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_ COMPLETE SPROIFICATION
Procass for the Catalytic Hydrogenation of Carbon Monoxide

We, Rudecsiamis  AXTENGESELL-
seizarr, of Oberhansen-Holfen, Germany,
a (erman Joint-Btock Cempany, de
hereby declars the invention, for which

§ we pray that o patent may be granted io
us, and the method by which it is to be
performed, to be partienlarly described
in and by the foilowing statementi:—
The catalyiic hydrogenation. of ¢arbon
monoxide, 2t norinul or superatmospheric
pressure, may be carried vut fur the pre-
ferred production of hydrocarbuus ol high
moleculor weight as well as for the pro-
duction of Lydroearbons of low molecular
weight in both cases ibe formation of
methane is suppressed as far as possible.
In general, and particularly with iron
cutalysts, the formation of high mole-
cular weight hydroenrbons and salid
gy parafing is desired, sinee thesc synthetic
products are very useiul, and may be used
to yield fower hydrocarboms by molecalax
fission. The formation of hydrocarbons of
high molecular weight depends, to a con-
siderable extenf, upon the content of
alkali-metal compounds in the catalysts
ginec a high alkali content favours the
development of such synthetic products
and simulisneously ond to a large extent,
guppresses the meilune formation. i
By the use of eatalysts of low alkall
vonient, the formation of Liydrovatbans
of low molecular weight may, dfor
example, wilh suifable synthesis condi-
tions, be appreciably increased. Synthetic
produets boiling within the Lensine
range are porticularly desirable if the
primary products of the hydrogenation ol
carhon monoxide are lo be treated for the
preduction of fuels of high vetane num-
ber as, fur example, by catulylie after-
treatment, if necd be with the admix{uro
of polymer benzine obtained by the poly-
merisation of gasscus synibetic products.
Tf, with the usual catalysts, there s an
inorease in synthetic products boiling In
the benzine range, ilicre will nevertheless
still be formed 15%—20% of products of
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high molecular weight. Furthermore, the

50 relatively high methona formation s in
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this case also very disadvaniageous. This
circumstance has led to the endeavour in
almest all cases to cnsure the highest pos-
sible yield of synthesig products of high
moleonlar weight, since it Is only in this BB
way ihat a small quantity of methane is
formed. _ _

It bos been found, according fo the
invention, thai surprising effects are =
obtained, prefefably with 1ron catalysts, 60
both in synthesis at normal pressure aud
alsc in wsynthesis of superatmespheric
pressure, with gas pressures of approxi-
mately 10—30 kg per sq. cm., and also at
higher synthesis pressures, if small g5
amcunts, preferably 0.5—6% by volume,
of compounds having an allraline reaction
are added to the synthesis gas, the oom-
pounds being gassous uader the condi-
tions of synthesis, and being ammonia
andfor its derivatives such as methyl-
gmmine, As synthesis gag water gas may,
for example, be uscd, that is to say, gas
mixtures containing 1—1.4 volumey of
hydrogen per volume of carbon moenozide. 78
The prneess may, however, also be cax-
ried out with synthesis gases of different
compusition containing, for example,
0.5~~2 volumes ¢l hydrogen per volume
of parbon monoxide.

(Jaseons ammania is the "compound
which is preferably added to the synthesis
gas, particularly hecause, even in rela-
tively small guantities of, for example,
1Y%, 1t has a considerable influence vz the 85
sompngition of the resubtant synthetic
products, both.at.normal pressure and
alsv  at  superetmospheric  pressure.
Ammonia has the further advantage {hat
it is ralativelf cheap. It is particulariy 90
fortunate thal cafalysts whick have a
Lkigh alkali conteni are saitable for the
treatment at normal pressure of synthesiy
gascs whieh bave bheen mixed with
ammonia and for-its derivatives, such as 95
methylamine, which aregastousunderthe
synihesiy conditions, In accordance with
tho present invention. Buch catalysis,
which, in synthesis at normal pressmre
Imvoured the formation of paraffin wax 100
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 and extonsively suppressed the methane
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formafion, yield hardly esny of such

Lydroverbons when ammonia and/or is -

derivetives are added in the synthesis gas
in accordances with the invention. In spite
of this, however, no increased methane
formaticn oncurs, Particularly favourable

results are obiained whenm iron catalysts

are nsed which have been reduced ab gas
veloeities of at least 1.5 metres per
second, .

