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(713 We, SHELL INTERNATION--

ALE RESEARCH MAATSCHAPPIJ B.V.,
a company organised under the laws of The
Netherlands, of 30 Carcl van Bylandtlaan,
The Hague, The Netheriands, do hereby
declare the invenlion, for which we pray
thiat & patent may be granted Lo us, and the
method by which it is to be performed, io be
artjcularly described
ollowing statement:—
" ‘The invention relates to a provess for the
preparation of hydrocarbons by catalytic
reaction of carbon monoxide with
hydrogen.

The preparation of hydrocarbans from a
mixture of carbon monoxide and hydrogen
by contacting this mixture at elevated
temperature and pressure with a catalyst is
known in the literature as the hydrocarbon
synthesis according to Fischer-Tropsch.
The hehaviour of a catalyst for the Fischer-
Tropsch synthesis can be judged on the
basis of the conversion and selcetivily that
can he reached with this catatyst in relation
to the space velocity that is used therewith,
The term cotiversion should be taken (o
mean in this connection the molar
percentage of thc gas mixture that is
converted into hydrocarbons and the term
selectivity the weight percentage of C,*
hydrocarbons produced, based on the
total quantity of hydrocurbons produced.
In general it may be stated that a good
catalyst for the hydrocarbon synthesis
accurding to Fischer-Tropsch should meet
the requirements that at a space velocity of
at least 400 N1, 17" . h~ it must be capable of
converting at least 50%m of a gas mixture
with a selectivity of at least 700w. A catalyst
is judped to be better suited for the present
purpose, according as higler conversions
und selectivities can be reached with it and
according as higher space velocities can be
used. Among the catalysts that have been
ﬁroposcd in the literature for use in the

ydrocarbon synthesis according to
Fischer-Tropsch there are a number that

in and hy the

meet Lhe three above-mentioned
requirements if they are applied to mixtures
of carbon monoxide and hydrogen whosc
H,/CO molar ratio is at least 1.0. In an
investigation by the Applicant it has been
found, however, Lhat when these catalysts
are applied to mixtures of carbon monoxide
and hydrogen whese H,/CQ molar ratio is
smatler than 1.0, it is in most cases
impossible to meet the three above-
mentioned mininmm requirements all at the
same time. As a rule, when the catalysts are
applied to the low-hydrogen gas mixtures,
two of the minimum requirements can
readily be met, but the third parameter that
is important in this connection then has an
unacceptably low value.

It has heen found by the Applicant that
very suitable catalysts for the preparation of
hydrocarbons from low-hydrogen gas
mixtures can be obiained by combining two
catalysts, of which orc catalyst has I'ischer-
Tropsch activity and the other catalyst CO-
shift activity. This finding is the subjcct of
the co-pending United Kingdom Patent
Application No. 16498/78, Serial No.
1,553,958, It has been stated in ihe seid
patent application that the principle on
which the invention described therein is
based can also be used in another way,
namely by using one catalyst which
combines both these functions. A group of
such eatalysts is the subject of the present
patent application.

1t has been found that the excellent
behaviour of the catalyst combinations
according to the afore-mentioped patent
application, which are capable, at high

space velocity, of converting 2 low-
hydrogen gas mixture with a high
conversion and selectivity 1nto

hydrocarbons, is also shown by single
catalysts which contain hoth certain metals
having Fischer-Tropsch activity and certain
metals having CO-shift activity, provided
thut the quantities in which these metals are
presenl in the catalyst as well as their
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relative propartions meel  certain
requirements, As metals having Fischer.
Tropsch activity the catalysts shouid

contain one or more metals from the iron
proup and/or ruthenium. The quantity of
metals from the iron group which may be
present in the catalysts is 5—30%;w. The
yuantity of ruthenium may be 0,1—3%w. As
metals  having CO-shift activity the
catalysts should contain ¢opper and/or zinc.
The gquantity of copper and/or zinc which
may he prescat in the catalysts is S—50%w.
Finajly, the weight ratio of the total
guantities of copper and zinc in respect of
the total guantity of metals from the iron
group, plus o times the quantity of
rutheninm, sheuld be D.5—5. )

