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COMPLETE SPECIFICATION

A Process for the Hydrogenation of Carbon Monexide

We, REFINPREUSSEN AKTIEMGESELLSCHAFT
FUER BerGEAU UND CHEMIE, Homberg/Nieder—
rhein, Germany, a German Company, do
hereby declarc. the invention, for which we
pray that 2 patent may be granted to us, and
the method by which 1t is to be performed, 1o
bz particularly described int and by the following
gtatement :—

The invemtion relates to' 2 process for the
hydrogenation of carhon monoxide and par-
ticunlarly to a meethod, which is very effective,
of carrying out the hydrogenation of carbog
monoxide in the presence of a catalyst which
is- suspended in a Hquid medium.

The advantage of carrying out the hydre-
gemation of carbon monexide in 8 Hquid medinr
aver a process carrivd vut with a fived-bed
catalyst in the gaseous phasa, resides pardy
in the fact that, due to the high degree of
mrbulence in the suspension, the temperature
of the catalyst is substantially the same through-
out. When highly active catafysts are used, it
is in some cases impossible completely ta aveid
the separation or depositivn of carbon and the
formation of methane and, with such feature
or features, 2 shortening of the active kfc of the
catalysts,

It has now been found that it is possible to
extend the active lifc of the catalysts con-
siderably; to increase the yield in reaction
products by reducing the formation of merhane,
and to further the formation of hydrocarbons
boiling in the gasoline range, by increasing the
temperature of the catalyst suspension to the
exrent of from 10°C, 1o 100°C., and preferably
frem 20°C. to 50°C., from the ggs inlet to the
gas outlet. It has been found to be particularly
advantagesus to distribuie the rise in tem-
perature throughout the total height or depth
of the catalyst suspension in such manner that
the rise in temperature in the lower layer or
Iayers exceeds that in the middle and upper
layers.

In large-scale reactors this risc in temperarure
may[-PI?f attained by reducing the arens of the

. it |

cooling surfaces in the direction of gas flow or

by providing the cooling system as 2 number
of independent systems thc temperatuces of
which mny be adjusted or controlled irdie
vidually, If nccessary or desired, the size or
areq of the cooling surfaces of the independent
Systems may very in such mander thar the
cooling arca decreases in the upward: direction,
that is 1o say, in the direction of the gas flow:

The effect obtained by the method according
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to the invention is extremely surprising and

could not be foreseen in any way, since with
the predominant formation of gasoline hydro~
carbons a reladvely high formation of methane
had hitherto also to be accepted ; such is ot the
case in the process of the invention. According
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to- the invention, by adjusting the rise im

temmeratnre in the catalyse suspension; it is
readily possible to obtain 90%-—95% of
gasolinc hydrocatbons -without more than
6% —10%, of methane, rciative to the total
yield, being formed. Moreover the catalyst
efficiency increases fiom approximately 400
grams of hydrocarbons per gram of iren present
in the catalyst to 600 grams—R00 grams of
hydrocarbons per gram Fe,

Whilst in the hydrogenation of carbon
monoxide catricd our in the gaseous phase in
the presence of fixed-bed catalysts it is known
to increase the temperature in the cooling
system by approximately 5°—20°C., it has not
been possible to deaw conclusions therefeom in
rmgcct of the catalyric hydrogenation of
carbon monoxide in 4 liqnid medium, since in
the fignid phase the catalyst is in vigorous,
turbulent motion. Moreaver it should be
noted that when the synthesis iy carried ount
in the gascous phase, the rise in remperature
in the conting system is not to be equated with
the tempergturc in the catalyst, which is known
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tu decrease by 10°-15°C. in the ditettion of

flow of the syathesis gas, so that the rige in
temierature in the cooling system serves prin-
cipally to equalize this temperature  drop.
However, the tempcrature in the catalyst is
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5 hydracatbons per gram Fe.

then only rajsed by 5°—8°C, in the dowaward
direction, that is to say in the direction of flgw
of the synthesis gases, However, temperature
difterences of from 5°—8°C. do mot produnce
any perceprible effect when, the synthesis js
cartied out in the fiquid phase, L

The inventon is fllustrated in greater detail

with reference to the fullowing comparative -

example— . -

A vertical tube having a length of 5 metres
and an inner diameter of 50 mm, was provided
with a heating jacket of 4.80 metres I th,
The tube was filled with 4.5 Kilograms of a
catalyst suspension which contained 450 grams
Fe, The wnsupported iron catalyst used was
a distinct former of hydrocarhons boiling in
the gasoline range and had the follawing
composition— - _ '

4500 grams of catalyst suspension contained
450 grams Ye, 0.7 grams Cu, 0.35 grams Nj,
end (40 grams Mn in the form of metgl
-oxygen compounds, such as oxides, Tydrozides,
endfor carbonates, and 1,35 grams KOy,

