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The inveﬁtion relates to @ process for the
utillzation of blast-furnace gas which includes the
synthesls of hydrocarbons by the catalytic hydrogenation
of carbon monoxide, .

In spite of considerable technical advance, it
hag hltherto only proved posaible economically to carry
out the catalytic hydrogenation of carbon monoxide
according to the Fischer-Tropsch process snd according
t0o the more recent Koelbel-Engelhardt process ln which
the hydrogenetion of the carbon monoxide is effected
with steam instead of hydrogen, when the starting gas
1s particularly cheap and when a very large proportion
of the constituents present in the starting gas are
utilized.

It 18 an object of the invention to provide =&
process for the synthesle of hydrocarbons wherein a

cheap starting ges is used and whereln the economic

- requirements for industrial utilization of a very large

proportion of the gaseous constituents may he met.
According to the inventlon, the starting gas is

blast-furnace gag which is obtained in the smelting

of iron ores, and the hydrocarbon synthesis is combined

with the production of an end gas sultable for use in

the synthesis of ammonia. Even at the pressnt time

a substantial part of blast-furnace gas evolved in

the smelting of iron ores is burnt in waste gas torches

or flares, as there is no possibility of completely

utllizing such gases in the ironworks. it is

immaterial with respect 0 the utilization of the

blast-furnace gas in the process of the present invention

whether air or alr enriched with oxygen 1s used as the
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blast in the smelting of the iron ores.

The blast-furnace gas obtained, which consists
substantially of carbon monoxide and nitrogen, is
sultable for the hydrocarbon synthesis, because

5 due to the nature of the smelting process it is
obtained practically free from sulphur, so that
the extensive scrubbing units required for the remval
of sulphur from the synthesis gas of the Fischer—
Tropsch process, are no longer necessary. The

io blast~furnace gas may elther be 2dmixed with 2 carbon
monoxide-hydrogen synthesis gas which is especially
prepared for carrylng out the Pischer~Tropsch
gynthesis, or it may be converted in known manner into
a gas of a CO H2 ratio suitable for the FPischer-

15 Tropsch synthesis, by converting part of the CO
with steam in a water zas shlft reaction and remval
of the 002 so formed., It 18 even more advantageous
to use the blast-furnace gss according to the more
fecent process of Koelbel-Engelh@rdt directly for

20 the synthesis of hydrocarbons and oxygen-~containing
derivatives thereof after the admixture of steam,
thus obviating the use of the much more expensive
hydrogen.

The ges s0 obtained then forms the feed gas

25 for the hydrdcarbon syntheesis, the syntheais |
conditions, including temperature, pressure, catalyst,
ratio of constituents in feed gas, and space
veloeity, being well known in the art.

‘J(' In the hydrogenation of carbon monoxide with

30 hydrogen or steam, it has bsen found to be particularly
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advantageous to use highly ectlive iron catalysts,
beceuse under these reaction condltions the hydro-
carbon synthesls proceeds to/iubstantial extent

with the formation of carbon dioxide. The carbon
dioxide thus obtained is separsted from the synthesis
exlt gas and is returned to the smelting process,
whereby 1t is reduced to carbon monoxlde by reaction
with the coke in the blast furnace. It is algo
posalble to return the carbon dioxide obtalned in

the hydrocarbon synthesis to the gasifying procesa of
the Pischer-Tropsch synthesis, i.e. to use it for

the generation of water gas; in such case, reduction
of the carbon dioxide to carﬁon monoxide also occurs
in the red-hot coke bed. The carbon dloxide may
also be used in iron or steel works, for example for
the refining of steel. The removal of the carbon
dioxide from the exit gases of the Fischer-Tropsch
and Koelbel-FEngelhardt syntheses is advantageously
effected by weshing with weter under pressure. When
liguid and gaseous hydrocarbons are also separated
from the exlt ges, there remalins a nitrogen-rich

gas 'containing only negligible guantities of carbon
dioxide, carbon monoxide, hydrocarbons and

hydrogen, - This nitrogen-rich gas, which 1s completely
free from sulphuf, is fed to the ammonis synthesis
after any small amounts of carbon dioxide and

carbon monoxide still present therein have been

"rempved in knewn menner. In this manner it is possible

to obtain nitrogen-rich gases which contain 93% +o

9% of N, and ere completely free from sulphur.

The amounts of 002 removed from the nitrogen-rich
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gas may be passed to the smelting process as

hereinbefore described. The CO obtained in the

purification of the nitrogen-rich gas may be passed
: to the hydrocarbon synthesis together with the blast-
5 furnace gas.

Lk’ Furthermore, the hydrocarbons of low molecular

welght formed in the hydrocarben synthesis may be

B R P g

pasged to the smelting process.
By caryying out the process hereinbefore
10 described & prectically complete industrial utilization
f of all the geseous constituents present in the blast-
furnace gas obtained in the smelting of iron ore, may
be secured.
The invention is illustrated in the following
15 Example:=-
EXAMPLE.