The feed ean he inereassd considerably

above the nommal extent, 11)a.rticu1a:rly'
1]

when operating at inereased pressure.
The catolysts may be contacted hourly
with 200—1000 litrss of synihesiz gas pex
litre without there being any need fo
fpar averlvading. The synthesis may be
carrisd ont particularly advaniageously
if tho gases are recycled, '

In carrying out the\fmcess according
to the invendion, operatith-is preferably
effected with catulyst temperatures which
rise slowly in the direction of the gas
flow. In this way, on the ons hand an
overloading of the catalyat at the point of
entry of the gas iy avoided, and, on the
pther hand, a wniform utilisption of the
whole catalyst maus is oblained.

The olefine cantent of the liguid hydra-
oarhons obtained from the gynthesis gases
containing NH, is velatively high, parti-
oulurly in the higher boiling ranges. The
normally maseous synthetic producis also
contain o large proportion of olafines, sa
thai by polymerisation of the glefines aned
by mixing the polymerigate with the pri-
snary Liydrocarbons, high grade fuels may
be obtained in a zrelatively simple
MANNET.

T4 is particularly surprising that, in
the method of operatidn according to the
invention, & more or less extensive pro-
duction of organic compounds containin
nitrogen is also possible. The amount
these nitrogen compounds, consisting in
ibhe main of primacy ainines, is dependent
on the synthesis conditions and on the

composifion of the catalysts (the catalysts {

being of the eategory of catalysty known
for the catalytic hydrogenation oi carbon
monnxide. '

Together with the amino-compounds,
other compounds confaining nitrogen are
also formed, for example, aaninonium car-
bonats, ammoninm earbamate, nrea, and
the like. Their production and wutiliza-
tion is, in connection with hydroearbon
synthesis, somebimes of considerable
economie imparkance.

The invention is illustrated, but in no
way limtted, by the following examples.

Exanmrn 1.
Water gas, free of carbon dioxide and-

containing 1% of gaseous ammonia was 85
passed over an iron, catalyst ponsisbing of

100 parts irom, & Ea-rts copper and small
quantities of alkali-mctal slicate. The
synthesls waz carried out at normal atmo-
spheric presyure at a temperature of 220°
0. with a gas feed of 100 litres of syn-

0y

‘thesig gas per litre of catalyst per hour..

A CO conversion of 85%—95% was
obtuined, which corresponded to a

{00+ H,) conversion of 66%—63%. The Tb

methane formation was between 8% and
10%. The consumption ratio amounted to
approximately 0.7 volumes of hydrogen
per volume of carbon monoxide,

Because of the very slisht formation 809
of hydrocarhons of high molecular
welght, it was possible to operate the
synthesis for long periods of time and
with  constant  conversion  without
deterioration of the catalyst 8

The processing of the synthesis pro-
ducts oblained showed that of the total
only 5% to 6% boiled ahove 320°
The high olefne content in all the
fractions was remarkable. In tlie C; irpc- 90
tiom, for ezample, an olefine content of
709 was found, whilst in the crnde
paraliin wax (320° C.—460° 0.) approxi-
mately 699% wi olefines was present. In
the benzine builing range (40° G.—320° 95
(.} the synthetic products contained
5% of oxygen-confaining compounds,
chiefty alcohols, wod 99% of eompounds
containing nitrogen, preponderalely pri-
mary amines, In the [Mesel oil range 100
(220° 0.—520° (.) there ware present 4%
of produeis coniaining nxy%en, chiefly
alochols, and a further 6% of compounds
confaining nitrogen, mainly primary
armines. 106

Exaurre 2.

