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The invention relates to a procesa for the
catalytic hydrogenation of carbon monoxide with
water wapour for the synthesis of hydrocarbons
with or without the synthesis of oxygen-containing
organic compounds.

It is known to reduce carbon monoxide with
hydrogen to yield hydrocarbons and oxygen-—
containing products with the use of suitable
hydrogenation catalysts, Metale of the 8th
group of the periocdic syestem, such as cobalt,
iron, nickel and ruthenium, have been used as
catalyais with or without a. support or carrier.
It is further known to incorporatie promoters
in these hydrogenation catalysts.

it has alaso been suggested to convert carbon
monoxide with water wapour into hydrocarbons and
oxygen-containing compounds with oxide catalysts
which contain metals‘of the 8th group. In this
reaction, temperatures of approximately 400°C.
and presaures of several hundred atmospheres
should be employed. It is considered essential
for this reaction to use a sufficient guantity
of water vapour in ordsr to prevent a reduction
to metal of the metal oxides used as,cataiyst,
by the gaseous components. It appears that this
reaction did not yield any practical results under
the above-mentioned reaction conditionas, On
the contrary, the carbon monoxide introduced was
subgtantially converted into carbon with simul-
taneous formation of methane. Furthermore, the

oxide catalyst loat its activity in a short time.
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It has now been found that it is nevertheless
possible to convert carbon monoxide with water
vapour into hydrocarbons and oxygen~containing
organic compounds. This process is effected,
according to the invention, by contacting a mixture
of carbon monoxide and water vapour in which the
volume ratio of the carbon monoxide to the water
vapour is at least 2, with a catalyst the main
constituent of which is a metal of the 8th group
of the periodiec systamﬂ'the contacting being
effected at a synthesié temperature within the
range 150°C. - 350%., preferably within the range
180%, - 280°C., and at a pressure in the range
from normal atmospheric pressure to approximately
100 atmospheres gauge, fhe catalyst having been
activated, prior to use in the synthesis, by treat-
ment with carbon monoxide and hydrogen at a
temperature within the range 150%. -~ 350%.
approximately, The use of preasures substantially
exceeding 100 atmospheres leads to decomﬁosition of
the carbon monoxide,

The known hydrogenation catalysts for the
Fischer-Tropsch-synthesis, that is to say, metals
of the 8th group of the periedic system, such as
cobalt, irom, nickel, ruthenium, may be used as
catalysts in the present invention. These
catalysts may be deposited on carriers such as
Kieselguhr, talc, dolomite, limestone, activated
carbon, pumice stone or the like. Promoters nay
adv&ntageously‘be added to the catalysts. Suitable

promoters are, for example, the oxides, hydroxides
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and salts of alkali metals and of alkaline earth
metals including magnesium, oxides difficuli to
reduce, such, for example, as thorium oxide or
cerium oxide; aluminium oxide and chromium
sesquioxide; and compounds of manganese, vanadium,
boron, copper, nickel, silver and gold. It has
been found that those compounds are particularly
suitable as promotera which are used as promoters
in catalysts for the hydrogenation of carbon
monoxide with hydrogen (Pischer-Tropsch synthesis).
The catalysts may be produced by precipitation
from metal salt solutiens with alkali compounds;
by decomposition of easily decomposable metal
compounds, such, for example, as the nitrates;
by decomposition of metal carbonyls, or by fusing
the matalé in the presence of oxygen. Furthermore,
commercially obtained waste products of the metals
in guestion may dbe used, such for example, with
iron, the go-called "Lauta® or "Lux" masa,. The
pre-treatment or activation of the oxide catalysts
with & mixture of CO and H, can be carried out at
atmospheric pressure and at elevated pressures up
to approximately 100 atmospheres. The activation
may also be carried ocut by first using carbon
monoxide and then using hydregen; this method of
activation is suitably effected at stmospheric
pressure. or s8lightly elevated pressures up to
approximately 20 atmospheres. In thie case, the
use ¢f presaures higher thar 20 atmospheres is
detrimental, as the carbon monoxide tends to

deconpose with the formation of carbon.
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In the preeent procems it is essential to
tranasform the metal of the 8%ih group in the
catalyst, prior to the synthesis and for the
purpose of activating the catalyst, either into
the metallic condition or inte such condition
where carbon entere into a definite or indefinite
compound with the metal, such, for example, as
carbide. This pre—treatment or activation of
the catalysts is carried out at temperatures
of 150°C. - 350°C., preferably at 230°. - 300°C.
with carbon monoxide and subsequently with
hydrogen or with a CO—H2 mixture.

