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“Process for the Catalytic Conversion of Gases containing Carbon Monoxide’,

We, . RUHRGHEMIE ARTITHGESELLSCHAFT,
Oberhausen-Holten, Germany, and Lurei
GESELLSCHAFT FUER WAERMETECHNIK mbIL,
Frankfurr a. Main, Hedderheim, Germany,

Shoth German compapies, do hereby declate
the invention, for which we pray that a patent
may be granted To us, and the method by
which it is to be performed, o be particularly
described in and by the following stateent:

10 The invention relatcs to & process for the
conversion into hydrocarbons and/er ORygen-
containing orgapic compounds of gases con-
taining carbon mopoxide.

Various gas miztures ate available for use

15 in synthcses in which carbon monoxide may
form onc of ihe sterting materials. The gas
miztures may be in the form of coke oven
gas, blast furnace gas, producer gas, wastc
gases from the production of acetylene, or

20 gases which are formed by the gasification un-
der pressure of carbomaceous materisls with
the use of ogygen as the gasifying agent, or
they may be derived [rom ather sources.
These gas mixtures contain varying amounts

25 of carbon monoxide and hydrogen. Some~
times, however, only curbon mpnozide and
imert constituents are contained therein, Ges
mistures of this kind can be used for the hy-
drogenation of carbon monoxide only after

30 conversion or oxidation of part of the carbon
monuxide with water vapour or steam into
carbon dioxide and hydrogen.

Tor such conversion or oxidation of car-
bon  monoxide-containing a5 MiXIes,

35 various catalysts which give cptimum con-
versions at different temperajures and gas
velocities, may be nsed. A distinction is made
between normal conversion catulysts which
require temperatures of approximately 400°C.

A for the conversion, convetsion catalysis of
medinm activity which effect a satisfactory ze-
action between carbon monoxide and steam
ot tempcraiures of as low as 300°C, and
highly active conversion catalysts, by means of

45 which carbon moenexide and sieara may be sat-
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jsfactorily converted cven al temperatures of
as low as 200°C. Farticularly active conver-
sion catalysts consist, for example, of copper
or copper oxide and activating ‘metal oxides
of Groups 1L to VII of the Periodic Classifi- 50
cation, which have been prepared, with or
without carrier materigls, by sintering, fusion
or pressing processes.

In sddition to the carbon diozide formed
in the conversion or oxidation, the converted 55
gas always coniains larger amounts of waler
vapour, which has been added in excess or
has not completely been consumed in the
conversion. EHiithertn, when such converted
gases were used s synthesis gas or as part of 60
the synthesis gas in the hydrogemation of
carbop, monoxide iheir content car-
bon diczide and water was first largely
ot substantially cunpletely removed. This
after treatment involved considersble expenss 65
becanss the gas had to be passed through
heat exchangers, cooling devices and absorp-
tion devices.

1t has now heen found that carbon mon-
oxidc-containing gases which require such a70
canversion, may be used in a particularly
simple manner for the catalytic hygmgenation
of carbon monoxide, if the gases formed in
the conversion or oxidation are charged, un-
der substantially the same pressurc and Inme- 75
diately following the conversion reaction, fo
thy catalytic hydrogenation of carbop mon-
oxide without first separating thercirom any
of the conversion preducts.

According to the invention thercfore, 280
process for the synthesis of hydrocarbons
and/or oxygen-containing organic compodnds
from a carbon mounoxide- containing gas, com-
prises catalytically oxidising part of the car-
hon menoxide in the gas with steamn, and con- 85
tacting the whole of the gus mixture so ob-
tained with g catalyst active for the hydro-
genation of carbon 1ouoxide to hydrecar-
Hons, the said contacting being effected under
synthesis conditions of temperature and 1un- 90

Price 25p



760,914

der substantizily the same pressure 2s that
empioyed in the prior step of oxidation.
The gas pressures used are preferably
greater than 5 kilos/sq. cot.

5 The hydrogenation of carbon monoxide is
generaly effected at temperalures in the range
170°-300°C., the particular temperature o
range of temperatures empluyed depending on
the calalyst used. By means of somc iron

10 cutalysts however, the use of synthesis tem-
perutures_of approzimatcly 300°-350°C is

. also possible. It is preferred to carry out the
oxidation of the
lysi which is active to effect the scaction of

5 the carbon monoxide with the steam at &
temperatire in the range 200°-300°C.,, and to
eficct the hydrogenation of ine carbon -mon-
oxide in (he presence of ane of the iron cata-
fysts which' enable the fydrogenation to be

20 eftested at a temporature in the range 300°-

359°C. In {his manner, ihe gas mixture from

- the step of oxidation may be passed without

iotermediate cooling directly into the hydro-
gcnation Tone. )

The catalyst charges used for the oxida-
tiun and for the hydrogenation steps may be
. disposed within the synthegis apparatus in
" any suitable way, provided that. conver-

sivn or oxidation catalyst.is placed before
30 the hydrogenation catalyst in the direction of

gas flow. In @ reactor through which the gas
miture Is passcd downwardly, ‘the lower

