing platinum
supported on a carrier 13-15 %w of which consists of
alumina, the rest of silica.

Theinvention is now illustrated with the aid of the
following example.
EXAMPLE

Eightcatalysts (catalysts 1-8) were prepared.
Catalyst 1 contained 25 pbw iren, 1.25 pbw copper
and 2 pbw potassium per 100 pbw sflica. Catalyst 2
contained 25 pbw cobalt per 100 pbw silica. Catalysts
3-7,In addition to 25 pbw cobait per 100 pbw silica,
contained varying quantities of 2Zirconium. Catalyst 8
contained 25 pbw cobalt and 0.9 pbw titanium per 100
pbw silica. All the catalysts were prepared starting
fromthe samesilica carrier. All the impregnations
were carried outas dry impregnations, After each
impregnation step the compositions obtained were
dried at 120°C and calcined in air at 500°C. After the
last calcination step the compositions were reduced
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in hydrogen; catalyst 1 at 280°C and the other
catalysts at 250°C. Further information concerning
the preparation ofthe catalysts is given hereinafter.
Catalyst 1

One-stepimpregnation of the silica carrier with an
agueous sofution containing both iron nitrate, copper
nitrate and potassium nitrate.
Catalyst2

Kneading of a mixture comprising the silica carrier,
water and cobalt nitrate. The mixture contained a
quantity of water corresponding with 150 %v ofthe
pore velume ofthe carrier. After 3.5 hours of
kneading the kneaded mass was dried at 120°C and
calcined in air at 500°C.
Catalyst3

A boiling solution of cobalt nitrate in water was
added with stirring to a boiling solution of sodain
water. Then, to the mixture thus obtained soda and
the silica carrier were added in suceession. After
filtration of the mixture the filter cake was washed,
dried at 120°C and calcined in air at 500°C. The
composition thus obtained was impregnatedin one
step with an aqueous solution of zirconium nitrate.”
Catalyst 3 contained 0.9 pbw zirconium psr 100 pbw
silica,
Catalyst4

Impregnation of the silica carrier firstin one step
with an aqueous solution of cobalt nitrate and then in
one step with an aqueous solution of zirconium
nitrate. Catalyst4 contained 0.9 pbw zirconium per
100 pbw silica.
Catafyst s

The Co/8i0; composition the preparation of which
has heen described under catalyst 2 was impre-

100 gnated in ane step with an aqueous solution of
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zirconium nitrate, Catalyst 5 contained 0.9 pbw
zireoniurn per 100 pbw silica.
Catalyst6and 7

One-step or multi-step impregnation of the silica
carrier with a solution of Zirconium tetrapropoxide in
amixture of propanol and benzene, followed by
fmpregnation in one-step with an aqueous solution of
cobalt nitrate. In the preparation of catalysts 6 and 7
theimpregnation of the silica carrier with the
zirconium tetrapropoxide solution was carried out in
one and three steps, respectively. Per 100 pbw silica
catalysts 6 and 7 contained 6 and 18 pbw zirconium,
respectively.

Catalyst8

Impregnation of the silica carrier, firstin one step
with a solution of tetraisopropyl orthotitanate in a
mixture of isopropanol and acetyl acetone andthenin
one stepwith an aqueous solution of cobalt nitrate.
Catalyst 8 contained 0.9 pbwtitanium per 100 phw
silica.

Thecobaltloads and surface areas ofthe catalysts
4-8are givenin Table B.

Ofthe above-described catalysts 1-8 only catalysts
4-Bare suitable to be used inths process accordingto
the invention. The other catalysts fall outside the
scope ofthe invention. They have been included in
the patent application for comparison.

Catalysts 1-Bware used in thirty experiments
{(Experiments 1-30) In the preparation of hydrocar-
bons from mixtures of carbon monoxide and hyd-
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rogen. The experiments were carried outin a 50 m!
reactor contaning a fixed catalystbed of 7.5 ml
volume,

The conditions under which the experiments were
carried out and the results of the experiments are
listedin Table C. .