For carrying out the process of the invention,
there may be used, for example, the gasep obtained
in the reduction of metal oxides, such as blast
furnace gae, generator gas, and the gases obtained
in the oxygen gasification of coal, coke or other
carbon-containing substances. The proceas of the
invention has the particular advantage that it is
not necessary, in the production of hydrocarbona,
to use synthesis gases which contain elementary
hydrogen, the production of which is always costly.

The proporticn of water wvapour used is
maintained below the limit hereinbefore given.

If, for example, the partial water vapour pressure
of the synthesis mixture is increased to such an
extent that the ratio CO : water vapour drops to
helow the value 2, the CO conversion decreases
gradually and drops afier a short reaction period
to practically nil, the catalyst becoming ineffec-

tive within a few hours. In accordance with the
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invention, the guantity of water vapour in the
carbon monoxide-water vapour mixture is limited
so that the ratic CO : water vapour, expressed
in parts by volume, is not less than 2.

It is advantageous to free the synthesis
gases prior to the reaction from catalyst poisons
guch as sulphur, phosphorus and the like, It is
further essential to provide for a substantially
uniform and rapid removal of the reaction heat in
order to avoid overheating the catalyst, This
may be done in known manner.

The syntheais may be carried out in one or
more stages, and also with recycling of the
synthesis gases, the carbon monoxide/water vapour
ratio being advantageously adapted to the actual
gynthesis conditions after each stage. The
gynthesis may be carried out with a fixed bed
catalyat or with the catalyst suspended in a
gpuitable liquid medium, such as syntheais products
of suitable boiling range, for example, 150°C. -
350°C. It is further possible to use the catalyst
in a finely divided condition and to maintain it
suspended in the reaction chamber by passing the
synthesis gas upwardly through the reaction chamber
at an adequate rate of flow.

The synthesis products obtained are separated
from the reaction mixture in known manner. The
synthesis products consist largely of hydrocarbons
having from 1 to 30 or more carbon atoms in the
molecule. Furthermore, oxygen-containing organic

compounds, such as alcohols, aldehydes, ketones,
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acids and esters, may be contained in the synthesis
‘product.

The carbon dioxide present in the exit gas may
be separated in known manner, reduced to carbon
monoxide and returned to the synthesis, so that
practically the total amount of carbon used in the
synthesis may be obitained in the form of hydro-
carbons or oxygen-containing organic compounds .

Furthermore, the synthesis may be modified in

10 ° such manner that hydrogen is introduced together
with the CO-water vapour mixture so that the known

hydrogenation of CO by means of hydrogen according

to the Fischer-Tropsch synthesis takes place,

g simul taneously with the reduction of the carbon

A

monoxide by means of water vapour,
The process of the invention is illustrated

in the following Examples 1, 2, 3 and 6,

L A M g

a Bxample 1.
3 The catalyst used wae an Fe-Cu-Kieselguhr

20 catalysi which was alkalised with potassium
carbonate, and which contained 100 parts of iron,
10 parts of magnesium, 10 parts of copper, 60 parts
of Kigmselguhr and 2 parts KECOB’ all parts being by
weight. Por its preoduction an agquecus solution
of Fe(N03)3, Mg(N03)2 and Gu(N03)2 was pre-
cipitated at boiling iemperature, after the addition
of the 60 parts of Kieselguhr, the stoichiometric
quantity of sodium carbonate in aqueous solution
being used for the precipitation. The precipitated
30 mixture was boiled for & few minutes, filtered and

the precipitate washed with a guantity of boiling
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water amounting to 70 to 90 times the quantity of
the iron, The washed precipitate was then made
into a paste with a little water, blended well
with an agqueous solution of potassium carbonate

{2 parts by weight of K2003 to 100 parts by weight
Fe) and dried at 110°C.

The catalyst was then activated. For this
purpome, & CO-H, mixture containing 2 parts by
volune of H, to 1 part by volume of CO was passed
over the catalyst for 24 hours at 270°C., at normal
atmospheric pressure, and at a space veloeity of
100, that is to say, 100 normal cubic meires of
the CO-H, mixture per hour per cubic metre of
catalyst space.

A carbon monoxide-water vapour mixture, which
contained 1 volume of water vapour to 2 volumes of
C0, was passed at atmospheric pressure, at a
tenperature of 23500., and at a space velocity of
20, that is to say, 20 cubic metres of CO-water
vapour mixture per hour per cubic metre catalyst
space, over the catalyst pre-ireated in the above
manner . 145 grams of hydrocarbons were formed
per cubic metre of carbon monoxide, which is 94%
of the theoretical yield. The proportion of
methane amounted to 8%. The carbon monoxide used
in the synthesis contained 98.5% CO and 1.5% No.
The exit gas had the following average composition:-
17.7% CO,, 1.4% upsaturated hydrocarbone, 3% CO,
14.8% H,, 2.54 saturated hydrocarbons and 0.6% N,.