According to the present invention a
process for the preparation of hydrocarbons
by catalytic reaction of carbon monoxide
with hydrogen is provided, in which process
a mixturc of carbon monoxide and
hydrogen whose H/CO molar ralic is less
than 1.0, is contacted at elcvated
temperaturc and pressure with a catalyst ()
sontaining 5—350°%,w of cne or more metals
from the iron proup and/or 0.1—S%w
ruthenium and (b) 5—50%w copper and/or
zine, the weight ratio of the total quantity of
copper end zinc in respect of the iotal
quantity of metals [rom the iron group, pius
ien times the quantity of ruthenium being
0.5--5, which catalyst is prepared by
impregnating an inert carricr with solutjons
of salts of one or more metals from the iron
group and/for ruthenium and of copper
andfor zine. o

The process according to the invention is
preferably carried out at a temperature of
from 200 1o 350°C, a pressure of from 10 1o
70 bar and a space velocity of from 400 to
5000 and in particular of from 400 to 2500
Nl 1'.h

In the process according to the invention
a catalyst should be used which contains as
metais having Fischer-Tropsch activity, onc
or more metals from the iron group and/or
ruthenium. Preference is given to catalysts
which contain as metals having Fischer-
Tropsch aetivity iron or cobalt. If in the
process according Lo the invention an iron-
containing catalyst is used, the process is
preferably carried ouf at a temperature of
[rom 250 to 325°C and a pressure of from 20
to 50 bar, If usc is made of a coball-
conidining catalyst, the process according
to the invention is preferably carried out at
a temperalure of from 220 to 200°C and a
pressure of from 10 ta 35 bar,

In the process according to the invention
a catalyst should be used which contains as
metals having CO-shift activity copper
and/or zinc. Preference is given to catalysts
which contain as metals having CQ-shift
aclvity both copper and zing, in particular

catalysts in which the Cu/Zn atom ratio lies
between 0.25 and 4.0,

The preparation of the catalysts
sccording to the invention is effected by
impregnating an inert carrier, such as silica
or aluming, with solutions of salts of one or
more metals from the iron group and/or of
ruthenjum and ef copper and/or zine,

In the process the starting materials
should be mixiures of carbon monoxide and
hydrogen of which the H, /CO molar ratio is
smalier than 1.0. Such mixtures can very
suitably be prepared by partial combustion
of & carbon- and a hydrogen-containing
material: in particular a material having a
fow hydrogen content. Examples of thesc
materials are brown coal, anthracite and
coke. During the partial combustion the
feed is converted in finely divided form
which oxygen or air, if desired cnriched with
oxygen, inta a gas mixture containing such
substances as hydrogen, carbon menexide,
carbon dioxide, nitrogen and water. In the
comhustion steam is preferably used as the
temperature moderator. The partial
combuslion is preferably carricd out at 2
temperature between 900 and 1500°C and a
pressure between 10 and 50 bar. By
purilying thc crude gas mixture, upon
which, among other substances, ash,
carbon-containing  material, hydrogen
suiphide and earbon dioxide are removed, a
gas is obtained which consists substantially
of a mixture of carbon monoxide and
hydrogen.

In the process according to the invention
the slariing malerial is preferably a gas
mixture whose HyCO molar ratio is higher
than 04, If pas mixtures are available of
which the H./CO molar ratio is less than
0.4 this molar ralio is preferably increased
to a value bhetween 0.4 and 1.0 before the
process according to the invention is
applicd te ihese gas mixiurcs. Previous
increase of the H/CO molar ratio of the gas
mixtures can very suitzbly be effected by
adding hydrogen or by subjccting the gas
mixtures to the known CO-shift reaction. If
the starting materials are gas mixtures
whose H,/CO molar ratic is less than 0.4,
attractive results can also be obtained by
applyiug the process according to the
invention to such mixtures to which water
has been added.

In the process according to the invention
2 calalysl should be used of which the
weight ratio of the total quantity of copper
and zine in respect of the total quantity of
metals from the iron group, plus ten times
the quantity of ruthenium, is 0.5—5. The
ratio in which the two types of metals should
be present within these limits in the catalysts
diffcrs from case to case and depends
among other factors an the conversion and
selectivity envisaged, the composition of the
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gas mixture, the reaction conditions used
and the activities of the metals of Lthe two
types. For inslance, a decrease in the
conversion, which occurs if under certain
conditions the HCO molar ratio of the
feed pas is rcduced, may be offset hy
increasing the activity of the CO-shift
function of the catalyst. An increasc in the
selectivity can be reached in the process hy
increasing the selectivity of the Fischer-
Tropsch function of the catalyst (e.g. by
incorporating into the calalyst a higher
conteni of selectivity promoters). An
increase in the conversion can be reached
by increasing the aclivities of the Fischer-
Tropsch and CO-shift functions of the
catalyst (e.g. by incarporating inlo the
catalyst a higher content of metals having
Fischer-Tropsch activity and CO-shift
activity). Very satisfactory results can
generally be obtained with the process
according to the invention, if the said weight
ratio of the tweo iypes of mietals in the
catalyst is more than 0.75 and in particular if
this weight ratic lics between 1.0 and 3.0, A

