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The invention relates to & process for the hydrogenation
of carbon mencxide,

It is an object of the ipvention to provide a pfocess
for the hydrogenation of carbor monoxide in a 1iguid medlum
in the presence of an ipon catalyst, whersby the efflciency
of the catalyst is increased. The increased activity of
the catalyst so obtalned glves an increased olefin yield
while the formatlion of methane is repressed.

The amdvantage of effecting the hydrogenation of carbon
monoxide in sliquid medium, in which the catalyst is sus-
pended, over processes which are carried out with a fixed-
ped catalyst, lies particularly in the fact that the
catalyst, by virtue of the vigorous turbulence in the
suspenslon, is pubstantially uniformly joaded and, in con-
seguence, has substantlally the same temperature throughout
the suspension, Moreover, & particularly sdvantageousd
dissipation of heat is achieved. Hitherto a unitorm
lomding and the maintenance of a certain or determined
temperature copatancy censtituted a preceondition for nigh
catalyst efficlency.

Surprisingly, it has now been found, according to the
jpvention, that in the hydrogenation of carbon monoxide
carried cut in a liguid medium in the presence of an iron
catalyst, the effielency of the iron catalyst 18 substan-
tially_incrsused while the olsfin content of the synthesls
product is considerably increased and the fermatien of
methane 18 reduced, if the temperature 1n the catalyst
suspension 1ncredses in the upward direction by 300 - 150°C,
preferably by 50% - 100%c, whilst the temperature at the

gas inlet is so 1low that o synthesis dous not yet take place,
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It hag been found that the zone, at the gas inlet
position, in which the temperature is so low a8 not to
permit synthesls to tuke place, should be adjusted in
gize or height in accordance with the activity of the
catalyst, The more actlve the catelyst, the larger the
zone should bve, With highly'nctive catalysts, this zone
may even be extended up to half of the catalyst suspension.

The temperaturs difference or gradlent may be
attained by reducing the cooling area in the upwerd
direction and/or by providing separate bundles of ¢ool=
ing tubes or the like and/or by insulating the cooling
tubes by means of cushions of steam or synthesié gos,

The carbon monoxide of the synthesis gas may be converted
in one resctor to the extent of over 90 %. It ie, however,
more sdvantageous to opsrate the synthesis 1n several
stages, in all of which the temperature diffurence or
gradient provided in nccordance with the invention 1a
employed, because then the methane formation will be even
leas and the 0O converaion can be increased to 98 % - 99 %.

Whilst it 18 known in the hydrogenation of carbon
monoxide in the presence of fixed bed caotalyste to
increuse the tempersture in the direction of flow of
the synthesis gas, the temﬁerature differences uged in
normal hydrocarbon syntheses being up to 28°C and in
mothanisation prcocesses up to uOOC, this did not permit
any conclusions to be drawn with respect to the hydro-
‘genation of carbon monoxide in a liquid medium, because,
in contrset with fizxed bed catalysts, the catalyst
suspendcddn the liguid phese is in vigorous turbulent
motlion during the syntheais. With fixed bed catalysts,
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the objeet of incrensing the temperature in the direction
of flow of the synthesis gas, is to achieve a uniform
conversion of the synthesis gas throughout the catalyst
layer, In the liguid phose process, o unliform conver-
sion by the catalyst is unobtainable under thess conditions;
the individual partlcles of the catalyst fluctuate steadily
petwoen o minimum and =2 maximum value, Moreover, with
fixed bed catalysts, the individual catalyst particle
retains substantislly the sume temperature, even when the
temperature 18 increased in the direction of flow of the
synthesils gas, whereas, in the synthesls carried out in

the 1iquid phase in sccordance with the process of fhe
invention, it has constantly to trovel through the whole
temperature gradient.

The results obtained by means of the invention are
surprising and gould not be foreseen 1in any way. With
fixcd bed catalysts, the method of the invention would
nave the result that thet part of the ecatalyst the temper-
ature of which is so low that synthesis does not teke
pluce, would always be inactive.

In accordence with the process of the invention,
the temperature difference required is much higher thdn
is possible with fixed bed catalysts in gaseous phese
operation, unless in such pperation it is desiped to

producse mathane or catalysts of aifferent actlvities

~ are used in a singls reactor. However, in liguid phase

operation, that 1is to say, cperatien in accordance with
the 1nvenfion, it 1s precilsely the formation ef methane
which is reducsd by the high temperature difference,

The process according $0 the invention is

905721
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11lustrated in the following comparative example, in
which Pun I is carried out in known menner and Run II is
earried out in acccrdance with the invention,

The catalyst used in Runs I and II was preparcd in
the following manners:-

From on iron nitirate solution of 5 % concentration
containing 0.2 % Cu based on Fe, the mctals were precipi-
tuted-with NHuOH. After the precipitate had been Tiltered
and weshed, 0,5 % of K005, wesed on the Fe present, was

added to the precipitate and the mixture was dricd, The

~eatalyst was then crushed ond ground with slack wax (Gatach),

After the grinding operation, the cntalyst suspension was

diluted with sufficient slack wex so that 1 kilogram of

- guspension contained 100 grams of PFe.

RUN I.

Run I was carried out under the conventional con-
ditions, 4.5 kilegrams of the catalyat suspension
hereinbefore described were charged into o reactor which
conslsted of a tube 5 metres in length and having a diesmeter
of 50 mm., the tube baing providsd over its entire length
with a heating jacket.