1.2 mormal cubic metres of synthesis " gas,
the Har CO ratio
2:3 and which
af 10 atmosphercs gauge, were forced per bour
through 1he caralyst suspension. A shown i
the Table given hercinafter, a CO conversion
of over 909, was obtained after 700 honrs of
operation and at a {emperature of 278°C,
measured in the suspension, The methane
formiation was relatively Ligh, The catalyst
efficlency was approxdmately 400 grams of
739, of the
products had boiling points below 200°C,

In the second rum, the rabe of 5. metres

-the first and second runs being

" mlet was,
lower than ara position 10 centimetres betow the

of which was approximarely '
was subjected to 3 pressure:

length was provided with three separare heating
jackers. The lowermost heating jacket had 2
length of 1.20 metres, the central heating jacket
had a length of 1.50 mettes, and the wppermost
heating jacket had a leagth of 1.80 metres.

40

Each jacket was heated scparately, - The tube

~was then charged with camlyst suspension of

the same composition as that used in the first
run and was then pliced on stream with

synthesis gas of the same composiion, the enly

difference Letween the operging conditions of
thar the
mperatire in the catalyst suspension at a
pesition. 10 centimetras above the synthesis gas

during the second run, 25°—40°C,

‘position. at which the

gas left the snspension,
A CO conversion of

over 90%, was obtained

after 700 hours at the temperatures shown i
-the Table (251°C, at 10 centimerres above the

syrithesis gas infer and 287°C. at 10 centimetres
below the pas outlet), The results given in the
Table indicate that, due to the higher mcthane
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formation, the yield obtained in the first fm—.. -

particulafly having repard to the yield of Cg

and higher hydrocarbons—is less than the

vield obtained in the second 11, in which the
femperature risc in the catalyst suspension
was applied in accordance wirh the invention,
The jucrease in the yicld of Cy and C; hydro-
carbons obtgined in the second zuom is parti-
cularly striking.  Accordingly, the proportion
of products Laving boiling poiats’ of below
200°C, and containin

atoms in the molecui’: (Cz+), bad cisen to
87%. 'The catalyst efficiency was approgi-
mately 700 graros of hydrocarbons per’gram Fe,
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Whar we claim js:—— T '

L A mcthod of carrying out the catalytic
hydrogenation of carbon monoxide for the
production of hydrocarbons conlaining moye:
than one carbon atom in the molecule with the:
catalyst suspended in a Liquid medium, ins
whicﬁ the temperatore of the catalyst suy-
pension in the reactor rises (o the exteni of from
10°C, to 100°C, in' the direction of flew of the
gas,
"2 A method according to claim I, in which
the temperature rise in the catalyst suspensiom
Is within the rapge 20°—50°C.

3. A method according to claim 1 or claim 2y

in which the temperature rise, particelatly jn @
large-scale synthesis reacior, is obtained by
reduction in the cooling surfaces of the conling:
system in the upward direction, |

4. A method according to claim 1 or claim 2,
in which the reactor is provided with a cooling
system which consists of a number of ino
dependent part-systems, the temperatire riser
being obtained by individual adjustment of the
temperatures In the individaal part-systemms.

5. A method according 1o any on¢ of claims
1 to 4, in which the tepergture rise in the
catalyst suspension is obtamned by means of a
cooling system provided or constructed as at
number of pari-systems the: cooling” areas off
which vary in size in such manner that the:

cooling area of tha total cooling system de-
creases continuously or stepwise in the tpward
on,

6. A methad according to any one of claims
1 to 5 in which the rise in lempetature in the
Tower part of the catalyst suspension is greater
tha the rise in temperanure iy, the UPPer part.

7. A method according to any one of claims
1 to 6 in which the calalyst containg iron.

8. A method: of carrying out the catalydc
bydrogenation: of carbon monexide in the
liquid phase for the production of hydro~
carbons containing more than onc carbon atom
in the molecults in which g icmperature gradiant
is maintained: it tle catalyst suspension. sub-
stantially as Diercinbefore described.

9.. A method of carrying out the catalyiic
hydsogenation of carbon monoxide in the
Liquid phase for the production of hydro-
carbpsy’ comtainfiig more than onc carbon atom
in the molecule, substantially as hereinbefore
desctibed in the second run in the Example,

10, Hydrocarbons whenever obtained in
the Bydrogenation of carbog monoxide carried
ot by the method: claimed in any one of the
preceding claime;

EDWARD EVANS & CO.,
14=18, Migh-Holborn, London, W.C.1.
Agent-for the Applicants,

Printed for Her Majestys Stationery Otiice by J. Looker Lid, Povle, Dorsa; 1938,
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