very suitable catalyst for carrving out the -

process according to the invention is &
catalyst containing the metals jron,
potassium, copper and zing, applicd or not
to silica us the carrier,

The process according to the invention
can very suitably be carried out by passing
the teed in upward or in downward
direction through a vertically disposed
reactor in which 2 fixed or a moving bed of
the catalysi is present. The process may be
catried out, for instance, by passing the feed
in upward direction through a vertically
disposed catalyst bed, use heing mads of
such a gas rate that the catalyst bed
expands. If desired, the process may also be
carried cut by using a suspension of the
cataiyst in a hydrocarbon oil. Depending on
whether the process iz carried cut with use
of a [ixed catalyst bed, an expanded calalyst
bed or a catalyst suspension, catalyst
particles having a diameter between 1 and 5
mm, 0.5 and 2.5 mm and 20 and 130
microns, respeciively, are preferred.

If the process is carricd out with use of 2
fixed catalyst bed, deposition of waxy
hydrocarbons Lakes place on the catalyst,
which results.in a decrcase in activity. This
deactivation may effcctively be
counteracted by washing the catalyst
continuously with a fraction of the product
prepared in the process. For this purpese
preference is given to a fraction that has an
initial boiling point ahove 200°C and a final
boiling peoint below 550°C. An
additional advantage of the above-
mentioned conlinuous washing of the
catalyst is that temperature control of the
ptocess, which is highly exothermic, is
simplified. In addition te hydrocarbons and

oxygen-containing  hydrocarbons  whose
molecular weight extends over a wide range,
the reaction product that leaves the reactor
in lhe process according o the invention
contains, intcr alia, water, nitrogen, carbon
dioxide and non-vonverted carbon
monoxide and hydrogen. If the process is
carried out in once-through operation, the
C,*-fraction is separated from the reaction
product as the end product, If the process is
carried out in recycle operation, the Cy'-
fraction is also separated from the reaction
product as the end product, but now the
remainder of the reaction product is
recycled to the reactor, if necessary after
reduction of the carbon dioxide content and
with use of a bleed stream 1o avoid build-up
of, inter alia, nitrugen.

The invention will now be further
explained with the aid of the following
example.

EXAMPLLE
Five catalysts {I—V) according to the
invention were prepared,

Catalysts 1 and II

Fe/K/Cu/Zn/Si0Q, catalysis  which
comprised 25 pbw iron, 5 pbw potassium, 10
pbw copper and 20 pbw zinc per 100 pbw
silica, The preparalion of these catalysts was
started from four aquecous solullons
containing 1533 g Fe(NO,);.9 aq, 110 g
KNO,, 323 g Cu(NQ,),.3 aq and 773 g
Zn{NQ,), . 6 aq. respectively. The solutions
were combined and water was added to the
volume of the combined solution to 1604 mi.
This 1600 ml solution was used in three
porliens of 800, 400 and 400 ml,
respectively, for impregnating 830 g silica in
three steps. In the first impregnation 800 ml
of the solution was used. After drying al
120°C and caleining for 1 hour at 500°C the
material was again impregnated, now with
400 ml of the solution. After drying once
more ui 120°C and ecaleining for | heur at
500°C the material was finally impregnated
again with the remaining 400 m! of the
solution. After drying at 120°C and
calcining for two hours at 500°C part of the
calalyst material was ground into particles
of [.7—2.8 mm in diameter (caralyst I) and
the remainder inio particles of 0.15--0.30
mun in diameter {catalyst II).

Catalysts IIT and TV

Fe/K/Cu/Zn/8i0, catalysts which
comprised 25 phw iromn, 2 pbw potassium, 15
pbw copper and 30 pbw zinc per 100 pbw
silica, The preparation of the catalysts was
carried out in substantizlly the same way as
that of catalysts 1 and II. Catalyst IIT had a
particle diameter of 1.7—28 mm and
catalyst IV had a particle diameter of 3.15—
{1.20 mm.
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Catalyst V.