After the catalyﬁt suspension had been heated to
280°C whilst nitrogen was passed through, the reactor
wos switched over to synthesis gas (Hy 3 CO = 2 : 3).

The lond first used was 1 normel litre of CO + Hy pur
gram of Fe per hour and, in dependence upon the CO
conversion, was gradually inereassd to 2,5 normal litres.
After a CC conversion of 90 % had been nttalned, the
temperature could be reduced 0 250°C,  After 500 hours

of operation, the catalyst sugpension had again renched

555721
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a temperocture of 268%, ns shown in the Table hereln-
after given, Determination of the yleld gave the
values given in the Table.

" In a parallel test it was found that the catalyst,
which with a constant temperature of 268°C achieved a
CC conversion of above 90 % at 230”C practically censed
to be effective to form any hydrocarbons, although the
gas was passed through the whole of the catalyst layer,
While approximately 2 % of CC, was gt111 formed, this
wos formed by the reaction of the carbon monoxide with
water vepour which wasa present in the synthesis gae.

RUN_II.

The conditlons under which Run 1I was carrisd out
were those in accordance with the invention, but werse
otherwise the same as those of Run I,

4.5 kllogroems of the catalyst suspsnsion herein-
before described were chargsd into a reactor of the same
aize as thot weed in Run I, In order to produce in the
entalyst suspension the tenmperature difference or
gradient provided in anccordance with the invention, tha
lowermost 90 cc. were not heanted, The remaining part
was hoatcd with two separate heating jockets in such &
manner that at the gas inlet position, the temperature

in the cataolyst esuspension was from 66°C to 709 lower

~than the.temperature at the gas outlet position, The

operation wosa ptorted in the same manner as in Run I.
After the catalyst suspension, whilst nitrogen was
peing passed through, nad attolned a temperature of
21500 at the gas inlet position ond o temperature of

282° at the gne outlet position, the reactor was
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switched over to Esnthesis ges (H2 s 00 =2 ¢t 3). The
1oad *irst used was 1 normal litre of CC + H, per gram
ol Fe per hour, In dependence upon the degres of con-
version, the load was inereased to 2.5 normal litres
per gram of Fe, After a CO converslon of 90 % had been
attained, the temperature was slowly reducod to 261°C at
the gas outlet position and to 200°C at the gas inlet
position,

After 500 hours of operation, the valuss given in

the following Table were ascertained, It will be

understood that the temperature of 23200 at & position

. 80 centimetres above the gos inlet, was 80 low that at

this positicn synthesis did not yet take place. The
figures in the Table also indicate that, by the process
sccording to the invention, the yield was incercascd as a
result of the lower methane formation, and that the
olefin content of the total liquid products was increasaed,
In Run I, the outpufrof the cotalyst amounted to
400 grams of O, per gram of Fe (LOO groms of products
containing not less than 3 carbon atoms in the molecule
per gram of Fe), and in Run II to 750 grams of Gj, per
grem of Pe (750 grams of products.containing not lees’
than 3 carbon atoms in the molecule per gram of Fe).
By the process according to the invention, the

efficiency of the catalyst was thus almost doubled,

555721
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The embodiments of the invention in whioh an
exclusive property or pririlege is claimed are
defined ag follows:=-

Te A methed of carrying out the synthesls
of hydrecarbons by the hydrogenation of carbon
monoxide in e liguid medium having an iron catalyst
in suspension therein, in which the temperaturs
in the catalyst suspension increases 1in the
direction of flow of the synthesls gas by from
30°% to 150°C, the tempsraturs of the catalyst
suspension in the gas inlet zZone being such that
no synthesis ocours in that zone,

2. A procsas for the synthesis of hydro-
carbons containing two or more <arbon atoms in the
molecule, which comprises passing, under synthesle
conditions of pressure, a synthesls gas contalning
hydrogen and cerbon monoxide in synthesis propor-
tions upwardly through a liouid medium conteining
sn iron catalyst in suspension, maintaining the
~temperature of the catalyst suspension in the
synthesls gas inlet zone at such a level thet
synthesis does nos océur in thet zone, maintaining
at least pert of the asatalyst susponnion above that
zone at a tempersture sffecilve Tar ihe synisiaesia,
and meintaining a temperature difference in the
catalyst suspension whereby the temperature in
the uppermost layer ol the suspenslon is from 30°G
to 15000 higher then the temporaturo 4t the synthesis
gas inlet.

3. A prodess seoording to clalm 1 o clalm

2, in which the temperiture increase OO daifferenca
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in the catalyet suspension is from 50°G s 10090,

L, A process according to cleim 1 or
claim 2, in which the teumperaiure in the wholig
of the lower half of the caetuiysi suspensicn ig
meintained st a ievel sush that no gynthesls
occurs in the sald lower hslf,

S A process aocbrding to cleim 1 or
claim 2, in whioh the temperature in a part of the
catalyst suspension dlsposed immedlately above
the gas inlet zone and below “he mld-level of whe
catalyst suspension is such “hat no synthesis
pocurs in the smaid part,

Bo A process according %¢ claim 1 or
oleim 2, in which the temperaturs difference in
the catalys% suspenslon 1s cbteined by reducing
the mrea of cooling surfaces in the upward diroc-
$ion and/or by providing seversl sepsrate eooling
gystems end/or by insulating the cooling tubes
of one or more cooling systems by means of cushions
or layers of synthesle gas or oiher vapour or gas,
for example, Bteam,

Te A proceas according to wlailm 7 or
olaim 2, in which the synthosla ig operaved in

two or more 8hages.