Jayer will coasist of a hydrogenation catalyst,

such as @ cobalt catalyst or an iron cafaiyst
35 whilst a cotalyst layer which 'is suitable for

the conversion or oxidation will be provided
in the wpper part of the redctor. If the pascs
ure pased in an vpward direction throigh the
reaclor, then a catalyst layer suiteble for the

A oxidation step will be provided in (he lower
part of the reactor and 2 catalyst layer suit-
abic for the hydrogenation. stcp will be pro-
vidad in [he upper part of the rcactor. The
process accordiug to the inveation may also be

45 carried out with catalyst ‘churges through
which (he gas misturc is passed horizontally,
which method of operation hias the advantage
that the two caialyst magses cannot mix with
each other by dropping down- through =z

0 sieve or perforated plate, the openings of per-
£orations in which are provided to permit the
passage of gas, - The oxidation and the hydro-
senationL steps may elso be carried out by the

“qpidized” precess. In ihis case, the oxida-
&5 tion stép is clected with 2 fluidized bed of

4 suitable conversion- caralyst, after which

the pradicts of thie oxidation step are passed

through a floidized bed of a conventional

“Anidized” catalyst suitable for the Irydrogena-
60 iion of carbon monoxide in another reactor or

in snother scction of the same reactor,.

Thi catalyst zones required for carryiog our
the process according to the invention need not
be arranged one sbove -the other. It ds also

65 possible to nperate with aggregatcs lying sep-

e
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carbon monoxide with a cata--

avately side by side i care ie taken that no
substantial degree of cooling occurs in ithe
transition from ome aggregate to lhe pther.

‘In other tespects, the oxidation step and
the hydrogenation stcp may be carried out by 70
any method conventionzily used for gas re-
actions of this kind. The catalyst may be
disposed in tubes of small or large diameter
or in pockels, Water or agueous salt solu-
tions. are preferred as cooling media. How-75
ever, it is also possible to operate with steam

.. ot -uther -gascous or liquid cooling agenls.

Both the section for the conversion or oxi-
Jation and that for the hydrogenation of carbon
monoxide must be provided with a cooling 30

- system for the removal of the heat of reaction, .- .
These cooling systems may be conmected in -~
series and the same cooling medium may flow
‘through them. However, it is- also -possible
to provide the conversion or oxidlation. zone 85
with independent cooling systems. This has
the advantage that the remperature in each of
the twa catalyst zones may be varied indepen-
dently. -

The section for the hydrogenation, of carbon 90
monoxide may be operated with @ ing of
the gas in the usval mummer, If necessary
or desired, sevcral synthesis stags may be
‘ased, in which case suitable synibesis products
in ihe gaseous or lquid form. may be sepa-95
rated from the gas mixture beleeer the.in-
dividual synthesis stages. :

_ The.gaseons and liquid syathesis praducts
Teaving thezone in which the hydrogenation

of carbon monexide vecurs, may be worked up 100
in known manner and separated inte desired
individual fractions: : :

What we claim is:— : .

1. A-process for the synthesis of hydro-
carbons andfor  oxygen-contuinin orgamic 105
compounds from a carbon monozide-coritain-
ing gas, which comprises catalytically oxi-
dising part of the carbon monoxide in the gasd.
with steany, and contecting the whole of the
gas mixture s0 obtained: with a catalyst active 110
“for the hydrogenation -of carbon mopexide 0
nydrocarbons, the said contacting being
effected nnder synthesis conditions of temper- -
worature and tmder sobstantially the same
pressure as that employed in the prior step 115
“of oxidation. : '

2. A process according to Claim 1, in
~which the pressure is greater than 5 Kilograms.
- per-square ceatimeter, - o

3. A process according 1o Claim 1 or120
Claim 2, in which the step of oxidising part

. of the carben monozide is carried out in the

-prescove of a catatyst which enables the oxi~ -

“dation. to be effected at a temperature within
lhe range 200°-300°C, and the hydrogena- 125
tion step is effected in the presence of an jron
catalyst at a temperature within the range.
300°-350°C. :

4. A process according to any one. of the

preceding claims, i which the catalyst used 130
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in the oxidation step is provided adjacent to
the catalyst used in the hydrogenation stép.

5. A process according to Clam 4, in
which the catalysts are provided one above the

- 5 pther in the same reactor.

6. A process according to Claim 4, in
which the catalysts ate provided side by side
in the same reactor.

7. A process according to any ane of

30 Claims 1 to 5, in which the oxidation step
and/or the hydrogenation step are carried out
wilh a catalyst in the fluidized state.

8. A process sccording to any one of the
preceding claims, in which the zenes in which

the vxidation step and the hydrogenation stcp 18
are effected, are provided with independent
cooling means.

9. A process for the synthesis of hydro-
catbons and/or oxygen-containing orgenic
compounds, substantially as hereinbefore de-20
scribed.

10. Hydrocarbons and oxygen-containing
organic compounds, whenever obtained by the
process of any preceding claim.

BDWARD EVANS & CO.,
14-18 High Halbom, W.C1.
Agents for the Applicants.
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