By catalyst space is meant that part of the

reaction chamber which is filled with the catalyst.
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Example 2.

The Fe-~Cu-catalyst used was free from
carrier or supporting material and contained 0.1
part of copper and 0.25 part of potassium car-
konate to 100 parts of iron, all parts being by
weight. For ite production, an aquecus solution
of Fe(N03)3 and Cu(N03)2 containing 5% by weight
of Fe wae precipitated at boiling temperature
with the stoichiometric quantity of sodium
carbonate in aqueous molution. The precipitated
mixture waa boiled quickly for a few minutea,
filtered and the precipitate washed with boiling
water in an amount agual to from 70 to 90 times
the amount of iron in the precipitatie. The
washed precipitate was then made into a paste with
a little water! well mixed with an agueous solution
of potassium carbonate (0.25 parts by weight
K,C0; to 100 parts by weight of Fe) and dried at
110%.

For the purpose of activating the catalyst,
carbon monoxide was passed over it for 24 hours
at atmospheric pressure, at a temperature of 270°C.
and at a space velocity of 100: hydrogen was then
passed over'the catalyst at the same temperature,
at the same pressure, and at the same space velocity
and for the same period. _

A carbon monoxide-water vapour mixture
containing 1 part by volume of water vapour to
3 paris by volume of carbon monoxide was passed
at a gauge pressure of 10 atmospheres and at &

temperature of 230°C. over the catalyst which had
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been pre-treated as above. Between the 100th and
150th hour on stiream the carbon monoxide conversion
amounted to 97.6%, a yield of 201 grams hydrocarbons
and oxygen—containing organic compounds, together
with minute quantities of methane, being obtained

per normal cubic metre of carbon monoxide,

Example 3.

Over an alkalised Fe-Cu catalyst of the sape
composition as the catalyst used in Example 2, and
which wag produced and activated in the same manner
as that catalyst, a carbon monoxide-water vapour
mixture containing 1.25 volumes of water vapour to
% wvolumes of carbon monoxide was passed under a
gauge pressure of 10 atmospheres and at a temperature
of 230°C. The ratio carbon monoxide : water vapour,
thus had the value 2.4. A carbon monoxide conversion
of 98.5% was obtained with a yield of 162 grams
hydrocarbons and oxygen-coniaining organic compounds,
and very small quantities of methane per normal cubic
metre of carbon monoxide.

The harmful effects of using too large a
quantity of water wvapour is shown in the following

Example given by way of comparison:-

Example 4.

When, under otherwise the same conditions as
those used in Example %, a synthesis mixture which
contained 2 wolumes of water wapour to 3 volumes of
carbon monoxide (CO:H,0 = 1.5) there was first
obtained a carbon monoxide conversion of 954 with a
yield of 75 grams of synthesis products per normal

cubic metre of carbon meonoxide. After 24 hours,
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however, the carbon monoxide conversion dropped
to approximately 20%, and after a few more hours
the catalyst became completely inactive.

Just as too large a quantity of water wapour
is harmful to the hydrogenation of carbon monoxide
with water vapour, it is also harmful to use
pressures which are considerably higher than 100
aimospheres, This ia shown in the following

Example given by way of comparison: -

R R R e

10 Example 5.
The catalyst described in Example 1 was found
to have only & short active life when uased in
synthesis at a pressure of 140 atmospherss, a
temperature of 235°C. and a space velocity of 50
with a carbon monoxide -~ water vapour Qixture
containing 1 part by volume of water vapour to two
parts by volume of carbon monoxide. As is shown
in the sample analysis of the exit gases given
below, the carbon monoxide conversion attained a
20 maximum after fifteen hours of operation, After
this period the conversion dropped very quickly.
After 36 houra, the catalyst had become completely
ineffective, due to a heavy deposit of carbon.
Composition of the exit gases: -
Hours of co, unsaturated | 0, Cco H, saturated N,
operation hydrocarbons hydrocarbons
8 31.0 1.1 0.0 62.6 0.9 2.0 2.4
i5 65.5 1.3 0.0 22.0 5.0 3.0 2.2
24 359.9 1.1 0.0 50,2 7.1 0.2 1.5
36 8.2 0.2 0.0} 85 4,2 0.0 2.0
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The harmful effects of excessive reaction
temperatures is shown by the followingt-

In the reaction of carbon monoxide with
water vapour in the volume ratio 2:1, at
temperatures of about hDODG., and at normal
presgsure ., or at gauge pressures ub to 10 atmos—
pheres, and using the catalyste described in
Examples 1 or 2, the synthesis of liguid hydro-
carbone was found to be practically imposslble.
Apart from a large formatlon of methane at the
beginning of a run, the catalysts became lnactive
after a short time owing to a heavy deposlt of
carbon.