Gfthe experiments mentioned in Table C Experi-
ments 10, 11, 15, 16, 20,22, 24, 26, 28 and 30 are
experiments according to the invention. In these
experiments the Zr or Ti-promoted Co/Si0; catalysts
which had been prepared by depasiting cobalt and
the promoter on the silica carrier by impregnation
and/or kneading, were used for the production of
hydrocarbons fram Hz/CO mixtures containing 20-33
%v of steam, calculated on the Hy/CO/H,0 mixture. in
these experiments relative selectivity gains were
obtained of 17-31 %. The other experiments fall
outside the scope of the invention. They have been
included in the patent application for comparison. In
Experiments 1-3 an iron catalyst was used; in
Experiments 4-6 an unpromoted cobalt catalyst was
used; in Experiments 7 and 8 a cobalt catalyst
prepared substantially by precipitation was used. In
Experiments 9, 12, 13,19, 21, 23, 25, 27 and 29 the feed
used was a H,/CO mixture to which no steam had
been added. In Experiments 14 and 17 the feed used
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was a Hy/CQ mixture containing too little and too
much steam, respectively. In these experiments no
significant relative selectivity gain was obtained. In
Experiment 18 the amount of stearm was far too large,
whichresultedin a drop of C;* selectivity,

Catalytic hydrotreatment

An Experiment 31 was carried outin which the Cs*
fraction ofthe product obtained according to Experi-
ment 26 was passed tagether with hydrogen through
a50-ml reactor containing afixed catalyst bed, ata
temperature of 345°C, a pressure of 130 bar, aspace
velacity of 1.26 1.17.h~" and a hydrogen/oil ratio of
2000 N1.17". The catalyst was a PYSiO,-Al,05 catalyst
containing 0.82 parts by weight ptatinum per 100 pbw
of carrier, which carrier consisted of 14.6 % by weight
afalumina and 85.4 % by weight of silica. The results
of Experiment 31 are givenin Table D.

From the results givenin Table Ditappears that
when a catalytic hydrotreatment is appliedto a
product prepared according to the inventicn, a
considerable part of the 400°C* fraction is converted
{a decrease from 44 to 16 %w) and a considerable
quantity of 150-360°C fraction is formed (an increase
from 3610 B8 %w), whereas only very little 150°C-
fraction is formed {anincrease from 12 to 17 %w).

TABLE B

Catalyst No. 4 5 6 7 8

Cobalt load, mg ccbalt 115 130 105 105 118

per ml catalyst

Surface area, 22 15 30 28 21

m2 per ml catalyst

‘TAELE C .
Experiment Ma. 1 2 3 4 5 3 7 8 9 10
Catalyst No. 1 11 2 2 2 3 3 4 4
Tenperature, °C 250 250 249 250 252 253 250 255 250 250
Pregsure, bar 30 30 o 30 30 30 30 e 30 3¢
Space velocity,
101, + 00yt 7t 1000 1000 1000 1500 1500 1500 3000 3000 3000 3000
HZICO molar ratio of feed 1 1 1 1 1 1 1 1 1 1
H,0 present in feed,
%8 an (Hz + 0+ HEO] ] 5 30 0 20 33 o 20 0 20
Q0 conversion, v 39 B 5 35 35 34 32 31 37 35
+ o

CJ selectivity,
caleulated an ¢;", 4w 87 71 67 84 84 84 83 8l g5 89
Relative selectivity gain,
calculated on difference
between theorgtically
attainable selecti',vity - * * - 0 a - * - 27

{100 %} and Actaal C
selectivity without
steam addition, %

* selectivity decrease
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TARIE C {Cont*d} .

Experiment No. 1 12 13 14 15 16 17 18 19 20
Catalyst No. 4 4 5 5 5 5 5 5 5 5
Temperature, °C 252 . 252 219 220 22 222 224 I 238 240
Pressure, bar el 30 20 20 20 20 20 20 20 20
Space velocity,
1w, + oo lyt 3000 3000 1200 1200 3200 1200 1200 1200 4000 4000
HszO molar ratio of feed 1 1 3 3 3 3 3 3 3 3
H.O present in feed,
won (1, + 0+ 1,0) 20 0 o 5 20 33 50 60 o 13
0 conversion, $v 37 39 73 0 80 7% B0 78 59 60