From. a2 beiling solution of suitable
nitrates a catalyst wes precipitated with
a bob sods solution. he catalyst con-
tained § parts capper (Cu) per 100 pariz 110
iron (I's), The precipitated mass was
i%:%:ewna.ted with potessinm phosphate

0.} in such manner that the final
catalyst confained, per 100 parts of iron,
3 parts of K,0 in the form of KILPO,. 116
Adfter ing, the catalyst was reduced
with hydrogea ot o speed of flow of 1.5
wmetres per gecond.  For the synthesis,
water gas was used mixed with 1.5% by
volume of NH,. The synthesis fcmpera- 130
ture was 213° C. The syothesis pressure
was 20 kgs. per sq. cm. and 100 litres of
synthesis pas par litre of catalyst were
passed through per hour.

The ]13 il synthetic products abtained 195
contained 85% of compounds boiling
above 320° C. 57% of the C,, hydrocar-
bon fraction vonsisted of olefines whilsd

-olefines wove present fo the extent of
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approximately 15% in the Gy, hydrocar-
bun fraction.
Exanery 3. .

By precipitation with u boiling soda
§ solution there wae produced, in the usual
manner, o catalyst which chmsisted of
100 paris Fe, § parts Cu, 10 parls CaQ
and 10 parts kieselgubr. Affer washing
the precipitated calalyst mass, the vaia-
10 lyst was impregnated with caustic soda
solution in snch manner thal the final
catalyst, im respect of its iron content,
and reckoned as ¥,0, had an alkali con-
tent of 83 E,0. For the synthesis a water
15 gas wos used which contained 3% NH,,
whilst the catalyst was cunfacted, per
litre of volume, with 100 lifres of syn-
thesiy gas per hour. The synthesis pres-
sure was 10 kg per sy, cm. and the syu-

20 thesis temperature to 193° C.

The synthetic products obtained con-
sisted of a proxima-telg' 18% of com-
pounds boiling above 3207 C. In the total
liquid products obtained there were pre-

95 gent 18% of organic compounds conbains
ing nitrogen, whick products consisted
predeminantly of primary amines.

What we claim is:—
1. A provess for the cafalytic hydre-

30 genstion of carbon monoxide, preferably
with the use of iron catalysis ai abmo-
spherie or higher gas pressure, in which
there are added 1o the synthesis gas small
quantites, preferably 0.5—5% by

25 volume, of compounds having an alkaline
reaction and gaseous under the conditions
of synthesis, these compounds being
ammonia andfur ifs derivatives, such as
nmethylamine,

40 2. A proeess acenrding to claim 1, in
which irvn catalysts are used having a
high alkali content.

3. A process weecording to claim 1 or
claim 2, in which syuthesis gases are used
which conbain 0.5—2 volumes of hydro- 4b
wen per volume of carbon monoxide. .

1" A process accurding to any one of
the preceding claims, in which the syn-
thesis gas is passed over the calulyst ot
u rote of 200—1000 volomes of gas per 50
volume of catalyst per hour.

3. A process according to any one of
the preceding claims, in which synthests
tail gas is recyeled,

6. A process aocording fo any one ol 55
the preceding cluims, in which the opera-
fiow is carried out with catalyst tempera-
tures which inerease in the direckion of
How of the syuihesis gus.

7. A process according to any one of &0
the preceding claims, in which an iron
catalyst iz used, the irom catalyst, prior
o being placed on-stream in the ayn-
thesis, having been zrcduced with gas
velpoitics of at Jeast 1.6 metres per 6B
secand.

8. A process for the catalytic kydro-
genation of varbon monoxide, sabsianbi-
ally ag hereinbeforc described with refer-
cnee to any one-of Exumples 1 to 3. 70

9. A process for the catalytic hydre-
gention, of carbon momoxids, substanti-
ally as hereinbefore doseribed.

10. Hydrosarbons, oxygen-conteining
organivc compotnds and nitrogen-eontain- 7§
ing organic compounds, whenever pro- ’
duced by the process cluimed in any one
of the preceding claims,

TDated this 20th day of March, 1950,
EDWARD EVAXS & CO.
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Agents for the Applicants.
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