Fo/K/Cu/Zn calalyst having a potassium
content of 2% w. Catalyst V was prepared
by impregnating a Fe/Cu/Zn catalyst which
comprised 76.7 pbw iron and 49.7 pbw
copper per 100 pbw zine oxide with an
aqueous solution of KNO, followed by
drying at 120°C and caleining for 1 hour at
500°C.

Catalysts -V were tcs{ed [or ihe
hydrocarbon  synthesis according to
IFischer-Tropsch by contaciing a mixture of
carbon monoxide and hydrogen of which
the H/CO molar ratio was 0.5 with cach of
thesc catalysis at 280°C, 30 bar and a space
velocity of 1000 N1.I"7. h™". The results of
the experiments are given in the table.

TABLE
No. of Conversion, Sclectivity,
Exp. No. catalyst used sm Yiw
1 I 10 87
2 11 17 82
3 NS 67 82
4 v 82 33
5 v 33 84

WHAT WE CLAIM IS:—

1. A process for the preparation of
hydrocarbons by catalytic reaction of
carbon monoxide with hydrogen,
characterized in that a mixture of carbon
monoxide and hydrogen, whose H/CO
molar ratio is Jess than 1.0 is contacted at
elevated temperature and pressurc with a
catalyst containing (a) 5—50%w of one or
more metals Irom ihe iron group andfor
0.1—5%w ruthcnium and (b) 5—30%w
copper and/or zinc, the weight ratio of the
Lotal quantity of copper and zinc in respect
of the total quantity of metals from the iron
group plus ten times the quantity of
ruthcnium being 0.5—S5, which catalyst is
prepared by impregnating an inert carrier
with sclutions of salts of one or more metals
from the iron group andfor ruthenium and
of copper and/er zine,

2. A process according to Claim |,
characienzed in that it is carricd out at
a temperature of from 200 to 350°C, a
pressure of from 10 {o 70 bar and a space
velacity of from 4{0 to 5000 and preferahly
of from 400 to 2500 N1.17" . h™.

3. A provess according to Claim I or 2,
characterized in that a catalyst is used which
contains iron or cobalt.

4, A process according 1o Clam 3,
characierized in that 2 catalyst is used which
contains iron and in that the process is
carried out at a temperature of from 2530 to
325°C and a pressure of [rom 20 o 50 bar.

5. A process according to Claim 3,
characterized in that a catalyst is used which
conlains cobalt and in that the provess is
carried out at a temperature of from 220 to
300°C and a pressure of from 10 to 35 bar,

6. A process according to any ome of
Claims 15, characterized in that a catalyst
is vsed which contains both copper and
Zine.

7. A process according to any one of
Claims i—4$, characterized in that a catalyst
is used of which the weight ratio of the total
quantity of copper and zinc in respect of the
total quantity of metals from the iron group,
plus ten times the quantity of ruthenium, is
more than 0,75,

8. A process according to any one of
Claims 1—4, 6 and 7, characterized in that a
catalyst is used which contains the metals
iron, potassium, copper and zine, with silica
as the carrier,

Q. A process according to any one of
Claims 1—8, characterized in that the
H,/CO molar ratio of the feed gas is more
than 0.4.

£0. A process according to any one of
Claims 1—92, charactcrized in that it is
carried out with use of a fixed catalyst bed,
an expanded catalysi bed or a calulysl
suspension and catalyst particles having a
diameter between 1 and 5 num, 0.5 end 2.5
mm and 20 and 150 microns, respectively,

I1. A process according to any oae of
Claims 1—10, characterized in that it is
carricd out wiih use of a fixed catalyst bed
and in that the catalyst is continuously
washed with a fraction of the product
prepared in the process.

12. A process for the preparation of
hydrocarbons, substantially as described
herein  before and in  particular  with
reference to experiments 1—35 from the
example.

13. Hydrocarbons which have been
prepared by using a process according to
Claim 12.

R. C. ROGERS,
Chartered Patent Agent,
Shell Centre,
London SEI TNA.
Agent for the Applicanis.

Printed for Her Majesty's Stationery Office.
Published hy The Patent Office, 2% Southa;

, by the Courier Press, Eeamington Spa, 1979
mpton Ruildings, Landor, WCZA 1AY, from

which eapies may be obtained.
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