1000 normal cubic metres of blasgt-Ffurnsce gas
of the following composition by volume:-
7.0% of €O,
20 34.0% of CO
2,0% of Hy
57.0% of Ny,
are mixed with 98,4 kilograms of stesm and passed at
&8 gauge pressure of from 10 to 20 atmospheres and
25 at a space veloclty of approximately 100 to 500
volumes per volume of catalyst per hour, and at a
temperature of approximately 250% into a reactor
suitable for the hydrocarbon synthesis and provided
with cooling means. The catalyst in the reactor
30 consiste of approximetely 100 parts Pe, 10 parts
Cu, 10 parts MgO, 50 parts Kieselguhr, and 4% of

K,005,
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With a CO conversion of 94%, there are formed
in the synthesis 53 kllograme of 03 and higher
hydrocarbons which are removed in known manner by
washing under pressure or by adsorption from the
exlt gas, and 9 kllograms of methane and 02
hydrocarbons, which remain in the exit gas.

The exit gas, which comprims 920 normal cubilc

metres, has the following composition by volume:-

3, 0% co,,
2.2% €O
3. 3% H,

1.1% hydrocarbons (C~pumber 3.5)
62.0% N,

The carbon dioxide (maximum 288 cubic metres)
ig scrubbed out of this end gas by washing under
pressﬁre using aqueous alkaline medla, and is passed
‘to the smelting process or is used in the refining
of steel. The ascrubbed gas (meximum 630 cubic
metres) has the following composltlon by volume:-

3.2% CO
Lo7% Hp
1,6% hydrcocarbons (C-number 1.5)
90, 5% Ny

The carbon monoxide is scrubbed from this gas
in known manner with a copper salt solution, asnd the
gas thus obtained (maximum 610 cubic metres) has
the Ffollowing composition by volume:-

935 of Ny
L. 8% of H,
1.6% of hydrocarbons.
This gas, contalning almost L% of Nz, is

abgsolutely free from sulphur, and may, therefore,
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be passed directly t0 a known ammonis synthesis,

The CO removed by scrubbing_is added to the bhlast~
furnace gas which is fed to the hydrocerbon synthesis
yeactor,

In this menner substantially all of the
constituente of the blest-furnace gas are economically
utilized and neither the blagt~-furnace gas nor the
nitrogen-rich ges were subjected to a sulphur-

purifying step.
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The embodiments of the invention in

which an exclusive property or privilege is claimed
are defined as followa:-

1. A process for the synthesis of
hydrocarbena by the ecatalyble hydrogenation
of carbon monoxide, which comprises converting
blagst-furnace gas into a mixture suitable for
uge 88 a hydrocarbon bynthesis feed gas,
contacting&the feed gas so obtained with a
carbon monoxide hydrogenation catalyst umder
conditions of temperature and pressure effective
for the synthesis of hydrocsrbons, separating
hydrocarbons and oxygen-containing organic
compounds from the synthesis exit gas to leave
an end gas, separating carbon dioxide fromt he
end gas o leave a nitrogen-rich end gas,
and passing the nitrogen-rich end gas to an
ammonig synthesls process.

2. A process for the synthesis of
hydrocarbons by the catalytic hydrogenation
of carbon monoxide, which comprises contacting
a m;xture of blast-~furnace gas and steam with
a carbon monoxide hydrogenation catalyst under
conditions of temperature and pressure effective
Tow the synthesis of hydrccarbong, separating
hydrocarbons and oxygen-contasining organic
compounds from the synthesis exit pas to leave
an end gas, separating carbon dioxide from the

end gas to leave a nitrogen-~rich end gssg,
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and passing the nitrogen—rich end gas to en
ammonia synthesis process.

3. A process for the synthesis of
hydrocarbons by the catalytic hydrogenation
of caqpon monoxide, which compriges subjecting
a mixture of blast~furnace gas and steam
to the water-gas shift reaction, adding blast-
furnace gas to the product to yield a hydroecarbon
synthesis feed gas, contsac ing the feed gas
with s carbon monoxide hydrogenation eatalyst
under conditions of temperature and pressure
effective for the synthesig of Hydrocarbons,
separating hydrocarbons and oxygen—containing
organic compounds'from the synthesis end gas,
sevarating carbon dioxide from the end gas
t0o leave a nitrogen-rich end gas, and passing
the nitrogen-rich end gas to an amumonia aynthesis
process,

L, A process for the synthesis of
hydrcearbons by the catalytic hydrogenation of
carbon monoxide, which comprises adding hydrogen
to blast-furnace gas to yield a hydrocarbon
synthesfs feed gas, contacting the feed gas
with & carbon monoxide hydrogenation catalyst
under conditions of temperatuﬁe and pressure

effective for the synthesis of hydroecavbong,
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separaiing hydrocarbons and oxygen-containing
organic compounds from the synthesis exit gas
t0 leave an end gas, separating carbon dioxide
from the énd gas to leave a nitrogen-rich end
gas, and passing the nitrogen-rich end gas
to an ammonia synthesis process.
5. A process according to claim 3,
in which carbon dioxide is removed from the
product of the water-gas shift reactlon before
blast-furnace gas is added to the product.
&, A process according %o any
one of cleidms 1, 2 and 3, in which the carbon
monocxide hydrogenation catalyst is an iron
caetalyst,
T A process according to any
one of claimgt, 2 and 3, in which the carbon
dicxide is separated from the end gas by
scrubbing with water under pressure,
8. A proceas according to any one
of claimgt, 2 and 3, in which the carbon dioxide
segparated from the end gas is ueed in the
treatment of iron or of iron ore,
9. A process scecording to any one
of ¢laimgi, 2 and 3, in which the carbon dicxide
geparated from the end gas is employed for the
generstion of carbon monoxide which is fed to
the synthesis,
fidout and Maybee
113 Richmond St. ¥W.
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