If, while maintaining the high reaction
temperature of hOOOC., the pressure is at the
same time greatly increased, ihe harmful effects
of high temperature and high pressure increase to
such an extent that within a short time the
catalyst 1s completely loaded with elementary

ecarbon and thus becomes ineffective.
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Having regard to the foregoing disclesure,
the patent of which thils specification forms part
confers, subject to the conditions prescribed in
the Patent Act, 1935, the exclusive right, privilege,
and libverty of making, constructing, using and
vending to others +to be used, the Inventlion as de-—
fined in claims submitted by the patentee as follows:-

1« A process for the catalytic hydrogenstion of

carbon monoxide, which comprises contacting a mixture
of carbon monoxide and water vapour in which the
volume ratio CO/water vapour is at least 2 : 4 with

a catalyst the main constituent of which is a metal
of the 8th group of the pericdic system, at a
synthegis temperature within the range ‘l50o - 35000.
and at a synthesis pressure in the range normal
atmospheric pressure to approximately 100 atmospheres
gauge, the catelyst having been activated prior to
use by treatment with carbon monoxide and hydrogen at
a temperature within the range 150° - 35000, approxi-—
mately, and recovering hydrocarbons and/or oxygenw
containing organic compounds from the synthesls
products.

2. A process according to claim 1, in which

the catalyst contains one or more promoters selected
from the following groups:i:-

(a) oxldes, hydrozides and salts of alkali-
metals and of alkaline earth metals
including magnesium;

(b) thorium oxide and cerium oxide;

(¢) aluminium oxide and chromium oxide Gr203;
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() oxygen-containing compounds of manganese,

vanadium, boron, copper, nickel, silver
W and gold,

3¢ A process according to claim 2, in which a
carrier ls incorporated in the catalyst.

4. A process according to claim 1, 2 or 3,
¢ in which the synthesis temperature is within the
range 180° - 280°%,

5. A process according to claim %, 2 or 3,

in which the catalyst 1s activated at a temperature

el A LR

within the range 230° - 300°C by treatment with

carbon monoxide and thereafter with hydrogen,

|3 A eV e

6. A process according to claim 1, 2 or 3, in

which the catalyst is activated at a temperature

Ly 2 b v

-

within the range 230° - 300°C. by treatment with a

mixture contalning carbon monoxide and hydrogen,
7+ A process according to claim 1, 2 or 3,

q in which the synthesis is effected in two or more

stages, the volume ratio CO/water vapour being

adjusted between each stage to bring the ratio to a

T e T

, value of at least 2./
% . 8¢ A process according to claim 1, 2 or 3,
% in which the exit gases are recycled.
; 9. A process according to claim 1, 2 or 3, in
which the synthesis is carried out with the catalyst
suspended in a suitable liguid medium.

10. A process according to claim 4, 2 or 3,
in which the synthesis 1s carried out with a finely
divided catalyst suspended in the synthesis gas.

E 11. A process according to e¢laim 1, 2 or 3,

.o
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in which the carbon dioxide formed duwring synthesls
is separated from the products and is reduced to
earbon monoxlde, the carbon monoxide so obtained
being fed to the synthesls.

12, A process accordlng to cleim 1, 2 or 3,
in which the main constituent of the catalyst is
iron in elementary or combined form.

13. A process according to ciaim 1, 2 or 3,
in which hydrogen is added to the mixture of carbon
monoxide and water vapour whereby synthesis products
are produced by the reaction of carbon monoxide and
hydreogen simultaneously with those produced by the
reaction of carbon monoxide and water vapour,

14h. A process according to c¢laim 1, 2 or 3,
in which the pressure is maintained in the higher
part of the range in order to increase the yid d of
oxygen-~containing organic compounds.

15. A process according to claim 1, 2 or 3,
in which the volume ratio CO/water vapour is not
greater than 3 : 1.

16. A process according to claim 1, 2 or 3,
in which the duration of the period of activatlon of
the catalyst has heen such as to convert the metal of
the 8th group substantially completely into the
elementary state,

17. A process according to claim 1, 2 or 3, in
which the duration of the periocd of activation of
the catalyet has been such as to convert the metal
of the 8th group substantlally completely into a

compound with carbon.