+ i
€y selectivity,
calculated on Cl+' tw 88 B4 a2 83 85 86 83 73 €3 73

Relative selectivity gain,

calculated on difference

betwean theo:ﬁtically

attainsbla C Seler:tivity 20 - - [ 17 22 6 * - 27
1100 %) and Actual C

selectivity without

steam additicn, %

* selectivity decrease

TABLE € (Cont'd) ®
Experiment No. 21 22 7 24 25 26 27 28 29 30
Catalyst No. 5 5 6 6 7 7 7 7 8 g
Temperature, “C 250 253 204 205 205 207 221 222 248 os1
Pressure, bar 30 ) 20 20 20 20 20 20 30 30
Space velocity,
L, + o)1 7hn? 3000 3000 2000 2000 2000 2000 3000 3000 3000 3000
H,/00 molar ratio of feed 2 2 3 3 3 3 3 3 1 1
H,O present in feed,
3% on H, + O + B,0) 0o 5 0 20 ) Ao 0 20 0 0
€0 conversion, %v &5 &5 60 606 7 72 81 81 28 39

+ -

Cy selectivity,
calantated on ¢, tw 78 83 87 90 87 91 80 85 84 87

Relative selectivity gain,

calculated on difference

between theorgtically

attainable C, selectivity - 23 - 23 - 31 - 25 - 19
{100 %) and Zctual C

selectivity without

steam addition, %

* selectivity decrease
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TABLE D

Camposition, C1+ product of C; fraction C1+prncmct

Beperitent 26 of the ¢* after the

product of catalytic

*w Experiment 26  hydrotreatment
€, 16 - 2
Cg-150 ¢ 10 12 15
150-250 °¢ 13 16 25
250-350 *°C 17 20 13
360-400 °C 7 8 9
400 °¢* 37 44 16
CLAIMS 8. Aprocessasclaimedinclaim 4, characterized
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1. Aprocessforthe preparation of hydrocarbons
by catalytic reaction of carbon monoxide with hyd-
rogen, characterized in that a feed which comprises
hydrogen, carbon monoxide and steam and in which
the quantity of steam presentis 10-40 %v calculated
on the Hy/CO/H,0 mixture, is contactad at elevated
temperature and pressure with a catalyst which
comprises 5-40 pbw cobalt and 0.1-150 pbwof a
promoter chosen from the group formed by zirco-
nium, titanium or chromium per 100 pbw silica and
has been prepared by depositing cobalt and the
promoter on a silica carrier by impregnration and/or
kneading and calcining and reducing the compasition
obtained.

2. Processasclaimedinclaim 1, characterized in
that the catalyst comprises zirconium as a promoter,

3. Aprocessasclaimed in claim 1 or 2, characte-
rized inthat itis carried out at atemperature of
125-350°C and a pressure of 5-150 bar.

4. Aprocess asclaimedin any oneofclaims 1-3,
characterized inthat itis used as part of a multi-step
process for the convarsion of a H; and CO-containing
feed.

5. Aprocess as claimed in claim 4, characterized
inthatitis used asthe second step of a two-step
process inwhich light hydracarbons, together with
an excess of steam, are subjected in the first step to
catalytic steam reforming and in which the Hy/CQ/H,0
mixture thus obtained is used as the feed for the
second step.

6. Aprocessasclaimed in claim 4, characterized
inthatitis used as the second step of a two-step
process inwhich a Ho/CO mixture is contacted inthe
first step with a catalyst comprising one or more
metal components with catalytic activity for convert-
ing a H,/CO mixture into hydrocarbons and/or
oxygen-containing organic compounds and in which
uncanverted H; and CO presentin the reaction
praduct of thefirst step - together with other
components of that reaction product, if desired - after
the addition of steam, are used as the feed forthe
second step,

7. Aprocessasclaimedinclaim 4, characterized
in thatitis used as the first step of a two-step process
for preparing middle distillates from aH; and
CO-containing feed, in which atleast the part ofthe
reaction product of the first step whose initial boiling
point lies above the final boiling point of the heaviest
middle distillate desired as end-product is subjected
in the second step to a catalytic hydrotreatment.
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inthatitis used as the second step of a three-step
process for preparing, inter alia, middle distillates
froma H; and CO-containing feed, in which the
catalytic hydrotreatrent mentioned in claim 7 is the
third step applied to relevant heavyfraction of the
reaction product of the second step ofthe two-step
process mentioned in claims 5 and 6.

9. Aprocessforthe preparation of hydrocarbons
by catalytic reaction of carbon monoxide with hyd-
rogen as claimed in claim 1, substantially as de-
scribed hereinbefore andin particular with reference
tothe exampie.

10. Hydrocarbons whenever prepared aceording
to a process as described in ¢claim 9.
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